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GEOGRAPHIC INFORMATION SYSTEM

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese patent applications JP 2007-223789 filed on Aug. 30,
2007, the content of which are hereby incorporated by refer-
ence into this application.

BACKGROUND OF THE INVENTION

[0002] This invention relates to a geographic information
system, in particular, a geographic information management
method which enables an object landmark to be found by
referring to previous data even if the landmark has disap-
peared.

[0003] Conventionally, updating to the latest data is con-
sidered as being important in the management of map data of
a geographic information system. Therefore, once map datais
updated, old map data is discarded. For example, Japanese
Patent Application Laid-Open No. 2003-330360 (hereinafter,
referred to as Patent Document 1) discloses a method of
managing buildings on a map and attribute data in time series.
The disclosed method allows a configuration and attributes of
a building at a designated specific time to be retrieved. How-
ever, when a time at which an object building existed is
unknown, it is difficult to retrieve the object building over
different periods of time.

[0004] Japanese Patent Application Laid-open No. 2003-
157287 (hereinafter, referred to as Patent Document 2) dis-
closes a method of relating a reference point added in a
graphic with attribute data. When the attribute is modified,
new attribute data is related with the reference point for which
the attribute is modified. As in Patent Document 1 described
above, it is still difficult to perform retrieval over different
periods of time with this method.

SUMMARY OF THE INVENTION

[0005] In the related art described above, for checking a
landmark (a building, a constructed structure or the like) by
using the geographic information system, the landmark has
sometimes disappeared from a map. In general, the map data
used by the geographic information system is always updated
to the latest one. Therefore, the configuration and attributes of
a previously existing building are deleted in many cases.
Thus, it is difficult to retrieve a previously existing landmark
which is still in human memory. Actually, in urban areas in
particular, buildings are transformed and replaced due to
modifications in urban planning or the like.

[0006] Further, it is difficult to retrieve the attribute of a
building without specifying a time. For example, tenants in a
building change frequently. Although there is need to retrieve
a tenant which existed in a specified period of time, the
previous attribute data cannot be retrieved because the con-
ventional geographic information system manages only the
latest attribute data.

[0007] Ifthe geographic information system stores the pre-
vious data, itis possible to retrieve a building which existed in
a specific time period (for example, for the past one year from
the latest time) and attributes of the building by using the
stored previous data. However, it is still difficult to retrieve a
building which existed in an unknown period of time.
[0008] A representative aspect of this invention is as fol-
lows. That is, there is provided a geographic information
system using map data having configuration data provided
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with time information and attribute data corresponding to an
attribute of an object contained in the map data, the attribute
data being provided with positional information and time
information, including a processor, a memory coupled to the
processor, a communication interface coupled to the proces-
sor, and a user interface coupled to the processor; an infor-
mation import module for receiving an input of a geographic
area of an object to be retrieved and a search key; a map
retrieval module for extracting configuration data, for which
the input geographic area of the object to be retrieved and an
area represented by the configuration data at least partially
overlap each other, from the map data; a correlation module
for correlating the configuration data with the attribute data
identical with the input search key, for which the area repre-
sented by the extracted configuration data overlaps the posi-
tional information, according to the time information pro-
vided to the configuration data and the time information
provided to the attribute data; and an output module for out-
putting the configuration data and the attribute data correlated
with each other. This invention has an object of providing a
geographic information system which can retrieve a building
and a tenant which previously existed.

[0009] According to an embodiment of this invention, a
previously existing building can be retrieved by using previ-
ous data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention can be appreciated by the
description which follows in conjunction with the following
figures, wherein:

[0011] FIG. 11is a block diagram illustrating the configura-
tion of the geographic information system according to an
embodiment of this invention.

[0012] FIG. 2 is a functional block diagram of the geo-
graphic information system according to the embodiment of
this invention.

[0013] FIG. 3A is an illustrative view for spatial-temporal
check of a position using a history map according to the
embodiment of this invention.

[0014] FIG. 3B is an illustrative view for spatial-temporal
check of a position using a history map according to the
embodiment of this invention.

[0015] FIG. 3C is an illustrative view for spatial-temporal
check of a position using a history map according to the
embodiment of this invention.

[0016] FIG. 4 is an illustrative view for a time history
management method according to the embodiment of this
invention.

[0017] FIG. 5 is a flowchart showing the schema of the
history map retrieval method by the geographic information
system according to the embodiment of this invention.
[0018] FIG. 6 is a flowchart showing the detail of the his-
tory map retrieval method by the geographic information
system according to the embodiment of this invention.
[0019] FIG. 7 is a flowchart showing the detail of the his-
tory map retrieval method by the geographic information
system according to the embodiment of this invention.
[0020] FIG. 8 is a flowchart showing the detail of the his-
tory map retrieval method by the geographic information
system according to the embodiment of this invention.
[0021] FIG. 9 is a diagram for illustrating a structure of the
history list according to the embodiment of this invention.
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[0022] FIG. 10 is an illustrative diagram showing an
example of a map according to the embodiment of this inven-
tion.

[0023] FIG. 11A is an illustrative diagram showing an
example of a path search module according to the embodi-
ment of this invention.

[0024] FIG. 11B is an illustrative diagram showing an
example of a path search module according to the embodi-
ment of this invention.

[0025] FIG. 12 is an illustrative diagram showing an
example of a relocation destination of a store according to the
embodiment of this invention.

[0026] FIG. 13 is an illustrative diagram showing an
example of the history map retrieval method used in the
underground according to the embodiment of this invention.
[0027] FIG. 14 is a block diagram illustrating a configura-
tion of the historical map data and a historical attribute data
according to the embodiment of this invention.

[0028] FIG.15is an illustrative view for a search using the
configuration data as a search key according to the embodi-
ment of this invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] First, the schema of an embodiment of this invention
will be described. In the embodiment of this invention,
graphic configuration data of a previously existing building is
notdiscarded but is stored with time information (time period
of'existence, specifically, start time and end time) being added
thereto. When retrieval is performed with a configuration
and/or an attribute, the previous graphic configuration and/or
attribute are/is retrieved by referring to the time information
in addition to the current graphic configuration and/or
attribute to confirm the existence of the object building.
[0030] When retrieval is performed by designating a spe-
cific location (geographic area), the object building is not
always contained in the latest data even if the retrieval is
performed on the latest map and attributes. Further, the build-
ing does not always include the same tenants and residents.
According to this embodiment, however, the configuration
and the attributes are provided with the time information. By
performing the retrieval over periods of time, desired building
and attribute are retrieved.

[0031] For the above-mentioned purpose, the retrieval is
performed with the designation of the geographic area. A
history list is created based on the obtained result. The created
history list contains a pointer (for example, address at which
data is stored) to graphic configuration data, a pointer to
attribute data, and the time information. Then, the retrieval is
performed sequentially on the time information in the history
list to find the desired object building and attribute. Then,
when the data of the desired object building and attribute is
found, information of the building which existed at a different
point of time and its attributes can be presented as the result of
retrieval to a user who performs the retrieval.

