
1 

 

   

 

AREA DETERMINATION SYSTEM, AREA DETERMINATION METHOD, AND PROGRAM 

 

Technical Field 

[0001] The present disclosure generally relates to an area determination system, an area 

determination method, and a program.  More particularly, the present disclosure relates to an area 

determination system, an area determination method, and a program, all of which are used to 

determine whether a mobile device is present in a target area or not. 

 

Background Art 

[0002] Patent Literature 1 discloses a technique for determining, based on, for example, a 

threshold value for the number of times of reception within a given area or a non-reception interval, 

whether a transmitter such as a beacon tag is located in the vicinity of a receiver.  For example, 

this technique may be used to determine whether a beacon tag carried by a child is present in, or 

absent from, a school where the receiver is installed. 

[0003] In recent years, an open space such as an open meeting room has been used more and 

more often.  In such an open space, no walls are often provided at a boundary between multiple 

areas to make it easier to move across the boundary between the multiple areas such as intruding 

into an adjacent area or entering and leaving a room by passing through other areas.  That is why 

applying the technique of Patent Literature 1 to such an open space may cause a decline in the 

accuracy of determining whether a mobile device such as a beacon tag is present in, or absent from, 

a target area. 

 

Citation List 

Patent Literature 

[0004] Patent Literature 1: JP 2018-180972 A 

 

Summary of Invention 

[0005] An object of the present disclosure is to provide an area determination system, an area 

determination method, and a program, all of which contributing to improving the accuracy of 

determining whether a mobile device is present in, or absent from, a target area. 

[0006] An area determination system according to an aspect of the present disclosure includes a 

detection unit, a first determination unit, an obtaining unit, a second determination unit, and a 
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control unit.  The detection unit detects, based on a received signal strength of a wireless signal 

being transmitted and received to/from a mobile device, location of the mobile device to acquire 

mobile device location information indicating a result of detection.  The first determination unit 

determines, based on the mobile device location information, whether the mobile device is present 

in a target area.  The obtaining unit obtains a number of times of decisions of presence.  The 

number of times of decisions of presence indicates a numerical number of times that the first 

determination unit has decided that the mobile device be present in the target area during a target 

period having a predetermined length.  The second determination unit decides, when the number 

of times of decisions of presence is equal to or greater than a predetermined number of times, that 

the mobile device be present in the target area during the target period and decides, when the 

number of times of decisions of presence is less than the predetermined number of times, that the 

mobile device be absent from the target area during the target period.  The control unit controls, 

using at least one selected from the group consisting of a time lag between multiple decisions of 

presence during the target period, the predetermined length, and the predetermined number of 

times, either determination processing by the second determination unit or decisions made by the 

second determination unit. 

[0007] An area determination method according to another aspect of the present disclosure 

includes a detection step, a first determination step, an obtaining step, a second determination step, 

and a control step.  The detection step includes detecting, based on a received signal strength of 

a wireless signal being transmitted and received to/from a mobile device, location of the mobile 

device to acquire mobile device location information indicating a result of detection.  The first 

determination step includes determining, based on the mobile device location information, whether 

the mobile device is present in a target area.  The obtaining step includes obtaining a number of 

times of decisions of presence.  The number of times of decisions of presence indicates a 

numerical number of times that a decision has been made in the first determination step that the 

mobile device be present in the target area during a target period having a predetermined length.  

The second determination step includes deciding, when the number of times of decisions of 

presence is equal to or greater than a predetermined number of times, that the mobile device be 

present in the target area during the target period and deciding, when the number of times of 

decisions of presence is less than the predetermined number of times, that the mobile device be 

absent from the target area during the target period.  The control step includes controlling, using 

at least one selected from the group consisting of a time lag between multiple decisions of presence 

during the target period, the predetermined length, and the predetermined number of times, either 

determination processing in the second determination step or decisions made in the second 
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determination step. 

[0008] A program according to still another aspect of the present disclosure is designed to cause 

one or more processors to perform the area determination method described above. 

 

Brief Description of Drawings 

[0009] FIG. 1 is a block diagram of an area determination system according to an exemplary 

embodiment of the present disclosure; 

 FIG. 2 is a block diagram of a server included in the area determination system according 

to the exemplary embodiment; 

 FIG. 3 is a top view of a target area for the area determination system according to the 

exemplary embodiment; 

 FIG. 4 is a flowchart showing the procedure of some processing steps (location detection 

and first determination) to be performed by the server according to the exemplary embodiment; 

 FIG. 5 is a flowchart showing the procedure of other processing steps (second 

determination and control according to a first method) to be performed by the server according to 

the exemplary embodiment; 

 FIG. 6 is a flowchart showing the procedure of the location detection according to the 

exemplary embodiment; 

 FIG. 7A is a timing chart showing an exemplary result of control by the first method 

according to the exemplary embodiment; 

 FIG. 7B is a timing chart showing another exemplary result of control by the first method 

according to the exemplary embodiment; 

 FIG. 8 is a flowchart showing the procedure of control (by a second method) according 

to a first variation of the exemplary embodiment; 

 FIG. 9A is a timing chart showing an exemplary result of second determination (in a 

situation where the control by the second method is not performed) to be compared with the result 

of control according to the second method of the exemplary embodiment; 

 FIG. 9B is a timing chart showing an exemplary result of control according to the second 

method of the exemplary embodiment; 

 FIG. 10 is a flowchart showing the procedure of control (by a third method) according to 

a second variation of the exemplary embodiment; 

 FIG. 11A is a timing chart showing an exemplary result of control by the third method 

according to the exemplary embodiment; and 
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 FIG. 11B is a timing chart showing another exemplary result of control by the third 

method according to the exemplary embodiment. 

 

Description of Embodiments 

[0010] Note that the exemplary embodiment to be described below is only an exemplary one of 

various embodiments of the present disclosure and should not be construed as limiting.  Rather, 

the exemplary embodiment may be readily modified in various manners depending on a design 

choice or any other factor without departing from the scope of the present disclosure. 

[0011] (1) Principal feature 

 First, a principal feature of an area determination system 10 according to an exemplary 

embodiment of the present disclosure will be described with reference to FIGS. 1–3.  The area 

determination system 10 includes a server 20.  The server 20 includes a detection unit 221, a first 

determination unit 222, an obtaining unit 223, a second determination unit 224, and a control unit 

225. 

[0012] (1-1) Location detection 

 The detection unit 221 detects the location of a mobile device 40 based on the received 

signal strength of a wireless signal W10 being transmitted and received to/from the mobile device 

40 to acquire mobile device location information indicating a result of detection. 

[0013] As used herein, the “mobile device 40” refers to, for example, one of the five mobile 

devices 40 shown in FIG. 1.  The mobile device 40 transmits and receives a wireless signal W10 

to/from each of the four terminals 30 (hereinafter simply referred to as “terminals 30”) shown in 

FIG. 1. 

[0014] Note that although it will be described in detail later, the mobile device 40 includes a 

transmitter and the terminals 30 each include a receiver in this embodiment.  The detection unit 

221 according to this embodiment detects, via any one of the terminals 30 each having the receiver, 

the location of the mobile device 40 based on the received signal strength of the wireless signal 

W10 at the receiver.  However, this is only an example and should not be construed as limiting.  

Alternatively, the terminals 30 may each include a transmitter and the mobile device 40 may 

include a receiver.  Still alternatively, the server 20, for example, may include a receiver.  This 

allows the location of the mobile device 40 to be detected not via any of the terminals 30. 

[0015] (1-1-1) Wireless signal 

 The wireless signal W10 is transmitted from the transmitter (not shown) of one member 

selected from the group consisting of one of the terminals 30 and the mobile device 40 (e.g., from 



5 

 

   

the mobile device 40) and received by the receiver (not shown) of the other member selected from 

the group consisting of the terminal 30 and the mobile device 40 (e.g., by the terminal 30).  The 

wireless signal W10 is ordinarily a signal compliant with a short-range wireless communications 

protocol, which may be, for example, the Bluetooth (R) protocol. 

[0016] (1-1-2) Location detection based on received signal strength 

 The received signal strength may be, for example, the received signal strength indicator 

(RSSI) and the location detection may be made by, for example, positioning based on the RSSI.  

In this embodiment, the location of each terminal 30 is known and terminal location information 

indicating the location of the terminal 30 is stored in advance in a memory. 

[0017] The detection unit 221 acquires, based on, for example, the RSSI value and the terminal 

location information, mobile device location information indicating the location of the mobile 

device 40.  For example, the three-dimensional coordinates of the mobile device 40 may be 

obtained based on, for example, three or more pieces of terminal location information about three 

or more terminals 30 and three or more radio wave strengths corresponding to the three or more 

terminals 30. 

[0018] The detection unit 221 according to this embodiment obtains the two-dimensional 

coordinates of the mobile device 40 based on, for example, four pieces of terminal location 

information about the four terminals 30 and four radio wave strengths corresponding to the four 

terminals 30. 

[0019] Note that the mobile device location information thus acquired is normally accumulated 

in a memory but may be retained only temporarily without being accumulated there. 

[0020] (1-2) First determination: presence/absence determination based on mobile device 

location information 

 The first determination unit 222 determines, based on the mobile device location 

information acquired by the detection unit 221, whether the mobile device 40 is present in, or 

absent from, a target area (e.g., the area A10 shown in FIG. 3 (hereinafter referred to as a “target 

area A10”)) (i.e., makes presence/absence determination). 

[0021] More specifically, area location information indicating the location of the target area A10 

is stored in advance in a memory.  The first determination unit 222 determines, based on the 

mobile device location information acquired by the detection unit 221 and the area location 

information stored in the memory, whether the mobile device 40 is present in, or absent from, the 

target area A10. 

[0022] (1-3) Accumulation of presence information/absence information 

 The first determination unit 222 makes the first determination as described above to 
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acquire either presence information or absence information.  As used herein, the “presence 

information” refers to a piece of information indicating a decision of presence (i.e., that a decision 

of presence has been made).  In this embodiment, the presence information may be, for example, 

a flag “1.”  As used herein, the “absence information” refers to a piece of information indicating 

a decision of absence (i.e., that a decision of absence has been made).  In this embodiment, the 

absence information may be, for example, a flag “0.” 

[0023] The first determination unit 222 accumulates either the presence information or the 

absence information in the memory in association with, for example, a set consisting of timestamp 

information, a mobile device identifier, and an area identifier.  Note that the presence/absence 

information may be retained only temporarily. 

[0024] As used herein, the “mobile device identifier” refers to a piece of information for use to 

identify the mobile device 40.  The mobile device identifier may be, for example, a media access 

control (MAC) address or an ID.  As used herein, the “area identifier” refers to a piece of 

information for use to identify a given area.  The area identifier may be, for example, the name 

of the area (such as the name of a meeting room or the number of the room) or an ID (such as a 

serial number, a character, or a sequence of signs) associated with the name of the area. 

[0025] Accumulating either the presence information or the absence information in association 

with the timestamp information in this manner allows the number of times of decisions of presence 

to be obtained a posteriori by counting, by reference to the storage (i.e., the memory), the number 

of pieces of timestamp information belonging to a predetermined period which are associated with 

the presence information.  In addition, this also makes it easier to calculate the time lag (e.g., the 

maximum difference Δt) between multiple decisions of presence.  Furthermore, this further 

makes it easier to perform control using at least one selected from the group consisting of the time 

lag, a predetermined length T, and a predetermined number of times N. 

