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DATA FLOW CONTROL ORDER
GENERATING APPARATUS AND SENSOR
MANAGING APPARATUS

TECHNICAL FIELD

The present invention relates to a sensor network that uses
sensing data, and particularly relates to a data flow control
order generating apparatus, a sensor managing apparatus, a
data flow control order generating program, and a control
order data stream.

BACKGROUND ART

An IT environment called an M2M cloud has recently
gaining attention. The M2M (Machine to Machine) denotes
a system in which machines having various uses, sizes, and
performances exchange information on a network. Utiliza-
tion of the information allows the proper control of each
machine and the situation analysis of the real world. With an
improvement in wireless communication technology that
supports the M2M and a reduction in the size and cost of the
machine, expectations for the commercialization of the
M2M have been raised.

The embodiment of this M2M technology implemented
on a cloud computing environment is called the M2M cloud.
In the M2M cloud, basic functions required for the M2M,
e.g., services such as collection, accumulation, processing,
and analysis of data are provided as applications on the
cloud, and the applications can be used from anywhere. It is
possible to enhance reliability and exhaustivity by central-
ized management of data. In addition, a user has the advan-
tage of being able to use collected data and computer
resources only as needed. Consequently, it is possible to
analyze big data to obtain an added value without individu-
ally constructing systems so that the application in a wide
range of fields is expected.

In addition, as described in Patent Literature 1, a tech-
nology called a sensor network is studied. In this technology,
sensor devices (hereinafter also referred to as “sensors”
simply) each having a sensing function and a communica-
tion function are installed at various places and industrial
facilities and are networked together to thereby allow the
collection, management, and seamless use of sensing data.

Normally, the sensor is installed for collecting data
required by its owner. Accordingly, in many cases, the
sensor is not used except when the owner performs data
collection (the sensor itself is not operated, or the sensing
data is not used even when the sensor is operated). Conse-
quently, the degree of circulation of the sensing data is low,
and the analysis and use of data have been limited to the
owner of the sensor no matter how meaningful the data is to
a third party. As a result, this has led to duplication of an
investment in facilities and network congestions caused by
communication with the sensors installed by the individual
owners.

In addition, a technology called IoT (Internet of Things)
is studied. This creates new values by combining informa-
tion items related to many things present in the world on the
Internet, and seamless development of various services
including an infrastructure is expected. In order to create the
values from the IoT, it is necessary to be aware of the state
of the thing connected to the Internet, and sensing and
communication are important element technologies.

[
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CITATION LIST

Patent Literature

PTL 1: Japanese Patent Application Laid-open No. 2007-
300571

PTL 2: Japanese Patent Application Laid-open No. 2000-
331284

SUMMARY OF INVENTION

It is necessary to make a large number of sensing data
items collected from all over the world available for various
corporations and organizations according to their purposes
by constructing the above-described sensor network.

The present applicants are further conducting elaborate
studies on the development of the sensor network. Examples
of the development of the sensor network include creation
and provision of added values by processing data on an
application server capable of processing big data, and
achievement of economic effects by activating the transac-
tion of the sensing data. For example, the owner of the
sensor can obtain a compensation by permitting a data user
to temporarily use the sensor or providing the sensing data
to the date user. In addition, the user has the advantage of
being able to obtain required data inexpensively because an
investment in the installation of the sensor is not necessary.

The above-described sensor network according to the
studies of the applicants can be one form for specifically
implementing the M2M cloud in the point that data items
acquired by machines (sensor devices mounted on the
machines) installed at various locations are intensively man-
aged and made available. If the sensor network based on the
M2M cloud is implemented, it becomes possible to grasp
data items that vary in data type, acquisition position, and
time in an appropriate form from anywhere and make use of
the data items. Consequently, the application of the sensor
network in a wide range of fields from industrial fields such
as a manufacturing scene and physical distribution to living
fields such as a security, medical services, and education,
and infrastructural fields such as smart grid and a traflic
control system is expected.

In addition, in the IoT, there is formed a system for
optimizing resources such as time, space, people, things,
information, and energy at various granularities. To optimize
denotes to transfer the resource from where necessity is low
to where necessity is high or to use the resource in a form
having a high value, and transactions such as the transfer of
the resource, setting of a license, and payment of the
compensation are performed. However, conventionally, a
mechanism for circulating the sensing data or the like has
not been developed.

One or more embodiments of the present invention pro-
vide the mechanism for properly circulating the resources
such as the sensing data and the like in a system in which
many things are connected on the network.

One or more embodiments of the present invention adopt
the configuration in which the circulation of the sensing data
is optimized by performing a data flow control in the sensor
network. One or more embodiments of the present invention
include a data flow control order generating apparatus
including a sensor side metadata acquisition unit acquiring
sensor side metadata as information related to a sensor that
outputs sensing data; an application side metadata acquisi-
tion unit acquiring application side metadata as information
related to an application that provides a service by using the
sensing data; a matching unit performing matching between
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the sensor side metadata and the application side metadata to
extract the sensor capable of providing the sensing data that
satisfies a request of the application; and an instruction unit
transmitting a data flow control order that identifies the
sensor extracted by the matching unit and the application to
a sensor managing apparatus that manages the sensor.

According to the configuration, the matching is performed
between the application side metadata and the sensor side
metadata, and the application that requires the sensing data
1s associated with the sensor capable of providing the data.
Subsequently, the data flow control order is transmitted to
the apparatus that manages the sensor. With this, the circu-
lation of the sensing data based on various conditions is
promoted, the service is improved, and both of the data
provider and the data user profit. Herein, the metadata
denotes information used for the retrieval and matching by
a server, the sensor side metadata denotes information
related to the attribute of each of the sensor and the sensing
data obtained by the sensor, and the application side meta-
data denotes information related to the attribute of each of
the application and the sensing data required by the appli-
cation. In addition, the data flow control order includes
information that identifies the sensor as the data provider
and the application as the data user, and is order information
that orders the circulation of the data from the data provider
1o the data user. In the details of the instruction to the sensor
managing apparatus by the data flow control order, it is
possible to order the sensor managing apparatus to cause the
sensing data of one sensor to be circulated to a plurality of
the applications. In addition, it is also possible to order the
sensor managing apparatus to cause the sensing data from
each of the plurality of the sensors to be circulated to one
application. Further, it is also possible to order the sensor
managing apparatus to cause the sensing data from each of
the plurality of the sensors to be circulated to the plurality of
the applications.

In one or more embodiments, the sensor side metadata
acquisition unit and the application side metadata acquisi-
tion unit can adopt various configurations. For example,
there is a method in which the metadata is pre-stored in a DB
that is accessible from the data flow control order generating
apparatus. In this case, since the metadata required for the
matching process is already in the DB, an event notice may
appropriately be performed from the sensor side or the
application side as a trigger with which the data flow control
order is issued. Further, the data flow control order gener-
ating apparatus can adopt the configuration in which any of
the sensor side metadata DB and the application side meta-
data DB is not present. In this case, the metadata is trans-
mitted from the sensor managing apparatus that detects the
event occurrence or the application.

One or more embodiments of the present invention
include a data flow control order generating apparatus
including: a sensing data metadata acquisition unit acquiring
metadata of sensing data as information related to the
sensing data obtained by a sensor and stored in a database on
a network; an application side metadata acquisition unit
acquiring application side metadata as information related to
an application that provides a service by using the sensing
data; a matching unit performing matching between the
metadata of the sensing data and the application side meta-
data to extract the sensing data that satisfies a request of the
application; and an instruction unit transmitting a data flow
control order that identifies the sensing data extracted by the
matching unit and the application to the database on the
network.
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According to the configuration, irrespective of the pres-
ence or absence of the actual sensor, when the sensing data
is present in the DB, the data matching is performed with the
application that requires the data, and the data flow control
order is transmitted. With this, the promotion of the data
circulation and the profit for each of the data provider and
the data user are achieved.

One or more embodiments of the present invention
include a sensor managing apparatus that manages a sensor
by using sensor side metadata as information related to the
sensor that outputs sensing data including an order reception
unit receiving a data flow control order that identifies the
sensor extracted as the sensor that satisfies a request of an
application by matching between application side metadata
as information related to the application that provides a
service by using the sensing data and the sensor side
metadata, and the application, and a transmission unit trans-
mitting the sensing data from the extracted sensor to the
application using a predetermined packet system via a
network.

According to the configuration, complicatedness when the
sensing data is provided on the side of the sensor managing
apparatus is reduced, and the circulation of the sensing data
is promoted. That is, the sensor managing apparatus may
appropriately receive the control order based on the result of
the matching and control data transmission according to the
control order. As a result, a compensation for use is deter-
mined, and an owner of the sensor can obtain a proper profit.

Note that, as the configuration, it is possible to adopt the
configuration in which the transmission unit notifies the data
flow control order generating apparatus of the event occur-
rence, or the configuration in which the transmission unit
transmits the sensor side metadata in conjunction with the
event occurrence.

One or more embodiments of the present invention
include a data flow control order generating program caus-
ing an information processing apparatus to execute a sensor
side metadata acquisition step of acquiring sensor side
metadata as information related to a sensor that outputs
sensing data, an application side metadata acquisition step of
acquiring application side metadata as information related to
an application that provides a service by using the sensing
data, a matching step of performing matching between the
sensor side metadata and the application side metadata to
thereby extract the sensor capable of providing the sensing
data that satisfies a request of the application, and an
instruction step of transmitting a data flow control order that
identifies the sensor extracted in the matching step and the
application to a sensor managing apparatus that manages the
Sensor.

One or more embodiments of the present invention
include a program operating in an information processing
apparatus of a sensor managing apparatus that manages a
sensor by using sensor side metadata as information related
to the sensor that outputs sensing data, the program causing
the information processing apparatus to execute an order
reception step of receiving a data flow control order that
identifies the sensor extracted as the sensor that satisfies a
request of an application by matching between application
side metadata as information related to the application that
provides a service by using the sensing data and the sensor
side metadata, and the application, and a transmission step
of transmitting the sensing data from the extracted sensor to
the application using a predetermined packet system via a
network.

According to one or more embodiments, by controlling
the provision of the sensing data to the application by using
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the data flow control order created based on the comparison
result of the metadata, the optimization of the data circula-
tion is achieved, the service is improved, and the data
provider and the data user profit.

One or more embodiments of the present invention
include a control order data stream that can be read by an
information processing apparatus that manages a sensor
outputting sensing data, the control order data stream includ-
ing information identifying an application that requires the
sensing data, information identifying a sensor extracted as
the sensor that satisfies a request of the application, and
order information identifying the extracted sensor and the
application.

In addition, the information identifying the application
and the information identifying the sensor can be obtained
by matching between the sensor side metadata as the infor-
mation related to the sensor and the application side meta-
data as the information related to the application.

Thus, the use of the control order data stream created
based on the result of the matching of the metadata or the
like allows contribution of the information processing appa-
ratus that manages the sensing data to the proper data
circulation.

