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(57) ABSTRACT

An environment improvement system includes: a sensor
configured to detect a state of pollution by an environmental
pollutant; a plurality of vehicles; and a server configured to
communicate with the plurality of vehicles. The plurality of
vehicles include vehicles including environment improve-
ment devices configured to remove the environmental pol-
Iutant. When a pollution level by the environmental pollut-
ant exceeds a threshold value in an area where the sensor is
located, the server is configured to select at least a part of the
vehicles including the environment improvement devices
and cause the selected vehicles to move to the area, and to
output a command to execute an environment improvement
operation using the environment improvement devices.
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ENVIRONMENT IMPROVEMENT SYSTEM
AND ENVIRONMENT IMPROVEMENT
METHOD, AND SERVER USED THEREIN

[0001] This nonprovisional application is based on Japa-
nese Patent Application No. 2017-218407 filed on Nov. 13,
2017 with the Japan Patent Office, the entire contents of
which are hereby incorporated by reference.

BACKGROUND

Field

[0002] The present disclosure relates to an environment
improvement system and an environment improvement
method, and a server used therein. More particularly, the
present disclosure relates to the technique of improving the
environment by using an environment improvement device
mounted on a movable body.

Description of the Background Art

[0003] There are concerns about an influence of a particu-
late matter such as pollen, yellow sand, dust, or soot
generated by combustion on human health. Particularly, a
fine particulate matter having a particle size of not more than
approximately 2.5 um (so-called PM2.5) easily enters an
alveolus in a human body because the particle size is very
small. The relevance between such a particulate matter and
a respiratory system disease or circulatory system disease is
under study.

[0004] On the other hand, a method for reducing such an
environmental pollutant has been proposed. For example,
Japanese Patent Laying-Open No. 2001-319291 discloses
the technique of controlling a traffic light based on a
concentration of an environmental pollution gas detected by
a gas sensor placed on a road and suppressing an amount of
vehicles entering a region having a high concentration of the
environmental pollution gas, to thereby reduce the concen-
tration of the environmental pollution gas in the region.
[0005] In addition, Japanese Patent Laying-Open No.
2004-157842 discloses the technique of calculating an
amount of release of an air pollutant in a control center,
based on information transmitted from a sensor attached to
each vehicle, and providing diagnosis result and advice for
encouraging a driver of the vehicle to perform ecological
driving, based on the information.

SUMMARY

[0006] An object of the techniques disclosed in the above-
described patent literatures is to reduce the air pollutant
(environmental pollutant) released from the vehicle. How-
ever, improving the environment by removing the already-
generated air pollutant is not discussed.

[0007] On the other hand, an air cleaner configured to
remove pollen, PM2.5 and the like has been developed, and
a vehicle having such an environment improvement device
mounted thereon is increasing. By using such an environ-
ment improvement device mounted on the vehicle, a state of
environmental pollution may be improved.

[0008] The present disclosure has been made to solve the
above-described problem, and an object of the present
disclosure is to provide an environment improvement sys-
tem configured to improve a state of environmental pollution
by using a movable body having an environment improve-
ment device mounted thereon.
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[0009] An environment improvement system according to
the present disclosure includes: a sensor configured to detect
a state of pollution by an environmental pollutant; a plurality
of movable bodies; and a server configured to communicate
with the plurality of movable bodies. The plurality of
movable bodies include movable bodies including environ-
ment improvement devices configured to remove the envi-
ronmental pollutant. When the state of pollution detected by
the sensor enters a state in which removal of the environ-
mental pollutant is necessary in an area where the sensor is
located, the server is configured to (i) select at least a part of
the movable bodies including the environment improvement
devices and cause the selected movable bodies to move to
the area, and (ii) output a command to execute an environ-
ment improvement operation using the environment
improvement devices.

[0010] According to the present disclosure, the server
determines an area having a high pollution level by the
environmental pollutant, and dispatches the movable bodies
(e.g., vehicles) having the environment improvement
devices mounted thereon to the area and causes the dis-
patched movable bodies to execute the environment
improvement operation. As a result, the environmental pol-
lutant in the area can be removed and the pollution level can
be reduced, and thus, a state of environmental pollution can
be improved.

[0011] The plurality of movable bodies include a movable
body including the sensor.

[0012] When the pollution level is determined based only
on information from a fixed sensor, environment improve-
ment in the entire area may be impossible if the state of
pollution in the area is not uniform. By using the sensor
mounted on the movable body, the state of pollution can be
detected in a wider range in the area. Thus, the state of
environmental pollution can be appropriately improved in
the entire area.

