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TERMINAL CONTROL SYSTEM

TECHNICAL FIELD
[0001]
The present invention relates to a terminal control system etc., which

controls terminals.

BACKGROUND ART
[0002]

Some conventional measurement systems set a startup time according to a
measurement schedule to each terminal, and transmit measurement data from a
plurality of terminals to a host terminal at every predetermined period (for example,
refer to Patent Document 1).

[0003]

Some conventional wireless terminal devices cancel a sleep state and receive

a beacon addressed to a group to which a wireless terminal belongs when it reaches

a startup timing of the group concerned (for example, refer to Patent Document 2).

[Reference Documents of Conventional Art]
Patent Documents:
[0004]
Patent Document 1: JP2011-124949A
Patent Document 2: JP2011-066911A

[0005]

However, in the conventional measurement systems or wireless terminal
devices, the startup timing of each terminal is not set in consideration of
communication times of other terminals. Therefore, it is difficult to say that the
startup timings of all the terminals are fully optimized.

[0006]

Particularly, for the conventional measurement systems or wireless terminal
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devices, it is necessary to efficiently startup the wireless communication terminal
driven by a battery in order to save power. In this regard, there is room to achieve
the power savings of the terminals entirely in the conventional measurement system
or wireless terminal devices.

[0007]

Any discussion of documents, acts, materials, devices, articles or the like
which has been included in the present specification is not to be taken as an
admission that any or all of these matters form part of the prior art base or were
common general knowledge in the field relevant to the present disclosure as it
existed before the priority date of each claim of this application.

[0007A]

Throughout this specification the word "comprise", or variations such as
"comprises”" or "comprising”, will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the
exclusion of any other element, integer or step, or group of elements, integers or
steps.

SUMMARY
[0008]

According to the present disclosure, a terminal control system includes a
plurality of terminal devices and a control device for controlling the plurality of
terminal devices.

The terminal device is configured to:

start up at a predetermined startup time, after a reference time that is a
reference when the plurality of terminal devices perform predetermined terminal
processings during the same period,

complete a preparation for transmission of data as the terminal processing,
after the startup time and before a predetermined offset time from the reference time
1s lapsed, and

perform processing for transmitting predetermined data to the control device,
after the offset time is lapsed and within a predetermined communication time.

The control device is configured to:

2
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calculate an offset time for another terminal device for performing the
terminal processing subsequently to the terminal device, based on the
communication time.

The another terminal device is configured to:

set a startup time determined based on the calculated offset time as a
next startup time,

The control device is also configured to:

when, among the plurality of terminal devices, first period terminal
devices for performing the terminal processing at every first period, and second
period terminal devices for performing the terminal processing at every second
period exist,

calculate a first period offset time for another first period terminal
device for performing the terminal processing subsequently to the first period
terminal device, based on the communication time of the first period terminal
device,

calculate a second period offset time for another second 10 period
terminal device for performing the terminal processing subsequently to the second
period terminal device, based on the communication time of the second period
terminal device, and

adopt a sum of the first period offset time and the second period offset
time, as an offset time for the another terminal device.
[0008A]

Also disclosed herein is a method of controlling terminal devices, using a
plurality of terminal devices and a control device for controlling the plurality of
terminal devices, wherein,

the terminal device is configured to:

start up at a predetermined startup time, after a reference time that is a
reference when the plurality of terminal devices perform predetermined terminal

processings during the same period,
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complete a preparation for transmission of data as the terminal
processing, after the startup time and before a predetermined offset time from the
reference time is lapsed, and

perform processing for transmitting predetermined data to the control
device, after the offset time is lapsed and within a predetermined communication
time, and

the control device is configured to:

calculate an offset time for another terminal device for performing the
terminal processing subsequently to the terminal device, based on the
communication time, and
the another terminal device is configured to:

set a startup time determined based on the calculated offset time as a
next startup time,
wherein,

the control device is configured to:

when, among the plurality of terminal devices, first period 5 terminal
devices for performing the terminal processing at every first period, and second
period terminal devices for performing the terminal processing at every second
period exist,

calculate a first period offset time for another first period terminal
device for performing the terminal processing subsequently to the first period
terminal device, based on the communication time of the first period terminal
device,

calculate a second period offset time for another second period
terminal device for performing the terminal processing subsequently to the second
period terminal device, based on the communication time of the second period
terminal device, and

adopt a sum of the first period offset time and the second period offset
time, as an offset time for the another terminal device.
[0008C]

Also disclosed herein is a terminal control program that allows a computer

4
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that controls a control device controlling a plurality of terminal devices for a
terminal control system comprising the plurality of terminal devices and the control
device, wherein,
the terminal device is configured to:
start up at a predetermined startup time, after a reference time that is a
reference when the plurality of terminal devices perform predetermined terminal
processings during the same period,
complete a preparation for transmission of data as the terminal
processing, after the startup time and before a predetermined offset time from the
reference time is lapsed, and
perform processing for transmitting predetermined data to the control
device, after the offset time 1s lapsed and within a predetermined communication
time, and
the control device is configured to:
calculate an offset time for another terminal device for performing the
terminal processing subsequently to the terminal device, based on the
communication time, and
the another terminal device is configured to:
set a startup time determined based on the calculated offset time as a
next startup time,
wherein
the control device is configured to:
when, among the plurality of terminal devices, first period terminal
devices for performing the terminal processing at every first period, and second
period terminal devices for performing the terminal processing at every second
period exist,
calculate a first period offset time for another first period terminal
device for performing the terminal processing subsequently to the first period
terminal device, based on the communication time of the first period terminal
device,

calculate a second period offset time for another second period

5
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terminal device for performing the terminal processing subsequently to the second
period terminal device, based on the communication time of the second period
terminal device, and
adopt a sum of the first period offset time and the second period offset

time, as an offset time for the another terminal device.
[0009]

According to the present disclosure, a startup timing of each terminal device
can be optimized in consideration of communication times of other terminal

devices, thereby achieving power saving of the terminal devices.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

Fig. 1 is a view illustrating one example of the entire configuration of a
terminal control system 1.

Fig. 2 1s a view illustrating one example of a functional block diagram of the
terminal control system 1.

Fig. 3 is a view illustrating one example of a hardware configuration of a
terminal controlling device 2 which is implemented using a CPU, etc.

Fig. 4 is a view illustrating one example of a hardware configuration of a
terminal device 3 which is implemented using a CPU, etc.

Fig. 5 is a view illustrating one example of a flowchart of initialization
processing in the terminal control system 1.

Fig. 6 is a view illustrating one example of an offset time management data
443.

Fig. 7 is a view schematically illustrating one example of processing when
calculating a startup time of the terminal device 3.

Fig. 8A is a view illustrating examples of measuring period data and offset
time data recorded on an EEPROM 56 of the terminal device 3 belonging to Group
1.

Fig. 8B is a view illustrating examples of the measuring period data and the

offset time data recorded on the EEPROM 56 of the terminal device 3 belonging to
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Fig. 8C is a view illustrating examples of the measuring period data and the
offset time data recorded on the EEPROM 56 of the terminal device 3 belonging to
Group 3.

Fig. 9 is a view illustrating one example of a flowchart of a subroutine of
startup time calculation processing in the terminal device 3.

Fig. 10 1s a view illustrating one example of a flowchart of measurement
processing in the terminal control system 1.

Fig. 11 1s a view illustrating one example of measurement data transmitted
from the terminal device 3 to the terminal controlling device 2.

Fig. 12 1s a view illustrating one example of the entire configuration of the
terminal control system 1.

Fig. 13 is a view illustrating one example of the functional block diagram of
the terminal control system 1.

Fig. 14 1s a view illustrating one example of a flowchart of the initialization
processing in the terminal control system 1.

Fig. 15 1s a view illustrating one example of the offset time management data
443,

Fig. 16A is a view illustrating examples of the measuring period data and the
offset time data recorded on the EEPROM 56 of the terminal device 3 belonging to
Group 1.

Fig. 16B is a view illustrating examples of the measuring period data and the
offset time data recorded on the EEPROM 56 of the terminal device 3 belonging to
Group 2.

Fig. 16C 1s a view illustrating examples of the measuring period data and the
offset time data recorded on the EEPROM 56 of the terminal device 3 belonging to
Group 3.

Fig. 17 1s a view illustrating one example of a flowchart of the subroutine of
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the startup time calculation processing in the terminal device 3.
Fig. 18 1s a view schematically illustrating one example of processing when

calculating the startup time of the terminal device 3.