Note that, as described above, one or more embodiments
of the present invention can be considered as the data flow
control order generating apparatus or the sensor managing
apparatus, and can also be viewed as the system in which the
above apparatuses are unified or the system that includes the
sensor and the application server in addition to the above
apparatuses. In addition, one or more embodiments of the
present invention can be considered as the method that
includes the process in at least any of the individual appa-
ratuses described above, and can also be regarded as the data
stream for implementing the method, the program for caus-
ing the computer to execute each step of the method, or a
recording medium in which the program is recorded.

According to one or more embodiments of the present
invention, it is possible to provide the mechanism for
properly circulating the resources such as the sensing data
and the like in the system in which many things are
connected on the network.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a view showing the entire configuration of a
traffic control system in accordance with one or more
embodiments;

FIG. 2A is a flowchart showing the flow of entire pro-
cesses related to vehicular column formation in accordance
with one or more embodiments;

FIG. 2B is a flowchart showing an initial process in the
vehicular column formation in accordance with one or more
embodiments;

FIG. 2C is a flowchart showing a process when vehicular
column formation support is started in accordance with one
or more embodiments;

FIG. 2D is a flowchart showing a process while vehicular
column traveling is maintained in accordance with one or
more embodiments;

FIG. 2E is a flowchart showing a process when a vehicle
switches to single traveling in accordance with one or more
embodiments;

FIG. 3 is a view schematically showing the configuration
and process of a column formation support application on a
server side in accordance with one or more embodiments;
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FIG. 4 is a view showing a state shift of a column
traveling object of the column formation support application
on the server side in accordance with one or more embodi-
ments;

FIG. 5 is a schematic view for explaining a control at a
traffic signal at the time of the column traveling in accor-
dance with one or more embodiments;

FIG. 6A is a view for explaining a data flow control in a
sensor side event-driven type access mode in accordance
with one or more embodiments and FIG. 6B is a view
showing a data structure used in the control in accordance
with one or more embodiments;

FIG. 7 is a flowchart for explaining the data flow control
in the sensor side event-driven type access mode in accor-
dance with one or more embodiments and

FIG. 8A is a view for explaining a data flow control in an
application side event-driven type access mode in accor-
dance with one or more embodiments and FI1G. 8B is a view
showing a data structure used in the control in accordance
with one or more embodiments;

FIG. 9A is a view for explaining a data flow control in a
sensor side metadata-driven type access mode in accordance
with one or more embodiments and FIG. 9B is a view
showing a data structure used in the control in accordance
with one or more embodiments;

FIG. 10A is a view for explaining a data flow control in
an application side metadata-driven type access mode in
accordance with one or more embodiments and FIG. 10B is
a view showing a data structure used in the control in
accordance with one or more embodiments;

FIG.11A1s a view for explaining a data flow control using
a virtual sensor and a DB that stores sensing data in
accordance with one or more embodiments and FIG. 11B is
a view showing a data structure used in the control in
accordance with one or more embodiments;

FIG. 12A is a view showing a data structure of metadata
used in the sensor and the sensing data in accordance with
one or more embodiments and FIG. 12B is a view showing
a data structure of the metadata used in the application in
accordance with one or more embodiments.

DESCRIPTION OF EMBODIMENTS

Hereinbelow, one or more embodiments of the present
invention are described with reference to the drawings. Note
that the description of each configuration should be appro-
priately changed according to the configuration and various
conditions of a system to which the invention is applied, and
the scope of the present invention is not intended to be
limited to the following description.

As described above, if the sensor network based on the
M2M cloud is implemented, it becomes possible to grasp
and make use of various data from anywhere in an appro-
priate form, and hence the application in a wide range of
fields 1s expected.

In particular, in the traffic control system, since there are
various relevant sensor devices such as individual vehicles,
traffic signals, and cameras installed at various locations,
there is a strong request for processing sensing data to
implement smooth traffic.

The traffic jam reduces social productivity due to time loss
and waste of fuel, and causes traffic accidents and deterio-
ration of the surrounding environment.

On general roads, the main cause of the traffic jam is a
reduction in traffic volume due to a traffic signal serving as
a bottleneck. Consequently, among control operations per-
formed by the traffic control system, the control of the
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change timing and times of a red light and a green light is
important in achieving smooth traffic. In particular, the
importance of the traffic signal at an intersection is high
because the traffic signal is involved in a plurality of traffic
flows.

On general roads, individual vehicles have different des-
tinations and the driving technique and awareness of com-
pliance with speed limits vary among drivers so that the
speed and the moving direction vary among the vehicles. As
a result, for example, the vehicle blocks the passage of the
following vehicle to slow down the traflic flow by stopping
at the intersection to turn left or right, changing lanes, and
changing its speed, and the traffic jam is thereby caused.

In our country, the traffic signal is usually controlled
under the supervision of the police and, from among control
patterns predetermined for each traffic signal, the control
pattern corresponding to a day of the week and a time period
is selected on a road with a large traffic volume. In order to
increase the traffic volume on the road as much as possible,
it is necessary to control the change timing and the time of
the green light so as to allow as many vehicles as possible
(or as many passengers in the vehicles as possible) to pass.
At this point, if the control pattern of the signal can be
changed flexibly according to the actual traffic conditions,
the control is considered to contribute to smooth traffic.

For public vehicles such as buses and emergency vehicles,
a system called PTPS (Public Transportation Priority Sys-
tem) is used mainly in combination with bus lanes. This is
a technology in which the time of the green light is pro-
longed when the presence of the bus is detected by the traffic
signal, and the use of the public transportation is promoted
by securing punctuality of the bus operation to satisfy
passengers. As a result, the transportation of a large number
of people by the bus and a reduction in the number of
vehicles are to be achieved. In addition, a system that
prioritizes the emergency vehicles such as fire engines and
ambulances is under consideration, but there is no such a
system for general vehicles.

On the other hand, the advantage obtained by a plurality
of vehicles traveling in column on a road is examined from
various viewpoints. First, energy saving by the column
traveling is expected. When vehicles form a column, the
vehicle on the downstream side of the flow of air such as
traveling wind is positioned behind the vehicle on the
upstream side thereof, and wind pressure of the downstream
vehicle is reduced. As a result, the fuel efficiency of each
vehicle can be improved.

Patent Literature 2 describes a technology used when a
plurality of members form a group with a plurality of
vehicles. In this case, in order to inform a driver in a vehicle
of the positions of the other vehicles belonging to the group,
each of the vehicle acquires its position using a GPS (Global
Positioning system) device provided in the vehicle, and
transmits the position to the other vehicles by using a
cellular phone and the like. When receiving the information,
the positions of the vehicles belonging to the group are
displayed on the map of a car navigation device.

In the case of Patent Literature 2, the members of the
group are people planning to perform the column traveling
such as, e.g., colleagues in a company or friends sharing the
same hobby. From the viewpoint of the traffic system side,
the traffic jam can be probably suppressed to a level lower
than the level in the case where the vehicles travel sepa-
rately.

Thus, traveling of a plurality of vehicles that have the
same destination (inclusive of an intermediate destination on
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a traveling route) or route and a traveling time period in
column is useful for the driver and from the traffic view-
point.

However, when the vehicles perform the column travel-
ing, a problem arises before the group is made up and the
column is formed, and a problem arises during the column
traveling. The former is the problem that the column cannot
be formed unless the drivers get to know each other and
determine the destination or route and the traveling time
period in advance. The latter is the problem that, when the
number of vehicles is increased, the vehicle that loses sight
of the other vehicles occurs. The latter also includes the
problem that, depending on the length of the column, the
green light is switched to the red light during the passage
below the traffic signal and a part of the vehicles cannot
travel together with the other vehicles.

The traffic control system is actively involved in the
formation of the group to guide the vehicle and remove
obstacles during the traveling instead of letting the vehicles
voluntarily form the column and travel to the destination.

Further, in addition to the column traveling, the positional
relationship between the vehicles traveling on the road is
also important. For example, there are cases where it is
necessary to have a predetermined distance or more to the
other vehicle or, conversely, there are cases where the
vehicle wants to travel within a predetermined range of the
other vehicle.

In view of such circumstances, the technology of the
present embodiment supports the formation of the positional
relationship between the vehicles to allow smooth traveling
in the traffic control system by using the sensor network.
<Entire Configuration of System>

The entire configuration of the traffic control system
according to the present invention is described with refer-
ence to a block diagram of FIG. 1. A vehicular positional
relationship formation support control in the present
embodiment is the formation support for the vehicular
column that allows preferential treatment during the passage
of the vehicular column below the traffic signal. However,
the details of the control are not limited thereto, and the
control includes the support control for causing the vehicular
positional relationship to satisfy predetermined conditions
through the details thereof are described later.

A traffic control system 1 is configured by a vehicle 2, a
smartphone 3 as a mobile communication terminal held by
a driver or the like to be disposed in the vehicle 2, a network
4 for a mobile terminal with which the smartphone 3
communicates, an M2M cloud server 5 that provides a cloud
environment, a sensor network sever 6 that performs ser-
vices related to a sensor network, an application server 7, a
signal management apparatus 8, and a traffic signal 9. The
configuration of each block described above can be designed
arbitrarily and is not particularly limited. In addition, the
configuration of the network 4 or the communication
method between the blocks is not particularly limited. Here-
inbelow, the configuration and the function of each block of
the traffic control system 1 are described in greater detail.
(Vehicle 2)

The vehicle 2 travels from an origin to a destination
according to the operation of the driver. The drawing depicts
a state where four vehicles 2a to 24 form a group and travel
in a column 20A on a road.

(Smartphone 3)

The smartphone 3 is a mobile communication terminal
disposed in the vehicle 2 by the driver or a passenger. The
smartphone 3 has an information processing apparatus such
as CPU or the like mounted thereon, and an application can
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be installed and used in the smartphone 3. In addition, the
smartphone 3 has a GPS function of acquiring a current
position. Further, the smartphone 3 is preferably capable of
acquiring the movement speed of the vehicle 2 using an
acceleration sensor. Furthermore, the smartphone 3 has a
unit receiving an input from the driver, and a unit outputting
information to the driver. As the former input unit, there is
used a touch panel, a physical button, a virtual button, or a
voice input function. As the latter output unit, it is possible
to cause the touch panel to also function as a display section,
or adopt a voice output system. Further, in the present
embodiment, unique 1D information (S_ID) for identifying
the terminal and by extension the vehicle is stored in an
internal memory.

The smartphone 3 can communicate with the M2M cloud
server 5 via the network 4, and can further access the
information of the sensor network server 6 via the M2M
cloud server 5. In addition, the smartphone 3 also acts as a
client that uses arithmetic resources of the application server
7. Conversely, these servers acquire information from the
vehicle 2 via the network 4. A travel plan information
transmission unit and an order information reception unit of
the present invention correspond to the communication
function of the smartphone 3.

(Vehicular Application 31)

A vehicular application 31 is installed in the smartphone
3. The vehicular application 31 corresponds to a column
process application 71 on the application server side, and
acquires order information via the network 4. The vehicular
application 31 preferably functions as a car navigation
application or operates in cooperation with the car naviga-
tion application. The CPU performs the control according to
the instruction of such an application, and the smartphone 3
thereby functions as a travel support terminal apparatus of
the present invention.