[0013] The server is configured to calculate a pollution
level for each predetermined area, using position informa-
tion of the movable body including the sensor and informa-
tion about the state of pollution, and determine necessity of
removal of the environmental pollutant, using the pollution
level.

[0014] With such a configuration, the position information
of the moving movable body and the state of pollution can
be associated with each other and the pollution level can be
calculated, and thus, the state of environmental pollution in
the area can be detected more appropriately.

[0015] The server is configured to select a movable body
including an environment improvement device correspond-
ing to a type of the environmental pollutant, of the movable
bodies including the environment improvement devices.

[0016] Generally, a type of an environmental pollutant that
can be removed by the environment improvement device is
specified in many cases, and the effect of environment
improvement cannot be expected for an environmental pol-
lutant that is not a target of removal. Therefore, by selecting
the movable body including the environment improvement
device corresponding to the type of the generated environ-
mental pollutant when executing the environment improve-
ment operation, the environment can be reliably improved.
[0017] The movable bodies including the environment
improvement devices are configured such that an available
time period thereof can be preset by a user. The server is
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configured to cause each selected movable body to execute
the environment improvement operation within the available
time period.

[0018] When a privately-owned vehicle is used as the
movable body used for the environment improvement opera-
tion, it is not preferable to interfere with the use by the user
and use the vehicle for the environment improvement opera-
tion. By taking the available time period preset by the user
into consideration when the server selects the movable
bodies, it is possible to contribute to environment improve-
ment while satistying the user’s needs.

[0019] At least a part of the selected movable bodies
execute the environment improvement operation while mov-
ing in a specified area.

[0020] Since at least a part of the selected movable bodies
move while operating the environment improvement
devices as described above, the environmental pollutant can
be removed over a wide range and non-uniformity of the
state of environmental pollution in the area can be reduced.
[0021] A movable body including both the sensor and the
environment improvement device, of the plurality of mov-
able bodies, executes the environment improvement opera-
tion regardless of reception of the command from the server,
when the state of pollution detected by the sensor provided
in the movable body enters the state in which removal of the
environmental pollutant is necessary.

[0022] The movable body including the sensor can easily
determine that execution of the environment improvement
operation is necessary at the current position of the movable
body, when the state of pollution detected by the sensor
enters the state in which removal of the environmental
pollutant is necessary. Therefore, the movable body includ-
ing not only the sensor but also the environment improve-
ment device can determine by itself the necessity of execu-
tion of the environment improvement operation, and thus,
can execute the environment improvement operation with
good response.

[0023] A server according to another aspect of the present
disclosure is used in a system configured to improve a state
of pollution by an environmental pollutant by using movable
bodies having environment improvement devices mounted
thereon. The server is configured to communicate with a
plurality of movable bodies. The plurality of movable bodies
include the movable bodies having the environment
improvement devices mounted thereon. The server is con-
figured to: (a) obtain information about the state of pollution
by the environmental pollutant from a sensor; (b) using the
information from the sensor, determine whether or not the
state of pollution in an area where the sensor is located is a
state in which removal of the environmental pollutant is
necessary; (c) when it is determined that removal of the
environmental pollutant in the area is necessary, select at
least a part of the movable bodies having the environment
improvement devices mounted thereon; and (d) cause the
selected movable bodies to move to the area and execute an
environment improvement operation using the environment
improvement devices in the area.

[0024] An environment improvement method according to
still another aspect of the present disclosure is an environ-
ment improvement method for improving an environment of
an area where a sensor is located by using environment
improvement devices mounted on movable bodies in a
system, based on a state of pollution by an environmental
pollutant detected by the sensor, the system including a
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plurality of movable bodies and a server configured to
communicate with the plurality of movable bodies. The
plurality of movable bodies include the movable bodies
having the environment improvement devices mounted
thereon. The environment improvement method includes, by
the server: (a) determining whether or not the state of
pollution in the area is a state in which removal of the
environmental pollutant is necessary; (b) when it is deter-
mined that removal of the environmental pollutant in the
area is necessary, selecting at least a part of the movable
bodies having the environment improvement devices
mounted thereon; (c) causing the selected movable bodies to
move to the area; and (d) causing the selected movable
bodies to execute an environment improvement operation
using the environment improvement devices in the area.
[0025] The foregoing and other objects, features, aspects
and advantages of the present disclosure will become more
apparent from the following detailed description of the
present disclosure when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a schematic diagram of an overall con-
figuration of an environment improvement system according
to the present embodiment.