[0026] (1-4) Obtaining number of times of decisions of presence 

 The obtaining unit 223 obtains the number of times n of decisions of presence.  As used 

herein, the “number of times n of decisions of presence” refers to the number of times that the 

decision of presence has been made, i.e., the number of times that the first determination unit 222 

has decided that the mobile device 40 be present in the target area A10, during a target period 

having the predetermined length T. 

[0027] The obtaining unit 223 according to this embodiment may count the number of times n 

of decisions of presence in real time by, for example, making increment to a variable “n” indicating 

the number of times of decisions of presence every time the first determination unit 222 makes the 

decision of presence.  Alternatively, the number of times n of decisions of presence may also be 
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obtained a posteriori by, for example, counting the number of pieces of presence information stored 

in the memory. 

[0028] (1-4-1) Predetermined length 

 As used herein, the “predetermined length T” refers to a parameter indicating the time 

length of the target period.  In this embodiment, the predetermined length T is normally a fixed 

value and may be 180 seconds, for example.  Nevertheless, the predetermined length T may be 

changed by the control unit 225 (refer to the description of a second variation to be described later). 

[0029] (1-4-2) Target period 

 As used herein, the “target period” refers to a period in which the number of times n of 

decisions of presence is to be obtained.  The target period is determined by period information.  

As used herein, the “period information” refers to a piece of information about a given period.  

The period information may include, for example, a set consisting of a start time ts and an end 

time te. 

[0030] As used herein, the “start time ts” refers to a timestamp indicating the beginning of the 

target period.  The start time ts may be obtained from, for example, a clock built in a processor 

or a network time protocol (NTP) server (not shown) in response to the startup of the area 

determination system 10 (i.e., as soon as the area determination processing shown in FIG. 4 is 

started). 

[0031] As used herein, the “end time te” refers to a timestamp indicating the end of the target 

period.  The end time te may be calculated by adding the predetermined length T to the start time 

te (i.e., te = ts + T).  Nevertheless, at least one of the start time ts or the end time te may be 

changed by the control unit 225 (refer to the description of the second variation to be described 

later). 

[0032] The period information normally further includes a period identifier.  As used herein, 

the “period identifier” refers to a piece of information for use to identify a given period.  The 

period identifier may be, for example, a serial number such as “1” or “2” but may also be an ID as 

a combination of characters and signs.  Note that in this embodiment, a reference sign such as 

“P1,” “P2,” or “P3” is used as the period identifier for the sake of convenience. 

[0033] Optionally, two adjacent target periods (i.e., the target period and the next target period) 

may partially overlap with each other.  That is to say, the end of the target period may be located 

between the beginning and end of the next target period. 

[0034] (1-5) Second determination: presence/absence determination based on number of times 

of decisions of presence 

 The second determination unit 224 determines, based on the number of times n of 



8 

 

   

decisions of presence obtained by the obtaining unit 223, whether the mobile device 40 is present 

in, or absent from, the target area A10 in the target period. 

[0035] (1-5-1) Decision of presence 

 The second determination unit 224 decides, if the number of times n of decisions of 

presence is equal to or greater than a predetermined number of times N, for example, that the 

mobile device 40 be present in the target area A10 during the target period.  In response to such 

a decision of presence, the second determination unit 224 may associate, for example, the presence 

information (e.g., the flag “1”) with the period information (e.g., the set consisting of the mobile 

device identifier, the area identifier, and the period information in this embodiment). 

[0036] (1-5-2) Decision of absence 

 On the other hand, the second determination unit 224 decides, if the number of times n of 

decisions of presence is less than the predetermined number of times N, for example, that the 

mobile device 40 be absent from the target area A10 during the target period.  In response to such 

a decision of absence, the second determination unit 224 may associate, for example, the absence 

information (e.g., the flag “0”) with the period information (e.g., the set consisting of the mobile 

device identifier, the area identifier, and the period information in this embodiment). 

[0037] (1-5-3) Predetermined number of times 

 The predetermined number of times N is a parameter for use as a threshold value of a 

decision to be made by the second determination unit 224.  The value of the predetermined 

number of times N is a predetermined integer equal to or greater than 2 and is normally a fixed 

value (of 3, for example) (according to the first method and the second method, as for the latter, 

refer to the description of a first variation to be described later).  Nevertheless, the value of the 

predetermined number of times N may be changed by the control unit 225 (according to the third 

method, refer to the description of the second variation to be described later). 

[0038] The second determination unit 224 passes the set consisting of the period information and 

other pieces of information and the presence information, or the set consisting of the period 

information and other pieces of information and the absence information, or both of these two sets 

which have been obtained in this manner, to an output unit 23 (to be described later). 

[0039] (1-6) Control of determination processing or processing result of second determination 

 The control unit 225 controls the determination processing performed by the second 

determination unit 224 or the decision made by the second determination unit 224 by using at least 

one parameter selected from the group consisting of the time lag between multiple decisions of 

presence in the target period (i.e., the maximum difference Δt to be described later), the 

predetermined length T, and the predetermined number of times N. 
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[0040] The control unit 225 may control either the determination processing performed by the 

second determination unit 224 or the decision made by the second determination unit 224 by, for 

example, the following three methods: 

[0041] (1-6-1) First method: use of maximum difference 

 According to the first method, the determination processing by the second determination 

unit 224 is controlled by using the maximum difference Δt between multiple timestamps 

corresponding to multiple decisions of presence made by the first determination unit 222.  

Specifically, even if the number of times n of decisions of presence is equal to or greater than the 

predetermined number of times N but the maximum difference Δt is greater than the threshold 

value Δt0, the second determination unit 224 is made to make a decision of absence. 

[0042] (1-6-2) Second method: control of period length T based on decision made by second 

determination unit 224 and decision made right after that by first determination unit 222 

 According to the second method, the target period is extended (i.e., the period length T is 

increased) by postponing the end of the target period when a decision, similar to the decision made 

by the second determination unit 224 during the target period, is made by the first determination 

unit 222 within the predetermined time ΔT from the end of the target period.  Note that if the end 

of the target period is postponed, then the beginning (boundary) of the next target period is also 

postponed.  Alternatively, the beginning of the next target period does not have to be postponed.  

That is to say, the current target period and the next target period may partially overlap with each 

other. 

[0043] (1-6-3) Third method: change of predetermined length T, for example, of next target 

period in accordance with decision made by second determination unit in target period 

 According to the third method, at least one of the predetermined length T or the 

predetermined number of times N in the next target period is changed in accordance with the 

decision (or the number of times n of decisions of presence) made by the second determination 

unit 224 during the target period.  For example, in a period following an absence period, T is 

shortened and/or N is increased.  In a period following a presence period, T is extended and/or N 

is decreased. 

[0044] Note that the control unit 225 according to this embodiment normally adopts the first 

method.  Alternatively, the control unit 225 may also adopt the second method (refer to the 

description of the first variation to be described later) or the third method (refer to the description 

of the second variation to be described later).  Still alternatively, each of the second and third 

methods may be adopted in combination with the first method.  Yet alternatively, any one of the 

first, second, and third methods may be adopted selectively.  That is to say, an acceptance unit 21 
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(to be described later) accepts the operation of selecting any one of the first, second, and third 

methods, or the combination of the first and second methods, or the combination of the first and 

third methods, and the control unit 225 may adopt either the selected method or the selected 

combination of methods. 

[0045] In this manner, the area determination system 10 according to this embodiment makes the 

first determination (presence/absence determination) either at regular intervals or at irregular 

intervals to determine whether the mobile device 40 is present in, or absent from, the target area 

(such as the target area A10).  Then, the area determination system 10 makes, by comparing the 

number of times n of decisions of presence during the target period having the predetermined 

length T with the predetermined number of times N, the second determination to determine 

whether the target period is a presence period or an absence period.  Then, when making the 

second determination, the area determination system 10 controls either the second determination 

or the decision of the second determination by using at least one selected from the group consisting 

of the time lag between the decisions of presence (e.g., the maximum difference Δt), the 

predetermined length T, and the predetermined number of times N.  This contributes to more 

accurately determining whether the mobile device 40 is present in, or absent from, the target area 

(such as the area A10). 

[0046] (2) Details 

 Next, the area determination system 10 will be described in detail.  The area 

determination system 10 includes, for example, the server 20, three or more (e.g., four in this 

embodiment) terminals 30, and one or more (e.g., five in this embodiment) mobile devices 40 as 

shown in FIG. 1.  The terminals 30 are stationed either in the target area (such as the area A10) 

or in the vicinity of the target area.  The mobile device 40 may be present either in the target area 

(such as the area A10) or in the vicinity of the target area. 

[0047] (2-1) Target area 

 The target area may be, for example, one (e.g., the area A10) of the seven areas A10–A16 

shown in FIG. 3 (to be described later).  As used herein, the “vicinity of the target area” refers to 

a space A1 including the seven areas A10–A16, for example. 

[0048] (2-2) Space 

 The four terminals 30 may be, for example, stationed in the space A1 surrounded with 

walls 100 as shown in FIG. 3.  The space A1 may be, for example, the inside of a room in a 

building.  The four terminals 30 may be, for example, distributed on the ceiling (not shown) of 

the room. 

[0049] The space A1 shown in FIG. 3 is sectioned into the seven areas A10–A16.  Of these 
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seven areas A10–A16, six areas A10–A15 are respective meeting rooms, and the area A16 is a 

hallway. 

[0050] In the space A1 shown in FIG. 3, no walls are normally provided on the boundaries 

between the areas as indicated by the dotted lines.  Alternatively, movable divisions such as 

partitions or openable and closable curtains, for example, may also be provided on at least some 

of the boundaries between the areas. 

[0051] (2-3) Communication connection 

 The server 20 is connected to the three or more terminals 30 via a first network 50 to be 

ready to communicate with each of the three or more terminals 30.  The first network 50 is a 

narrow area network such as a local area network (LAN) or a power line communication (PLC) 

network. 

[0052] The terminal 30 may be connected to each of one or more mobile devices 40 (hereinafter 

simply referred to as “mobile devices 40”) in compliance with a short-range wireless 

communications protocol.  In this example, the short-range wireless communications protocol 

may be, for example, the Bluetooth (R) protocol, in particular, the Bluetooth (R) Low Energy 

(BLE) protocol. 

[0053] In addition, the server 20 may also be connected to a service provider system 70 via a 

second network 60.  The second network 60 is a wide area network such as the Internet or a 

communications network. 

[0054] The service provider system 70 may be connected to a terminal device 80 via the second 

network 60 to be ready to communicate with the terminal device 80. 

[0055] (2-4) Wireless signal and its transmitter and receiver 

 The wireless signal W10 according to this embodiment may be, for example, a signal 

compliant with the BLE protocol.  The mobile device 40 includes one device selected from the 

group consisting of a transmitter that transmits the wireless signal W10 and a receiver that receives 

the wireless signal W10 (neither is shown).  The terminal 30 includes the other device selected 

from the group consisting of the transmitter and the receiver. 

[0056] In this embodiment, the mobile device 40 includes the transmitter and the terminal 30 

includes the receiver.  That is to say, the receiver of the terminal 30 receives the wireless signal 

W10 transmitted from the transmitter of the mobile device 40.  The transmitter of the mobile 

device 40 transmits, for example, a wireless signal W10 with the mobile device identifier of the 

mobile device 40. 

