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DESCRIPTION
REGION RECOMMENDATION DEVICE

TECHNICAL FIELD

The present disclosure relates to a region recommendation device.
BACKGROUND ART

There is a technique of recommending a comfortable seat for a target person at the
time of entering a room in a free address space such as a shared office. The apparatus
disclosed in PTL 1 (Japanese Unexamined Patent Application Publication No. 2014-214975)
recommends a seat that is comfortable for a target person by using environmental information
such as a temperature, a humidity, and an illuminance.
SUMMARY OF INVENTION
<Technical Problem>

When determining a comfortable seat for a target person, it is not possible to make
sufficient determination only by the environmental information.
<Solution to Problem>

A region recommendation device according to a first aspect determines one or more
recommended regions to be recommended to a target person from among a plurality of target
regions in a target space. The region recommendation device includes a usage information
acquiring unit, an environmental information acquiring unit, a non-environmental
information acquiring unit, an information storage unit, and a recommended region
determining unit. The usage information acquiring unit acquires usage information including
at least one of a past usage history of the target regions and current availability of the target
regions. The environmental information acquiring unit acquires environmental information
regarding an indoor environment in the target regions. The non-environmental information
acquiring unit acquires, as non-environmental information, at least one of biological
information of a person in the target space and region feature information regarding
equipment and peripheral information in the target regions. The information storage unit
stores information acquired by the usage information acquiring unit, the environmental
information acquiring unit, and the non-environmental information acquiring unit. The
recommended region determining unit quantifies the information stored in the information
storage unit as one or more multi-dimensional information points in a multi-dimensional
space, calculates a degree of similarity between the multi-dimensional information points,
and determines the one or more recommended regions.

In the region recommendation device according to the first aspect, the recommended
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region determining unit determines the one or more recommended regions in consideration of
not only the environmental information but also the non-environmental information when
determining the one or more recommended regions. Therefore, the region recommendation
device can determine a region or regions comfortable for the target person in consideration of
more information.

In the region recommendation device according to the first aspect, the recommended
region determining unit quantifies the information stored in the information storage unit as
one or more multi-dimensional information points in a multi-dimensional space, and
determines the one or more recommended regions. Accordingly, the region recommendation
device can determine the one or more recommended regions by comprehensively quantifying
various pieces of information with one measure.

A region recommendation device according to a second aspect is the region
recommendation device according to the first aspect in which the environmental information
includes at least one of a temperature, a humidity, an illuminance, a color of illumination, and
a noise.

A region recommendation device according to a third aspect is the region
recommendation device according to the first or second aspect in which the biological
information includes at least one of a body surface temperature, a core body temperature, and
a pulse.

A region recommendation device according to a fourth aspect is the region
recommendation device according to any one of the first to third aspects in which the region
feature information includes at least one of a type of chair, a type of table, personal use or
shared use, whether a window is near, a population density, presence or absence of an outlet,
and proximity of OA equipment in the target regions.

A region recommendation device according to a fifth aspect is the region
recommendation device according to any one of the first to fourth aspects in which, regarding
the target person and the target regions, the recommended region determining unit quantifies
the usage information, the environmental information, and the non-environmental
information of a past as one or more past multi-dimensional information points in the multi-
dimensional space, and quantifies the usage information, the environmental information, and
the non-environmental information of present as one or more current multi-dimensional
information points in the multi-dimensional space.

A region recommendation device according to a sixth aspect is the region

recommendation device according to the fifth aspect in which the recommended region
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determining unit defines a multi-dimensional comfortable region including all or some of the
one or more past multi-dimensional information points, calculates a multi-dimensional
comfortable region centroid that is the centroid of the one or more past multi-dimensional
information points included in the multi-dimensional comfortable region, and determines the
one or more recommended regions on the basis of the multi-dimensional comfortable region
centroid and the one or more current multi-dimensional information points.
BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a plan view of a target space.

Fig. 2A is a configuration diagram of a region recommendation device.

Fig. 2B is a configuration diagram of the region recommendation device.

Fig. 2C is a configuration diagram of the region recommendation device.

Fig. 3 is a diagram illustrating region information.

Fig. 4 is a diagram illustrating user information.

Fig. 5 is a diagram illustrating usage information.

Fig. 6 is a diagram illustrating environmental information.

Fig. 7 is a diagram illustrating biological information.

Fig. 8 is a diagram illustrating region feature information.

Fig. 9 is a diagram illustrating a screen of signage.

Fig. 10A is a flowchart of a recommended region determining process.

Fig. 10B is the flowchart of the recommended region determining process.

Fig. 11 is a diagram illustrating past usage information.

Fig. 12 is a diagram illustrating past information.

Fig. 13 is a diagram illustrating past multi-dimensional information points.

Fig. 14A is a diagram illustrating past multi-dimensional information points in a multi-
dimensional space.

Fig. 14B illustrates past multi-dimensional information points and multi-dimensional
comfortable region after data cleaning.

Fig. 14C illustrates a multi-dimensional comfortable region centroid.

Fig. 14D illustrates current multi-dimensional information points in a multi-
dimensional space.

Fig. 14E is a diagram illustrating a distance between a multi-dimensional comfortable
region centroid and current multi-dimensional information points.

Fig. 15 is a diagram illustrating usage information regarding currently unused target

regions.
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Fig. 16 is a diagram illustrating current information.