MODES FOR CARRYING OUT THE INVENTION
[0011]

Hereinafter, one desirable embodiment of terminal devices and a terminal
controlling device which constitute a terminal control system in accordance with the
present invention will be described with reference to the accompanying drawings.
Note that in the following description, a case where the present invention is applied
to the terminal devices which measure an operating state of a steam trap,
respectively, and to a terminal controlling device which controls the terminal
devices will be illustrated. Dimensions of constituent members in each drawing are
not intended to faithfully represent dimensions of actual constituent members,
scales of each constituent members, etc.

[0012]
[1. First Embodiment]
[1-1. Entire Configuration of Terminal Control System]

Fig. 1 is a view illustrating one example of the entire configuration of a
terminal control system 1 according to a first embodiment of the present invention.
The terminal control system 1 includes one terminal controlling device 2, a plurality
of terminal devices 3, and a plurality of repeater devices 4, for example. For
example, the terminal controlling device 2 and the repeater devices 4 all have a
wireless communication function, and can wirelessly communicate to each other.
For example, the terminal devices 3 and the repeater devices 4 all have a wireless
communication function, and can wirelessly communicate to each other. Note that,
in Fig. 1, for the sake of explanation, although the terminal controlling device 2, the

terminal devices 3,
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and the repeater devices 4 are connected using solid lines, no connection line
1s necessary if the wireless communication functions are provided.
[0013]

For example, the terminal device 3 is started up at a predetermined
startup time, measures an operating state of a steam trap installed in a steam
piping installation, and transmits measurement data to the terminal controlling
device 2. Note that the startup of the terminal device 3 may be referred to as
"wake-up."

[0014]

One or more terminal devices 3 forms one group. For example, as
illustrated in Fig. 1, Group 1 consists of four terminal devices 3, Group 2
consists of two terminal devices 3, and Group 3 consists of three terminal
devices 3.

[0015]

The terminal controlling device 2 determines, for example, a startup
schedule of each terminal device 3, sets data required therefor to each terminal
device 3. The terminal controlling device 2 receives, for example, the
measurement data from the terminal devices 3.

[0016]

The repeater device 4 operates as a repeater which relays the
communication data, for example, between the terminal controlling device 2
and the terminal device 3.

[0017]
[1-2. Functional Block Diagram of Terminal Control System]

Fig. 2 is a view 1llustrating one example of a functional block diagram
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of the terminal control system 1.
[0018]
[1-2-1. Functional Block Diagram of Terminal Controlling Device 2]

The terminal controlling device 2 includes a communication time
calculator 21 for calculating communication times, an offset time calculator 22
for calculating offset times, an offset time manager 23 for managing the
calculated offset times, a measuring period manager 24 for managing
measuring periods, and a measurement data memory 25 for recording the
received measurement data.

[0019]

The communication time calculator 21 can calculate the
communication times, for example, when the terminal controlling device 2,
the terminal devices 3, and the repeater devices 4 communicate, based on the
number of hops between the respective devices, etc.

[0020]

For example, when two terminal devices 3 successively perform
terminal processings, the offset time calculator 22 can calculate an offset time
of the latter terminal device 3 so that a communication time of the former
terminal device 3 becomes the same as the offset time of the latter terminal
device 3.

[0021]

Here, the offset time is referred to as a period of time during which, if
a plurality of terminal devices 3 which perform terminal processing exist
within the same period, one terminal device 3 to perform a transmission waits

for a processing time or other time of another terminal device 3 which is first
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performing the transmission.
[0022]

Therefore, if the latter terminal device 3 has completed a preparation
for transmission of the measurement data by the time the offset time is lapsed,
the latter terminal device 3 can start the transmission of the measurement data
at the same time the communication time of the former terminal device 3 is
finished. Thus, an overlap between the communication time of the former
terminal device 3 and the communication time of the latter terminal device 3
can be avoided, thereby effectively using power of each terminal device 3.
[0023]

The offset time manager 23 can manage, for example, the offset time
calculated as described above so as to be associated with a group to which
each terminal device 3 belongs. Note that the data indicative of the offset
time managed by the offset time manager 23 is wirelessly transmitted to each
corresponding terminal device 3.

[0024]

The measuring period manager 24 can manage, for example, the
measuring period set for every terminal device 3 so as to be associated with
each terminal device 3. Note that the data indicative of the measuring period
managed by the measuring period manager 24 is wirelessly transmitted to each
corresponding terminal device 3.

[0025]

The measurement data memory 25 can store, for example, the

measurement data received from the terminal device 3 so as to be associated

with each terminal device 3.
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[0026]
[1-2-2. Functional Block Diagram of Terminal Device 3]

The terminal device 3 includes an offset time memory 31 for
recording the offset time, a startup time calculator 32 for calculating a next
startup time, a measuring period memory 33 for recording the measuring
period, a startup controller 34 for controlling to start up at the startup time, and
a measuring part 35 for measuring the operating state of the steam trap 5.
[0027]

The offset time memory 31 can record, for example, the offset time
calculated by the terminal controlling device 2.

[0028]

The startup time calculator 32 can calculate a reference time based on
the current time and the measuring period, and can calculate a time which is
obtained as the next startup time of the terminal device 3 by adding the offset
time to the reference time and then subtracting the communication time of the
measurement data, for example. The calculated next startup time is set to the
startup controller 34.

[0029]

The measuring period memory 33 can record the measuring period for
the terminal device 3 which is, for example, managed by the terminal
controlling device 2.

[0030]

The startup controller 34 can control the terminal device 3 to start up

at the next startup time calculated by the startup time calculator 32 described

above.

10
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[0031]

The measuring part 35 can measure, for example, surface temperature
and/or ultrasonic vibration of the steam trap 5. Note that the measurement
data of the steam trap 5 measured by the measuring part 35 is wirelessly
transmitted to the terminal controlling device 2.

[0032]

[1-3. Example of Hardware Configuration of Terminal Control System]

[1-3-1. Example of Hardware Configuration of Terminal Controlling Device
2]

Fig. 3 is a view illustrating one example of a hardware configuration
of the terminal controlling device 2 which is implemented using a CPU, etc.
For example, the terminal controlling device 2 can be comprised of a
laptop-type personal computer.

[0033]

The terminal controlling device 2 includes a display unit 41, a CPU 42,
a RAM (Random Access Memory) 43, a hard disk drive 44, a keyboard/mouse
45, and a wireless communication circuit 46.

[0034]

The display unit 41 can display entries from the keyboard/mouse 45,
the measurement data, etc. The CPU 42 can execute a terminal control
program 442 stored in the hard disk drive 44. The RAM 43 can provide the
CPU 42 with address spaces.

[0035]
The hard disk drive 44 can store an OS (operating system) 441, a

terminal control program 442, offset time management data 443, measuring
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period management data 444, and measurement data 445, etc. The
keyboard/mouse 45 can receive a user's input operation for controlling the
terminal device 3. The wireless communication circuit 46 can wirelessly
communicate with the terminal device 3 or the repeater device 4.

[0036]

The communication time calculator 21 and the offset time calculator
22 which constitute the terminal controlling device 2 illustrated in Fig. 2 are
implemented by executing the terminal control program 442 on the CPU 42.
The offset time manager 23, the measuring period manager 24, and the
measurement data memory 25 correspond to areas assigned to the offset time
management data 443, the measuring period management data 444, and the
measurement data 445 on the hard disk drive 44, respectively.

[0037]
[1-3-2. Example of Hardware Configuration of Terminal Device 3]

Fig. 4 is a view illustrating one example of a hardware configuration
of the terminal device 3 which 1s implemented using a CPU, etc. The
terminal device 3 includes an RTC (Real Time Clock) 51, a CPU 52, a RAM
53, a measuring sensor 54, a wireless communication circuit 55, and an
EEPROM (Electrically Erasable and Programmable Read Only Memory) 56,
and a battery 57.

[0038]

The RTC 51 can provide data indicative of the current time by using a
clock function, and can start up the terminal device 3 at a time corresponding
to preset startup time data 511 by a timer function. The CPU 52 can execute

a terminal processing program 561 stored in the EEPROM 56. The RAM 53

12
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can provide the CPU 52 with address spaces and store measurement data 531,
etc.
[0039]

The measuring sensor 54 can measure the operating state of the steam
trap 5, for example, by a vibration sensor using a piezoelectric element and/or
a temperature sensor using a thermocouple. The wireless communication
circuit 55 can communicate with the terminal controlling device 2 or the
repeater device 4. The EEPROM 56 can store the terminal processing
program 561, the measuring period data 562, and the offset time data 563.
The battery 57 can supply power to each component of the terminal device 3.
The battery 57 corresponds to a dry cell battery or a secondary battery, for
example.