[0032] More specifically, a geographic information system
according to the embodiment of this invention includes a map
server computer for storing map data and attribute data man-
aged in time series, and a client computer for transmitting a
position coordinate and a name of a building desired to be
retrieved. Each of the server computer and the client com-
puter has a communication function through a wired and/or
wireless network(s) such as the Internet. The client computer
transmits the input position coordinate (geographic search
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area) and a search key (name) to the server computer to
retrieve a configuration and the name of the building from a
historical map database and a historical attribute database to
acquire the result of retrieval from the server computer, and
then displays the acquired result of retrieval.

[0033] Next, a configuration of the geographic information
system according to the embodiment of this invention will be
described.

[0034] FIG. 11is a block diagram illustrating the configura-
tion of the geographic information system according to the
embodiment of this invention.

[0035] The geographic information system according to
the embodiment of this invention includes a server computer
group 406 and a client computer group 407.

[0036] The server computer group 406 includes a historical
map server 401, a historical attribute server 402, and a spatial-
temporal object retrieval server 403. The historical map
server 401 stores a map database 101 and a region manage-
ment database 102 containing a history (see FIG. 2). The
historical attribute server 402 stores an attribute database 103
containing a history (see FIG. 2). The spatial-temporal object
retrieval server 403 makes an access to the historical map
server 401 and the historical attribute server 402 to perform
retrieval of the map data and the attribute data backward in
time from the present time to acquire predetermined object
data.

[0037] Each of the servers is a computer including a pro-
cessor, a memory, a communication interface, and a user
interface. The processor executes a program stored in the
memory to perform processing described below. For
example, aretrieval function is implemented by software. The
functions of the servers may be implemented by a plurality of
computers (hardware) or by a single computer.

[0038] A user of the geographic information system uses a
mobile terminal 404 such as a cell phone or a mobile personal
computer (PC) 405 corresponding to a small mobile com-
puter to inquire for map information or a name. Each of the
client computers 404 and 405 includes a processor, a memory,
a communication interface, a user interface, and position
acquisition means (such as a global positioning system
(GPS)). The processor executes a program stored in the
memory to perform processing described below.

[0039] When positional information acquired by the GPS
and name information which is desired to be retrieved are
input to the client computer, the input information is trans-
mitted through a wired and/or wireless communication line
(s) to the spatial-temporal object retrieval server 403.

[0040] The spatial-temporal object retrieval server 403
refers to the region management database 102, the map data-
base 101 and the attribute database 103 to retrieve a graphic
configuration and a name of the building. Information on the
graphic configuration and that on the name of the building
retrieved by the spatial-temporal object retrieval server 403
are transmitted to the client computer through the communi-
cation line.

[0041] The information transmitted to the client computer
is displayed on a screen of the client computer.

[0042] FIG. 1illustrates the geographic information system
having a server-client configuration as an example, but each
of'the functions of the historical map server 401, the historical
attribute server 402 and the spatial-temporal object retrieval
server 403, and the function of the mobile terminal 404 can be
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both implemented by a single terminal device to realize the
mobile geographic information system according to the
embodiment.

[0043] Further, even by implementing the function except
for those of the historical map server 401 and the historical
attribute server 402, that is, only the function of the spatial-
temporal object retrieval server 403 in the mobile terminal
404, the geographic information system according to the
embodiment can be realized. In this case, the mobile terminal
404 makes an access to the databases stored in the historical
map server 401 and the historical attribute server 402 through
the communication line to acquire the map data, the region
data, and the attribute data.

[0044] FIG. 2 is a functional block diagram of the geo-
graphic information system according to the embodiment of
this invention.

[0045] The geographic information system according to
the embodiment includes the map database 101, the region
management database 102, the attribute database 103, a map
retrieval module 104, a map/attribute data transfer module
105, a spatial-temporal configuration data retrieval module
106, a position/name information import module 107, a map
coordinate conversion module 108, a history list creation
module 109, a spatial-temporal object-change check module
110, a spatial-temporal attribute data retrieval module 111,
and a change object data indication module 112.

[0046] The historical map server 401 includes the map
database 101 and the region management database 102. The
historical attribute server 402 includes the attribute database
103. The spatial-temporal object retrieval server 403 includes
the above-mentioned configurations from the map retrieval
module 104 to the change object data indication module 112.
[0047] The map database (DB) 101 is a database for storing
the historical map data including previous data. The map data
includes graphic configuration data indicating a building and
information on a time of existence of the building, and is
stored in the map database 101 in a format 301 described
below referring to FIG. 4.

[0048] The region management database (DB) 102 is a
database for storing region data for relating one block area on
a map, the map data, and the attribute data to each other.
Specifically, coordinates of four corners of each map data are
stored in the region management database 102 to provide
information indicating which map includes a coordinate of
interest, thereby providing an adjacency relationship of the
maps. Specifically, by using the region management database
102, it is possible to know which block area map or the
attribute data of which block area contains a certain point
(coordinate).

[0049] The attribute database 103 stores attributes of a
building (graphic configuration) included in the map data.
The attribute data contains a name of the building (a name of
a house, a tenant or the like) and positional information (for
example, a coordinate of a reference point), and is associated
with the graphic configuration data through the positional
information. The attribute data is stored in the attribute data-
base 103 in a format 302 described below referring to FIG. 4.
[0050] The map retrieval module 104 refers to the region
data stored in the region management database 102 to read out
map data of the block area to be referred to from the map
database 101, and then, expands the read map data on the
memory of the computer. The spatial-temporal configuration
data retrieval module 106 performs retrieval on the graphic
configuration data of buildings which currently exist or pre-
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viously existed within a predetermined area. Specifically, the
retrieval is performed backward in time on the graphic con-
figuration data of the previously existing buildings.

[0051] The attribute data retrieval module 113 refers to the
region data stored in the region management database 102 to
read out the attribute data to be referred to from the attribute
database 103, and then, expands the thus read attribute data on
the memory of the computer. The spatial-temporal attribute
data retrieval module 111 performs retrieval on the attribute
data of buildings which currently exist or previously existed
within the predetermined area. Specifically, the retrieval is
performed backward in time on the attribute data of the pre-
viously existing buildings.

[0052] The position/name information import module 107
acquires the positional information (coordinate of a position)
from a position measurement device such as the global posi-
tioning system (GPS) to acquire a name serving as a search
key of the attribute. Those acquired pieces of information are
transmitted from the client computer through the wireless
communication line. The positional information acquired by
the GPS is compliant with a world coordinate system. The
map coordinate conversion module 108 converts a coordinate
compliant with the world coordinate system, which is used by
the GPS, into a coordinate system of the map stored in the
map database 101 as needed.

[0053] The history list creation module 109 contains the
graphic configuration data retrieved by the spatial-temporal
configuration data retrieval module 106 and the attribute data
retrieved by the spatial-temporal attribute data retrieval mod-
ule 111 to create a history list obtained by arranging those
retrieved pieces of data according to the time information.
[0054] The spatial-temporal object-change check module
110 selects data relating to the designated name from the
graphic configuration data retrieved by the spatial-temporal
configuration data retrieval module 106 in a geographic
search area and the attribute data retrieved by the spatial-
temporal attribute data retrieval module 111.

[0055] The change object data indication module 112
extracts the graphic configuration data and the attribute data,
which satisfy the retrieval conditions, from the history list
created by the history list creation module 109, and then,
converts the extracted attribute data into a format allowing
data exchange between devices, such as an extensible markup
language (XML). The map/attribute data transfer module 105
transmits the retrieved graphic configuration data or attribute
data to the client computer.