[0027] FIG. 2 is a block diagram for illustrating details of
a vehicle and a server in FIG. 1.

[0028] FIG. 3 shows one example of contents of vehicle
information transmitted from the vehicle to the server.
[0029] FIG. 4 shows one example of a map indicating a
pollution level for each area created in the server.

[0030] FIG. 5 shows one example of determination of
necessity of environment improvement, and vehicle selec-
tion that are executed by the server.

[0031] FIG. 6 shows one example of contents of a com-
mand provided from the server to the vehicle.

[0032] FIG. 7 is a flowchart for illustrating a detailed
process of control executed in the vehicle.

[0033] FIG. 8 is a flowchart for illustrating a detailed
process of control executed in the server.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0034] An embodiment of the present disclosure will be
described in detail hereinafter with reference to the draw-
ings, in which the same or corresponding portions are
denoted by the same reference characters and description
thereof will not be repeated.

[0035] (Overview of System)

[0036] FIG. 1 is a schematic diagram of an overall con-
figuration of an environment improvement system 10
according to the present embodiment. Referring to FIG. 1,
environment improvement system 10 includes a plurality of
movable bodies 100, and a server 200 configured to com-
municate with movable bodies 100.

[0037] In the present embodiment, the case of using a
vehicle as movable body 100 will be described, and movable
body 100 will be also simply referred to as “vehicle 100”
hereinafter. Vehicle 100 includes an automobile, a motor-
cycle, a bicycle and the like.

[0038] Vehicles 100 and server 200 are configured to
mutually exchange information via a communication net-
work 300 such as, for example, the Internet or a telephone
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line. Vehicles 100 and server 200 may directly communicate
with each other without communication network 300. Direct
communication between vehicles 100 is also possible.
[0039] Vehicle 100 is an electrically-powered vehicle that
can travel using the electric power provided from a battery
mounted thereon. Examples of the electrically-powered
vehicle include an electric vehicle, a hybrid vehicle, a fuel
cell vehicle and the like. A vehicle that travels using only the
driving force generated in an internal combustion engine can
also be used as vehicle 100. However, in the present
embodiment, an electrically-powered vehicle with a rela-
tively small amount of release of an air pollutant (hereinafter
also referred to as “environmental pollutant™) is preferably
used from the perspective of environment improvement.
[0040] Vehicle 100 includes a sensor unit 110 configured
to detect a concentration of a particulate matter such as
pollen or PM2.5 or a gaseous air pollutant such as sulfur
oxide (SOx) or nitrogen oxide (NOx). Vehicle 100 also
includes an environment improvement device 120 such as an
air cleaner or a bag filter configured to remove the air
pollutant.

[0041] Server 200 obtains, through communication net-
work 300, the concentration of the environmental pollutant
detected by sensor unit 110 mounted on vehicle 100 or a
sensor 400 fixed on the roadside or the like, and calculates
a pollution level in a prescribed area. When the calculated
pollution level becomes worse and exceeds a prescribed
threshold value, server 200 causes vehicles 100 located in
the area or in an area close thereto to move to within the area,
and to operate environment improvement devices 120
mounted on vehicles 100. As a result, the environmental
pollutant in the area having a high pollution level is removed
and the environment is improved.

[0042] (Configuration of Vehicle and Server)

[0043] FIG. 2 is a block diagram for illustrating details of
vehicle 100 and server 200 in FIG. 1. Referring to FIG. 2,
in addition to sensor unit 110 configured to detect the
environmental pollutant and environment improvement
device 120 configured to remove the environmental pollut-
ant, vehicle 100 further includes a controller 130, a storage
unit 140, a position detection unit 150, a communication unit
160, an input unit 170, and an automated driving control unit
180.

[0044] Communication unit 160 is a communication inter-
face between vehicle 100 and communication network 300.
Vehicle 100 performs wireless communication with com-
munication network 300 via communication unit 160, and
receives and transmits information to and from server 200.
Vehicle 100 can also perform vehicle-to-vehicle communi-
cation with another vehicle via communication unit 160.
[0045] Although not shown, controller 130 includes a
CPU (Central Processing Unit), a storage device such as a
memory, and an input/output buffer, and provides compre-
hensive control of vehicle 100. Controller 130 receives a
command from server 200 via communication unit 160.
Upon receiving a command to move vehicle 100 from server
200, controller 130 causes automated driving control unit
180 to execute automated driving of vehicle 100, thereby
moving vehicle 100 to a position specified by server 200.
Controller 130 also controls start or stop of environment
improvement device 120 based on a command from server
200.

