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(54) DISTRIBUTION DEVICE, DISTRIBUTION SYSTEM, AND DISTRIBUTION METHOD

(57) Provided is a distribution device that distributes
time information to one or more items of sensor equip-
ment, the distribution device including a storage unit that
stores correction amount information indicating a correc-
tion amount by which a local time of the distribution device
is to be corrected at one time, an acquisition unit that
acquires a reference time, a calculation unit that calcu-
lates the difference between the acquired reference time
and the local time, a correction unit that corrects the local
time by the correction amount when the calculated dif-
ference is greater than the correction amount, and a dis-
tribution unit that distributes time information indicating
the corrected local time to the sensor equipment.
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Description

Technical Field

[0001] The present invention relates to a distribution
device, distribution system, and distribution method.

Background Art

[0002] Monitoring technology whereby sensor equip-
ment including sensors typified by an acceleration sen-
sor, a displacement sensor, and the like is attached to a
structure such as a building or bridge, thus monitoring
the state of the structure, is known (NPL 1). The sensor
equipment utilized in the monitoring technology executes
a process of detecting change in the state of the structure
(acceleration, displacement, and the like) in a constant
cycle. The result of the process is temporarily recorded
together with time information in the sensor equipment,
or the like. Then, the recorded result is transmitted via,
for example, a network or the like to an external device.
[0003] The sensor equipment executes a process for
detecting a change in state in a constant cycle. Depend-
ing on the object or target of monitoring, the cycle may
be an extremely short cycle. For example, in order to
analyze vibration arising from microtremors or earth-
quakes, an acceleration sensor needs to continuously
measure acceleration in a constant cycle of in the region
of 5 to 10 milliseconds.
[0004] Meanwhile, in order to detect and record vibra-
tion and the like arising in a structure, the sensor equip-
ment synchronizes time using time information provided
from the exterior. This sensor equipment is connected
on a network to an external device that manages time,
and synchronize time using protocol known as NTP (Net-
work Time Protocol) or RBS (Reference Broadcast Syn-
chronization) (NPL 2 and 3). When using protocol like
NTP, technology that corrects time information taking a
transmission delay time into consideration is utilized
(NPL 4).
[0005] PTL 1 discloses technology whereby multiple
items of equipment having a radio clock reception func-
tion are such that the times of all the items of equipment
are synchronized by acquiring a reference time using a
standard time and frequency signal.
[0006] PTL 2 discloses technology whereby an amount
of time correction is determined using the difference in
time between a GPS-derived time and a stable, high ac-
curacy atomic clock-derived time, and time synchroniza-
tion of mutually connected base stations or communica-
tion devices is carried out via the Synchronous Ethernet
(registered trademark).
[0007] PTL 3 discloses a time synchronization system
wherein time synchronization is carried out using NPT
when time synchronization requests transmitted from a
client to a server reach a certain number.
[0008] PTL 4 discloses technology whereby an NTP
server that has received a time synchronization request

from an NTP client transmits determination information
to the NPT client, and the client determines whether or
not to carry out time synchronization using the determi-
nation information.

Citation List

Patent Literature

[0009]

PTL 1: JP-A-2007-18211
PTL 2: JP-A-2010-278546
PTL 3: JP-A-2003-110562
PTL 4: JP-A-2012-202897

Non-Patent Literature

[0010]

NPL 1: Satoru Sakaue et al, "Applied MEMS Micro-
vibration Sensors and Structural Health Monitoring",
Fuji Electric Journal, Vol. 84, No. 4, 2011, Pages 269
to 273
NPL 2: Malcoto Suzuki et al, "Research Trends in
Wireless Sensor Network Time Synchronization
Technology", Morikawa Laboratory, Technical Re-
search Report No. 2008001, April 24, 2008
NPL 3: "The Institute of Electronics, Information and
Communication Engineers (Knowledge Base)", In-
stitute of Electronics, Information and Communica-
tion Engineers, 2010
NPL 4: Shoji Yoshida et al, "Development of Real-
time Ethernet (registered trademark) Optical Trans-
mission to Provide with Sampling Synchronization
by IEEE1588", The Institute of Electrical Engineers
of Japan, August 31, 2010

Summary of Invention

Technical Problem

[0011] For example, the kind of equipment used in
monitoring corrects the time of its own local clock using
time information provided from an external device. Then,
using the local clock, the equipment records the results
of a process executed in a constant cycle.
[0012] Herein, the existing technology is such that
even when the time indicated by the time information
provided from the external device and the local time of
the equipment differ widely, the equipment carries out
correction of the local time. As a result of this, it may
happen that the results of the process carried out by the
equipment are not recorded in a constant cycle, causing
a problem when subsequently analyzing the results.
[0013] The invention, having been contrived bearing
in mind this kind of problem, has an object of distributing
time information so that equipment can execute a proc-

1 2 
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ess in a stable cycle.

Solution to Problem

[0014] In order to resolve the heretofore described
problem, thus achieving the object, a distribution device
in an embodiment of the invention is a distribution device
that distributes time information to one or more items of
equipment, and includes a storage unit that stores cor-
rection amount information indicating a correction
amount by which a local time of the distribution device is
to be corrected at one time, an acquisition unit that ac-
quires a reference time, a calculation unit that calculates
the difference between the acquired reference time and
the local time, a correction unit that corrects the local time
by the correction amount when the calculated difference
is greater than the correction amount, and a distribution
unit that distributes time information indicating the cor-
rected local time to the equipment.
[0015] Also, a distribution system in an embodiment of
the invention is a distribution system including one or
more items of equipment and a distribution device that
distributes time information to the sensor equipment,
wherein the distribution device includes a storage unit
that stores correction amount information indicating a
correction amount by which a local time of the distribution
device is to be corrected at one time, an acquisition unit
that acquires a reference time, a calculation unit that cal-
culates the difference between the acquired reference
time and the local time, a first correction unit that corrects
the local time by the correction amount when the calcu-
lated difference is greater than the correction amount,
and a distribution unit that distributes time information
indicating the corrected local time to the equipment, and
the equipment includes a reception unit that receives the
time information distributed by the distribution unit, and
a management unit that corrects a local time of the equip-
ment so as to coincide with the time indicated by the
received time information.
[0016] Also, a distribution method in an embodiment
of the invention is a distribution method whereby time
information is distributed to one or more items of equip-
ment, and includes an acquisition step of acquiring a ref-
erence time, a calculation step of calculating the differ-
ence between the acquired reference time and a local
time of the distribution device, a correction step of, when
the calculated difference is greater than a correction
amount by which the local time is to be corrected at one
time, correcting the local time by the correction amount,
and a distribution step of distributing time information in-
dicating the corrected local time to the equipment.