[0056] The geographic information system according to
the embodiment of this invention checks a present location
and the map against each other to allow its own location (the
location of the user, the client computer or the like) to be
recognized by using the map. In particular, in a navigation
system, the use of the map allows the location to be specified,
and further, allows a specific target object to be specified from
its own present location.

[0057] However, even if name information (for example,
name) of a building serving as a target object is transmitted, it
sometimes happens that the building having the name does
not actually exist because the building or the tenant is
replaced by another one. In many cases, the replacement of
the building or the tenant is due to redevelopment in an urban
area or tenant change. However, even if the object to be
retrieved does not actually exist, the users of the navigation
system still desire to retrieve a building which does not cur-
rently exist. In such a case, the name of'the building serving as
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the search key is based on human memory for the existence of
the building. In this embodiment, the building is retrieved by
using the previous attribute based on the human memory as
described above as the search key.

[0058] For example, it sometimes happens that a plurality
ofbuildings which existed at a certain point of time is grouped
and renovated as one building. Further, the size of each block
area is sometimes changed as a result of urban planning. The
aging of a building sometimes changes the building structure.
Such circumstances will be described below.

[0059] FIGS. 3A to 3C are illustrative views for spatial-
temporal check of a position using a history map. FIG. 3A
shows the latest map (in 2007), FIG. 3B shows a map in 1990,
and FIG. 3C shows the oldest map (in 1985).

[0060] As illustrated, with elapse of time, a configuration
and a name of a building are shown on the map change. Onthe
map in 2007 (FIG. 3A), a configuration of a building of an
“HH store” 207 shown on the map in 1999 (FIG. 3B) has
changed (the building is replaced by another one). In addition,
the store name has been changed to a “CC store™ 203. Further,
according to the map in 1985 (FIG, 3C), a “GG vegetable
store” 210 existed at this location.

[0061] An “EE liquor shop” 208 shown on the map in 1985
(FIG.3C) is replaced by an “FF bank™ 206 on the map in 1990
(FIG. 3B). The “FF bank™ 206 in 1990 (FIG. 3B) is replaced
by an “AA bank” on the map in 2007 (FIG. 3A), and has a
different name.

[0062] A “DD store” 209 on the map in 1985 is replaced by
a “BB Industrial” 202 on the map in 2007.

[0063] Such changes of the configurations and the names of
the buildings described above inevitably occur. However, a
geographic information system which does not have an
elapsed time management function cannot manage the previ-
ous map data. Therefore, the configuration or the name of the
building which previously existed cannot be checked.
Besides, the buildings, the building names, and the tenant
names do not change at a time for one area. Therefore, if the
changes of the configurations and/or the names of the build-
ings are managed at each time period, the amount of data for
the whole map becomes extremely large. Moreover, the
retrieval of a specific building takes a long time because it
takes a long time to read out the data.

[0064] Thus, in order to enable the retrieval by the configu-
ration and/or the name of the previously existing building, it
is necessary to manage only changes of establishments with
elapse of time by the geographic information system. Here-
inafter, a data management method will be described.

[0065] First, a time history management method will be
described. As illustrated in FIG. 4, the graphic configuration
data is stored in a graphic data table 301 described by a
coordinate sequence, whereas the attribute data is stored in an
attribute data table 302. The graphic configuration data and
the attribute data are generally stored in different tables. In
FIG. 4, an example of the “BB Industrial” 202 and the “DD
store” 209 is shown. The “BB Industrial” 202 and the “DD
store” 209 did not exist at the same time period. The graphic
configuration of the “DD store” 209 corresponds to graphic
data 303, whereas the graphic configuration of the “BB Indus-
trial” 202 corresponds to graphic data 304. The name “DD
store” is attribute data 305 of the graphic configuration 307,
whereas the name “BB Industrial” is attribute data 306 of the
graphic configuration 202.

[0066] The graphic configuration data stored in the graphic
data table 301 includes graphic configuration data including
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the number of coordinates indicating the number of coordi-
nates constituting the graphic, a discriminator indicating the
type of a building or road (for example, a predetermined
number), a start time and an end time which indicate a time
range of existence of the object, and real coordinates of a
plurality of points constituting the graphic( (X,Y) in the case
of a two-dimensional coordinate, and (X, Y, Z) in the case of
a three-dimensional coordinate).

[0067] The attribute data stored in the attribute data table
302 contains the number of pieces of data indicating the size
of'an attribute data set, a coordinate of a reference point which
represents the graphic, a start time and an end time which
indicate a time range in which the attributes are valid, and a
content of the attribute data. The reference point is set to be
present in or on the graphic configuration data. In this manner,
the attribute data and the graphic configuration data are asso-
ciated with each other. In FIG. 4, the reference point of the
graphic configuration 202 is a point 309, whereas the refer-
ence point of the graphic configuration 209 is a point 310.

[0068] Since each of the graphic configuration data and the
attribute data contains the start time and end time data, a time
period in which the data is valid can be specified. Further,
when the graphic configurations are present in the same geo-
graphic area, the data can be stored in the same data table. As
a result, the graphic configurations 307 and 308 are the build-
ings which overlap each other in the same area, but the data
can be appropriately managed.

[0069] By using the data structure as described above, the
data can be checked not only spatially but also temporally
(spatial-temporal check).

[0070] An example will be described referring to FIG. 3A.
When the user remembers that the “EE liquor shop” was
around a specific location (for example, the present location)
204 and it was necessary to turn at the intersection near the
“EE liquor shop™ to get to a destination, the user at the specific
location 204 tries to retrieve the “EE liquor shop”. On the
latest map in 2007 (FIG. 3A), the AA bank 201 exists at the
location where the “EE liquor shop” existed.

[0071] When a binding area retrieval for retrieving build-
ings in a predetermined area (search area) 205 around the
specific location 204 is performed, the “AA bank™ 201 is
retrieved while the “EE liquor shop” is not retrieved. This is
because the “EE liquor shop” is not contained in the latest
map data. However, the retrieval of the configuration is per-
formed backward in time even on the configurations having
the previous time attributes. Specifically, the retrieval is per-
formed backward in time on the contents of the attribute data
while referring to the start time attribute and the end time
attribute contained in each of the graphic configuration data
303 and 304. As a result, the “EE liquor shop” 208 can be
retrieved to specify the intersection at which the user should
turn.

[0072] Even when the tenant in the building is replaced by
another one, appropriate information can be obtained by the
same retrieval. Specifically, the retrieval is performed on the
contents of the attribute data by using a name of the tenant
which seems to have existed as a key. For example, in FIG.
3 A, an operator (user) remembers that the “FF bank” existed
and inputs the name “FF bank”. However, the “FF bank” is
now replaced by the “AA bank”. Therefore, even if the
graphic configuration data corresponding to the “AA bank”
201 is retrieved by using the search area 205 to retrieve the
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attribute data based on the reference point contained in the
graphic configuration, only the name “AA bank” can be
found.

[0073] However, by managing the attribute data including
the data of the time period of existence of the attributes, the
retrieval of the “FF bank” 206 can be performed backward in
time. Specifically, the building having the graphic configura-
tion which overlaps the search area 205 is retrieved backward
in time.