[0040]

The startup time calculator 32 which constitutes the terminal device 3
illustrated in Fig. 2 is implemented by executing the terminal processing
program 561 on the CPU 52. The offset time memory 31 and the measuring
period memory 33 correspond to the offset time data 563 and the measuring
period data 562 of the EEPROM 56, respectively. The startup controller 34
corresponds to the RTC 51. The measuring part 35 corresponds to the
measuring sensor 54.

[0041]
[1-4. Flowchart of Initialization Processing]

Fig. 5 is a view illustrating one example of a flowchart of initialization
processing in the terminal control system 1. Note that in the following, one

example in which the terminal controlling device 2 and the terminal device 3
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cooperate to perform processing will be described; however, these two devices
do not necessarily cooperate to perform the processing. For example, after
the terminal controlling device 2 performs Steps S101-S106, the terminal
device 3 does not need to cooperatively perform processings of Steps
S107-S110.

[0042]

When the user of the terminal controlling device 2 operates the
keyboard/mouse 45 to input an instruction for starting the initialization
processing, the CPU 42 of the terminal controlling device 2 calculates a
communication time for every group of the terminal device(s) 3 (Step S101).
The CPU 42 calculates the communication time for every group, for example,
based on the number of hops according to the number of repeater devices 4 via
which the terminal controlling device 2 and the terminal device 3
communicate.

[0043]

Particularly, as illustrated in Fig. 1, the number of hops of the terminal
device 3a belonging to Group 1 is "5 (in Fig. 1, it corresponds to the number
indicated in parentheses along a line which connects the terminal device 3a
and the repeater device 4)." Similarly, the number of hops of the terminal
device 3b belonging to Group 1 is "4," and the numbers of hops of the
terminal devices 3c-3e belonging to Group 1 are "3," respectively. Therefore,
the total number of hops of Group 1 is "18" which is a sum of the numbers of
hops of the terminal devices 3a-3e.

[0044]

If the communication time per hop is, for example, "0.5 seconds," the

14
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communication time of Group 1 (i.e., the sum of the communication times of
all the terminal devices belonging to Group 1) can be calculated as "9
seconds" which is obtained by multiplying the total number of hops "18" by
the communication time per hop "0.5 seconds."

[0045]

Similarly, since the numbers of hops of the terminal devices 3f and 3g
belonging to Group 2 are "3," respectively, the total number of hops of Group
2 is "6" which is a sum of the numbers of hops of the terminal devices 3f and
3g. Therefore, the communication time of Group 2 (i.e., the sum of
communication times of all the terminal devices belonging to Group 2) is "3
seconds" which is obtained by multiplying the total number of hops "6" by the
communication time per hop "0.5 seconds."

[0046]

Similarly, since the number of hops of the terminal device 3h
belonging to Group 3 is "4" and the numbers of hops of the terminal devices 31
and 3j belonging to Group 3 are "5," respectively, the total number of hops of
Group 3 is "14" which is a sum of the numbers of hops of the terminal devices
3h-3j. Therefore, the communication time of Group 3 (i.e., the sum of
communication times of all the terminal devices belonging to Group 3) is "7
seconds" which is obtained by multiplying the total number of hops "14" by
the communication time per hop "0.5 seconds."

[0047]
As described above, the communication time of Group 1 is calculated

"

as "9 seconds," the communication time of Group 2 as "3 seconds,” the

communication time of Group 3 as "7 seconds," respectively.
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[0048]

The CPU 42 selects one of the groups of the terminal devices 3 (Step
S102). For example, a selecting order of the groups can be determined as
such an order that the terminal devices and the repeater devices can efficiently
be operated. In this embodiment, the groups are selected in an order of
Group 1, Group 2, and Group 3.

[0049]

The CPU 42 calculates an offset time of each terminal device
belonging to the current group based on the communication time and the offset
time of the immediately preceding group (Step S103). For example, the CPU
42 can consider a total of, a sum of the communication times of all the
terminal devices 3 belonging to the immediately preceding group, and the
offset time of each terminal device 3 belonging to the immediately preceding
group, as an offset time of each terminal device belonging to the current group.
Note that since the immediately preceding group does not exist when Group 1
1s selected, a predetermined value, for example, "5 seconds" is set as the offset
time of the terminal device 3 belonging to Group 1. Alternatively,
predetermined values other than "5 seconds" may also be set as the offset time.
[0050]

The CPU 42 records the offset time calculated as above as the offset
time management data 443 on the hard disk drive 44 so as to be associated
with each group (Step S104). Fig. 6 is a view illustrating one example of the
offset time management data 443. The CPU 42 records, for example, "5
seconds” as the offset time of Group 1.

[0051]
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The CPU 42 determines whether there is any unprocessed group (Step
S105). If there is any unprocessed group, the CPU 42 returns to Step S102
described above, and repeats the processing (determined as Yes at Step S105).
[0052]

If Group 2 1s selected at Step S102 described above, the CPU 42 sets
"14 seconds" which is a total of the communication time of Group 1 which is
an immediately preceding group "9 seconds" and the offset time of Group 1 "5
seconds” as an offset time of each terminal device 3 belonging to Group 2 at
Step S103.

[0053]

If Group 3 i1s selected at Step S102 described above, the CPU 42 sets
"17 seconds" which is a total of the communication time of Group 2 which is
an immediately preceding group "3 seconds” and the offset time of Group 2
"14 seconds" as an offset time of each terminal device 3 belonging to Group 3
at Step S103.

[0054]

Thus, the CPU 42 sets the total of the communication time and the
offset time of the immediately preceding group as the offset time of another
group which successively communicates after the immediately preceding
group. For example, the CPU 42 records "14 seconds" as the offset time of
Group 2, and "17 seconds” as the offset time of Group 3, respectively.

[0055]

Fig. 7 is a view schematically illustrating one example of processing

when calculating the startup time of the terminal device 3. As illustrated in

Fig. 7, offset times Toffl (5 seconds), Toff2 (14 seconds), and Toff3 (17
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seconds) recorded corresponding to each group are set, respectively.
[0056]

The CPU 42 transmits to each terminal device 3 belonging to each
group, the offset time recorded so as to be associated with each group (Step
S106). Note that a correspondence table (not illustrated) of the groups and
the terminal devices is recorded in the terminal controlling device 2 in advance
so as to be recognizable by the CPU 42.

[0057]

For example, the CPU 42 transmits the offset time "5 seconds” to the
terminal devices 3a-3e belonging to Group 1, transmits the offset time "14
seconds” to the terminal devices 3f and 3g, and transmits the offset time "17
seconds" to the terminal devices 3h-3;.

[0058]

As described above, the terminal controlling device 2 and the terminal
device 3 do not necessarily cooperate with each other. For example, the user
of the terminal controlling device 2 may cause the terminal controlling device
2 to execute the processings at Steps S101-S105 described above at a place
distant from a steam piping installation where the steam trap 5 to be measured
is installed, and the user may then move near the steam piping installation
where the steam trap 5 is installed to cause the terminal controlling device 2 to
execute the processing at Step S106 described above.

[0059]

When the CPU 52 of each terminal device 3 receives the offset time

from the terminal controlling device 2, the CPU 52 records the received offset

time as the offset time data 563 of the EEPROM 56 (Step S107). Figs. 8A,
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8B, and 8C are views illustrating examples of the measuring period data and
the offset time data recorded on the EEPROM 56 of the terminal device 3
belonging to each of Groups 1-3.

[0060]

For example, each CPU 52 of the terminal devices 3a-3e belonging to
Group 1 records "5 seconds" 72 as the offset time of the corresponding
terminal device. For example, each CPU 52 of the terminal devices 3f and
3g belonging to Group 2 records "14 seconds" 72 as the offset time of the
corresponding terminal device. For example, each CPU 52 of the terminal
devices 3h-31 belonging to Group 3 records "17 seconds" 72 as the offset time
of the corresponding terminal device.

[0061]

The CPU 52 executes startup time calculation processing by a
subroutine (Step S108). Fig. 9 is a view 1illustrating one example of a
flowchart of the subroutine of the startup time calculation processing in the
terminal device.

[0062]

The CPU 52 acquires the current time from the RTC (Step S201).
For example, as illustrated in Fig. 7, the CPU 52 acquires "06:45:30 (hour:
minute: second)" as the current time Tnow.

[0063]

The CPU 52 reads the measuring period (Step S202). For example,
the CPU 52 reads "60 minutes" from the measuring period data 562a
illustrated in Fig. 8A. Note that each data of the measuring period data

562a-562c illustrated in Figs. 8 A-8C is set to each terminal device 3 of the
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corresponding group in advance. For example, the measuring period data
corresponding to the terminal device 3 may be transmitted from the terminal
controlling device 2 in the initialization processing described above.