[0057] Alternatively, the terminal 30 may include the transmitter and the mobile device 40 may 

include the receiver.  That is to say, the receiver of the mobile device 40 may receive the wireless 
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signal W10 transmitted from the transmitter of the terminal 30.  In that case, the transmitter of 

the terminal 30 transmits, for example, a wireless signal W10 with the terminal identifier of the 

terminal 30. 

[0058] The transmitter transmits the wireless signal W10 either at regular intervals or at irregular 

intervals. 

[0059] The transmitter according to this embodiment transmits the wireless signal W10 at regular 

intervals.  The transmission interval (transmission cycle) of the wireless signal W10 may be, for 

example, 1 second.  Alternatively, the transmission interval may also be 10 seconds, 1 minute, or 

any other suitable interval.  Optionally, the transmitter may also transmit the wireless signal W10 

at irregular intervals (e.g., in response to a request from the terminal 30). 

[0060] The receiver receives the wireless signal W10 transmitted by the transmitter.  Optionally, 

the receiver may receive, for example, only a part of the wireless signal W10 transmitted by the 

transmitter at regular intervals.  Specifically, if the transmitter transmits the wireless signal W10 

at an interval of 1 second, then the receiver may receive the wireless signal W10 at an interval of 

10 seconds, for example. 

[0061] (2-5) Terminal 

 The terminal 30 according to this embodiment receives the wireless signal W10 at its 

receiver to detect the received signal strength and acquire received signal strength information. 

[0062] As used herein, the “received signal strength information” refers to information about the 

received signal strength.  The received signal strength information includes a numerical value 

indicating the received signal strength.  The received signal strength information according to 

this embodiment further includes, for example, the terminal identifier of the mobile device 40 that 

has transmitted the wireless signal W10 and the terminal identifier of the terminal 30 that has 

received the wireless signal W10. 

[0063] The terminal 30 receives one or more (e.g., five in this example) wireless signals W10 

respectively corresponding to one or more (e.g., five in this example) mobile devices 40 to acquire 

one or more (e.g., five in this example) pieces of received signal strength information respectively 

corresponding to the one or more (e.g., five in this example) mobile devices 40.  Then, the 

terminal 30 transmits the one or more (e.g., five in this example) pieces of received signal strength 

information thus acquired to the server 20 via the first network 50. 

[0064] The terminal 30 normally further includes a processor and a memory (neither is shown).  

Various pieces of information such as the terminal identifier and program are stored in the memory.  

The processor operates in accordance with the information stored in the memory, thereby 

performing the functions of the terminal 30. 
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[0065] The terminal 30 may be, for example, a scanner or a beacon receiver.  The terminal 30 

is normally an immobile terminal.  Alternatively, the terminal 30 may also be a mobile terminal 

if the current location of the terminal 30 is known. 

[0066] Note that if the terminal 30 includes a transmitter, the terminal 30 transmits the wireless 

signal W10 with the terminal identifier of the terminal 30, for example. 

[0067] (2-6) Mobile device 

 The mobile device 40 according to this embodiment transmits, from its transmitter, the 

wireless signal W10 with the mobile device identifier of the mobile device 40 as described above. 

[0068] The mobile device 40 further includes a processor and a memory (neither is shown).  

Various pieces of information such as the mobile device identifier and program are stored in the 

memory.  The processor operates in accordance with the information stored in the memory, 

thereby performing the functions of the mobile device 40. 

[0069] The mobile device 40 is a device which is carried by a person with him or her and which 

moves along with him or her.  The mobile device 40 may be, for example, a beacon transmitter 

or a mobile communications device.  Examples of the mobile communications device include 

smartphones, tablet computers, and cellphones. 

[0070] Optionally, the mobile device 40 may further include a communications module for use 

to establish a communication via at least one of the first network 50 or the second network 60.  If 

the mobile device 40 includes a receiver, the received signal strength information acquired by the 

mobile device 40 may be transmitted to the server 20 via either the first network 50 or the second 

network 60. 

[0071] (2-7) Service provider system and terminal device 

 The service provider system 70 may, for example, receive information about the result of 

the area determination (decision information (to be described later)) from the server 20, acquire 

various pieces of information such as information about the space utilization percentage based on 

the information thus received, and provide, based on the information thus acquired, services such 

as spatial management of a building via the terminal device 80. 

[0072] Note that the space utilization percentage may be determined by, for example, locating 

the space where one or more (e.g., five in this example) mobile devices 40 are currently present 

based on one or more (e.g., 35 in this example) pieces of decision information received from the 

server 20 and by counting the number of the mobile devices 40 currently present in each of the 

one or more areas (e.g., the seven areas A10–A16). 

[0073] The service provider system 70 and the terminal device 80 each include a communications 

module for establishing a communication via the second network 60, a processor, and a memory 
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(none of which is shown).  Various pieces of information such as a program are stored in the 

memory.  The processor operates in accordance with the information stored in the memory, 

thereby performing the functions of the service provider system 70 and the terminal device 80. 

[0074] (2-8) Server 

 The server 20 receives the received signal strength information from either the terminal 

30 or the mobile device 40 and makes area determination (including the first determination and 

the second determination) about the mobile device 40.  Then, the server 20 transmits the result 

of the area determination (which is normally the result of the second determination) to the service 

provider system 70 via the second network 60. 

[0075] The server 20 according to this embodiment receives three or more (e.g., 20 in this 

example) pieces of received signal strength information corresponding to the combinations of three 

or more (e.g., four in this example) terminals 30 and one or more (e.g., five in this example) mobile 

devices 40.  The server 20 makes one or more (e.g., 35 in this example) area determinations 

corresponding to the combinations of the one or more areas (e.g., the seven areas A10–A16 in the 

space A1) and the one or more (e.g., five in this example) mobile devices 40 to obtain one or more 

(e.g., 35 in this example) decisions.  Then, the server 20 transmits one or more (e.g., 35 in this 

example) pieces of decision information corresponding to the one or more (e.g., 35 in this example) 

decisions thus obtained to the service provider system 70 via the second network 60. 

[0076] As used herein, the “decision information” refers to a piece of information about the 

decision (which is normally the result of the second determination).  The decision information 

may include, for example, a set consisting of either presence information (which may be the flag 

“1”) or absence information (which may be flag “0”), the area identifier, and the terminal identifier. 

[0077] The server 20 includes a communications module for establishing a communication via 

the first network 50 and the second network 60, a processor, and a memory (none of which is 

shown).  Various pieces of information such as the area location information, the terminal 

location information, and a program are stored in the memory.  The processor operates in 

accordance with the information stored in the memory, thereby performing the functions (e.g., the 

functions of the respective constituent elements shown in FIG. 2) of the server 20. 

[0078] (2-9) Respective constituent elements of server 

 Specifically, the server 20 includes the acceptance unit 21, a processing unit 22, and the 

output unit 23 as shown in FIG. 2.  The processing unit 22 includes the detection unit 221, the 

first determination unit 222, the obtaining unit 223, the second determination unit 224, and the 

control unit 225. 

[0079] (2-9-1) Acceptance unit 
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 The acceptance unit 21 accepts various pieces of information.  Examples of the various 

pieces of information include preset values of various types of parameters such as the received 

signal strength information, the predetermined length T, and the predetermined number of times 

N. 

[0080] The acceptance may be, for example, the reception of information that has been 

transmitted via either the first network 50 or the second network 60.  The acceptance may also 

include acceptance of information that has been entered via an input device such as a keyboard or 

a touchscreen panel and acceptance of information that has been read out from a storage medium 

such as a memory. 

[0081] The acceptance unit 21 according to this embodiment receives the received signal strength 

information that the terminal 30 has transmitted via the first network 50.  If the area determination 

system 10 has the configuration shown in FIG. 1, twenty pieces of received signal strength 

information, corresponding to the combinations of the four terminals 30 and the five mobile 

devices 40, are received either simultaneously or substantially simultaneously. 

[0082] In addition, the acceptance unit 21 may also accept preset values (such as the numerical 

values of the predetermined length T and the predetermined number of times N; each of which 

may be either a fixed value or an initial value) which have been entered via the input device, for 

example. 

[0083] (2-9-2) Processing unit 

 The processing unit 22 performs various types of processing.  As used herein, the 

“various types of processing” may refer to, for example, processing about the area determination 

described above and specifically refer to the processing to be performed by the above-described 

principal constituent elements (namely, the detection unit 221, the first determination unit 222, the 

obtaining unit 223, the second determination unit 224, and the control unit 225).  In addition, the 

processing unit 22 also makes some of the determinations to be described later with reference to 

the flowcharts shown in FIGS. 4–6. 

[0084] If the area determination system 10 has the configuration shown in FIG. 1, then thirty-

five area determinations respectively corresponding to the combinations of the seven areas A10–

A16 and the five mobile devices 40 are performed in parallel with each other.  Note that the 

phrase “in parallel with each other” may refer, for example, to time division processing to be 

performed by a single processor but may also be parallel processing to be performed by a plurality 

of processors. 

[0085] (2-9-3) Output unit 

 The output unit 23 outputs various types of information, which include, for example, the 
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result of the area determination. 

[0086] The output unit 23 may output, for example, the decision made by the second 

determination unit 224 (such as the decision information described above).  If the area 

determination system 10 has the configuration shown in FIG. 1, then thirty-five pieces of decision 

information respectively corresponding to the thirty-five area determinations by the processing 

unit 22 are output. 

[0087] As used herein, the “output” may be, for example, transmission to the service provider 

system 70 via the second network 60 but may also include, for example, display on a display 

device, emission of a voice from a loudspeaker, and storage on a storage medium. 

[0088] (2-10) Memory and information stored in memory 

 For example, in a memory (not shown) of the server 20, stored in advance are four pieces 

of terminal location information respectively corresponding to the four terminals 30 and seven 

pieces of area location information respectively corresponding to the seven areas A10–A11.  As 

used herein, the “terminal location information” refers to information about the location of the 

terminal 30 and the “area location information” refers to information about the locations of the 

target areas (A10–A17). 

[0089] The terminal location information may be, for example, coordinates.  The coordinates 

according to this embodiment are two-dimensional coordinates (x, y).  The two-dimensional 

coordinates (x, y) may be, for example, coordinates on an xy plane defined by the two axes, namely, 

an x-axis and a y-axis (neither is shown), which are aligned with the bottom surface of the space 

A1 shown in FIG. 3.  Alternatively, the coordinates may also be, for example, three-dimensional 

coordinates (x, y, z) on an xyz plane defined by three axes, namely, the x-axis, the y-axis, and a z-

axis in the height direction.  Still alternatively, the coordinate may also be a one-dimensional 

coordinate (x) aligned with the x-axis. 

[0090] The area location information may be, for example, a set of two coordinates respectively 

corresponding to the starting point and end point of the area.  For example, the area location 

information corresponding to the area A10 may be “(X10s, Y10s) to (X10e, Y10e).” 

[0091] Note that the memory in which the terminal location information and other pieces of 

information are stored may be, for example, the memory of the terminal 30 or the memory of the 

service provider system 70.  The memory may be located anywhere without limitation as long as 

the processor of the server 20 may access the memory. 