[0074] As in the case of the tenant name, it is preferred that
information of a signboard on the building be stored as the
attribute data. In this manner, the retrieval can also be per-
formed based on a content described on the signboard.

[0075] Next, a history map retrieval method according to
the embodiment of this invention will be described.

[0076] FIG. 5 is a flowchart showing the schema of the
history map retrieval method by the geographic information
system according to this invention.

[0077] First, the client computer (the mobile terminal 404
or the mobile PC 405) acquires a name and a position of an
object to be retrieved. For the acquisition of the position, a
position coordinate may be acquired by the GPS or the like
(Step 501). The client computer transfers data of the acquired
name and position to the spatial-temporal object retrieval
server 403 (Step 502).

[0078] Upon reception of the data of the name and the
position of the object to be retrieved from the client computer,
the spatial-temporal object retrieval server 403 makes an
access to the historical map server 401 and the historical
attribute server 402 to start the retrieval on the map data and
the attribute data by using the transferred position data.

[0079] The historical map server 401 performs the retrieval
on the history map data in the area (the search area 205 in
FIGS. 3A to 3C) determined based on the designated position
(denoted by 204 in FIGS. 3A to 3C). The historical attribute
server 402 performs the retrieval on the history attribute data
in the area determined based on the designated position. The
spatial-temporal object retrieval server 403 specifies the
graphic configuration data contained in the history map and
the attribute data contained in the history attributes, correlates
the specified graphic configuration data and attribute data
with each other through the time, and sorts pointers (for
example, memory addresses for accessing the data) to the
correlated graphic configuration data and attribute data in
order of time in the form of a list to create a history list 615
(FIG. 9) (Step 503).

[0080] Next, the spatial-temporal object retrieval server
403 sequentially checks the data contained in the created
history list 615 from the latest graphic configuration data and
attribute data to select the attribute data identical with the
name input as the object to be retrieved and the graphic
configuration data corresponding to the attribute data (Step
504).

[0081] Next, the spatial-temporal object retrieval server
403 transfers the selected attribute data and graphic configu-
ration data to the client computer. The client computer dis-
plays the data transferred from the spatial-temporal object
retrieval server 403 (Step 505).

[0082] FIGS. 6 to 8 are flowcharts, each illustrating the
details of the history map retrieval method by the geographic
information system according to the embodiment of this
invention.
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[0083] The user inputs a name of an object to be retrieved to
the client computer (mobile terminal 404 or mobile PC 405)
(Step 701).

[0084] The client computer can measure its own position
(the position of the client computer) by using the positional
information acquisition device such as the GPS or the like. By
using the GPS, the position of the client computer on the earth
can be measured wherever the client computer is. Besides the
GPS, a gyro sensor or a speed sensor may be used as the
positional information acquisition device. When none of the
positional information acquisition devices can be used, a
positional information acquisition device for inputting infor-
mation such as an address designated by the user on the map,
a name or the like may be used (Step 702).

[0085] Thereafter, the client computer transfers the name
input in Step 701 and the positional information acquired in
Step 702 to the spatial-temporal object retrieval server 403
(Step 703). These pieces of information are transmitted to the
spatial-temporal object retrieval server 403 included in the
server computer group 406 through the communication line
such as the wireless communication line.

[0086] When the position/name information import mod-
ule 107 of the spatial-temporal object retrieval server 403
receives the transferred name and positional information, the
map coordinate conversion module 108 determines whether
or not a coordinate system, with which the transferred posi-
tional information is compliant, is required to be converted
(Step 704). For the determination in this step, when the coor-
dinate system of the map data stored in the historical map
server 401 is different from the world coordinate system used
by the GPS, it is determined that the coordinate system is
required to be converted. Then, the coordinate system of the
transferred positional information is converted (Step 705).
On the other hand, when the coordinate system is not required
to be converted, the process proceeds to Step 706.

[0087] In Step 705, the coordinate is converted. For
example, the world coordinate system by the GPS is con-
verted into the Japanese coordinate system. A known method
can be used for the coordinate conversion.

[0088] Next, the map retrieval module 104 accesses the
map database 101 to acquire the map data containing the
designated range. The range of the map data stored in the
historical map server 401 is managed by the region data
stored in the region management database 102.

[0089] The search area 205 is determined based on the
position coordinate (specific location) 204 designated in Step
701. For example, the search area 205 can be determined by
a circle around the designated position coordinate 204. A
parameter (radius of the circle) indicating the range of the
search area is determined in advance. One or a plurality of
pieces of map data including the search area 205 is/are
acquired.

[0090] Next, the map data overlapping the search area 205
is specified by referring to the region data to read out the map
data overlapping the search area 205 (Step 706). The map data
includes the graphic configuration data including the time
information (start time and end time) as represented by the
graphics 303 and 304 shown in FIG. 4.

[0091] Next, the spatial-temporal configuration data
retrieval module 106 retrieves the graphic configuration data
overlapping the search area 205 from the map data read out in
Step 706 (Step 707).

[0092] The map data read out in Step 706 includes the
coordinate of the reference point of each of the graphic con-
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figurations ((X1, Y1) to (X5, Y5) shown in FIG. 9). The
attribute data retrieval module 113 makes an access to the
attribute database 103 to acquire the attribute data corre-
sponding to the reference point.

[0093] Therange oftheattribute data stored in the historical
attribute server 402 is managed by the region data stored in
the region management database 102 as in the case of the map
data. Therefore, the map data overlapping the search area 205
is specified by referring to the region data to read out the
attribute data corresponding to the specified map data (Step
708). The attribute data includes the attribute data including
the time information (start time and end time) as represented
by the attributes 305 and 306 shown in FIG. 4.

[0094] Next, the spatial-temporal attribute data retrieval
module 111 checks whether or not the coordinate of the
reference point of the attribute data retrieved in Step 708 is
contained in the graphic configuration data acquired in Step
707. If there is any reference point contained in the graphic
configuration data, it is determined the graphic configuration
data and the attribute data correspond to each other. Then,
pointers (addresses) to the graphic configuration data and the
attribute data are acquired (Step 709).

[0095] Next, the history list creation module 109 refers to
the time data included in the graphic configuration data
retrieved by the spatial-temporal configuration data retrieval
module 106 in Step 707 and the time data included in the
attribute data retrieved by the spatial-temporal attribute data
retrieval module 111 in Step 709 to rearrange the time data
from that having the latest end time to create a history list 615
(Step 710).

[0096] Asillustrated in FIG. 9, the history list 615 contains
at least one data set. Specifically, one data set contained in the
history list 615 includes start time/end time 619, a pointer 620
to the graphic configuration data in the time period indicated
by the start time and the end time, and a pointer 621 to the
attribute data. As each of the pointer 620 to the graphic con-
figuration data and the pointer 621 to the attribute data, an
address at which each data is stored may be used. Instead of
the pointer to each data, the data itself may be contained in the
history list 615.

[0097] Then, the data sets contained in the history list 615
are rearranged in the order of end times closer to the present
time. The name of the object to be retrieved and the attribute
data are checked according to the pointer 621 to the attribute
data in order of rearrangement of the data sets (order of data
sets closer to the present time). The reason for the sorting in
order of time as described above is as follows. Since human
memory fades as the time goes by back from the latest time,
the previous data closer to the present time is checked by
priority to quickly find the object to be retrieved.