Advantageous Effects of Invention

[0017] According to the invention, time information can
be distributed so that equipment can execute a process
in a stable cycle.

Brief Description of Drawings

[0018]

[Fig. 1] Fig. 1 is a diagram representing a configura-
tion example of a distribution system in an embodi-
ment of the invention.
[Fig. 2] Fig. 2 is a diagram representing an installation
example of sensor equipment in the embodiment of
the invention.
[Fig. 3] Fig. 3 is a diagram representing an installation
example of sensor equipment in the embodiment of
the invention.
[Fig. 4] Fig. 4 is a diagram representing an installation
example of sensor equipment in the embodiment of
the invention.
[Fig. 5] Fig. 5 is a hardware configuration diagram
of a distribution device in the embodiment of the in-
vention.
[Fig. 6] Fig. 6 is a hardware configuration diagram
of the sensor equipment in the embodiment of the
invention.
[Fig. 7] Fig. 7 is a functional block diagram of the
distribution device and sensor equipment in the em-
bodiment of the invention.
[Fig. 8] Fig. 8 is a flowchart representing a local time
correction process of the distribution device in the
embodiment of the invention.
[Fig. 9] Fig. 9 is a flowchart representing a time dis-
tribution process of the distribution device in the em-
bodiment of the invention.
[Fig. 10] Fig. 10 is a sequence diagram representing
an operation example of the distribution system in
the embodiment of the invention.
[Fig. 11] Fig. 11 is a diagram for describing an ad-
vantage of the invention.
[Fig. 12] Fig. 12 is a diagram for describing an ad-
vantage of the invention.
[Fig. 13] Fig. 13 is a diagram for describing an ad-
vantage of the invention.
[Fig. 14] Fig. 14 is a diagram for describing an ad-
vantage of the invention.
[Fig. 15] Fig. 15 is a diagram for describing an ad-
vantage of the invention.
[Fig. 16] Fig. 16 is a diagram representing another
configuration example of the distribution system in
an embodiment of the invention.
[Fig. 17] Fig. 17 is a diagram representing another
configuration example of the distribution system in
an embodiment of the invention.
[Fig. 18] Fig. 18 is a flowchart representing a param-
eter determination process used in the invention.
[Fig. 19] Fig. 19 is a diagram representing an exam-
ple of parameters for determining a time distribution
cycle.
[Fig. 20] Fig. 20 is a flowchart representing a param-
eter determination process used in the invention.
[Fig. 21] Fig. 21 is a diagram representing an exam-
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ple of parameters for determining a time distribution
cycle.
[Fig. 22] Fig. 22 is a diagram for describing an ad-
vantage of the invention.
[Fig. 23] Fig. 23 is a functional block diagram of the
distribution device and sensor equipment in the em-
bodiment of the invention.

Description of Embodiments

[0019] Hereafter, based on the drawings, a description
will be given of an embodiment of the invention.
[0020]

1. System outline
2. Hardware configuration

2.1 Distribution device

2.2 Sensor equipment

3. Functional configuration

3.1 Distribution device

3.2 Sensor equipment

4. Operation examples

4.1 Local time correction process
4.2 Time distribution process
4.3 Distribution system operation sequence

5. Operational advantages
6. Modification examples
7. Parameter determination method

(1. System Outline)

[0021] Fig. 1 is a diagram showing an outline of a dis-
tribution system 1 in an embodiment of the invention. The
distribution system 1 includes a distribution device 100,
one or more of sensor equipment 200, and a server 300.
The distribution device 100 is connected to the server
300 via a network such as the Internet or an intranet.
Also, the distribution device 100 is connected to the sen-
sor equipment 200 by a cable or wireless LAN (Local
Area Network), PAN (Personal Area Network), dedicated
signal line, or the like.
[0022] The server 300 is configured of, for example, a
computer for server application. The server 300 provides
the distribution device 100 with time information indicat-
ing the precise current time using, for example, NTP. For
example, the server 300 can acquire the precise current
time using radio waves received from a GPS (Global Po-
sitioning System) satellite. Also, the server 300 may ac-
quire the precise current time using a standard time and
frequency signal received from a transmission station.

