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(57) The present technologies relate to a transmis-
sion apparatus and reception method and a reception
apparatus and reception method that can suppress re-
duction in communication quality.

Information for controlling transmission of a trans-
mission signal is set on the basis of a GNSS signal or an
oscillation frequency of an oscillator, the transmission of
the transmission signal is controlled on the basis of the
set information, and the transmission signal is sent in
accordance with the transmission control. Alternatively,
information for controlling reception of a signal sent from

a transmitting side is set on the basis of a GNSS signal
or an oscillation frequency of an oscillator, the reception
of the signal is controlled on the basis of the set informa-
tion, and the signal is received in accordance with the
reception control. The present disclosure is applicable,
for example, to a transmission apparatus, a reception
apparatus, a transmission/reception apparatus, a com-
munication apparatus, an information processing appa-
ratus, electronic equipment, a computer, a program, a
storage medium, a system, and so on.
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Description

[Technical Field]

[0001] The present technologies relate to a transmission apparatus and transmission method and a reception apparatus
and reception method, and more particularly, to a transmission apparatus and reception method and a reception apparatus
and reception method that can suppress reduction in communication quality.

[Background Art]

[0002] Frequency division multiplexing (FDM), time division multiplexing (TDM), spread spectrum, and so on have
been available to date as signal multiplexing methods (refer, for example, to PTL 1). Also, a chirp modulation method
of a phase modulated signal has been devised as a transmission signal modulation scheme (refer, for example, to PTL
2). More accurate frequency control and time-of-day control are required to achieve multiplexing of a larger number of
signals using these schemes. For this reason, use of a GNSS signal for achieving such control has been devised.

[Citation List]

[Patent Literature]

[0003]

[PTL 1]
Japanese Patent No. 3270902
[PTL 2]
Japanese Patent Laid-Open No. H08(1996)-307375

[Summary]

[Technical Problems]

[0004] However, GNSS signals are not always received properly. Not only in the case where GNSS signals cannot
be received but also in the case where the received GNSS signals are of low quality, error in time-of-day information or
frequency information generated has increased due, for example, to the use of an interpolation formula, possibly resulting
in reduced communication quality.
[0005] The present disclosure has been devised in light of the above circumstances, and it is an object of the present
disclosure to suppress reduction in communication quality.

[Solution to Problems]

[0006] A transmission apparatus of an aspect of the present technology includes: a setting section adapted to set
information for controlling transmission of a transmission signal on the basis of a GNSS signal or an oscillation frequency
of an oscillator; a transmission control section adapted to control the transmission of the transmission signal on a basis
of the information set by the setting section; and a transmission section adapted to send the transmission signal under
control of the transmission control section.
[0007] The setting section can select the GNSS signal or the oscillation frequency in accordance with a reception
status of the GNSS signal and set the information by using the selected option.
[0008] In the case where the received GNSS signal has a higher quality than a given criterion, the setting section can
set the information by using the GNSS signal, and in the case where the received GNSS signal has a lower quality than
the criterion, the setting section can set the information by using the oscillation frequency.
[0009] The information includes time-of-day information, and the setting section can be configured such that in the
case where the received GNSS signal has a higher quality than a given criterion, the setting section sets time of day
acquired from the GNSS signal as the time-of-day information and that in the case where the received GNSS signal has
a lower quality than the criterion, the setting section sets time of day acquired by counting at timings synchronous with
the oscillation frequency as the time-of-day information.
[0010] The transmission control section can control the transmission section to send the transmission signal to a
predetermined receiving side at a known transmission timing on the basis of the time-of-day information set by the setting
section.
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[0011] In the case where the received GNSS signal has a higher quality than a given criterion, the setting section can
correct the time of day acquired by counting at timings synchronous with the oscillation frequency by using time of day
acquired from the GNSS signal.
[0012] The information includes a transmission control frequency, and the setting section can be configured such that
in the case where the received GNSS signal has a higher quality than a given criterion, the setting section corrects the
oscillation frequency by using a frequency acquired from the GNSS signal received this time and sets the corrected
oscillation frequency as the transmission control frequency and that in the case where the received GNSS signal has a
lower quality than the criterion, the setting section corrects the oscillation frequency with a previous correction value and
sets the corrected oscillation frequency as the transmission control frequency.
[0013] The transmission control section can control the transmission section to send the transmission signal at a
transmission frequency based on the transmission control frequency set by the setting section.
[0014] The transmission apparatus further includes a GNSS reception section that receives the GNSS signal, and the
setting section can be configured to set the information on the basis of the GNSS signal received by the GNSS reception
section or the oscillation frequency.
[0015] A transmission method of an aspect of the present technology is a transmission method including: setting
information for controlling transmission of a transmission signal on the basis of a GNSS signal or an oscillation frequency
of an oscillator; controlling the transmission of the transmission signal on the basis of the set information; and sending
the transmission signal in accordance with the transmission control.
[0016] A reception apparatus of another aspect of the present technology includes a setting section adapted to set
information for controlling reception of a signal sent from a transmitting side on a basis of a GNSS signal or an oscillation
frequency of an oscillator; a reception control section adapted to control the reception of the signal on the basis of the
information set by the setting section; and a reception section adapted to receive the signal under control of the reception
control section.
[0017] The setting section can select the GNSS signal or the oscillation frequency in accordance with a reception
status of the GNSS signal and set the information by using the selected option.
[0018] In the case where the received GNSS signal has a higher quality than a given criterion, the setting section can
set the information by using the GNSS signal, and in the case where the received GNSS signal has a lower quality than
the criterion, the setting section can set the information by using the oscillation frequency.
[0019] The information includes time-of-day information, and the setting section can be configured such that in the
case where the received GNSS signal has a higher quality than a given criterion, the setting section sets time of day
acquired from the GNSS signal as the time-of-day information and that in the case where the received GNSS signal has
a lower quality than the criterion, the setting section sets time of day acquired by counting at timings synchronous with
the oscillation frequency as the time-of-day information.
[0020] The reception control section can control the reception section to receive the signal from a predetermined
transmitting side at a known reception timing on the basis of the time-of-day information set by the setting section.
[0021] In the case where the received GNSS signal has a higher quality than a given criterion, the setting section can
correct the time of day acquired by counting at timings synchronous with the oscillation frequency by using time of day
acquired from the GNSS signal.
[0022] The information includes a reception control frequency, and the setting section can be configured such that in
the case where the received GNSS signal has a higher quality than a given criterion, the setting section corrects the
oscillation frequency by using a frequency acquired from the GNSS signal received this time and sets the corrected
oscillation frequency as the reception control frequency and that in the case where the received GNSS signal has a
lower quality than the criterion, the setting section corrects the oscillation frequency with a previous correction value and
sets the corrected oscillation frequency as the reception control frequency.
[0023] The reception control section can control the reception section to receive the signal at a reception frequency
based on the reception control frequency set by the setting section.
[0024] The reception apparatus further includes a GNSS reception section that receives the GNSS signal, and the
setting section can be configured to set the information on the basis of the GNSS signal received by the GNSS reception
section or the oscillation frequency.
[0025] A reception method of another aspect of the present technology sets information for controlling reception of a
signal sent from a transmitting side on the basis of a GNSS signal or an oscillation frequency of an oscillator, controls
the reception of the signal on the basis of the set information, and receives the signal in accordance with the reception
control.
[0026] In the transmission apparatus and reception method of an aspect of the present technology, information for
controlling transmission of a transmission signal is set on the basis of a GNSS signal or an oscillation frequency of an
oscillator, the transmission of the transmission signal is controlled on the basis of the set information, and the transmission
signal is sent in accordance with the transmission control.
[0027] In the reception apparatus and reception method of another aspect of the present technology, information for
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controlling reception of a signal sent from a transmitting side is set on the basis of a GNSS signal or an oscillation
frequency of an oscillator, the reception of the signal is controlled on the basis of the set information, and the signal is
received in accordance with the reception control.

[Advantageous Effects of Invention]

[0028] The present technologies permit transmission or reception of signals. The present technologies also permit
suppression of reduction in communication quality.

[Brief Description of Drawings]

[0029]

[FIG. 1]
FIG. 1 is a diagram illustrating a main configuration example of a position notification system.
[FIG. 2]
FIG. 2 is a diagram illustrating how signals are sent and received.
[FIG. 3]
FIGS. 3A and 3B are diagrams describing how time-of-day information is calculated by using a GNSS signal.
[FIG. 4]
FIG. 4 is a block diagram illustrating a main configuration example of a transmission apparatus.
[FIG. 5]
FIG. 5 is a flowchart describing an example of a transmission process flow.
[FIG. 6]
FIG. 6 is a block diagram illustrating a main configuration example of a high sensitivity reception apparatus.
[FIG. 7]
FIG. 7 is a flowchart describing an example of a reception process flow.
[FIG. 8]
FIG. 8 is a diagram describing an example of how frequency information is calculated by using a GNSS signal.
[FIG. 9]
FIG. 9 is a block diagram illustrating a main configuration example of the transmission apparatus.
[FIG. 10]
FIG. 10 is a flowchart describing an example of a transmission process flow.
[FIG. 11]
FIG. 11 is a block diagram illustrating a main configuration example of the high sensitivity reception apparatus.
[FIG. 12]
FIG. 12 is a flowchart describing an example of the reception process flow.
[FIG. 13]
FIG. 13 is a diagram illustrating a main configuration example of a robbery prevention system.
[FIG. 14]
FIG. 14 is a block diagram illustrating a main configuration example of a computer.

[Description of Embodiments]

[0030] A description will be given below of modes for carrying out the present disclosure (hereinafter referred to as
embodiments). It should be noted that the description will be given in the following order:

1. Transmission and reception control on the basis of a GNSS signal
2. First embodiment (transmission apparatus and time-of-day control)
3. Second embodiment (high sensitivity reception apparatus and time-of-day control)
4. Third embodiment (transmission apparatus and frequency control)
5. Fourth embodiment (high sensitivity reception apparatus and frequency control)
6. Others
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<1. Transmission and reception control on the basis of a GNSS signal>

