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(57) Abstract: An objective of the present invention is to provide a construct information management system and method
for enabling handling of different types of data. Provided is a construct information management system 1 for manag-
ing information relating to a construct, said system comprising: a data collection part 11 for collecting, from prescribed
data sources 2A, 2B, 3A, 3B, different types of source data relating to different types of constructs, and retaining said
collected data; and a data management part 12 for mapping the collected source data onto a prescribed spatiotemporal
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model, acquiring prescribed data associated with input data on the basis of at least mapping information of the prescribed
spatiotemporal model, processing the acquired prescribed data, and outputting same.
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[DESCRIPTION]

[Title of Invention]

CONSTRUCT INFORMATION MANAGEMENT SYSTEM AND METHOD

[Technical Field]

[0001]

The present invention relates to a construct information management
system and method.

[Rackground Art]

[0002]

As a conventional technique, a system which allows each business
operator to share management information related to registered and
updated construction information and process information in
pipeline map information (PTL 1). In this way, PTL 1 supports
decision making in construction execution as to from which business
operator, a permission is to be obtained.

[Citation List]

[Patent Literature]

[0003]

[PTL 1]

Japanese Patent Application Publication No. 2007-004497
[Summary of Invention]

[Technical Problem]

[0004]

However, in PTL 1, sensor information on sensors installed on a
construct or the like owned by each business operator and

construction information for a construct owned by each business
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operator are shared on a map. Therefore, in PTL 1, it is difficult
to mutually utilize information from sensors and systems installed
on constructs or the like owned by various organizations.

[0005]

The present invention has been made in view of the above-described
problems and an object thereof is to provide a construct information
management system and method for enabling handling of different
types of data.

[Solution to Problem]

[0006]

In order to solve the problem, a construct information management
system according to an aspect of the present invention is a construct
information management system for managing information related to
a construct, including: adatacollectionunit configured to collect
different types of source data related to different types of
constructs from prescribed data sources and retain the collected
source data; and a data management unit configured to map the
collected source data onto a prescribed spatiotemporal model,
acquire prescribed data corresponding to input data on the basis
of at least mapping information on the prescribed spatiotemporal
model, and process and output the acquired prescribed data.
[Advantageous Effects of Invention]

[0007]

According to the present invention, it is possible to map different
types of source data related to different types of constructs onto

a prescribed spatiotemporal model, acquire prescribed data
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corresponding to input data on the basis of at least mapping
information onto the prescribed spatiotemporal model, and process
and output the acquired prescribed data.

[Brief Description of Drawings]

[0008]

[FIG. 1]

FIG. 1 is a diagram illustrating an overall configuration of a
construct integrated management system.

[FIG. 2]

FIG. 2 is a block diagram illustrating a functional configuration
of the construct integrated management system.

[FIG. 3]

FIG. 3 is a diagram illustrating a construct integrated management
process sequence.

[FIG. 4]

FIG. 4 is a diagram illustrating a configuration of an acquired
data management database (DB).

[FIG. 5]

FIG. 5is adiagram illustrating a configuration of a spatiotemporal
mapping DB.

[FIG. 6]

FIG. 6 is a diagram illustrating a configuration of a data
relationship management DB.

[FIG. 7]

FIG. 7 is a diagram illustrating a configuration of a generated

data management DB.
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[FIG. 8]

FIG. 8 is a flowchart illustrating a data integrated management
process.

[FIG. 9]

FIG. 9 is a flowchart illustrating an impact calculation process.
[FIG. 10]

FIG. 10 is a flowchart illustrating a data generation and display
process.

[FIG. 11]

FIG. 11 is a flowchart illustrating a data editing process.
[FIG. 12]

FIG. 12 illustrates an example of displaying an impact on a construct
on a damage condition identification screen.

[FIG. 13]

FIG. 13 illustrates an example of displaying the degree of impact
on the damage condition identification screen.

[FIG. 14]

FIG. 14 illustrates an example of displaying the situation of areas
on the damage condition identification screen.

[FIG. 15]

FIG. 15 illustrates an example of displaying risk information on
a construction plan screen.

[FIG. 16]

FIG. 16 illustrates an example of displaying construction
information on the construction plan screen.

[FIG. 17]
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FIG. 17 illustrates an example of displaying a damaged area on a
recovery plan screen.

[FIG. 18]

FIG. 18 illustrates an example of displaying an impact on a construct
on the recovery plan screen.

[FIG. 19]

FIG. 19 illustrates an example of displaying a priority recovery
area on the recovery plan screen.

[FIG. 20]

FIG. 20 illustrates an example of displaying a priority recovery
location and a reconstruction setting on the recovery plan screen.
[FIG. 21]

FIG. 21 illustrates an example of displaying a damaged location
on the recovery plan screen.

[FIG. 22]

FIG. 22 illustrates an example of displaying a construction danger
on a warning information presentation screen.

[FIG. 23]

FIG. 23 illustrates an example of displaying an impact factor on
the warning information presentation screen.

[FIG. 24]

FIG. 24 is a flowchart illustrating a data integrated management
process according to a second embodiment.

[FIG. 25]

FIG. 25 is a flowchart illustrating a process of controlling the

granularity of a spatiotemporal model according to a third
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embodiment.

[Description of Embodiments]

[0009]

Hereinafter, an embodiment of the present invention will be
described with reference to the drawings. The present embodiment
will be described with reference to the overview of FIG. 1.
[0010]

In the present embodiment, for example, different types of source
data related to different types of constructs are mapped onto a
common spatiotemporal model so that information on an impact and/or
risk on another construct or another activity, of the states of
different types of constructs, management of an activity such as
a maintenance activity on each construct, and a construct state
and management of an activity is presented to users. The construct
information management system according to the present embodiment
assistsusers in identifying abnormalities andplanningmaintenance
activities quickly and efficiently, for example. The present
invention can be broadly applied to other fields without being
limited to the example described in the embodiments.

[0011]

Examples of the construct include an underground pipe, a building,
a road, a road construction. Examples of the underground pipe
include a water and sewer pipe, a gas pipe, and a conduit pipe.
Examples of the road construction include traffic lights and
communication devices.

[0012]
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In the present embodiment, the states of different types of
constructs and maintenance activities and information on the impact
and risk thereof are managed in a comprehensive manner and are
provided to users so as to assist construct management and operation
companies in identifying abnormalities and performing maintenance
activities quickly and efficiently. For example, by utilizing
detailed data from sensors installed on constructs managed by
various other organizations as well as sensors installed on
constructs managed by a subject organization and overview
information from other system primarily processing such pieces of
data, abnormalities are detected, recovery locations are identified,
a recovery plan is assisted, and the risk of activities is provided
to users.

[0013]

Another example of the construct information management system
according to the present embodiment is a system for managing
constructs and maintenance activities and calculating the impact
thereof, including: a data collection unit, a data integrated
management unit, and an impact calculation unit, wherein the data
collection unit includes: a data collection function of collecting
data from systems owned by users or organizations or sensors
installed on constructs; and a data registration function of
retaining the collected data, the data integrated management unit
includes: a spatiotemporal mapping function of managing the
retained data in correlation with a temporal and geographic space;

a relationship extraction function of correlating the pieces of
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retained data and manages the relationship thereof; and a data
providing function of processing one or a plurality of pieces of
data to generate data, and the impact calculation unit includes
a data creation function of calculating an impact on a construct
or an activity such as a construction using the data managed by
the spatiotemporal mapping function.

[0014]

The above-described configuration and the configuration of the
embodiments to be described later are examples for describing the
present invention only, and the scope of the present invention is
not limited to the configuration disclosed in the embodiments or
examples.

[0015]

According to the present embodiment, in urban construct management
associated with a number of information providers and users, it
is possible to narrow down information (including information which
is not recognized by users) to be provided to users efficiently
and effectively and integrate the pieces of information. Due to
this, according to the present embodiment, it is possible to present
the impact on constructs and maintenance activities managed by a
subject organization using the sensor data of other organizations
and the information obtained from systems and assist users in
identifying abnormalities and perform maintenance activities
quickly and efficiently.

