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Abstract:

35 ABSTRACT An information processing apparatus (30) is
communicatively connected to a plurality of image sensors
(10) that capture images of surroundings of a control 5 target
device (20) which is to be a target of power controlling.
The information processing apparatus includes: an attribute
information generation unit (313) that generates, by using
the images captured by each of the image sensors, attribute
information of the control target 10 device (20) which is under
jurisdiction of at least one of the image sensors (10); and
a management unit (341 or 342) that manages the attribute
information of the control target device (20) generated by the
attribute information generation unit (313) in association with the
control 15 target device (20) and the at least one of the image
sensors (10) having jurisdiction over the control target device
(20).
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35

ABSTRACT

An information processing apparatus (30) is
communicatively connected to a plurality of image sensors
(10) that capture images of surroundings of a control
target device (20) which is to be a target of power
controlling. The information processing apparatus
includes: an attribute information generation unit (313)
that generates, by using the images captured by each of the
image sensors, attribute information of the control target
device (20) which is under jurisdiction of at least one of
the image sensors (10); and a management unit (341 or 342)
that manages the attribute information of the control
target device (20) generated by the attribute information
generation unit (313) in association with the control
target device (20) and the at least one of the image
sensors (10) having jurisdiction over the control target

device (20).
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DESCRIPTION

TITLE OF THE INVENTION: INFORMATION PROCESSING APPARATUS,
INFORMATION PROCESSING METHOD, AND PROGRAM

TECHNICAL FIELD
[0001] Embodiments of the present invention relate to an
information processing apparatus, an information processing

method, and a program.

BACKGROUND ART

[0002] Conventionally, in buildings such as office
buildings or tenant buildings, a sensing result of presence
or absence of people is acquired by using an image captured
by an image sensor. Then, in accordance with the sensing
result, power controlling of electric devices such as
lightings and air conditionings is performed. When such
power controlling is performed, it is necessary to perform
various settings by associating electric devices, which are
to be the target of controlling, and image sensors, which
have jurisdiction over the electric devices, with each
other. However, such operation may become cumbersome due
to an increase in the number of the electric devices and
the image sensors. Accordingly, there has conventionally
been proposed a technique to detect an installation
position of a device (lightings) installed at the ceiling
surface, by using a position detection device that detects
the installation position by a reception level of a radio

signal.
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Laid-open No. 2008-243806

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

(0004)] However, according to the conventional technique,
it i1s necessary to prepare a dedicated device for
specifying the installation position. Thus, there is a
room for improvement in terms of efficiency in the setting

operation.

MEANS FOR SOLVING PROBLEM

[0005] An information processing apparatus according to
an embodiment is communicatively connected to a plurality
of image sensors that capture images of surroundings of a
control target device which is to be a target of power
controlling. The information processing apparatus includes:
an attribute information generation unit that generates, by
using the images captured by each of the image sensors,
attribute information of the control target device which is
under jurisdiction of at least one of the image sensors;
and a management unit that manages the attribute
information of the control target device generated by the
attribute information generation unit in association with
the control target device and the at least one of the image

sensors having jurisdiction over the control target device.

BRIEF DESCRIPTION OF DRAWINGS
[0006] FIG. 1 is a diagram illustrating an example of a
configuration of an image sensor system according to an
embodiment.

FIG. 2 is a diagram schematically illustrating an
installation example of an image sensor and electric

devices.
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FIG. 3 is a block diagram illustrating an example of a
hardware configuration of a management terminal according
to the embodiment.

FIG. 4 is a diagram illustrating an example of a data.
structure of a sensor DB.

FIG. 5 is a diagram illustrating an example of a data
structure of a device DB.

FIG. 6 is a diagram schematically illustrating an
example of layout information.

FIG. 7 is a block diagram illustrating an example of a
functional configuration of the management terminal
accofding to the embodiment.

FIG. 8 is a diagram illustrating an example of an
image captured by an image sensor.

FIG. 9 is a diagram illustrating an example of a state
of the sensor DB on which a process is performed by a
sensor attribute generation unit.

FIG. 10 is a diagram illustrating an example of an
image captured by the image sensor.

FIG. 11 is a diagram illustrating an example of
division of a detection area.

FIG. 12 is a diagram illustrating an example of a
state of the sensor DB on which a process is performed by a
device attribute generation unit.

FIG. 13 i1s a diagram illustrating an example of a
state of the device DB on which a process is performed by
the device attribute generation unit.

FIG. 14 is a diagram for explaining an operation of an
installation position specifying unit.