[0098] Next, the spatial-temporal object-change check
module 110 uses the history list 615 created in Step 710 to
retrieve the name data to be retrieved (Step 711). The name is
retrieved by tracing back the pointer (address 2) to the
attribute data (specifically, reading out the attribute data
stored at the address 2 in the attribute database 103) to check
the name data and the attribute data. As a result, when the
name data of the object to be retrieved is found, the process
proceeds to Step 713. On the other hand, the name of the
object to be retrieved is not found, the process proceeds to
Step 714 (Step 712).

[0099] In Step 714, the history list creation module 109
changes a retrieval time period. For example, when the
retrieval time period is set to 5 years, the time range from the
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present time to five years ago is first retrieved. However, if the
attribute data is not included in the range, the time goes back
another five years to perform the retrieval on the time range
from five years ago to ten years ago. Therefore, the process
after Step 706 is executed for a newly determined time period.
[0100] On the other hand, when the attribute data identical
with the name is present in Step 713, the spatial-temporal
object-change check module 110 reads out the graphic con-
figuration data corresponding to the attribute data. For the
graphic configuration data, the pointer (address 1) 620 to the
graphic configuration data is traced back to read out the data
stored at the address 1 in the map database 101 (Step 713).
The spatial-temporal object-change check module 110 refers
to the address 620 to the graphic configuration data contained
in the history list 615 and the address 621 to the attribute data
to specify the graphic configuration data and the attribute
data. From a data set 622 in the history list 615, the graphic
configuration data 606 and the attribute data 611 are speci-
fied. Then, each of the specified data is read out.

[0101] Thereafter, the change object data indication mod-
ule 112 extracts the graphic configuration data and the
attribute data read out in Step 713 to convert the extracted data
into a format for transferring the data (for example, the XML
format) (Step 715).

[0102] The graphic configuration data and the attribute data
in the converted data format are transmitted to the client
computer via the map/attribute output module 105 (Step 716).
The transmission of the coordinate of the reference point of
the attribute data enables the display of the position of the
building provided with the attribute data.

[0103] Inthe manner as described above, the name data and
the configuration data retrieved even in consideration of the
time history are displayed.

[0104] Next, the details of a method of creating the history
list 615 will be described. FIG. 9 is a diagram for illustrating
a structure of the history list 615 and the method of creating
the history list 615.

[0105] As described above, the graphic configuration data
and the attribute data are correlated with each other to be
stored in the history list 615.

[0106] When a building around the present location 204 is
to be retrieved, the search area 205 is first set based on the
present location 204 (Step 706). Further, in Step 706, graphic
configuration data 604 to 607 overlapping the search area 205
are retrieved from the graphic configuration database 301.
[0107] Moreover, in Step 708, attribute data 609 to 613 are
retrieved from the attribute data table 302. In Step 708, the
attribute data other than the attribute data 609 to 613 is also
retrieved. However, the attribute data other than the attribute
data 609 to 613 is discarded because the coordinate of the
reference point is not contained in the graphic configuration
data in Step 709. Therefore, the illustration thereof is herein
omitted.

[0108] Retrieved graphic configurations 615, 616, 617 and
618 respectively correspond to the graphic configuration data
606, 605, 607 and 604. The names “AA bank”, “FF bank”,
“EE liquor shop”, “BB Industrial” and “DD store” respec-
tively correspond to the attribute data 611, 609, 613, 610 and
612.

[0109] Next, in Step 709, the coordinate of the reference
point of the attribute data is checked whether or not the
coordinate is contained in the graphic configuration data. The
attribute data is correlated with the graphic configuration data
through the time information and the coordinate of the refer-
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ence point. Since the coordinate of the reference point is
placed in the structure data or on an outline of the graphic, the
configuration data and the attribute data can be correlated
with each other.

[0110] Forexample, the attribute data “FF bank™ 609 canbe
correlated with the graphic configuration data 606 because
the coordinate (X2,Y2) of the attribute data is contained in the
graphic configuration data 606.

[0111] Moreover, a plurality of pieces of graphic configu-
ration data related with the same point of a coordinate and a
plurality of pieces of the attribute data related with the graphic
configuration data can be uniquely correlated through the
time information (the start time and the end time). Specifi-
cally, one data set is created for the time period in which any
of the graphic configuration data and the attribute data does
not change. The graphic configuration data corresponding to
the attribute data “AA bank™ 611 is the same as the graphic
configuration data corresponding to the attribute data “FF
bank” 609. Therefore, the data sets 622 and 623 in the history
list 615 have the common pointer (address 1) to the graphic
configuration data.

[0112] Alternatively, instead of using the time information
as it is, the time information may also be referred to at pre-
determined time intervals to correlate the graphic configura-
tion data and the attribute data with each other. For example,
the graphic configuration data and the attribute data are
referred to in a unit of one year to be correlated with each
other. Specifically, only a year of the time information is
referred to while a month and a day of the time information
are neglected.

[0113] The configuration (graphic configuration data) and
the attribute data of the building do not always change at the
same timing due to a difference in timing of change and a
difference in timing of collecting the data. Therefore, by
referring to the graphic configuration data and the attribute
data at predetermined time intervals as described above, the
amount of computation for correlating the graphic configu-
ration data and the attribute data with each other can be
reduced.

[0114] For storing the data in the history list 615, the time
information of the attribute data correlated with the graphic
configuration data is first referred to. Then, the attribute data
falling within a predetermined time period (for example, five
years back from the present time) is selected. Then, the
selected attribute data is sorted in order of the end times closer
to the present time. Then, in order of the sorted time, the
pointer (address 1) to the graphic configuration data and the
pointer (address 2) to the attribute data are correlated with
each other, and then, are stored in the history list 615 in a
correlated manner.

[0115] Ifthe attribute data correlated with the graphic con-
figuration data is not present in the predetermined time
period, a new time period further back to the past is deter-
mined to select the attribute data in the newly determined time
period.

[0116] Whether or not the reference point of the attribute
data is encompassed in the graphic configuration data can be
specifically determined by the following calculation. First, a
rectangle circumscribed to the graphic configuration data is
obtained. Then, it is checked whether or not the reference
point is contained in the obtained circumscribed rectangle.
When the reference point is not contained in the circum-
scribed rectangle, the reference point is not present in the
graphic configuration data.
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[0117] Moreover, a line is extended from the reference
point in parallel to a coordinate axis to calculate the number of
intersections between the line and the graphic configuration
data. As aresult, whether or not the reference point is encom-
passed in the graphic configuration can be determined. For
example, the number of intersections between the extended
line and the graphic configuration data is odd, itis determined
that the reference point is encompassed in the graphic con-
figuration. On the other hand, the number of intersections
between the extended line and the graphic configuration data
is even, it is determined that the reference point is present out
of the graphic configuration.

[0118] For displaying the graphic configuration data and
the name data, the previous data can be displayed in an over-
lapping manner. FIG. 10 shows an example where the previ-
ous graphic configuration data and name data and the current
graphic configuration data and name data are displayed in an
overlapping manner.