[Embodiment 1]

[0016]
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A first embodiment will be described with reference to FIGS. 1 to
23. In the present embodiment, as for users who performs
maintenance and repair of underground pipes and facilities,
detailed data from sensors installed on constructs of various other
organizations as well as sensors installed on constructs managed
by the subject organization and overview information from other
systems primarily processing such pieces of data are used. Due to
this, in the present embodiment, it is possible to provide
information related to the impact and risk of the constructs and
maintenance activities to users as well as managing the states of
underground pipes and maintenance activities.

[0017]

A construct integrated management system 1 as a “construct
information management system” according to the present embodiment
is not limited to management of underground pipes but can be used
for management of distribution warehouse and delivery activities
and management of road and transportation, for example.

[0018]

FIG. 1 is a diagram illustrating an overall configuration of a
construct integrated management system 1. The construct
integrated management system 1 is constructed using a computer 10.
The computer 10 includes various resources such as, for example,
amicroprocessor, amain storage device, an auxiliary storage device,
an input/output circuit, and a communication circuit (which are
not illustrated). The microprocessor calls a prescribed computer

program stored in the auxiliary storage device into a main storage
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device and executes the same whereby prescribed functions 11 to
16 of the construct integrated management system 1 to be described
later are realized. The prescribed functions may be realized by
a cooperation of a computer program and a dedicated hardware circuit
as well as by the computer program only.

[0019]

The construct integrated management system 1 includes, for example,
a data collection unit 11, a data integrated management unit 12,
an impact calculation unit 13, a user management unit 14, an
application management unit 15, and an interface unit 16, which
will be described later. 1In the following description and drawings,
an application will be abbreviated as an app.

[0020]

The data collection unit 11 collects and retains prescribed source
data from a prescribed data source. Examples of the prescribeddata
source include various systems 2A and 2B owned by an infrastructure
supply business operator or an organization such as a disaster
prevention related organization and various sensors 3A and 3B
installed on a construct or the like. The data from these system
2A and 2B and sensors 3A and 3B is transmitted to the data collection
unit 11 via a communication network CN and is retained therein.
[0021]

The system 2A and 2B are referred to as a system 2 when they are
not distinguished. Similarly, the sensors 3A and 3B are referred
to as a sensor 3 when they are not distinguished. Examples of the

sensor 3 include a water leak detection sensor, a pressure sensor,

10
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a gas detection sensor, a color sensor, a temperature sensor, a
humidity sensor, an image sensor, an ultrasonic sensor, an infrared
sensor, and a torque sensor.

[0022]

The data collection unit 11 acquires data obtained by the system
2 primarily processing the data (also referred to as sensor data
or raw data) from the sensor 3 or the data from one or a plurality
of sensors 3 via the communication network CN and stores the same.
[0023]

The data integrated management unit 12 as a “data management unit”
manages the data stored in the data collection unit 11 by assigning
prescribed metadata thereto. Examples of the prescribed metadata
include a relationship with a spatiotemporal model (a relationship
with a temporal and geographic space), a relationship with other
data, and attributes of data (basic maps and features, incidents,
states and damages, behaviors, and the like).

[0024]

The data integrated management unit 12 processes one or a plurality
of pieces of data on the basis of the assigned metadata according
to a request from the application management unit 15 to generate
data and transmits the data to the application management unit 15.
[0025]

The impact calculation unit 13 calculates an impact on activities,
of a construct, a maintenance construction, or the like from the
data stored in the data collection unit 11.

[0026]

11
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The user management unit 14 manages users (not illustrated) who
use the construct integrated management system 1 using user
terminals 4A and 4B and executes access authentication when a user
uses the system 1. The user terminals 4A and 4B will be referred
to as a user terminal 4 when they are not particularly distinguished.
[0027]

The application management unit 15 stores applications for managing
the state of a construct and a maintenance activity and generating
information on the impact and risk thereof.

[0028]

The interface unit 16 receives information input from the user
terminal 4 and provides information to the user terminal 4. The
construct integrated management system 1 and the user terminals
4 may be connected directly or may be connected via a network such
as a local network or the Internet. Data may be moved using a
recording medium such as a flash memory instead of the communication
network.

[0029]

The user terminal 4 is configured as a computer terminal such as
a desktop personal computer, a table personal computer, or a
wearable personal computer, for example. The user terminal 4
includes an information input device and an information output
device (which are not illustrated). Examples of the information
input device include a keyboard, a pointing device such as a mouse,
a touch panel, and an audio input device. Examples of the

information output device include a display, a printer, and an audio

12
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synthesis device.

[0030]

FIG. 2 1is a diagram illustrating a functional configuration of the
construct integrated management system 1. The data collectionunit
11 includes a data collection function 111, a data registration
function 112, and an acquired data management DB 113, for example.
[0031]

The data collection function 111 collects the data from various
sensors 3 and the data (the data obtained by primarily processing
the sensor data) from various systems 2. The data registration
function 112 registers the collected data in the acquired data
management DB 113.

[0032]

The data integrated management unit 12 includes a spatiotemporal
mapping function 121, a relationship extraction function 122, a
data providing function 123, a spatiotemporal mapping DB 124, a
data relationship management DB 125, and a generated data management
DB 126, for example.

[0033]

The spatiotemporal mapping function 121 as a “spatiotemporal
mapping unit” registers the data stored in the acquired data
management DB 113 and the relationship thereof in the spatiotemporal
mapping DB 124 in correlation with a spatiotemporal model (in
correlation with a temporal and geographic space).

[0034]

The relationship extraction function 122 as a “relationship

13
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extraction unit” registers the relationships of the pieces of data
stored in the acguired data management DB 113 in the data
relationship management DB 125 in correlation. Furthermore, the
relationship extraction function 122 assigns metadata such as
attributes (basic maps and features, incidents, states and damages,
behaviors, and the like) of respective pieces of data in the data
relationship management DB 125.

[0035]

The data providing function 123 generates data to register the
generated data in the generated data management unit 126 and provide
the same to the application management unit 15. The data providing
function 123 processes one or a plurality of pieces of data on the
basis of the assigned metadata according to a regquest from the
application management unit 15, for example, to generate data.
Furthermore, the data providing function 123 causes the impact
calculation unit 13 to calculate an impact on a construct and
activities to generate data.

[0036]

The impact calculation unit 13 includes a data receiving function
131 and a data creation function 132, for example. The data
receiving function 131 receives data for calculating an impact on
a construct and an activity such as a maintenance construction from
the data stored in the spatiotemporal mapping DB 124 and receives
an impact calculation request from the data providing function 123.
The data creation function 132 calculates an impact on a construct

or an activity such as a maintenance construction using the received

14
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data.

[0037]

The user management unit 14 includes a user authentication function
141, a data verification function 142, a user management DB 143,
and a data use management DB 144. The user authentication function
141 registers information (a user name, a password, and the like)
related to the user who uses the system 1 in the user management
DB 143 and performs access authentication when using the system
1. The data verification function 142 sets a user who can use the
respective pieces of data handled by the system 1 to register the
user in the data use management DB 144 and determines whether it
is possible to generate or provide data according to the user when
generating or providing data.

[0038]

The application management unit 15 retains applications 151 to 154
for managing the state of a construct such as an underground pipe
and a maintenance activity and generating information on an impact
and a risk thereof.

[0039]

The abnormality detection application 151 detects a construct
damage such as a water leakage occurrence location and presents
the same to a user. The construction plan assistance application
152 calculates an impact on a construct managed by a subject
organization, of a damage such as a water leakage occurrence and
a recovery activity therefor and presents the calculated impact

to the user as information for assisting a construction plan and
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a user’s activity together with the data observed by the sensor
3.

[0040]

The recovery plan assistance application 153 presents a location
to be recovered preferentially using the observation data of the
sensors 3 and the like in the event of a disaster, a damage such
as a water leakage occurrence, a recovery activity therefor, and
disaster related data provided from the system 2 such as a disaster
prevention system. The safety compliance application 154
generates and presents risk information which has an impact on a
recovery activity using the recovery activity information and the
disaster related data provided from the system 2 such as a disaster
prevention system.