FIG. 15 is a diagram illustrating an example of a
state of the sensor DB on which a process is performed by
the installation position specifying unit.

FIG. 16 is a diagram illustrating an example of a
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state of the sensor DB on which.a process is performed by
the installation position specifying unit.

FIG. 17 is a diagram illustrating another example of
the sensor DB.

FIG. 18 is a diagram illustrating another example of
the device DB.

FIG. 19 is a diagram schematically illustrating an
example of a layout of image sensors and electric devices.
FIG. 20 is a diagram illustrating an example of a

sensor DB to which overlap information is added.

FIG. 21 is a flowchart illustrating an example of a DB
generation process performed by a management terminal
according to the embodiment.

FIG. 22 is a diagram schematically illustrating an
example of a layout of image sensors and electric devices.

FIG. 23 is a diagram schematically illustrating an

example of a layout of image sensors and electric devices.

MODE (S) FOR CARRYING OUT THE INVENTION

[0007] Hereinafter, an image sensor system according to
an embodiment of the invention will be described in detail
with reference to the appended drawings. In the embodiment
to be described below, there is described an example in
which the image sensor system according to the invention is
applied to a building such as an office building.

[0008] FIG. 1 is a diagram illustrating an example of a
configuration of an image sensor system 100 according to
the embodiment. As illustrated in the figure, the image
sensor system 100 includes image sensors 10, wvarious
electric devices 20, and a management terminal 30. Here,
the management terminal 30 is detachably connected to each
of the image sensors 10 or to a line to which each of the

image sensors 10 are connected, and transmits and receives
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various kinds of information to and from each of the image
sensors 10. Further, the management terminal 30 is
detachably connected to each of the electric devices 20 or
to a line to which each of the electric devices 20 are
connected, and controls powering on and off, output values,

and the like, of each of the electric devices 20. The

" number of image sensors 10 and the number of electric

devices 20 are not particularly limited.

[0009] The image sensor 10 includes a camera unit
configured by an image sensor or the like such as a CCD
(Charge Coupled Device) or a CMOS (Complementary Metal
Oxide Semiconductor) (none of which is illustrated), and
captures an image of a space in which the electric device
20 is installed by using the camera unit. Further, the
image sensor 10 has a computer configuration of a CPU
(Central Processing Unit), a ROM (Read Only Memory), a RAM
(Random Access Memory), and the like, and includes a non-
volatile storage unit that stores various kinds of
information and a communication unit that communicates with
an external device such as the management terminal 30 (none
of which is illustrated). The image sensor 10 detects
presence/absence or the like of people by sensing an
acquired image and outputs the detection result to an
external device (the management terminal 30).

[0010] The eléectric device 20 is a control target device
which is a target of power controlling, and an illumination
device or an air-conditioning device is an example thereof.
[0011] FIG. 2 is a diagram schematically illustrating an
installation example of the image sensor 10 and the
electric devices 20. In the figure, illumination devices L
installed at the ceiling are illustrated as the electric
devices 20. The image sensor 10 is installed at the

ceiling as similar to the electric devices 20, and captures
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an image of a space from the ceiling to the surroundings of
the electric devices 20. FIG. 2 illustrates an example in
which two desks D are installed as objects in the room.
[0012] Here, in the image sensor system 100, a demand
control unit 316 to be described below performs power
controlling on the electric devices 20 based on a sensing
result of the image sensor 10. For example, the demand
control unit 316 performs control such that the electric
device 20 (the illumination device L or the like) 1is turned
on in an area, such as the surroundings of the desk D, in
which people are present, and performs control such that
the electric device 20 is turned off in an area in which
people are absent (or an output is lowered). Further, when
the density or an amount of activity of people is output as
the sensing result of the image sensor 10, the demand
control unit 316 performs control such that a light
adjustment ratio of the illumination device is changed and
the amount of wind of an air-conditioning device is changed,
in accordance with the value. The density or the amount of
activity of people is assumed to be calculated by using a
known technique.

[0013] Here, when the above-described power controlling
is performed, various kinds of information are required to
be set in advance in each device of the image sensor 10 and
the electric devices 20. The information of the image
sensor 10 may include, for example, a sensor 1D used to
identify each image sensor 10, an IP address, an
installation position in a building, and information of the
electric device 20 which is under the jurisdiction of the
image sensor 10. Further, the information of the electric
device 20 may include, for example, a device ID used to
identify each electric device 20, an installation position

in the building, and information of the image sensor 10
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which has jurisdiction over the electric device 20. Such
information is stored in a database or the like, and is
used for the power controlling of the electric device 20.
[0014] However, manual registration of the information
in the database is cumbersome. In particular, when the
installation position of the image sensor 10 or the
electric device 20 is to be registered, a worker has to
perform an operation in which the installation position and
the layout drawing are associated with each other while
visually confirming the actual device. Therefore, since it
takes a considerable time, there is a problem of
inefficiency.