[0092] Also, the memory does not have to be a single memory.  The memory may also be, for 

example, a set of a plurality of memory elements.  Various types of information such as terminal 

location information may be stored to be distributed in the plurality of memory elements. 
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[0093] (2-11) Location detection by reference to information in memory and accumulation of 

results of detection 

 The location detection is performed by the detection unit 221 based on the received signal 

strength of the wireless signal W10 received by the receiver of the terminal 30 and the terminal 

location information stored in the memory. 

[0094] That is to say, the detection unit 221 detects the location of a mobile device 40 by 

reference to four pieces of received signal strength information respectively corresponding to four 

terminals 30 and the terminal location information stored in the memory with respect to the 

wireless signal W10 received from the single mobile device 40. 

[0095] In addition, when acquiring the mobile device location information by detecting the 

location of the mobile device 40, the detection unit 221 acquires timestamp information, indicating 

a point in time when the location detection has been made, from a built-in clock, for example, and 

accumulates the timestamp information in the memory in association with the mobile device 

location information.  The set of the mobile device location information and timestamp 

information thus acquired is normally accumulated in the memory in association with the mobile 

device identifier. 

[0096] As can be seen, every time the location of the mobile device 40 is detected, timestamp 

information is acquired, and the set of the mobile device location information and timestamp 

information thus acquired is accumulated one after another in the memory in association with the 

mobile device identifier. 

[0097] The set of the mobile device location information and the timestamp information may be 

accumulated, for example, in the memory of the server but may also be accumulated in any other 

memory without limitation. 

[0098] (2-12) Control method performed by control unit 

 (2-12-1) First method 

 The control unit 225 according to this embodiment calculates, when the number of times 

n of decisions of presence is equal to or greater than the predetermined number of times N, the 

difference between two pieces of timestamp information respectively corresponding to two adjust 

pieces of presence information with respect to multiple pieces of presence information acquired 

during the target period.  This allows one or more differences to be calculated. 

[0099]  In this embodiment, the initial value of the predetermined number of times N is “3” as 

described above, and therefore, the difference is not calculated if the number of times n of decisions 

of presence is “2.”  Alternatively, even when the number of times n of decisions of presence is 

“2,” the difference may also be calculated. 
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[0100] The control unit 225 obtains the maximum difference (Δt) that is the maximum value of 

one or more differences thus calculated.  Even if the number of times n of decisions of presence 

is equal to or greater than the predetermined number of times N but the maximum difference Δt is 

greater than the threshold value Δ t0, the control unit 225 makes the second determination unit 224 

decide that the mobile device 40 be absent from the target area (e.g., the area A10) during the 

target period. 

[0101] The threshold value Δt0 may be, for example, k times (where 0 < k <1) as large as the 

period length T of the target period, where k may be, for example, “1/2” or “2/3.” 

[0102] (2-12-2) Operation of area determination system (server) according to first method 

 The area determination system 10 (e.g., the server 20 in this embodiment) performs the 

processing following the procedure of the flowcharts shown in FIGS. 4–6.  The series of 

processing steps shown in the flowcharts of FIGS. 4–6 start to be performed when the area 

determination system 10 (server 20) is booted. 

[0103] Note that the flowcharts shown in FIGS. 4–6 show the series of processing steps to be 

performed with respect to one set (consisting of a single mobile device identifier and a single area 

identifier) out of multiple combinations (e.g., thirty-five sets) of one or more (e.g., five in this 

example) mobile devices 40 and one or more areas (e.g., the seven areas A10–A16).  The area 

determination system 10 performs the same series of processing steps on each combination of a 

mobile device identifier and an area identifier.  Specifically, the processing unit 22 of the server 

20 performs, in parallel with each other, thirty-five series of processing respectively corresponding 

to thirty-five combinations of mobile device identifiers and area identifiers. 

[0104] The processing unit 22 acquires timestamp information from, for example, a built-in clock 

(not shown) to set the timestamp information at a variable ts indicating the start time (in Step S1).  

Next, the processing unit 22 sets a variable n, indicating the number of times of decisions of 

presence, at an initial value “0” (in Step S2). 

[0105] Next, the processing unit 22 determines whether an amount of time corresponding to the 

predetermined length T (hereinafter simply referred to as a “time T”) has passed since the start 

time ts (in Step S3).  If the time T has not passed yet since the start time ts (i.e., if the answer is 

NO in Step S3), then the processing unit 22 performs the location detection processing of detecting 

the location of the mobile device 40 (in Step S4).  Note that the location detection processing will 

be described later. 

[0106] Next, the first determination unit 222 determines whether the location detected in Step S4 

falls within the target area A10 (in Step S5).  If the location detected falls within the target area 

A10 (i.e., if the answer is YES in Step S5), then the processing unit 22 associates presence 
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information “1” with the location information acquired in Step S1 (in Step S6).  Next, the 

processing unit 22 makes an increment to the variable n (in Step S7).  Thereafter, the process 

returns to Step S3. 

[0107] On the other hand, if a decision is made that the location detected in Step S4 falls outside 

of the target area A10 (i.e., if the answer is NO in Step S5), then the processing unit 22 associates 

the absence information “0” with the location information acquired in Step S1 (in Step S8).  

Thereafter, the process returns to Step S3. 

[0108] If the time T has already passed since the start time ts (i.e., if the answer is YES in Step 

S3), the processing unit 22 adds the time T to the end time te (in Step S9).  Next, the second 

determination unit 224 determines whether the number of times n of decisions of presence is equal 

to or greater than the predetermined number of times N (in Step S10). 

[0109] If the number of times n of decisions of presence is equal to or greater than the 

predetermined number of times N (i.e., if the answer is YES in Step S10), then the obtaining unit 

223 obtains the maximum difference Δt between adjacent “present” times (in Step S11).  Next, 

the control unit 225 determines whether the maximum difference Δt obtained in Step S11 is equal 

to or less than the threshold value Δt0 (in Step S12). 

[0110] If the maximum difference Δt is equal to or less than the threshold value Δt0 (i.e., if the 

answer is YES in Step S12), then the second determination unit 224 associates the presence 

information “1” with the period information “ts–te” as a combination of the start time ts and the 

end time te (in Step S13). 

[0111] If the number of times n of decisions of presence is not equal to or greater than the 

predetermined number of times N (i.e., if the answer is NO in Step S10), then the second 

determination unit 224 associates the absence information “0” with the period information “ts–te” 

(in Step S14).  Also, even if the number of times n of decisions of presence is equal to or greater 

than the predetermined number of times N but the maximum difference Δt is not equal to or less 

than the threshold value Δt0 (i.e., if the answer is NO in Step S12), then the control unit 225 

instructs the second determination unit 224 to associate the absence information “0” with the 

period information “ts–te,” thereby performing Step S13. 

[0112] When either Step S13 or Step S14 has been performed, the process ends.  When the 

process finishes being performed on every possible combination of the mobile device identifier 

and the area identifier, the process starts to be performed on the next target period. 

[0113] The location detection processing of Step S4 may be performed, for example, following 

the procedure of the flowchart shown in FIG. 6. 

[0114] The detection unit 221 determines whether three or more (e.g., four in this example) 



20 

 

   

receivers corresponding to three or more (e.g., four in this example) terminals 30 have received 

the wireless signals W10 from the mobile device 40 (in Step S41). 

[0115] If the four terminals 30 have received the wireless signals W10 from the mobile device 

40 (i.e., if the answer is YES in Step S41), then the detection unit 221 detects the location of the 

mobile device 40 based on the four received signal strengths corresponding to the four wireless 

signals W10 received to acquire mobile device location information (in Step S42). 

[0116] Next, the detection unit 221 acquires, from the built-in memory, for example, the 

timestamp information at a point in time when the location detection is performed in Step S42 and 

accumulates the timestamp information in association with the mobile device location information 

acquired in Step S42 (in Step S43).  Thereafter, the process returns to the series of high-order 

processing steps (refer to FIGS. 4 and 5). 

[0117] (2-12-3) Specific example according to first method 

 In this example, the predetermined length T is 180 seconds, the predetermined number of 

times N is three times, and the threshold value Δt0 is 110 seconds as shown in FIGS. 7A and 7B. 

[0118] In the target period “ts–te,” the end time te is calculated by adding 180 seconds to the start 

time ts (i.e., te = ts + 180).  The location information acquisition cycle is 20 seconds.  Thus, ten 

pieces of location information are acquired during 180 seconds from the start time ts through the 

end time te.  In this example, the location information acquisition cycle is supposed to be 20 

seconds for the sake of convenience.  Normally, the location information is acquired in a shorter 

cycle time (e.g., every second). 

[0119] Out of the ten pieces of location information thus acquired, the timestamp information 

“ts” is associated with the first piece of location information, the timestamp information “ts+20” 

is associated with the second piece of location information, and the timestamp information “te” is 

associated with the tenth piece of location information. 

[0120] In addition, either presence information “1” or absence information “0” is associated with 

each of the ten pieces of location information “ts,” “ts+20,” … and “te” respectively corresponding 

to the ten pieces of location information.  In the example shown in FIG. 7A, the presence 

information “1” is associated with each of three pieces of location information, namely, the first, 

sixth, and tenth pieces of the location information, while the absence information “0” is associated 

with the other seven pieces of location information.  In the example shown in FIG. 7B, the 

presence information “1” is associated with each of three pieces of location information, namely, 

the first, seventh, and tenth pieces of the location information, while the absence information “0” 

is associated with the other seven pieces of location information. 

[0121] Thus, in the example shown in FIG. 7A, the difference of 100 seconds between the first 
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and sixth pieces of timestamp information and the difference of 80 seconds between the sixth and 

tenth pieces of timestamp information are obtained, and therefore, the maximum difference Δt will 

be 100 seconds.  This maximum difference Δt (= 100 seconds) is less than the threshold value 

Δt0 (= 110 seconds), and therefore, the target period is determined to be a “presence period.” 

[0122] On the other hand, in the example shown in FIG. 7B, the difference of 120 seconds 

between the first and seventh pieces of timestamp information and the difference of 60 seconds 

between the seventh and tenth pieces of timestamp information are obtained, and therefore, the 

maximum difference Δt will be 120 seconds.  This maximum difference Δt (= 120 seconds) is 

equal to or greater than the threshold value Δt0 (= 110 seconds), and therefore, the target period is 

determined to be an “absence period.” 

[0123] As can be seen, according to this embodiment (i.e., the first method), even if the number 

of times n of decisions of presence is the same (e.g., n =3 in this embodiment) but the time interval 

between the decisions of presence (e.g., the maximum difference Δt) is equal to or greater than the 

threshold value Δt0, the target period is determined to be an absence period.  This contributes to 

improving the accuracy of decision when a person carrying the mobile device leaves the room 

around the end of the target period, for example. 

[0124] Consequently, according to this embodiment, using the maximum difference Δt between 

multiple points in time corresponding to multiple decisions of presence during the target period 

contributes to improving the accuracy of decision. 

[0125] (2-12-4) First variation of control: second method 

 If the first determination unit 222 continues to make decisions similar to the decision 

made by the second determination unit 224 during the target period even after the target period 

has passed, then the control unit 225 extends the target period. 

[0126] As used herein, the expression “similar decisions are made even after the target period 

has passed” may refer to, for example, a situation where a decision similar to the decision made 

by the second determination unit 224 during the target period is made again by the first 

determination unit 222 within a predetermined time ΔT from the end of the target period. 

[0127] As used herein, to extend the target period means, for example, postponing the end of the 

target period for the predetermined time ΔT.  Note that the amount of time for which the target 

period is extended may be either longer or shorter than the predetermined time ΔT, whichever is 

appropriate. 