Fig. 17 illustrates current multi-dimensional information points.
DESCRIPTION OF EMBODIMENTS

(1) Overall Configuration

A region recommendation device 100 determines one or more recommended regions
R81 to be recommended to a target person from among a plurality of target regions 81 in a
target space 80. The target space 80 is, for example, a free address space such as a shared
office. Fig. 1 illustrates a plan view of the target space 80. The region recommendation device
100 is installed near an entrance 83 of the target space 80, for example. The target regions 81
are a plurality of regions provided to users of the target space 80. The target regions 81 are
given regions such as seats, rooms, or spaces. In Fig. 1, a single-person seat 81a, a two-
person seat 81b, and a meeting room 81c are illustrated as examples of the target regions 81.
Here, the term "user" is used to mean a user of the target space 80. The term "target person"” is
used to mean a person who receives region recommendation by the region recommendation
device 100 among users of the target space 80.

As illustrated in Fig. 2A, the region recommendation device 100 mainly includes a
usage information acquiring unit 10, an environmental information acquiring unit 20, a non-
environmental information acquiring unit 30, an information storage unit 40, a recommended
region determining unit 50, an input unit 90, and an output unit 91.

The region recommendation device 100 further includes a control arithmetic device
and a storage device. A processor such as a CPU or a GPU can be used as the control
arithmetic device. The control arithmetic device reads a program stored in the storage device
and performs predetermined image processing and arithmetic processing in accordance with
the program. Furthermore, the control arithmetic device can write an arithmetic result into the
storage device and read information stored in the storage device according to the program.
The usage information acquiring unit 10, the environmental information acquiring unit 20,
the non-environmental information acquiring unit 30, the information storage unit 40, the
recommended region determining unit 50, the input unit 90, and the output unit 91 are
various functional blocks implemented by the control arithmetic device.

(2) Detailed Configuration

(2-1) Usage Information Acquiring Unit

The usage information acquiring unit 10 acquires usage information 11 including at
least one of a past usage history of the target regions 81 and current availability of the target

regions 81. Fig. 2B is a diagram illustrating details of the usage information acquiring unit 10,
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the environmental information acquiring unit 20, and the non-environmental information
acquiring unit 30 in Fig. 2A. As illustrated in Fig. 2B, the usage information acquiring unit 10
includes a region information acquiring unit 12, a user information acquiring unit 14, and an
authenticating unit 16.

(2-1-1) Region Information Acquiring Unit

As illustrated in Fig. 2B, the region information acquiring unit 12 acquires region
information 13 that is information regarding the target regions 81.

Fig. 3 illustrates an example of the region information 13. The region information 13
includes "target region" and "range" as main items. Items subsequent to "color of
illumination" will be described later.

The names of the target regions 81 are stored as "target region". In Fig. 3, "seat A" and
the like are stored.

Coordinate ranges of "target region" are stored as "range". In Fig. 3, "range A" and the
like are stored.

The region information 13 has content that can be set in advance.

(2-1-2) User Information Acquiring Unit

As illustrated in Fig. 2B, the user information acquiring unit 14 acquires user
information 15 that is information regarding users of the target space 80.

Fig. 4 illustrates an example of the user information 15. The user information 15
includes "user ID", "name", and "face image" as main items.

The user information acquiring unit 14 registers users of the target space 80. The user
information acquiring unit 14 receives information such as "name" and "face image" from the
users, and issues "user ID" that uniquely identifies the users. These pieces of information are
stored in the user information 15. In Fig. 4, "100" and the like are stored as "user ID", "AA"
and the like are stored as "name", and "/pic/aaa.jpeg" and the like are stored as "face images".

(2-1-3) Authenticating Unit

The authenticating unit 16 authenticates users in the target space 80. For example, face
authentication, fingerprint authentication, password authentication, or the like is used for
authentication. In the present embodiment, the authenticating unit 16 authenticates the users
by face authentication. Specifically, as illustrated in Fig. 2B, the authenticating unit 16
authenticates the users on the basis of face images detected in the target space 80 and the user
information 15. For example, an object detection camera or the like is used to detect the face
images. In Fig. 2B, an object detection camera or the like is illustrated as a detector D.

The authenticating unit 16 can output user IDs of the authenticated users.

5



10

15

20

25

30

(2-1-4) Usage Information

As illustrated in the Fig. 2B, the usage information acquiring unit 10 acquires the
usage information 11 from the region information 13, the user information 15, and the
function of the authenticating unit 16.

Fig. 5 illustrates an example of the usage information 11. The usage information 11
includes "target region", "date", "time", and "user ID" as main items.

The "target region" is acquired from "target region" of the region information 13. In
Fig. 5, "seat A" and the like are stored.

A date on which the usage information 11 is acquired is stored as "date". In Fig. 5,
"Jan. 29, 2020" is stored. "Date" is acquired from, for example, an internal timer of the
control arithmetic device included in the region recommendation device 100.

A time at which the usage information 11 is acquired is stored as "time". In the present
embodiment, the usage information 11, and environmental information 21 and non-
environmental information 31, which will be described later, are acquired every hour.
Therefore, in Fig. 5, the time of every hour such as "10:00" and "11:00" is stored. "Time" is
acquired from, for example, the internal timer or the like of the control arithmetic device
included in the region recommendation device 100.