[0015] Accordingly, the management terminal 30 according
to this embodiment improves the efficiency of the operation
for setting attribute information by: automatically
generating an attribute information relevant to the above-
described power controlling; and registering the attribute
information in a predetermined data base. Here, in the
attribute information, the image sensor 10 and the electric
device 20 which is under the jurisdiction of this image
sensor 10 are associated with each other based on each
image captured by the image sensor 10. Hereinafter, the
management terminal 30 will be described.

[0016] FIG. 3 is a block diagram illustrating an example
of a hardware configuration of the management terminal 30.
The management terminal 30 is an information processing
apparatus such as a PC (Personal Computer) or a server
device. As illustrated in FIG. 3, the management terminal
30 includes a CPU 31, a ROM 32, a RAM 33, a storage unit 34,
an operation unit 35, a display unit 36, and a
communication unit 37.

[0017] The CPU 31 generally controls a process of each

unit of the management terminal 30 by loading a
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predetermined program stored in the ROM 32 or the storage
unit 34 on the RAM 33 and executing the predetermined
program. Further,bthe CPU 31 realizes each functional unit
to be described below by loading a predetermined program
stored in the ROM 32 or the storage unit 34 on the RAM 33
and executing the predetermined program.

[0018] The ROM 32 stores various programs to be executed

‘by the CPU 31 and setting information. The RAM 33 is a

main storage device and is used as a work memory of the
management terminal 30.

[0019] The storage unit 34 is an auxiliary storage
device such as an HDD (Hard Disk Drive), and stores various
programs to be executed by the CPU 31 and setting
information. Further, the storage unit 34 stores a sensor
DB (DataBase) 341 that retains information on the image

sensor 10, a device DB 342 that retains information of the

~electric device 20, and layout information 343.

[0020] FIG. 4 is a diagram illustrating an example of a

data structure of the sensor DB 341. As illustrated in the

‘drawing, the sensor DB 341 has, as the attribute

information of the image sensor 10 relevant to the power
controlling, entry fields in which information on a sensor
ID, an IP address, an installation position, a detection
area, a device under jurisdiction, and the like is stored.
Here, an identifier used to identify each image sensor 10
is registered in the field of the "sensor ID," an IP
address to which each image sensor 10 is assigned is
registered in the field of the "IP address," and the
installation position of the image sensor 10 in the
building is registered in the field of the "installation
position." Further, a region (area) in which each image
sensor 10 is sensed is registered in the field of the

"detection area”" and an identifier (device ID) of the
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electric device 20 under the jurisdiction in the detection
area is registered in the field of the "device under
jurisdiction.”

[0021] FIG. 5 is a diagram illuétrating an example of a
data structure of the device DB 342. As illustrated in the
drawing, the device DB 342 has, as the attribute
information of the electric device 20 relevant to the power
controlling, entry fields in which information on a device
ID, an installation position, a sensor with jurisdiction,
the detection area, and the like is stored. Here, an
identifier used to identify each electric device 20 is
registered in the field of the "device ID" and the
installation position of the electric device 20 in the
building is registered in the field of the "installation
position." Further, the sensor ID of the image sensor 10
having jurisdiction over each electric device 20 is
registered in the field of the "sensor with jurisdiction"”
and the detection area in which the electric device 20 is
placed in the image sensor 10 having Jjurisdiction over the
electric device 20 is registered in the field of the
"detection area."

[0022] The attribute information registered in the
sensor DB 341 and the device DB 342 is automatically
generated by a function of each functional unit (a sensor
attribute generation unit 312, a device attribute
generation unit 313, and an installation position
specifying unit 314, see FIG. 7) to be described below, and
is registered in the corresponding entry fields.

[0023] FIG. 6 is a diagram schematically illustrating an
example of the layout information 343. As illustrated in
the figure, the layout information 343 is information such
as CAD (Computer Aided Design) data indicating the layout

(design drawing) of each room in which the image sensor 10
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and the electric devices 20 (illumination device L) are
installed. The layout information is assumed to include:
the layouts of the image sensor 10, the electric devices 20,
and various objects (walls, windows,. doors, desks D, and
the like) installed indoors; and positional information
(for example, a floor number, a room number, a position
code, and coordinates) indicating the absolute position in
the building.