[0041]

The interface unit 16 includes a menu selection function 161, an
information input function 162, and an information output function
163, for example. The menu selection function 161 provides a menu
selection screen for selecting a function to be used from the
functions provided by the system 1 to the user terminal 4, for
example. The information input function 162 receives the input of
an information display request from the user terminal 4. The
information output function 163 presents information output by the
respective applications of the application management unit 15 to
the user terminal 4.

[0042]

FIG. 3 illustrates an example of a construct integrated management

16
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sequence. In the construct integrated management system 1, this
sequence 1is a basic process for managing the state of a construct
such as an underground pipe and maintenance activities and
presenting information on the impact and risk thereof to users so
as to assist the users in identifying abnormalities to realize quick
and efficient maintenance activities.

[0043]

The data collection function 111 of the data collection unit 11
collects sensor data and data obtained by a system primarily
processing the same via the communication network CN from an
infrastructure supply business operator, various systems 2 owned
by an organization such as a disaster prevention related
organization, and various sensors 3 installed on a construct or
the like (S1). The data registration function 112 registers the
collected data in the acquired data management DB 113 (S12).
[0044]

When new data is added to the acquired data management DB 113, the
relationship extraction function 122 of the data integrated
management unit 12 examines whether the added data is updated data
of acquired data and registers a relationship between the pieces
of data before and after update in the data relationship management
DB 125 when the added data is updated data (S13).

[0045]

The spatiotemporal mapping function 121 registers the data added
to the acquired data management DB 113 and the relationship thereof

in the spatiotemporal mapping DB 124 in correlation with a common
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spatiotemporal model (in correlation with a temporal and geographic
space) (S14).

[0046]

The relationship extraction function 122 assigns metadata such as
attributes of respective pieces of data (basic maps and features,
incidents, states and damages, behaviors, and the like) to the data
added to the acquired data management DB 113 and registers the same
in the data relationship management DB 125 (S15).

[0047]

When a user logs into the system 1 from the user terminal 4 using
a user ID and a password registered in advance, the menu selection
screen provided by the menu selection function 161 is displayed
on the screen of the user terminal 4 (S16).

[0048]

In the menu selection screen, for example, a user can select a
desired application among the abnormality detection application
151, the construction plan assistance application 152, the recovery
plan assistance application 153, and the safety compliance
application 154. When the user selects one of the apps, an
information input screen is provided to the user terminal 4 by the
information input function 162. The user inputs a request for
obtaining desired information via the information input screen
(Sle).

[0049]

When a request is input from the user, each of the applications

(“app” in the drawings) of the application management unit 15 sends

18
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a request for necessary information to the data providing function
123 of the data integrated management unit 12 according to the
request (S17).

[0050]

The data providing function 123 generates data according to the
request from any one of the applications 151 to 154 of the
application management unit 15 and transmits the generated data
to the impact calculation unit 13. For example, the data providing
function 123 acquires one or a plurality of pieces of data from
the spatiotemporal mapping DB 124, integrates the data to generate
data, and transmits the generated data and an impact calculation
request to the data receiving function 131 of the impact calculation
unit 13.

[0051]

The data receiving function 131 of the impact calculation unit 13
delivers the data and the impact calculation request received from
the data providing function 123 to a data generation function 132
(S198). The data generation function 132 calculates an impact on
a construct and activities on the basis of the impact calculation
request with respect to the delivered data to generate data and
transmits the generated data to the data providing function 123
(S20) .

[0052]

The data providing function 123 registers the received generated
data in the generated data management DB 126 and transmits the

generated data to the regquesting applications 151 to 154 of the
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application management unit 15 (S21).

[0053]

The spatiotemporal mapping function 121 registers the generated
data added to the generated data management DB 126 and the
relationships thereof in the spatiotemporal mapping DB 124 in
correlation with the spatiotemporal model (S22).

[0054]

The relationship extraction function 122 registers the relationship
between the generated data and the source data (the plurality of
pieces of integrated data and the data used for calculating the
impact) in the data relationship management DB 125 in correlation
(S23). Furthermore, the relationship extraction function 122
assigns metadata such as attributes (incidents, states and damages,
activities, and the like) to the generated data and registers the
same in the data relationship management DB 125 (S23).

[0055]

The applications 151 to 154 of the application management unit 15
transmits the generated data received from the data providing
function 123 or data generated by processing the received generated
data using the functions of the applications to the interface unit
16 (S24). The data generated by the processing function of the
application is registered in the generated data management DB 126
(524 .

[0056]

The information display function 163 of the interface unit 16

displays the data received from the applications 151 to 154 on the
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screen of the user terminal 4 (S25).

[0057]

A configuration example of a database used by the construct
integrated management system 1 will be described with reference
to FIGS. 4 to 7.

[0058]

FIG. 4 is an example of the acquired data management DB 113. The
table of the acquired data management DB 113 includes columns
including a data ID 1130, a data name 1131, an acquisition time
point 1132, a providing source 1133, and a use range 1134, for
example.

[0059]

The data ID 1130 is information for identifying the raw data
(latitude and longitude, a measurement time point, a numerical value,
and the like) RD acguired via the communication network CN from
the systems 2 and the sensors 3. The data name 1131 is information
expressing a data content. The acquisition time point 1132
indicates the time point when data was acquired. The providing
source 1133 indicates an acquisition source of data. The use range
1134 indicates a limitation such as a data disclosure range.
[0060]

FIG. 5 is an example of the spatiotemporal mapping DB 124. The table
of the spatiotemporal mapping DB 124 includes a spatiotemporal ID
1240, an area name 1241, adata ID 1242, a data name 1243, a latitude,
longitude, and altitude 1244, a time point 1245, a value 1246, and

an attribute 1247.
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[0061]

The mapping information SM of the present embodiment divides a
common spatiotemporal model certain constant intervals and includes
a target region, a division interval, each of the divided section,
and a spatiotemporal ID for identifying the sections.

[0062]

The spatiotemporal ID 1240 is information for associating the data
collected from the systems 2 and the sensors 3 with the relationship
with the sections on the spatiotemporal model. The area name 1241
indicates the name of each section. The data ID 1242 is information
for identifying data. The data name 1243 is the name indicating
the content of data. The latitude, longitude, and altitude 1244
indicates location information included in the raw data RD
identified by the data ID. The time point 1245 indicates time
information included in the raw data RD identified by the data ID.
[0063]

The value 1246 indicates a numerical value and text information
included in the raw data RD identified by the data ID. The attribute
1247 is information identified from the item “attribute” 1252 of
the data relationship DB 125 by the data ID.

[0064]

The latitude, longitude, and altitude 1244, the time point 1245,
the value 1246, and the attribute 1247 may not be registered as
necessary. That is, these values may be omitted if unnecessary.
[0065]

With the spatiotemporal ID 1240 and the data ID 1242 of each record
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registered in the spatiotemporal mapping DB 124, it is possible
to identify in which section on the spatiotemporal model each data
is present. Moreover, it is possible to extract the data present
in a certain spatiotemporal model only.

[0066]

In the mapping information SM, a certain region of the
spatiotemporal model may be further subdivided to set the
spatiotemporal ID 1240 so that the sizes of respective sections
are decreased. Alternatively the same region of the spatiotemporal
model may be divided with a plurality of different resolutions
(granularities) to set the spatiotemporal ID 1240 for respective
resolutions.

[0067]

FIG. 6 is an example of the data relationship management DB 125.
The table of the data relationship management DB 125 includes a
data ID 1250, a data name 1251, an attribute 1252, a related data
ID 1253, a process ID 1254, and a relationship 1255, for example.
[0068]

The data ID 1250 is information for identifying data. The data name
1251 is information representing a data content. The attribute
1252 is information indicating data attributes (for example,
features, incidents, states and damages, activities, and the like}).
The related data ID 1253 is information for associating data having
a data ID with related data. The process ID 1254 is information
identifying by which process, the data having the data ID has been

generated. The relationship 1255 is information indicating a
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relationship between the data having the data ID and data having
the data ID registered in the related data ID (for example, an update
relationship between old and new data, a causal relationship
indicating data (damage) obtained as the result of data
(abnormality), and an integration relationship indicating data
obtained by integrating a plurality of pieces of data).