User IDs of users who use "target region" at "time" and on "date" are stored as "user
ID". In Fig. 5, "100", "NULL", and the like are stored. "NULL" indicates that "target region"
is not used. "User ID" is acquired from the region information 13, the user information 15,
and the function of the authenticating unit 16.

Specifically, a method of acquiring the usage information 11 acquired at 11:00 on Jan.
29, 2020 will be described. First, the record in the first row of the region information 13
illustrated in Fig. 3 is acquired. "Target region" of the record is "seat A". This "seat A" is
stored as "target region" of the usage information 11. Since the usage information 11 is
acquired at 11:00 on Jan. 29, 2020, "Jan. 29, 2020" and "11:00" are stored as "date" and
"time" of the usage information 11, respectively. In order to acquire "user ID" of the usage
information 11, the usage information acquiring unit 10 authenticates a user in "range A"
using the authenticating unit 16 since "range" of the record in the first row of the region
information 13 illustrated in Fig. 3 is "range A". Since "100" is output as "user ID" as a result
of the authentication, "100" is stored as "user ID" of the usage information 11. The record
acquired here corresponds to the record in the second row of the usage information 11 in Fig.
5. When this process is performed on all records of the region information 13, the usage

information 11 at 11:00 on Jan. 29, 2020 can be acquired.
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The following can be found from the usage information 11 in Fig. 5. "Seat A" is used
by a user with user ID "100" at the time points "10:00" and "11:00". "Seat B" is used by a
user with user ID "200" at "10:00", but is not used by anyone at "11:00". "Seat C" is used by
a user with user ID "300" at "10:00", but is used by a user with user ID "400" at "11:00".

(2-2) Environmental Information Acquiring Unit

As illustrated in Fig. 2B, the environmental information acquiring unit 20 acquires the
environmental information 21 regarding an indoor environment in the target regions 81. The
environmental information 21 includes at least one of a temperature, a humidity, an
illuminance, a color of illumination, and a noise.

Fig. 6 illustrates an example of the environmental information 21. The environmental

non

information 21 includes, as main items, "target region", "date", "time", "temperature",
"humidity", "illuminance", "color of illumination", and "noise".

"Target region", "date", and "time" are as described above.

The temperature, the humidity, the illuminance, and the noise of "target region" at
"time" and on "date" are stored as "temperature”, "humidity", "illuminance", and "noise".

The color of illumination of "target region" is stored as "color of illumination".

"Temperature" is acquired from, for example, a temperature sensor or the like. In Fig.
6, values ranging from 20°C to 22°C are stored.

"Humidity" is acquired from, for example, a humidity sensor or the like. In Fig. 6,
values ranging from 49% to 52% are stored.

"Illuminance" is acquired from, for example, an illuminance sensor or the like. In Fig.
6, values ranging from 300 Ix to 750 Ix are stored.

"Color of illumination" is acquired from "color of illumination" of the region
information 13 illustrated in Fig. 3. In Fig. 6, "incandescent”, "natural white", and "daylight"
are stored.

"Noise" is acquired from, for example, a sound collecting microphone or the like. In
Fig. 6, values ranging from 20 dB to 40 dB are stored.

In Fig. 2B, the above temperature sensor and the like are illustrated as the detector D.

Specifically, a method of acquiring the environmental information 21 acquired at
11:00 on Jan. 29, 2020 will be described. First, the record in the first row of the region
information 13 illustrated in Fig. 3 is acquired. "Target region" of the record is "seat A". This
"seat A" is stored as "target region" of the environmental information 21. Since the

environmental information 21 is acquired at 11:00 on Jan. 29, 2020, "Jan. 29, 2020" and

"11:00" are stored as "date" and "time" of the environmental information 21, respectively.
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Values acquired from the temperature sensor and the like at 11:00 on Jan. 29, 2020 are stored
as "temperature”, "humidity", "illuminance", and "noise" of the environmental information 21.
Since "color of illumination" in the record in the first row of the region information 13
illustrated in Fig. 3 is "incandescent", "incandescent" is stored as "color of illumination" of
the environmental information 21. The record acquired here corresponds to the record in the
second row of the environmental information 21 in Fig. 6. When this process is performed on
all records of the region information 13, the environmental information 21 at 11:00 on Jan. 29,
2020 can be acquired.

(2-3) Non-Environmental Information Acquiring Unit

As illustrated in Fig. 2B, the non-environmental information acquiring unit 30
acquires, as the non-environmental information 31, at least one of biological information 31a
of a person in the target space 80 and region feature information 31b regarding equipment
and peripheral information in the target regions 81.

(2-3-1) Biological Information

The biological information 31a includes at least one of a body surface temperature, a
core body temperature, and a pulse.

Fig. 7 illustrates an example of the biological information 31a. The biological
information 31a includes, as main items, "user ID", "date", "time", "body surface

non

temperature", "core body temperature”, and "pulse".

"User ID" is acquired from the user information 15 and the function of the
authenticating unit 16. In Fig. 7, "100" and the like are stored.

"Date" and "time" are as described above.

The body surface temperature, the core body temperature, and the pulse of a user
indicated by "user ID" at "time" and on "date" are stored as "body surface temperature", "core
body temperature", and "pulse", respectively.

"Body surface temperature" is acquired from, for example, a thermocamera or the like.
In Fig. 7, values ranging from 33°C to 35°C are stored.