Also, the server 300 may acquire the precise current time
using an atomic clock included inside a housing. Also,
the server 300 may acquire the precise current time by
synchronizing time with an external NTP server. The
server 300 acquires the precise current time using the
heretofore described means, and provides the distribu-
tion device 100 with time information indicating that time.
Hereafter, the precise current time acquired by the here-
tofore described means will be called the "reference
time".
[0023] The distribution device 100 corrects the time of
a local clock (hereafter referred to as local time) included
in the distribution device 100 using the reference time
provided from the server 300. Then, the distribution de-
vice 100 distributes time information indicating the local
time to the sensor equipment 200 in a constant cycle.
[0024] Herein, the distribution device 100 holds in ad-
vance the maximum amount by which the local time can
be corrected at one time (hereafter referred to as the
correction amount) with respect to the acquired reference
time. Consequently, when the difference between a ref-
erence time newly received from the server 300 and the
local time is greater than the correction amount, the dis-
tribution device 100 adopts a time that is the local time
moved forward (or backward) within the range of the cor-
rection amount as a new local time.
[0025] For example, when the acquired reference time
is 12:00:00.0020 in a case wherein the correction amount
is 0.0002 seconds and the local time is 12:00:00.0000,
the local time is corrected to "12:00:00.0001" or
"12:00:00.0002". Also, when the acquired reference time
is 11:59:59.9980 in a case wherein the correction amount
is 0.0002 seconds and the local time is 12:00:00.0000,
the local time is corrected to "11:59:59.9998" or
"11:59:59.9999".
[0026] The sensor equipment 200 has sensors such
as an acceleration sensor, a displacement sensor, a dis-
tortion sensor, or a temperature sensor, and executes
status acquisition processes at constant intervals using
the sensors. Also, the sensor equipment 200 corrects
the time of a local clock included in the sensor equipment
200 using time information distributed from the distribu-
tion device 100. That is, by executing each process in
accordance with the time corrected by the distribution
device 100, the sensor equipment 200 can continuously
execute the processes at stable time intervals. That is,
by the local times of the distribution device 100 and sen-
sor equipment 200 being widely corrected, it is possible
to avoid a problem of a period in which the process results
are not recorded occurring. This is advantageous when
carrying out an analysis process that needs measure-
ment data at constant intervals. Also, when there are
multiple items of sensor equipment, there is an advan-
tage in that data can be measured at constant intervals
and synchronized to be simultaneous.
[0027] Fig. 2, Fig. 3, and Fig. 4 show examples wherein
the sensor equipment 200 is installed on a building or
bridge. In Fig. 2, sensor equipment having an accelera-
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tion sensor is provided on each floor of a building. Shak-
ing of the building due to an earthquake can be observed
on each floor using this kind of sensor equipment. Also,
in Fig. 3, sensor equipment having an acceleration sen-
sor is provided in various places on a bridge in order to
observe shaking of the bridge. Furthermore, in Fig. 4,
sensor equipment having a temperature sensor and sen-
sor equipment having a displacement sensor are provid-
ed in various places on a bridge in order to observe the
strength, distortion, and the like, of the bridge. As here-
tofore described, these items of sensor equipment 200
execute status measuring processes at constant inter-
vals and simultaneously (that is, in synchronization), us-
ing time information distributed from the distribution de-
vice 100.
[0028] Also, it is particularly preferable that the distri-
bution device 100 and sensor equipment 200 are of a
configuration wherein they are distributed in the same
segment of a cable LAN, and no other equipment is con-
nected in the network. This kind of configuration provides
stable time synchronization performance to an accuracy
of 1ms.
[0029] Hereafter, a detailed description will be given
of components configuring the distribution system 1.

(2. Hardware Configuration)

[0030] Using Fig. 5 and Fig. 6, a description will be
given of a hardware configuration example of the distri-
bution device 100 and sensor equipment 200 in the em-
bodiment of the invention.

(2.1 Distribution Device)

[0031] Fig. 5 shows a hardware configuration example
of the distribution device 100 in the embodiment of the
invention. The distribution device 100 has a CPU 11, a
ROM 12, a RAM 13, an HDD (hard disk drive)/SSD (solid
state drive) 14, an NIC (network interface card) 15, and
an RTC (real time clock) 16.
[0032] The CPU 11 executes a program that carries
out operation control of the distribution device 100. The
ROM 12 stores a system program executed by the CPU
11. The RAM 13 configures the work area of the CPU
11. The HDD/SSD 14 stores programs, data, and the like
of an OS, applications, and the like executed by the CPU
11. The NIC 15 includes a cable communication interface
and a control device thereof, and is used for carrying out
communication with the sensor equipment 200 and serv-
er 300. The RTC 16 is a device for managing the local
time. A bus 18 connects the devices configuring the dis-
tribution device 100 to each other, and carries out data
exchange.
[0033] According to the heretofore described configu-
ration, the distribution device 100 in the embodiment of
the invention can correct the local time with respect to
an acquired reference time within a pre-specified correc-
tion amount range, and distribute the local time to sensor

equipment.
[0034] The distribution device 100 may have a wireless
LAN module for carrying out communication using a wire-
less LAN, or a communication module for carrying out
communication using Bluetooth (registered trademark)
or ZigBee (registered trademark), together with the NIC
15 or instead of the NIC 15. Also, although the details
will be described hereafter, the distribution device 100
may have a GPS receiver, atomic clock, or radio clock.
Also, the distribution device 100 may include an input
device, like a keyboard or mouse, that receives input from
a user. Furthermore, the distribution device 100 may in-
clude a display that presents information to the user.

(2.2 Sensor Equipment)

[0035] Fig. 6 shows a hardware configuration example
of the sensor equipment 200 in the embodiment of the
invention. The sensor equipment 200 of Fig. 6 is a con-
figuration example of sensor equipment when having an
acceleration sensor. The sensor equipment 200 has a
CPU 21, a ROM 22, a RAM 23, an NIC 24, an RTC 25,
and an acceleration sensor 26.
[0036] The CPU 21 executes a program that carries
out operation control of the sensor equipment 200. The
ROM 22 stores a program executed by the CPU 21. The
RAM 23 configures the work area of the CPU 21. The
NIC 24 includes a cable communication interface and a
control device thereof, and is used for carrying out com-
munication with the distribution device 100. The RTC 25
is a device for managing the local time. The acceleration
sensor 26 is a device that detects acceleration applied
to the sensor. A bus 27 connects the devices configuring
the sensor equipment 200 to each other, and carries out
data exchange.
[0037] According to the heretofore described configu-
ration, the sensor equipment 200 in the embodiment of
the invention can correct the local time using time infor-
mation distributed from the distribution device 100, and
execute a predetermined process at constant intervals.
[0038] The sensor equipment 200 may have a wireless
LAN module for carrying out communication using a wire-
less LAN, or a communication module for carrying out
communication using Bluetooth (registered trademark)
or ZigBee (registered trademark), together with the NIC
24 or instead of the NIC 24.

(3. Functional Configuration)

[0039] Next, using Fig. 7, a description will be given of
the functional configurations of the distribution device
100 and sensor equipment 200 in the embodiment of the
invention. Of the kinds of component included in the dis-
tribution device 100 and sensor equipment 200, the com-
ponents particularly related to the description of the em-
bodiment are shown in Fig. 7.