[0119] FIG. 10 shows the example where the “FF bank™ and
the “DD store” are input. The graphic configuration of the “FF
bank” is the same as the graphic configuration of the existing
“AA bank”. However, since the name of the building has been
changed to the current name “AA bank”, graphic configura-
tion data 1001 is displayed with a thick line and the name “FF
bank” is displayed in a frame. In this manner, the data found
by the retrieval is displayed in an emphasized manner. On the
other hand, the current name “AA bank” 1003 is displayed
without emphasis.

[0120] Graphic configuration data 1007 of the “DD store”
is displayed with a thick line, and the name “DD store” 1006
is displayed in a frame. In this manner, the data of the “DD
store” is displayed in an emphasized manner.

[0121] On the other hand, previous graphic configuration
data 1002 is displayed with a different type of line such as a
dot line, whereas a previous name “BB Industrial” 1004 is
displayed without emphasis. Since the previous graphic con-
figuration data is also displayed, the overlap of the configu-
rations present at the same location at different times is
required to be calculated. The overlap of the graphic configu-
rations can be easily calculated by obtaining a rectangle cir-
cumscribed to the graphic configuration data and then deter-
mining whether or not sides of the circumscribed rectangle
intersect each other.

[0122] By displaying the previous graphic configuration
data and name data and the current graphic configuration data
and name data in an overlapping manner as described above,
the user can easily correlate the current map and the previous
name with each other.

[0123] Next, an example where the history map retrieval
according to this invention is applied to a path search used for
the car navigation system or the like will be described. FIG.
11A shows a current map 1110 in the car navigation system,
whereas FIG. 11B shows a previous map 1120.

[0124] Forsearching forapath, a destination and a stopping
point are input. In some cases, the destination and the stop-
ping point no longer exist or the name has changed. There-
fore, it is necessary to perform the retrieval on the history of
the destination and the stopping point.

[0125] The car navigation system searches for a path from
a present location 1101 through an “RR Oil”, a “YY Indus-
trial” and a “UU building” to a destination a “PP hall”. The
latest map data includes the “RR Oil”, but the latest map data
does not include the “YY Industrial.”, the “UU building, and
the “PP hall”. Therefore, the navigation system can only
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search for a path from the present location 1101 to the “RR
Oil” 1103. Specifically, since the input stopping point and
destination do not exist on the way ahead of the “RR Oil”
1103, the path to the “PP hall” cannot be found by the search.
[0126] As described above, an appropriate path cannot be
guided in the conventional car navigation system. With the
history map retrieval according to this invention, however, an
appropriate path can be searched.

[0127] Specifically, by using the history map retrieval
method described above, the previous existence of the “YY
Industrial” 1107 at the position where the “KK store” 1104
currently exists can be retrieved by referring to the previous
map data and attribute data. The previous existence of the
“UU building” 1108 at the position where a “TT apartment”
1105 currently exists can be retrieved. The previous existence
of'the “PP hall” 1109 at the position where an “LL hall” 1106
currently exists can be retrieved. By using the positional
information retrieved as described above, the path from the
present location 1101 through the “RR Oil”, the “YY Indus-
trial”, and the “UU building” to the destination “PP hall” can
be found by the search.

[0128] When the stopping points are designated as
described above, it is important to guide a path passing
through the stopping points because it is clear that the path is
advantageous (for example, the path is a shortcut or the heavy
traffic can be avoided by using the path).

[0129] Further, even if a building name in human memory
is input when the user is approaching a specific location
during the path guidance, the building having the designated
name is not found in the vicinity in some cases. Even in such
a case, by the history map retrieval using the time-series map,
the location of the previously existing building can be
retrieved.

[0130] Further, when the information of the previously
existing building is retrieved, the retrieved position and name
ofthe previously existing building can be repeatedly used by
storing the position and the name of the retrieved previously
existing building on the car navigation map. Specifically, the
“KK store” 1104 and the “Y'Y Industrial” are stored as names
relating to the same position. In a similar manner, the “UU
building” and the “PP hall” are stored. As a result, the “YY
Industrial”, the “UU building” and the “PP hall” can be used
for a next path search.

[0131] Moreover, according to the history map retrieval
method using the time-series map of this invention, a reloca-
tion destination of a store can be retrieved even if the store has
moved. For example, as illustrated in FIG. 12, the position of
a “KK store” at 1-chome, AA-cho, A-shi is desired to be
retrieved, but the “KK store” has moved to 4-chome, BB-cho,
B-shi. In the conventional map retrieval, even if the name
“KK store” is retrieved on the map showing the vicinity of
1-chome, AA-cho, A-shi, the “YY Industrial” 1203 is now
present at the location where the “KK store” previously
existed. Therefore, the object building cannot be found.
[0132] Therefore, when the “KK store” moved, a coordi-
nate of a reference point of the relocation destination is stored
in the attribute data of the “KK store”. After the previously
existing “KK store” is retrieved by the history retrieval, an
area encompassing the reference point of the relocation des-
tination is retrieved by referring to the region management
database 102 to read out the map of the retrieved area. The
attribute data corresponding to the coordinate of the reference
point is checked to specify the location of the relocation
destination of the “KK store”.
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[0133] Further, the retrieval of the previous attribute data
allows a relocation destination to be tracked over a plurality of
generations.

[0134] From this point, the previously existing “KK store”
1204 is displayed on a screen 1201 together with the currently
existing “Y'Y Industrial” 1203. The “KXK store” to be retrieved
is displayed in a rectangle in an emphasized manner. Further,
a sub-screen 1202 is displayed. On the sub-screen 1202, the
present location of the “KK store” 1205 is displayed in an
emphasized manner.

[0135] The history map retrieval of this invention is not
limited to the retrieval of buildings on the ground. For
example, as illustrated in FIG. 13, the history map retrieval of
this invention can be applied to an underground city map
1301.

[0136] Specifically, a name of a tenant is stored in the
attribute data. If the attribute data is retrieved by using a name
as a key to find the coordinate of the reference point to verify
the previous existence of the location, the existence of the
tenant can be recognized.

[0137] For example, a user having a plurality of different
versions of maps 1301 performs navigation by using pre-
created underground city maps. Even if an “L. book store”
1303 which previously existed is designated as a meeting
place, the “L book store” 1303 cannot be found by the con-
ventional navigation because the “L book store” 1303 is now
replaced by an “F store” 1103. By using the history map
retrieval of this invention, however, the “L book store” 1303
corresponding to a previously existing tenant can be retrieved
as illustrated in FI1G. 13.

[0138] Since the underground city is out of a service area of
a GPS satellite, it is necessary to use the positional informa-
tion acquisition means other than the GPS for specifying the
coordinate of the position of the user (client computer). For
example, as the positional information acquisition means
other than the GPS, a wireless LAN system or a sensor net-
work system may be used to obtain the positional information
(coordinate data in an underground area) when the user passes
the vicinity of a radiowave source.

[0139] In the underground city, the names of tenants fre-
quently change, whereas the configurations of building less
frequently change. Therefore, by retrieving the history map
data and the history attribute data, the previously existing
tenant can be verified.

[0140] The graphic configuration data and the attribute data
managed in the history map are not limited to the current
graphic configuration data and attribute data and the previous
graphic configuration and attribute data. For example, the
graphic configuration data and the attribute data of a future
building are stored respectively in the map database 101 and
the attribute database 103. As a result, the retrieval is made
possible even in the future. Specifically, a schematic configu-
ration, a name and time information of a building to be con-
structed are registered as the graphic configuration data 303
and 304 and the attribute data 305 and 306.