<Position notification system>

[0031] FIG. 1 is a diagram illustrating a main configuration example of a position notification system, an embodiment
of a signal transmission/reception system to which the present technology is applied. A position notification system 100
illustrated in FIG. 1 allows a transmission apparatus 101 to notify its own position. The position notification system 100
is used, for example, to monitor and manage the position of a subject. As illustrated in FIG. 1, the position notification
system 100 includes devices such as the transmission apparatus 101, a high sensitivity reception apparatus 102, a
server 104, a terminal apparatus 105, and so on. The number of each of the transmission apparatus 101, the high
sensitivity reception apparatus 102, the server 104, and the terminal apparatus 105 is arbitrary, and there may be two
or more of each thereof.
[0032] The transmission apparatus 101 is an embodiment of a transmission apparatus to which the present technology
is applied and sends, for example, identification information identifying itself, position information indicating the position
thereof, and other information as a radio signal. The high sensitivity reception apparatus 102 is an embodiment of a
reception apparatus to which the present technology is applied and acquires identification information, position informa-
tion, and other information of the transmission apparatus 101 by receiving the radio signal and supplies these pieces of
information to the server 104 via the network 103. In other words, the high sensitivity reception apparatus 102 functions
as a relay station that relays information sent from the transmission apparatus 101 to the server 104. The server 104
manages the position of each of the transmission apparatuses 101 by managing identification information in association
with position information. The terminal apparatus 105 operated by a user wishing to find out the position of the transmission
apparatus 101 accesses the server 104 via the network 103 and requests the position information of the desired trans-
mission apparatus 101 by supplying the identification information of the transmission apparatus 101. The server 104
supplies the requested position information corresponding to the identification information to the terminal apparatus 105.
The terminal apparatus 105 acquires the position information and notifies the user of the position of the transmission
apparatus 101, for example, by displaying the position information together with map data.
[0033] It is possible for the server 104 to indirectly manage the position of a subject whose position is to be monitored
(managed) by causing the transmission apparatus 101 as described above to be carried (including held, worn, or the
like) by the subject whose position is desirably monitored (managed). In the example illustrated in FIG. 1, the user
monitors the position of an elderly 111 and causes the elderly 111 to carry the transmission apparatus 101. As described
above, the position of the transmission apparatus 101 is managed by the server 104 and supplied to the terminal
apparatus 105. This allows the user to find out the position of the elderly 111 who is carrying the transmission apparatus
101 by operating the terminal apparatus 105.
[0034] It should be noted that the position of an arbitrary subject is monitored. For example, the subject may be a child
or an animal such as dog or cat, or a company employee. Although may be configured as a dedicated apparatus, the
transmission apparatus 101 may be built into a mobile information processing apparatus such as mobile phone or
smartphone.
[0035] Position information of the transmission apparatus 101 may be information of any kind and generated in any
way as long as this information indicates the position of the transmission apparatus 101. For example, the transmission
apparatus 101 may receive a GNSS (Global Navigation Satellite System) signal from a GNSS satellite and find its own
position information (e.g., longitude and latitude) on the basis of the GNSS signal. Also, for example, the transmission
apparatus 101 may identify its own position by using a dedicated position identification system other than the GNSS.
Further, this position information may be generated by an apparatus other than the transmission apparatus 101 such
as the high sensitivity reception apparatus 102, the server 104, or a dedicated information processing apparatus (e.g.,
server) provided separately.
[0036] For example, the transmission apparatus 101 may supply a received GNSS signal to other apparatus such
that the other apparatus finds the position information of the transmission apparatus 101 from the GNSS signal. Also,
for example, the transmission apparatus 101 may supply, to other apparatus, information acquired by using a dedicated
position identification system other than the GNSS such that the other apparatus finds position information of the trans-
mission apparatus 101 on the basis of that information. Also, for example, the other apparatus may find position information
of the transmission apparatus 101 on the basis of a status of communication between the transmission apparatus 101
and the high sensitivity reception apparatus 102. For example, the fact that the transmission apparatus 101 is located
within a communication range of the high sensitivity reception apparatus 102 may be identified by identifying the high
sensitivity reception apparatus 102 that received a signal from the transmission apparatus 101. Further, more detailed
position information of the transmission apparatus 101 may be found on the basis of intensity or delay time of a reception
signal received by the high sensitivity reception apparatus 102, or other factors. Also, for example, position information
of the transmission apparatus 101 may be found by trigonometry by using position information of the plurality of high
sensitivity reception apparatuses 102 that received a signal from the transmission apparatus 101.
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[0037] The high sensitivity reception apparatus 102 is installed at an arbitrary position. For example, the high sensitivity
reception apparatus 102 may be installed on a roof, a rooftop, or other position of a structure 112 such as building,
apartment complex, or house. The structure 112 is suitable because of its abundance in urban areas where the subject
carrying the transmission apparatus 101 and whose position is to be monitored (e.g., elderly 111) is highly likely to be
active and because of its ease for installation. In particular, in the case where the subject whose position is to be monitored
the subject whose position is to be monitored is human, the home of the subject whose position is to be monitored is
suitable because the subject whose position is to be monitored is highly likely in the vicinity. Also, from the viewpoint of
securing an installation location, it is easier to receive a consent than in the case where the service provider of this
position notification service secures a location and installs the high sensitivity reception apparatus 102 on its own.
[0038] It should be noted that, in addition to the above, the high sensitivity reception apparatus 102 may be installed,
for example, on an automobile, motorcycle, bicycle, or other movable body (also referred to as a moving body). That is,
the position of the high sensitivity reception apparatus 102 may vary.
[0039] The network 103 is an arbitrary communication network and may be a wired or wireless communication network
or may include a combination of both networks. Also, the network 103 may include a single communication network or
a plurality of communication networks. For example, the network 103 may include the Internet, a public telephone
network, wireless mobile wide area communication networks such as so-called 3G and 4G lines, wireless communication
networks for communication compliant with WAN (Wide Area Network), LAN (Local Area Network), and Bluetooth
(registered trademark) standards, communication channel for short range wireless communication such as NFC (Near
Field Communication), communication channel for infrared communication, communication networks for wired commu-
nication compliant with HDMI (registered trademark) (High-Definition Multimedia Interface) and USB (Universal Serial
Bus), and communication networks and channels of arbitrary communication standards.
[0040] The server 104 and the terminal apparatus 105 are information processing apparatuses for processing infor-
mation. The server 104 and the terminal apparatus 105 are connected to the network 103 in such a manner as to permit
communication. This allows the server 104 and the terminal apparatus 105 to communicate with other communication
apparatuses connected to the network 103 via the network 103.
[0041] The server 104 manages the position of each of the transmission apparatuses 101. Also, the server 104 can
manage users to whom the provision of position information of the transmission apparatus 101 is permitted. For example,
the server 104 can provide position information of each of the transmission apparatuses 101 only to the users who are
permitted to acquire position information of that transmission apparatus 101.
[0042] As described above, information provided from the transmission apparatuses 101 is relayed by the high sen-
sitivity reception apparatus 102 and supplied to the server 104, thus allowing the server 104 to manage the position of
the transmission apparatuses 101. More specifically, when the transmission apparatuses 101 is located within the
communication range of one of the high sensitivity reception apparatuses 102, the server 104 can manage the position
of that transmission apparatus 101. In other words, when the position of the transmission apparatus 101 moves out of
the communication ranges of all the high sensitivity reception apparatuses 102, the server 104 can no longer manage
the position thereof. Therefore, the wider the network of the communication range between the high sensitivity reception
apparatus 102 and the transmission apparatus 101 spreads, the more accurately the server 104 can manage the position
of the transmission apparatus 101.
[0043] Here, the term "more accurate management" refers to management of the position of the transmission apparatus
101 in a wider range (i.e., reduce a region where the position of the transmission apparatus 101 cannot be managed).
In order to spread the range within which the position of the transmission apparatus 101 can be managed, the farther
the transmission apparatus 101 and the high sensitivity reception apparatus 102 can send and receive radio signals
(the wider the communication range of each of the high sensitivity reception apparatuses 102), the better. The trans-
mission apparatus 101 and the high sensitivity reception apparatus 102 exchange radio signals in an arbitrary manner
and may comply with any communication standard. For example, the transmission apparatus 101 and the high sensitivity
reception apparatus 102 may exchange radio signals by a method that permits long distance communication by using
a frequency band including 925 MHz (also referred to as a 920-MHz band).
[0044] For example, if the time and frequency at which the transmission apparatus 101 sends a radio signal are known
(known to the high sensitivity reception apparatus 102), it is sufficient that the high sensitivity reception apparatus 102
detects a radio signal at that known time and frequency, thus making detection easier. This provides improved reception
sensitivity. In other words, the communication range of the high sensitivity reception apparatus 102 can be expanded.
It should be noted that a decline in accuracy for controlling the time and frequency as described above makes the
detection more difficult, possibly resulting in reduced reception sensitivity. In other words, the reception sensitivity can
be improved by improving the accuracy for controlling the time and frequency.
[0045] Also, a possible case with the position notification system 100 as described above is that the single high
sensitivity reception apparatus 102 receives radio signals from the plurality of transmission apparatuses 101 (transmission
apparatuses 101-1 to 101-N) as illustrated in FIG. 2. In such a case, it is necessary to multiplex the radio signals in such
a manner as to prevent interference such that the high sensitivity reception apparatus 102 can identify and receive the
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radio signals from the respective transmission apparatuses 101. Frequency division multiplexing (FDM), time division
multiplexing (TDM), spread spectrum, and so on have been available as conventional multiplexing methods as recited,
for example, in PTL 1. Also, a chirp modulation method of a phase-modulated signal was devised as a modulation
scheme of a transmission signal as recited, for example, in PTL 2.
[0046] In general, the larger the communication range, the larger the number (N) of transmission apparatuses 101 as
illustrated in FIG. 2, thus requiring multiplexing of a larger number of signals. It should be noted, however, that, in order
to prevent a decline in communication quality, signals need to be multiplexed in such a manner as to prevent mixing of
the signals. More specifically, in order to multiplex a larger number of signals, time and frequency must be controlled
with accuracy (more elaborately) to prevent mixing of the signals. In other words, a larger number of signals can be
multiplexed by improving the accuracy for controlling the time and frequency.

<Time-of-day control>

[0047] For example, in the case where time division multiplexing is performed in the position notification system 100
as illustrated in FIG. 1, an accuracy of approximately 10 m seconds is required for time-of-day control. However, it has
been difficult for common oscillators incorporated in the transmission apparatus 101 and the high sensitivity reception
apparatus 102 to realize such an accuracy. For this reason, use of a GNSS (Global Navigation Satellite System) signal
was conceived to control time of day.
[0048] The GNSS (Global Navigation Satellite System) is a system in which a plurality of navigation satellites sends
radio waves of a navigation signal to an unspecified large number of receivers and in which the receiver that receives
the signal can be used to find out its current position and course. A GNSS signal is a navigation signal sent from the
navigation satellite.
[0049] For example, in this GNSS, a receiver on earth 120 receives GNSS signals from four navigation satellites
(navigation satellites 121 to 124) to measure its position on the basis of the SNSS signal as illustrated in FIG. 3A. Here,
the position of the navigation satellite 121 is denoted as (X1, Y1, Z1), and a satellite time of day thereof is denoted as
T1. Also, the position of the navigation satellite 122 is denoted as (X2, Y2, Z2), and the satellite time of day thereof is
denoted as T2. Further, the position of the navigation satellite 123 is denoted as (X3, Y3, Z3), and the satellite time of
day thereof is denoted as T3. Further, the position of the navigation satellite 124 is denoted as (X4, Y4, Z4), and the
satellite time of day thereof is denoted as T4. Then, the position of the receiver is denoted as (Xu, Yu, Zu), and a receiver
time of day thereof is denoted as Tu.
[0050] The receiver calculates its own position from synchronization information of a spreading code (C/A code) of
the GNSS signal. For example, we assume that the receiver received a GNSS signal S1 of the navigation satellite 121,
a GNSS signal S2 of the navigation satellite 122, a GNSS signal S3 of the navigation satellite 123, and a GNSS signal
S4 of the navigation satellite 124 at times of day as illustrated in FIG. 3B. In this case, the relationship between the
reception times of day of the respective GNSS signals can be represented by times of day T1, T2, T3, T4, and Tu, and,
for example, letting a speed of light be denoted as C, simultaneous equations as illustrated in formulas (1) through (4) hold:

[0051] The receiver position (Xu, Yu, Zu) and the receiver time of day Tu can be found by solving the simultaneous
equations as given above. In other words, the receiver position and the receiver time of day can be found if the GNSS
signals can be received from four or more navigation satellites with sufficient quality.
[0052] Such navigation satellites have highly accurate cesium oscillators, allowing them to acquire more accurate
time-of-day information than oscillators normally incorporated in receivers and other apparatuses. In general, therefore,
time-of-day information (receiver time of day) acquired by a receiver on the basis of GNSS signals as described above
is more accurate than time-of-day information acquired by using the oscillator incorporated in the receiver.
[0053] Also, information acquired from GNSS signals includes advance information for correcting ’leap seconds.’ The
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receiver can acquire more accurate time-of-day information by inserting ’leap seconds’ on the basis of this information.
[0054] Therefore, it is possible to provide improved time-of-day control during signal transmission and reception if the
transmission apparatus 101 and the high sensitivity reception apparatus 102 use time-of-day information acquired from
such GNSS signals in the position notification system 100. In other words, communication of higher quality can be realized.
[0055] It should be noted that GNSS signals are not always received properly. In the case where there are errors in
coordinates and time of day of each navigation satellite observed due to insufficient quality of the received GNSS signal,
the receiver position (Xu, Yu, Zu) and the receiver time of day Tu also deteriorate in accuracy. Also, in the case where
the number of GNSS signals successfully received is insufficient, that is, in the case where the number of GNSS signals
successfully received by the receiver with sufficient quality is three (3) or less, the receiver finds its position and time of
day by using an interpolation formula. Therefore, there has been a likelihood of deterioration of accuracy of the receiver
position and receiver time of day acquired. This has posed a potential risk of reduced time-of-day control accuracy. A
decline in time-of-day control accuracy may cause mixing of signals during time division multiplexing and reduced
reception sensitivity due to increased error in signal transmission and reception times of day, possibly resulting in reduced
communication quality.
[0056] For this reason, information for controlling transmission of a transmission signal is set on the basis of the GNSS
signal or the oscillation frequency of the oscillator, the transmission of the transmission signal is controlled on the basis
of the set information, and the transmission signal is sent in accordance with the transmission control. This suppresses
reduction in time-of-day control accuracy, thus suppressing reduction in communication quality.