[0064]

The CPU 52 calculates the next reference time based on the current
time and the measuring period (Step S203). Note that, as illustrated in Fig. 7,
an initial time which is an origin when all the terminal devices 3 calculate the
startup times is set to "00:00:00." Note that the initial time may be any time
other than the initial time described above as long as it is a time which is set in
common for all the terminal devices 3.

[0065]

The CPU 52 determines as the next reference time, for example, a
time which 1s a future time with respect to the current time and closest to the
current time among times which are multiples of the measuring period
reckoned from the initial time. As illustrated in Fig. 7, if the initial time is
"00:00:00," the current time Tnow i1s "06:45:30" and the measuring period
Teyc 1s "60 minutes," the reference time Tnxt can be calculated as "07:00:00."
[0066]

The CPU 52 reads the offset time recorded as the offset time data 563
of the EEPROM 56 (Step S204). For example, the CPUs 52 of the terminal
devices 3a-3e belonging to Group 1 read "5 seconds” as the offset time from
the offset time data 563a illustrated in Fig. 8A.

[0067]
The CPU 52 calculates a time (next startup time) at which the terminal

device 3 is to be started up next time, based on the reference time, the offset
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time, and the measuring time (Step S205). Here, it is assumed that "2
seconds” is set for the measuring time, which is long enough for the measuring
sensor 54 of the terminal device 3 to measure the operating state of the steam
trap. Note that the measuring time may be longer or shorter than "2
seconds."

[0068]

For example, each CPU 52 of the terminal devices 3a-3e belonging to
Group 1 calculates as the next startup time of itself, "07:00:03" which is a time
obtained by adding the offset time "5 seconds” 563a of the terminal device 3
belonging to Group 1 illustrated in Fig. 8A to the reference time Tnxt
"07:00:00" and subtracting the measuring time "2 seconds" of the measuring
sensor 54 described above.

[0069]

Similarly, for example, each CPU 52 of the terminal devices 3f and 3g
belonging to Group 2 calculates as the next startup time of itself, "07:00:12"
which is a time obtained by adding the offset time "14 seconds" 563b of the
terminal device 3 belonging to Group 2 illustrated in Fig. 8B to the reference
time Tnxt "07:00:00" and subtracting the measuring time "2 seconds" of the
measuring sensor 54 described above.

[0070]

Similarly, for example, each CPU 52 of the terminal devices 3h-3j
belonging to Group 3 calculates as the next startup time of itself, "07:00:15"
which is a time obtained by adding the offset time "17 seconds" 563c of the
terminal device 3 belonging to Group 2 illustrated in Fig. 8C to the reference

time Tnxt "07:00:00" and subtracting the measuring time "2 seconds" of the
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measuring sensor 54 described above.
[0071]

When the subroutine processing of Fig. 9 ends, the CPU 52 returns to
Step S109 of Fig. 5 to set the calculated next startup time to the RTC. For
example, each CPU 52 of the terminal devices 3a-3e belonging to Group 1 sets
the next startup time "07:00:03" to the startup time data 511 of the RTC 51.
[0072]

Similarly, each CPU 52 of the terminal devices 3f and 3g belonging to
Group 2 sets the next startup time "07:00:12" to the startup time data 511 of
the RTC 51. Further, each CPU 52 of the terminal devices 3h-3j belonging to
Group 3 sets the next startup time "07:00:15" to the startup time data 511 of
the RTC 51.
[0073]

After the next startup times are set to the RTC 51, the CPUs 52 turn
off the power of the terminal devices 3. Thus, since the terminal devices 3
will not wake up until the next startup times come, battery consumptions can
be reduced. Note that the state in which the power of the terminal device 3 is
turned off may be referred to as "the sleeping state." When it is in the
sleeping state, the power is supplied to the RTC 51 of the terminal device 3
and, thus, the timer function of the RTC 51 is in its operable state.
[0074]
[1-5. Flowchart of Measurement Processing]

Fig. 10 is a view illustrating one example of a flowchart of
measurement processing according to the terminal control system 1.

[0075]

22



10

15

20

25

As described above, the terminal device 3 starts up at the startup time
which is set to the RTC 51. Particularly, the power is supplied to each
component of the terminal device 3 from the battery 57 in response to a startup
signal which is transmitted by the timer function of the RTC 51 to start the
terminal device 3.

[0076]

When the power is supplied from the battery 57, the CPU 52 of the
terminal device 3 outputs a measurement command to the measuring sensor 54
(Step S301). If the measuring sensor 54 is a temperature sensor, outer
surface temperature of the steam trap 5 is measured by the thermocouple, for
example.

[0077]

Alternatively, if the measuring sensor 54 is a vibration sensor,
operating sound which is generated when a valve disc provided in the steam
trap 5 operates, and/or vibration due to ultrasonic waves which is generated
when steam vigorously flows through an internal passage of the steam trap 5,
are measured by the piezoelectric element, for example.

[0078]

Note that the measuring sensor 54 may be multifunctionally provided
with both the temperature sensor and the vibration sensor. Alternatively, the
measuring sensor 54 may be provided with other sensors independently or
multifunctionally.

[0079]
The CPU 52 acquires the measurement data from the measuring

sensor 54 (Step S302). The CPU 52 acquires, for example, the temperature
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data and/or the vibration data, and records them as the measurement data 531
of the RAM 53.
[0080]

The CPU 52 determines whether the offset time is lapsed, and if
determined that the offset time is lapsed (determined as Yes at Step S303), the
CPU 52 transmits the acquired measurement data to the terminal controlling
device 2 (Step S304). The CPU 52 wirelessly transmits, for example, the
temperature data and/or the vibration data recorded as the measurement data
531 of the RAM 53 to the terminal controlling device 2 by using the wireless
communication circuit 55. Note that in actual cases, the measurement data is
wirelessly transmitted to the terminal controlling device 2 via one or more
repeater devices 4.

[0081]

Fig. 11 1s a view illustrating one example of the measurement data 531
transmitted from the terminal device 3 to the terminal controlling device 2.
In Fig. 11, a destination address 110 "DOO1" indicates data for identifying the
repeater device 4, for example. A sender address 110 "S001" indicates data
for identifying the terminal device 3, for example. The temperature data 112
"200°C" indicates temperature data acquired from the measuring sensor 54
(temperature sensor), for example. The vibration data 113 "20kHz" indicates
vibration data acquired from the measuring sensor 54 (vibration sensor), for
example.

[0082]
Note that the number of trap operations 114 "6 times" indicates the

number of operations of the steam trap 5 which i1s calculated based on the
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vibration data acquired from the measuring sensor 54 (vibration sensor), for
example. The number of operations of the steam trap 5 can be the number of
times a value indicative of the vibration frequency becomes maximums
(peaks), based on the history of the vibration data acquired by the present time
after the last measurement data transmission, for example. The
determination of the operating state of the steam trap 5 can be compensated by
using the data of the number of operations of the steam trap 5.

[0083]

In response to the transmission from the terminal device 3, the CPU
42 of the terminal controlling device 2 records the measurement data (Step
S308). The CPU 42 records, for example, the temperature data and/or the
vibration data received from the terminal device 3 as the measurement data
445 of the hard disk drive 44 of the terminal controlling device 2. Note that
in actual cases, the measurement data is wirelessly transmitted from the
terminal device 3 via one or more repeater devices 4. Further, the
measurement data 445 has a similar format to the measurement data 531
illustrated in Fig. 11, and a plurality of measurement data 531 from different
senders are recorded as the measurement data 445.

[0084]

The CPU 52 of the terminal device 3 executes startup time calculation
processing by a subroutine (Step S305). Note that the startup time
calculation processing executed herein is similar to that of the flowchart
illustrated in Fig. 9. However, since the current time 1s after the reference
time when executing the startup time calculation processing at Step S305, a

new startup time will be calculated based on a new reference time.
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[0085]

When the startup time calculation processing of Fig. 9 is finished, the
CPU 52 sets the calculated next startup time to the RTC (Step S306). Further,
after setting the next startup time to the RTC 51, the CPU 52 turns off the
power of the terminal device 3. Thus, when the measurement data is
transmitted to the terminal controlling device 2, the terminal device 3
calculates the next startup time and sets it to the RTC. The terminal device 3
then turns off the power to transit to the sleeping state. Therefore, the
terminal device 3 can reduce the battery consumption until the next startup
time comes, thereby achieving power saving of the terminal device.