[0141] As a result, the building can be retrieved over the
past, the present time, and the future.

[0142] The management of the data of the buildings which
not only currently exist but previously existed and will exist in
the future by including the time information in the graphic
configuration data and the attribute data has been described.
However, when the time change information is accumulated,
the amount of data becomes enormous. As a result, the
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retrieval takes a long time. Therefore, the efficiency of
retrieval is improved by managing the data in a configuration
illustrated in FIG. 14.

[0143] Intheexampleillustrated in FIG. 14, the map data is
stored in a divided manner in map data tables, each corre-
sponding to a predetermined period of time. Similarly, the
attribute data is stored in a divided manner in attribute data
tables, each corresponding to a predetermined period of time.
For example, as illustrated in FIG. 14, data can be divided for
periods from 1970 to 1980, from 1981 to 1990, from 1991 to
2000, and after 2001. When the graphic configuration data
and the attribute data are retrieved backward in time, the latest
data (after 2001) is first retrieved. When the data to be
retrieved is not present in the period, the retrieval is then
performed on the previous period (1991 to 2000) adjacent to
the retrieved period.

[0144] FIG. 14 illustrates states (1401, 1402, 1403 and
1404) of the map data stored in the map database 101 and the
attribute data stored in the attribute database 103 in a divided
manner based on the time. In this case, the graphic configu-
ration data and the attribute data which are present over a
plurality of periods are stored in a plurality of data tables at
the same time.

[0145] As is different from FIG. 2 referred to above, an
elapsed time management module 1406 is additionally pro-
vided in the example illustrated in FIG. 14. The elapsed time
management module 1406 manages the period of the map
data table and the attribute data table to be referred to. Then,
when a signal 1409 indicating uncompleted retrieval (the
graphic configuration data and the attribute data to be
retrieved are not searched even through the retrieval is per-
formed) is transmitted, the elapsed time management module
1406 designates the previous map data table and attribute data
table which are next to be retrieved to designate a retrieval
range by the map retrieval module 104 and the spatial-tem-
poral configuration data retrieval module 106, and further by
the attribute data retrieval module 113 and the spatial-tempo-
ral attribute data retrieval module 111. This process corre-
sponds to Step 714 (see FIG. 7) described above.

[0146] Moreover, instead of using the attribute as the search
key for the retrieval, the retrieval using the configuration as
the search key is also considered possible. For example, as
illustrated in F1G. 15, a schematic configuration 1506 is input.
A configuration corresponding to the input configuration is
retrieved backward in time. For inputting the configuration as
the search key, a method of directly inputting the configura-
tion on a screen of the computer with a pen or the like can be
used.

[0147] The retrieval using the configuration as the key as
described above is effective when there is a building having a
characteristic configuration. The same relation between the
data format and the data as that illustrated in FIG. 4 can be
used.

[0148] Forexample,asillustrated in FIG. 15, an input of the
configuration 1506 serving as the search key is received. For
the configuration serving as the search key, two circles 1503
and 1504 and one rectangle 1505 are input. Then, the com-
puter can determine that the configuration 1506 serving as the
search key includes one rectangle and two circles close to
each other. Therefore, referring to the map data, the graphic
configuration data corresponding to the configuration serving
as the search key is not found in the current map data (the
retrieved configuration currently corresponding to a configu-
ration 1501). In the previous map data, however, the graphic

Mar. 5, 2009

configuration data corresponding to the configuration serving
as the search key has been registered. For checking the con-
figuration, a general known pattern matching technique can
be used.

[0149] Then, the attribute data containing the coordinate of
the reference point in the retrieved configuration is retrieved
to find a name “BBB building” 1502. In this manner, the use
of the history map retrieval enables the configuration of the
previously existing building to be checked.

[0150] In this case, the configuration data 1501 of the cur-
rently existing building (displayed with a dot line) and its
name “AAA Corporation” are displayed on the previous
graphic configuration data and name in an overlapping man-
ner. In this manner, the change of the building or its attribute
can be displayed.

[0151] The configuration can be retrieved even when one
rectangle and two circles are present in different periods of
time. Specifically, the previous map data is retrieved by using
the circle as the search key. Then, the retrieval is performed on
the map data for the existence of another circle close to the
retrieved circle and the rectangle over the retrieval range
including different periods of time. When a part of the con-
figuration serving as the search key is identical in each of the
periods even when the period of existence is not the same, it
is considered that the object to be retrieved has been found.
[0152] Once updated to the latest information, the map
loses its previous information. According to the embodiment
described above, however, the previous data can be main-
tained to be used for the retrieval without being discarded by
managing the data provided with the time information.
[0153] Further, even when a tenant which existed at a cer-
tain location is replaced by another one, the previously exist-
ing tenant can be retrieved by using a name of the previously
existing tenant.

[0154] As a result, even if the name of the object to be
retrieved (and the building having the name) does not cur-
rently exist, the retrieval can be performed backward in time
without designating the time period on which the retrieval is
to be performed. Moreover, the function such as the naviga-
tion can be realized by using the attribute data (name or the
like) of the building which existed in different periods of time.
[0155] Besides, since the previously existing building is
specified by using both the map data and the attribute data, the
retrieval can be performed backward in time even if the data
of a certain period of time is lost.

[0156] Further, instead of directly checking the geographic
area of the object to be retrieved and the attribute data, the
geographic area of the object to be retrieved and the configu-
ration data of the building are first checked. Then, the con-
figuration data of the building and the positional information
(reference point) of the attribute data are checked. Therefore,
even when the positional information of the attribute data is
not contained in the geographic area of the object to be
retrieved, the attribute data of the object to be retrieved can be
retrieved. For example, when the building is large, the refer-
ence point is away from one end of the building. According to
the embodiment of this invention, the reference point linked
with the building can be retrieved as long as a part of the large
building overlaps the geographic search area.

[0157] While the present invention has been described in
detail and pictorially in the accompanying drawings, the
present invention is not limited to such detail but covers
various obvious modifications and equivalent arrangements,
which fall within the purview of the appended claims.
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What is claimed is:

1. A geographic information system using map data includ-
ing configuration data provided with time information and
attribute data corresponding to an attribute of an object con-
tained in the map data, the attribute data being provided with
positional information and time information, comprising:

a processor, a memory coupled to the processor, a commu-
nication interface coupled to the processor, and a user
interface coupled to the processor;

an information import module for receiving an input of a
geographic area of an object to be retrieved and a search
key;

a map retrieval module for extracting configuration data,
for which the input geographic area of the object to be
retrieved and an area represented by the configuration
data at least partially overlap each other, from the map
data;

a correlation module for correlating the configuration data
with the attribute data identical with the input search key,
for which the area represented by the extracted configu-
ration data overlaps the positional information, accord-
ing to the time information provided to the configuration
data and the time information provided to the attribute
data; and

an output module for outputting the configuration data and
the attribute data correlated with each other.