[0128] The control unit 225 according to this embodiment postpones, since the end of the target 

period has been postponed for the predetermined time ΔT, each of the beginning and the end of 

the next target period for ΔT as well.  As a result, the next target period is postponed for ΔT with 
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the same period length T maintained. 

[0129] Optionally, even when the end of the target period has been postponed for ΔT, the control 

unit 225 does not have to postpone the beginning or end of the next target period at all.  This 

causes the target period and the next target period to partially overlap with each other. 

[0130] Alternatively, in a situation where the end of the target period has been postponed for ΔT, 

the control unit 225 may postpone only the beginning of the next target period for ΔT without 

postponing the end of the next target period at all.  This causes no overlap between the target 

period and the next target period and shortens the period length T of the next target period to “T – 

ΔT.” 

[0131] As can be seen, according to the first variation of control (second method), if the first 

determination unit 222 continues to make similar decisions even after the second determination 

unit 224 has made the decision with respect to the target period, the accuracy of the decision may 

be improved by extending the target period. 

[0132] (2-12-5) Period extension when decisions of presence are made continuously 

 Specifically, if the first determination unit 222 decides, within the predetermined time ΔT 

since the second determination unit 224 has decided that the mobile device 40 be present in the 

target area (such as the area A10) during the target period, for example, that the mobile device 40 

be present in the target area A10, then the control unit 225 postpones the end of the target period 

for the predetermined time ΔT. 

[0133] That is to say, if the second determination unit 224 has acquired the presence information 

during the target period and the first determination unit 222 acquires again the presence 

information before the predetermined time ΔT passes since the end time te indicating the end of 

the target period (i.e., before the point in time “te + ΔT”), for example, then the control unit 225 

postpones the end of the target period for the predetermined time ΔT.  On the other hand, unless 

the presence information is acquired again within the predetermined time ΔT, the end of the target 

period will be the beginning of the next target period, for example. 

[0134] As can be seen, if the first determination unit 222 continues to make decisions of presence 

even after the second determination unit 224 has made the decision of presence with respect to the 

target period, the accuracy of decision may be improved by extending the target period. 

[0135] (2-12-6) Period extension when decisions of absence are made continuously 

 If the first determination unit 222 decides, within the predetermined time ΔT since the 

second determination unit 224 has decided that the mobile device 40 be absent from the target area 

(such as the area A10) during the target period, for example, that the mobile device 40 be absent 

from the target area A10, then the control unit 225 postpones the end of the target period for the 
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predetermined time ΔT. 

[0136] That is to say, if the second determination unit 224 has acquired the absence information 

during the target period and the first determination unit 222 acquires again the absence information 

before the predetermined time ΔT passes since the end time te indicating the end of the target 

period (i.e., before the point in time “te + ΔT”), for example, then the control unit 225 postpones 

the end of the target period for the predetermined time ΔT.  On the other hand, unless the absence 

information is acquired again within the predetermined time ΔT, the end of the target period will 

be the beginning of the next target period, for example. 

[0137] Note that the predetermined time ΔT when determining whether the absence information 

has been acquired again and the predetermined time ΔT when determining whether the presence 

information has been acquired again normally have the same length but may also have mutually 

different lengths. 

[0138] As can be seen, if the first determination unit 222 continues to make decisions of absence 

even after the second determination unit 224 has made the decision of absence with respect to the 

target period, the accuracy of the decision may be improved by extending the target period. 

[0139] (2-12-7) Operation of area determination system (server) according to second method 

 The area determination system 10 (i.e., the server 20 in this embodiment) performs the 

processing following the flowcharts shown in FIGS. 4, 6, and 8.  Note that since the processing 

shown in FIGS. 4 and 6 has already been described, the processing shown in FIG. 8 will be 

described. 

[0140] The processing shown in FIG. 8 has all the processing steps of the processing shown in 

FIG. 5 but the two processing steps S11 and S12 and further includes six additional processing 

steps S15, S4, S5, and S16–S18. 

[0141] As described above, Step S10 includes determining whether the number of times n of 

decisions of presence is equal to or greater than the predetermined number of times N.  If the 

answer is YES in Step S10, the process proceeds to Step S13.  On the other hand, if the answer 

is NO in Step S10, then the process proceeds to Step S14. 

[0142] As described above, Step S13 includes associating the presence information “1” with the 

period information “ts–te.”  StepS14 includes associating the absence information “0” with the 

period information “ts–te.”  After performing either Step S13 or Step S14, the control unit 225 

determines whether the predetermined time ΔT has passed since the end time te (in Step S15). 

[0143] If the predetermined time ΔT has not passed yet since the end time (i.e., if the answer is 

NO in Step S15), Steps S4 and S5 are performed.  As described above, Step S4 includes detecting 

the location of the mobile device 40.  Step S5 includes determining whether the detected location 
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falls within the target area A10. 

[0144] If the detected location falls within the target area A10 (i.e., if the answer is YES in Step 

S5), the control unit 225 determines whether the presence information “1” is associated with the 

period information “ts–te” (in Step S16).  On the other hand, unless the detected location falls 

within the target area A10 (i.e., if the answer is NO in Step S5), the control unit 225 determines 

whether the absence information “0” is associated with the period information “ts–te” (in Step 

S17). 

[0145] If the presence information “1” is associated with the period information “ts–te” (i.e., if 

the answer is YES in Step S16) or if the absence information “0” is associated with the period 

information “ts–te” (i.e., if the answer is YES in Step S17), then the control unit 225 changes the 

period information “ts–te” into “ts–te + ΔT” (in Step S18). 

[0146] If the answer is NO in Step S16 or if the answer is NO in Step S17, then the process 

returns to Step S15. 

[0147] Either after Step S18 has been performed or if the predetermined time ΔT has already 

passed since the end time te (i.e., if the answer is YES in Step S15), then the process ends.  When 

the processing is done with respect to every possible combination of the mobile device identifier 

and the area identifier, processing starts to be performed with respect to the next target period. 

[0148] (2-12-8) Specific example according to second method 

 FIGS. 9A and 9B show exemplary decisions made by the first determination unit 222 

(where the decision of presence “1” is indicated by the open diamond and the decision of absence 

“0” is indicated by the solid diamond) and exemplary decisions made by the second determination 

unit 224 (which is either “presence period” or “absence period”) with respect to the target period 

and the next target period. 

[0149] The example shown in FIGS. 9A and 9B represents a situation where the mobile device 

40 has been present in the area A10 through the target period “ts–te” and has left the area A10 

when approximately 50 seconds has passed since the end te of the target period (= the beginning 

ts of the next target period). 

[0150] In this example, the predetermined time ΔT is 20 seconds as shown in FIG. 9B.  Note 

that FIG. 9A shows, for the purpose of comparison, a situation where the control according to the 

second method (i.e., extension of the target period) is not performed. 

[0151] In this example, as in the specific example according to the first method (refer to FIGS. 

7A and 7B), the predetermined length T is 180 seconds, and the predetermined number of times 

N is three times as shown in FIGS. 9A and 9B. 

[0152] Although not shown, in the target period “ts–te,” the end time te is a time calculated by 
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adding 180 seconds to the start time ts (i.e., te = ts + 180), the location information acquisition 

cycle is 20 seconds, and ten pieces of location information are acquired during 180 seconds from 

the start time ts through the end time te. 

[0153] In FIG. 9A, the number of times n of decisions of presence in the target period “ts–te” is 

three and the number of times n of decisions of presence in the next target period “ts–te” is also 

three.  In the target period “ts–te,” the presence information “1” is acquired three times, namely, 

for the first, seventh, and tenth decisions, and the absence information “0” is acquired seven times, 

namely, for the second to sixth decisions, the eighth decision, and the ninth decision.  In the next 

target period “ts–te,” the presence information “1” is acquired three times, namely, for the first to 

third decisions, and the absence information “0” is acquired seven times, namely, for the fourth to 

tenth decisions. 

[0154] Therefore, unless the control according to the second method (i.e., extension of the target 

period) is performed, the target period and the next target period are both determined to be presence 

periods as shown in FIG. 9A.  That is to say, the next target period is determined to be a presence 

period even though the decision of absence is made every time once 50 seconds has passed since 

the beginning. 

[0155] On the other hand, as shown in FIG. 9B, in a situation where the control according to the 

second method is performed, after the second determination unit 224 has determined the target 

period “ts–te” to be a presence period, the first determination unit 222 acquires again the presence 

information “1” within the predetermined time ΔT (= 20 seconds) since the end te of the target 

period “ts–te.”  Thus, the control unit 225 extends the target period “ts–te” for the predetermined 

time ΔT (= 20 seconds). 

[0156] In FIG. 9B, since the target period “ts–te” has been extended, the next target period “ts–

te” is postponed for the predetermined time ΔT (= 20 seconds).  Thus, the number of times n of 

decisions of presence in the next target period “ts–te” will be two.  That is to say, the number of 

times n of decisions of presence is less than the predetermined number of times N.  Consequently, 

the second determination unit 224 determines the next target period “ts–te” to be an absence period. 

[0157] As can be seen, according to the first variation of control (i.e., according to the second 

method), a decision indicating that the decision of absence is made every time once 50 seconds 

has passed since the beginning is obtained with respect to the next target period, thus improving 

the accuracy of decision. 

[0158] (2-12-9) Second variation of control: third method 

 The control unit 225 according to this variation adopts, depending on the decision made 

by the second determination unit 224 during the target period, a weighted value, calculated by 
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adding a weight to a value for the target period, with respect to at least one of the predetermined 

length T or the predetermined number of times N in the next target period following the target 

period. 

[0159] (2-12-10) Adopting first weighted value and/or second weighted value after decision of 

absence has been made 

 Specifically, if the second determination unit 224 has decided that the mobile device 40 

be absent from the target area (such as the area A10) during the target period, for example, the 

control unit 225 adopts at least one of a first weighted value for the predetermined length T or a 

second weighted value for the predetermined number of times N in the next target period. 

[0160] As used herein, the “first weighted value” refers to a value calculated by multiplying the 

value of the predetermined length T in the target period by a weighting coefficient α1 less than 1 

(i.e., α1 × T, where α1 < 1).  The “second weighted value” as used herein refers to a value 

calculated by multiplying the value of the predetermined number of times N in the target period 

by a weighting coefficient β1 greater than 1 (i.e., β1 × N, where β1 > 1). 

[0161] As can be seen, adopting at least one of the first weighted value (α1 × T, where α1 < 1) 

or the second weighted value (β1 × N, where β1 > 1) for the next target period in response to the 

decision of absence with respect to the target period contributes to improving the accuracy of 

decision. 

[0162] (2-12-11) Adopting first weighted value after decision of absence has been made in 

reserved period 

 If the second determination unit 224 has decided that the mobile device 40 be absent from 

the target area (such as the area A10) during the target period and the next target period overlaps 

with a reserved period for the target area A10, then the control unit 225 adopts the first weighted 

value for the predetermined length T in the next target period. 

[0163] Specifically, reservation information is stored in a memory, for example.  As used herein, 

the “reservation information” refers to a piece of information which may be used to identify a 

reserved period for the target area (such as the area A10).  The reservation information may 

include, for example, reserved period information.  As used herein, the “reserved period 

information” refers to a piece of information indicating the reserved period.  The reserved period 

information may be, for example, a combination of a start time and an end time but may also be a 

combination of a start time and a usage time. 