<2. First embodiment>

<Time-of-day control of the transmission apparatus>

[0057] FIG. 4 is a block diagram illustrating a main configuration example of the transmission apparatus 101. As
illustrated in FIG. 4, the transmission apparatus 101 includes a criterion setting section 211, a GNSS reception section
212, a correction determination section 213, an oscillator 214, a clock counter 215, a clock section 216, a transmission
schedule control section 217, a transmission control section 218, an oscillation section 219, and a transmission section
220.
[0058] The criterion setting section 211 performs a process related to setting of a criterion related to determination
regarding transmission time-of-day control. The criterion setting section 211 can be realized by arbitrary components.
For example, the criterion setting section 211 may include a circuit, an LSI (Large Scale Integration), a system LSI, a
processor, a module, a unit, a set, a device, an apparatus, a system, or the like. Alternatively, a plurality thereof may be
used in combination. At this time, for example, a plurality of components of the same kind such as a plurality of circuits
or a plurality of processors may be used in combination, or a plurality of components of different kinds such as a circuit
and an LSI may be used in combination. For example, the criterion setting section 211 may include a CPU and a memory,
and the CPU (Central Processing Unit) performs the above process by executing a program using the memory.
[0059] The GNSS reception section 212 performs a process related to reception of a GNSS signal. The GNSS reception
section 212 can be realized by arbitrary components. For example, the GNSS reception section 212 may include a
circuit, an LSI, a system LSI, a processor, a module, a unit, a set, a device, an apparatus, a system, or the like. Alternatively,
a plurality thereof may be used in combination. At this time, for example, a plurality of components of the same kind
such as a plurality of circuits or a plurality of processors may be used in combination, or a plurality of components of
different kinds such as a circuit and an LSI may be used in combination. For example, the GNSS reception section 212
may include an antenna, a reception circuit, a signal processing circuit, and so on.
[0060] The correction determination section 213 performs a process related to determination regarding transmission
time-of-day control. The correction determination section 213 can be realized by arbitrary components. For example,
the correction determination section 213 may include a circuit, an LSI, a system LSI, a processor, a module, a unit, a
set, a device, an apparatus, a system, or the like. Alternatively, a plurality thereof may be used in combination. At this
time, for example, a plurality of components of the same kind such as a plurality of circuits or a plurality of processors
may be used in combination, or a plurality of components of different kinds such as a circuit and an LSI may be used in
combination. For example, the correction determination section 213 may include a CPU and a memory, and the CPU
performs the above process by executing a program using the memory.
[0061] The oscillator 214 oscillates at a given oscillation frequency and generates a signal at that oscillation frequency.
The oscillator 214 can be realized by arbitrary components. For example, the oscillator 214 may include a circuit, an
LSI, a system LSI, a processor, a module, a unit, a set, a device, an apparatus, a system, or the like. Alternatively, a
plurality thereof may be used in combination. At this time, for example, a plurality of components of the same kind such
as a plurality of circuits or a plurality of processors may be used in combination, or a plurality of components of different
kinds such as a circuit and an LSI may be used in combination. For example, the oscillator 214 may include an oscillation
circuit and so on. It should be noted that this oscillator 214 oscillates in an arbitrary manner.
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[0062] The clock counter 215 performs a process related to generation of time of day based on a signal generated by
the oscillator 214. The clock counter 215 can be realized by arbitrary components. For example, the clock counter 215
may include a circuit, an LSI, a system LSI, a processor, a module, a unit, a set, a device, an apparatus, a system, or
the like. Alternatively, a plurality thereof may be used in combination. At this time, for example, a plurality of components
of the same kind such as a plurality of circuits or a plurality of processors may be used in combination, or a plurality of
components of different kinds such as a circuit and an LSI may be used in combination. For example, the clock counter
215 may include a CPU and a memory, and the CPU performs the above process by executing a program using the
memory.
[0063] The clock section 216 performs a process related to generation of time-of-day information to be used for
transmission timing control. The clock section 216 can be realized by arbitrary components. For example, the clock
section 216 may include a circuit, an LSI, a system LSI, a processor, a module, a unit, a set, a device, an apparatus, a
system, or the like. Alternatively, a plurality thereof may be used in combination. At this time, for example, a plurality of
components of the same kind such as a plurality of circuits or a plurality of processors may be used in combination, or
a plurality of components of different kinds such as a circuit and an LSI may be used in combination. For example, the
clock section 216 may include a CPU and a memory, and the CPU performs the above process by executing a program
using the memory.
[0064] The transmission schedule control section 217 performs a process related to transmission schedule control.
The transmission schedule control section 217 can be realized by arbitrary components. For example, the transmission
schedule control section 217 may include a circuit, an LSI, a system LSI, a processor, a module, a unit, a set, a device,
an apparatus, a system, or the like. Alternatively, a plurality thereof may be used in combination. At this time, for example,
a plurality of components of the same kind such as a plurality of circuits or a plurality of processors may be used in
combination, or a plurality of components of different kinds such as a circuit and an LSI may be used in combination.
For example, the transmission schedule control section 217 may include a CPU and a memory, and the CPU performs
the above process by executing a program using the memory.
[0065] The transmission control section 218 performs a process related to transmission control. The transmission
control section 218 can be realized by arbitrary components. For example, the transmission control section 218 may
include a circuit, an LSI, a system LSI, a processor, a module, a unit, a set, a device, an apparatus, a system, or the
like. Alternatively, a plurality thereof may be used in combination. At this time, for example, a plurality of components of
the same kind such as a plurality of circuits or a plurality of processors may be used in combination, or a plurality of
components of different kinds such as a circuit and an LSI may be used in combination. For example, the transmission
control section 218 may include a CPU and a memory, and the CPU performs the above process by executing a program
using the memory.
[0066] The oscillation section 219 performs a process related to setting of a transmission frequency. The oscillation
section 219 can be realized by arbitrary components. For example, the oscillation section 219 may include a circuit, an
LSI, a system LSI, a processor, a module, a unit, a set, a device, an apparatus, a system, or the like. Alternatively, a
plurality thereof may be used in combination. At this time, for example, a plurality of components of the same kind such
as a plurality of circuits or a plurality of processors may be used in combination, or a plurality of components of different
kinds such as a circuit and an LSI may be used in combination. For example, the oscillation section 219 may include
an oscillation circuit and so on. It should be noted that this oscillation section 219 oscillates in an arbitrary manner.
[0067] The transmission section 220 performs a process related to transmission. The transmission section 220 can
be realized by arbitrary components. For example, the transmission section 220 may include a circuit, an LSI, a system
LSI, a processor, a module, a unit, a set, a device, an apparatus, a system, or the like. Alternatively, a plurality thereof
may be used in combination. At this time, for example, a plurality of components of the same kind such as a plurality of
circuits or a plurality of processors may be used in combination, or a plurality of components of different kinds such as
a circuit and an LSI may be used in combination. For example, the transmission section 220 may include a signal
processing circuit, a transmission circuit, an antenna, and so on.
[0068] In the transmission apparatus 101 configured as described above, the clock section 216 sets time-of-day
information, information for controlling transmission of a transmission signal, on the basis of a GNSS signal received by
the GNSS reception section 212 or an oscillation frequency of the oscillator 214 (signal frequency generated by the
oscillator 214). The transmission control section 218 (and the transmission schedule control section 217) control the
transmission of a transmission signal on the basis of the time-of-day information. The transmission section 220 sends
a transmission signal under such control, i.e., at the transmission time of day specified by the time-of-day information.
[0069] In the case where a signal received by the GNSS reception section 212 has a high quality, time-of-day information
acquired on the basis of the GNSS signal is more accurate than time-of-day information acquired on the basis of the
oscillation frequency of the oscillator 214. However, in the case where a signal received by the GNSS reception section
212 is of low quality, time-of-day information acquired on the basis of the GNSS signal may be less accurate than time-
of-day information acquired on the basis of the oscillation frequency of the oscillator 214. Therefore, it is possible to
suppress reduction in accuracy for controlling time of day by setting time-of-day information using both a GNSS signal
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and the oscillation frequency of the oscillator 214 as appropriate even in the case where the GNSS signal reception
quality is insufficient. In other words, a transmission signal can be sent more accurately at a desired timing (transmission
time of day).
[0070] It should be noted that this transmission time of day is a timing known to the receiving side. More specifically,
the transmission apparatus 101, in this way, can suppress a shift of the transmission time of day from the timing known
to the receiving side. In other words, the transmission apparatus 101 allows the high sensitivity reception apparatus 102
to adjust the reception time of day (timing at which to receive a signal) to more accurately match the timing corresponding
to the transmission time of day of a transmission signal (i.e., timing suitable for sending a transmission signal).
[0071] Also, in time division multiplexing, the transmission apparatus 101 can, by proceeding as described above,
suppress reduction in time-of-day control accuracy even in the case where the GNSS signal reception quality is insuf-
ficient, thus allowing for multiplexing of a larger number of signals while preventing mixing of the signals.
[0072] Therefore, the transmission apparatus 101 can suppress reduction in reception sensitivity of the high sensitivity
reception apparatus 102 even in the case where the GNSS signal reception quality is insufficient, thus suppressing
reduction in communication quality.
[0073] The clock section 216 can select the GNSS signal or the oscillation frequency in accordance with the reception
status of the GNSS signal and set the information by using the selected option. This makes it possible to suppress
reduction in control accuracy even in the case where the GNSS signal reception quality is insufficient, thus suppressing
reduction in communication quality.
[0074] In the case where the received GNSS signal has a higher quality than a given criterion, the clock section 216
can set time-of-day information by using the GNSS signal, and in the case where the received GNSS signal has a lower
quality than the criterion, the clock section 216 can set time-of-day information by using the oscillation frequency. More
specifically, in the case where the received GNSS signal has a higher quality than a given criterion, the clock section
216 can set time of day acquired from the GNSS signal as the time-of-day information, and in the case where the received
GNSS signal has a lower quality than the criterion, the clock section 216 can set time of day acquired by counting of the
counter 215 at timings synchronous with the oscillation frequency as the time-of-day information. This makes it possible
to suppress reduction in control accuracy even in the case where the GNSS signal reception quality is insufficient, thus
suppressing reduction in communication quality.
[0075] The transmission control section 218 (and the transmission schedule control section 217) can control the
transmission section 220 to send a transmission signal to a predetermined receiving side at a known transmission timing
on the basis of the time-of-day information set by the clock section 216. Therefore, a transmission signal can be sent at
a more accurate transmission time of day, thus suppressing reduction in communication quality. Also, even in the case
of time division multiplexing of transmission signals, the transmission control section 218 can send each signal at a more
accurate timing, thus allowing for multiplexing of a larger number of signals while preventing mixing of the signals and
suppressing reduction in communication quality.
[0076] Incidentally, the oscillator 214 oscillates at an oscillation frequency and generates a signal at the oscillation
frequency. The oscillator 214 supplies the signal to the clock counter 215. The clock counter 215 counts at timings
synchronous with the frequency of the signal supplied from the oscillator 214 (i.e., oscillation frequency) and sets time
of day based on the oscillation frequency (also referred to as an oscillator-generated time of day). The clock counter
215 supplies the oscillator-generated time of day to the clock section 216. The clock section 216 can set time-of-day
information by using the oscillator-generated time of day as described above.
[0077] The clock counter 215 configured in this manner can, in the case where the received GNSS signal has a higher
quality than a given criterion, correct the time of day acquired by counting at timings synchronous with the oscillation
frequency given by the oscillator 214 by using the time of day acquired from the GNSS signal by the correction deter-
mination section 213. This makes the time of day based on the oscillation frequency more accurate, allowing to set more
accurate time-of-day information even in the case where the GNSS signal reception quality is insufficient and suppressing
reduction in communication quality.
[0078] The GNSS reception section 212 receives, for example, a GNSS signal. The clock section 216 can set time-
of-day information on the basis of the GNSS signal received by the GNSS reception section 212 or the oscillation
frequency. Also, the correction determination section 213 determines, for example, whether the GNSS signal received
by the GNSS reception section 212 has a sufficiently high quality on the basis of a criterion set by the criterion setting
section 211. Then, in the case where the correction determination section 213 determines that the GNSS signal has a
sufficiently high quality, the correction determination section 213 sets time of day (time of day including correction) on
the basis of the GNSS signal received by the GNSS reception section 212. The correction determination section 213
supplies this time of day based on the GNSS signal to the clock counter 215 and the clock section 216. The clock section
216 can generate time-of-day information from this time of day based on the GNSS signal as described above. Also,
the clock counter 215 can correct time of day based on the oscillation frequency by using this time of day based on the
GNSS signal as described above.
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<Transmission process flow>

[0079] A description will be given of an example of a flow of a transmission process performed by the transmission
apparatus 101 with reference to the flowchart illustrated in FIG. 5. When the transmission process is initiated, the criterion
setting section 211 sets, in step S101, a correction eligibility determination criterion that will be used as a threshold for
determination made by the correction determination section 213. This criterion is set in an arbitrary manner. For example,
a predetermined value may be set. Alternatively, a criterion may be specified by a user or other individual or may be set
to suit an external or internal environment. The criterion setting section 211 supplies the set correction eligibility deter-
mination criterion to the correction determination section 213.
[0080] In step S102, the GNSS reception section 212 receives a GNSS signal. This GNSS signal includes a variety
of pieces of information such as time-of-day information and position information of the navigation satellite that sent the
GNSS signal. The GNSS reception section 212 supplies, to the correction determination section 213, these pieces of
information included in the received GNSS signal as received information. In step S103, the correction determination
section 213 determines the quality of the received information. The correction determination section 213 determines
(evaluates) the quality of the received information on the basis of information such as the number of satellites from which
the GNSS signals were successfully received, CNR (Carrier to Noise ratio) of each satellite, doppler frequency, altitude,
and leap seconds. Then, in step S104, the correction determination section 213 determines whether the received infor-
mation has a high quality by using the correction eligibility determination criterion set by the criterion setting section 211
as a threshold. In the case where it is determined that the received information quality exceeds the correction eligibility
determination criterion and that, therefore, the received information has a sufficiently high quality, the process proceeds
to step S105.
[0081] In step S105, the correction determination section 213 sets time of day based on the GNSS signal (time of day
including correction) by using the received information and supplies the time of day including correction to the clock
counter 215 and the clock section 216. This time of day including correction is time of day based on time-of-day information
of the navigation satellite as described above and is more accurate than the time of day based on the oscillation frequency.
More specifically, the time of day including correction includes correction made to the time of day based on the oscillation
frequency.
[0082] In step S106, the clock section 216 sets this time of day including correction as time-of-day information. The
clock section 216 supplies the set time-of-day information to the transmission schedule control section 217. In the case
where the received GNSS signal has a sufficiently high quality, time of day including correction acquired on the basis
of the GNSS signal is also sufficiently accurate. This makes it possible for the clock section 216 to set more accurate
time-of-day information by using the accurate time of day including correction. Therefore, the transmission apparatus
101 can suppress reduction in communication quality by sending a transmission signal on the basis of the more accurate
time-of-day information.
[0083] In step S107, the clock counter 215 corrects its own count value, i.e., the oscillator-generated time of day using
the time of day including correction generated by the process in step S105. Therefore, the clock counter 215 can render
the oscillator-generated time of day (count value) more accurate by correcting the oscillator-generated time of day using
the accurate time of day including correction. This makes it possible for the transmission apparatus 101 to set more
accurate time-of-day information even in the case where the GNSS signal reception quality is insufficient, thus suppressing
reduction in communication quality.
[0084] When the process in step S107 ends, the process proceeds to step S110. Also, in the case where it is determined
in step S104 that the received information quality does not exceed the correction eligibility determination criterion and
that, therefore, the received information is not of a sufficiently high quality (is of a low quality), the process proceeds to
step S108.
[0085] In step S108, the clock counter 215 generates oscillator-generated time of day from the oscillation frequency
of the oscillator 214. In step S109, the clock section 216 sets the oscillator-generated time of day generated by the
process in step S108 as time-of-day information. In other words, in the case where the GNSS signal reception quality
is low, time-of-day information is set by using time of day based on the oscillation frequency generated inside the
transmission apparatus 101 without relying on the GNSS signal. Therefore, even in the case where the GNSS signal
reception quality is insufficient, the transmission apparatus 101 can suppress reduction in time-of-day information ac-
curacy attributable to the use of an interpolation formula or other cause, thus suppressing reduction in communication
quality.
[0086] When the process in step S109 ends, the process proceeds to step S110. In step S110, the transmission
schedule control section 217 sets a transmission timing for sending a transmission signal on the basis of the time-of-
day information supplied from the clock section 216 and a transmission schedule set in advance (schedule also known
the receiving side). This transmission timing is known to the receiving side. The transmission schedule control section
217 can set the transmission timing to accurate time of day by setting the transmission timing using the time-of-day
information set as described above. This makes it possible to suppress reduction in communication quality. The trans-
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mission schedule control section 217 supplies the set transmission timing to the transmission control section 218.
[0087] In step S111, the transmission control section 218 controls the oscillation section 219 and the transmission
section 220 to send a transmission signal at the transmission timing set in step S110. The oscillation section 219 oscillates
at a given oscillation frequency (e.g., 920-MHz band) under control of the transmission control section 218 and supplies
the signal at that oscillation frequency to the transmission section 220. The transmission section 220 generates a
transmission signal and sends, under control of the transmission control section 218, the transmission signal at the
transmission timing described above at the oscillation frequency of the oscillation section 219. This makes it possible
for the transmission section 220 to send a transmission signal at an accurate transmission timing even in the case where
the GNSS signal reception quality is insufficient, thus suppressing reduction in communication quality.
[0088] It should be noted that a transmission signal is generated in an arbitrary manner. Also, a transmission signal
has arbitrary contents. For example, time-of-day information, position information, and other information of the trans-
mission apparatus 101 may be included. Also, transmission signals may be time division-multiplexed before transmission.
In that case, the transmission section 220 can send transmission signals at more accurate timings by sending the
transmission signals under control of the transmission control section 218 even in the case where the GNSS signal
reception quality is insufficient, thus allowing for multiplexing of a larger number of signals while preventing mixing of
the signals. Therefore, reduction in communication quality can be suppressed.
[0089] When the process in step S111 ends, the transmission process is terminated. By performing each process as
described above, the transmission apparatus 101 can suppress reduction in communication quality.