[0046] Storage unit 140 is configured to include a record-
ing device such as, for example, a nonvolatile memory or an
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HDD (Hard Disc Drive). Storage unit 140 stores a command
received from server 200, and stores a parameter and the like
set by a user.

[0047] Position detection unit 150 is included in, for
example, a navigation device (not shown), and obtains
absolute position information of vehicle 100 itself by using
the GPS (Global Positioning System). Position detection
unit 150 outputs the obtained position information to server
200.

[0048] Input unit 170 is formed by a touch panel, a switch
or the like, and is included in, for example, the above-
described navigation device. The user can set the parameter
and the like by operating input unit 170.

[0049] Server 200 includes a control unit 210, a storage
unit 220, a communication unit 230, and a display 240.
Control unit 210 includes a pollution level determination
unit 211, a map creation unit 212, a vehicle selection unit
213, and a command output unit 214.

[0050] Communication unit 230 is a communication inter-
face between server 200 and communication network 300.
Server 200 obtains vehicle information from vehicle 100 via
communication unit 230, and outputs the movement com-
mand and the command to operate environment improve-
ment device 120 to vehicle 100.

[0051] Storage unit 220 stores contents of the vehicle
information received via communication unit 230. Storage
unit 220 also prestores map information of a region where
the environment improvement operation is to be executed.
[0052] Pollution level determination unit 211 included in
control unit 210 calculates a pollution level for each prede-
termined area, using the concentration of the environmental
pollutant included in the vehicle information transmitted
from each vehicle 100, and determines necessity of the
environment improvement operation. Map creation unit 212
associates the pollution level calculated by pollution level
determination unit 211 with the map information stored in
storage unit 220, and creates a pollution map. The created
pollution map is displayed on display 240 such as a liquid
crystal display panel, and thus, a server administrator and
the like can visually recognize a state of environmental
pollution.

[0053] For a target area determined as the environment
improvement operation being necessary, vehicle selection
unit 213 selects vehicles for executing the environment
improvement operation in the target area, from vehicles 100
located in the target area or in an area close thereto.
Command output unit 214 generates a command to execute
the environment improvement operation, and outputs the
command to selected vehicles 100.

[0054] Recently, environmental pollution by the particu-
late matter such as pollen or PM2.5 has been becoming
serious. In order to reduce an influence of the particulate
matter on health, it is necessary to prevent the generation of
the particulate matter and quickly remove the generated
particulate matter.

[0055] On the other hand, development of a device (envi-
ronment improvement device) configured to remove the
particulate matter is also proceeding, and a vehicle having
the environment improvement device mounted thereon is
also emerging.

[0056] Thus, in the present embodiment, there is proposed
a system configured to improve a state of environmental
pollution by using such a vehicle having an environment
improvement device mounted thereon. More specifically,
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the present embodiment uses a method for detecting the state
of pollution by the environmental pollutant for each area
based on the information obtained from the sensor mounted
on the vehicle or the fixed sensor, and moving the vehicles
having the environment improvement devices mounted
thereon to the area having a high pollution level, thereby
removing the environmental pollutant. With such a configu-
ration, the pollution level in the area can be reduced and the
state of environmental pollution can be improved.

[0057] (Description of Contents of Control)

[0058] FIG. 3 shows one example of contents of the
vehicle information transmitted from vehicle 100 to server
200. The vehicle information transmitted from each vehicle
includes a vehicle ID for identitying the vehicle itself, a date
of transmission, position information of the vehicle, the
concentration of the environmental pollutant detected by
sensor unit 110, a time period during which the environment
improvement operation can be executed (available time
period), and information about possibility of movement in
accordance with the command from server 200 (movement
possible information).

[0059] As to a coordinate indicated by the position infor-
mation (X, Y, Z) of the vehicle in FIG. 3, X represents a
longitude, Y represents a latitude, and Z represents an
altitude, for example. Information about a travel direction
(orientation) of the vehicle may be further included as the
position information of the vehicle.