[0164] In this embodiment, seven pieces of reservation information respectively corresponding 

to the seven areas A10–A16 shown in FIG. 3 are stored in the memory in association with the area 

identifier.  Optionally, the reservation information may include vacant period information, 
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indicating a non-reserved vacant period, instead of, or in addition to, the reserved period 

information.  Alternatively, the reservation information may also be a piece of information 

simply indicating whether there is any reservation. 

[0165] As can be seen, if the next target period overlaps with the reserved period, adopting the 

first weighted value for the next target period in response to the decision of absence with respect 

to the target period contributes to improving the accuracy of the decision. 

[0166] Optionally, the control unit 225 may adopt not only the first weighted value for the 

predetermined length T but also a second weighted value for the predetermined number of times 

N as well. 

[0167] (2-12-12) Adopting third weighted value and/or fourth weighted value after decision of 

presence has been made 

 If the second determination unit 224 has decided that the mobile device 40 be present in 

the target area (such as the area A10) during the target period, for example, the control unit 225 

adopts at least one of a third weighted value for the predetermined length T or a fourth weighted 

value for the predetermined number of times N in the next target period. 

[0168] As used herein, the “third weighted value” refers to a value calculated by multiplying the 

value of the predetermined length T in the target period by a weighting coefficient α2 greater than 

1 (i.e., α2 × T, where α2 > 1).  The “fourth weighted value” as used herein refers to a value 

calculated by multiplying the value of the predetermined number of times N in the target period 

by a weighting coefficient β2 less than 1 (i.e., β2 × N, where β2 < 1). 

[0169] As can be seen, adopting at least one of the third weighted value (α2 × T, where α2 > 1) 

or the fourth weighted value (β2 × N, where β2 < 1) for the next target period in response to the 

decision of presence with respect to the target period contributes to improving the accuracy of 

decision. 

[0170] (2-12-13) Adopting third weighted value after decision of presence has been made in 

reserved period 

 If the second determination unit 224 has decided that the mobile device 40 be present in 

the target area (such as the area A10) during the target period and the next target period overlaps 

with a reserved period for the target area A10, then the control unit 225 adopts the third weighted 

value for the predetermined length T in the next target period. 

[0171] As can be seen, if the next target period overlaps with the reserved period, adopting the 

third weighted value (α2 × T, where α2 > 1) for the next target period in response to the decision 

of presence with respect to the target period contributes to improving the accuracy of the decision. 

[0172] Optionally, the control unit 225 may adopt not only the third weighted value (α2 × T, 
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where α2 > 1) for the predetermined length T but also the fourth weighted value (β2 × T, where β2 

< 1) for the predetermined number of times N as well. 

[0173] (2-12-14) Operation of area determination system (server) according to third method 

 The area determination system 10 (i.e., the server 20 in this embodiment) performs the 

processing following the flowcharts shown in FIGS. 4, 6, and 10.  Note that since the processing 

shown in FIGS. 4 and 6 has already been described, the processing shown in FIG. 10 will be 

described. 

[0174] The processing shown in FIG. 10 has all the processing steps of the processing shown in 

FIG. 8 (according to the second method) but the six processing steps S15, S4. S5, and S16–S18 

and further includes, as additional processing steps, Step S13a to be performed after Step S13 and 

Step S14a to be performed after Step S14. 

[0175] Step S13a includes at least one of setting “α2 × T” (where α2 >1) as the variable T or 

setting “β2 × N” (where β2 < 1) as the variable N. 

[0176] Step S14a includes at least one of setting “α1 × T” (where α1 < 1) as the variable T or 

setting “β1 × N” (where β1 > 1) as the variable N. 

[0177] After either Step S13a or Step 14a has been performed, the process ends.  When the 

process finishes being performed on every possible combination of the mobile device identifier 

and the area identifier, the process starts to be performed on the next target period. 

[0178] (2-12-15) Specific example according to third method 

 FIGS. 11A and 11B show exemplary decisions made by the first determination unit 222 

(where the decision of presence “1” is indicated by the open diamond and the decision of absence 

“0” is indicated by the solid diamond) and exemplary decisions made by the second determination 

unit 224 (which is either “presence period” or “absence period”) with respect to three consecutive 

target periods P1–P3. 

[0179] The example shown in FIGS. 11A and 11B represents a situation where the mobile device 

40 is absent from the area A10 in the first target period P1 “ts–te,” enters the area A10 when 

approximately 30 seconds has passed since the end te of the target period P1 (i.e., the beginning ts 

of the next target period P2), and has been present in the area A10 for the remaining 150 seconds 

of the next target period P2 “ts–te” and for 180 seconds of the target period P3 “ts–te” following 

the next target period P2 “ts–te.” 

[0180] In the example shown in FIG. 11A, the target of control for the control unit 225 is the 

predetermined number of times N.  The predetermined number of times N changes from N1 in 

the target period P1 into N2 in the target period P2 and then into N3 in the target period P3.  

Meanwhile, the predetermined length T remains constant (= 180 seconds) throughout the target 
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periods P1–P3. 

[0181] In the target period P1, the predetermined number of times N1 is “2” while the number of 

times n of decisions of presence is “1” as shown in FIG. 11A.  Thus, since n < N1, the target 

period P1 is determined to be an absence period.  In accordance with this decision, the control 

unit 225 adopts the second weighted value “β1 × N” (where β1 > 1; β1 = 2 in this example) for the 

predetermined number of times N (refer to Step S14a).  As a result, the predetermined number of 

times N2 in the next target period P2 becomes twice as large as the predetermined number of times 

N1 in the target period P1 (N2 = 2 × N1 = 4). 

[0182] In the target period P2, the predetermined number of times N2 is “4” while the number of 

times n of decisions of presence is “4.”  Thus, since n ≥ N2, the target period P2 is determined to 

be a presence period.  In accordance with this decision, the control unit 225 adopts the fourth 

weighted value “β2 × N” (where β2 < 1; β2 = 0.5 in this example) for the predetermined number 

of times N (refer to Step S13a).  As a result, the predetermined number of times N3 in the next 

target period P3 becomes 0.5 times as large as the predetermined number of times N2 in the target 

period P2 (N3 = 0.5 × N2 = 2). 

[0183] In the target period P3, the predetermined number of times N3 is “2” while the number of 

times n of decisions of presence is “2.”  Thus, since n ≥ N3, the target period P3 is determined to 

be a presence period.  In accordance with this decision, the control unit 225 may adopt the second 

weighted value “β1 × N” (where β1 < 1; β2 = 0.5 in this example) for the predetermined number 

of times N.  As a result, the predetermined number of times (N4) in the next target period (P4) 

(not shown) becomes 0.5 times as large as the predetermined number of times N3 in the target 

period P3 (N4 = 0.5 × N3 = 1). 

[0184] As can be seen, in a target period following an absence period, the decision about the 

transition from an absence state into a presence state needs to be made so accurately that the second 

weighted value “β1 × N” (where β1 >1) is adopted to increase the predetermined number of times 

N.  This contributes to improving the accuracy of decision about the transition from the absence 

state into the presence state. 

[0185] In addition, in a target period following the presence period, the presence state is highly 

likely to persist.  Thus, the first weighted value “β2 × N” (where β2 <1) is adopted to decrease 

the predetermined number of times N.  This contributes to improving the accuracy of decision 

about the transition from the presence state into the absence state.  In other words, decreasing the 

predetermined number of times N in a situation where the presence state is highly likely to persist 

would reduce the chances of making an erroneous decision about the transition from the presence 

state into the absence state (i.e., deciding, by mistake, that a transition have been made from the 
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presence state into the absence state even though the presence state actually persists). 

[0186] Note that making a decision about the transition from the presence state into the absence 

state generally does not require as high accuracy as making a decision about the transition from 

the absence state into the presence state, and therefore, the accuracy of decision is sometimes 

allowed to decline due to a decrease in the predetermined number of times N. 

[0187] Thus, changing the predetermined number of times N in the next target period depending 

on the decision made by the second determination unit 224 in a target period contributes to 

improving the accuracy of decision. 

[0188] In the example shown in FIG. 11B, two target periods P2 and P3 out of the three target 

periods P1–P3 belong to a reserved period and target of control for the control unit 225 is the 

predetermined length T.  The predetermined length T changes from T1 in the target period P1 

into T2 in the target period P2 and then into T3 in the target period P3.  Meanwhile, the 

predetermined number of times N remains constant (= 2) throughout the target periods P1–P3. 

[0189] In the target period P1, the predetermined length T1 is “180 seconds” while the number 

of times n of decisions of presence is “1” as shown in FIG. 11B.  Thus, since n < N, the target 

period P1 is determined to be an absence period.  In accordance with this decision, the control 

unit 225 adopts the first weighted value “α1 × T” (where α1 < 1; α1 = 0.5 in this example) for the 

predetermined length T (refer to Step S14a).  As a result, the predetermined length T2 in the next 

target period P2 becomes 0.5 times as long as the predetermined length T1 in the target period P1 

(T2 = 0.5 × T1 = 90 seconds). 

[0190] In the target period P2 having the predetermined length T2 (= 90 seconds), the 

predetermined number of times N is “2” while the number of times n of decisions of presence is 

“2.”  Thus, since n ≥ N, the target period P2 is determined to be a presence period.  In 

accordance with this decision, the control unit 225 adopts the third weighted value “α2 × T” (where 

α2 > 1; α2 = 4 in this example) for the predetermined length T (refer to Step S13a).  As a result, 

the predetermined length T3 in the next target period P3 becomes four times as long as the 

predetermined length T2 in the target period P2 (T3 = 4 × T2 = 360 seconds). 

[0191] In the target period P3, the predetermined number of times N is “2” while the number of 

times n of decisions of presence is “4.”  Thus, since n ≥ N, the target period P3 is determined to 

be a presence period.  In accordance with this decision, the control unit 225 may adopt the third 

weighted value “α2 × T” (where α2 > 1; α2 = 4 in this example) for the predetermined length T.  

As a result, the predetermined length (T4) in the next target period (P4) (not shown) becomes four 

times as long as the predetermined length T3 in the target period P3 (T4 = 4 × T3 = 1440 seconds). 

[0192] As can be seen, in a target period following an absence period, a decision about the 
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transition from an absence state into a presence state needs to be made so accurately (in particular, 

the two target periods P2 and P3 belong to a reserved period, and therefore, a transition from the 

absence state into the presence state is highly likely to be made in the target period P2) that the 

first weighted value “α1 × T” (where α1 <1) is adopted to increase the predetermined length T.  

This contributes to improving the accuracy of decision about the transition from the absence state 

into the presence state. 

[0193] In addition, in a target period following the presence period, the presence state is highly 

likely to persist (in particular, the two target periods P2 and P3 belong to a reserved period, and 

therefore, the presence state is even more likely to persist in the target period P3).  Thus, the third 

weighted value “α2 × T” (where α2 > 1) is adopted to increase the predetermined length T.  This 

contributes to improving the accuracy of decision about the transition from the presence state into 

the absence state.  In other words, increasing the predetermined length T in a situation where the 

presence state is highly likely to persist would reduce the chances of making an erroneous decision 

about the transition from the presence state into the absence state. 