(Cradle 32)

It is possible to use a cradle 32 in order to fix the
smartphone 3 to the vehicle 2. If the vehicular application 31
1s set so as to be activated when the smartphone 3 is placed
on the cradle 32, the operation thereof can be simplified.
Alternatively, the vehicular application 31 may also be
activated when the driver touches an icon on the smartphone
3.

Note that, although the present embodiment uses the
smartphone 3 in which the vehicular application 31 is
installed and which functions also as a sensor device, the
group of devices that have these functions and can transmit/
receive information to/from the network 4 may be collec-
tively referred to as the travel support terminal apparatus of
the present invention. For example, some of car navigation
devices have the function of issuing an instruction for a
driving operation using voice, the function of acquiring the
current position using the GPS or the like, and the function
of displaying the traveling route and the time period when
the destination is inputted, and hence these devices can be
used in the present invention. In addition, it is possible to use
the wireless communication facility of the vehicle as the
communication function, and also use the facilities of the
vehicle as the GPS function, the display device, and the
input unit.

(Network 4)

The network 4 serves as the base for the communication
of the smartphone 3 and, as the network 4, existing com-
munication networks constructed by communication com-
panies and the like can be used. In addition, the network 4
is not necessarily a single network, and may be considered
as a conceptual network in which a plurality of networks
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having various communication methods and topologies are
connected to each other. In short, the network 4 may be any
communication network as long as the communication net-
work allows transmission/reception of information between
the vehicle side and the server side.

(M2M Cloud Server 5)

The M2M cloud server 5 is responsible for the entire
management of the traffic control system of the present
invention. In terms of hardware, the M2M cloud server 5 can
be configured by a computer including an information
processing apparatus (CPU), a memory, an auxiliary storage
device (HDD or the like), a communication device, an input
device, and a display device. The M2M cloud server 5 has
capabilities that allow the M2M to be accessed by sensor
devices present at various locations via the network, trans-
mit/receive a large volume of data and accumulate the data,
and provide the accumulated data in response to the request
from the application.

(Sensor Network Server 6)

The sensor network server 6 is a server apparatus that
performs the management of the sensor device related to the
sensor network and the like. The sensor network server 6 can
also be configured by the computer similar to that of the
M2M cloud server.

Herein, the sensor network is briefly described. The
sensor network networks the sensor devices each having the
sensing function and the communication function to allow
the collection and use of sensing data, and the present
inventors assume a mechanism in which the owner of the
sensor provides the sensing data to data use applicants such
as companies or the like and obtains the compensation for
the use. With this mechanism, the owner obtains an advan-
tage such as the opportunity for the profit and the user
obtains an advantage such as inexpensive data acquisition.
The sensor network server 6 is the server apparatus that
performs mediation of such transactions, and the sensor
device of the present invention is the smartphone 3.

(Data Provision Contract DB 61, Data Use Contract DB 62)

The sensor network server 6 (sensor managing apparatus)
stores information related 1o the owner and the sensor device
in a data provision contract DB 61 in response to the
registration from the owner. The information related to the
sensor device includes the type of the sensor, the position of
the sensor, and the application compatible with the sensor.
The information related to the owner includes the available
period, the purpose of use of data (usable only for academic
purposes or the like), and the area of use (usable only in
non-profit-making areas), and the compensation. The above
information is retained in association with the 1D informa-
tion (S_ID) of each sensor device (the smartphone 3 in this
case), and is read in response to the request from the M2M
cloud server 5. This corresponds to a device information
storage unit.

In addition, the sensor network server 6 stores informa-
tion related to data use in a data use contract DB 62 in
response to the registration from the user. The information
includes conditions required by the application, or condi-
tions on the side of the user who needs data directly. For
example, the conditions include the type of the data, the
place of acquisition, a data acquisition cycle, accuracy, and
the upper limit of the compensation to be paid.

The sensor network server 6 refers to these databases to
perform matching between the conditions of the user and the
sensor, and manages the collection of the charge from the
user and the payment of the compensation to the owner
according to a use record. In the present embodiment,
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available application numbers (A1, A2, . . . AN) are stored
for each ID information (S_ID). This corresponds to a use
condition storage unit.
(Application Server 7)

The application server 7 is a server apparatus that has
various applications using the sensing data installed therein,
performs arithmetic processing corresponding to the request,
and returns the result of the arithmetic processing. The
application server 7 can also be configured by the computer.
(Various Applications)

A description is given by using examples of the applica-
tion. The column process application 71 is an application
that performs the main process of the present invention, and
extracts a proper vehicle group based on the position and
travel plan (the traveling route, the traveling time period of
each road section and the like) of each vehicle, and issues an
mstruction to form the column. In addition, the column
process application 71 issues an instruction to the signal
managing apparatus 8 such that the column is caused to pass
below the traflic signal preferentially.

The other applications are described as examples of the
application. A traffic jam map application 72 collects the
positional information and the movement speed from the
smartphone 3, generates a traffic jam map based on infor-
mation collected from each vehicle, and sells the traffic jam
map to a business operator or the like that uses the road
conditions. An image distribution application 7N collects
images and moving images taken during traveling from the
sensor devices such as the smartphone 3 and a vehicle-
mounted camera, and provides them to the user who wants
to know the situation at each point. The taken images can be
used in an application for detecting damage to the road or an
application for detecting an illegally-parked vehicle.

Thus, the user of the sensor network can directly purchase
the individual sensing data, and also obtain required infor-
mation without paying attention to the individual sensing
devices by designating the application and requesting the
process.

Note that the M2M cloud server 5, the sensor network
server 6, and the application server 7 are separated as
different blocks in the above description. However, the
actual physical arrangement thereof can be freely deter-
mined in consideration of the construction cost, required
performance, network conditions, or diversification of risk.
For example, they may be configured as individual modules
of a single apparatus, or may also be used in cooperation
with a plurality of computers. In short, when the server
capable of transmission/reception of information to/from the
sensor devices at various locations and processing a large
volume of data using the application is used, the present
invention can be implemented. For the purpose of contrast-
ing the travel support terminal apparatus (smartphone) on
the vehicle side as the sensor device, the servers described
above are collectively referred to as a “server side”. Each of
the travel plan information reception unit and the order
information transmission unit of the present invention uses
any of the communication functions on the server side.
Further, each of a group extraction unit and an order
information generation unit uses any of the information
processing apparatuses on the server side. The entire server
side can be viewed as a vehicular positional relationship
formation support apparatus of the present invention.
(Signal Managing Apparatus 8, Traffic Signal 9)

The signal managing apparatus 8 controls the turning on
and off of the red light and the green light of the traffic signal
9 on the road. Normally, from among patterns predetermined
for each traffic signal, the pattern corresponding to a day of
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the week and the time pericd is selected and the control is
performed. However, it is also possible to control the turning
on or off state flexibly according to actual traffic conditions
and, in the case where the instruction is issued from the
column process application 71, the process of causing the
column to pass preferentially is executed. In the drawing, the
column 20A 1s about to pass below the traffic signal 9.
<Vehicle Side Process Flow>

Column formation and preferential traveling in the pres-
ent embodiment are described specifically with reference to
FIGS. 2A to 2E.

FIG. 2A is a flowchart showing the summary of the
processes in the smartphone 3 related to the vehicular
column formation. The flow is started at the point of time
when the engine of the vehicle 2 is started and the vehicle
2 starts to travel.

(Initial Process)

In Step S101, an initial process is performed. The detail
of the initial process is shown in the flow of FIG. 2B.

In Step S1011 in FIG. 2B, the vehicular application 31 of
the smartphone 3 is activated. The vehicular application 31
may be set so as to be automatically activated when it is
connected to the cradle 32 disposed on a dashboard of the
vehicle 2, and this setting is preferable in terms of power
supply. Alternatively, the driver (the passenger may also
activate the vehicular application 31; the same applies to the
following description) may activate the vehicular applica-
tion 31 from the icon. As described above, since the vehicu-
lar application functions also as the car navigation applica-
tion, the driver is willing to activate this application in order
to receive its navigation.

In Step S1012, the vehicular application 31 communicates
with a GPS satellite by using the GPS function of the
smartphone 3 to acquire the current position of the vehicle
2.

In Step S1013, the vehicular application 31 receives the
input of the destination that uses the input unit from the
driver. The driver inputs the destination, and requests the
route guidance by the car navigation.

In Step S1014, the vehicular application 31 creates the
travel plan. The travel plan created by the car navigation
function includes the traveling route between the current
position and the destination and an estimated arrival time.
Further, in the present embodiment, the time period of
traveling of each of sections obtained by properly dividing
the traveling route is determined. This is for allowing the
formation of the vehicular column if at least a part of the
traveling route of one vehicle matches the traveling route of
another vehicle. The division method of the traveling route
is arbitrary, and hence the combination of the midpoint and
an estimated passage time may be generated, or the entire
route may be divided into a plurality of sections by using the
intersection or the like as a landmark and the estimated
traveling time period of each section may also be calculated.

Information created in each Step (position and destina-
tion) is also called the travel plan (S_DATA), and the
function of creating the travel plan is also called a travel plan
generation unit. In addition, the functions of acquiring
information related to the vehicle such as the GPS function
and the like are also collectively called a vehicle information
acquisition unit.

Returning to the flow in FIG. 2A, in Step 102, the
vehicular application 31 confirms whether or not the driver
wants to perform the column traveling using the output unit
of the smartphone 3. In the case where the driver does not
want to perform the column traveling (S102=N), the driver
heads for the destination according to the normal car navi-
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gation function, and hence the present flow is ended. Note
that the present Step may be omitted and the column
traveling may be always performed.

(Column Formation Support Process)

In Step S103, a column formation support process is
performed. The detail of the present process is shown in the
flow in FIG. 2C.

In Step S1031 in FIG. 2C, the vehicular application 31
transmits the travel plan (S_DATA) and the ID information
(S_ID) of the smartphone 3 to the M2M cloud server 5.
Further, information indicating that “the smartphone 3 is
connected to the cradle 32" may also be transmitted. This is
for allowing determination of whether or not the smartphone
3 is disposed in the vehicle by the server side. Note that,
even in the case where the driver “does not want to perform”
the column traveling in Step S102, the travel plan and the ID
information may be transmitted. Such a vehicle does not
influence the column traveling, but is effective in terms of
providing the sensing data to the sensor network.

In Step S1032, the vehicular application 31 detects the
start of traveling of the vehicle using the acceleration sensor
and the like.

In Step S1033, the vehicular application 31 acquires and
transmits the current position and the speed of the vehicle 2.
This process is not essential, but is preferably executed in
order to accurately perform the order to form the column on
the server side.

In Step S1034, the vehicular application 31 inquires
whether or not the order to participate in the column comes
from the column process application 71 via the network 4.
When the order is not present (S1034=N), the process
returns to the previous Step, and the inquiry is repeated after
a predetermined time.

When the order (NAVI_MSG) is present (S1034=Y), the
process advances to Step S1035, and a message for urging
the driver to participate in the column is outputted to the
driver. Outputting by voice is preferable during traveling.
The driver performs the driving operation according to the
order of the present Step, and the column is thereby formed.
Once the vehicle participates in the column, the vehicle
follows the vehicle ahead or the driver continuously drives
the vehicle according to the navigation. In the case where the
vehicle 2 is the first vehicle of the column, subsequent
vehicles participate in the column while the driver drives the
vehicle according to the navigation.