<3. Second embodiment>

<Time-of-day control of the reception apparatus>

[0090] The high sensitivity reception apparatus 102 can also control time of day more accurately by using a GNSS
signal as does the transmission apparatus 101. However, in the case where there are errors in coordinates and time of
day of each navigation satellite observed due to insufficient quality of the received GNSS signal, there has been a
possibility of reduction in communication quality.
[0091] For this reason, information for controlling reception of a signal sent from a transmitting side is set on the basis
of a GNSS signal or the oscillation frequency of the oscillator. Signal reception control is performed on the basis of the
set information, and a signal is received in accordance with the reception control. This suppresses reduction in control
accuracy, thus suppressing reduction in communication quality.
[0092] FIG. 6 is a block diagram illustrating a main configuration example of the high sensitivity reception apparatus
102. As illustrated in FIG. 6, the high sensitivity reception apparatus 102 includes a criterion setting section 311, a GNSS
reception section 312, a correction determination section 313, an oscillator 314, a clock counter 315, a clock section
316, a reception schedule control section 317, a reception control section 318, an oscillation section 319, and a reception
section 320.
[0093] The criterion setting section 311 performs a process related to setting of a criterion related to determination
regarding reception time-of-day control. The criterion setting section 311 can be realized by arbitrary components. For
example, the criterion setting section 311 may include a circuit, an LSI (Large Scale Integration), a system LSI, a
processor, a module, a unit, a set, a device, an apparatus, a system, or the like. Alternatively, a plurality thereof may be
used in combination. At this time, for example, a plurality of components of the same kind such as a plurality of circuits
or a plurality of processors may be used in combination, or a plurality of components of different kinds such as a circuit
and an LSI may be used in combination. For example, the criterion setting section 311 may include a CPU and a memory,
and the CPU performs the above process by executing a program using the memory.
[0094] The GNSS reception section 312 performs a process related to reception of a GNSS signal. The GNSS reception
section 312 can be realized by arbitrary components. For example, the GNSS reception section 312 may include a
circuit, an LSI, a system LSI, a processor, a module, a unit, a set, a device, an apparatus, a system, or the like. Alternatively,
a plurality thereof may be used in combination. At this time, for example, a plurality of components of the same kind
such as a plurality of circuits or a plurality of processors may be used in combination, or a plurality of components of
different kinds such as a circuit and an LSI may be used in combination. For example, the GNSS reception section 312
may include an antenna, a reception circuit, a signal processing circuit, and so on.
[0095] The correction determination section 313 performs a process related to determination regarding reception time-
of-day control. The correction determination section 313 can be realized by arbitrary components. For example, the
correction determination section 313 may include a circuit, an LSI, a system LSI, a processor, a module, a unit, a set,
a device, an apparatus, a system, or the like. Alternatively, a plurality thereof may be used in combination. At this time,
for example, a plurality of components of the same kind such as a plurality of circuits or a plurality of processors may
be used in combination, or a plurality of components of different kinds such as a circuit and an LSI may be used in
combination. For example, the correction determination section 313 may include a CPU and a memory, and the CPU
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performs the above process by executing a program using the memory.
[0096] The oscillator 314 oscillates at a given oscillation frequency and generates a signal at that oscillation frequency.
The oscillator 314 can be realized by arbitrary components. For example, the oscillator 314 may include a circuit, an
LSI, a system LSI, a processor, a module, a unit, a set, a device, an apparatus, a system, or the like. Alternatively, a
plurality thereof may be used in combination. At this time, for example, a plurality of components of the same kind such
as a plurality of circuits or a plurality of processors may be used in combination, or a plurality of components of different
kinds such as a circuit and an LSI may be used in combination. For example, the oscillator 314 may include an oscillation
circuit and so on. It should be noted that this oscillator 314 oscillates in an arbitrary manner.
[0097] The clock counter 315 performs a process related to generation of time of day based on a signal generated by
the oscillator 314. The clock counter 315 can be realized by arbitrary components. For example, the clock counter 315
may include a circuit, an LSI, a system LSI, a processor, a module, a unit, a set, a device, an apparatus, a system, or
the like. Alternatively, a plurality thereof may be used in combination. At this time, for example, a plurality of components
of the same kind such as a plurality of circuits or a plurality of processors may be used in combination, or a plurality of
components of different kinds such as a circuit and an LSI may be used in combination. For example, the clock counter
315 may include a CPU and a memory, and the CPU performs the above process by executing a program using the
memory.
[0098] The clock section 316 performs a process related to generation of time-of-day information to be used for
reception timing control. The clock section 316 can be realized by arbitrary components. For example, the clock section
316 may include a circuit, an LSI, a system LSI, a processor, a module, a unit, a set, a device, an apparatus, a system,
or the like. Alternatively, a plurality thereof may be used in combination. At this time, for example, a plurality of components
of the same kind such as a plurality of circuits or a plurality of processors may be used in combination, or a plurality of
components of different kinds such as a circuit and an LSI may be used in combination. For example, the clock section
316 may include a CPU and a memory, and the CPU performs the above process by executing a program using the
memory.
[0099] The reception schedule control section 317 performs a process related to reception schedule control. The
reception schedule control section 317 can be realized by arbitrary components. For example, the reception schedule
control section 317 may include a circuit, an LSI, a system LSI, a processor, a module, a unit, a set, a device, an
apparatus, a system, or the like. Alternatively, a plurality thereof may be used in combination. At this time, for example,
a plurality of components of the same kind such as a plurality of circuits or a plurality of processors may be used in
combination, or a plurality of components of different kinds such as a circuit and an LSI may be used in combination.
For example, the reception schedule control section 317 may include a CPU and a memory, and the CPU performs the
above process by executing a program using the memory.
[0100] The reception control section 318 performs a process related to reception control. The reception control section
318 can be realized by arbitrary components. For example, the reception control section 318 may include a circuit, an
LSI, a system LSI, a processor, a module, a unit, a set, a device, an apparatus, a system, or the like. Alternatively, a
plurality thereof may be used in combination. At this time, for example, a plurality of components of the same kind such
as a plurality of circuits or a plurality of processors may be used in combination, or a plurality of components of different
kinds such as a circuit and an LSI may be used in combination. For example, the reception control section 318 may
include a CPU and a memory, and the CPU performs the above process by executing a program using the memory.
[0101] The oscillation section 319 performs a process related to setting of a reception frequency. The oscillation section
319 can be realized by arbitrary components. For example, the oscillation section 319 may include a circuit, an LSI, a
system LSI, a processor, a module, a unit, a set, a device, an apparatus, a system, or the like. Alternatively, a plurality
thereof may be used in combination. At this time, for example, a plurality of components of the same kind such as a
plurality of circuits or a plurality of processors may be used in combination, or a plurality of components of different kinds
such as a circuit and an LSI may be used in combination. For example, the oscillation section 219 may include an
oscillation circuit and so on. It should be noted that this oscillation section 319 oscillates in an arbitrary manner.
[0102] The reception section 320 performs a process related to reception. The reception section 320 can be realized
by arbitrary components. For example, the reception section 320 may include a circuit, an LSI, a system LSI, a processor,
a module, a unit, a set, a device, an apparatus, a system, or the like. Alternatively, a plurality thereof may be used in
combination. At this time, for example, a plurality of components of the same kind such as a plurality of circuits or a
plurality of processors may be used in combination, or a plurality of components of different kinds such as a circuit and
an LSI may be used in combination. For example, the reception section 320 may include an antenna, a reception circuit,
a signal processing circuit, and so on.
[0103] In the high sensitivity reception apparatus 102 configured as described above, the clock section 316 sets time-
of-day information, information for controlling reception of a signal, on the basis of a GNSS signal received by the GNSS
reception section 312 or an oscillation frequency of the oscillator 314 (signal frequency generated by the oscillator 314).
The reception control section 318 (and the reception schedule control section 317) control the reception of a signal on
the basis of the time-of-day information. The reception section 320 sends a received signal under such control, i.e., at
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the reception time of day specified by the time-of-day information. This reception time of day corresponds to the trans-
mission time of day of the transmission apparatus 101. That is, this makes it possible to suppress reduction in control
accuracy even in the case where the GNSS signal reception quality is insufficient, thus suppressing reduction in com-
munication quality.
[0104] The clock section 316 can select the GNSS signal or the oscillation frequency in accordance with the reception
status of the GNSS signal and set the information by using the selected option. Therefore, it is possible to suppress
reduction in control accuracy even in the case where the GNSS signal reception quality is insufficient, thus suppressing
reduction in communication quality.
[0105] In the case where the received GNSS signal has a higher quality than a given criterion, the clock section 316
can set time-of-day information by using the GNSS signal, and in the case where the received GNSS signal has a lower
quality than the criterion, the setting section can set time-of-day information by using the oscillation frequency. More
specifically, in the case where the received GNSS signal has a higher quality than a given criterion, the clock section
316 can set time of day acquired from the GNSS signal as time-of-day information, and in the case where the received
GNSS signal has a lower quality than the criterion, the setting section can set time of day acquired by counting by the
clock counter 315 at timings synchronous with the oscillation frequency as time-of-day information. Therefore, it is
possible to suppress reduction in control accuracy even in the case where the GNSS signal reception quality is insufficient,
thus suppressing reduction in communication quality.
[0106] The reception control section 318 (and the reception schedule control section 317) can control the reception
section 320 to receive a signal from a predetermined transmitting side at a known reception timing on the basis of time-
of-day information set by the clock section 316. Therefore, it is possible to receive a signal at a more accurate reception
timing, thus suppressing reduction in communication quality.
[0107] Incidentally, the oscillator 314 oscillates at an oscillation frequency and generates a signal at that frequency.
The oscillator 314 supplies the signal to the clock counter 315. The clock counter 315 counts at timings synchronous
with the frequency of the signal supplied from the oscillator 314 (i.e., oscillation frequency) and sets time of day based
on the oscillation frequency (also referred to as an oscillator-generated time of day). The clock counter 315 supplies the
oscillator-generated time of day to the clock section 316. The clock section 316 can set time-of-day information by using
the oscillator-generated time of day as described above.
[0108] The clock counter 315 configured in this manner can, in the case where the received GNSS signal has a higher
quality than a given criterion, correct the time of day acquired by counting at timings synchronous with the oscillation
frequency given by the oscillator 314 by using the time of day acquired from the GNSS signal by the correction deter-
mination section 313. This makes the time of day based on the oscillation frequency more accurate, allowing to set more
accurate time-of-day information even in the case where the GNSS signal reception quality is insufficient and suppressing
reduction in communication quality.
[0109] The GNSS reception section 312 receives, for example, a GNSS signal. The clock section 316 can set time-
of-day information on the basis of the GNSS signal received by the GNSS reception section 312 or the oscillation
frequency. Also, the correction determination section 313 determines, for example, whether the GNSS signal received
by the GNSS reception section 312 has a sufficiently high quality on the basis of a criterion set by the criterion setting
section 311. Then, in the case where the correction determination section 313 determines that the GNSS signal has a
sufficiently high quality, the correction determination section 313 sets time of day (time of day including correction) on
the basis of the GNSS signal received by the GNSS reception section 312. The correction determination section 313
supplies this time of day based on the GNSS signal to the clock counter 315 and the clock section 316. The clock section
316 can generate time-of-day information from this time of day based on the GNSS signal as described above. Also,
the clock counter 315 can correct time of day based on the oscillation frequency by using this time of day based on the
GNSS signal as described above.