[0069]

FIG. 7 illustrates an example of the generated data management DB
126. The record of the generated data management DB 126 includes
a data ID 1260, a data name 1261, an acquisition time point 1262,
a process ID 1263, a generation source 1264, and a use range 1265.
[0070]

The data ID 1260 is information for identifying the generated data
(latitude and longitude, a measurement time point, a numerical value,
and the like) GD registered by the data providing function 123 in
correlation. The data name 1261 is information representing a data
content. The acguisition time point 1262 indicates the time when
data was generated. The process ID 1263 is information for
identifying by which process, the data has been generated. The
generation source 1264 is information indicating a generation
source of data. The use range 1265 is information indicating a
limitation such as a data disclosure range.

[0071]

FIG. 8 is a flowchart illustrating an example of a data integrated
management process procedure.

[0072]

24



PHT170405US01W

In step S101, the data collection function 111 of the data collection
unit 11 acquires data from the systems 2 and the sensors 3 via the
communication network CN.

[0073]

In step 5102, the data registration function 112 of the data
collection unit 11 assigns an identification data ID to each piece
of data acquired in step S101.

[0074]

In step S103, the data registration function 112 registers the
information on the data acquired in step S101 and the data ID
assigned in step S102 in the acquired data management DB 113. For
example, data ID = “00001”, data name = “data A”, acquisition time
point = “2017/07/01 12:00:00”, providing source = “sensor A”, and
use range = “unlimited” are registered as a record 1135.

[0075]

In step S104, the spatiotemporal mapping function 121 of the data
integrated management unit 12 detects addition of a new record to
the acquired data management DB 113.

[0076]

In step S105, it is determined whether the data corresponding to
the record (for example, record 1135) added to the acquired data
management DB 113 detected in step S104 is the update data of the
data already acquired by referring to the data name 1131 (“data
A”) and the acquisition source 1133 (“sensor A”). When the data
is the update data, step S106 is executed. When the data is not

the update data, step S107 is executed.
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[0077]

In step S106, the relationship extraction function 122 of the data
integrated management unit 12 registers the relationship between
the existing data and the data newly registered in step S103 in
the data relationship management DB 125 and executes step S107.
For example, when the data RD registered in the record 1135 is the
update data of the data registered with data ID = “00100”, data
ID = “00001”, data name = “data A”, related data ID = “00100”, and
relationship = “update” are registered as a record 1256.

[0078]

In step S107, the spatiotemporal ID 1240 of the spatiotemporal
mapping DB 124 is identified for the data acquired in step S101
on the basis of time point information and location information
(for example, latitude, longitude, and altitude) and the data ID
1130 and the spatiotemporal ID 1240 assigned to the data acguired
in step S101 are registered in correlation. For example, the
position on the spatiotemporal space corresponding to the time point
and the location included in the data RD registered in the record
1135 is present in the section indicated by spatiotemporal ID =
“000010” on the mapping information 1249, spatiotemporal ID =
0000107, data ID = “00001”, and related information (latitude,
longitude, and altitude, time point, and the like) are registered
as a record 1248.

[0079]

Here, as for data extending over a plurality of sections such as

data having a length like a water pipe, data having a region like
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an inundation area, and data having a plurality of time periods
like inundation change prediction, records having different
spatiotemporal IDs are registered for the same data ID. Due to this,
it is possible to handle pieces of data having different resolutions
commonly from various data sources.

[0080]

In step S108, the attributes (for example, features, incidents,
states and damages, activities, and the like) of the data
corresponding to the record registered in step S107 are determined
and are registered in the attribute 1247 of the record of the
corresponding data in the spatiotemporal mapping DB 124.
Furthermore, the attributes are also registered in the attribute
1252 of the record corresponding to the data ID in the data
relationship management DB 125 (S108). For example, it is
determined that the attribute is “move” when the location
information is changed as compared to the data in the relation of
“update” in the data relationship management DB 125 and “dynamic”
when the value is changed.

[0081]

“Activity”, “damage”, or the like is identified and registered on
the basis of the metadata (attribute information set by an
information providing source) described in the data acgquired in
step S101, a relationship extraction function in step S117 to be
described later, and the metadata provided from various
applications in step S132 to be described later. Here, the

attribute information assigneduniquelyby an information providing
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source or the like may be converted to a common term by a language
analysis process and the term may be also registered as attribute
information. For example, attribute information set as “collapse”
may be converted to “damage” having a similar meaning by a language
analysis process and “collapse” and “damage” are registered
together. 1In this way, it is possible to handle information given
by various users in a unified manner.

[0082]

FIG. 9 is a flowchart illustrating an example of an impact
calculation process procedure.

[0083]

In step S111, the data providing function 123 of the data integrated
management unit 12 acquires one or a plurality of pieces of data
from the acguired data management DB 113 by referring to the
spatiotemporal mapping DB 124 according to the requests from the
applications 151 to 154 of the application management unit 15 and
transmits the acquired data and the impact calculation request to
the data receiving function 131 of the impact calculation unit 13.
Here, each application designates a certain construct or activity
to request such that the impact thereof is calculated and designates
a spatial range or a time to reguest such that an impact on a construct
or activity in that range is calculated. Only data usable by the
user including the information on the user who uses the application
among the requests from the applications may be acguired by
referring to the use range 1134 of the acquired data management

DB 113.
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[0084]

In step S112, the data receiving function 131 receives data
necessary for calculating the impact of the designated range.
[0085]

In step S113, the data generation function 132 of the impact
calculationunit 13 calculates an impact on a construct or activity,
of the data received in step S112 on the basis of the impact
calculation request to generate data. Here, as a calculation
method, an impact on another construct and activity and observation
data with respect to a construct and activity is calculated on the
basis of a calculation function.

[0086]

A\

The calculation function is, for example, “ (spatiotemporal distance
between impact calculation target construct and activity and state
and damage of another construct) x relationship x weight parameter)”.
The relationship is a correlation (the extent of impact) between
a construct and an abnormality in another construct, a correlation
between a construct and a damage of another construct, a correlation
between a construct and an activity, a correlation between a
construct and a risk (disaster such as earthquake), and a
correlation between an activity and a risk (disaster such as
earthquake). For example, the degree of impact on a gas pipe is
calculated from a damage (water leakage of a water pipe) near a
construct (a gas pipe) of a subject organization, an activity (a

construction performed by another organization, and sensor

observation data (water content in soil). The degree of impact

29



PHT170405US01W

(road damage or the like) on a road is calculated from a damage
(water leakage of a water pipe) near a construct (a road) of a subject
organization and the degree of impact (the degree of danger) on
an activity is calculated from a damage risk (soil disaster warning
data) near a subject organization activity. The weight parameter
is a parameter for correcting the correlation on the basis of an
observed impact when an impact is observed actually.

[0087]

In step S114, the data generation function 132 assigns an
identification process ID to the data generated in step S113 and
transmits the generated data and the process ID to the data providing
function 123 of the data integrated management unit 12.

[0088]

In step S115, the data providing function 123 registers the received
generated data and the process ID in the generated data management
DB 126. For example, data ID = “00101”, data name = “data vy”,
generation time point = “2017/07/01 12:35:02”, process ID = “002",
generation source = “data provision”, and use range = “user B only”
are registered as a record 1267. Furthermore, the generated data
is transmitted to the requesting applications 151 to 154 of the
application management unit 15. Here, the use range is identified
from the use range 1134 of the data (the data acquired in step S111)
used for impact calculation. The processing content (the data ID
of the data used for the impact calculation process, the calculation
function, and the 1like) may be stored in association with the process

ID as a process log.
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[0089]

In step S116, the spatiotemporal mapping function 121 identifies
the spatiotemporal ID 1240 of the spatiotemporal mapping DB 124
with respect to the generated data added to the generated data
management DB 126 on the basis of time point information and location
information (for example, latitude, longitude, and altitude) and
registers the process ID assigned to the generated data in
correlation with the data ID 1130 and the spatiotemporal ID 1240.
For example, when the position on the spatiotemporal space
corresponding to the time point and the location included in the
generated data received in step S115 is present in a section
indicated by the spatiotemporal ID = “000020” on the mapping
information 1249, spatiotemporal ID = “000020”, data ID = “00101",
and the related information (latitude, longitude, and altitude,
time point, and the like) are registered as a record 1249.
[0090]

In step S117, the relationship extraction function 122 registers
the relationship between the generated data and the source data
thereof (a plurality of pieces of integrated data and the data used
for impact calculation) in the data relationship management DB 125
in correlation. Here, the relationship includes a relationship
(for example, an update relationship between old and new data, a
causal relationship indicating data (damage) obtained as the result
of data (abnormality), and an integration relationship indicating
data obtained by integrating a plurality of pieces of data) 1245

between the data having the data ID and the data having the data
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ID registered in the related data ID. For example, data ID="00101",
related data ID = “00001, 00002” (the data ID of data used for impact
calculation), process ID = “002”, and relationship = “integration”
of the generated data received in step S115 are registered as a
record 1257. Here, when the generated data (having the same value
in the related data ID on the data relationship management DB)
generated by integrating the pieces of data having data ID= “00001"
and data ID = “00002” is already registered in the generated data
management ID 126 (for example, registered as data ID = “00090"),
the relationship with the data of data ID = “00090” is added as
a new record as “update”.