[0086]
[2. Second Embodiment]

Fig. 12 is a view illustrating one example of the entire configuration of
the terminal control system 1 according to a second embodiment of the present
invention. In Fig. 12, a major difference between this embodiment and the
first embodiment described above is that the measuring periods of the terminal
devices 3 belonging to the same group are different. That is, the measuring
period is set only to "60 minutes” in the first embodiment; however, the
measuring period is set to any one of "30 minutes,” "1 hour" and "3 hours" in
the second embodiment. Note that components which are common to those
of the first embodiment described above are denoted with the same reference
numerals to omit redundant descriptions.

[0087]
[2-1. Entire Configuration of Terminal Control System]

The measuring period is set in advance to each terminal device 3.
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For example, the measuring period "30 minutes" is set to the terminal device
3a (in Fig. 12, the measuring period "30 minutes" is indicated as [30m]).
Similarly, the measuring period "1 hour" is set to the terminal device 3b, for
example (in Fig. 12, the measuring period "1 hour" is indicated as [1h]).
Similarly, the measuring period "3 hours" is set to the terminal device 3c, for
example (in Fig. 12, the measuring period "3 hours" is indicated as [3h]).
[0088]

Thus, in this embodiment, different measuring periods may be set to
the terminal devices belonging to the same group. Note that, In Fig. 12,
although three kinds of measuring periods, "30 minutes," "1 hour" and "3
hours," are set, more or less kinds of measuring periods may be set.

[0089]

The terminal device 3 executes measurement processing at every set
measuring period, respectively. For example, the terminal device 3a executes
the measurement processing at every "30 minutes," the terminal device 3b
executes the measurement processing at every "1 hour," and the terminal
device 3c executes the measurement processing at every "3 hours."

[0090]

That is, for example, all the terminal devices 3a-3c execute the
measurement processings within a timing period in which "3 hours" or a
multiple of 3 hours (6 hours, 9 hours, 12 hours, 15 hours, 18 hours, etc.) being
lapsed from the initial time is used as the reference time, respectively.
Further, for example, the terminal devices 3a and 3b execute the measurement
processings within a timing period in which 1 hour and a multiple of 1 hour

(except for a multiple of 3 hours) being lapsed from the initial time is used as

27



10

15

20

25

the reference time. Further, for example, only the terminal device 3a
executes the measurement processing within a timing period in which 30
minutes and a multiple of 30 minutes (except for a multiple of 60 minutes or
180 minutes) being lapsed from the initial time is used as the reference time.
[0091]

If the measuring periods are set as described above, the terminal
devices 3 having different measuring periods may execute the measurement
processings during the same period. In such a case, since many terminal
devices 3 may transmit the measurement data to the terminal controlling
device 2 at the same time depending on the measuring periods, communication
latency of the terminal devices 3 may be extended. If the communication
latency is extended, the power consumptions of the terminal devices 3 increase,
and thereby the batteries 57 do not last. For this reason, in this embodiment,
if the timings at which the terminal devices 3 having different measuring
periods execute the measurement processings are overlapped to each other, the
offset time is determined so that the communication latency of each terminal
device 3 becomes as short as possible, thereby achieving the power saving of
the terminal device 3.

[0092]
[2-2. Functional Block Diagram of Terminal Control System]

Fig. 13 is a view illustrating one example of the functional block
diagram of the terminal control system 1 according to the second embodiment.
Fig. 13 1s fundamentally the same as what illustrated in Fig. 2; however, Fig.
13 1s different from the Fig. 2 as follows.

[0093]
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[2-2-1. Functional Block Diagram of Terminal Controlling Device 2]

The communication time calculator 21 of the terminal controlling
device 2 according to the second embodiment can calculate the
communication time of the terminal device 3 at every measuring period
acquired from the measuring period manager 24.

[0094]

The offset time calculator 22 of the terminal controlling device 2
according to the second embodiment can calculate, assuming that, for example,
two terminal devices 3 which belong to different groups and have the same
measuring period execute the terminal processings within a timing period of
the same reference time, the offset time of the latter terminal device 3 so that
the offset time of the latter terminal device 3 is the same as the communication
time of the former terminal device 3.

[0095]

Further, the offset time calculator 22 of the terminal controlling device
2 according to the second embodiment can calculate as the offset time of the
entire group, a sum of the offset times of the terminal devices 3 calculated
under the assumption described above, when the terminal devices 3 having
different measuring periods among the terminal devices 3 belonging to the
same group execute the terminal processings within the timing period of the
same reference time.

[0096]

The offset time manager 23 of the terminal controlling device 2

according to the second embodiment can manage, for example, the offset time

calculated as above so as to be associated with the group to which each
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terminal device 3 belongs and the measuring period.
[0097]

The measuring period manager 24 of the terminal controlling device 2
according to the second embodiment can manage, for example, the measuring
periods set for every group to which the terminal device 3 belong so that the
measuring periods are associated with the respective terminal devices 3.
Note that the data indicative of the measuring period managed by the
measuring period manager 24 is wirelessly transmitted to each corresponding
terminal device 3.

[0098]
[2-2-2. Functional Block Diagram of Terminal Device 3]

The offset time memory 31 of the terminal device 3 according to the
second embodiment can record, for example, the offset times at every
measuring period calculated by the terminal controlling device 2.

[0099]

The measuring period memory 33 of the terminal device 3 according
to the second embodiment can record, for example, at least one measuring
period of the terminal device 3 managed by the terminal controlling device 2.
[0100]

[2-3. Example of Hardware Configuration of Terminal Control System]

An example of a hardware configuration of the terminal controlling
device 2 is similar to that illustrated in Fig. 3. The example of the hardware
configuration of the terminal device 3 is similar to that illustrated in Fig. 4.
[0101]

[2-4. Flowchart of Initialization Processing]
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Fig. 14 is a view illustrating one example of a flowchart of the
initialization processing in the terminal control system 1 according to the
second embodiment.

[0102]

When the instruction for causing the initialization processing to start is
inputted by the user of the terminal controlling device 2 operating the
keyboard/mouse 45, the CPU 42 of the terminal controlling device 2 calculates
the communication time for every group to which the terminal device 3
belongs and at every measuring period (Step S401).

[0103]

For example, similar to the first embodiment, the CPU 42 calculates
the communication time for every group and at every measuring period based
on the number of hops according to the number of repeater devices 4 via
which the terminal controlling device 2 and the terminal device 3
communicate with each other.

[0104]

Particularly, as illustrated in Fig. 12, all the terminal devices 3 which
belong to Group 1 and have the measuring period of "30 minutes (30m)" are
the measurement terminals 3a and 3d (hereinafter, for example, may be
referred to as "all the terminal devices 3 according to Group 1 and the
measuring period '30 minutes™). Here, since the number of hops of the
measurement terminal 3a is "5" and the number of hops of the terminal device
3d is "3," a sum number of hops of the terminal devices 3 according to Group
1 and the measuring period "30 minutes" is "8" which is a sum of the number

of hops of the terminal devices 3a and 3d.
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[0105]

If the communication time per hop is, for example, "0.5 seconds,"
similar to the first embodiment, the communication time of all the terminal
devices 3 according to Group 1 and the measuring period "30 minutes" (i.e.,
the sum of the communication times of all the terminal devices 3 which
belong to Group 1 and have the measuring period of "30 minutes") can be
calculated as "4 seconds" which is obtained by multiplying the sum number of
hops "8" by the communication time per hop "0.5 seconds."

[0106]

Similarly, since all the terminal devices 3 according to Group 2 and
the measuring period "30 minutes”" correspond only to the terminal device 3g,
the sum number of hops of all the terminal devices 3 according to Group 2 and
the measuring period "30 minutes" is "3" which is the number of hops of the
terminal device 3g. Therefore, the communication time of all the terminal
devices 3 according to Group 2 and the measuring period "30 minutes" (i.e.,
the sum of the communication times of all the terminal devices which belong
to Group 2 and have the measuring period of "30 minutes") is "1.5 seconds"
which i1s obtained by multiplying the sum number of hops "3" by the
communication time per hop "0.5 seconds."

[0107]

Similarly, since all the terminal devices 3 according to Group 3 and
the measuring period "30 minutes" correspond only to the terminal devices 3,
the sum number of hops of the terminal device 3 according to Group 3 and the
measuring period "30 minutes" is "5" which is the number of hops of the

terminal device 3j. Therefore, the communication time of all the terminal
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devices 3 according to Group 3 and the measuring period "30 minutes" (i.e.,
the sum of the communication times of all the terminal devices which belong
to Group 3 and have the measuring period of "30 minutes") is "2.5 seconds"
which i1s obtained by multiplying the sum number of hops "5" by the
communication time per hop "0.5 seconds."