(Driving Operation Method at Time of Participation in
Column)

In the case where the vehicle 2 participates in the existing
column, an order for identifying the vehicle included in the
column and forming the column such that other vehicles do
not enter into the column is issued. At this point, the method
for identifying the vehicle is not particularly limited and a
method in which the vehicle is identified using time and
voice is outputted such as, e.g., “please follow the vehicle
passing on your right side five seconds later” may be used.
In addition, it is preferable to inform the driver of outer
appearance characteristics such as the type, color, and size of
the vehicle. Further, hazard lights of the vehicles that are
already in the column are controlled and the information
may be transmitted using blinking patterns. Alternatively, a
dedicated indicator using an LED and the like is distributed
to the vehicle participating in the sensor network and the
vehicle may be identified by lighting the indicator.

The completion of the participation in the column is
notified from the vehicle side to the server side. Alterna-
tively, the position information items acquired by the indi-
vidual vehicles using the GPSs are compared on the server
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side and, when the distance falls within a predetermined
distance, the participation may be considered to be com-
pleted.

Note that, since the driving technique varies between
individuals, in the case where the vehicle fails to participate
in the column, it is preferable to take follow-up measures
such as recalculation of the traveling route and the notice of
timing of re-participation.

In addition, it can be considered that the upper limit of the
number of vehicles that can participate in the column is set.
This is because, when the column is extremely long, the
influence on other vehicles becomes extremely significant.
(Column Traveling Maintenance Process)

Returning to the flow in FIG. 2A, in Step S104, a column
traveling maintenance process is performed. The detail of
the present process is shown in the flow in FIG. 2D.

In Step S1041 in FIG. 2D, the vehicular application 31
acquires the current position and the speed of the vehicle 2,
and transmits them to the server side. The column process
application 71 having received this information transmits
order information to the vehicle 2 such that the column can
perform proper traveling in which the traffic conditions are
reflected.

The vehicular application 31 inquires whether or not a
change order is present in Step S1042 and, when the change
order is present (S1042=Y), the vehicular application 31
receives the change order and advances to Step S1043 to
output the change order to the driver. Examples of change
information include an instruction for obeying traffic regu-
lations and a driving instruction for accepting the participa-
tion of a new vehicle. [n addition, an order by the normal car
navigation function, e.g., a driving change instruction cor-
responding to the traffic jam or the traffic regulations is also
performed at the same time. As in the present invention, the
column can receive the preferential treatment at the traffic
signal when the column traveling is maintained.

(Process Related to Column Deviation or Column Continu-
ation)

Returning to the flow in FIG. 2A, in Step S105, the
vehicular application 31 detects whether or not a column
deviation trigger is present. The column deviation trigger is
an event indicative of the column deviation from the inside
of the vehicle or the outside thereof. For example, the event
from the inside of the vehicle includes explicit or implied
deviation request from the driver. The explicit request
denotes the case where the intention of the deviation is
declared using voice by the driver and the case where a
deviation operation is performed using a touch panel by the
passenger. The implied request denotes the case where the
destination of the car navigation application is changed and
the case where the driving operation that deviates the vehicle
from the designated route is performed. The event from the
outside of the vehicle includes the order information in the
case where the vehicle deviates from the common route or
the case where the vehicle is determined to be improper as
the member of the column for some reason. When the trigger
is detected (S105=Y), the process moves to Step S106.

The detail of Step S106 is shown in the flow in FIG. 2E.

In Step S1061 in FIG. 2E, the vehicular application 31
outputs information for switching. The instruction method
similar to that of the normal navigation may be used.

In Step S1062, the driver executes the driving operation
for the column deviation.

In Step S1063, the driver continues single traveling. Note
that, even after the driver switches to the single traveling, the
vehicle can participate in another column with the wish of
the driver or the order from the server side. As the former,
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there is the case where, after stopping for rest, the vehicle
resumes the column traveling. As the latter, there is the case
where there are two or more sections where the column can
be formed in the entire traveling route.

Returning to FIG. 2A, in Step S107, it is detected whether
or not the vehicle re-participates in the column. When the
column traveling needs to be resumed due to the circum-
stances described above (S107=Y), the process returns to
S103 and the vehicle participates in another column. On the
other hand, in the case where the vehicle does not deviate
from the column from the beginning (S105=N) and the case
where the single traveling is continued in S107 (S107=N),
the process moves to Step S108, and the current traveling
state 1s maintained.

(End Process)

In Step S109, the current position is compared with the
inputted destination, and it is thereby determined whether or
not the vehicle has arrived at the destination. When the
vehicle has arrived at the destination (S109=Y), the infor-
mation indicative of the arrival is outputted to the driver, and
the navigation and the column traveling support are ended.
When the vehicle has not arrived at the destination
(S109=N), the process returns to Step S104, and the trav-
eling is continued. Note that, in the case where the vehicle
already performs the single traveling, S104 and S105 are not
applied.

According to the above description, the vehicular appli-
cation 31 properly guides the driver according to the order
from the server side while cooperating with the car naviga-
tion application, and thereby induces the driver to participate
in and deviate from the column without imposing a burden
heavier than normal driving on the driver.
<Processes on Server Side>

Next, the processes on the server side, i.e., in the M2M
cloud server 5, the sensor network server 6, and the column
process application 71 in the application server 7 are
described. In particular, a sensor network process shown in
the upper right of FIG. 1 and the process of the column
process application 71 shown in FIG. 3 are mainly
described.

(Sensor Network Process)

As described above, in association with the ID informa-
tion (S_ID), the application number (APPLY_ID) that is
allowed to use the sensing data from the smartphone having
the above ID information is stored in the data provision
contract DB 61. With the intervention of the M2M cloud
server 5, the sensor network server 6 transmits the informa-
tion of the sensor device that the column process application
71 (APPLY_ID=A1) can use. In the example of FIG. 1,
S_ID corresponding to the vehicle 2 permits
(APPLY_ID={Al, A3}) to use the sensing data. That is, in
addition to the column process application 71, the data can
also be used in the traffic jam map application 73
(APPLY_ID=A3). Note that a billing process to the owner of
the column process application 71 is also performed by
referring to the data use contract DB 62.

The M2M cloud server 5 stores the information (S_ID,
S_DATA) from the smartphone received via the network 4
in a database (an accumulation unit and corresponds to a
current position and travel plan DB 301 in FIG. 3). Among
the data items stored in the DB 301, the data item having
S_ID obtained from the sensor network server 6 (i.., the
data item of which the use is permitted in the column process
application 71) is transmitted to the application server 7
(S_ID, S_DATA). Note that registration or update is per-
formed on the database by the M2M cloud server 5 on an as
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needed basis based on the result of communication with the
smartphone 3 disposed in the vehicle 2 (corresponds to
S1041 in FIG. 2D).

(Operation During Column Traveling Control)

In Process P301 in the lower left of FIG. 3, the server side
(the M2M cloud server 5 in the present embodiment)
acquires the information (S_ID, S_DATA) transmitted from
the smartphone 3 and stores the information in the DB 301.
With this, a column traveling generation process is started.

In Process P302 in the upper left of FIG. 3, the server side
(the column process application 71 in the present embodi-
ment) extracts column traveling data consisting of a column
traveling group candidate and the combination of the col-
umn traveling section and the column traveling time period.
In this process, based on the acquired travel plan for each
vehicle, the group of vehicles of which at least apart of the
traveling routes overlap one another in the same time period
is selected, and the column traveling data consisting of the
combination of the column traveling section and the time
period is extracted. Further, the generation to disappearance
of a column traveling control object is managed for each
column traveling data. For example, column traveling data
k shown in the center of FIG. 3 includes the list of vehicles
constituting a column traveling group candidate k, and the
road section and traveling schedule of the column traveling
of these vehicles (in other words, information in which the
routes of the individual vehicles match each other and the
time periods thereof match each other).

That is, in the column traveling generation process, the
DB 301 is referred to and, in the case where the number of
vehicles that follow the same route in the same time period
is a predetermined number or more, the vehicles are
extracted as the group. The column traveling data is data
defined by the information (S_ID) for identifying the
extracted vehicle, information for identifying the section
(section information on the map), and the time period, and
indicates the candidate of the column of vehicles that travel
together for a predetermined time period. When the vehicle
group is extracted, the vehicle may be appropriately selected
by using the traveling section (also the traveling direction)
and the time period as keys. In order to form as many
columns as possible, the traveling route may be divided into
sections in a range where excessive complicatedness is not
caused.

Alternatively, in the grouping of the vehicle, first, the
route section of the column traveling may be determined,
and the vehicles traveling in the route section in the same
time period may also be picked up.

As shown in FIG. 3, in Process P302, each of column
traveling control objects (1 to N) is generated for each of
column traveling data items (1 to N) by multi-thread pro-
cessing of the application server 7. Consequently, the num-
ber of the column traveling control objects corresponds to
the number of columns that can be formed in the traffic
control system 1. When the column arrives at the destination
and the column traveling is ended, the column traveling
control object that has controlled the column disappears.

The main processes of the column traveling control object
corresponds to Processes P303 and P304. In P303, an order
for the column traveling control (NAVI_MSG in FIG. 1) is
transmitted to the vehicles (2a to 2») that participate in the
column. The vehicles having received the order information
are driven in the manner indicated by the flows in FIGS. 2C
and 2D, and the column traveling is thereby implemented. In
P304, an order to request the signal operation is transmitted
to the signal managing apparatus 8. This order includes the
position information of the target traffic signal and the time
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when the green light is lit (PLACE, TIME). Then, the signal
managing apparatus transmits the lighting instruction and
the lighting time of the green light (SIG_CTRL, TIME) to
the traffic signal 9. Thus, P303 and P304 are performed in
combination and the column is caused to pass preferentially.
The column traveling control object refers to a DB 302 in
which road network data and data for communication with
the signal managing apparatus are stored to obtain informa-
tion required in P303 and P304.

<State Shift of Column Traveling Control Object>

With reference to FIG. 4, the generation to the disappear-
ance of the column traveling control object is examined in
detail. In the drawing, EO to E9 denote events occurring in
the column, while S1 to S6 denote the states of the column.
<With Regard to Preferential Process>

Herein, as a premise, the relationship between the number
of vehicles and preferential conditions in the present
embodiment is described. In the present embodiment, it is
assumed that, when the number of vehicles satisfies N1>N2,
in the case where N1 or more vehicles participate in the
column, the preferential passage at the traffic signal is
allowed. In addition, it is assumed that, in the case where N2
or more vehicles participate in the column, the preferential
passage is not allowed but some advantage in the traffic
system or some economic advantage is obtained. Examples
of such an advantage include the application of a discount on
a tall for the use of a highway, discount on fuel at a filling
station, and free services at rest facilities such as a PA, a SA,
and “Michinoeki”. Further, in the present embodiment, the
upper limit (N3) is imposed on the number of vehicles that
participate in the column, and the influence on vehicles that
do not participate in the sensor network is suppressed.