7 8 



EP 3 009 897 A1

6

5

10

15

20

25

30

35

40

45

50

55

(3.1 Distribution Device)

[0040] The distribution device 100 has a reference time
acquisition unit 101, a local time management unit 102,
a calculation unit 103, a correction unit 104, a time infor-
mation distribution unit 105, a cycle information storage
unit 151, a correction amount information storage unit
152, and a threshold information storage unit 153. Of
these, the cycle information storage unit 151, correction
amount information storage unit 152, and threshold in-
formation storage unit 153 are realized by the HDD/SDD
14 of Fig. 5.
[0041] The cycle information storage unit 151 stores
cycle information indicating a cycle T (unit: seconds) at
which time information is to be distributed to the sensor
equipment 200. The cycle T is determined in advance by
the user in accordance with a parameter determination
method, to be described hereafter.
[0042] The correction amount information storage unit
152 stores correction amount information indicating a
correction amount B by which the local time of the distri-
bution device 100 can be corrected at one time. The cor-
rection amount B is determined in advance by the user
in accordance with a parameter determination method,
to be described hereafter. The correction amount B is
determined in accordance with the error tolerance range
of the process execution cycle of the sensor equipment
200.
[0043] The threshold information storage unit 153
stores threshold information indicating a threshold S of
the difference between an acquired reference time and
the local time of the distribution device 100. When the
difference between the acquired reference time and the
local time is greater than the threshold S, the local time
may be corrected in accordance with the acquired refer-
ence time. This is because when the difference between
the reference time and the local time is markedly large,
the time recorded together with the process results of the
sensor equipment 200 may diverge from the actual time,
causing an impediment to subsequent analysis. Conse-
quently, the threshold S is set to a value sufficiently larger
than the correction amount B.
[0044] The reference time acquisition unit 101 is mainly
realized by processes of the CPU 11 and NIC 15, and
acquires time information indicating a reference time
from the external server 300. The reference time acqui-
sition unit 101, for example, can acquire time information
from the server 300 using a function of an NTP client.
The reference time acquisition unit 101 can acquire time
information from the server 300 using an arbitrary proto-
col.
[0045] Although the details will be described hereafter,
the reference time acquisition unit 101 may acquire a
reference time by itself via the NIC 15, without acquiring
a reference time from the server 300. For example, the
distribution device 100 may include a GPS receiver or
radio clock, and the reference time acquisition unit 101
acquire a reference time via these devices.

[0046] Also, the reference time acquisition unit 101 can
acquire a reference time at an arbitrary timing.
[0047] The local time management unit 102 is mainly
realized by processes of the CPU 11 and RTC 16, and
manages the local time in the distribution device 100.
The local time may be held inside the distribution device,
or may be acquired from an external device.
[0048] The calculation unit 103 is mainly realized by a
process of the CPU 11, and calculates a difference D
between a reference time acquired by the reference time
acquisition unit 101 and the local time acquired from the
local time management unit 102.
[0049] The correction unit 104 is mainly realized by a
process of the CPU 11, and determines to what extent
the local time managed by the local time management
unit 102 is to be corrected in accordance with the size of
the difference D calculated by the calculation unit 103.
At this time, the correction unit 104 carries out the deter-
mination referring to the correction amount information
stored in the correction amount information storage unit
152 and the threshold information stored in the threshold
information storage unit 153. Then, the correction unit
104 corrects the local time in accordance with the follow-
ing conditions.

(1) Difference D ≤ correction amount B: the local time
is adjusted to the reference time
(2) Correction amount B < difference D ≤ threshold
S: the local time is brought closer to the reference
time within the correction amount range
(3) Threshold S < difference D: the local time is ad-
justed to the reference time
(4) Immediately after the distribution device is started
up: the local time is adjusted to the reference time

[0050] There is a possibility that the local time man-
aged by the local time management unit 102 is deviating
considerably from the actual time immediately after the
distribution device 100 is started up, because of which
the local time is adjusted to the reference time, as shown
in (4).
[0051] The time information distribution unit 105 is
mainly realized by processes of the CPU 11 and NIC 15.
The time information distribution unit 105 refers to the
cycle information stored by the cycle information storage
unit 151, and distributes time information including the
local time managed by the local time management unit
102 to the sensor equipment 200 in the constant cycle
T. The time information distribution unit 105 distributes
time information to the sensor equipment 200 using, for
example, NTP. When using NTP, the time information
distribution unit 105 distributes time information in ac-
cordance with a time distribution request transmitted from
the sensor equipment 200. Herein, the distributed time
information may be corrected as appropriate in accord-
ance with a network propagation delay time. For exam-
ple, the method described in NPL 4 can be used as a
method of correcting the time information. The time in-
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formation distribution unit 105 can distribute time infor-
mation to the sensor equipment 200 using arbitrary pro-
tocol.
[0052] The time information distribution unit 105 holds
the most recent time of distributing time information, and
adopts a time wherein the cycle T is added to the most
recent time as the distribution time of the next time infor-
mation.
[0053] According to the heretofore described func-
tions, the distribution device 100 in the embodiment of
the invention can distribute time information indicating a
time corrected within a pre-specified correction amount
range to the sensor equipment 200. As a result of this,
the sensor equipment 200 can continuously execute a
measuring process within the error tolerance range of
the process execution cycle.

(3.2 Sensor Equipment)

[0054] The sensor equipment 200 has a time informa-
tion reception unit 201, a local time management unit
202, a process execution unit 203, and a process result
storage unit 251.
[0055] The time information reception unit 201 is main-
ly realized by processes of the CPU 21 and NIC 24, and
receives time information transmitted from the time infor-
mation distribution unit 105 of the distribution device 100.
The time information reception unit 201 receives time
information from the distribution device 100 using, for
example, NTP. The time information reception unit 201
can receive time information from the distribution device
100 using arbitrary protocol.
[0056] The local time management unit 202 is mainly
realized by processes of the CPU-21 and RTC 25, and
manages the local time of the sensor equipment 200.
The local time management unit 202 adjusts the local
time to the time indicated by the time information received
by the time information reception unit 201.
[0057] The process execution unit 203 is mainly real-
ized by processes of the CPU 21 and acceleration sensor
26, and measures acceleration applied to the accelera-
tion sensor 26 at constant intervals. For example, when
measuring vibration applied to a structure arising from
an earthquake, the process execution unit 203 executes
an acceleration measurement process at intervals of in
the region of 5 to 10 milliseconds. The process execution
cycle may differ depending on the object of measurement
(such as detecting shaking caused by an earthquake, or
detecting abnormality in the strength of a building or the
like), the structure (a building, a bridge, or the like) that
forms the measurement target, and the measurement
data (vibration, distortion, displacement, temperature, or
the like).
[0058] The process execution unit 203 may execute a
measurement process using an arbitrary sensor, in ad-
dition to the measurement process using the acceleration
sensor process, at constant intervals. Also, the process
execution unit 203 may execute at constant intervals a