[0108]

As described above, the communication time of all the terminal
devices 3 according to Group 1 and the measuring period "30 minutes" is
calculated as "4 seconds," the communication time of all the terminal devices
3 according to Group 2 and the measuring period "30 minutes" as "1.5
seconds," and the communication time of all the terminal devices 3 according
to Group 3 and the measuring period "30 minutes” as "2.5 seconds,"
respectively.

[0109]

Similar to the above, the communication time of all the terminal
devices 3 according to Group 1 and the measuring period "1 hour" is
calculated as "3.5 seconds," the communication time of all the terminal
devices 3 according to Group 2 and the measuring period "1 hour" as "1.5
seconds," and the communication time of all the terminal devices 3 according
to Group 3 and the measuring period "3 hours" as "2.5 seconds," respectively.
[0110]

Similar to the above, the communication time of all the terminal
devices 3 according to Group 1 and the measuring period "3 hours" is
calculated as "1.5 seconds," the communication time of all the terminal

devices 3 according to Group 2 and the measuring period "3 hours" as "0
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second,” and the communication time of all the terminal devices 3 according
to Group 3 and the measuring period "3 hours" as "2 seconds," respectively.
[0111]

The CPU 42 selects one set of the group and the measuring period of
the terminal devices 3 (Step S402). In this embodiment, the groups are
selected one by one in the order of Group 1, Group 2, and Group 3, the
measuring periods are selected one by one in the order of "30 minutes," "1
hour" and "3 hours" along with each group. That is, in a first increment, a
combination of Group 1 and the measuring period "30 minutes" is selected,
and 1n the final increment, a combination of Group 3 and the measuring period
"3 hours" is selected.

[0112]

The CPU 42 calculates, based on the communication time and the
offset time calculated for every combination of the group and the measuring
period which are calculated as above, the offset time of the terminal device 3
which belongs to a subsequent group of the above-described group, and to
which the same measuring period as the above-described measuring period is
set (Step S403).

[0113]

For example, the CPU 42 sets a sum of, the sum of the communication
times of all the terminal devices 3 which belong to the immediately preceding
group and to which the same measuring period is set, and the offset time of
each terminal device 3 which belongs to the immediately preceding group and
to which the same measuring period is set, as an offset time of each terminal

device 3 which belongs to the subsequent group and to which the same
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measuring period as the above-described measuring period is set. Note that
since the immediately preceding group does not exist when Group 1 is
selected, a predetermined value "2 seconds"” is set as the offset time of the
terminal device 3 according to Group 1 and each measuring period, for
example. Alternatively, a predetermined value other than "2 seconds" may
also be set as the offset time.

[0114]

The CPU 42 records the offset time calculated as above, as the offset
time management data 443 on the hard disk drive 44 so as to associate it with
the combination of each group and measuring period (Step S404). Fig. 15 1s
a view illustrating one example of the offset time management data 443
according to the second embodiment. The CPU 42 records, for example, "2
seconds” as the offset time of each combination of Group 1 and the measuring
period "30 minutes," Group 1 and the measuring period "1 hour,"” Group 1 and
the measuring period "3 hours," respectively.

[0115]

The CPU 42 determines whether there is an unprocessed combination
of the group and the measuring period (Step S405). If there is an
unprocessed combination of the group and the measuring period (determined
as Yes at Step S405), the CPU 42 returns to Step S402 described above to
repeat the processings.

[0116]

If the combination of Group 2 and the measuring period "30 minutes"

1s selected at Step S402 described above, the CPU 42 sets "6 seconds" which

1s a sum of the communication time "4 seconds" of the terminal device 3
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according to Group 1 which is the immediately preceding group and the
measuring period "30 minutes" and the offset time "2 seconds" of the terminal
device 3 according to Group 1 and the measuring period "30 minutes," as the
offset time of the terminal device 3 according to Group 2 and the measuring
period "30 minutes” at Step S403.

[0117]

If the combination of Group 2 and the measuring period "1 hour" is
selected at Step S402 described above, the CPU 42 sets "5.5 seconds" which 1s
a sum of the communication time "3.5 seconds" of the terminal device 3
according to Group 1 which is the immediately preceding group and the
measuring period "1 hour," and the offset time "2 seconds" of the terminal
device 3 according to Group 1 and the measuring period "1 hour," as the offset
time of the terminal device 3 according to Group 2 and the measuring period
"1 hour" at Step S403.

[0118]

If the combination of Group 2 and the measuring period "3 hours" is
selected at Step S402 described above, the CPU 42 sets "3.5 seconds" which 1s
a sum of the communication time "1.5 seconds" of the terminal device 3
according to Group 1 which is the immediately preceding group and the
measuring period "3 hours,” and the offset time "2 seconds" of the terminal
device 3 according to Group 1 and the measuring period "3 hours,” as the
offset time of the terminal device 3 according to Group 2 and the measuring
period "3 hours" at Step S403.

[0119]

If the combination of Group 3 and the measuring period "30 minutes"
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1s selected at Step S402 described above, the CPU 42 sets "7.5 seconds” which
1s a sum of the communication time "1.5 seconds" of the terminal device 3
according to Group 2 which is the immediately preceding group and the
measuring period "30 minutes". and the offset time "6 seconds" of the terminal
device 3 according to Group 2 and the measuring period "30 minutes," as the
offset time of the terminal device 3 according to Group 3 and the measuring
period "30 minutes” at Step S403.

[0120]

If the combination of Group 3 and the measuring period "1 hour" is
selected at Step S402 described above, the CPU 42 sets "7 seconds” which is a
sum of the communication time "1.5 seconds" of the terminal device 3
according to Group 2 which is the immediately preceding group and the
measuring period "1 hour,” and the offset time "5.5 seconds” of the terminal
device 3 according to Group 2 and the measuring period "1 hour," as the offset
time of the terminal device 3 according to Group 3 and the measuring period
"1 hour" at Step S403.

[0121]

If the combination of Group 3 and the measuring period "3 hours" is
selected at Step S402 described above, the CPU 42 sets "3.5 seconds" which 1s
a sum of the communication time "0 second” of the terminal device 3
according to Group 2 which is the immediately preceding group and the
measuring period "3 hours," and the offset time "3.5 seconds” of the terminal
device 3 according to Group 2 and the measuring period "3 hours,” as the
offset time of the terminal device 3 according to Group 3 and the measuring

period "3 hours" at Step S403.
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[0122]

Thus, the CPU 42 sets the sum of the communication time and the
offset time of the terminal device 3 according to the combination of the
immediately preceding group and the measuring period, as the offset time of
another terminal device 3 of another group which performs a communication
successively and to which the same measuring period is set.

[0123]

For example, as illustrated in Fig. 15, the CPU 42 records "6 seconds"
as the offset time of the terminal device 3 according to Group 2 and the
measuring period "30 minutes,” "5.5 seconds" as the offset time of the
terminal device 3 according to Group 2 and the measuring period "1 hour,"
and "3.5 seconds" as the offset time of the terminal device 3 according to
Group 2 and the measuring period "3 hours," respectively.

[0124]

For example, as illustrated in Fig. 15, the CPU 42 records "7.5
seconds" as the offset time of the terminal device 3 according to Group 3 and
the measuring period "30 minutes,” "7 seconds" as the offset time of the
terminal device 3 according to Group 3 and the measuring period "1 hour,"
"3.5 seconds" as the offset time of the terminal device 3 according to Group 3
and the measuring period "3 hours," respectively.

[0125]

The CPU 42 transmits the offset time which is recorded so as to be
associated with each group and each measuring period, to each terminal device
belonging to each group (Step S406). Note that the correspondence table

(not illustrated) of the groups and the measuring periods, and the terminal
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devices, is recorded in the terminal controlling device 2 in advance so as to be
recognizable by the CPU 42.
[0126]

For example, the CPU 42 transmits the offset time "2 seconds"
recorded so as to be associated with Group 1 and the measuring period "30
minutes," the offset time "2 seconds” recorded so as to be associated with
Group 1 and the measuring period "1 hour,” and the offset time "2 seconds"
recorded so as to be associated with Group 1 and the measuring period "3
hours," to the terminal devices 3a-3e according to Group 1, respectively.
[0127]

For example, the CPU 42 transmits the offset time "6 seconds"
recorded so as to be associated with Group 2 and the measuring period "30
minutes,”" the offset time "5.5 seconds” recorded so as to be associated with
Group 2 and the measuring period "1 hour," and the offset time "3.5 seconds"
recorded so as to be associated with Group 2 and the measuring period "3
hours," to the terminal devices 3f and 3g according to Group 2, respectively.
[0128]

For example, the CPU 42 transmits the offset time "7.5 seconds"
recorded so as to be associated with Group 3 and the measuring period "30
minutes," the offset time "7 seconds” recorded so as to be associated with
Group 3 and the measuring period "1 hour," and the offset time "3.5 seconds”
recorded so as to be associated with Group 3 and the measuring period "3
hours," to the terminal devices 3h-3j according to Group 3, respectively.
[0129]

When the offset time is received from the terminal controlling device
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2, the CPU 52 of each terminal device 3 records the received offset time as the
offset time data 563 of the EEPROM 56 (Step S407). Figs. 16A, 16B and
16C are views illustrating examples of the measuring period data and the
offset time data which are recorded on the EEPROM 56 of the terminal device
3 belonging to each of Groups 1-3.