"Core body temperature” is acquired from, for example, a non-contact vital sensor or
the like. In Fig. 7, values ranging from 36.3°C to 37°C are stored.

The "pulse" is acquired from, for example, a non-contact vital sensor or the like. In
Fig. 7, values ranging from 65 times/minute to 90 times/minute are stored.

In Fig. 2B, the above thermocamera or the like is illustrated as the detector D.

Specifically, a method of acquiring the biological information 31a acquired at 11:00

on Jan. 29, 2020 will be described. The non-environmental information acquiring unit 30
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authenticates users in the target space 80 by the function of the authenticating unit 16. For
example, it is assumed that a user whose "user ID" is "100" is authenticated. At this time,
"100" is stored as "user ID" of the biological information 31a. Since the biological
information 31a is acquired at 11:00 on Jan. 29, 2020, "Jan. 29, 2020" and "11:00" are stored
as "date" and "time" of the biological information 31a, respectively. Values acquired from a
thermocamera or the like at 11:00 on Jan. 29, 2020 are stored as "body surface temperature",
"core body temperature”, and "pulse". The record acquired here corresponds to the record in
the second row of the biological information 31a in Fig. 7. When this process is performed
for all users in the target space 80, the biological information 31a at 11:00 on Jan. 29, 2020
can be acquired.

(2-3-2) Region Feature Information

The region feature information 31b includes at least one of a type of chair, a type of
table, a personal seat or not, whether a window is near, a population density, the presence or
absence of an outlet, and the proximity of OA equipment in the target regions 81.

Fig. 8 illustrates an example of the region feature information 31b. The region feature

information 31b includes, as main items, "target region", "date", "time", "type of chair

, "type
of table", "personal use or shared use", "whether window is near", "population density",
"presence or absence of outlet”, and "proximity of OA equipment".

The type of chair, the type of table, a personal seat or not, whether a window is near,
the presence or absence of an outlet, and the proximity of OA equipment in "target region"

"non non n.on

are stored as "type of chair", " type of table", "personal use or shared use", "whether window
is near", "presence or absence of outlet”, and "proximity of OA equipment".

The population density of "target region" at "time" and on "date" is stored as
"population density".

"Target region", "date", and "time" are as described above.

non non non

"Type of chair", "type of table", "personal use or shared use", "whether window is

"non

near", "presence or absence of outlet", and "proximity of OA equipment" are acquired from
"type of chair", "type of table", "personal use or shared use", "whether window is near",
"presence or absence of outlet", and "proximity of OA equipment" of the region information
13 illustrated in Fig. 3.

In Fig. 8, "desk chair A" and the like are stored as "type of chair". "Desk chair A" and
the like are values categorized in advance.

In Fig. 8, "desk table B" and the like are stored as "type of table". "Desk table B" and

the like are values categorized in advance.
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In Fig. 8, "personal use" and "shared use" are stored as "personal use or shared use".

In Fig. 8, "Yes" and "No" are stored as "whether window is near".

In Fig. 8, "presence" and "absence" are stored as "presence or absence of outlet".

In Fig. 8, "within 15 m" and the like are stored as "proximity of OA equipment".
"Within 15 m" and the like are values obtained by categorizing the distances from the target
regions 81 to OA equipment in advance.

"Population density" is the number of people within predetermined ranges from the
target regions 81. "Population density" is calculated using an object detection camera or the
like, for example. In Fig. 2B, an object detection camera or the like is illustrated as a detector
D. In Fig. 8, values ranging from 2 to 4 people are stored.

Specifically, a method of acquiring the region feature information 31b acquired at
11:00 on Jan. 29, 2020 will be described. First, the record in the first row of the region
information 13 illustrated in Fig. 3 is acquired. "Target region" of the record is "seat A". This
"seat A" is stored as "target region" of the region feature information 31b. Since the region
feature information 31b is acquired at 11:00 on Jan. 29, 2020, "Jan. 29, 2020" and "11:00" are
stored as "date" and "time" of the region feature information 31b, respectively. "Desk chair
A" and the like that are values of the same item name of the record in the first row of the

non non

region information 13 are stored as "type of chair", "type of table", "personal use or shared
use", "whether window is near", "presence or absence of outlet", and "proximity of OA
equipment" of the region feature information 31b. Values calculated using an object detection
camera or the like at 11:00 on Jan. 29, 2020 are stored as "population density" of the region
feature information 31b. The record acquired here corresponds to the record in the second
row of the region feature information 31b in Fig. 8. When this process is performed on all
records of the region information 13, the region feature information 31b at 11:00 on Jan. 29,
2020 can be acquired.

(2-4) Information Storage Unit

Fig. 2C is a diagram illustrating details of the information storage unit 40, the
recommended region determining unit 50, the input unit 90, and the output unit 91 in Fig. 2A.
As illustrated in Fig. 2C, the information storage unit 40 stores the usage information 11
acquired by the usage information acquiring unit 10, the environmental information 21
acquired by the environmental information acquiring unit 20, and the biological information
31a and the region feature information 31b acquired by the non-environmental information
acquiring unit 30. These pieces of information are stored in the storage device included in the

region recommendation device 100.
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(2-5) Recommended Region Determining Unit

As illustrated in Fig. 2C, when a target person receives region recommendation, the
recommended region determining unit 50 quantifies the information stored in the information
storage unit 40 as one or more multi-dimensional information points 71 in a multi-
dimensional space 70, calculates a degree of similarity between the multi-dimensional
information points 71, and determines a recommended region R81.