<Reception process flow>

[0110] A description will be given of an example of a flow of a reception process performed by the high sensitivity
reception apparatus 102 with reference to the flowchart illustrated in FIG. 7. When the reception process is initiated, the
criterion setting section 311 sets, in step S201, a correction eligibility determination criterion that will be used as a
threshold for determination made by the correction determination section 313. This criterion is set in an arbitrary manner.
For example, a predetermined value may be set. Alternatively, a criterion may be specified by a user or other individual
or may be set to suit an external or internal environment. The criterion setting section 311 supplies the set correction
eligibility determination criterion to the correction determination section 313.
[0111] In step S202, the GNSS reception section 312 receives a GNSS signal. This GNSS signal includes a variety
of pieces of information such as time-of-day information and position information of the navigation satellite that sent the
GNSS signal. The GNSS reception section 312 supplies, to the correction determination section 313, these pieces of
information included in the received GNSS signal as received information. In step S203, the correction determination
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section 313 determines the quality of the received information. The correction determination section 313 determines
(evaluates) the quality of the received information on the basis of information such as the number of satellites from which
the GNSS signals were successfully received, CNR (Carrier to Noise ratio) of each satellite, doppler frequency, altitude,
and leap seconds. Then, in step S204, the correction determination section 313 determines whether the received infor-
mation has a high quality by using the correction eligibility determination criterion set by the criterion setting section 311
as a threshold. In the case where it is determined that the received information exceeds the correction eligibility deter-
mination criterion and that, therefore, the received information has a sufficiently high quality, the process proceeds to
step S205.
[0112] In step S205, the correction determination section 313 sets time of day based on the GNSS signal (time of day
including correction) by using the received information and supplies the time of day including correction to the clock
counter 315 and the clock section 316. This time of day including correction is time of day based on time-of-day information
of the navigation satellite as described above and is more accurate than the time of day based on the oscillation frequency.
In other words, the time of day including correction includes correction made to the time of day based on the oscillation
frequency.
[0113] In step S206, the clock section 316 sets the time of day including correction as time-of-day information. The
clock section 316 supplies the set time-of-day information to the reception schedule control section 317. In the case
where the received GNSS signal has a sufficiently high quality, time of day including correction acquired on the basis
of the GNSS signal is sufficiently accurate. This makes it possible for the clock section 316 to set more accurate time-
of-day information by using the accurate time of day including correction. Therefore, the high sensitivity reception ap-
paratus 102 can suppress reduction in communication quality by receiving a signal on the basis of the more accurate
time-of-day information.
[0114] In step S207, the clock counter 315 corrects its own count value, i.e., the oscillator-generated time of day using
the time of day including correction generated by the process in step S205. Therefore, the clock counter 315 can render
the oscillator-generated time of day (count value) more accurate by correcting the oscillator-generated time of day using
the accurate time of day including correction. This makes it possible for the high sensitivity reception apparatus 102 to
set more accurate time-of-day information even in the case where the GNSS signal reception quality is insufficient, thus
suppressing reduction in communication quality.
[0115] When the process in step S207 ends, the process proceeds to step S210. Also, in the case where it is determined
in step S204 that the received information quality does not exceed the correction eligibility determination criterion and
that, therefore, the received information is not of a sufficiently high quality (is of a low quality), the process proceeds to
step S208.
[0116] In step S208, the clock counter 315 generates oscillator-generated time of day from the oscillation frequency
of the oscillator 314. In step S209, the clock section 316 sets the oscillator-generated time of day generated by the
process in step S208 as time-of-day information. In other words, in the case where the GNSS signal reception quality
is low, time-of-day information is set by using time of day based on the oscillation frequency generated inside the high
sensitivity reception apparatus 102 without relying on the GNSS signal. Therefore, even in the case where the GNSS
signal reception quality is insufficient, the high sensitivity reception apparatus 102 can suppress reduction in time-of-
day information accuracy attributable to the use of an interpolation formula or other cause, thus suppressing reduction
in communication quality.
[0117] When the process in step S209 ends, the process proceeds to step S210. In step S210, the reception schedule
control section 317 sets a reception timing for receiving a signal on the basis of the time-of-day information supplied
from the clock section 316 and a reception schedule corresponding to the known transmission schedule (predetermined
reception schedule). This reception timing corresponds to the transmission timing of the transmission apparatus 101,
i.e., a timing suitable for receiving a signal sent at the transmission timing. The reception schedule control section 317
can set the reception timing to accurate time of day by setting the reception timing using the time-of-day information set
as described above. This makes it possible to suppress reduction in communication quality. The reception schedule
control section 317 supplies the set reception timing to the reception control section 318.
[0118] In step S211, the reception control section 318 controls the oscillation section 319 and the reception section
320 to receive a transmission signal sent from the transmission apparatus 101 at the reception timing set in step S210.
The oscillation section 319 oscillates at a given oscillation frequency (e.g., 920-MHz band) under control of the reception
control section 318 and supplies the signal at that oscillation frequency to the reception section 320. The reception
section 320 receives, under control of the reception control section 318, a signal at the reception timing described above
at the oscillation frequency of the oscillation section 319 (i.e., receives a signal sent at the same frequency as the
oscillation frequency of the oscillation section 319).
[0119] The reception section 320 can receive a signal at a more accurate reception timing by receiving a signal in this
manner under control of the reception control section 318 even if the GNSS signal reception quality is insufficient. This
makes it possible to suppress reduction in communication quality.
[0120] It should be noted that in the case where signals to be received are time division-multiplexed, the reception
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section 320 can suppress reduction in accuracy for identification of each of the multiplexed signals by receiving the
signals under control of the reception control section 318 even if the GNSS signal reception quality is insufficient. In
other words, it is possible to more accurately receive a signal that includes a larger number of multiplexed signals. This
makes it possible to suppress reduction in communication quality.
[0121] The reception section 320 extracts identification information, position information, and other information of the
transmission apparatus 101 from the received signal and supplies these pieces of information to the server 104.
[0122] When the process in step S211 ends, the reception process is terminated. By performing each process as
described above, the high sensitivity reception apparatus 102 can suppress reduction in communication quality.

<4. Third embodiment>

<Frequency control>

[0123] The transmission apparatus 101 can control not only transmission time of day as described above but also a
transmission frequency in the transmission of a transmission signal. In the case where frequency division multiplexing
is performed as described above, it is possible to multiplex a larger number of signals by improving the accuracy for
controlling the frequency of a transmission signal. For example, in the case where the position notification system 100
as illustrated in FIG. 1 performs frequency division multiplexing, frequency control requires an accuracy of approximately
10 Hz. However, it has been difficult for common oscillators incorporated in the transmission apparatus 101 and the
high sensitivity reception apparatus 102 to realize such an accuracy. For this reason, use of a GNSS signal was conceived
to control frequency as in the case of time-of-day control described above.
[0124] For example, as illustrated in FIG. 8, a vector of the speed of a navigation satellite (satellite speed) is denoted
as Vs, the doppler frequency is denoted as fd, the speed of a receiver (receiver speed) is denoted as Vu, the vector
from the navigation satellite to the receiver is denoted as D, and a unit vector in that orientation is denoted as e (= D/|D|).
A relative speed of the receiver to the navigation satellite can be expressed by using these as depicted in the following
formula (5):

[0125] Also, letting the speed of light be denoted as C, the doppler frequency of the navigation satellite be denoted
as fd, a carrier frequency of the GNSS signal be denoted as fc, and a wavelength be denoted as λ, the relative speed
Vd of the receiver to the navigation satellite can be expressed by using these as depicted in the following formula (6):

[0126] In the example illustrated in FIG. 3A, the satellite speed of the navigation satellite 121 is denoted as Vs1 (=
(VX1, VY1, VZ1)), and the doppler frequency is denoted as fd1. Also, the satellite speed of the navigation satellite 122
is denoted as Vs2 (= (VX2, VY2, VZ2)), and the doppler frequency is denoted as fd2. Further, the satellite speed of the
navigation satellite 123 is denoted as Vs3 (= (VX3, VY3, VZ3)), and the doppler frequency is denoted as fd3. Further,
the satellite speed of the navigation satellite 124 is denoted as Vs4 (= (VX4, VY4, VZ4)), and the doppler frequency is
denoted as fd4.
[0127] Also, the unit vector from the navigation satellite 121 toward the receiver is denoted as e1 (= (eX1, eY1, eZ1)).
The unit vector from the navigation satellite 122 toward the receiver is denoted as e2 (= (eX2, eY2, eZ2)). The unit vector
from the navigation satellite 123 toward the receiver is denoted as e3 (= (eX3, eY3, eZ3)). The unit vector from the
navigation satellite 124 toward the receiver is denoted as e4 (= (eX4, eY4, eZ4)).
[0128] Information regarding these navigation satellites is known from orbital information, receiver carrier synchroni-
zation, and so on. Therefore, it is possible to find the receiver speed Vu (= (VXu, VYu, VZu)) and an offset dfu of the
oscillator frequency by solving the following simultaneous equations (7) to (10) from the formulas (5) and (6) :
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[0129] Secondarily, an accurate Xtal oscillation frequency is also found out. In the case where GNSS signals can be
received from five (5) or more navigation satellites, the simultaneous equations can be found by the least squares method.
[0130] Such navigation satellites have highly accurate cesium oscillators, allowing them to acquire more accurate
time-of-day information than oscillators normally incorporated in receivers and other apparatuses. In general, therefore,
a frequency acquired by a receiver on the basis of GNSS signals as described above is more accurate than the oscillation
frequency of the oscillator incorporated in the receiver (the frequency remains invariable).
[0131] Therefore, the transmission apparatus 101 and the high sensitivity reception apparatus 102 of the position
notification system 100 can improve the accuracy for frequency control during signal transmission and reception by
using the frequency acquired from GNSS signals as described above. In other words, it is possible to realize commu-
nication of higher quality.
[0132] It should be noted, however, that GNSS signals are not always received properly. In the case where there are
errors in the observed satellite speed, doppler frequency, carrier frequency, and so on of each navigation satellite, the
offset of the receiver’s oscillator frequency deteriorates in accuracy. Also, in the case where the number of GNSS signals
successfully received is insufficient, that is, in the case where the number of GNSS signals successfully received by the
receiver with sufficient quality is three (3) or less, the receiver finds its position and time of day by using an interpolation
formula. Therefore, deterioration of offset accuracy of the receiver’s oscillator frequency acquired has been likely. This
has posed a potential risk of reduced frequency control accuracy. A decline in frequency control accuracy may cause
mixing of signals during frequency division multiplexing and reduced reception sensitivity due to increased error in signal
transmission and reception times of day, possibly resulting in reduced communication quality.
[0133] For this reason, information for controlling transmission of a transmission signal is set on the basis of the GNSS
signal or the oscillation frequency of the oscillator, the transmission of the transmission signal is controlled on the basis
of the set information, and the transmission signal is sent in accordance with the transmission control. This suppresses
reduction in frequency control accuracy, thus suppressing reduction in communication quality.

<Frequency control of the transmission apparatus>

[0134] FIG. 9 is a block diagram illustrating a main configuration example of the transmission apparatus 101 in the
case where frequency control is performed. As illustrated in FIG. 9, in this case, the transmission apparatus 101 includes
a correction determination section 413 in place of the correction determination section 213 illustrated in FIG. 4, and an
oscillation frequency calculation section 416 in place of the clock counter 215, the clock section 216, and the transmission
schedule control section 217.
[0135] The correction determination section 413 performs a process related to determination regarding transmission
frequency control. The correction determination section 413 can be realized by arbitrary components. For example, the
correction determination section 413 may include a circuit, an LSI, a system LSI, a processor, a module, a unit, a set,
a device, an apparatus, a system, or the like. Alternatively, a plurality thereof may be used in combination. At this time,
for example, a plurality of components of the same kind such as a plurality of circuits or a plurality of processors may
be used in combination, or a plurality of components of different kinds such as a circuit and an LSI may be used in
combination. For example, the correction determination section 413 may include a CPU and a memory, and the CPU
performs the above process by executing a program using the memory.
[0136] The oscillation frequency calculation section 416 performs a process related to setting of a transmission fre-
quency after correction (transmission frequency including error). The oscillation frequency calculation section 416 can
be realized by arbitrary components. For example, the oscillation frequency calculation section 416 may include a circuit,
an LSI, a system LSI, a processor, a module, a unit, a set, a device, an apparatus, a system, or the like. Alternatively,
a plurality thereof may be used in combination. At this time, for example, a plurality of components of the same kind
such as a plurality of circuits or a plurality of processors may be used in combination, or a plurality of components of
different kinds such as a circuit and an LSI may be used in combination. For example, the oscillation frequency calculation
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section 416 may include a CPU and a memory, and the CPU performs the above process by executing a program using
the memory.
[0137] In the transmission apparatus 101 configured as described above, the oscillation frequency calculation section
416 sets a transmission control frequency (also referred to as a transmission frequency including error), information for
controlling transmission of a transmission signal, on the basis of a GNSS signal received by the GNSS reception section
212 or an oscillation frequency of the oscillator 214 (signal frequency generated by the oscillator 214). The transmission
control section 218 controls the transmission of a transmission signal on the basis of the transmission control frequency.
The oscillation section 219 oscillates under such control, i.e., at the transmission frequency based on the specified
transmission control frequency, and the transmission section 220 sends a transmission signal at that transmission
frequency. This suppresses reduction in control accuracy even in the case where the GNSS signal reception quality is
insufficient. In other words, a transmission signal can be sent more accurately at a desired frequency (transmission
frequency).
[0138] It should be noted that this transmission frequency is a frequency known to the receiving side. In other words,
this can suppress a shift of the transmission frequency from the frequency known to the receiving side. In other words,
the transmission apparatus 101 allows the high sensitivity reception apparatus 102 to adjust the reception frequency to
more accurately match the frequency of the transmission signal.
[0139] Also, in the case of frequency division multiplexing, time division multiplexing using chirp modulation, or other
type of modulation, the transmission apparatus 101 can, by proceeding as described above, suppress reduction in
frequency control accuracy even in the case where the GNSS signal reception quality is insufficient, thus allowing for
multiplexing of a larger number of signals while preventing mixing of the signals.
[0140] Therefore, the transmission apparatus 101 can suppress reduction in reception sensitivity of the high sensitivity
reception apparatus 102 even in the case where the GNSS signal reception quality is insufficient, thus suppressing
reduction in communication quality.
[0141] The oscillation frequency calculation section 416 can select the GNSS signal or the oscillation frequency in
accordance with the reception status of the GNSS signal and set the transmission control frequency by using the selected
option. This makes it possible to suppress reduction in control accuracy even in the case where the GNSS signal reception
quality is insufficient, thus suppressing reduction in communication quality.
[0142] In the case where the received GNSS signal has a higher quality than a given criterion, the oscillation frequency
calculation section 416 can set a transmission frequency including error by using the GNSS signal, and in the case
where the received GNSS signal has a lower quality than the criterion, the oscillation frequency calculation section 416
can set a transmission frequency including error by using the oscillation frequency. More specifically, in the case where
the received GNSS signal has a higher quality than a given criterion, the oscillation frequency calculation section 416
can correct the frequency of the signal supplied from the oscillator 214 (oscillation frequency) by using a frequency error
acquired from the GNSS signal received this time and set the corrected frequency as a transmission control frequency.
In contrast, in the case where the received GNSS signal has a lower quality than the criterion, the oscillation frequency
calculation section 416 can correct the frequency of the signal supplied from the oscillator 214 (oscillation frequency)
by using the correction value used during the previous correction and set the corrected frequency as a transmission
control frequency. The previous correction value is a value acquired in the case where the GNSS signal has a high
quality. Therefore, it is possible to acquire a more accurate transmission control frequency by using this value than in
the case where the correction value acquired from the current low-quality GNSS signal is used. This makes it possible
to suppress reduction in control accuracy even in the case where the GNSS signal reception quality is insufficient, thus
suppressing reduction in communication quality.
[0143] The transmission control section 218 controls the oscillation section 219 to oscillate at a transmission frequency
based on the transmission control frequency set by the oscillation frequency calculation section 416. Then, the trans-
mission control section 218 can control the transmission section 220 to send a transmission signal at the transmission
frequency. This makes it possible to send a transmission signal at a more accurate transmission frequency, thus sup-
pressing reduction in communication quality.
[0144] Also, in the case where transmission signals are frequency division-multiplexed, the transmission control section
218 can set each of the signals to be multiplexed to an accurate frequency by causing the transmission signals to be
sent at a transmission frequency based on the transmission control frequency set by the oscillation frequency calculation
section 416. Also, in the case where time division multiplexing using chirp modulation is applied to transmission signals,
the transmission control section 218 can narrow a bandwidth of each signal by causing the transmission signals to be
sent at a transmission frequency based on the transmission control frequency set by the oscillation frequency calculation
section 416. This makes it possible to multiplex a larger number of signals while preventing mixing of the signals, thus
suppressing reduction in communication quality.
[0145] The GNSS reception section 212 receives, for example, a GNSS signal. The oscillation frequency calculation
section 416 can set a transmission control frequency on the basis of the GNSS signal received by the GNSS reception
section 212 or the oscillation frequency. Also, the correction determination section 213 determines, for example, whether
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the GNSS signal received by the GNSS reception section 212 has a sufficiently high quality on the basis of a criterion
set by the criterion setting section 211. Then, in the case where the correction determination section 213 determines
that the GNSS signal has a sufficiently high quality, the correction determination section 213 sets a frequency (frequency
error) on the basis of the GNSS signal received by the GNSS reception section 212. The correction determination section
213 supplies this frequency error based on the GNSS signal to the oscillation frequency calculation section 416. The
oscillation frequency calculation section 416 can generate a transmission control frequency from this frequency error
based on the GNSS signal as described above.