[0194] Note that the decision about the transition from the presence state into the absence state 

generally does not require as high accuracy as the decision about the transition from the absence 

state into the presence state, and therefore, the accuracy of decision is sometimes allowed to 

decline due to extension of the predetermined length T. 

[0195] Thus, changing the predetermined length T in the next target period depending on the 

decision made by the second determination unit 224 in a target period contributes to improving 

the accuracy of decision. 

[0196] Optionally, in this example, at least one of an upper limit value (such as 10) or a lower 

limit value (such as 2) may be set in advance with respect to the predetermined number of times 

N.  If the predetermined number of times N is greater than the upper limit value, then the 

predetermined number of times N will be the upper limit value.  If the predetermined number of 

times N is less than the lower limit value, then the predetermined number of times N will be the 

lower limit value.  In the same way, at least one of a lower limit value (such as 60 seconds) or an 

upper limit value (such as 600 seconds) may be set in advance with respect to the predetermined 

length T.  If the predetermined length T is less than the lower limit value, then the predetermined 

length T will be the lower limit value.  If the predetermined length T is greater than the upper 

limit value, then the predetermined length T will be the upper limit value. 

[0197] In this example, if the second weighted value “β1 × N” (where β1 > 1) is adopted a number 

of times continuously, then the weighting coefficient β1 in the second weighted value “β1 × N” 

adopted later may be smaller than the weighting coefficient β1 in the second weighted value “β1 
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× N” adopted earlier.  This may reduce the chances of causing an increase in the second weighted 

value “β1 × N” even when the second weighted value “β1 × N” is adopted a number of times 

continuously. 

[0198] In the same way, if the third weighted value “α2 × T” (where α2 > 1) is adopted a number 

of times continuously, then the weighting coefficient α2 in the third weighted value “α2 × T” 

adopted later may be smaller than the weighting coefficient α2 in the third weighted value “α2 × 

T” adopted earlier.  This may reduce the chances of causing an increase in the third weighted 

value “α2 × T” even when the third weighted value “α2 ×T” is adopted a number of times 

continuously. 

[0199] Also, if the first weighted value “α1 × T” (where α1 < 1) is adopted a number of times 

continuously, then the weighting coefficient α1 in the first weighted value “α1 × T” adopted later 

may be larger than the weighting coefficient α1 in the first weighted value “α1 × T” adopted earlier.  

This may reduce the chances of causing a decrease in the first weighted value “α1 × T” even when 

the first weighted value “α1 ×T” is adopted a number of times continuously. 

[0200] Furthermore, if the fourth weighted value “β2 × N” (where β2 < 1) is adopted a number 

of times continuously, then the weighting coefficient β2 in the fourth weighted value “β2 × N” 

adopted later may be larger than the weighting coefficient β2 in the fourth weighted value “β2 × 

N” adopted earlier.  This may reduce the chances of causing a decrease in the fourth weighted 

value “β2 × N” even when the fourth weighted value “β2 × N” is adopted a number of times 

continuously. 

[0201] As can be seen, according to the second variation of control (i.e., according to the third 

method), adding a weight to at least one of the predetermined length T or the predetermined period 

T in the next target period depending on the decision made on a target period contributes to 

improving the accuracy of decision. 

[0202] (3) Variations of area determination system 

 Alternatively, the area determination system 10 may include no server 20 and any one of 

the three or more terminals 30 may have the function of the server 20.  That is to say, the area 

determination system 10 may be made up of three or more terminals 30 including one terminal 30 

having the server function. 

[0203] Also, the number of the terminals 30 that form the area determination system 10 may also 

be two or one.  Furthermore, the area determination system 10 may include no terminals 30 and 

the server 20 may have the function of the one terminal 30.  That is to say, the area determination 

system 10 may also be implemented as only the server 20. 

[0204] (4) Area determination method and program 
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 Note that various functions of the area determination system 10 (server 20) according to 

the exemplary embodiment described above may also be implemented as, for example, a method 

for increasing a value added, a (computer) program, or a non-transitory storage medium on which 

the program is stored.  Note that the area determination method is a method including at least 

Step S4 (detection step), Step S5 (first determination step), Step S7 (obtaining step), Steps S10, 

S13, and S14 (second determination step), Steps S11 and S12, Steps S15 and S18, and Steps S13a 

and S14b (control step) out of the respective processing steps described above. 

[0205] Also, the program is designed to cause one or more processors to perform the area 

determination method described above.  The one or more processors may be, for example, the 

processor of the server 20.  In addition, the one or more processors may include three or more 

processors respectively corresponding to three or more terminals 30 and may further include the 

processor of the mobile device 40 and/or the processor of the service provider system 70.  

Alternatively, the one or more processors may also be, for example, the processor of the one 

terminal 30 out of three or more terminals 30. 

[0206] (5) Recapitulation 

 An area determination system (10) according to a first aspect of the present disclosure 

includes a detection unit (221), a first determination unit (222), an obtaining unit (223), a second 

determination unit (224), and a control unit (225).  The detection unit (221) detects, based on a 

received signal strength of a wireless signal (W10) being transmitted and received to/from a mobile 

device (40), location of the mobile device (40) to acquire mobile device location information 

indicating a result of detection.  The first determination unit (222) determines, based on the 

mobile device location information, whether the mobile device (40) is present in a target area 

(A10).  The obtaining unit (223) obtains a number of times (n) of decisions of presence.  The 

number of times (n) of decisions of presence indicates a numerical number of times that the first 

determination unit (222) has decided that the mobile device (40) be present in the target area (A10) 

during a target period having a predetermined length (T).  The second determination unit (224) 

decides, when the number of times (n) of decisions of presence is equal to or greater than a 

predetermined number of times (N), that the mobile device (40) be present in the target area (A10) 

during the target period and decides, when the number of times (n) of decisions of presence is less 

than the predetermined number of times (N), that the mobile device (40) be absent from the target 

area (A10) during the target period.  The control unit (225) controls, using at least one selected 

from the group consisting of a time lag between multiple decisions of presence during the target 

period, the predetermined length (T), and the predetermined number of times (N), either 

determination processing by the second determination unit (224) or decisions made by the second 
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determination unit (224). 

[0207] This aspect contributes to more accurately determining whether the mobile device (40) is 

present in, or absent from, the target area. 

[0208] In an area determination system (10) according to a second aspect, which may be 

implemented in conjunction with the first aspect, the mobile device (40) includes one member 

selected from the group consisting of a transmitter that transmits the wireless signal (W10) either 

at regular intervals or at irregular intervals and a receiver that receives the wireless signal (W10).  

The detection unit (221) detects, via a terminal (30) including the other member selected from the 

group consisting of the transmitter and the receiver, the location of the mobile device (40) based 

on a received signal strength of the wireless signal (W10) at the receiver. 

[0209] This aspect may provide a server (20) contributing to more accurately determining, via 

the terminal (30), whether the mobile device (40) is present in, or absent from, the target area. 

[0210] In an area determination system (10) according to a third aspect, which may be 

implemented in conjunction with the first or second aspect, the detection unit (221) acquires 

timestamp information indicating a point in time when the location has been detected and 

accumulates the timestamp information in association with the mobile device location information.  

The first determination unit (222) accumulates, in association with the timestamp information, 

either presence information indicating a decision of presence or absence information indicating a 

decision of absence. 

[0211] This aspect allows the number of times of decisions of presence to be obtained a posteriori 

by counting the number of pieces of timestamp information belonging to a predetermined period 

which are associated with presence information by reference to the storage (i.e., a memory).  In 

addition, this aspect also makes it easier to obtain the time lag (e.g., the maximum difference Δt) 

between multiple decisions of presence.  Furthermore, this aspect also makes it easier to perform 

control using one or more selected from the group consisting of the time lag, the predetermined 

length (T), and the predetermined number of times (N). 

[0212] In an area determination system (10) according to a fourth aspect, which may be 

implemented in conjunction with the third aspect, when the number of times (n) of decisions of 

presence is equal to or greater than the predetermined number of times (N), the control unit (225) 

calculates a difference between two pieces of timestamp information corresponding to two pieces 

of presence information acquired during the target period which are adjacent to each other and 

obtains a maximum difference (Δt) that is a maximum value of one or more differences thus 

calculated.  Even when the number of times (n) of decisions of presence is equal to or greater 

than the predetermined number of times (N) but the maximum difference (Δt) is greater than a 
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threshold value (Δt0), the control unit (225) also makes the second determination unit (224) decide 

that the mobile device (40) be absent from the target area (A10) during the target period. 

[0213] This aspect (i.e., a first method) contributes to improving the accuracy of decision by 

using the maximum difference (Δt) that is the maximum value of the time lag between multiple 

decisions of presence during the target period. 

[0214] In an area determination system (10) according to a fifth aspect, which may be 

implemented in conjunction with any one of the first to fourth aspects, the control unit (225) 

extends the target period when the first determination unit (222) has made, even after the target 

period has passed, a decision similar to a decision made by the second determination unit (224) 

during the target period. 

[0215] This aspect (a second method which may be used in combination with the first method) 

contributes to improving the accuracy of decision by extending the target period, if the first 

determination unit (222) continues to make similar decisions even after the second determination 

unit (224) has made a decision with respect to the target period. 

[0216] In an area determination system (10) according to a sixth aspect, which may be 

implemented in conjunction with the fifth aspect, the control unit (225) postpones an end of the 

target period for a predetermined time (ΔT) when the first determination unit (222) decides, within 

the predetermined time (ΔT) since the second determination unit (224) has decided that the mobile 

device (40) be present in the target area (A10) during the target period, that the mobile device (40) 

be present in the target area (A10). 

[0217] This aspect contributes, if the first determination unit (222) continues to make decisions 

of presence even after the second determination unit (224) has made a decision of presence with 

respect to the target period, to improving the accuracy of decision by extending the target period. 

[0218] In an area determination system (10) according to a seventh aspect, which may be 

implemented in conjunction with the fifth or sixth aspect, the control unit (225) postpones an end 

of the target period for a predetermined time (ΔT) when the first determination unit (222) decides, 

within the predetermined time (ΔT) since the second determination unit (224) has decided that the 

mobile device (40) be absent from the target area (A10) during the target period, that the mobile 

device (40) be absent from the target area (A10). 

[0219] This aspect contributes, if the first determination unit (222) continues to make decisions 

of absence even after the second determination unit (224) has made a decision of absence with 

respect to the target period, to improving the accuracy of decision by extending the target period. 

[0220] In an area determination system (10) according to an eighth aspect, which may be 

implemented in conjunction with any one of the first to fourth aspects, the control unit (225) adopts, 
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in a next target period following the target period, a weighted value, obtained by adding a weight 

to a value in the target period, with respect to at least one of the predetermined length (T) or the 

predetermined number of times (N) depending on the decision made by the second determination 

unit (224) during the target period. 

[0221] This aspect (i.e., a third method which may be adopted in combination with the first 

method) contributes to improving the accuracy of decision by adding a weight to at least one of 

the predetermined length (T) or the predetermined period (T) in the next target period depending 

on the decision made during the target period. 

[0222] In an area determination system (10) according to a ninth aspect, which may be 

implemented in conjunction with the eighth aspect, when the second determination unit (224) has 

decided that the mobile device (40) be absent from the target area (A10) during the target period, 

the control unit (225) adopts, in the next target period, at least one of a first weighted value (α1×T) 

or a second weighted value (β1×N).  The first weighted value (α1×T) is a weighted value 

calculated by multiplying a value (T) of the predetermined length (T) in the target period by a 

weighting coefficient (α1, where α1 < 1) less than 1.  The second weighted value (β1×N) is a 

weighted value calculated by multiplying a value of the predetermined number of times (N) in the 

target period by a weighting coefficient (β1, where β1 > 1) greater than 1. 