[0091]

In step S118, metadata such as attributes (incidents, states and
damages, activities, and the like) of the generated data is assigned
and 1s registered in the attribute of the record of the data in
the data relationship management DB 125 and the spatiotemporal
mapping DB 124. For example, it is determined that the attribute
is “move” when the location information is changed as compared to
the data in the relation of “update” in the data relationship
management DB 125 and “dynamic” when the value is changed. The
attribute may be determined from the attribute of the data used
for integration and may be set by the data providing function on
the basis of a setting rule (for example, the attribute of data
Y obtained by integrating data A and data B is “damage”).

[0092]

FIG. 10 is a flowchart illustrating an example of a data generation
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and display process procedure when displaying information to users.
[0093]

In step S121, the applications 151 to 154 of the application
management unit 15 send a request for necessary information to the
data providing function 123 of the data integrated management unit
12 according to the request.

[0094]

Examples of the request type include a case of designating a data
name or an information providing source to request for data (reguest
type TA), a case of designating a location or a time to request
for data (request type TB), a case of requesting for calculation
of impact on a designated range or directly designated construct
or an activity (request type TC), and a case of setting data, a
construct, or an activity in a monitoring range in advance and
receiving data automatically when data or newly calculated impact
is present (regquest type TD). A plurality of pieces of information
may be requested simultaneously in a plurality of types.

[0095]

In step S122, the type of information regquest in step S121 is
determined, and when the type is the request type TA, step S$S123
is executed. 1In the case of request type TB, step S125 is executed.
In the case of request type TC, processes of steps S112 to S118
are executed. 1In the case of request type TD, processes subsequent
to step S134 are executed.

[0096]

In step S123, the data providing function 123 of the data integrated
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management unit 12 searches the acquired data management DB 113
and the generated data management DB 126 on the basis of the
designated data name or information providing source according to
the requests from the applications 151 to 154 of the application
management unit 15 to acquire the requested data (objective data).
[0097]

In step S124, the data related to the objective data is acquired
from the data relationship management DB 125 and the spatiotemporal
mapping DB 124 on the basis of the data ID of the objective data
acquired in step S123. Here, the related data is data which is a
generation source of the data and the data of which the distance
to the data on the spatiotemporal space is short. Step $S124 may
be skipped without being executed as necessary. Here, the
processing content of step S124 is similar to the processing content
of step S126. Therefore, the content of step S126 is illustrated
in FIG. 10 but the content of step S124 is omitted.

[0098]

In the case of request type TB, in step S$S125, the data providing
function 123 of the data integrated management unit 12 identifies
one or a plurality of pieces of data (objective data) from the
spatiotemporal mapping DB 124 according to the requests from the
applications 151 to 154 of the application management unit 15 and
acquires data from the acquired data management DB 113 or the
generated data management DB 126.

[0099]

In step S126, the data related to the objective data is acquired

34



PHT170405US01W

from the data relationship management DB 125 and the spatiotemporal
mapping DB 124 on the basis of the data ID of the objective data
acquired in step S125. Here, the related data is the generation
source data of the data or the data of which the distance to the
data on the spatiotemporal space is short. Step 5126 may be skipped
without being executed as necessary.

[0100]

In step S127, the data acguired in steps $S123 and S124 or the data
acquired in steps S125 and S126 is transmitted to the applications
151 to 154 which are the requesting source in step S121.

[0101]

In step S128, the applications 151 to 154 of the application
management unit 15 performs processing based on an algorithm unique
to the application using the received data to generate information
to be provided to users. Information may be generated by the
processing of step S113 using the impact calculation unit 13.
Moreover, step S133 may be executed using the received data as it
is without performing special processing.

[0102]

In step S129, a data ID is assigned to the generated data and is
transmitted to the data providing function 123 of the data
integrated management unit 12.

[0103]

In step S130, the data providing function 123 registers the received
data and the data ID in the generated data management DB 126. For

example, data ID = “00100”, data name = “data X”, generation time
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point =%2017/07/0112:30:00”, process ID="001", generation source
= “application o”, and use range = “unlimited” are registered as
a record 1266.

[0104]

In step S131, the spatiotemporal mapping function 121 identifies
the spatiotemporal ID 1240 in the spatiotemporal mapping DB 124
on the basis of the time point information and the location
information (for example, latitude, longitude, and altitude) with
respect to the data added to the generated data management DB 126
and registers the process ID assigned to the generated data in
correlation the data ID 1130 and the spatiotemporal ID 1240.
[0105]

In step S132, the relationship extraction function 122 registers
the relationship between the data received in step S130 and the
source data (a plurality of pieces of integrated data and the data
ID of the data used for impact calculation) in the data relationship
management DB 125 if these pieces of data are provided from an
application (are described in the received data). Furthermore, the
relationship extraction function 122 registers the metadata such
as the attributes (incidents, states and damages, activities, and
the 1like) of the generated data in the data relationship management
DB 125 if the metadata i1s described in the data received from the
application in S130.

[0106]

In step S133, the applications 151 to 154 of the application

management unit 15 transmits the data received in step S128 or the
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data generated using the data to the user terminal 4 with the aid
of the information output function 163 of the interface unit 16
and displays the same on the screen of the terminal.

[0107]

In the case of request type TC, steps S112 to S118 are executed.
[0108]

In the case of request type TD, in step S134, when data or a newly
calculated impact is present, the applications 151 to 154 of the
application management unit 15 monitors the presence of newly
arrived data by referring to the spatiotemporal mapping DB 124 with
respect to data, a construct, or an activity in a monitoring target
range set such that the data is received automatically.

[0109]

When newly arrived data is present in step S135, step S136 is
executed. When newly arrived data is not present, step S134 is
executed again periodically or at timings set in advance.

[0110]

In step S136, the applications 151 to 154 of the application
management unit 15 executes step S121 to send the requests of the
request types TA to TC on the basis of the newly arrived data detected
in step S134.

[0111]

FIG. 11 is a flowchart illustrating an example of a data editing
process procedure when changing the records of the data relationship
management DB.

[0112]
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In step S141, a user designates data to be edited using the
information input function 162 of the interface unit 16 by operating
the user terminal 4. A data name or an information providing source
may be designated, and data to be edited may be designated by
designating a location and a time.

[0113]

In step S142, the spatiotemporal mapping function 113 displays the
value of a record in which the designated data is registered with
the aid of the information output function 163 of the interface
unit 16.

[0114]

In step S143, the user edits the value of the record displayed by
the information output function 163 using the information input
function 162 of the interface unit 16 by operating the user terminal
4. For example, related information in which identification
information such as “damage” is stored in the attribute and
“maintenance person G” is stored in the value is additionally
registered.

[0115]

In step S144, the spatiotemporal mapping function 113 registers
the content of a record of the edited data in the spatiotemporal
mapping DB 124. When the same item is present in DBs other than
the spatiotemporal mapping DB 124 (for example, the item “attribute”
of the data relationship DB 125), the edited content is also applied
to such DBs.