In addition, from the viewpoint of maintaining traffic
orders, it is preferable that the right of the preferential
passage at the traffic signal is not given to the vehicle that
does not satisfy a predetermined safety standard even when
the number of vehicles of the column satisfies the prefer-
ential conditions. Examples of this case includes the case
where the average speed of the column exceeds the legal
speed and the case where a vehicle that travels on a road
shoulder or is pulled over to the side of the road participates
in the column.

(Formation and Maintenance of Column)

EO denotes that the vehicle group is extracted by the
column process application 71 and the column traveling
control object is generated. With this, the lead vehicle of the
column traveling is designated and the state of the single
traveling of the lead vehicle is established (S1). Note that the
designated lead vehicle does not need to be conscious of its
position.

E1 denotes that the order information for urging partici-
pation in the column is transmitted to other vehicles
included in the group. With this, the column is formed by a
plurality of the vehicles, but the column does not satisfy the
conditions for the preference at the traffic signal (52). At this
point, the number of vehicles is not less than N2 and less
than N1. A merging order by the event E1 is continuously
transmitted to candidate vehicles that do not yet participate
in the column. In this state, in order to give the advantage in
the traffic system or the economic advantage, the column
traveling control object may transmit information of the
vehicle participating in the column to an associated business
operator.

E2 denotes that the number of vehicles constituting the
column becomes not less than N1 that satisfies the prefer-
ential condition, and the average traveling speed becomes
proper. Herein, the average traveling speed is considered in
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order to promote safe driving, as described above. With this,
the state where the vehicle merging with the column is
present while the preferential traveling is executed is estab-
lished (S3). When the state of S3 is established, the column
traveling control object issues an instruction to request the
preferential passage of the column to the signal managing
apparatus 8 (P304 in FIG. 3).

E3 denotes that the average traveling speed is improper.
In this case, the state where the column cannot receive the
preference of the traveling is established (S6).

E4 denotes that the number of vehicles constituting the
column has reached the upper limit (N3). With this, the state
where the preferential traveling is continued while the
reception of the vehicle merging with the column is stopped
is established (S6). At this point, the column traveling
control object does not generate the event E1, and performs
only the instruction to the traffic signal and the normal
navigation.

ES denotes that several vehicles constituting the column
have deviated. However, when the number of vehicles is not
less than N2, the state of S3 where the column can receive
the preference is maintained. On the other hand, E6 denotes
the case where the number of vehicles does not satisfy the
preferential condition (becomes less than N2) due to the
deviation of the vehicle, and the state is shifted to S2.
(Disappearance of Column)

E7 denotes that the number of vehicles becomes the
number thereof that cannot maintain the column (becomes
not more than 2 in the present embodiment) due to the
deviation of the vehicle. This event occurs during the
column traveling such as S2, S3, or S4. With this, the
column is brought into a disappearance state (S5).

E8 denotes that all of the vehicles have arrived at the
destination during the column traveling. Also with this, the
column is brought into the disappearance state (55).

After the column disappears with E7 or E8, the column
traveling control object disappears. Alternatively, by using
the object continuously, the lead vehicle of the next column
traveling may also be designated (event E9). In this case, the
state is shifted to S1 again.
<Preferential Passage at Traffic Signal>

With reference to FIG. 5, the preference control of the
column at the traffic signal of an intersection or the like is
described.

(Basic Preference Process)

In FIG. 5, the group of vehicles forming the column 20A
that should receive preference is moving in the direction of
a first intersection 501a. When the column approaches a
point a predetermined distance (e.g., 300 m) away from the
first intersection 501a, the signal managing apparatus 8
lights a green light of the traffic signal in the intersection.
With this, the column 20A can enter the intersection without
stopping and pass therethrough.

Further, the traffic signal at the next second intersection
5015 may also be controlled. In this case, as shown in the
drawing, the green lights at the first intersection 501a and
the second intersection 5015 may be lit at the same time.
Alternatively, it is also possible to perform the proper
control by lighting the green light at the timing of entry of
the lead vehicle into each intersection. In the case where this
control method is used, the green light at the second inter-
section 5015 may be lit at the point of time when the lead
vehicle enters a herald section 502 and the green light may
be kept lit until the column passes through the second
intersection 5015.
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(Additional Preference Process)

Further, on an as needed basis, it is considered that the
number of vehicles traveling ahead of the column is reduced
by sending the order information to vehicles other than those
in the column or executing a traffic control to make the road
easy for the column to travel. For example, the traffic signal
is controlled such that other vehicles do not enter the herald
section 502 and the first or second intersection.

Such a process is performed, for example, in the case
where the number of vehicles of the column 20A is large, on
account of which the traffic jam suppression effect can be
elicited greatly by the preferential passage and the case
where the vehicles cannot pass completely with one inter-
section. In addition, such an additional preferential treatment
may be performed for the vehicle having high social impor-
tance or as a bonus for a person who provides the sensing
data having a high value.

(Competition Between Columns)

In the case where a plurality of columns serving as the
targets of the preferential passage are present at the same
time, a problem arises in how competition between the
columns is handled. For example, when a column 20B is
about to enter the second intersection 5015 from another
direction, a criterion for determining which column is pri-
oritized is necessary. The criterion is determined according
to the comprehensive situation of the traffic control system
and the degree of influence on other vehicles. For example,
it is possible to prioritize the column having the larger
number of vehicles, or prioritize the column having the
larger number of passengers and, in the case of the latter, car
sharing is thereby promoted. Alternatively, by prioritizing an
eco-car such as a hybrid car, a fuel-efficient car, oran EV car,
switching to the eco-car can be promoted. Further, the
column process application 71 may adjust the speeds of the
columns using the order information and displace their
timings of passage of the intersection from each other. Such
adjustment can be implemented by information exchange
between the column traveling control objects.
[Modification]

A modification related to the process of creating the travel
plan is described. In the embodiment described above, the
vehicular application 31 installed in the smartphone 3 cre-
ates the travel plan information based on the current position
and the destination of the vehicle (51014 in FIG. 2B) and
transmits the travel plan information to the server side
(81031 in FIG. 2C). However, it is also possible to cause the
server side to perform the travel plan creation process
instead of causing the vehicle side to perform the travel plan
creation process.

Specifically, the application server 7 receives the infor-
mation of the current position and the destination from the
communication device of the smartphone 3 (can also be
referred to as a vehicle information transmission unit).
Subsequently, the column process application 71 creates the
travel plan by using arithmetic resources, and accumulates
the travel plan in the DB 301. Then, similarly to the
embodiment described above, the order information is trans-
mitted to each vehicle from the column traveling control
object.

This method also presents no hindrance to traveling of the
vehicles in column. In addition, since it is not necessary for
the smartphone 3 to perform heavy arithmetic processing for
creating the travel plan, the smartphone 3 has the advantage
of being able to be configured easily and inexpensively.

In one or more embodiments, the formation support for
the column is performed as the vehicular positional rela-
tionship formation support. In one or more embodiments, a
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description is given of the case where navigation that forms
the positional relationship other than the above positional
relationship is performed as the order information.
(Positional Relationship in which Predetermined Distance is
Kept from Another Vehicle)

First, there is a control in which a target vehicle is spaced
a predetermined distance or more from another specific
vehicle. For example, a vehicle traveling behind a bus as a
public transportation is forced to stop or change lanes due to
the stop of the bus at a bus stop. This delays the arrival at the
destination, the driver is thereby stressed, and traffic inter-
ruption is thereby caused. To cope with this, in the order
information from the server side, navigation indicating “do
not enter into an area within 200 m behind the bus on the
same lane” is performed. With this, it becomes possible to
prevent the occurrence of the above problem. In this case,
the travel plan information related to the vehicle other than
the vehicle to be navigated such as the bus or the like need
not necessarily be acquired by communication with the bus
or the like. For example, by referring to a database related
to the operation of the public vehicle, it is also possible to
generate the order information to the vehicle to be navigated.
(Positional Relationship within Predetermined Range from
Another Vehicle)

Next, there is a control in which the target vehicle and the
host vehicle are kept within a range of a predetermined
distance. For example, in the case where the group of a
plurality of vehicles driven by colleagues of a company and
the vehicles travel toward the same destination, the drivers
want to arrive at the destination together (in close time
periods) without having a distance between the vehicles. In
this case, the individual vehicles are identified using the ID
information of the smartphone or the like, and navigation is
performed such that the vehicle are not spaced apart a
predetermined distance (e.g., 100 m) or more by using the
positional information. With this, the effect of being able to
cause the vehicles to arrive at the destination in close time
periods can be obtained.

By applying one or more embodiments the present inven-
tion, the following advantages are obtained.

(Advantage for Entire Traffic)

As described above, the main cause of the traffic jam is the
traffic interruption at the traffic signal. In addition, differ-
ences in the destination of the vehicle, the driving technique
of the driver, and the law-abiding spirit of the driver disturb
the traffic to cause the traffic jam. As a result, accidents,
deterioration of the environment, and a reduction in social
productivity due to an increase in stress are caused.

However, according to the traffic control system accord-
ing to the present invention, the group of vehicles is cause
to form the column, the column is guided and given the
preferential treatment at the traffic signal, and the navigation
optimized as needed based on the road network data is
performed. Thus, in contrast to the patterned conventional
art, as the result of flexibly controlling the traffic signal
according to the traffic situation, relatively many vehicles
can smoothly travel. When this is viewed as the entire traffic
system, the total number of stops of the vehicle at a red light
is reduced and vehicles are not interrupted so that the traffic
jam is alleviated.

In addition, it is possible to cause the driver to keep the
legal speed with the order information and urge the driver to
abide by traffic regulations by not giving the preferential
treatment to the vehicle of which the speed exceeds the legal
speed, and hence residents and road managers can enjoy the
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effect of improving safety. Further, it is possible to suppress
the deterioration of the environment caused by the emission
of the vehicle.

(Advantage for Driver and the Like)

Since the probability of stop at the traffic signal is
reduced, the driver and the passenger of the vehicle can
reach the destination speedily without stress. In addition, the
number of stops or starts is reduced and the vehicle travels
at a stable speed so that fuel efficiency is improved. Further,
the influence by wind pressure is reduced due to the column
traveling so that fuel efficiency is further improved. At this
point, by following the navigation from the server side, the
driver can automatically drive the vehicle while keeping the
legal speed, and the number of encounters with other
vehicles is reduced so that the driver becomes less likely to
cause a traffic accident.

In addition, since the instruction to form the group is
transmitted from the server side in the present invention, the
drivers can form the column without conferring with each
other on the route and the traveling time period in advance.
As another effect, it is possible to enhance the fellow feeing
of the drivers. That is, there is a high possibility that persons
having the same destination and traveling time period have
similar zones of life and similar behavior patterns (e.g.,
working areas, school areas, leisure), and hence it is possible
to establish new human relations.

Further, it is possible to obtain the preferential treatment
other than the preferential passage at the traffic signal, e.g.,
as described in FIG. 4, the advantage in the traffic system or
the economic advantage by the associated business operator.
In this case, the associated business operator also has the
advantage of increasing a business opportunity with the visit
of customer groups.

(Advantage of Sensor Network)

In the present invention, the advantages of the sensor
network can be enjoved intact. That is, the advantages are
the effective use of the sensor and easy data acquisition.
Further, by performing the column traveling process in
combination with the car navigation application as the
function used by many vehicles, the amount of traded
sensing data is increased and economic activities are acti-
vated.