[0060] The available time period is a parameter that can be
arbitrarily set by the user via input unit 170. The user sets a
time period for which use of the vehicle is permitted for the
environment improvement operation during a time period
for which the vehicle is not used. Server 200 refers to the
available time period and selects a vehicle used for the
environment improvement operation. The environment
improvement operation is executed within the available time
period set by the user, which makes it possible to contribute
to environment improvement while satisfying the user’s
needs.

[0061] The movement possible information is information
indicating whether or not the vehicle can be moved to a
specified area when the vehicle is used for the environment
improvement operation. For example, when the target
vehicle is placed in a home garage and a door of the garage
is closed (locked), the vehicle cannot be moved from the
garage to a specified location, although the environment
improvement device can be used in the garage. Server 200
refers to the movement possible information and selects the
target vehicle.

[0062] When server 200 obtains the vehicle information
shown in FIG. 3 from vehicles 100, server 200 calculates the
pollution level for each specified area on the map, using the
position information of the vehicles and the information
about the concentration of the environmental pollutant. For
example, server 200 can use a maximum value of the
concentrations of the environmental pollutant transmitted
from vehicles 100 located in the same area, as the pollution
level in the area. Alternatively, server 200 may use an
average value of the concentrations of the environmental
pollutant in the area as the pollution level.

[0063] Based on the calculated pollution level, server 200
creates a map of the pollution level shown in FIG. 4 and
displays the map on display 240 of server 200. In the
example in FIG. 4, a region displayed on display 240 is
divided into eight rectangular areas, i.e., area A to area H,
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and the pollution level is displayed for each area. Area
setting is not limited to the rectangular areas shown in FIG.
4, and may be, for example, administrative sections such as
cities, or may be sections determined by main roads.
[0064] Based on whether or not the calculated pollution
level exceeds a predetermined threshold value for each area,
server 200 determines necessity of environment improve-
ment in the area. FIG. 5 shows one example of determination
of the necessity of environment improvement, and vehicle
selection that are executed by server 200. In the example in
FIG. 5, a threshold value of the pollution level for deter-
mining the necessity of environment improvement is, for
example, 100 ppm, and it is determined that environment
improvement is necessary in areas B, D, E, and G where
their pollution levels exceed the threshold value. From
vehicles 100 located in the region, server 200 sclects
vehicles executing the environment improvement operation
in each area. Server 200 determines vehicles 100 to be
selected, in consideration of the type of the environmental
pollutant that should be removed and the type of the envi-
ronmental pollutant that can be removed by the environment
improvement device mounted on each vehicle 100. In addi-
tion, the available time period varies from vehicle 100 to
vehicle 100, and thus, when a part of the initially selected
vehicles becomes unavailable, server 200 further selects
another vehicle located in the target area or in an area close
thereto, instead of the unavailable vehicle.

[0065] When the area where environment improvement is
executed and vehicles 100 used therefor are determined,
server 200 generates a command shown in FIG. 6 and
outputs the command to each vehicle 100. More specifically,
server 200 transmits information about the area where
environment improvement is executed, initial movement
position information, and information about an operation
manner in the area to each selected vehicle 100. The initial
movement position information is information indicating a
position where the vehicle is initially arranged. Each vehicle
100 moves to the position indicated by the initial movement
position information from server 200 by automated driving,
and then, executes the environment improvement operation
based on the area information and the information about the
operation manner.

[0066] When the operation manner is “stop”, vehicle 100
moves to the initial movement position, and then, operates
environment improvement device 120, with vehicle 100
being at a stop at that position. On the other hand, when the
operation manner is “travel”, vehicle 100 moves to the initial
movement position, and then, travels autonomously in the
specified area while operating environment improvement
device 120. For example, in a location having a particularly
high concentration of the environmental pollutant in the
area, the environment improvement operation may be
executed, with a particular vehicle being at a stop. The
operation manner is preferably changed in accordance with
the distribution of the state of pollution (concentration) by
the environmental pollutant.

[0067] During execution of the environment improvement
operation, each selected vehicle 100 transmits the vehicle
information shown in FIG. 3 to server 200 at prescribed time
intervals. Server 200 monitors a change in pollution level
caused by execution of the environment improvement opera-
tion, and repeatedly executes the above-described operation.
Then, when the pollution level in the specified area is
improved and falls below the threshold value, server 200
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outputs a command to stop environment improvement
device 120 to each vehicle 100 that is executing the envi-
ronment improvement operation in the area.