[0130]

For example, each CPU 52 of the terminal devices 3a-3e belonging to
Group 1 records "30 minutes," "1 hour" and "3 hours" as the measuring period
data 562d of the corresponding terminal device, and records the offset time "2
seconds" associated with the measuring period "30 minutes," the offset time "2
seconds" associated with the measuring period "1 hour," and the offset time "2
seconds" associated with the measuring period "3 hours," as the offset time
data 563d, respectively.

[0131]

For example, each CPU 52 of the terminal devices 3f and 3g
belonging to Group 2 records "30 minutes,” "1 hour" and "3 hours" as the
measuring period data 562d of the corresponding terminal device, and records
the offset time "6 seconds"” associated with the measuring period "30 minutes,"
the offset time "5.5 seconds" associated with the measuring period "1 hour,"
and the offset time "3.5 seconds" associated with the measuring period "3
hours," as the offset time data 563d, respectively.

[0132]

For example, each CPU 52 of the terminal devices 3h-3j belonging to

Group 3 records "30 minutes," "1 hour" and "3 hours" as the measuring period

data 562d of the corresponding terminal device, and records the offset time
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"7.5 seconds" associated with the measuring period "30 minutes," the offset
time "7 seconds" associated with the measuring period "1 hour," and the offset
time "3.5 seconds" associated with the measuring period "3 hours," as the
offset time data 563d, respectively.

[0133]

The CPU 52 performs the startup time calculation processing by a
subroutine (Step S108). Fig. 17 is a view illustrating one example of a
flowchart of the subroutine of the startup time calculation processing in the
terminal device 3.

[0134]

The CPU 52 acquires the current time from the RTC (Step S501).
The CPU 52 reads each measuring period (Step S502). For example, the
CPU 52 reads the measuring periods "30 minutes,” "1 hour” and "3 hours"
from the measuring period data 562d illustrated in Fig. 16A.

[0135]

The CPU 52 calculates a next reference time based on the current time
and each measuring period (Step S503). For example, when reckoning from
the 1nitial time, the CPU 52 determines as the next reference time, a future
time closest to the current time among times corresponding to multiples of the
minimum measuring period recorded as the measuring period data 562.

[0136]

For example, the CPU 52 reckons from the initial time "00:00:00,"
and adopts "06:00:00" which 1s a time corresponding to multiples of the
minimum measuring period "30 minutes,” and is a future time closest to the

current time "05:50:00," as the next reference time.
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[0137]

The CPU 52 reads all the offset times of the measuring periods of
which the multiples correspond to the calculated reference time (Step S504).
For example, since the measuring periods of which the multiples correspond to
the reference time "06:00:00" are "30 minutes,” "1 hour” and "3 hours," the
CPUs 52 of the terminal devices 3a-3e belonging to Group 1 reads the offset
time "2 seconds" corresponding to the measuring period "30 minutes," the
offset time "2 seconds" corresponding to the measuring period "1 hour," and
the offset time "2 seconds" corresponding to the measuring period "3 hours"
from the offset time data 563d illustrated in Fig. 16A.

[0138]

Note that, for example, if the reference time is "05:00:00," since the
measuring periods of which the multiples correspond to the reference time are
"30 minutes”" and "1 hour,"” the CPU 52 reads the offset time "2 seconds”
corresponding to the measuring period "30 minutes" and the offset time "2
seconds" corresponding to the measuring period "1 hour."

[0139]

The CPU 52 calculates the time at which the terminal device 3 1s to be
started for next time (the next startup time) based on the reference time, the
sum of offset times, and the measuring time (Step S505). Here, as for the
measuring time, "2 seconds" is set, similar to the first embodiment.

[0140]

For example, each CPU 52 of the terminal devices 3a-3e belonging to

Group 1 adds "6 seconds" which is a sum of the offset time "2 seconds"

corresponding to the measuring period "30 minutes," the offset time "2
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seconds" corresponding to the measuring period "1 hour," and the offset time
"2 seconds" corresponding to the measuring period "3 hours" as illustrated in
Fig. 16A to the reference time Tnxt "06:00:00," and then subtracts the
measuring time "2 seconds" of the measuring sensor 54 described above to
calculate "06:00:04" as the next startup time of itself.

[0141]

Similarly, for example, each CPU 52 of the terminal devices 3f and 3g
belonging to Group 2 adds "15 seconds” which is a sum of the offset time "6
seconds" corresponding to the measuring period "30 minutes," the offset time
"5.5 seconds" corresponding to the measuring period "1 hour," and the offset
time "3.5 seconds" corresponding to the measuring period "3 hours" as
illustrated in Fig. 16B to the reference time Tnxt "06:00:00," and then
subtracts the measuring time "2 seconds" of the measuring sensor 54 described
above to calculate "06:00:13" as the next startup time of itself.

[0142]

Similarly, for example, each CPU 52 of the terminal devices 3h-3j
belonging to Group 3 adds "18 seconds" which is a sum of the offset time "7.5
seconds" corresponding to the measuring period "30 minutes," the offset time
"7 seconds" corresponding to the measuring period "1 hour,"” and the offset
time "3.5 seconds" corresponding to the measuring period "3 hours" as
illustrated in Fig. 16C to the reference time Tnxt "06:00:00," and then
subtracts the measuring time "2 seconds" of the measuring sensor 54 described
above to calculate"06:00:16" as the next startup time of itself.

[0143]

Fig. 18 is a view schematically illustrating one example of processing
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when calculating the startup time of the terminal device 3. As illustrated in
Fig. 18, offset times Toffl (6 seconds), Toff2 (15 seconds), and Toff3 (18
seconds) recorded corresponding to each group are set, respectively.

[0144]

Further, as illustrated in Fig. 18, "06:00:04" is set as the next startup
time of the terminal devices 3a-3e belonging to Group 1, "06:00:13" is set as
the next startup time of the terminal devices 3f and 3g belonging to Group 2,
and "06:00:16" 1s set as the next startup time of the terminal devices 3h-3j
belonging to Group 3.

[0145]

After the subroutine of Fig. 17 1s finished, the CPU 52 returns to Step
S409 of Fig. 14 to set the calculated next startup time to the RTC. For
example, each CPU 52 of the terminal devices 3a-3e belonging to Group 1 sets
the next startup time "06:00:04" as the startup time data 511 of the RTC 51.
[0146]

Similarly, each CPU 52 of the terminal devices 3f and 3g belonging to
Group 2 sets the next startup time "06:00:13" as the startup time data 511 of
the RTC 51. Further, each CPU 52 of the terminal devices 3h-3j belonging to
Group 3 sets the next startup time "06:00:16" as the startup time data 511 of
the RTC 51.

[0147]

After the next startup time is set to the RTC 51, the CPU 52 turns off
the power of the terminal device 3 to be in the sleeping state. Note that the
measurement processing in the second embodiment corresponds to the

processing described using Fig. 10 in the first embodiment.
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[0148]
[3. Others]

In the embodiments described above, the number of hops according to
the number of repeater devices 4 via which the terminal controlling device 2
and the terminal device 3 communicate with each other 1s used. However, if
the terminal controlling device 2 and the terminal device 3 directly
communicate with each other, without the repeater device 4 intervening, the
number of hops may be "1." Note that, in such a case, the present invention
may also be applied by defining a single terminal device 3 which directly
communicates with the terminal controlling device 2 as one group.

[0149]

In the embodiments described above, the example in which the
terminal device 3 is controlled is illustrated. However, a similar function to
the terminal device 3 may be incorporated into the repeater device 4, and the
wake-up and sleeping processings may be performed for the terminal device 3
as well as the repeater device 4 which is located at a high order hierarchy from
the terminal device 3 so that the repeater device 4 is synchronized with the
terminal device 3 located at a lower order hierarchy.