general information process that does not use a sensor.
[0059] The process result storage unit 251 is realized
by the ROM 22 of Fig. 6, and stores the result of a process
by the process execution unit 203 together with the local
time at which the process is executed.
[0060] According to the heretofore described func-
tions, the sensor equipment 200 in the embodiment of
the invention can execute a measurement process within
a range not exceeding the error tolerance of the process
execution cycle.
[0061] The time information reception unit 201, when
receiving time information using NTP, transmits a time
distribution request to the distribution device 100 in ac-
cordance with a predetermined cycle, and receives time
information as a response to the request. The predeter-
mined cycle is the same as the cycle indicated by the
cycle information stored in the cycle information storage
unit 151 of the distribution device 100 of Fig. 7. Conse-
quently, as shown in Fig. 23, the sensor equipment 200
may have a cycle information storage unit 252 having
the same functions as the cycle information storage unit
151 of Fig. 7. That is, the time information reception unit
201 can receive time information from the distribution
device 100 in accordance with the cycle information
stored in the cycle information storage unit 252. Various
items of information transmitted from the sensor equip-
ment can also be received.
[0062] Also, when NTP is used, the distributed time
information may be corrected as appropriate in accord-
ance with a network propagation delay time. For exam-
ple, the method described in NPL 4 can be used as a
method of correcting the time information.

(4. Operation Examples)

[0063] Next, using Fig. 8 to Fig. 10, a description will
be given of process flows of the distribution device 100
in the embodiment of the invention and an operation ex-
ample of the distribution system 1. Hereafter, processes
of the distribution device 100 will be described divided
into a local time correction process and a time distribution
process.

(4.1 Local Time Correction Process)

[0064] Fig. 8 is a flowchart representing the local time
correction process of the distribution device 100 in the
embodiment of the invention.
[0065] Firstly, the reference time acquisition unit 101
acquires a reference time (step S101).
[0066] Next, the calculation unit 103 calculates the dif-
ference D between the reference time acquired in step
S101 and the local time managed by the local time man-
agement unit 102 (step S102).
[0067] Next, the correction unit 104 determines to what
extent the local time managed by the local time manage-
ment unit 102 is to be corrected in accordance with the
size of the difference D calculated in step S102. Herein,
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when the determination is carried out immediately after
the distribution device 100 starts up (that is, when the
process flow is executed for the first time after starting
up), the process proceeds to step S109 (Yes in step
S103). When this is not the case, the process proceeds
to step S104 (No in step S103).
[0068] Next, the correction unit 104 compares the dif-
ference D calculated in step S102 and the threshold S
stored in the threshold information storage unit 153 (step
S104). Then, when the difference D is greater than the
threshold S, the process proceeds to step S109 (Yes in
step S105). When this is not the case, the process pro-
ceeds to step S106 (No in step S105).
[0069] Next, the correction unit 104 compares the dif-
ference D calculated in step S102 and the correction
amount B stored in the correction amount information
storage unit 152 (step S106). Then, when the difference
D is greater than the correction amount B, the process
proceeds to step S108 (Yes in step S107). When this is
not the case, the process proceeds to step S109 (No in
step S107).
[0070] Then, in step S108, the correction unit 104 cor-
rects the local time within the correction amount range
so that the local time approaches the reference time.
[0071] Also, in step S109, the correction unit 104 caus-
es the local time to coincide with the reference time.

(4.2 Time Distribution Process)

[0072] Fig. 9 is a flowchart representing the time dis-
tribution process of the distribution device 100 in the em-
bodiment of the invention.
[0073] Firstly, the time information distribution unit 105
retrieves the local time managed by the local time man-
agement unit 102 (step S201).
[0074] Next, the time information distribution unit 105
retrieves the cycle information stored in the cycle infor-
mation storage unit 151 (step S202).
[0075] Next, the time information distribution unit 105
determines whether a time that is the most recent time
of distributing time information added to the cycle T re-
trieved in step S202 is equivalent to the local time re-
trieved in step S201 (or whether the local time has
elapsed). When the result is that the time is equivalent
(or that the local time has elapsed) (Yes in step S203),
the process proceeds to step S204, and the time infor-
mation distribution unit 105 distributes time information
indicating the local time to the sensor equipment 200.
Meanwhile, when the time is not equivalent (or when the
local time has not elapsed) (No in step S203), the process
returns to step S201.

(4.3 Distribution System Operation Sequence)

[0076] Fig. 10 is a sequence diagram representing an
operation example of the distribution system 1 in the em-
bodiment of the invention. Herein, only one item of sensor
equipment 200 is shown as a representative.

[0077] Firstly, the time information distribution unit 105
of the distribution device 100 acquires the local time man-
aged by the local time management unit 102, and trans-
mits the local time as time information to the time infor-
mation reception unit 201 of the sensor equipment 200
(step S301).
[0078] Next, the time information distribution unit 105
of the distribution device 100 internally stores the time of
distributing the time information in step S301.
[0079] Next, the reference time acquisition unit 101 of
the distribution device 100 acquires a reference time from
the server 300.
[0080] Next, the calculation unit 103 of the distribution
device 100 calculates the difference D between the ref-
erence time acquired in step S303 and the local time
managed by the local time management unit 102 (step
S304).
[0081] Next, the correction unit 104 of the distribution
device 100 compares the difference D calculated in step
S304 and the threshold S stored in the threshold infor-
mation storage unit 153 (step S305). Herein, the process
proceeds to the next step provided that the difference D
is equal to or smaller than the threshold S.
[0082] Next, the correction unit 104 of the distribution
device 100 compares the difference D calculated in step
S304 and the correction amount B stored in the correction
amount information storage unit 152 (step S306). Herein,
the process proceeds to the next step provided that the
difference D is greater than the correction amount D.
[0083] Next, the correction unit 104 of the distribution
device 100 corrects the local time within the correction
amount range so that the local time approaches the ref-
erence time acquired in step S303 (step S307).
[0084] Next, the time information distribution unit 105
of the distribution device 100 detects that the local time
corrected in step S307 has reached a time that is the
cycle added to the time stored in step S302, and transmits
the local time as time information to the sensor equipment
200 (step S308).
[0085] Next, the time information distribution unit 105
of the distribution device 100 internally stores the time of
distributing the time information in step S308 (step S309).
[0086] Thereafter, by repeating the same process op-
eration, the distribution device 100 in the embodiment of
the invention can gradually correct the local time with
respect to the reference time, and distribute the local time
to the sensor equipment. As a result of this, the sensor
equipment that receives the local time can execute a pre-
determined process in a stable cycle.
[0087] After step S309, the correction unit 104 of the
distribution device 100 may further correct the local time
without acquiring a new reference time. A difference D2
between the local time of the distribution device 100 after
correction and the reference time is equivalent to the
amount by which the local time is corrected in step S307
subtracted from the difference D calculated in step S304.
Consequently, the correction unit 104 can compare the
difference D2 and correction amount B after step S309,
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and determine a further local time correction amount. By
this kind of process being repeated, the local time of the
distribution device 100 eventually coincides with the ref-
erence time.