[0068] As described above, in the present embodiment,
server 200 calculates the pollution level in each area based
on the vehicle information from vehicles 100, and dis-
patches vehicles 100 having environment improvement
devices 120 mounted thereon to the area having a high
pollution level and causes vehicles 100 to execute the
environment improvement operation. As a result, the envi-
ronmental pollutant can be reduced by using vehicles 100
having environment improvement devices 120 mounted
thereon.

[0069] FIGS. 7 and 8 are flowcharts for illustrating details
of control executed in vehicle 100 and server 200. The
flowcharts shown in FIGS. 7 and 8 are implemented by
invoking programs stored in controller 130 of vehicle 100
and control unit 210 of server 200 from a main routine and
executing the programs when a prescribed cycle or a pre-
scribed condition is satisfied. Alternatively, the processing in
a part or all of the steps of the flowcharts can be imple-
mented by dedicated hardware (electronic circuit).

[0070] Referring to FIG. 7, in step (hereinafter abbreviated
as “S”) 100, vehicle 100 obtains pollution data including the
concentration of the environmental pollutant at the current
position of vehicle 100, using sensor unit 110. Then, in S110,
in addition to the pollution data obtained in S100, vehicle
100 transmits the vehicle information including the other
information shown in FIG. 3 to server 200. When a plurality
of types of environmental pollutants are detected, individual
concentration data of each environmental pollutant may be
included.

[0071] When vehicle 100 receives the command shown in
FIG. 6 from server 200, vehicle 100 determines in S120
whether or not vehicle 100 itself has been selected as a target
vehicle for executing the environment improvement opera-
tion. When vehicle 100 has not been selected as the target
vehicle (NO in S120), vehicle 100 skips the following steps
and returns the process to the main routine.

[0072] On the other hand, when vehicle 100 has been
selected as the target vehicle (YES in S120), the process
proceeds to S130 and vehicle 100 moves to the specified
area by automated driving in accordance with the movement
command transmitted from server 200. When vehicle 100 is,
for example, a vehicle owned by a business operator spe-
cializing in environment improvement, automated driving is
not necessarily required, and a driver of the business opera-
tor may drive vehicle 100 to the specified area in a manned
manner in accordance with the command from server 200.
Although not shown in FIG. 7, when vehicle 100 is selected
as the target vehicle by server 200, vehicle 100 notifies the
user that vehicle 100 has been selected as the target vehicle,
using an email or the like.

[0073] When movement to the initial movement position
specified by server 200 is completed, vehicle 100 transmits
movement completion information to server 200 in S140.
When vehicle 100 receives the command to operate envi-
ronment improvement device 120 from server 200 in
response (YES in S150), vehicle 100 operates environment
improvement device 120, and maintains the state of being at
a stop at the position or travels in the area in accordance with
the specified operation manner (S160). When vehicle 100
does not receive the command to operate environment
improvement device 120 from server 200 (NO in S150),
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vehicle 100 moves the process to S170, with environment
improvement device 120 being at a stop.

[0074] In S170, vehicle 100 determines whether or not the
command to stop environment improvement device 120 has
been received from server 200. When the stop command has
been received from server 200 with environment improve-
ment device 120 being in operation (YES in S170), vehicle
100 stops environment improvement device 120 (S180) and
returns the process to the main routine. On the other hand,
when the stop command has not been received from server
200 with environment improvement device 120 being in
operation (NO in S170), vehicle 100 maintains the operation
of environment improvement device 120 and returns the
process to the main routine. When environment improve-
ment device 120 is still at a stop, the stop state of environ-
ment improvement device 120 is maintained regardless of
reception of the stop command.

[0075] The foregoing description of S150 is about the
initial state with environment improvement device 120
being at a stop. However, when the process in FIG. 7 is
started with environment improvement device 120 being in
operation, the operation of environment improvement
device 120 is maintained regardless of whether determina-
tion in S150 is YES or NO.

[0076] Next, the process in server 200 will be described
with reference to FIG. 8. When server 200 obtains the
vehicle information from each vehicle 100 in S200, server
200 calculates the pollution level for each specified area,
using the information about the concentration of the envi-
ronmental pollutant included in the vehicle information from
the vehicles located in the area (S210), and creates a
pollution map of the entire region including the area (5220).
The processing in S230 and the subsequent steps (processing
in a broken line box SA in FIG. 8) is executed for each
specified area.

[0077] In S230, server 200 determines whether or not the
pollution level in the specified area exceeds the predeter-
mined threshold value. When the pollution level is equal to
or lower than the threshold value (NO in S230), server 200
determines that the environment improvement operation is
unnecessary, and moves the process to S280. In S280, when
each environment improvement device 120 is at a stop, the
stop state is maintained. When each environment improve-
ment device 120 is in operation, each environment improve-
ment device 120 is stopped and the process is returned to the
main routine.