[0150]
Two or more of parts or all of the configurations described in the

above embodiments may be combined.

DESCRIPTION OF REFERENCE NUMERALS
[0151]

21 Communication Time Calculator
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A terminal control system comprising a plurality of terminal
devices and a control device for controlling the plurality of terminal devices,
wherein,

the terminal device is configured to:

start up at a predetermined startup time, after a reference time
that 1s a reference when the plurality of terminal devices perform
predetermined terminal processings during the same period,

complete a preparation for transmission of data as the terminal
processing, after the startup time and before a predetermined offset time from
the reference time is lapsed, and

perform processing for transmitting predetermined data to the
control device, after the offset time is lapsed and within a predetermined
communication time, and

the control device is configured to:

calculate an offset time for another terminal device for
performing the terminal processing subsequently to the terminal device, based
on the communication time, and

the another terminal device 1s configured to:

set a startup time determined based on the calculated offset time
as a next startup time,
wherein

the control device is configured to:

when, among the plurality of terminal devices, first period
terminal devices for performing the terminal processing at every first period,
and second period terminal devices for performing the terminal processing at
every second period exist,

calculate a first period offset time for another first period
terminal device for performing the terminal processing subsequently to the

first period terminal device, based on the communication time of the first
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period terminal device,

calculate a second period offset time for another second period
terminal device for performing the terminal processing subsequently to the
second period terminal device, based on the communication time of the second
period terminal device, and

adopt a sum of the first period offset time and the second period

offset time, as an offset time for the another terminal device.

2. The terminal control system of claim 1, wherein,
each of the terminal devices belongs to any one of a plurality of groups,
the communication time is an entire communication time of the group
to which the terminal devices belong, and
the control device is configured to:
calculate the offset times for the terminal devices belonging to
another group that performs the terminal processings subsequently to the
terminal devices belonging to the previous group, based on the communication

time.

3. The terminal control system of claims 1 or claim 2,
wherein,
the offset time includes a measuring time for measuring an object, and
the startup time is a time that is obtained by adding the offset time to

the reference time and subtracting the measuring time.

4, The terminal control system of any one of claims 1 to 3,
wherein,

the terminal processing includes processing for transmitting
measurement data obtained by measuring the object, from the terminal device

to the control device.
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5. A method of controlling terminal devices, using a plurality of
terminal devices and a control device for controlling the plurality of terminal
devices, wherein,

the terminal device is configured to:

start up at a predetermined startup time, after a reference time
that 1s a reference when the plurality of terminal devices perform
predetermined terminal processings during the same period,

complete a preparation for transmission of data as the terminal
processing, after the startup time and before a predetermined offset time from
the reference time is lapsed, and

perform processing for transmitting predetermined data to the
control device, after the offset time is lapsed and within a predetermined
communication time, and

the control device is configured to:

calculate an offset time for another terminal device for
performing the terminal processing subsequently to the terminal device, based
on the communication time, and

the another terminal device 1s configured to:

set a startup time determined based on the calculated offset time
as a next startup time,
wherein

the control device is configured to:

when, among the plurality of terminal devices, first period terminal
devices for performing the terminal processing at every first period, and
second period terminal devices for performing the terminal processing at every
second period exist,

calculate a first period offset time for another first period
terminal device for performing the terminal processing subsequently to the
first period terminal device, based on the communication time of the first

period terminal device,
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calculate a first period offset time for another second period
terminal device for performing the terminal processing subsequently to the
second period terminal device, based on the communication time of the second
period terminal device, and

adopt a sum of the first period offset time and the second period

offset time, as an offset time for the another terminal device.

6. A terminal control program that allows a computer that controls
a control device controlling a plurality of terminal devices for a terminal
control system comprising the plurality of terminal devices and the control
device, wherein,
the terminal device is configured to:
start up at a predetermined startup time, after a reference time
that 1s a reference when the plurality of terminal devices perform
predetermined terminal processings during the same period,
complete a preparation for transmission of data as the
terminal processing, after the startup time and before a predetermined
offset time from the reference time is lapsed, and
perform processing for transmitting predetermined data to the
control device, after the offset time 1s lapsed and within a
predetermined communication time, and
the control device is configured to:
calculate an offset time for another terminal device for
performing the terminal processing subsequently to the terminal device, based
on the communication time, and
the another terminal device 1s configured to:
set a startup time determined based on the calculated offset time
as a next startup time,
wherein

the control device is configured to:
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when, among the plurality of terminal devices, first period
terminal devices for performing the terminal processing at every first period,
and second period terminal devices for performing the terminal processing at
every second period exist,

calculate a first period offset time for another first period
terminal device for performing the terminal processing subsequently to the
first period terminal device, based on the communication time of the first
period terminal device,

calculate a second period offset time for another second period
terminal device for performing the terminal processing subsequently to the
second period terminal device, based on the communication time of the second
period terminal device, and

adopt a sum of the first period offset time and the second period

offset time, as an offset time for the another terminal device.
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EXAMPLE OF FUNCTIONAL BLOCK DIAGRAM OF TERMINAL CONTROL SYSTEM
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EXAMPLE OF HARDWARE CONFIGURATION OF TERMINAL DEVICE
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EXAMPLE OF FLOWCHART OF INITIALIZATION PROCESSING
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EXAMPLE OF OFFSET TIME MANAGEMENT DATA 443
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EXAMPLE OF MEASURING PERIOD DATA AND OFFSET TIME DATA
RECORDED IN TERMINAL DEVICE BELONGING TO GROUP 1
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FLOWCHART OF STARTUP TIME CALCULATION PROCESSING
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FLOWCHART OF MEASUREMENT PROCESSING
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EXAMPLE OF MEASUREMENT DATA 531
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EXAMPLE OF FLOWCHART OF INITIALIZATION PROCESSING
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EXAMPLE OF OFFSET TIME MANAGEMENT DATA 443
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OFFSET |,
TIVE SEC | 2SEC | 2SEC | 6SEC | 55SEC | 35SEC | 75SEC | 7SEC | 35SEC

FIG. 15
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EXAMPLE OF MEASURING PERIOD DATA AND OFFSET TIME DATA
RECORDED IN TERMINAL DEVICE BELONGING TO GROUP 1

562d 563d
(o £y
£ /
MEASURING PERIOD DATA OFFSET TIME DATA
30 MINUTES 2 SECONDS
1 HOUR 2 SECONDS
3 HOURS ' 2 SECONDS

EXAMPLE OF MEASURING PERIOD DATA AND OFFSET TIME DATA
RECORDED IN TERMINAL DEVICE BELONGING TO GROUP 2

562e 563e
MEASURING PERIOD DATA OFFSET TIME DATA
30 MINUTES 6 SECONDS
1 HOUR 5.5 SECONDS
3 HOURS 3.5 SECONDS

EXAMPLE OF MEASURING PERIOD DATA AND OFFSET TIME DATA
RECORDED IN TERMINAL DEVICE BELONGING TO GROUP 3

562f 563f
MEASURING PERIOD DATA OFFSET TIME DATA
) 30 MINUTES 7.5 SECONDS
1HOUR | 7 SECONDS
3HOURS 3.5 SECONDS

FIG. 16C
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FLOWCHART OF STARTUP TIME CALCULATION PROCESSING

GI'ARTUP TIME CALCULATION PROCESSIN§

, _— S501
ACQUIRE CURRENT TIME FROM RTC
v —~ 5502

READ EACH MEASURING PERIOD

v <~ 5503

CALCULATE NEXT REFERENCE TIME BASED ON
CURRENT TIME AND MINIMUM MEASURING PERIOD

v
READ OFFSET TIMES OF ALL MEASURING
PERIODS OF WHICH MULTIPLES
CORRESPOND TO REFERENCE TIME

<8504

v £ ™ 8505
CALCULATE
“REFERENCE TIME + OFFSET TIME SUM — MEASURING TIME”
AS NEXT STARTUP TIME

v

( RETURN )

FIG. 17
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06:00:04
NEXT STARTUP TIME . .o«
OF GROUP 1 06 01115

CURRENT TIME Twupl NEX'(I;FST/?QRTUPzTIME

(% 3000

- N GROUP
{ o 86:00:00 Deup 06:00:16
000000 . 4pmin REFERENCE TIME: ¢ NEXT STARTUP TIME
INITIAL TIME o Teve et 2 : %;g?OUP3
nnnnnnn @O e (o : S0 TIVE
: &mc

GROUP 1

.
E
:
o M
Issec Ase0
L S S ? Y e Y
Toff 2 ¢ Tacrd

GROUP 2

GROUP 3

FIG. 18
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