(5. Operational Advantages)

[0088] Next, using Fig. 11 to Fig.15 and Fig. 22, a de-
scription will be given of advantages obtained with the
distribution device 100 in the embodiment of the inven-
tion.
[0089] Fig. 11 represents an aspect of the distribution
device 100 in the embodiment of the invention distributing
time information to three items of sensor equipment.
Herein, the example shown is of a case wherein the dif-
ference D between the reference time and the local time
of the distribution device 100 is within the range of the
correction amount B (the case of the heretofore de-
scribed (1) wherein difference D ≤ correction amount B).
In the example, the reference time is a certain time ahead
(the difference D) of the local time of the distribution de-
vice 100, but the difference is equal to or smaller than
the correction amount B. Consequently, the local time is
corrected so as to coincide with the reference time. Sub-
sequently, the distribution device 100 distributes time in-
formation in accordance with the local time after correc-
tion. Consequently, the cycle in which each item of sensor
equipment processes the time information after reception
is temporarily shortened by the difference D. However,
this kind of cycle change satisfies the process execution
interval accuracy required of the sensor equipment.
Herein, an example wherein the reference time is ahead
of the local time of the distribution device 100 is shown,
but the same also applies in a case wherein the reference
time is behind the local time of the distribution device 100.
[0090] Fig. 12 schematically represents time informa-
tion distribution by an existing distribution device not ac-
cording to the invention. Herein, the example shown is
of a case wherein the difference D between the reference
time and the local time of the distribution device is not
within the range of the correction amount B ((2) correction
amount B < difference D ≤ threshold S). The distribution
device not according to the invention adjusts the local
time to the reference time regardless of the size of the
difference between the reference time and local time.
Consequently, as a result of the distribution device 100
distributing time information in accordance with the local
time after correction, the cycle in which each item of sen-
sor equipment executes a process fails to satisfy require-
ments. Herein, an example wherein the reference time
is ahead of the local time of the distribution device 100
is shown, but the same also applies in a case wherein
the reference time is behind the local time of the distri-
bution device 100.
[0091] Meanwlile, Fig. 13 schematically represents
time information distribution by the distribution device
100 in the embodiment of the invention. Herein, in the
same way as in Fig. 12, the example shown is of a case

wherein the difference D between the reference time and
the local time of the distribution device is not within the
range of the correction amount B ((2) correction amount
B < difference D ≤ threshold S). The distribution device
100 in the embodiment of the invention adjusts the local
time to the reference time with the correction amount B
as a limit. Consequently, time information can be distrib-
uted to the sensor equipment while maintaining a con-
stant cycle, even when there is, for example, insufficient
accuracy in the reference time itself or a communication
delay between the server 300 providing the reference
time and the distribution device 100. As a result of this,
the sensor equipment can execute a measurement proc-
ess in a stable cycle.
[0092] Fig. 14 represents an example wherein the ref-
erence time and local time are synchronized by the dis-
tribution device 100 in the embodiment of the invention
further correcting the local time after the correction proc-
ess shown in Fig. 13. In Fig. 13, the distribution device
100 corrects the local time by the correction amount B
so that the local time approaches the acquired reference
time. Subsequently, the distribution device 100 again cor-
rects the local time within the range of the correction
amount B before acquiring a new reference time. The
distribution device 100 repeats the same process until
the local time coincides with the reference time. By so
doing, the distribution device 100 can gradually adjust
the local time to the reference time within the range of
the correction amount B. As a result of this, the change
in the time information distribution cycle is within a certain
range, and the sensor equipment can execute a meas-
urement process in a stable cycle.
[0093] Meanwhile, Fig. 15 represents an existing ex-
ample wherein the sensor equipment 200 acquires a ref-
erence time directly from the external server 300 or the
like. As is clear from the drawing, the items of sensor
equipment acquire reference times from the external
server 300 along individual paths. As a result of this, er-
rors occur in the time synchronization cycle or in the time
itself.
[0094] Fig. 22 represents an aspect of time distribution
when the distribution device 100 and sensor equipment
carry out time synchronization using NTP. In the example
of Fig. 11, the local time is distributed to each item of
sensor equipment after the local time of the distribution
device 100 is synchronized with the reference time.
Meanwhile, in the example of Fig. 22, the distribution
device 100 receives a time synchronization request from
each item of sensor equipment after acquiring a refer-
ence time, and distributes time information to each item
of sensor equipment. As heretofore described, the dis-
tribution device 100 or sensor equipment uses the time
information after correcting as appropriate considering a
network propagation delay time or the like. Therefore,
the sensor equipment can execute a measurement proc-
ess in a stable cycle using the already widespread NTP.
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(6. Modification Examples)

[0095] Next, using Fig. 16 and Fig. 17, a description
will be given of modification examples of the invention.
[0096] Fig. 16 shows a configuration example of a dis-
tribution system 1A differing from the distribution system
1 shown in Fig. 1. The distribution system 1A is such that,
unlike the distribution system 1 of Fig. 1, the distribution
device 100 acquires a reference time independently.
Therefore, the distribution device 100 includes a GPS
receiver or radio clock. By adopting this kind of configu-
ration, the configuration of the distribution system can be
simplified.
[0097] Fig. 17 shows a configuration example of a dis-
tribution system 1B differing from the distribution systems
shown in Fig. 1 and Fig. 16. The distribution system 1B
is such that, in the same way as the distribution system
1A shown in Fig. 16, the distribution device 100 can ac-
quire a reference time independently. Meanwhile, the dis-
tribution device 100 and sensor equipment 200 of the
distribution system 1B are connected by a signal line for
transmitting a synchronous clock and a signal line for
transmitting digital time information corresponding to the
synchronous clock. In general, when distributing time as
a digital value, the distribution is liable to be affected by
variation in communication delay time, but when using a
synchronous clock, the time can be distributed without
being subject to that kind of delay.