[0116]
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Although a case of editing the record registered in the
spatiotemporal mapping DB 124 has been described, the same is true
for a case of editing the content or the data of another DB such
as the data relationship DB 125.

[0117]

An example of the damage condition identification screen of the
abnormality detection application 151 for detecting a construct
damage such as a water leakage occurrence location and presenting
the same to the user will be described with reference to FIGS. 12
to 14.

[0118]

An information display screen Gl provided to the user terminal 4
by the interface unit 16 includes a menu display portion GP1l, an
information input portion GP2, a time point selection portion GP3,
and an information display portion GP4, for example. For example,
when a user select a damage identification menu GP1l1l, information
for acquiring information for assisting in damage condition
identifying is displayed in the information input portion GP2 by
the abnormality detection application 151.

[0119]

As illustrated in FIG. 12, a case in which a user selects the current
time point in the time point selection portion GP3 and selects
“damage detection” in the information input portion GP2 will be
described. 1In this case, the application management unit 15
proceeds to the request type TB in step S121, acquires data of which

the attribute is “damage” among the pieces of data on a geographic
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space in the range displayed in the information display portion
GP4 at the current time point, and displays a symbol indicating
the data (damage) at a location corresponding to the latitude,
longitude, and altitude of each piece of the data on the map of
the information display portion GP4.

[0120]

When the user selects “construct” in the information input portion
GP2, the flow proceeds to the reguest type TC in step $S121. The
impact of the displayed data (damage) on a construct present on
the geographic space in the range displayed in the information
display portion GP4 is calculated by the impact calculation unit
13, and an impacted construct is displayed at the corresponding
location on the map of the information display portion GP4. For
example, water pipes GP14 and GP15 and a building GP16 are displayed
as constructs impacted by a water leakage damage (water leakage
location) GP12 and a gas pipe damage (gas leakage location) GP13.
[0121]

As illustrated in the information display screen G2 of FIG. 13,
when a user selects “degree of impact” in the information input
portion GP2, the degree of impact (accuracy) of the sensor data
indicating abnormalities is displayed in the areas at constant
intervals on the geographic space in the range displayed in the
information display portion GP4 at the current time point. For
example, the impact of the displayed data (damage) is calculated
for respective areas according to the request type TC in step S121,

the degree of impact GP17 on each area, of the sensor data GP12
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and GP13 indicating abnormalities is displayed at the corresponding
location on the map of the information display portion GP4. With
this degree of impact, the possibility of damage (risk) of a
construct can be determined for constructs (for example, water pipes
and buildings) present on the geographic space in the range
displayed in the information display portion GP4.

[0122]

As illustrated in the information display screen G3 in FIG. 14,
when the user selects “area condition” in the information input
portion GP2, the flow proceeds to the request type TB, and the data
on the geographic space in the range displayed in the information
display portion GP4 at the current time point is acquired for the
area on the geographic space designated in the information display
portion GP4 at the current time point. The pieces of data are
displayed in the information display portion GP4 according to the
attribute of the acquired data. For example, the data is displayed
in the information display portion GP4 such that the condition of
the area GP18 is “damage” and the condition of the area GP19 is
“damage and activity”.

[0123]

FIGS. 15and 16 illustrate an example of the constructionplan screen
G4 provided by the construction plan assistance application 152.
[0124]

In the construction plan screen G4 which is a part of the information
display screen, for example, when the user selects a construction

plan menu GP21, selection items “risk” and “construction
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information” for acquiring information for assisting in a
construction plan are displayed in the information input portion
GP2 by the construction plan assistance application 152.

[0125]

When the user sets the current time point in the time point selection
portion GP3 and selects “risk” in the information input portion
GP2, the flow proceeds to the request type TB in step S121. 1In this
way, the data on the geographic space in the range displayed in
the information display portion GP4 at the current time point is
acquired.

[0126]

The construction plan assistance application 152 displays data
related to a construct owned by the user among these pieces of
acquired data as a symbol (figure) indicating the data at the
location corresponding to the latitude, longitude, and altitude
of each piece of data on the map of the information display portion
GP4.

[0127]

The impact on the displayed construct is calculated according to
the request type TC in step S121 with respect to the construct
present on the geographic space in the range displayed in the
information display portion GP4. The risk of the construct is
calculated from the calculated impact and the risk (aging) of the
construct itself and the degree of risk is displayed for the
corresponding construct on the map of the information display

portion GP4.
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[0128]

For example, the water pipe GP23 is displayed as a construct having
a high risk on the basis of the year of installation, a gas pipe
damage (gas leakage location) GP22 or the like. 1In this way, the
user can identify the impact risk on a construct of the subject
organization from the abnormality and damage information of the
construct of another organization as well as the risk (aging) of
the construct of the subject organization.

[0129]

As illustrated in the screen G5 in FIG. 16, when the user selects
“construction information” in the information input portion GPZ2,
information related to constructions on the geographic space in
the range displayed in the information display portion GP4 at the
current time point is displayed.

[0130]

For example, data of which the attribute is “activity” among the
pieces of data on the geographic space in the range displayed in
the information display portion GP4 at the current time point is
acquired according to the request type TB, and a symbol indicating
the data (activity) is displayed at the location corresponding to
the latitude, longitude, and altitude of each piece of data on the
map of the information display portion GP4. The acquired data is
displayed such that whether the data indicates a construction
planned by the user or a construction performed by another user
can be distinguished. For example, a construction GP24 planned by

the user and a construction GP25 performed by the other user are
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displayed in a distinguished manner.

[0131]

Furthermore, an impact of the construction GP25 performed by the
other user on the displayed construct is calculated according to
the request type TC with respect to the construct present on the
geographic space in the range displayed in the information display
portion GP4. The construct predicted to be impacted is displayed
on the map of the information display portion GP4. For example,
the water pipe GP26 is displayed as the construct impacted by the
construction GP25 performed by the other user. In this way, the
user can identify the other construction information (the other
organization activity) impacting the construct of the subject
organization from the construction information provided from the
other organization and the construction information (construction
vibration) obtained from sensors.

[0132]

FIGS. 17 and 18 illustrate an example of the recovery plan screen
G6 which is a part of the information display screen provided by
the recovery plan assistance application 153.

[0133]

When a user selects a recovery plan menu GP31, items “damaged
location”, “damaged area”, “construct”, “recovery area”, and
“reconstruction” for acquiring information for assisting in a
recovery plan in the event of a disaster or the like are displayed
in the information input portion GP2 by the recovery plan assistance

application 153.
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[0134]

As illustrated in FIG. 17, when the user sets the current time point
in the time point selection portion GP3 and selects “damaged
location” in the information input portion GP2, data of which the
attribute is “damage” among the pieces of data on the geographic
space in the range displayed in the information display portion
GP4 at the current time point is acquired according to the reguest
type TB.

[0135]

These pieces of acquired data are displayed as symbols indicating
the data (damage) at the location corresponding to the latitude,
longitude, and altitude of each piece of data on the map of the
information display portion GP4. Furthermore, when the user
selects “damaged area”, the impact of the displayed data (damage)
is calculated with respect to the area (for example, an area set
by the user for the management purpose) set on the geographic space
according to the request type TC and an area predicted to be impacted
is displayed on the map of the information display portion GP4.
For example, the damaged locations GP32, GP33, and GP34 and the
impacted areas GP35, GP36, and GP37 are displayed.

[0136]

As 1llustrated in the screen G7 in FIG. 18, when the user sets the
current time point in the time point selection portion GP3 and
selects “damaged area” and “construct” in the information input
portion GP2, data indicating a construct among the pieces of data

on the geographic space in the range displayed in the information
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display portion GP4 at the current time point is acquired according
to the request type TB. In the process of step S128, the impact
of the GP32, GP33, and GP34 on the impacted area is calculated
according to the request type TC with respect to the acquired data
of the construct. As a result, the construct predicted to be
impacted is displayed on the map of the information display portion
GP4. For example, a hospital GP38 and shelters GP39 and GP40 are
displayed as the construct predicted to be impacted.