It becomes possible for the operator of the sensor network
and the data user to collect and use the sensing data having
high reliability. In particular, by an averaging process and a
majority logic process based on the data of a plurality of
vehicles participating in the group, reliability is improved. In
addition, a sensor fusion process may also be performed by
obtaining image information in addition to the position
information and the speed information. With this, for
example, it becomes possible to use a sensor for detecting
damage to the road surface and detect an illegally-parked
vehicle, which is useful for applications that provides such
services. Further, it is effective for an application for pre-
dicting the traffic jam to obtain the travel plan information
of each vehicle.

On the other hand, the owner of the sensor device (the
vehicle or the smartphone) as the data provider of the sensor
network can increase a data sale opportunity.

Note that the vehicle in the present invention is not limited
to a four-wheeled vehicle. For example, the group of only
wo-wheeled vehicles or the group of the four-wheeled
vehicle and the two-wheeled vehicle may also be accepted.
In addition, the vehicle can also include a bicycle depending
on its speed.

In one or more embodiments, a method for performing a
proper data flow control in order to efficiently use informa-
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tion on things that are connected to the network and con-
stitute the IoT is described. Herein, various sensors are
assumed as the “things”, and information having a new
value is generated from obtained sensing data. The frame of
the present embodiment can be applied not only to data
circulation having a usage charge and the like as conditions
but also to more extensive data use. In addition, in the
present embodiment, the sensor network server performs the
data flow control, and the application of the present inven-
tion is not limited thereto. For example, it is also possible for
the individual sensor network adaptors to cooperate with
each other to use mutual information items while function-
ing autonomously.

<Sensor Side Event-Driven Type Access Mode>

FIG. 6A is a view for explaining an example of the
elements of the system and the flow of data in the present
embodiment. Main elements include sensors (631A and
631B), a sensor network adaptor 63, the sensor network
server 6, the application server 7, and the network 4 such as
the Internet.

(Apparatus Configuration)

Each of the sensors (631A and 631B) is a device that
detects some physical quantities and their changes, and
records or outputs them as the sensing data. The sensor
network adaptor 63 is physically or electrically connected to
the sensor to acquire the sensing data. In addition, the sensor
network adaptor 63 performs a predetermined process on the
sensing data using the information processing apparatus
such as the CPU or the like. Further, the sensor network
adaptor 63 has the function of communicating with the
outside and is capable of communicating with the applica-
tion server 7 and the sensor network server 6 via the network
4.

As an example, the smartphone can be assumed as the
sensor network adaptor 63, and the position sensor (GPS)
and the acceleration sensor can be assumed as the sensors
631A and 631B. In the case of the smartphone, a camera, a
microphone, or an input system can be the sensor.

The sensor network server 6 performs matching between
information related to the sensor and information related to
the application, and performs the data flow control as the
instruction to the sensor side. The sensor network server 6
acquires information from a sensor side metadata DB 661
and an application side metadata DB 662. Each DB may be
provided inside or outside the server. Herein, the metadata
denotes information (sensor side metadata) related to the
attribute of each of the sensor and the sensing data obtained
by the sensor and information (application side metadata)
related to the attribute of each of the application and the
sensing data required by the application that are used for the
retrieval and the matching by the server. A matching process
and the structure of the metadata are described later.

The application server 7 performs arithmetic processing
by using the sensing data, and generates different informa-
tion items for different purposes. For example, it can be
assumed that a traffic information application that performs
traffic jam sitvation distribution and route guidance by using
the position information and the acceleration information of
each vehicle is caused to operate in an application server 7,
and it can be assumed that a traffic volume research appli-
cation is caused to operate in an application server 7m.
(Process Flow)

The procedures of the process are described with refer-
ence to the flowchart in FIG. 7.

In Step S701, the sensor 631 acquires the sensing data.

In Step S702, the sensor network adaptor 63 detects an
event occurrence (circled number 1 in FIG. 6A). Subse-
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quently, the sensor network adaptor 63 transmits a sensor
side event notice to the sensor network server (circled
number 2).

A detection process is executed by a method correspond-
ing to the types of the sensor and the adaptor. For example,
in the sensor that continuously acquires a statistic, the
adaptor periodically monitors the statistic and, when the
statistic becomes not less than a threshold value, the adaptor
determines the event occurrence. Examples thereof include
the case where the statistic becomes not less than the
threshold value in speed detection by the speed sensor used
for the vehicle or in water level detection by a level sensor,
and the case where a change of a pixel value of a predeter-
mined value or more is detected in an image sensor.

In addition, depending on the information processing
capability of the sensor network adaptor 63, the state change
may be determined by interpreting the change of the statis-
tic. For example, it is considered that the state is determined
as a “dangerous driving state” in the case where the detec-
tion value of the speed sensor exceeds the legal speed, and
it is determined that “water leakage occurs” in the case
where the level sensor detects a value not less than a
predetermined value. In addition, image processing such as
person recognition or the like may be carried out based on
the change of the pixel value obtained using the image
sensor, and information indicative of presence of a person or
the identified name of the person may be used as the
detection result. Besides, in the case where the sensor is a
switch, ON or OFF of the switch is detected.

In Step S703, the sensor network adaptor searches for the
metadata of the application that matches the metadata of the
sensor 631A recorded in the sensor side metadata DB 661.

In S703, when the matching application is present, in Step
S704, the sensor network server creates a data flow control
order, and transmits the data flow control order to the sensor
network adaptor (circled number 3).

In Step S705. the sensor network adaptor 63 having
received the order transmits the sensing data (circled number
4) to the application servers 7k and 7m via the network 4.

An example of data configuration when the sensing data
1s transmitted is described (circled number 5). At the time of
the transmission, the designation of the destination is
required. As an example of the method for designating the
destination, it is possible to use the combination of an IP
address of the application server, an application file name
(name of a program using the sensing data), and a tag name
assigned to the sensing data in the application file. The tag
may be appropriately caused to correspond to the variable
used in the process in the program. In the case where the
sensor outputs a plurality of data items, the case can be
handled by increasing the number of tags mentioned above.
Such data is transmitted from the sensor network adaptor 63
to the application server 7 using TCP/IP protocol.

In Step S706, the application server uses the sensing data
to provide a service having an added value.

(Data Structure and Matching Process)

As shown in FIG. 6B, the sensor side event notice (circled
number 2) includes at least information that identifies the
sensor. There is a method that identifies the sensor with the
sensor address allocated to each sensor, or the sensor adaptor
and its port number. Further, by transmitting a predeter-
mined event code for identifying the detected event, a more
sophisticated control can be executed.

In addition, the data flow control order (circled number 3)
that characterizes the present embodiment includes infor-
mation of a data transmission source and information of a
data transmission destination. That is, the data flow control
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order denotes order information for circulating the sensing
data from the proper provider to the proper user according
to the result of the matching process. The former designation
method may be the same as that of the sensor side event
information. The latter designation method can use the IP
address and the like, as described above.

In the sensor side metadata DB 661, all of the metadata is
registered for each sensor address. An example of the data
structure is shown in FIG. 12A. The DB includes informa-
tion related to the sensor and information related to the
sensing data. An example of the former includes “(4) ID
AND ADDRESS OF SENDOR” below “1. ATTRIBUTE
INFORMATION OF SENSOR”, and the sensor can be
identified with this. In addition, the latter includes the event
occurrence code shown in FIG. 6B. By using the event
occurrence code, it is possible to perform a sophisticated
control in which the application is selected according to the
event type. In addition, it is possible to implement periodic
communication and the notice of the event occurrence with
the same protocol.

The application side metadata is registered in the appli-
cation side metadata DB 662 for each application. An
example of the data structure is shown in FIG. 12B. The DB
includes information related to the sensing data required by
the application and information of the application itself.

The sensor address is acquired by analyzing the sensor
side event notice received by the sensor network server 6,
and the sensor side metadata DB 661 is searched for with the
sensor address used as the key. With this, information shown
in FIG. 12A is obtained. Next, the sensor network server 6
searches the application side metadata DB 662 for the
application that requires the sensing data obtained by the
sensor. Specifically, the information of the sensor and the
sensing data is matched against “1. ATTRIBUTE INFOR-
MATION OF REQUIRED SENSOR” to “5. MANAGE-
MENT ATTRIBUTE OF REQUIRED SENSING DATA” of
FIG. 12B and, in the case where there is a match, the data
is adopted. An allowance may be provided such that the data
is transmitted when the condition is in a predetermined
range even in the case where the condition does not com-
pletely match the necessary condition of the application
side. Note that the condition in the matching includes not
only the condition related to the types of the sensor and the
sensing data but also the condition of the compensation for
use. Conversely, the compensation for use can be one type
of the metadata.

There is the case where one application is identified by the
matching or the case where a plurality of the applications are
identified thereby and, in the case where the plurality of the
applications are identified, the applications can operate on
the same server or different servers. In addition, there are
cases where the applications communicate with each other
and operate in cooperation with each other. The sensor
network server 6 refers to “6. METADATA OF APPLICA-
TION ITSELE” of FIG. 12B to create the data flow control
order and issue the instruction to the sensor network adaptor
63.

According to the system described above, in contrast to
the conventional [oT in which the sensor and the user are
fixed, it becomes possible to optimize the information cir-
culation including the process of the compensation for use
with regard to the transmission/reception of the sensing data
on the network. Consequently, information having a new
added value is generated in the application server, and sensor
resources are effectively used. For example, in the case
where the sensor information of the moving vehicle is
required, it is possible to seamlessly provide the information
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in the system where the elements are fluid. In addition, on
the application side, in the case where there are a plurality
of the sensor candidates, it is possible to select a profitable
sensor based on the condition of the compensation for use
and enhance accuracy by using all of the plurality of the
sensors. Further, the sensing data process can be executed at
various granularities according to the characteristics of the
sensor and the application, and hence it is possible to form
the data base having high versatility.

<Application Side Event-Driven Type Access Mode>

FIG. 8A is a view for explaining another example differ-
ent from the above-described sensor side event-driven type
access mode that is related to the elements of the system and
the flow of data in the present embodiment. The elements
themselves are the same as those in the above example, but
the trigger of the process start and procedures are different.
(Process Flow)

With regard to a process flow, a part different from the
flow in FIG. 7 is mainly described. Herein, as an example of
an application side event-driven type access mode, the case
where the traflic control system application performs the
traffic volume control is described.

When receiving the notice of occurrence of the accident
in the intersection, the application operates to reduce the
traffic volume of the road flowing into the intersection by
using the notice thereof as the trigger (circled number 1). In
order to obtain the sensor information of the monitoring
camera and the vehicle in the area, the application transmits
an application side event notice (circled number 2) to the
sensor network server. As shown in FIG. 8B, it is preferable
to perform a detailed control by adding information such as
the event code or the like to this notice.