[0223] This aspect contributes to improving the accuracy of decision by adopting, in response to 

a decision of absence made with respect to the target period, at least one of a first weighted value 

(α1×T, where α1 < 1) or a second weighted value (β1×N, where β1 > 1) in the next target period. 

[0224] In an area determination system (10) according to a tenth aspect, which may be 

implemented in conjunction with the ninth aspect, when the second determination unit (224) has 

decided that the mobile device (40) be absent from the target area (A10) during the target period 

and the next target period overlaps with a reserved period of the target area (A10), the control unit 

(225) adopts the first weighted value (α1×T) with respect to the predetermined length (T) in the 

next target period. 

[0225] This aspect contributes to improving the accuracy of decision by adopting the first 

weighted value (α1×T) in the next target period when a decision of absence is made with respect 

to the target period and the next target period overlaps with the reserved period. 

[0226] In an area determination system (10) according to an eleventh aspect, which may be 

implemented in conjunction with the ninth or tenth aspect, when the second determination unit 

(224) has decided that the mobile device (40) be present in the target area (A10) during the target 

period, the control unit (225) adopts, in the next target period, at least one of a third weighted value 

(α2×T) or a fourth weighted value (β2×N).  The third weighted value (α2×T) is a weighted value 
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calculated by multiplying a value (T) of the predetermined length (T) in the target period by a 

weighting coefficient (α2, where α2 > 1) greater than 1.  The fourth weighted value (β2×N) is a 

weighted value calculated by multiplying a value of the predetermined number of times (N) in the 

target period by a weighting coefficient (β2, where β2 > 1) less than 1. 

[0227] This aspect contributes to improving the accuracy of decision by adopting, when a 

decision of presence is made with respect to the target period, at least one of the third weighted 

value (α2×T) or the fourth weighted value (β2×N) in the next target period. 

[0228] In an area determination system (10) according to a twelfth aspect, which may be 

implemented in conjunction with the eleventh aspect, when the second determination unit (224) 

has decided that the mobile device (40) be present in the target area (A10) during the target period 

and the next target period overlaps with a reserved period of the target area (A10), the control unit 

(225) adopts the third weighted value (α2×T) with respect to the predetermined length (T) in the 

next target period. 

[0229] This aspect contributes to improving the accuracy of decision by adopting, when a 

decision of presence is made with respect to the target period and the next target period overlaps 

with the reserved period, the third weighted value (α1×T) in the next target period. 

[0230] An area determination method according to a thirteenth aspect includes a detection step 

(S4), a first determination step (S5), an obtaining step (S7), a second determination step (S10, S13, 

and S14), and a control step (S11 and S12, S15 and S18, and S13a and S14b).  The detection step 

(S4) includes detecting, based on a received signal strength of a wireless signal (W10) being 

transmitted and received to/from a mobile device (40), location of the mobile device (40) to acquire 

mobile device location information indicating a result of detection.  The first determination step 

(S5) includes determining, based on the mobile device location information, whether the mobile 

device (40) is present in a target area (A10).  The obtaining step (S7) includes obtaining a number 

of times (n) of decisions of presence.  The number of times (n) of decisions of presence indicates 

a numerical number of times that a decision has been made in the first determination step (S5) that 

the mobile device (40) be present in the target area (A10) during a target period having a 

predetermined length (T).  The second determination step (S10, S13, and S14) includes deciding, 

when the number of times (n) of decisions of presence is equal to or greater than a predetermined 

number of times (N), that the mobile device (40) be present in the target area (A10) during the 

target period and deciding, when the number of times (n) of decisions of presence is less than the 

predetermined number of times (N), that the mobile device (40) be absent from the target area 

(A10) during the target period.  The control step (S11 and S12, S15 and S18, and S13a and S14b) 

includes controlling, using at least one selected from the group consisting of a time lag between 



38 

 

   

multiple decisions of presence during the target period, the predetermined length (T), and the 

predetermined number of times (N), either determination processing in the second determination 

step (S10, S13, and S14) or decisions made in the second determination step (S10, S13, and S14). 

[0231] This aspect contributes to more accurately determining whether the mobile device (40) is 

present in, or absent from, the target area (A10). 

[0232] A program according to a fourteenth aspect is designed to cause one or more processors 

to perform the area determination method according to the thirteenth aspect. 

[0233] This aspect contributes to more accurately determining whether the mobile device (40) is 

present in, or absent from, the target area (A10). 

 

Reference Signs List 

[0234] 10 Area Determination System 

 20 Server 

 21 Acceptance Unit 

 22 Processing Unit 

 221 Detection Unit 

 222 First Determination Unit 

 223 Obtaining Unit 

 224 Second Determination Unit 

 225 Control Unit 

 23 Output Unit 

 30 Terminal 

 40 Mobile Device 

 T Predetermined Length 

 N  Predetermined Number of Times 

 Δt Maximum Difference 

 Δt0 Threshold Value 

 ΔT Predetermined Time 

 W10 Wireless Signal 

 A10–A16 Target Area 
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CLAIMS 

 

1. An area determination system comprising: 

 a detection unit configured to detect, based on a received signal strength of a wireless 

signal being transmitted and received to/from a mobile device, location of the mobile device to 

acquire mobile device location information indicating a result of detection; 

 a first determination unit configured to determine, based on the mobile device location 

information, whether the mobile device is present in a target area; 

 an obtaining unit configured to obtain a number of times of decisions of presence 

indicating a numerical number of times that the first determination unit has decided that the mobile 

device be present in the target area during a target period having a predetermined length; 

 a second determination unit configured to decide, when the number of times of decisions 

of presence is equal to or greater than a predetermined number of times, that the mobile device be 

present in the target area during the target period and decide, when the number of times of 

decisions of presence is less than the predetermined number of times, that the mobile device be 

absent from the target area during the target period; and 

 a control unit configured to control, using at least one selected from the group consisting 

of a time lag between multiple decisions of presence during the target period, the predetermined 

length, and the predetermined number of times, either determination processing by the second 

determination unit or decisions made by the second determination unit. 

 

2. The area determination system of claim 1, wherein 

 the mobile device includes one member selected from the group consisting of a 

transmitter configured to transmit the wireless signal either at regular intervals or at irregular 

intervals and a receiver configured to receive the wireless signal, and 

 the detection unit is configured to detect, via a terminal including the other member 

selected from the group consisting of the transmitter and the receiver, the location of the mobile 

device based on a received signal strength of the wireless signal at the receiver. 

 

3. The area determination system of claim 1 or 2, wherein 

 the detection unit is configured to acquire timestamp information indicating a point in 

time when the location has been detected and accumulate the timestamp information in association 
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with the mobile device location information, and 

 the first determination unit is configured to accumulate, in association with the timestamp 

information, either presence information indicating a decision of presence or absence information 

indicating a decision of absence. 

 

4. The area determination system of claim 3, wherein 

 the control unit is configured to, when the number of times of decisions of presence is 

equal to or greater than the predetermined number of times, calculate a difference between two 

pieces of timestamp information corresponding to two pieces of presence information acquired 

during the target period which are adjacent to each other and obtain a maximum difference that is 

a maximum value of one or more differences thus calculated, and 

 the control unit is also configured to, even when the number of times of decisions of 

presence is equal to or greater than the predetermined number of times but the maximum difference 

is greater than a threshold value, make the second determination unit decide that the mobile device 

be absent from the target area during the target period. 

 

5. The area determination system of any one of claims 1 to 4, wherein 

 the control unit is configured to extend the target period when the first determination unit 

has made, even after the target period has passed, a decision similar to a decision made by the 

second determination unit in the target period. 

 

6. The area determination system of claim 5, wherein 

 the control unit is configured to postpone an end of the target period for a predetermined 

time when the first determination unit decides, within the predetermined time since the second 

determination unit has decided that the mobile device be present in the target area during the target 

period, that the mobile device be present in the target area. 

 

7. The area determination system of claim 5 or 6, wherein 

 the control unit is configured to postpone an end of the target period for a predetermined 

time when the first determination unit decides, within the predetermined time since the second 

determination unit has decided that the mobile device be absent from the target area during the 

target period, that the mobile device be absent from the target area. 

 

8. The area determination system of any one of claims 1 to 4, wherein 
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 the control unit is configured to adopt, in a next target period following the target period, 

a weighted value, obtained by adding a weight to a value in the target period, with respect to at 

least one of the predetermined length or the predetermined number of times depending on the 

decision made by the second determination unit during the target period. 

 

9. The area determination system of claim 8, wherein 

 the control unit is configured to, when the second determination unit has decided that the 

mobile device be absent from the target area during the target period, adopt, in the next target 

period, at least one of a first weighted value with respect to the predetermined length or a second 

weighted value with respect to the predetermined number of times, the first weighted value being 

calculated by multiplying a value of the predetermined length in the target period by a weighting 

coefficient less than 1, the second weighted value being calculated by multiplying a value of the 

predetermined number of times in the target period by a weighting coefficient greater than 1. 

 

10. The area determination system of claim 9, wherein 

 the control unit is configured to, when the second determination unit has decided that the 

mobile device be absent from the target area during the target period and the next target period 

overlaps with a reserved period of the target area, adopt the first weighted value with respect to 

the predetermined length in the next target period. 

 

11. The area determination system of claim 9 or 10, wherein 

 the control unit is configured to, when the second determination unit has decided that the 

mobile device be present in the target area during the target period, adopt, in the next target period, 

at least one of a third weighted value with respect to the predetermined length or a fourth weighted 

value with respect to the predetermined number of times, the third weighted value being calculated 

by multiplying a value of the predetermined length in the target period by a weighting coefficient 

greater than 1, the fourth weighted value being calculated by multiplying a value of the 

predetermined number of times in the target period by a weighting coefficient less than 1. 

 

12. The area determination system of claim 11, wherein 

 the control unit is configured to, when the second determination unit has decided that the 

mobile device be present in the target area during the target period and the next target period 

overlaps with a reserved period of the target area, adopt the third weighted value with respect to 

the predetermined length in the next target period. 
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13. An area determination method comprising: 

 a detection step including detecting, based on a received signal strength of a wireless 

signal being transmitted and received to/from a mobile device, location of the mobile device to 

acquire mobile device location information indicating a result of detection; 

 a first determination step including determining, based on the mobile device location 

information, whether the mobile device is present in a target area; 

 an obtaining step including obtaining a number of times of decisions of presence 

indicating a numerical number of times that a decision has been made in the first determination 

step that the mobile device be present in the target area during a target period having a 

predetermined length; 

 a second determination step including deciding, when the number of times of decisions 

of presence is equal to or greater than a predetermined number of times, that the mobile device be 

present in the target area during the target period and deciding, when the number of times of 

decisions of presence is less than the predetermined number of times, that the mobile device be 

absent from the target area during the target period; and 

 a control step including controlling, using at least one selected from the group consisting 

of a time lag between multiple decisions of presence during the target period, the predetermined 

length, and the predetermined number of times, either determination processing in the second 

determination step or decisions made in the second determination step. 

 

14. A program designed to cause one or more processors to perform the area determination 

method of claim 13. 

  