Specifically, regarding the target person and the target regions 81, the recommended
region determining unit 50 quantifies the usage information 11, the environmental
information 21, and the non-environmental information 31 of the past as one or more past
multi-dimensional information points 71a in the multi-dimensional space 70, and quantifies
the usage information 11, the environmental information 21, and the non-environmental
information 31 of the present as one or more current multi-dimensional information points
71b in the multi-dimensional space 70.

The usage information 11, the environmental information 21, and the non-
environmental information 31 of the past regarding the target person and the target regions 81
are the usage information 11, the environmental information 21, and the non-environmental
information 31 regarding the target person and the target regions 81 stored before the date
and time when the target person receives the region recommendation. Quantifying these
pieces of information as the one or more past multi-dimensional information points 71a in the
multi-dimensional space 70 refers to creating unified past information 74 by joining these
pieces of information, quantifying the past information 74, and acquiring the one or more past
multi-dimensional information points 71a. Since the one or more past multi-dimensional
information points 71a are quantified, they can be mapped to the multi-dimensional space 70
having each item of the one or more past multi-dimensional information points 71a as an axis.

The usage information 11, the environmental information 21, and the non-
environmental information 31 of the present regarding the target person and the target regions
81 are the usage information 11, the environmental information 21, and the non-
environmental information 31 regarding the target person and the unused target regions 81 at
the date and time when the target person receives the region recommendation. Quantifying
these pieces of information as the one or more current multi-dimensional information points
71b in the multi-dimensional space 70 refers to creating unified current information 75 by
joining these pieces of information, quantifying the current information 75, and acquiring the
one or more current multi-dimensional information points 71b. Since the one or more current

multi-dimensional information points 71b are quantified, they can be mapped to the multi-
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dimensional space 70 having each item of the one or more current multi-dimensional
information points 71b as an axis.

The recommended region determining unit 50 further defines a multi-dimensional
comfortable region 72 including all or some of the one or more past multi-dimensional
information points 71a, calculates a multi-dimensional comfortable region centroid 73 that is
the centroid of the one or more past multi-dimensional information points 71a included in the
multi-dimensional comfortable region 72, and determines the recommended region R81 on
the basis of the multi-dimensional comfortable region centroid 73 and the current multi-
dimensional information points 71b.

The definition of the multi-dimensional comfortable region 72 including all or some of
the one or more past multi-dimensional information points 71a means that data cleaning such
as outlier exclusion is performed on the one or more past multi-dimensional information
points 71a, and a region in the multi-dimensional space 70 including the one or more past
multi-dimensional information points 71a after the data cleaning is defined as the multi-
dimensional comfortable region 72. When the multi-dimensional comfortable region 72 is
defined, the multi-dimensional comfortable region centroid 73 that is the centroid of the one
or more past multi-dimensional information points 71a included in the multi-dimensional
comfortable region 72 is calculated. Then, distances are defined in the multi-dimensional
space 70 as degrees of similarity between the multi-dimensional information points 71, and
distances between the multi-dimensional comfortable region centroid 73 and each of current
multi-dimensional information points 71b are calculated. The recommended region
determining unit 50 determines, as the recommended region R81, a target region 81
associated with the current multi-dimensional information point 71b closest from the multi-
dimensional comfortable region centroid 73.

Details of a recommended region determining process will be described later.

(2-6) Input Unit

As illustrated in Fig. 2C, the input unit 90 receives an instruction to start the
recommended region determining process from the target person through an input device 90a,
and transmits the instruction to the recommended region determining unit 50. The input
device 90a is, for example, a screen of signage 92 including a touch panel. Fig. 9 illustrates
the screen of the signage 92 including a touch panel. In Fig. 9, a recommendation execution
button 93 is illustrated as one related to the input unit 90. When the target person touches the
recommendation execution button 93, the recommended region determining process is started

by the function of the input unit 90.
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(2-7) Output Unit

As illustrated in Fig. 2C, the output unit 91 receives the region information 13 of the
recommended region R81 from the recommended region determining unit 50 and outputs the
region information 13 on an output device 91a. The output unit 91 performs screen output,
audio output, and the like. In the present embodiment, a case of screen output is assumed.
The output device 91a is, for example, a screen of the signage 92. Fig. 9 illustrates the
recommended region R81 and the layout diagram of the target space 80 as those related to the
output unit 91. In Fig. 9, "seat A" is output as the name of the recommended region R81. In
the layout diagram of the target space 80, the position of "seat A", which is the recommended
region R81, is indicated by an arrow.

(3) Recommended Region Determining Process

The recommended region determining process will be described with reference to the
flowchart in Fig. 10A and Fig. 10B.

In order to receive region recommendation, a target person transmits an instruction to
start the recommended region determining process from the input device 90a to the region
recommendation device 100.