The sensor network server 6 transmits the data flow
control order shown in FIG. 8B to the sensor network
adaptor 63 (circled number 3). Similarly to FIG. 6B, the
details of the order include information of the destination of
the data. The sensor network adaptor 63 having received the
order transmits the sensing date from the sensor 631A
(circled number 4) using a packet system to which a pre-
determined header is added via the network 4 (circled
number 5). For example, the position information is col-
lected when the sensor is a vehicle-mounted GPS, the image
data or information obtained by analyzing the image data on
the adaptor side are collected when the sensor is the image
taken by the monitoring camera on the road shoulder. The
traffic control system application (file name m) in the
application server 7m grasps the traffic conditions by using
the collected information and executes the signal control and
information provision to an electric bulletin board on the
roadside.
<Sensor Side Metadata-Driven Type Access Mode>

FIG. 9A is a view for explaining another example differ-
ent from the above examples that is related to the elements
of the system and the flow of data in the present embodi-
ment. Among the elements of the system, the sensor side
metadata DB 661 of the sensor network server 6 is not
present.

(Process Flow)

With regard to the process flow, a part different from each
example is mainly described. Herein, as an example of a
sensor side metadata-driven type access mode, the case
where an image distribution application on the application
server distributes a drive experience image based on a
moving image taken from the vehicle traveling on an actual
road 1s described.

The sensor 631A as the vehicle-mounted camera acquires
the moving image as the sensing data. The sensor network
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adaptor 63 detects this as the event occurrence (circled
number 1), and transmits the sensor side metadata (circled
number 2). As shown in FI1G. 9B, this includes the metadata
shown in FIG. 12A, and the sensor is identified with the
sensor address in the metadata. It is also preferable to
perform the detailed control by adding information such as
the event code or the like to this notice. The sensor network
server 6 performs the matching by comparing the received
sensor side metadata with the application side metadata DB
662 to create the data flow control order (circled number 3).
Note that the received metadata may be registered in a
storage device (not shown). With this, the sensor side
event-driven type access mode and the present access mode
can be used seamlessly.

The sensor network adaptor 63 having received the data
flow control order transmits the moving image as the sensing
data (circled number 4) using the packet system to which the
predetermined header is added via the network 4 (circled
number 5). The image distribution application (file name m)
in the application server 7k provides a service by using the
obtained data.

In the present access mode, since the metadata is always
transmitted from the sensor side, even with the sensor of
which the position is changed such as, e.g., the vehicle-
mounted camera, the matching using the information having
high freshness in which the latest state is reflected is
performed. In addition, the metadata is accumulated in the
sensor network server, and it is thereby possible to imple-
ment both of the event-driven type and the metadata-driven
type.
<Application Side Metadata-Driven Type Access Mode>

FIG. 10A is a view for explaining another example
different from the above examples that is related to the
elements of the system and the flow of data in the present
embodiment. Among the elements of the system, the appli-
cation side metadata DB 662 of the sensor network server 6
is not present.

(Process Flow)

With regard to the process flow, a part different from each
example is mainly described. Herein, as an example of an
application side metadata-driven type access mode, the case
where a car navigation application installed in the smart-
phone provides the image and the information of the posi-
tion a little distance ahead or a few minutes later (e.g., 1 km
ahead or 10 minutes later) according to the movement of a
holder of the smartphone. This can be used when the
situation in the direction of movement of the vehicle is
grasped and it is determined whether or not its course is
changed.

The car navigation application operates to provide the
situation a little distance ahead or a few minutes later by
using the occurrence of the event such as a guidance request
or the like by the driver caught in a traffic jam as the trigger
(circled number 1). In order to obtain the sensor information
of the monitoring camera and the vehicle in the area, the
application side metadata is transmitted to the sensor net-
work server 6 (circled number 2). As shown in FIG. 10B,
this includes the metadata shown in FIG. 12B. It is also
preferable to perform the detailed control by adding infor-
mation such as the event code or the like to this notice.

The sensor network server 6 performs the matching
between the received metadata and the sensor side metadata
DB 661 to identify the sensor capable of providing the
sensing data required by the application. Subsequently. the
data flow order is created and transmitted to the sensor



US 10,121,381 B2

27

network adaptor 63 (circled number 3). Note that the
received metadata may be registered in the storage device
(not shown).

The sensor network adaptor 63 having received the data
flow control order transmits the sensing data (circled number
4) using the packet system to which the predetermined
header is added via the network 4 (circled number 5). As the
sensing data, there can be considered the sensing data items
of various types and granularities such as, e.g., the position
information of the vehicle, the image information of the
road, and the congestion state of the road obtained by
analyzing these information items using the information
processing apparatus. The car navigation application (file
name m) in the application server 7m provides information
to the driver by using the obtained data.

In the present access mode, since the metadata is trans-
mitted from the application side, even in the case where the
situation of the application side is constantly changed such
as, e.g., the case of the vehicle-mounted smartphone, the
matching that uses the information having high freshness in
which the latest state is reflected is performed. In addition,
the metadata is accumulated in the sensor network server,
and it is thereby possible to implement both of the event-
driven type and the metadata-driven type.
<Control Mode Using Sensing Data DB>

FIG. 11A is a view for explaining another example
different from the above examples that is related to the
elements of the system and the flow of data in the present
embodiment. As the element of the system, a sensing data
DB 1101 is disposed on the platform of the M2M cloud 110,
and a record 1103 is stored in the sensing data DB 1101. In
addition, in the sensor network server 6, a metadata DB 663
of the sensing data is present. In addition, as described later,
the format of the data flow control order as the feature of the
present invention is also different.

(Process Flow)

With regard to the process flow, a part different from the
“application side metadata-driven type access mode” is
mainly described. Herein, an example in which the situation
of the present flow occurs includes the case where a manager
who is to research the cause of a traffic accident that has
happened confirms the situation on the road at a point of
time in the past.

The manager requests the application to provide the
situation at a given point of time. By using this as the trigger
(circled number 1), in order to obtain the sensor information
of the monitoring camera and the vehicle in the area, the
application side metadata is transmitted to the sensor net-
work server 6 (circled number 2). As shown in FIG. 11B, this
includes the metadata shown in FIG. 12B. 1t is also prefer-
able to perform the detailed control by adding the informa-
tion such as the event code or the like to this notice.

The sensor network server 6 performs the matching
between the received metadata and the metadata DB 663 of
the sensing data to determine whether or not the past sensing
data required by the application can be provided from the
DB on the M2M cloud. Subsequently, the data flow control
order is created and transmitted to the M2M cloud 110
(circled number 3). Note that the received metadata may be
registered in the storage device (not shown). As shown in
FIG. 11B, the data flow control order includes information
that identifies the record in the DB of the M2M cloud.

The M2M cloud 110 having received the data flow control
order transmits the image and the vehicle information
(circled number 4) as the sensing data at a given point of
time in the past using the packet system to which the
predetermined header is added via the network 4 (circled
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number 5). The application (file name m) provides informa-
tion to the manager by using the obtained data.

In the present control mode, since the metadata is trans-
mitted from the application side, even in the case where the
situation of the application side is constantly changed such
as, e.g., the case of the vehicle-mounted smartphone, the
matching that uses the information having high freshness in
which the latest state is reflected is performed. In addition,
it is also possible to dispose the high-performance informa-
tion processing apparatus on the M2M cloud to perform
sensor fusion. For example, in the flow described above, the
information provision based on the sensing data is per-
formed on the application server side, and the information is
used as a material for judging of the manager. However, the
information processing apparatus on the M2M cloud may
act as a virtual sensor that unifies the information obtained
from a plurality of sensors to determine the situation and
replies to the application side. In this case, the data flow
control order is transmitted to the information processing
apparatus constituting the virtual sensor.

Further, by using huge data present on the M2M cloud, it
is possible to configure a large-scale virtual sensor. In
particular, the smartphone that is rapidly spreading in recent
years is expected as the provider of the sensing data because
of the large number of units and its high functions, and the
smartphone is suitable for the application of the present
invention that promotes the data circulation on the platform
of the cloud.
<Switching of Access Mode>

Although the individual access modes and the configu-
ration in the control mode are described above by using the
drawings, the same configuration can be used in each mode
in the actual system. The mode can be switched seamlessly
or can be used in a fixed manner. In the case of the former,
for example, the access mode is switched according to
whether or not the data received from the application side
includes the metadata or is the event notice. Alternatively,
the received data is caused to include mode designation. In
the case where there is no sensor that meets the request from
the application side in the metadata matching, it is also
possible to retrieve the metadata on the M2M cloud. Further,
in the sensor side or application side metadata-driven type
access mode, by storing the received metadata on an as
needed basis, it is possible to increase the area that can be
searched.
<Example of Registration/Update Process of Metadata DB>

In each mode described above, in the case where the
change of the metadata of the sensor or the application
occurs, a registration/update process of the metadata DB in
the sensor network server is required. It is necessary to
execute the registration/update process such that a reduction
in the efficiency of the function of circulation of the sensing
data based on the metadata matching is minimized. There is
a method in which, when the sensor or the application
transmits the data (the event notice or the metadata) to the
sensor network server, an access mode flag for differentiat-
ing between the access modes is transmitted together. Here-
inbelow, the procedures thereof are described.

(In Case where Sensor Side Metadata is Newly Registered/
Updated)

In this case, the “sensor side metadata-driven type access
mode” is designated by the flag. The sensor network server
having received the data registers the metadata in the sensor
side metadata DB, and transmits a message indicating that
the execution of the “sensor side event-driven type access
mode” is allowed thereafter to the sensor network adaptor.
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(In Case where Application Side Metadata is Newly Regis-
tered/Updated)

In this case, the “application side metadata-driven type
access mode” is designated by the flag. The sensor network
server having received the data registers the metadata in the
application side metadata DB, and transmits a message
indicating that the execution of the “application side event-
driven type access mode” is allowed thereafter to the appli-
cation server.

(In Case where Metadata of Sensor is Already Registered
and Update is not Necessary)

In this case, the “sensor side event-driven type access
mode” is designated by the flag. In the case where the
situation in which the application cannot be detected in the
matching of the metadata continues for a reference time or
longer, the sensor network server having received the data
transmits information indicating that the update of the
metadata is necessary to the sensor network adaptor.

(In Case where Metadata of Application is Already Regis-
tered and Update is not Necessary)

In this case, the “application side event-driven type access
mode” is designated by the flag. In the case where the
situation in which the sensor cannot be detected in the
matching of the metadata continues for a reference time or
longer, the sensor network server having received the data
transmits information indicating that the update of the
metadata is necessary to the application server.
<Configuration of Metadata>

The content of the metadata of each of the sensor side and
the application side and the summary of its use method are
described. Note that the meta data items mentioned herein
are representative examples so that it is not necessary to
include all of them and information not shown in a table may
also be added.