[0024] Referring back to FIG. 3, the operation unit 35
is an input device such as a keyboard or a mouse, and
outputs an input operation received from a user of the
management terminal 30 to the CPU 31. The display unit 36
is a display device such as an LCD (Ligquid Crystal Display),
and displays characters, images, or the like under the
control of the CPU 31. The communication unit 37 is a
network interface, and transmits and receives various kinds
of information to and from the image sensor 10 connected
via a network such as a LAN (Local Area Network) under the
control of the CPU 31.

[0025] Next, a functional configuration of the
management terminal 30 will be described. FIG. 7 is a
block diagram illustrating an example of the functional
cbnfiguration of the management terminal 30. As
illustrated in the drawing, the management terminal’30
includes an image acquisition unit 311, a sensor attribute
generation unit 312, a device attribute generation unit 313,
an installation position specifying unit 314, a layout
analysis unit 315, and a demand control unit 316, as
functional units realized by cooperation of the CPU 31 and
a predetermined program.

[0026] The image acquisition unit 311 sequentially
acquires images captured by the image sensors 10 via a

network (not illustrated). An IP address used to
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communicate with each image sensor 10 may be assigned in
advance to each image sensor 10. Alternatively, an IP
address may be assigned to each image sensor 10 using a
technique such as DHCP.

[0027] The sensor attribute generation unit 312
recognizes a character string indicating the attribute
information from an image of the image sensor 10 acquired
by the image acquisition unit 311 by analyzing the image.
Further, the sensor attribute generation unit 312 registers
the recognized character string in a corresponding entry
field of the sensor DB 341 as the attribute information.
[0028] Next, a process of the sensor attribute
generation unit 312 will be described with reference to
FIGS. 8 and 9. First, a marker writing down the sensor ID
and the IP address of the image sensor 10 is presented
within an imaging range (for example, a range immediately
below the image sensor 10) of the image sensor 10 to be set.
At this time, the image sensor 10 acquires an image
including the marker M by capturing an image of the imaging
range, as illustrated in FIG. 8. Here, FIG. 8 is a diagram
illustrating an example of an image captured by the image
sensor 10.

[0029] The sensor attribute generation unit 312
recognizes the character strings "sensor ID: 1001"™ and "IP
address: 192.168.0.1" described in the marker M in the
image as the character strings indicated by the attribute
information by analyzing the image of FIG. 8. A describing
method on the marker and the described contents are not
particularly limited, but it is preferable to describe a
pair of an entry name (the sensor ID, the IP address, and
the like) of the attribute information and the contents of
the entry name. Further, the character recognition is

performed according to a known technique.
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[OO3Q] Then, the sensor attribute generation unit 312
registers the character strings "sensor ID: 1001" and "IP
address: 192.168.0.1" recognized from the image of FIG. 8
in corresponding entry fields of the sensor DB 341.
Specifically, "1001" is registered in the "sensor ID" field
of the sensor DB 341 and "192.168.0.1" is registered in the
"IP address" field thereof.

[0031] FIG. 9 is a diagram illustrating an example of a
state of the sensor DB 341 on which the process is
performed by the sensor attribute generation unit 312. As
illustrated in the drawing, the sensor ID and the IP
address are registered by the sensor attribute generation
unit 312. Thus, the sensor ID and the IP address are
registered in association with each other for the same
image sensor 10.

[0032] In this example, the IP address recognized from
the image is registered in the sensor DB 341, but the IP
address acquired at the time of the communication with the
image sensor 10 may be registered in the sensor DB 341.
Further, the IP address may be used as the sensor ID. When
the IP address assigned to the image sensor 10 is different
from the IP address described in the marker, the IP address
is updated to the IP address described in the marker.

[0033] The attribute information described in the marker
is not limited to the above-described entries, but other
entries may be described. Further, when the sensor
attribute generation unit 312 has a decode function of
decoding a code symbol such as a barcode or a two-
dimensional code, the code symbol in which the attribute
information is retained may be presented instead of the
maker in which the characters are described.