[0137]

As illustrated in the screen G8 in FIG. 19, when the user selects
the current time point in the time point selection portion GP3 and
selects “recovery area” in the information input portion GP2, the
recovery plan assistance application 153 identifies an area inwhich
the number of impacted constructs is large among the areas GP4l
(corresponding to GP35 in FIG. 18), GP42 (corresponding to GP36
in FIG. 18), and GP37 predicted to be impacted and displays the
same on the map of the informationdisplay portion GP4. For example,
the areas GP41 and GP42 are displayed. In this way, for example,
the user can recognize an area impacting on a number of constructs
as an area to be recovered preferentially.

[0138]

As 1llustrated in the screen G9 in FIG. 20, when the user sets the
current time point in the time point selection portion GP3 and
selects a reconstruction in the information input portion GP2, data
indicating a construct (pipe) managed by the user among the pieces

of data on the geographic space in the range displayed in the
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information display portion GP4 at the current time point is
acquired according to the request type TB.

[0139]

In the process of step S128, the impact of an area in which the
number of impacted constructs is large is calculated for the
acquired construct (pipe) data according to the request type TC,
and the impacted construct (pipe) is displayed on the map of the
information display portion GP4. For example, the constructs
(pipes) GP43, GP44, GP45, and GP46 are displayed. 1In this way, for
example, the user can recognize the construct (pipe) to be recovered
preferentially and a construction plan (activity) GP48 is
registered for the construct which needs to be recovered.

[0140]

The recovery plan assistance application 153 delivers the
construction plan (activity) registered by the user to the data
registration function 112 of the data collection unit 11 so that
the processes of steps S102 to S108 are executed. 1In this way, it
is possible to register the construction plan (activity) in
respective databases.

[0141]

As 1llustrated in the screen G10 in FIG. 21, when the user selects
“damaged location” in the information input portion GP2, data of
which the attribute is “damage” among the pieces of data on the
geographic space in the range displayed in the information display
portion GP4 at the current time point is acquired according to the

request type TB. In step S126, the construction plan (activity)
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data which is the data in which the spatiotemporal distance is short
is acquired as the data related to the acquireddata. In the process
of step $128, the impact of the construction plan (activity) data
is calculated for the acquired damage data according to the request
type TC, and the impacted damage data is displayed on the map of
the information display portion GP4. For example, damage data 949
is displayed as the damage data impacted by the construction plan
(activity) data GP48. 1In this way, the user can extract an impact
(effect) on the damaged location, of an activity from the damage
data and the construction (activity) information in the construct
and can display a damaged location in which an activity is performed
as old data.

[0142]

FIGS. 22 and 23 illustrate an example of the warning information
presentation screen G11 which is a part of the information display
screen provided by the safety compliance application 154.

[0143]

For example, the recovery plan assistance application 154 monitors
newly arrived data in the range (time and space) set by the user
in advance according to the request type TD in step S121 and informs
the user by blinking the caution information menu GP61 when the
newly arrived data has an impact on the construction plan (activity)
0of the user.

[0144]

When the user selects the caution information menu GP61, items

“construction danger”, “soil disaster warning”, and “inundation
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prediction” for acquiring information for assisting in construction
safety compliance are displayed in the information input portion
GP2.

[0145]

The recovery plan assistance application 154 acquires the
construction plan (activity) data of the user according to the
request type TA or the request type TB in step S121. 1In the process
of step 8128, the recovery plan assistance application 153
calculates the impact of the newly arrived data according to the
request type TC with respect to the acquired construction plan
(activity) data and identifies the impacted construction plan
(activity).

[0146]

As 1llustrated in the screen G1l1 in FIG. 22, when the user selects
“construction danger” in the information input portion GP2, the
construction plan (activity) data impacted by the acquired
construction plan (activity) data and the newly arrived data is
displayed on the map of the information display portion GP4.
[0147]

For example, icons GP62 and GP63 indicating that the data among
the pieces of construction plan (activity) data is impacted by the
newly arrived data are displayed together with the construction
plan (activity) data. In this way, the user can recognize a
dangerous construction for which safety cannot be secured.
[0148]

Furthermore, the recovery plan assistance application 154
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automatically acquires the data impacting on the construction plan
(activity) of the user and displays the impacted construction plan
(activity) data. 1In this way, the user can recognize information
necessary for determination in securing the safety of a construction
without identifying all pieces of information possessed by the
system 1.

[0149]

As 1llustrated in the screen G12 in FIG. 23, the data names of the
data impacting on the construction plan (activity) are displays
on the information input portion GP2 so that the user can select
the same. When the user selects the data names, such pieces of
information are displayed on the map of the information display
portion GP4.

[0150]

For example, when the user selects “soil disaster warning”, soil
disaster warning data GP65 (a section where danger of soil disaster
is present) is displayed on the map. When the user selects
“inundation prediction”, an inundation prediction range GP66 is
displayed on the map.

[0151]

In the time point selection portion GP3 of the information input
portion GP2, the user can calculate the impact on the construction
plan (activity) data again using the prediction data up to several
hours later, for example, by designating the time point. Using this
system 1, it is possible to determine how far on the spatiotemporal

mapping DB 124, the data will be used in calculating the impact.
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In this way, the user can recognize a dangerous construction for
which safety cannot be secured in advance before being actually
exposed to danger.

[0152]

According to the present embodiment, it is possible to utilize
various pieces of data efficiently and effectively using
spatiotemporal axes as common axes. For example, due to the
spatiotemporal ID 1240 and the data ID 1242 of each record registered
in the spatiotemporal mapping DB 124, it is possible to identify
a spatiotemporal section in which each data is present.

[0153]

Furthermore, according to the present embodiment, it is possible
to extract data present in a certain space only, which contributes
to accelerating data acguisition.

[0154]

Furthermore, according to the present embodiment, it is possible
to manage the state of a construct such as an underground pipe and
maintenance activities using a plurality of pieces of data managed
on the spatiotemporal space, generate information on the impact
and risk thereof, present the same to users so as to assist the
users in identifying abnormalities to realize quick and efficient
maintenance activities.

[Embodiment 2]

[0155]

A second embodiment will be described with reference to FIG. 24.

The following embodiments including the present embodiment
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correspond to modifications of the first embodiment, and the
difference from the first embodiment will be described. In the
present embodiment, the data registered in the construct integrated
management system 1 is examined to eliminate suspicious data and
input errors.

[0156]

FIG. 24 illustrates a flowchart of a data integrated management
process according to the present embodiment. The process of FIG.
24 includes new step S109 which is added between steps S101 and
S102 as compared to the process described in FIG. 8.

[0157]

In step S109, it is determined whether the data collected from the
sensor 3 or the system 2 in step S101 is normal data.

[0158]

For example, when an upper limit and a lower limit defining the
range of normal data are set, data exceeding the upper limit and
data fallingbelow the lower 1imit can be eliminated as input errors.
Alternatively, a serial number may be set to the data from the sensor
3, and if the number is skipped, the corresponding data can be
eliminated as suspicious data.

[0159]

The present embodiment configured in this manner provides the same
advantages as the first embodiment. Furthermore, according to the
present embodiment, since the data input from the system 2 and the
sensor 3 to the construct integrated management system 1 can be

examined, the reliability of the system 1 can be improved further.
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[Embodiment 3]

[0160]

A third embodiment will be described with reference to FIG. 25.
In the present embodiment, as described in the first embodiment,
the granularity (resolution) of a spatiotemporal model is
controlled according to a situation.

[0161]

FIG. 25 is a flowchart illustrating a process of controlling the
granularity of a spatiotemporal model. This process is executed
by the spatiotemporal mapping function 121 of the data integrated
management unit 12.

[0162]

The spatiotemporal mapping function 121 determines whether the
granularity of a spatiotemporal model is to be changed automatically
(S151) and refers to the spatiotemporal mapping DB 124 (S152) when
the granularity is changed automatically (S151: YES).