(Metadata of Sensor and Sensing Data)

In FIG. 12A, “1. ATTRIBUTE INFORMATION OF
SENSOR” is information of the sensor itself and, in par-
ticular, “(4) ID AND ADDRESS OF SENSOR” serves as the
key for identifying the sensor in the matching. “2. ATTRI-
BUTE INFORMATION OF SENSING TARGET” and “3.
ATTRIBUTE INFORMATION PF SENSING TARGET
AREA” serve as materials for determining whether or not
data required by the application in terms of the type is
obtained. “4. ATTRIBUTE INFORMATION OF SENSING
OPERATION” serves as a material for determining whether
or not data accuracy required by the application is obtained.
“5. MANAGEMENT ATTRIBUTE OF SENSING DATA”
is used when the compensation for use required in the data
circulation and the width of reliability of data are set.
(Metadata of Application and Sensing Data Required by
Application)

In FIG. 12B, “1. ATTRIBUTE INFORMATION OF
REQUIRED SENSOR”, “2. ATTRIBUTE INFORMATION
OF REQUIRED SENSING TARGET”, “3. ATTRIBUTE
INFORMATION OF REQUIRED SENSING TARGET
AREA”, AND “4. ATTRIBUTE INFORMATION OF
REQUIRED SENSING OPERATION” are necessary in
order to identify the request of the application in the match-
ing. “5. MANAGEMENT ATTRIBUTE OF REQUIRED
SENSING DATA” is also used in matching determination
together with the compensation for use and reliability. “6.
METADATA OF APPLICATION ITSELF” is required
when the data flow control order is generated. For example,
in the case where the event code in the event notice matches
“(3) SENSOR SIDE EVENT ALLOWING ACTIVATION
OF APPLICATION” in the application side metadata and
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other metadata items match each other, the application can
be activated by an interrupt from the sensor side.

As described above, one or more embodiments of the
present invention characterized in the system in which the
sensing data circulation is managed by the data flow control
order can be viewed from various angles. Typically, one or
more embodiments of the present invention are viewed as
the sensor network server (data flow control order generat-
ing apparatus) that performs the matching process in
response to the reception of the event notice or the metadata
to generate the data flow control order. In this case, a sensor
side metadata acquisition unit or an application side meta-
data acquisition unit of one or more embodiments of the
present invention acquires the metadata from the metadata
DB or the received data. In addition, the information pro-
cessing apparatus in the server functions as a matching unit
and an instruction unit. This is applicable to the configura-
tion that uses the sensor network adaptor (sensor managing
apparatus) and the configuration in which the sensing data is
stored 1n the database on the M2M cloud.

In addition, one or more embodiments of the present
invention can also be viewed as the sensor network adaptor
(sensor managing apparatus) that controls the data circula-
tion in response to the data flow control order. In this case,
the information processing apparatus and the communica-
tion device in the adaptor function as an order reception unit,
a transmission unit, and a detection unit of the present
invention.

Further, one or more embodiments of the present inven-
tion can also be viewed as a program that causes the
information processing apparatus to execute the processes in
the individual elements in the system. Furthermore, one or
more embodiments of the present invention can also be
viewed as a control order data stream that has the structure
of data that is arranged according to a predetermined rule
based on the result of the matching, and works on the
information processing apparatus of the sensor network
adaptor to implement the proper circulation of the data.
Although the disclosure has been described with respect to
only a limited number of embodiments, those skilled in the
art, having benefit of this disclosure, will appreciate that
various other embodiments may be devised without depart-
ing from the scope of the present invention. Accordingly, the
scope of the invention should be limited only by the attached
claims.

Reference Signs List

: traffic control system

: vehicle, 20: vehicular column

smartphone, 31: vehicular application

: mobile network

: M2M cloud server

: sensor network setver

: application server, 71: column process application
: signal managing apparatus

: traffic signal

: sensor network adaptor, 631A - 631B: sensor
661: sensor side metadata DB, 662: application side metadata DB
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The invention claimed is:

1. A data flow control order generating apparatus com-
prising a hardware processor, the hardware processor com-
prising:

a sensor side metadata acquisition unit acquiring sensor

side metadata as information related to a sensor that
outputs data;
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an application side metadata acquisition unit acquiring
application side metadata comprising information
related to an application that provides a service by
using the data, the information including attribute
information of a required sensor and conditions related
to the data required by the application;

a matching unit performing matching between the sensor
side metadata and the application side metadata to
extract data that identifies a sensor that satisfies a
request of the application; and

an instruction unit transmitting:

a data flow control order that identifies the data
extracted by the matching unit; and
an address of the application,

wherein the data flow control order includes an instruction
to a sensor managing apparatus that manages the iden-
tified sensor,

wherein the data flow control order generating apparatus
circulates the data identified by the data flow control
order between data providers and data users, and

wherein the sensor side metadata and the conditions of the
application side metadata include a condition regarding
compensation for use of the data output by the sensor.

2. The data flow control order generating apparatus

according to claim 1, wherein:

the sensor side metadata acquisition unit acquires the
sensor side metadata from a database in which the
sensor side metadata is stored;

the application side metadata acquisition unit acquires the
application side metadata from a database in which the
application side metadata is stored; and

the matching unit receives a notice of an event occurrence
detected based on data from the sensor managing
apparatus, and then performs the matching.

3. The data flow control order generating apparatus

according to claim 1, wherein:

the sensor side metadata acquisition unit acquires the
sensor side metadata from a database in which the
sensor side metadata is stored;

the application side metadata acquisition unit acquires the
application side metadata from a database in which the
application side metadata is stored; and

the matching unit receives notice of an event occurrence
that requires data from the application, and then per-
forms the matching.

4. The data flow control order generating apparatus

according to claim 1, wherein:

the sensor side metadata acquisition unit receives the
sensor side metadata transmitted in conjunction with an
event occurrence detected based on data from the
sensor managing apparatus;

the application side metadata acquisition unit acquires the
application side metadata from a database in which the
application side metadata is stored; and

the matching unit performs the matching when the sensor
side metadata acquisition unit receives the sensor side
metadata.

5. The data flow control order generating apparatus

according to claim 1, wherein:

the sensor side metadata acquisition unit acquires the
sensor side metadata from a database in which the
sensor side metadata is stored;

the application side metadata acquisition unit receives the
application side metadata transmitted in conjunction
with an event occurrence that requires the data output
by the sensor from the application; and
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the matching unit performs the matching when the appli-
cation side metadata acquisition unit receives the appli-
cation side metadata.

6. A data flow control order generating apparatus com-
prising a hardware processor, the hardware processor com-
prising:

a data metadata acquisition unit acquiring metadata of

data as information related to sensing data obtained by
a sensor and stored in a database on a network;

an application side metadata acquisition unit acquiring
application side metadata comprising information
related to an application that provides a service by
using the stored sensing data, the information including
attribute information of a required sensor and condi-
tions related to the sensing data required by the appli-
cation;

a matching unit performing matching between the meta-
data of the data and the application side metadata to
extract data that identifies the stored sensing data that
satisfies a request of the application; and

an instruction unit transmitting:

a data flow control order that identifies the data
extracted by the matching unit; and
an address of the application,

wherein the data flow control order includes an instruction
to the database on the network,

wherein the data flow control order generating apparatus
circulates the data identified by the data flow control
order between data providers and data users, and

wherein the metadata of the data and the conditions of the
application side metadata include a condition regarding
compensation for use of the data obtained by the sensor.

7. A sensor managing apparatus that manages a sensor by
using sensor side metadata as information related to the
sensor that outputs data, the apparatus comprising a hard-
ware processot, the hardware processor comprising:

an order reception unit receiving a data flow control order,
from a data flow control order generating apparatus,
that includes an instruction for transmitting the data,
the data flow control order identifying a first sensor
extracted as a sensor that satisfies a request of an
application by the data flow control order generating
apparatus matching between application side metadata
comprising information related to the application that
provides a service by using the data, the information
including attribute information of a required sensor and
conditions related to the data required by the applica-
tion and the sensor side metadata, and wherein the data
flow control order also identifies an address of the
application; and

a transmission unit transmitting the data from the first
sensor to the application on a basis of a predetermined
packet system via a network,

wherein the sensor managing apparatus circulates the data
between data providers and data users, and

wherein the sensor side metadata and the conditions of the
application side metadata include a condition regarding
compensation for use of the data.

8. The sensor managing apparatus according to claim 7,

wherein the hardware processor further comprises:

a detection unit monitoring data to detect an event occur-
rence,

wherein the transmission unit notifies the data flow
control order generating apparatus of the event occur-
rence; and
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the data flow control order is transmitted from the data
flow control order generating apparatus notified of the
event occurrence.

9. The sensor managing apparatus according to claim 7,

wherein the hardware processor further comprises:

a detection unit monitoring data to detect an event occur-
rence,

wherein the transmission unit transmits the sensor side
metadata to the data flow control order generating
apparatus in conjunction with the event occurrence, and

the data flow control order is transmitted from the data
flow control order generating apparatus to which the
metadata is transmitted.

10. A data flow control order generating program stored
on a non-transitory computer readable medium causing an
information processing apparatus to execute:

a sensor side metadata acquisition step of acquiring sensor
side metadata as information related to a sensor that
outputs data;

an application side metadata acquisition step of acquiring
application side metadata comprising information
related to an application that provides a service by
using the data, the information including attribute
information of a required sensor and conditions related
to the data required by the application;

a matching step of performing matching between the
sensor side metadata and the application side metadata
to extract data that identifies a sensor that satisfies a
request of the application; and

an instruction unit transmitting;

a data flow control order that identifies the data
extracted during the matching step; and
an address of the application,

wherein the data flow control order includes an instruction
to a sensor managing apparatus that manages the sen-
sof,

wherein the data flow control order generating program
includes instructions for circulating the data identified
by the data flow control order between data providers
and data users, and

wherein the sensor side metadata and the conditions of the
application side metadata include a condition regarding
compensation for use of the data output by the sensor.

11. A program stored on a non-transitory computer read-
able medium in an information processing apparatus of a
sensor managing apparatus that manages a sensor by using
sensor side metadata as information related to the sensor that
outputs data, the program causing the information process-
ing apparatus to execute:

an order reception step of receiving a data flow control
order, from a data flow control order generating appa-
ratus, that includes an instruction for transmitting the
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data, the data flow control order identifying a sensor
extracted as a sensor that satisfies a request of an
application by the data flow control order generating
apparatus matching between application side metadata
comprising information related to the application that
provides a service by using the data, the information
related to the application including attribute informa-
tion of a required sensor and conditions related to the
data required by the application and the sensor side
metadata, and wherein the data flow control order also
identifies an address of the application; and

a transmission step of transmitting the data from the
extracted sensor to the application on a basis of a
predetermined packet system via a network,

wherein the program includes instructions for circulating
the data between data providers and data users, and

wherein the sensor side metadata and the conditions of the
application side metadata include a condition regarding
compensation for use of the data.

12. A control order data stored on a non-transitory com-
puter readable medium read by an information processing
apparatus that manages a sensor outputting data, the control
order data comprising:

information identifying an address of an application that
requires the data by using information identifying the
application;

information identifying a sensor extracted as a sensor that
satisfies a request of the application by using informa-
tion related to the sensor; and

order information instructing transmission of the data, the
order information identifying the extracted sensor and
the application,

wherein the information processing apparatus uses the
control order data circulating the data between data
providers and data users,

wherein the information identifying the application and
the information identifying the extracted sensor are
obtained by a data flow control order generating appa-
ratus matching between sensor side metadata as infor-
mation related to the extracted sensor and application
side metadata comprising information related to the
application, the information related to the application
including attribute information of a required sensor and
conditions related to the data required by the applica-
tion, and

wherein the information related to the extracted sensor
and the conditions of the application include a condi-
tion regarding compensation for use of the data.
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