<Transmission process flow>

[0146] A description will be given of an example of a flow of a transmission process performed by the transmission
apparatus 101 with reference to the flowchart illustrated in FIG. 10. When the transmission process is initiated, the
processes from step S301 to step S304 are performed as are the processes from step S101 to step S104 in FIG. 5. It
should be noted, however, that the processes in steps S303 and S304 are performed by the correction determination
section 413. In the case where it is determined in step S304 that the received information quality exceeds the correction
eligibility determination criterion and that, therefore, the received information has a sufficiently high quality, the process
proceeds to step S305.
[0147] In step S305, the correction determination section 413 sets a frequency (frequency error) based on the GNSS
signal by using the received information and supplies the frequency error to the oscillation frequency calculation section
416. This frequency error is a correction value based on information such as navigation satellite speed as described above.
[0148] In step S306, the oscillation frequency calculation section 416 corrects the oscillation frequency acquired by
the oscillator 214 with the frequency error set in step S305 and sets the corrected frequency as a transmission frequency
including error. The oscillation frequency calculation section 416 supplies the transmission frequency including error to
the transmission control section 218.
[0149] In the case where the received GNSS signal has a sufficiently high quality, a frequency error acquired on the
basis of the GNSS signal is also sufficiently accurate. This makes it possible for the oscillation frequency calculation
section 416 to set a more accurate transmission frequency including error by correcting the oscillation frequency by
using the accurate frequency error. Therefore, the transmission apparatus 101 can suppress reduction in communication
quality by sending a transmission signal at a transmission frequency based on the more accurate transmission frequency
including error.
[0150] When the process in step S306 ends, the process proceeds to step S308. Also, in the case where it is determined
in step S304 that the received information quality does not exceed the correction eligibility determination criterion and
that, therefore, the received information is not of a sufficiently high quality (is of a low quality), the process proceeds to
step S307.
[0151] In step S307, the oscillation frequency calculation section 416 corrects the oscillation frequency of the oscillator
214 with the same frequency error as the previous one. The oscillation frequency calculation section 416 supplies the
transmission frequency including error to the transmission control section 218. In other words, in the case where the
GNSS signal reception quality is low, the oscillation frequency is corrected by using the frequency error based on the
high-quality GNSS signal without relying on the low-quality GNSS signal. Therefore, even in the case where the GNSS
signal reception quality is insufficient, the transmission apparatus 101 can suppress reduction in frequency accuracy
attributable to the use of an interpolation formula or other cause, thus suppressing reduction in communication quality.
[0152] When the process in step S307 ends, the process proceeds to step S308. In step S308, the transmission control
section 218 controls the oscillation section 219 and the transmission section 220 to send a transmission signal at a
transmission frequency based on the transmission frequency including error acquired by the processes in step S306 or
S307. The oscillation section 219 oscillates at the transmission frequency under control of the transmission control
section 218 and supplies the signal at that transmission frequency to the transmission section 220. The transmission
section 220 generates a transmission signal and sends, under control of the transmission control section 218, the
transmission signal at the frequency of the signal supplied from the oscillation section 219 (transmission frequency). It
should be noted that this transmission frequency is known to the receiving side. This makes it possible for the transmission
section 220 to send a transmission signal at an accurate transmission frequency even if the GNSS signal reception
quality is insufficient, thus suppressing reduction in communication quality.
[0153] It should be noted that a transmission signal is generated in an arbitrary manner. Also, a transmission signal
has arbitrary contents. For example, time-of-day information, position information, and other information of the trans-
mission apparatus 101 may be included. Also, transmission signals may be frequency division-multiplexed before trans-
mission. In that case, the transmission section 220 can send transmission signals at a more accurate transmission
frequency by sending the transmission signals under control of the transmission control section 218 even if the GNSS
signal reception quality is insufficient, thus allowing for multiplexing of a larger number of signals while preventing mixing
of the signals. This makes it possible to suppress reduction in communication quality.
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[0154] Also, transmission signals may be time division-multiplexed by using chirp modulation. In that case, the trans-
mission section 220 can also narrow the bandwidth of each signal by sending the transmission signals under control of
the transmission control section 218. This makes it possible to multiplex a larger number of signals while preventing
mixing of the signals. Therefore, it is possible to suppress reduction in communication quality.
[0155] When the process in step S308 ends, the transmission process is terminated. By performing each process as
described above, the transmission apparatus 101 can suppress reduction in communication quality.

<5. Fourth embodiment>

<Frequency control of the reception apparatus>

[0156] More accurate frequency control can be performed in the high sensitivity reception apparatus 102 by using a
GNSS signal as in the transmission apparatus 101. However, in the case where there are errors in the observed satellite
speed, doppler frequency, carrier frequency, and so on of each navigation satellite, there has been a likelihood of
deterioration of frequency control accuracy, possibly resulting in reduced communication quality.
[0157] For this reason, information for controlling reception of a signal sent from the transmitting side is set on the
basis of the GNSS signal or the oscillation frequency of the oscillator, the reception of the signal is controlled on the
basis of the set information, and the signal is received in accordance with the reception control. This suppresses reduction
in frequency control accuracy, thus suppressing reduction in communication quality.
[0158] FIG. 11 is a block diagram illustrating a main configuration example of the high sensitivity reception apparatus
102 in the case where frequency control is performed. As illustrated in FIG. 11, in this case, the high sensitivity reception
apparatus 102 includes a correction determination section 513 in place of the correction determination section 313 in
FIG. 6 and an oscillation frequency calculation section 516 in place of the clock counter 315, the clock section 316, and
the reception schedule control section 317.
[0159] The correction determination section 513 performs a process related to determination regarding transmission
frequency control. The correction determination section 513 can be realized by arbitrary components. For example, the
correction determination section 513 may include a circuit, an LSI, a system LSI, a processor, a module, a unit, a set,
a device, an apparatus, a system, or the like. Alternatively, a plurality thereof may be used in combination. At this time,
for example, a plurality of components of the same kind such as a plurality of circuits or a plurality of processors may
be used in combination, or a plurality of components of different kinds such as a circuit and an LSI may be used in
combination. For example, the correction determination section 513 may include a CPU and a memory, and the CPU
performs the above process by executing a program using the memory.
[0160] The oscillation frequency calculation section 516 performs a process related to setting of a reception frequency
after correction (reception frequency including error). The oscillation frequency calculation section 516 can be realized
by arbitrary components. For example, the oscillation frequency calculation section 516 may include a circuit, an LSI, a
system LSI, a processor, a module, a unit, a set, a device, an apparatus, a system, or the like. Alternatively, a plurality
thereof may be used in combination. At this time, for example, a plurality of components of the same kind such as a
plurality of circuits or a plurality of processors may be used in combination, or a plurality of components of different kinds
such as a circuit and an LSI may be used in combination. For example, the oscillation frequency calculation section 516
may include a CPU and a memory, and the CPU performs the above process by executing a program using the memory.
[0161] In the high sensitivity reception apparatus 102 configured as described above, the oscillation frequency calcu-
lation section 516 sets a reception control frequency (also referred to as a reception frequency including error), information
for controlling reception of a signal, on the basis of the GNSS signal received by the GNSS reception section 312 or the
oscillation frequency of the oscillator 314 (signal frequency generated by the oscillator 314). The reception control section
318 controls the reception of a signal (sent from the transmission apparatus 101) on the basis of the reception control
frequency. The oscillation section 319 oscillates under such control, i.e., at the reception frequency based on the specified
reception control frequency, and the reception section 320 receives the signal at that reception frequency. This makes
it possible to suppress reduction in frequency control accuracy even in the case where the GNSS signal reception quality
is insufficient. That is, a signal can be received at a more accurate desired frequency (reception frequency).
[0162] It should be noted that this reception frequency is a frequency corresponding to the transmission frequency of
a transmission signal sent from the transmission apparatus 101 (frequency known to the receiving side). That is, this
allows the high sensitivity reception apparatus 102 to suppress a shift of the reception frequency from the frequency
suitable for reception of the transmission signal sent from the transmission apparatus 101.
[0163] Also, in the case where a technique such as frequency division multiplexing or time division multiplexing using
chirp modulation is applied to signals to be received, the high sensitivity reception apparatus 102 can, by proceeding
as described above, suppress reduction in accuracy for identification of each of the multiplexed signals even if the GNSS
signal reception quality is insufficient. In other words, it is possible to more accurately receive a signal that includes a
larger number of multiplexed signals. This makes it possible to suppress reduction in communication quality.
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[0164] Therefore, the high sensitivity reception apparatus 102 can suppress reduction in reception sensitivity even in
the case where the GNSS signal reception quality is insufficient, thus suppressing reduction in communication quality.
[0165] The oscillation frequency calculation section 516 can select the GNSS signal or the oscillation frequency in
accordance with the reception status of the GNSS signal and set the reception control frequency by using the selected
option. This makes it possible to suppress reduction in control accuracy even in the case where the GNSS signal reception
quality is insufficient, thus suppressing reduction in communication quality.
[0166] In the case where the received GNSS signal has a higher quality than a given criterion, the oscillation frequency
calculation section 516 can set a reception frequency including error by using the GNSS signal, and in the case where
the received GNSS signal has a lower quality than the criterion, the oscillation frequency calculation section 516 can
set a reception frequency including error by using the oscillation frequency. More specifically, in the case where the
received GNSS signal has a higher quality than a given criterion, the oscillation frequency calculation section 516 can
correct the frequency of the signal supplied from the oscillator 314 (oscillation frequency) by using a frequency error
acquired from the GNSS signal received this time and set the corrected frequency as a reception control frequency. In
contrast, in the case where the received GNSS signal has a lower quality than the criterion, the oscillation frequency
calculation section 516 can correct the frequency of the signal supplied from the oscillator 314 (oscillation frequency)
by using the correction value used during the previous correction and set the corrected frequency as a reception control
frequency. The previous correction value is a value acquired in the case where the GNSS signal has a high quality.
Therefore, it is possible to acquire a more accurate reception control frequency by using this value than in the case
where the correction value acquired from the current low-quality GNSS signal is used. This makes it possible to suppress
reduction in control accuracy even in the case where the GNSS signal reception quality is insufficient, thus suppressing
reduction in communication quality.
[0167] The reception control section 318 can control the oscillation section 319 to oscillate at a reception frequency
based on the reception control frequency set by the oscillation frequency calculation section 516. Then, the reception
control section 318 can control the reception section 320 to receive a signal at the reception frequency. This makes it
possible to receive a signal at a more accurate transmission frequency, thus suppressing reduction in communication
quality.
[0168] Also, in the case where signals to be received are frequency division-multiplexed or in the case where time
division multiplexing using chirp modulation is applied to signals to be received, the reception control section 318 can
suppress reduction in accuracy for identification of each of the multiplexed signals by causing the signals to be received
at a reception frequency based on the reception control frequency set by the oscillation frequency calculation section
516. In other words, it is possible to suppress reduction in communication quality.
[0169] The GNSS reception section 312 receives, for example, a GNSS signal. The oscillation frequency calculation
section 516 can set a reception control frequency on the basis of the GNSS signal received by the GNSS reception
section 312 or the oscillation frequency. Also, the correction determination section 513 determines, for example, whether
the GNSS signal received by the GNSS reception section 312 has a sufficiently high quality on the basis of a criterion
set by the criterion setting section 311. Then, in the case where the correction determination section 513 determines
that the GNSS signal has a sufficiently high quality, the correction determination section 513 sets a frequency (frequency
error) on the basis of the GNSS signal received by the GNSS reception section 312. The correction determination section
513 supplies this frequency error based on the GNSS signal to the oscillation frequency calculation section 516. The
oscillation frequency calculation section 516 can generate a reception control frequency from this frequency error based
on the GNSS signal as described above.