As illustrated in step S1, the region recommendation device 100 receives the
instruction to start the recommended region determining process by the function of the input
unit 90. As illustrated in step S2, the region recommendation device 100 performs
authentication of the target person using the authenticating unit 16. As illustrated in step S3,
if the target person is authenticated, the region recommendation device 100 acquires "user
ID" output from the authenticating unit 16, and proceeds to step S5. Here, it is assumed that
the acquired "user ID" of the target person is "100". As illustrated in step S3, if the target
person is not authenticated, since the usage information 11 of the past and the like do not
exist for unauthenticated target persons, the region recommendation device 100 is unable to
perform the recommended region determining process. Therefore, as illustrated in step S4,
the region recommendation device 100 registers the user information 15 of the target person
using the user information acquiring unit 14, and ends the recommended region determining
process. When ending the recommended region determining process, the region
recommendation device 100 may, for example, output "unable to recommend a region
because of the absence of past usage history" on the output device 91a using the function of
the output unit 91.

Upon acquiring "user ID" of the target person, as illustrated in step S5, the region

recommendation device 100 acquires the current date and time from the internal timer of the
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control arithmetic device, and acquires the usage information 11 regarding the target person
before the current date and time. Specifically, if the current date and time is 13:00 on Jan. 30,
2020, the region recommendation device 100 extracts records in which "date" and "time" are
earlier than "13:00" on "Jan. 30, 2020" and "user ID" is "100" from the usage information 11.
As illustrated in step S6, if the usage information 11 of the past regarding the target person is
acquired, the process proceeds to step S8. Fig. 11 illustrates an example of the usage
information 11 of the past. In Fig. 11, the target person uses "seat C" at "17:00" on "Dec. 10,
2019". Furthermore, the target person uses "seat B" from "13:00" to "15:00" on "Jan. 15,
2020". Furthermore, the target person uses "seat A" from "10:00" to "11:00" on "Jan. 29,
2020". Normally, once the target person is authenticated, the target person is assumed to have
used the target space 80 in the past, and thus, it is possible to acquire the usage information
11 of the past regarding the target person. However, if it is not possible to acquire the usage
information 11 of the past regarding the target person as illustrated in step S6, the region
recommendation device 100, for example, outputs "unable to recommend a region because of
the absence of past usage history" on the output device 91a using the function of the output
unit 91, and ends the recommended region determining process as illustrated in step S7.

Upon acquiring the usage information 11 of the past, as illustrated in step S8, the
region recommendation device 100 joins the environmental information 21 and the non-
environmental information 31 with the usage information 11 of the past to acquire past
information 74. Specifically, the environmental information 21 and the region feature
information 31b are joined using "target region", "date", and "time" of the usage information
11 of the past as keys. This join is left outer join in which the usage information 11 of the past
is set to the left. Furthermore, the region recommendation device 100 joins the biological
information 31a with "user ID", "date", and "time" of the usage information 11 of the past as
keys. This join is left outer join in which the usage information 11 of the past is set to the left.
In this way, the region recommendation device 100 acquires the past information 74 in which
the usage information 11, the environmental information 21, and the non-environmental
information 31 of the past regarding the target person are unified. Fig. 12 illustrates an
example of the past information 74. Fig. 12 illustrates "temperature” as a representative of the
environmental information 21, "body surface temperature" as a representative of the
biological information 31a, and "type of chair" and "proximity of OA equipment" as a
representative of the region feature information 31b.

Upon acquiring the past information 74, as illustrated in step S9, the region

recommendation device 100 quantifies the past information 74 to acquire the one or more
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past multi-dimensional information points 71a. Numerical data such as "temperature" and
"humidity" has already been quantified. Nominal scale data such as "type of chair" and "type
of table" is quantified by, for example, one-hot encoding. A numerical value is assigned to
ordinal scale data such as "proximity of OA equipment" according to the order, for example.
Fig. 13 illustrates an example of the past multi-dimensional information points 71a. In Fig. 13,
in particular, the nominal scale "type of chair" and the ordinal scale "proximity of OA
equipment" are quantified. In addition, in terms of points in the multi-dimensional space 70,
"target region"”, "date", "time", and "user ID" are excluded from the past multi-dimensional
information points 71a in Fig. 13. Fig. 14A illustrates the past multi-dimensional information
points 71a in the multi-dimensional space 70. In Fig. 14A, only three dimensions are drawn
for visualization.

Upon acquiring the past multi-dimensional information points 71a, as illustrated in
step S10, the region recommendation device 100 performs data cleaning such as outlier
exclusion on the past multi-dimensional information points 71a to define the multi-
dimensional comfortable region 72. As the data cleaning, for example, outlier exclusion,
missing value exclusion, or the like is performed. In the outlier exclusion, for example, a
mean and a standard deviation are calculated for each of the items constituting the past multi-
dimensional information points 71a, and past multi-dimensional information points 71a
having an item value separated from the mean by three times or more of the standard
deviation are excluded. In the missing value exclusion, for example, past multi-dimensional
information points 71a having a missing value in the item values constituting the past multi-
dimensional information points 71a are excluded. A region including the past multi-
dimensional information points 71a after the data cleaning is defined as the multi-
dimensional comfortable region 72. Fig. 14B illustrates the past multi-dimensional
information points 71a after the data cleaning and the multi-dimensional comfortable region
72. By the outlier exclusion, one point of the past multi-dimensional information points 71a,
which is drawn away to the right in Fig. 14A, is excluded.