2. The geographic information system according to claim

1, wherein:

each of the time information provided to the configuration
data and the time information provided to the attribute
data indicates a time period in which the object existed
or is to exist,

the map data is stored in a plurality of block areas in a
divided manner;

the map retrieval module specifies the block area of the
map data; which includes the input geographic area of
the object to be retrieved, and retrieves the configuration
data in the specified block area; and

the correlation module extracts the attribute data for which
the retrieved area of the configuration data and the posi-
tional information overlap each other;

checks the extracted configuration data and the attribute
data by using the positional information provided to the
attribute data;

correlates a part of the checked configuration data and a
part of the checked attribute data, for which the time
information provided to the configuration data and the
time information provided to the attribute data overlap
each other, with each other; and

selects a piece of the attribute data, which is identical with
the input search key, from the part of the attribute data
correlated with the part of the configuration data.

3. The geographic information system according to claim

2, wherein:

the positional information provided to the attribute data is
a coordinate of a reference point of the object provided
with the attribute data; and

the correlation module checks the configuration data and
the attribute data based on whether or not the coordinate
of the reference point is contained in the area repre-
sented by the configuration data.

4. The geographic information system according to claim

2, wherein the correlation module creates a data set corre-
sponding to a time period in which any of the configuration
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data and the attribute data correlated with each other does not
change, creates a history list obtained by arranging the cre-
ated data sets in order of time, and selects the attribute data
identical with the input search key from the created history
list.
5. The geographic information system according to claim
1, wherein the output module outputs data for allowing pre-
vious data and current data of the configuration data and the
attribute data correlated with each other to be displayed at a
position of the configuration data on a map in an overlapping
manner.
6. The geographic information system according to claim
1, further comprising a path search module for searching for
a path on a map, wherein:
the correlation module specifies a position of the attribute
data correlated with the configuration data on the map;
the path search module uses the attribute data whose posi-
tion has been specified to search for the path; and
the output module outputs the path found by the search.
7. The geographic information system according to claim
1, wherein:
the attribute data includes information of a relocation des-
tination of the object;
the correlation module acquires information of the reloca-
tion destination of the object in a case where the infor-
mation of the relocation destination of the object for
which the input search key and the attribute data are
identical with each other, is included in the attribute
data; and
the output module outputs data for displaying the acquired
information on a map.
8. The geographic information system according to claim
1, wherein:
the map data and the attribute data are divided based on
predefined time periods; and
the correlation module sequentially correlates the divided
map data and the divided attribute data with each other
from the map data and the attribute data of the latest time
period.
9. The geographic information system according to claim
1, wherein:
the information import module receives an input of a con-
figuration as the search key; and
the correlation module correlates the configuration data
with the attribute data that overlaps the configuration
data which is extracted and has a configuration identical
with the input configuration, according to the time infor-
mation provided to the configuration data and the time
information provided to the attribute data without deter-
mining identification of the search key with the attribute
data.

10. The geographic information system according to claim
1, further comprising:

a server including a first processor; a memory coupled to
the first processor; and a communication interface
coupled to the first processor; and

aterminal including a second processor, amemory coupled
to the second processor, and a communication interface
coupled to the second processor, and a user interface
coupled to the second processor, wherein the server
includes the map retrieval module, the correlation mod-
ule, and the output module; and
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the terminal includes the information import module and a
display module for displaying data output from the out-
put module.

11. The geographic information system according to claim

1, further comprising:

a terminal including the processor; the memory; the com-
munication interface; and the user interface, wherein

the terminal includes the information import module, the
map retrieval module, the correlation module, the output
module, and a display module for displaying data output
from the output module.

12. A geographic information management method using
map data containing configuration data provided with time
information and attribute data corresponding to an attribute of
an object contained in the map data, the attribute data being
provided with positional information and time information,
comprising:

receiving an input of a geographic area of an object to be
retrieved and a search key;

extracting configuration data, for which the input geo-
graphic area of the object to be retrieved and an area
represented by the configuration data at least partially
overlap each other, from the map data;

correlating the configuration data with the attribute data
identical with the input search key, for which the area
represented by the extracted configuration data overlaps
the positional information, according to the time infor-
mation provided to the configuration data and the time
information provided to the attribute data; and

outputting the configuration data and the attribute data
correlated with each other.

13. The geographic information management method

according to claim 12, wherein:
each of the time information provided to the configuration
data and the time information provided to the attribute
data indicates a time period in which the object existed
or is to exist;
the map data is stored in a plurality of block areas in a
divided manner;
the step of extracting the configuration data includes speci-
fying the block area of the map data, which includes the
input geographic area of the object to be retrieved and
retrieving the configuration data in the specified block
area,
the step of correlating the attribute data with the configu-
ration data includes:
extracting the attribute data for which the retrieved area
of the configuration data and the positional informa-
tion overlap each other;

checking the extracted configuration data and the
attribute data by using the positional information pro-
vided to the attribute data;

correlating a part of the checked configuration data and
apart of the checked attribute data, for which the time
information provided to the configuration data and the
time information provided to the attribute data over-
lap each other, with each other; and

selecting a piece of the attribute data, which is identical
with the input search key, is selected from the part of
the attribute data correlated with the part of the con-
figuration data.

14. The geographic information management method
according to claim 13, wherein:
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the positional information provided to the attribute data is
a coordinate of a reference point of the object provided
with the attribute data; and

the checking the extracted configuration data and the

attribute data by using the positional information
includes checking the configuration data and the
attribute data based on whether or not the coordinate of
the reference point is contained in the area represented
by the configuration data.

15. The geographic information management method
according to claim 13, wherein:

the correlating a part of the checked configuration data and

a part of the checked attribute data having the overlap-
ping time information with each other includes creating
adata set corresponding to a time period, in which any of
the configuration data and the attribute data correlated
with each other does not change, and creating a history
list obtained by arranging the created data sets in order of
time; and

the selecting a piece of the attribute data includes selecting

the attribute data identical with the input search key from
the created history list.

16. The geographic information management method
according to claim 12, wherein the outputting the configura-
tion data and the attribute data includes displaying previous
data and current data of the configuration data and previous
data and current data of the attribute data correlated with each
other at a position of the configuration data on a map in an
overlapping manner.

17. The geographic information management method
according to claim 12, further comprising:

specifying a position of the attribute data correlated with

the configuration data on the map;

searching for the path by using the attribute data whose

position has been specified; and

outputting the path found by the search.

18. The geographic information management method
according to claim 12, wherein:

the attribute data contains information of a relocation des-

tination of the object;

the method further comprises acquiring information of the

relocation destination of the object in a case where the
information of the relocation destination of the object
for which the input search key and the attribute data are
identical with each other, is contained in the attribute
data; and

the outputting the configuration data and the attribute data

includes displaying the acquired information of the relo-
cation destination on a map.

19. The geographic information management method
according to claim 12, wherein:

the map data and the attribute data are divided based on

predefined time periods; and

the correlating the attribute data and the configuration data

with each other includes sequentially correlating the
divided map data and the divided attribute data with each
other from the map data and the attribute data of the
latest time period.

20. The geographic information management method
according to claim 12, wherein:

the receiving the input includes receiving an input of a

configuration as the search key; and

the correlating the attribute data with the configuration data

includes correlating the attribute data overlapping the
configuration data which is extracted and has a configu-
ration identical with the input configuration with the
configuration data according to the time information
provided to the configuration data and the time informa-
tion provided to the attribute data without determining
identification of the search key with the attribute data.
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