<Reception process flow>

[0170] A description will be given of an example of a flow of a reception process performed by the high sensitivity
reception apparatus 102 with reference to the flowchart illustrated in FIG. 12. When the reception process is initiated,
the processes from step S401 to step S404 are performed as are the processes from step S201 to step S204 in FIG.
7. It should be noted, however, that the processes in steps S403 and S404 are performed by the correction determination
section 513. In the case where it is determined in step S404 that the received information quality exceeds the correction
eligibility determination criterion and that, therefore, the received information has a sufficiently high quality, the process
proceeds to step S405.
[0171] In step S405, the correction determination section 513 sets a frequency (frequency error) based on the GNSS
signal by using the received information and supplies the frequency error to the oscillation frequency calculation section
516. This frequency error is a correction value based on information such as navigation satellite speed as described above.
[0172] In step S406, the oscillation frequency calculation section 516 corrects the oscillation frequency acquired by
the oscillator 314 with the frequency error set in step S405 and sets the corrected frequency as a reception frequency
including error. The oscillation frequency calculation section 516 supplies the reception frequency including error to the
reception control section 318.
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[0173] In the case where the received GNSS signal has a sufficiently high quality, a frequency error acquired on the
basis of the GNSS signal is also sufficiently accurate. This makes it possible for the oscillation frequency calculation
section 516 to set a more accurate reception frequency including error by correcting the oscillation frequency by using
the accurate frequency error. Therefore, the high sensitivity reception apparatus 102 can suppress reduction in com-
munication quality by receiving a signal at a reception frequency based on the more accurate reception frequency
including error.
[0174] When the process in step S406 ends, the process proceeds to step S408. Also, in the case where it is determined
in step S404 that the received information quality does not exceed the correction eligibility determination criterion and
that, therefore, the received information is not of a sufficiently high quality (is of a low quality), the process proceeds to
step S407.
[0175] In step S407, the oscillation frequency calculation section 516 corrects the oscillation frequency of the oscillator
314 with the same frequency error as the previous one. That is, in the case where the GNSS signal reception quality is
low, the oscillation frequency is corrected by using the frequency error based on the high-quality GNSS signal without
relying on the low-quality GNSS signal. Therefore, even in the case where the GNSS signal reception quality is insufficient,
the high sensitivity reception apparatus 102 can suppress reduction in time-of-day information accuracy attributable to
the use of an interpolation formula or other cause, thus suppressing reduction in communication quality.
[0176] When the process in step S407 ends, the process proceeds to step S408. In step S408, the reception control
section 318 controls the oscillation section 319 and the reception section 320 to receive a signal at a reception frequency
based on the reception frequency including error acquired by acquired by the processes in step S406 or S407. The
oscillation section 319 oscillates at the reception frequency under control of the reception control section 318 and supplies
a signal at the reception frequency to the reception section 320. The reception section 320 receives, under control of
the reception control section 318, a signal at the frequency (reception frequency) of the signal supplied from the oscillation
section 319 (that is, receives a signal sent at the same frequency as the oscillation frequency of the oscillation section 319).
[0177] The reception section 320 can receive a signal at a more accurate reception frequency by receiving the signal
under control of the reception control section 318 as described above even if the GNSS signal reception quality is
insufficient. Therefore, it is possible to suppress reduction in control accuracy.
[0178] It should be noted that in the case where a technique such as frequency division multiplexing or time division
multiplexing using chirp modulation is applied to signals to be received, the reception section 320 can suppress reduction
in accuracy for identification of each of the multiplexed signals by receiving the signals under control of the reception
control section 318 even if the GNSS signal reception quality is insufficient. That is, it is possible to more accurately
receive a signal that includes a larger number of multiplexed signals. This makes it possible to suppress reduction in
communication quality.
[0179] The reception section 320 extracts identification information, position information, and other information of the
transmission apparatus 101 from the received signal and supplies these pieces of information to the server 104.
[0180] When the process in step S408 ends, the reception process is terminated. By performing each process as
described above, the high sensitivity reception apparatus 102 can suppress reduction in communication quality.

<6. Others>

<Transmission/reception control and time-of-day/frequency control>

[0181] The present technology may be applied only to the transmission apparatus 101, only to the high sensitivity
reception apparatus 102, or to both the transmission apparatus 101 and the high sensitivity reception apparatus 102.
Also, the present technology may be applied to a transmission/reception apparatus having transmission and reception
functions. In that case, the present technology may be applied only to the transmission function, only to the reception
function, or to both the transmission and reception functions.
[0182] Also, the transmission apparatus 101 may perform both time-of-day control and frequency control in signal
transmission. In that case, the present technology may be applied only to time-of-day control, only to frequency control,
or to both time-of-day control and frequency control. Also, the high sensitivity reception apparatus 102 may perform both
time-of-day control and frequency control in signal reception. In that case, the present technology may be applied only
to time-of-day control, only to frequency control, or to both time-of-day control and frequency control.

<Theft prevention system>

[0183] Although examples of the position notification system 100 have been described above, the present technology
is applicable to an arbitrary communication system. For example, the transmission apparatus 101 may be installed not
only on a person but also on a moving body or other object.
[0184] For example, the present technology is applicable to a theft prevention system 800 for preventing theft of an



EP 3 614 215 A1

23

5

10

15

20

25

30

35

40

45

50

55

automobile, motorcycle, or other vehicle illustrated in FIG. 13. In the case of this theft prevention system 800, the
transmission apparatus 101 is installed on a subject whose position is monitored by a user such as an automobile 801
or a motorcycle 802 owned by the user. The transmission apparatus 101 notifies its own position information (i.e., position
information of the automobile 801 or the motorcycle 802) to the high sensitivity reception apparatus 102 as appropriate
as in the case of the position notification system 100. In other words, the user can access the server 104 from the terminal
apparatus 105 and find out the position of the automobile 801 or the motorcycle 802 as in the case of the position
notification system 100. Therefore, the user can find out the position of the automobile 801 or the motorcycle 802 even
in the event of a theft, thus allowing him or her to readily recover the automobile 801 or the motorcycle 802.
[0185] As described above, in the case of the theft prevention system 800, it is also possible to suppress reduction in
communication quality by applying the present technology described above in each of the embodiments to the trans-
mission apparatus 101 and the high sensitivity reception apparatus 102, thus allowing for more accurate notification of
its own position information (i.e., position information of the automobile 801 or the motorcycle 802) to the high sensitivity
reception apparatus 102. In other words, the user can find out the position of the automobile 801 or the motorcycle 802
more readily and more accurately even in the event of a theft.

<Other communication system>

[0186] It should be noted that information to be sent and received is arbitrary. For example, the transmission apparatus
101 may send transmission information including control information such as an image, sound, measurement data,
identification information of equipment or the like, parameter setting information, or instruction. Also, this transmission
information may include, for example, a plurality of kinds of information such as image and sound or identification
information, setting information, and control information.
[0187] Also, the transmission apparatus 101 may be able to send, for example, transmission information including
information supplied from other apparatus. For example, the transmission apparatus 101 may generate transmission
information including information output from various sensors (sensor output) for detecting, measuring, or performing
other task on an arbitrary variable such as image, light, brightness, saturation, electricity, sound, vibration, acceleration,
speed, angular speed, force, temperature (not temperature distribution), humidity, distance, area, volume, shape, flow-
rate, time of day, time, magnetism, chemical substance, or odor, or a variation of such a variable.
[0188] In other words, the present technology is applicable to a system used for an arbitrary application such as
stereoscopic shape measurement, spatial measurement, object observation, movement deformation observation, bio-
logical observation, authentication process, monitoring, autofocus, imaging control, illumination control, tracking process,
input/output control, electronic equipment control, or actuator control.
[0189] Also, the present technology is applicable to a system in an arbitrary field such as traffic, medical care, crime
prevention, agriculture, stock raising, mining, cosmetics, factories, home electric appliances, meteorology, or nature
monitoring. For example, the present technology is applicable to a system that captures images for appreciation using
a digital camera, mobile equipment having a camera function, or other piece of equipment. Also, the present technology
is applicable to systems for traffic use including a vehicle-mounted system for shooting front, back, surroundings, inside,
and so on of an automobile for safe driving such as automatic stop and for recognition of driver’s state and so on, a
monitoring camera system for monitoring traveling vehicles and road, and a distance measuring system for measuring
vehicle-to-vehicle distance and so on. Further, for example, the present technology is applicable to a system for security
use that uses a monitoring camera for crime prevention, a camera for individual authentication, and so on. Also, for
example, the present technology is applicable to a system for sports use that employs various sensors that can be used
for sports applications such as wearable camera. Further, the present technology is applicable to a system for agricultural
use such as camera for monitoring fields and crops. Also, the present technology is applicable to a system for use in
stock raising industry that uses various sensors for monitoring conditions of bovine, swine, and other livestock. Further,
the present technology is applicable to a system for monitoring states of nature such as volcanos, forests, and oceans,
a meteorological observation system for monitoring weather, temperature, humidity, windspeed, and duration of sunlight
hours, a system for observing ecology of birds, fish, reptiles, amphibians, mammals, insects, plants, and other wildlife,
and other systems.

<Communication apparatus>

[0190] Further, specifications of radio signals and information to be sent and received are arbitrary. Also, although
examples have been described above in which the present technology is applied to the transmission apparatus 101 and
the high sensitivity reception apparatus 102, the present technology is applicable to an arbitrary transmission apparatus,
an arbitrary reception apparatus, or an arbitrary transmission/reception apparatus. In other words, the present technology
is applicable to an arbitrary communication apparatus and communication system.
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<Computer>

[0191] The series of processes described above can be performed by hardware or software. Also, some of the proc-
esses can be performed by hardware, and other processes by software. In the case where the series of processes are
performed by software, the program included in the software is installed to a computer. Here, the computer includes
one that is incorporated in dedicated hardware, one capable of performing various functions by installing various programs
such as general-purpose personal computer, and other computer.
[0192] FIG. 14 is a block diagram illustrating a main hardware configuration example of a computer that performs the
above series of processes using programs.
[0193] In a computer 900 illustrated in FIG. 14, a CPU (Central Processing Unit) 901, a ROM (Read Only Memory)
902, and a RAM (Random Access Memory) 903 are connected to each other by a bus 904.
[0194] An input/output interface 910 is also connected to the bus 904. An input section 911, an output section 912, a
storage section 913, a communication section 914, and a drive 915 are connected to the input/output interface 910.
[0195] The input section 911 includes, for example, a keyboard, a mouse, a microphone, a touch panel, an input
terminal, and so on. The output section 912 includes, for example, a display, a speaker, an output terminal, and so on.
The storage section 913 includes, for example, a hard disk, a RAM disk, a non-volatile memory, and so on. The com-
munication section 914 includes, for example, a network interface and so on. The drive 915 drives a removable medium
921 such as a magnetic disk, an optical disc, a magneto-optical disk, or a semiconductor memory.
[0196] In the computer configured as described above, the CPU 901 loads, for example, the program stored in the
storage section 913 into the RAM 903 via the input/output interface 910 and the bus 904 for execution, thereby allowing
the above series of processes to be performed. The RAM 903 also stores data required for the CPU 901 to perform
various processes as appropriate.
[0197] The program executed by the computer (CPU 901) can be applied recorded, for example, in the removable
recording medium 921 as a packaged medium or the like. In that case, the program can be installed to the storage
section 913 via the input/output interface 910 by inserting the removable medium 921 into the drive 915. Also, the
program can be provided via a wired or wireless transmission medium such as local area network, the Internet, and
digital satellite broadcasting. In that case, the program can be received by the communication section 914 and installed
to the storage section 913. In addition to the above, the program can be installed, in advance, to the ROM 902 or the
storage section 913.