[0078] On the other hand, when the pollution level is
higher than the threshold value (YES in S230), server 200
determines that the environment improvement operation is
necessary. Next, in S240, server 200 seclects execution
vehicles executing the environment improvement operation
in the area, based on the position information of each vehicle
100, the information about the available time period and the
like obtained as the vehicle information, and transmits the
selection information to the vehicles in the area. In S250,
server 200 outputs the movement command to selected
vehicles 100. Transmission of the selection information of
the execution vehicles and transmission of the movement
command to vehicles 100 may be performed at different
timings as shown in FIG. 8. Alternatively, however, the
selection information and the movement command may be
included in the same command and transmitted at the same
timing.
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[0079] Then, in S260, server 200 determines whether or
not all of the vehicles selected for the specified area have
moved to the respectively-set initial movement positions.
When server 200 does not receive the movement completion
information from each vehicle 100 (NO in S260), the
process is returned to S260 and server 200 awaits for
completion of movement of the execution vehicles.

[0080] On the other hand, when server 200 receives the
movement completion information from each vehicle 100
and recognizes that movement of each vehicle to the set
initial movement position has been completed (YES in
S260), server 200 outputs the operation command to actuate
environment improvement device 120 to each execution
vehicle in S270, thereby causing each vehicle 100 to execute
the environment improvement operation. Then, the process
is returned to the main routine.

[0081] As described above, the processing in broken line
box SA in FIG. 8 is executed for each area, and the
environment improvement operation using vehicles 100 is
continued until the pollution level in each area becomes
equal to or lower than the prescribed threshold value. As a
result, it is possible to reduce the environmental pollutant in
the specified area and execute environment improvement
using vehicles 100 including environment improvement
devices 120.

[0082] The determination of the necessity of execution of
the environment improvement operation in S230 above is
not limited to determination by comparison between the
pollution level and the prescribed threshold value in the
foregoing description, and another determination method
can also be used. For example, even if the pollution level
does not exceed the threshold value, it may be determined
that the environment improvement operation is necessary,
when the pollution level is relatively higher than a pollution
level in a surrounding area (when a difference between the
pollution level in the specified area and the pollution level in
the surrounding area is equal to or larger than a prescribed
value). Alternatively, it may be determined that the environ-
ment improvement operation is necessary, when the pollu-
tion level is expected to increase in the future based on a
change in pollution level over time (when a time change rate
of the pollution level is equal to or higher than a prescribed
value).

[0083] Vehicle 100 used in environment improvement
system 10 described above may be a general vehicle for
household use, or may be a dedicated vehicle developed to
remove an environmental pollutant.

[0084] When a privately-owned vehicle is used as vehicle
100, privileges such as a discount or a refund of a fee for
charging an electrically-powered vehicle may, for example,
be provided depending on the utilization time. Alternatively,
free replacement of consumables such as a filter of the
environment improvement device or prioritized upgrade to a
device having a more excellent environment improvement
effect may be provided to a vehicle that greatly contributes
to the environment improvement operation. By providing
such privileges, an incentive for participation and coopera-
tion in the environment improvement operation can be given
to the user of each vehicle, and thus, environment improve-
ment can be promoted.