(7. Parameter Determination Method)

[0098] Next, using Fig. 18 to Fig. 21, a description will
be given of a method of determining the cycle T used
when the distribution device 100 distributes time infor-
mation and the correction amount B used when correct-
ing the local time. The cycle T and correction amount B
are determined in accordance with the following method
before the distribution device 100 and sensor equipment
200 are installed, and stored as cycle information and
correction amount information in the cycle information
storage unit and correction information storage unit re-
spectively.
[0099] Firstly, using Fig. 18 and Fig. 19, a description
will be given of a method of determining the cycle T and
correction amount B based on a tolerable error with re-
spect to the time of the sensor equipment (or a tolerable
error of a process execution cycle) and on the accuracy
of the local time of the sensor equipment. In the following
example, the correction amount B is expressed as a cor-
rection amount B1 (a negative value, unit: seconds),
which corrects so as to delay the local time, and a cor-
rection amount B2 (a positive value, unit: seconds), which
corrects so as to advance the local time (|B1| = B2 = B).
Generally, however, the following expressions hold when
adopting B1 as the minimum value of the correction
amount range and B2 as the maximum value.
[0100] In step S301, when the measurement target (for
example, the extent of vibration of a structure caused by

an earthquake, or the like) of the sensor equipment 200
is determined by the user, the tolerable error with respect
to the time of the sensor equipment (or the tolerable error
of the process execution cycle) is determined. Herein,
the tolerable error with respect to the time of the sensor
equipment is expressed as A1 (unit: seconds) and A2
(unit: seconds). A1 is of a negative value, wherein |A1|
= A2 (generally, however, the following expressions hold
when adopting Al as the minimum value of the tolerable
error and A2 as the maximum value).
[0101] In step S302, the correction amounts B1 and
B2 are selected so as not to exceed the tolerable errors
A1 and A2 with respect to the time of the sensor equip-
ment. The relationships between A1, A2, B1, and B2 are
expressed by the following kinds of expression.

[0102] In theory, B1 and B2 are selected so that A1 =
B1 and A2 = B2. However, as there is a possibility of
further error being added due to other factors such as
delay in the communication path or the process execution
load, it is desirable that values providing a certain amount
of leeway are selected so that, for example, B1 = A1/5
and B2 = A2/5.
[0103] In step S303, the accuracy of the local clock of
the sensor equipment 200 is selected. The accuracy of
the local clock of the sensor equipment 200 is determined
in accordance with the performance of the RTC 25
mounted in the sensor equipment 200. The accuracy of
the local clock is expressed as x1 (a negative value, unit:
ppm (parts per million)) and x2 (a positive value, unit:
ppm). Herein, x1 is taken to be a negative value and x2
a positive value for the sake of the description, but x1
and x2 may both be positive values or negative values.
[0104] In step S304, the cycle T at which the distribu-
tion device 100 distributes time information is deter-
mined. It is necessary that the cycle T is selected so that
errors of the local clock of the sensor equipment 200
accumulated during the cycle T do not exceed the toler-
able error with respect to the time of the sensor equip-
ment 200. Consequently, the cycle T is selected so as
to satisfy the following expressions.

[0105] In step S305, when T selected in step S304 is
a value appropriate to the structure of the distribution
system 1, the value is stored as cycle information in the
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cycle information storage unit 151. Meanwhile, when T
selected in step S304 is not an appropriate value (the
process load or network load will be too large when the
time is distributed at the cycle T in the distribution system,
or the like), the process returns to step S303, and the
accuracy of the local clock and the cycle T are selected
again.
[0106] The distribution device 100, by using the cycle
T and correction amount B (B1 and B2) obtained using
the heretofore described method, can carry out stable
time distribution within the range of tolerable error with
respect to the time or execution cycle of the sensor equip-
ment 200.
[0107] Fig. 19 shows an example of each parameter
selected using the heretofore described method.
[0108] Next, using Fig. 20 and Fig. 21, a description
will be given of a method of determining the cycle T and
correction amount B, giving further consideration to the
accuracy of the local time of the distribution device. In
the following description, the accuracies A1 and A2 of
the time of the sensor equipment 200, the correction
amounts B1 and B2, and the accuracies x1 and x2 of the
local clock of the sensor equipment 200, are as already
described using Fig. 18 and Fig. 19.
[0109] In step S401, in the same way as in step S301
of Fig. 18, the tolerable errors A1 and A2 with respect to
the time of the sensor equipment (or of the process ex-
ecution cycle) are determined.
[0110] In step S402, in the same way as in step S302
of Fig. 18, the correction amounts B1 and B2 are select-
ed.
[0111] In step S403, in the same way as in step S303
of Fig. 18, the accuracies x1 and x2 of the local clock of
the sensor equipment 200 are selected.
[0112] In step S404, the accuracy of the local clock of
the distribution device 100 is selected. The accuracy of
the local clock of the distribution device 100 is determined
in accordance with the performance of the RTC 16
mounted in the distribution device 100. The accuracy of
the local clock is expressed as y1 (a negative value, unit:
ppm) and y2 (a positive value, unit: ppm). Herein, y1 is
taken to be a negative value and y2 a positive value for
the sake of the description, but y1 and y2 may both be
positive values or negative values.
[0113] In step S405, the cycle T at which the distribu-
tion device 100 distributes time information is deter-
mined. It is necessary that the cycle T is selected so that
the sum of errors of the local clock of the distribution
device 100 and errors of the local clock of the sensor
equipment 200 does not exceed the tolerable error with
respect to the time of the sensor equipment 200 during
the cycle T. Consequently, the cycle T is selected so as
to satisfy the following expressions.