Note that the region recommendation device 100 may perform scaling in addition to
the data cleaning. Scaling is a process of aligning the scale of each item. In the present
embodiment, distances are used to determine the recommended region R81. Therefore, it may
be important to align the scale so that the each item contributes equally to the distances. As
the scaling, for example, normalization, standardization, or the like is performed. In the
normalization, the numerical value of each item is converted to O or more and 1 or less. In the

standardization, the distribution of each item is converted into a distribution with a mean of O
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and a standard deviation of 1.

The region recommendation device 100 may perform reduction of dimensions in
addition to the data cleaning. In the present embodiment, distances are used to determine the
recommended region R81. If the dimensions are too large, it may be difficult to compare
distances. In such a case, reduction of dimensions is effective. As the reduction of dimensions,
for example, principal component analysis or the like is performed. Principal component
analysis reduces dimensions by calculating a small number of items that aggregate
information and using these items instead.

Upon defining the multi-dimensional comfortable region 72, as illustrated in step S11,
the region recommendation device 100 calculates the multi-dimensional comfortable region
centroid 73, which is the centroid of past multi-dimensional information points 71a included
in the multi-dimensional comfortable region 72. The multi-dimensional comfortable region
centroid 73 is calculated using, for example, the following equation.

Math. 1

Simr®
2imy

@ =

Here, r'V is a position vector of an i-th past multi-dimensional information point 71a.
19 is a position vector of the multi-dimensional comfortable region centroid 73. mj is the
weight of the i-th past multi-dimensional information point 71a. In a case of weighting by the
past multi-dimensional information point 71a, m; is adjusted. For example, it is used when
past multi-dimensional information points 71a in the morning are desired to be emphasized.
In the present embodiment, the multi-dimensional comfortable region centroid 73 in which
every mj is set to 1 is used. In other words, the multi-dimensional comfortable region centroid
73 of the present embodiment coincides with the mean vector of past multi-dimensional
information points 71a included in the multi-dimensional comfortable region 72. Fig. 14C
illustrates the multi-dimensional comfortable region centroid 73.

Upon calculating the multi-dimensional comfortable region centroid 73, as illustrated
in step S12, the region recommendation device 100 acquires the usage information 11
regarding currently unused target regions 81, using the usage information acquiring unit 10.
As illustrated in step S13, if the usage information 11 regarding the currently unused target
regions 81 is acquired, the process proceeds to step S15. Fig. 15 illustrates an example of the
usage information 11 regarding the currently unused target regions 81. In Fig. 15, "seat A",

"seat D", and "seat E" are unused. As illustrated in step S13, if it is not possible to acquire the
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usage information 11 regarding the currently unused target regions 81, the region
recommendation device 100 outputs "there are no currently available regions" on the output
device 91a, for example, using the function of the output unit 91, and ends the recommended
region determining process as illustrated in step S14.

Upon acquiring the usage information 11 regarding the currently unused target regions
81, as illustrated in step S15, the region recommendation device 100 acquires the
environmental information 21 and the non-environmental information 31 regarding the target
person and the currently unused target regions 81, using the environmental information
acquiring unit 20 and the non-environmental information acquiring unit 30. The region
recommendation device 100 unifies these pieces of information to acquire the current
information 75 in the same manner as when acquiring the past information 74. As the
biological information 31a of the non-environmental information 31, current values regarding
the target person are used. Fig. 16 illustrates an example of the current information 75.

Upon acquiring the current information 75, as illustrated in step S16, the region
recommendation device 100 quantifies the current information 75 to acquire the current
multi-dimensional information points 71b. The quantification method is the same as that
when the past multi-dimensional information points 71a are acquired. Fig. 17 illustrates an
example of the current multi-dimensional information points 71b. Furthermore, Fig. 14D
illustrates the current multi-dimensional information points 71b in the multi-dimensional
space 70. In Fig. 14D, three current multi-dimensional information points 71b1, 71b2, and
71b3 are depicted.

Upon acquiring the current multi-dimensional information points 71b, as illustrated in
step S17, the region recommendation device 100 performs data cleaning on the current multi-
dimensional information points 71b. The data cleaning method is the same as that for the past
multi-dimensional information points 71a. If scaling and reduction of dimensions are
performed on the past multi-dimensional information points 71a, the region recommendation
device 100 performs the same process on the current multi-dimensional information points
71b.

After the data cleaning on the current multi-dimensional information points 71b, as
illustrated in step S18, the region recommendation device 100 defines a distance in the multi-
dimensional space 70, and calculates the distance between the multi-dimensional comfortable
region centroid 73 and each of the current multi-dimensional information points 71b.

For example, the following Minkowski distance is used as the distance between the

multi-dimensional comfortable region centroid 73 and each of the current multi-dimensional
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information points 71b.

Math. 2

d(T(G), r(i)) _"r Z|rk(6) _ rk(i)lp
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Here, 1V is the position vector of an i-th current multi-dimensional information point
71b. eV is the value of a k-th component of the i-th current multi-dimensional information
point 71b. The Minkowski distance becomes the Manhattan distance when p =1, and
becomes the Euclidean distance when p = 2.

For example, the following Mahalanobis distance is used as the distance between the
multi-dimensional comfortable region centroid 73 and each of the current multi-dimensional
information points 71b.

Math. 3
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Here, p and X are a mean vector and a variance-covariance matrix of the past multi-
dimensional information points 71a included in the multi-dimensional comfortable region 72.
In the present embodiment, p coincides with the multi-dimensional comfortable region
centroid 73. Since the Mahalanobis distance is a distance in consideration of variance, scaling
of the past multi-dimensional information points 71a and the current multi-dimensional
information points 71b may be skipped when the Mahalanobis distance is used.