<Supplementary information>

[0198] It should be noted that embodiments of the present technology are not limited to those described above and
can be modified in various ways without departing from the gist of the present technology.
[0199] For example, the present technology can be implemented, for example, as a processor such as system LSI
(Large Scale Integration), a module using a plurality of processors and so on, a unit using a plurality of modules and so
on, a set to which other functions have been added to the unit and so on (i.e., some components of the apparatus).
[0200] It should be noted that, in the present specification, a system refers to a set of a plurality of elements (e.g.,
apparatuses, modules (parts)), and it does not matter whether all elements are provided in the same housing. Therefore,
a plurality of apparatuses accommodated in different housings and connected via a network and a single apparatus
accommodating a plurality of modules in a single housing are both systems.
[0201] Also, for example, a component described as a single apparatus (or processing section) may be divided and
configured as a plurality of apparatuses (processing sections). Conversely, components described above as a plurality
of apparatuses (processing sections) may be combined and configured as a single apparatus (processing section). Also,
a component other than those described above may be added to the components of each apparatus (or each processing
section). Further, as long as the components and operation of the system as a whole are substantially the same, some
components of an apparatus (or processing section) may be included in components of other apparatus (or other
processing section).
[0202] Further, for example, the present technology can have a cloud computing configuration in which one function
is processed by a plurality of apparatuses in a shared and cooperative manner.
[0203] Also, for example, the above program can be executed by an arbitrary apparatus. In that case, it is sufficient
that the apparatus has necessary functions (e.g., functions blocks) and can acquire necessary information.
[0204] Also, for example, each of the steps described in the above flowcharts can be performed not only by a single
apparatus but also by a plurality of apparatuses in a shared manner. Further, in the case where a single step includes
a plurality of processes, the plurality of processes included in the single step can be performed not only by a single
apparatus but also by a plurality of apparatuses in a shared manner. In other words, a plurality of processes included
in a single step can be performed as a plurality of steps. Conversely, a process described as a plurality of steps can be
performed together as a single step.
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[0205] In a program executed by a computer, the processes in the steps describing the program may be performed
chronologically in accordance with the sequence described in the present specification. Alternatively, the processes
may be performed in parallel or individually at a necessary timing such as when the program is called. That is, unless
inconsistency arises, the processes in the respective steps may be performed in a sequence different from that described
above. Further, the processes in the steps describing this program may be performed in parallel or in combination with
the processes of other programs.
[0206] Each of the plurality of present technologies described in the present specification can be carried out independ-
ently and alone. Naturally, the plurality of arbitrary present technologies can be carried out in combination. For example,
part or whole of the present technology described in one of the embodiments can be carried out in combination with part
or whole of the present technology described in other embodiments. Also, part or whole of the arbitrary present technology
described above can be carried out together with other technology not described above.
[0207] The present technologies can also have the following configurations:

(1) A transmission apparatus including:

a setting section adapted to set information for controlling transmission of a transmission signal on the basis of
a GNSS signal or an oscillation frequency of an oscillator;
a transmission control section adapted to control the transmission of the transmission signal on the basis of the
information set by the setting section; and
a transmission section adapted to send the transmission signal under control of the transmission control section.

(2) The transmission apparatus of feature (1), in which
the setting section selects the GNSS signal or the oscillation frequency in accordance with a reception status of the
GNSS signal and sets the information by using the selected option.
(3) The transmission apparatus of feature (2), in which
in the case where the received GNSS signal has a higher quality than a given criterion, the setting section sets the
information by using the GNSS signal, and
in the case where the received GNSS signal has a lower quality than the criterion, the setting section sets the
information by using the oscillation frequency.
(4) The transmission apparatus of feature (3), in which
the information includes time-of-day information, and
the setting section is configured such that in the case where the received GNSS signal has a higher quality than a
given criterion, the setting section sets time of day acquired from the GNSS signal as the time-of-day information
and that in the case where the received GNSS signal has a lower quality than the criterion, the setting section sets
time of day acquired by counting at timings synchronous with the oscillation frequency as the time-of-day information.
(5) The transmission apparatus of feature (4), in which
the transmission control section controls the transmission section to send the transmission signal to a predetermined
receiving side at a known transmission timing on the basis of the time-of-day information set by the setting section.
(6) The transmission apparatus of feature (4) or (5), in which
in the case where the received GNSS signal has a higher quality than a given criterion, the setting section corrects
the time of day acquired by counting at timings synchronous with the oscillation frequency by using time of day
acquired from the GNSS signal.
(7) The transmission apparatus of any one of features (3) to (6), in which
the information includes a transmission control frequency, and
the setting section is configured such that in the case where the received GNSS signal has a higher quality than a
given criterion, the setting section corrects the oscillation frequency by using a frequency acquired from the GNSS
signal received this time and sets the corrected oscillation frequency as the transmission control frequency and that
in the case where the received GNSS signal has a lower quality than the criterion, the setting section corrects the
oscillation frequency with a previous correction value and sets the corrected oscillation frequency as the transmission
control frequency.
(8) The transmission apparatus of feature (7), in which
the transmission control section controls the transmission section to send the transmission signal at a transmission
frequency based on the transmission control frequency set by the setting section.
(9) The transmission apparatus of any one of features (1) to (8), further including:

a GNSS reception section adapted to receive the GNSS signal, in which
the setting section is configured to set the information on the basis of the GNSS signal received by the GNSS
reception section or the oscillation frequency.
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(10) A transmission method including:

setting information for controlling transmission of a transmission signal on the basis of a GNSS signal or an
oscillation frequency of an oscillator;
controlling the transmission of the transmission signal on the basis of the set information; and
sending the transmission signal in accordance with the transmission control.

(11) A reception apparatus including:

a setting section adapted to set information for controlling reception of a signal sent from a transmitting side on
the basis of a GNSS signal or an oscillation frequency of an oscillator;
a reception control section adapted to control the reception of the signal on the basis of the information set by
the setting section; and
a reception section adapted to receive the signal under control of the reception control section.

(12) The reception apparatus of feature (11), in which
the setting section selects the GNSS signal or the oscillation frequency in accordance with a reception status of the
GNSS signal and sets the information by using the selected option.
(13) The reception apparatus of feature (12), in which
in the case where the received GNSS signal has a higher quality than a given criterion, the setting section sets the
information by using the GNSS signal, and in the case where the received GNSS signal has a lower quality than
the criterion, the setting section sets the information by using the oscillation frequency.
(14) The reception apparatus of feature (13), in which
the information includes time-of-day information, and
the setting section is configured such that in the case where the received GNSS signal has a higher quality than a
given criterion, the setting section sets time of day acquired from the GNSS signal as the time-of-day information
and that in the case where the received GNSS signal has a lower quality than the criterion, the setting section sets
time of day acquired by counting at timings synchronous with the oscillation frequency as the time-of-day information.
(15) The reception apparatus of feature (14), in which
the reception control section controls the reception section to receive the signal from a predetermined transmitting
side at a known reception timing on the basis of the time-of-day information set by the setting section.
(16) The reception apparatus of feature (14) or (15), in which
in the case where the received GNSS signal has a higher quality than a given criterion, the setting section corrects
the time of day acquired by counting at timings synchronous with the oscillation frequency by using time of day
acquired from the GNSS signal.
(17) The reception apparatus of any one of features (13) to (16), in which
the information includes a reception control frequency, and
the setting section is configured such that in the case where the received GNSS signal has a higher quality than a
given criterion, the setting section corrects the oscillation frequency by using a frequency acquired from the GNSS
signal received this time and sets the corrected oscillation frequency as the reception control frequency and that in
the case where the received GNSS signal has a lower quality than the criterion, the setting section corrects the
oscillation frequency with a previous correction value and sets the corrected oscillation frequency as the reception
control frequency.
(18) The reception apparatus of feature (17), in which
the reception control section controls the reception section to receive the signal at a reception frequency based on
the reception control frequency set by the setting section.
(19) The reception apparatus of any one of features (11) to (18), further including:

a GNSS reception section adapted to receive the GNSS signal, in which
the setting section is configured to set the information on the basis of the GNSS signal received by the GNSS
reception section or the oscillation frequency.

(20) A reception method including:

setting information for controlling reception of a signal sent from a transmitting side on the basis of a GNSS
signal or an oscillation frequency of an oscillator;
controlling the reception of the signal on the basis of the set information; and
receiving the signal in accordance with the reception control.
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[Reference Signs List]

[0208] 100 ... Position notification system, 101 ... Transmission apparatus, 102 ... High sensitivity reception apparatus,
103 ... Network, 104 ... Server, 111 ... Elderly, 211 ... Criterion setting section, 212 ... GNSS reception section, 213 ...
Correction determination section, 214 ... Oscillator, 215 ... Clock counter, 216 ... Clock section, 217 ... Transmission
schedule control section, 218 ... Transmission control section, 219 ... Oscillation section, 220 ... Transmission section,
311 ... Criterion setting section, 312 ... GNSS reception section, 313 ... Correction determination section, 314 ... Oscil-
lator, 315 ... Clock counter, 316 ... Clock section, 317 ... Reception schedule control section, 318 ... Reception control
section, 319 ... Oscillation section, 320 ... Reception section, 413 ... Correction determination section, 416 ... Oscillation
frequency calculation section, 513 ... Correction determination section, 516 ... Oscillation frequency calculation section,
800 ... Theft prevention system

Claims

1. A transmission apparatus comprising:

a setting section adapted to set information for controlling transmission of a transmission signal on a basis of
a GNSS signal or an oscillation frequency of an oscillator;
a transmission control section adapted to control the transmission of the transmission signal on a basis of the
information set by the setting section; and
a transmission section adapted to send the transmission signal under control of the transmission control section.

2. The transmission apparatus of claim 1, wherein
the setting section selects the GNSS signal or the oscillation frequency in accordance with a reception status of the
GNSS signal and sets the information by using the selected option.

3. The transmission apparatus of claim 2, wherein
in a case where the received GNSS signal has a higher quality than a given criterion, the setting section sets the
information by using the GNSS signal, and
in a case where the received GNSS signal has a lower quality than the criterion, the setting section sets the information
by using the oscillation frequency.

4. The transmission apparatus of claim 3, wherein
the information includes time-of-day information, and
the setting section is configured such that in a case where the received GNSS signal has a higher quality than a
given criterion, the setting section sets time of day acquired from the GNSS signal as the time-of-day information
and that in a case where the received GNSS signal has a lower quality than the criterion, the setting section sets
time of day acquired by counting at timings synchronous with the oscillation frequency as the time-of-day information.

5. The transmission apparatus of claim 4, wherein
the transmission control section controls the transmission section to send the transmission signal to a predetermined
receiving side at a known transmission timing on a basis of the time-of-day information set by the setting section.

6.  The transmission apparatus of claim 4, wherein
in a case where the received GNSS signal has a higher quality than a given criterion, the setting section corrects
the time of day acquired by counting at timings synchronous with the oscillation frequency by using time of day
acquired from the GNSS signal.

7. The transmission apparatus of claim 3, wherein
the information includes a transmission control frequency, and wherein
the setting section is configured such that in a case where the received GNSS signal has a higher quality than a
given criterion, the setting section corrects the oscillation frequency by using a frequency acquired from the GNSS
signal received this time and sets the corrected oscillation frequency as the transmission control frequency and that
in a case where the received GNSS signal has a lower quality than the criterion, the setting section corrects the
oscillation frequency with a previous correction value and sets the corrected oscillation frequency as the transmission
control frequency.
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8. The transmission apparatus of claim 7, wherein
the transmission control section controls the transmission section to send the transmission signal at a transmission
frequency based on the transmission control frequency set by the setting section.

9. The transmission apparatus of claim 1 further comprising:

a GNSS reception section adapted to receive the GNSS signal, wherein
the setting section is configured to set the information on the basis of the GNSS signal received by the GNSS
reception section or the oscillation frequency.

10. A transmission method comprising:

setting information for controlling transmission of a transmission signal on a basis of a GNSS signal or an
oscillation frequency of an oscillator;
controlling the transmission of the transmission signal on a basis of the set information; and
sending the transmission signal in accordance with the transmission control.

11.  A reception apparatus comprising:

a setting section adapted to set information for controlling reception of a signal sent from a transmitting side on
a basis of a GNSS signal or an oscillation frequency of an oscillator;
a reception control section adapted to control the reception of the signal on a basis of the information set by
the setting section; and
a reception section adapted to receive the signal under control of the reception control section.

12. The reception apparatus of claim 11, wherein
the setting section selects the GNSS signal or the oscillation frequency in accordance with a reception status of the
GNSS signal and sets the information by using the selected option.

13. The reception apparatus of claim 12, wherein
in a case where the received GNSS signal has a higher quality than a given criterion, the setting section sets the
information by using the GNSS signal, and in a case where the received GNSS signal has a lower quality than the
criterion, the setting section sets the information by using the oscillation frequency.

14. The reception apparatus of claim 13, wherein
the information includes time-of-day information, and
the setting section is configured such that in a case where the received GNSS signal has a higher quality than a
given criterion, the setting section sets time of day acquired from the GNSS signal as the time-of-day information
and that in a case where the received GNSS signal has a lower quality than the criterion, the setting section sets
time of day acquired by counting at timings synchronous with the oscillation frequency as the time-of-day information.

15. The reception apparatus of claim 14, wherein
the reception control section controls the reception section to receive the signal from a predetermined transmitting
side at a known reception timing on the a of the time-of-day information set by the setting section.

16. The reception apparatus of claim 14, wherein
in a case where the received GNSS signal has a higher quality than a given criterion, the setting section corrects
the time of day acquired by counting at timings synchronous with the oscillation frequency by using time of day
acquired from the GNSS signal.

17. The reception apparatus of claim 13, wherein
the information includes a reception control frequency, and
the setting section is configured such that in a case where the received GNSS signal has a higher quality than a
given criterion, the setting section corrects the oscillation frequency by using a frequency acquired from the GNSS
signal received this time and sets the corrected oscillation frequency as the reception control frequency and that in
a case where the received GNSS signal has a lower quality than the criterion, the setting section corrects the
oscillation frequency with a previous correction value and sets the corrected oscillation frequency as the reception
control frequency.
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18. The reception apparatus of claim 17, wherein
the reception control section controls the reception section to receive the signal at a reception frequency based on
the reception control frequency set by the setting section.

19. The reception apparatus of claim 11, further comprising:

a GNSS reception section adapted to receive the GNSS signal, wherein
the setting section is configured to set the information on a basis of the GNSS signal received by the GNSS
reception section or the oscillation frequency.

20. A reception method comprising:

setting information for controlling reception of a signal sent from a transmitting side on a basis of a GNSS signal
or an oscillation frequency of an oscillator;
controlling the reception of the signal on a basis of the set information; and
receiving the signal in accordance with the reception control.
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