[0114] (x2 - y1) and (x1 - y2) express the sum of errors
of the local clock of the distribution device 100 and errors
of the local clock of the sensor equipment 200 (y1 and
x1 are negative values).
[0115] In step S406, when T selected in step S405 is
a value appropriate to the structure of the distribution
system 1, the value is stored as cycle information in the
cycle information storage unit 151. Meanwhile, when T
selected in step S405 is not an appropriate value, the
process returns to step S402, and the correction amounts
B1 and B2, the accuracies x1, x2, y1, and y2 of the local
clocks of the sensor equipment and distribution device,
and the cycle T, are selected again.
[0116] The distribution device 100, by using the cycle
T and correction amount B (B1 and B2) obtained using
the heretofore described method, can more stably carry
out time distribution within the range of tolerable error
with respect to the time or execution cycle of the sensor
equipment 200.
[0117] Fig. 20 shows an example of each parameter
selected using the heretofore described method.
[0118] The present international application claims pri-
ority from Japanese Patent Application No.
2013-123863, filed on June 12, 2013, the whole of which
is incorporated herein by reference.

Reference Signs List

[0119]

1, 1A, 1B Distribution system
100 Distribution device
101 Reference time acquisition unit
102 Local time management unit
103 Calculation unit
104 Correction unit
105 Time information distribution unit
151 Cycle information storage unit
152 Correction amount information storage unit
153 Threshold information storage unit
200 Sensor equipment
201 Time information reception unit
202 Local time management unit
203 Process execution unit
251 Process result storage unit
300 Server

Claims

1. A distribution device that distributes time information
to one or more items of sensor equipment, the dis-
tribution device comprising:
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a storage unit that stores correction amount in-
formation indicating a correction amount by
which a local time of the distribution device is to
be corrected at one time;
an acquisition unit that acquires a reference
time;
a calculation unit that calculates the difference
between the acquired reference time and the
local time;
a correction unit that corrects the local time by
the correction amount when the calculated dif-
ference is greater than the correction amount;
and
a distribution unit that distributes time informa-
tion indicating the corrected local time to the sen-
sor equipment.

2. The distribution device according to claim 1, wherein
the storage unit further stores cycle information in-
dicating the cycle in which the time information is to
be distributed, and
the distribution unit distributes time information indi-
cating the corrected local time to the sensor equip-
ment based on the cycle, or receives a time distri-
bution request transmitted in accordance with a pre-
determined cycle from the sensor equipment, and
distributes time information indicating the corrected
local time to the sensor equipment in accordance
with the time distribution request.

3. The distribution device according to claim 1 or 2,
wherein
the correction amount is determined based on the
error tolerance of time synchronization or the exe-
cution cycle of a process executed by the sensor
equipment.

4. The distribution device according to claim 2, wherein
the cycle is determined based on the error tolerance
of time synchronization or the execution cycle of a
process executed by the sensor equipment, and on
the accuracy of a local clock of the sensor equipment.

5. The distribution device according to claim 2, wherein
the cycle is determined based on the error tolerance
of time synchronization or the execution cycle of a
process executed by the sensor equipment, the ac-
curacy of a local clock of the sensor equipment, and
the accuracy of a local clock of the distribution de-
vice.

6. The distribution device according to any one of
claims 1 to 5, wherein
the acquisition unit acquires a reference time ob-
tained by a GPS, NTP, radio clock, or atomic clock.

7. The distribution device according to any one of
claims 1 to 6, wherein

the acquisition unit acquires a reference time from
an external system.

8. The distribution device according to any one of
claims 1 to 7, wherein
the distribution unit distributes a synchronous clock
and the time information corresponding to the syn-
chronous clock to the sensor equipment.

9.  The distribution device according to any one of
claims 1 to 8, wherein
the sensor equipment is sensor equipment having
an acceleration sensor, a displacement sensor, a
distortion sensor, or a temperature sensor.

10. The distribution device according to any one of
claims 1 to 9, wherein
the correction unit, when the difference calculated
immediately after the distribution device is started
up is greater than the correction amount, corrects
the local time so that the reference time and local
time coincide.

11. The distribution device according to any one of
claims 1 to 10, wherein
the correction unit, when the difference is greater
than a predetermined threshold, corrects the local
time so that the reference time and local time coin-
cide.

12. The distribution device according to any one of
claims 1 to 11, wherein
the distribution unit, when the acquisition unit is un-
able to acquire the reference time, transmits time
information indicating the local time to the sensor
equipment.

13. A distribution system comprising one or more items
of sensor equipment and a distribution device that
distributes time information to the sensor equipment,
wherein
the distribution device includes:

a storage unit that stores correction amount in-
formation indicating a correction amount by
which a local time of the distribution device is to
be corrected at one time;
an acquisition unit that acquires a reference
time;
a calculation unit that calculates the difference
between the acquired reference time and the
local time;
a first correction unit that corrects the local time
by the correction amount when the calculated
difference is greater than the correction amount;
and
a distribution unit that distributes time informa-
tion indicating the corrected local time to the sen-
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sor equipment, and
the sensor equipment includes:

a reception unit that receives the time infor-
mation distributed by the distribution unit;
and
a time management unit that corrects a local
time of the sensor equipment so as to coin-
cide with the time indicated by the received
time information.

14. The distribution system according to claim 13,
wherein
the sensor equipment includes a storage unit that
stores cycle information indicating the cycle in which
the time information is to be received,
the reception unit transmits a time distribution re-
quest to the distribution unit of the distribution device
based on the cycle, and
the distribution unit distributes the time information
in response to the time distribution request.

15. A distribution method whereby time information is
distributed to one or more items of sensor equipment
by a distribution device, the distribution method com-
prising:

an acquisition step of acquiring a reference time;
a calculation step of calculating the difference
between the acquired reference time and a local
time of the distribution device;
a correction step of, when the calculated differ-
ence is greater than a correction amount by
which the local time is to be corrected at one
time, correcting the local time by the correction
amount; and
a distribution step of distributing time information
indicating the corrected local time to the sensor
equipment in a predetermined cycle, wherein
the cycle is determined based on the error tol-
erance of time synchronization or the execution
cycle of a process executed by the sensor equip-
ment, the accuracy of a local clock of the sensor
equipment, and the accuracy of a local clock of
the distribution device.
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