Upon calculating the distance between the multi-dimensional comfortable region
centroid 73 and each of the current multi-dimensional information points 71b, as illustrated in
step S19, the region recommendation device 100 determines the recommended region R81.
The region recommendation device 100 determines, as the recommended region R81, a target
region 81 associated with the current multi-dimensional information point 71b closest from
the multi-dimensional comfortable region centroid 73. In Fig. 14E, distances from the multi-
dimensional comfortable region centroid 73 to the three current multi-dimensional
information points 71b1, 71b2, and 71b3 are indicated by double-headed arrows. Since the
distance from the multi-dimensional comfortable region centroid 73 to the current multi-
dimensional information point 71bl is the shortest, the target region 81 associated with the
current multi-dimensional information point 71b1 is determined as the recommended region

R&I.
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Upon determining the recommended region R81, as illustrated in step S20, the region
recommendation device 100 outputs the region information 13 of the recommended region
R81 on the output device 91a using the function of the output unit 91.

(4) Features

(@-1)

Conventional seat recommendation devices determine a recommended seat using only
the environmental information 21. However, it is not possible to make sufficient
determination only with the environmental information 21. The region recommendation
device 100 according to the present embodiment determines the recommended region R81 in
consideration of, not only the environmental information 21, but also the non-environmental
information 31 including the biological information 31a and the region feature information
31b. Therefore, the region recommendation device 100 can determine the recommended
region R81 in consideration of more pieces of information than before.

(4-2)

The region recommendation device 100 of the present embodiment quantifies the
usage information 11, the environmental information 21, and the non-environmental
information 31 as one or more multi-dimensional information points 71 in the multi-
dimensional space 70, and determines the recommended region R81. Therefore, the region
recommendation device 100 may determine the recommended region R81 by
comprehensively quantifying various pieces of information with one measure.

(5) Modifications

(5-1) Modification 1A

In the present embodiment, the region recommendation device 100 determines, as the
recommended region R81, the target region 81 associated with the current multi-dimensional
information point 71b closest from the multi-dimensional comfortable region centroid 73.
However, a plurality of current multi-dimensional information points 71b within a
predetermined range from the multi-dimensional comfortable region centroid 73 may be
determined as recommended regions R81. In this case, the region recommendation device
100 causes the output device 91a to output the region information 13 of the plurality of
recommended regions R81. As a result, the target person can select a desired region from the
plurality of recommended regions R81.

(5-2)

Although the embodiment of the present disclosure has been described above, it

should be understood that various changes can be made on the forms and details without
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CLAIMS
Claim 1

A region recommendation device (100) for determining one or more recommended
regions (R81) to be recommended to a target person from among a plurality of target regions
(81) in a target space (80), the region recommendation device comprising:

a usage information acquiring unit (10) that acquires usage information (11) including
at least one of a past usage history of the target regions and current availability of the target
regions;

an environmental information acquiring unit (20) that acquires environmental
information (21) regarding an indoor environment in the target regions;

a non-environmental information acquiring unit (30) that acquires, as non-
environmental information (31), at least one of biological information (31a) of a person in the
target space and region feature information (31b) regarding equipment and peripheral
information in the target regions;

an information storage unit (40) that stores information acquired by the usage
information acquiring unit, the environmental information acquiring unit, and the non-
environmental information acquiring unit; and

a recommended region determining unit (50) that determines the one or more
recommended regions on the basis of the information stored in the information storage unit.
Claim 2

The region recommendation device according to claim 1, wherein the recommended
region determining unit quantifies the information stored in the information storage unit as
one or more multi-dimensional information points (71) in a multi-dimensional space (70),
calculates a degree of similarity between the multi-dimensional information points, and
determines the one or more recommended regions.

Claim 3

The region recommendation device according to claim 1 or 2, wherein the
environmental information includes at least one of a temperature, a humidity, an illuminance,
a color of illumination, and a noise.

Claim 4

The region recommendation device according to any one of claims 1 to 3, wherein the
biological information includes at least one of a body surface temperature, a core body
temperature, and a pulse.

Claim 5
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The region recommendation device according to any one of claims 1 to 4, wherein the
region feature information includes at least one of a type of chair, a type of table, personal use
or shared use, whether a window is near, a population density, presence or absence of an
outlet, and proximity of OA equipment in the target regions.

Claim 6

The region recommendation device according to any one of claims 2 to 5, wherein,
regarding the target person and the target regions, the recommended region determining unit
quantifies the usage information, the environmental information, and the non-environmental
information of a past as one or more past multi-dimensional information points (71a) in the
multi-dimensional space, and quantifies the usage information, the environmental
information, and the non-environmental information of present as one or more current multi-
dimensional information points (71b) in the multi-dimensional space.

Claim 7

The region recommendation device according to claim 6, wherein the recommended
region determining unit defines a multi-dimensional comfortable region (72) including all or
some of the one or more past multi-dimensional information points, calculates a multi-
dimensional comfortable region centroid (73) that is the centroid of the one or more past
multi-dimensional information points included in the multi-dimensional comfortable region,
and determines the one or more recommended regions on the basis of the multi-dimensional
comfortable region centroid and the one or more current multi-dimensional information

points.
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