[0085] Vehicle 100 including both sensor unit 110 and
environment improvement device 120 may operate environ-
ment improvement device 120 and execute the environment
improvement operation regardless of whether or not the
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command is received from server 200, when it is determined
that removal of the environmental pollutant is necessary,
based on the state of pollution detected by sensor unit 110.
[0086] (First Modification)
[0087] Inthe foregoing description of the embodiment, the
case of each vehicle including both the sensor unit and the
environment improvement device has been described. How-
ever, each vehicle does not necessarily need to include both
the sensor unit and the environment improvement device. A
vehicle including only the sensor unit, a vehicle including
only the environment improvement device, and a vehicle
including both the sensor unit and the environment improve-
ment device may be mixed. In this case, the server deter-
mines the necessity of execution of the environment
improvement operation, based on information from the
vehicles having the sensor units mounted thereon (the
vehicle including only the sensor unit and the vehicle
including both the sensor unit and the environment improve-
ment device), and executes the environment improvement
operation by using the vehicles having the environment
improvement devices mounted thereon (the vehicle includ-
ing only the environment improvement device and the
vehicle including both the sensor unit and the environment
improvement device).
[0088] (Second Modification)
[0089] In the foregoing description, the case of using a
vehicle as the movable body has been described. However,
the movable body may include not only a vehicle but also a
person. For example, the sensor unit mounted on the mov-
able body in the foregoing description may be mounted on
a mobile terminal (such as a smartphone), or a wearable
sensor and the like that can be worn on a body can also be
used. As the environment improvement device, a portable-
type device that can be conveyed by a person can also be
used.
[0090] While the embodiment of the present disclosure
has been described, it should be understood that the embodi-
ment disclosed herein is illustrative and non-restrictive in
every respect. The scope of the present disclosure is defined
by the terms of the claims and is intended to include any
modifications within the scope and meaning equivalent to
the terms of the claims.
What is claimed is:
1. An environment improvement system comprising:
a sensor configured to detect a state of pollution by an
environmental pollutant;
a plurality of movable bodies; and
a server configured to communicate with the plurality of
movable bodies,
the plurality of movable bodies comprising movable
bodies including environment improvement devices
configured to remove the environmental pollutant,
when the state of pollution detected by the sensor enters
a state in which removal of the environmental pollutant
is necessary in an area where the sensor is located, the
server being configured to (i) select at least a part of the
movable bodies including the environment improve-
ment devices and cause the selected movable bodies to
move to the area, and (ii) output a command to execute
an environment improvement operation using the envi-
ronment improvement devices.
2. The environment improvement system according to
claim 1, wherein
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the plurality of movable bodies comprise a movable body

including the sensor.

3. The environment improvement system according to
claim 2, wherein

the server is configured to calculate a pollution level for

each predetermined area, using position information of
the movable body including the sensor and information
about the state of pollution, and determine necessity of
removal of the environmental pollutant, using the pol-
lution level.

4. The environment improvement system according to
claim 1, wherein

the server is configured to select a movable body includ-

ing an environment improvement device corresponding
to a type of the environmental pollutant, of the movable
bodies including the environment improvement
devices.

5. The environment improvement system according to
claim 1, wherein

the movable bodies including the environment improve-

ment devices are configured such that an available time
period thereof can be preset by a user, and

the server is configured to cause each selected movable

body to execute the environment improvement opera-
tion within the available time period.

6. The environment improvement system according to
claim 1, wherein

at least a part of the selected movable bodies execute the

environment improvement operation while moving in a
specified area.

7. The environment improvement system according to
claim 1, wherein

a movable body including both the sensor and the envi-

ronment improvement device, of the plurality of mov-
able bodies, executes the environment improvement
operation regardless of reception of the command from
the server, when the state of pollution detected by the
sensor provided in the movable body enters the state in
which removal of the environmental pollutant is nec-
essary.

8. A server used in a system configured to improve a state
of pollution by an environmental pollutant by using movable
bodies having environment improvement devices mounted
thereon,

the server being configured to communicate with a plu-

rality of movable bodies,
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the plurality of movable bodies comprising the movable
bodies having the environment improvement devices
mounted thereon,

the server being configured to:

obtain information about the state of pollution by the
environmental pollutant from a sensor;

using the information from the sensor, determine
whether or not the state of pollution in an area where
the sensor is located is a state in which removal of
the environmental pollutant is necessary;

when it is determined that removal of the environmen-
tal pollutant in the area is necessary, select at least a
part of the movable bodies having the environment
improvement devices mounted thereon; and

cause the selected movable bodies to move to the area
and execute an environment improvement operation
using the environment improvement devices in the
area.

9. An environment improvement method for improving an
environment of an area where a sensor is located by using
environment improvement devices mounted on movable
bodies in a system, based on a state of pollution by an
environmental pollutant detected by the sensor, the system
including a plurality of movable bodies and a server con-
figured to communicate with the plurality of movable bod-
ies,

the plurality of movable bodies comprising the movable

bodies having the environment improvement devices
mounted thereon,

the environment improvement method comprising, by the

server:

determining whether or not the state of pollution in the

area is a state in which removal of the environmental
pollutant is necessary;

when it is determined that removal of the environmental

pollutant in the area is necessary, selecting at least a
part of the movable bodies having the environment
improvement devices mounted thereon;

causing the selected movable bodies to move to the area;

and

causing the selected movable bodies to execute an envi-

ronment improvement operation using the environment
improvement devices in the area.
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