[0163]

The spatiotemporal mapping function 121 acquires information such
as a sensor arrangement state (the number of sensors, an arrangement
density, and the like) and a failure occurrence location from the
spatiotemporal mapping DB 124 and sets the granularity according
to such pieces of information (sensor arrangement information and
failure occurrence location information) (S153). For example,
sections may be divided finely in a region where the sensor
arrangement density is high, and sections may be divided roughly

in a region where a small number of sensors are arranged. Sections
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may be divided finely in a region close to a failure occurrence
location and sections may be divided roughly in a region a prescribed
distance or more distant from the failure occurrence location.
[0164]

The user may manually adjust the granularity of the spatiotemporal
model using the user terminal 4 (S151: NO, S154).

[0165]

The present embodiment configured in this manner provided the same
advantages as the first embodiment. Furthermore, according to the
present embodiment, since the granularity of the spatiotemporal
model can be controlled variable according to a sensor arrangement,
a failure occurrence location, and the like, the user can determine
the situation more finely. The present embodiment may be combined
with either the first embodiment or the second embodiment.
[0166]

The present invention is not limited to the above-described
embodiments, and includes various modifications. For example, the
above-described embodiments have been described in detail in order
to describe the present invention in an easily understandable manner,
and are not necessarily limited to the embodiments including all
the configurations described above.

[0167]

Moreover, a part or all of the above-described respective
configurations, functions, processingunits, processing means, and
the like of the embodiment may be realized in hardware, for example,

by designing them in an integrated circuit. Moreover, the
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above-described respective configurations, functions, and the like
may be realized in software by a processor interpreting and
executing programs for realizing the respective functions.
Information such as the programs, tables, and files for realizing
the respective functions can be placed in a recording device such
as a memory, a hard disk, or an SSD (Solid State Drive), or in a
recording medium such as an IC card, an SD card, or a DVD.
[0168]

Moreover, control lines and information lines which are regarded
as necessary for the description are illustrated, and it cannot
be said that all the control lines and the information lines
necessary in a product are illustrated. Practically, it may be
regarded that almost all the configurations are connected to one
another.

[0169]

The components of the present invention canarbitrarilybe selected,
and the invention having the selected components is also included
in the present invention. Furthermore, the configurations
described in claims can be combined with any combination other than
those specified in claims.

[Reference Signs List]

[0170]

1 Construct integrated management system
27, 2B Various systems

3A, 3B Various sensors

4A, 4B User terminal
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11 Data collection unit

12 Data integrated management unit
13 Impact calculation unit

14 User management unit

15 App management unit

16 Interface unit

111 Data collection function

112 Data registration function

113 Acquired data management database
121 Spatiotemporal mapping function
122 Relationship extraction function
123 Data providing function

124 Spatiotemporal mapping database
125 Data relationship management database

Generated data management database 126

131 Data receiving function

132 Data creation function

141 User authentication function
142 Data verification function
143 User management database

144 Data use management database

151 Abnormality detection app

152 Construction plan assistance app
153 Recovery plan assistance app

154 Safety compliance app

161 Menu selection function
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162 Information input function

163 Information output function
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[CLAIMS]
[Claim 1]

A construct information management system for managing
information related to a construct, comprising:

a data collection unit configured to collect different types
of source data related to different types of constructs from
prescribed data sources and retain the collected source data; and

a data management unit configured to map the collected source
data onto a prescribed spatiotemporal model, acquire prescribed
data corresponding to input data on the basis of at least mapping
information on the prescribed spatiotemporal model, and process
and output the acquired prescribed data.

[Claim 2]

A construct information management system, comprising

the data management unit that includes:

a spatiotemporal mapping unit configured to map the
collected source data onto the prescribed spatiotemporal model;

a relationship extraction unit configured to extract and
manage a relationship between the pieces of collected source data;
and

a data providing unit configured to acquire the prescribed
data corresponding to the input data on the basis of the mapping
information and the extracted relationship and output a processing
result of the acquired prescribed data processed by a prescribed
data processing unit.

[Claim 3]
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The construct information management system according to
claim 2, further comprising:

an impact calculation unit configured to calculate a degree
of impact on each of the constructs on the basis of the collected
source data and the mapping information on the spatiotemporal model.
[Claim 4]

The construct information management system according to
claim 3, wherein

the prescribed data sources include a sensor and an
information providing system,

the information providing system provides activity
information of an activity on the construct as a part of the source
data, and

the impact calculation unit calculates a degree of impact
on the construct and a degree of impact on an activity on the
construct.
[Claim 5]

The construct information management system according to
claim 1, wherein

the relationship extraction unit makes a correlation with
a property of change in the source data or meaning indicated by
the source data as an attribute of the source data and manages the
property or meaning.
[Claim 6]

The construct information management system according to

claim 1, further comprising:
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an interface unit configured to exchange information with
a user terminal, wherein

the interface unit includes:

an information input portion configured to receive data
input from the user terminal; and

an information output portion configured to output the
prescribed data from the data management unit to the user terminal.
[Claim 7]

The construct information management system according to
claim 4, further comprising:

a data processing management unit configured to manage the
prescribed data processing unit that processes the prescribed data,
wherein

the prescribed data processing unit includes at least any
one of a computer program for detecting a state of the construct
on the basis of the calculation result of the impact calculation
unit and a computer program for calculating an impact on another
construct or another activity, of a maintenance activity on the
construct on the basis of the calculation result of the impact
calculation unit.

[Claim 8]

The construct information management system according to
claim 6, further comprising:

a user management unit configured to manage users who use
the user terminal, wherein

the user management unit includes:
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a user authenticationunit configured to authenticate users;
and

a verification unit configured to determine accessibility
to the prescribed data.
[Claim 9]

The construct information management system according to
claim 2, wherein

the spatiotemporal mapping unit identifies the
spatiotemporal model as a plurality of sections divided at
prescribed intervals, and

the relationship extraction unit manages a section
corresponding to the source data among the sections as a part of
the relationship.
[Claim 10]

The construct information management system according to
claim 3, wherein

the impact calculation unit calculates the degree of impact
on the construct and the degree of impact on the activity on the
construct on the basis of a position in the spatiotemporal model,
of the source data corresponding to the construct and the state
of the construct.
[Claim 11]

The construct information management system according to
claim 10, wherein

the impact calculation unit corrects a relationship between

impacting constructs on the basis of an observation result when
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the calculated impact is observed.
[Claim 12]

The construct information management system according to
claim 1, wherein

the data management unit examines whether the collected
source data is normal data.
[Claim 13]

The construct information management system according to
claim 9, wherein

the spatiotemporal mapping unit controls a granularity of
the section included in at least a partial region of the
spatiotemporal model.
[Claim 14]

A construct information management method for managing
information related to a construct using a computer, wherein

the computer executes:

collecting different types of source data related to
different types of constructs from prescribed data sources and
retain the collected source data;

mapping the collected source data onto a prescribed
spatiotemporal model;

acquiring prescribed data corresponding to input data on the
basis of at least mapping information on the prescribed
spatiotemporal model; and

processing and outputting the acquired prescribed data.
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[FIG. 2]
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[FIG. 3]

11 f—12 r—l

5 — 16
——
Data integrated Application .
. management IF unit
management unit unit

Data
collection unit

S11 ,—
Collect data
S12 — 112
Register data
[ 125
y S13 Yan 122 (J
Acquired data Extract relationship Data )
| relationship |
124
5 S14 121 £
113 ja .
Spatiotemporal mapping »{SP atloterpp oral
mapping
S15 122 / — —
» Extract relationship 151-154 161,162
(J S16 (J
123
Input menu
S19 /7~ 131 S18 r) < selection
Receive data  [¢— < s17 information
_| Various 163
132 Provide data | apps
s20 | ,— 91 PR ss | I
Generate data [ S24 - Output
| 126 infomation
Generated data[* 124
S22 v
121 Y Spatiotemporal mapping > Sp atloterpp oral
mapping
$23 — 125
122 " Extract relationship > Data
i |_relationship |




4/25

[FIG. 4]
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[FIG. 5]
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[FIG. 8]
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[FIG. 9]
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[FIG. 11]
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[FIG. 14]
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[FIG. 15]
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[FIG. 16]

Damage
1dentification

GP2

GP3
SN

Risk

\/ Construction
information

)

16/25

GP21

Construction plan

G5
GP1 {\/
Warnin
Recovery plan informatiin
— e




17/25

[FIG. 17] 6
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[FIG. 24]
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