[0034] Referring back to FIG. 7, the device attribute

generation unit 313 detects an image in which a change
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occurs from the images of the respective image sensors 10
obtained when the electric devices 20 are operated, and
then specifies the image sensor 10 capturing this image as
an image sensor with jurisdiction over the operated
electric device 20. Further, the device attribute
generation unit 313 registers a relationship between the
image sensor 10 and the electric device 20 that is under
jurisdiction of this image sensor 10 as attribute
information, in the sensor DB 341 and the device DB 342.
[0035] Hereinafter, a process of the device attribﬁte

generation unit 313 will be described with reference to

"FIGS. 10 to 13. First, the device attribute generation

unit 313 turns on the power of the electric devices 20
installed in the building one by one via control lines (not
illustrated), and assigns unique device IDs to the powered-
on electric devices 20. Further, the device attribute
generation unit 313 detects images in which a change occurs
when the electric devices 20 are turned on among images
captured by the respective image sensors 10. Then, when
the device attribute generation unit 313 detects the images
in which the change occurs, the device attribute generation
unit 313 determines that the powered-on electric device 20
is under jurisdiction of the image sensor 10 capturing the
image.

[0036] For example, when the electric device 20 is an
illumination device, the device attribute generation unit
313 detects a change in luminance in the image by comparing
images obtained before and after the target illumination
device is turned on, and detects an image in which the
amount of change is greater than a predetermined threshold
value. When the electric device 20 is an air-conditioning
device, a streamer or the like is attached to a supply

opening of the air-conditioning device, and then the device



10

15

20

25

30

14

attribute generation unit 313 detects a swing motion of the
streamer from the image obtained after the target air-
conditioning device is turned on, and specifies an image in
which the amount of motion is greater than a predetermined
threshold value. Further, after detecting the image in
which the change occurs, the device attribute generation
unit 313 turns off the powered-on electric device 20, and
then the process proceeds to the subsequent process of the
electric device 20.

[0037] The device attribute generation unit 313
specifies a relative positional relationship of the
powered-on electric device 20 with respect to the image
sensor 10 from a change state in the detected image.

[0038] For example, as illustrated in FIG. 10, when the
electric device 20 is an illumination device L, the device
attribute generation unit 313 specifies a relative
positional relationship (the distance and direction) of the
illumination device L with respect to the image sensor 10
by analyzing the distribution (luminance distribution) of
light in the image. Here, FIG. 10 is a diagram
illustrating an example of the image captured by the image
sensor 10. In case of the figure, for example, the device
attribute generation unit 313 specifies that the target
electric device 20 is present at a position away by the
distance of 6m in the 10 o'clock direction from the
installation position (indicated by a dashed line in the
figure) of the image sensor 10.

[0039] When the electric device 20 is an air-
conditioning device, the device attribute generation unit
313 can specify a relative positional relationship (the
distance and direction) of the air-conditioning device with
respect to the image sensor 10 from the position at which

the streamer attached to the air-conditioning device swings.
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[0040] The device attribute generation unit 313 divides
the detection area of the image sensor 10 based on the
specified relative positibnal relationship of each electric
device 20 with respect to the image sensor 10, and assigns
an area number to each of the divided detection areas.
[0041] For example, as illustrated in FIG. 11, when two
illumination devices L are present in the left upper area,
two illumination devices L are present in the right upper
area, one illumination device L is present in the right
lower area, and one illumination device L is present in the
left lower area with respect to the image sensor 10, the
device attribute generation unit 313 divides the detection
area into four detection areas indicated by dashed lines
and assigns area numbers (All to Al4) to the divided
detection areas. Here, FIG. 11 is a diagram illustrating
an example of the division of the detection area.

[0042] Then, the device.attribute generation unit 313
assigns the device ID of the powered-on electric device 20
to the corresponding detection area, and registers the
device ID in the sensor DB 341 in association with the
sensor ID of the image sensor 10 having jurisdiction over
this electric device 20. Further, the device attribute
generation unit 313 registers the device ID assigned to
each electric device 20 in the device DB 342, and registers
the sensor ID of the image sensor 10 having jurisdiction
over this electric device 20 and the area number assigned
to the electric device 20 in the device DB 342 in
association with this device ID.

[0043] Here, FIG. 12 is a diagram illustrating an
example of a state of the sensor DB 341 on which the
process is performed by the device attribute generation
unit 313. As illustrated in the figure, the device ID of

the electric device 20 under the jurisdiction is registered
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in the field of the "device under jurisdiction" in
association with the sensor ID of each image sensor 10 for
each detection area (area number) of this image sensor 10
through the process of>the device attribute generation unit
313.

[(0044] FIG. 13 is a diagram illustrating an example of a
state of the device DB 342 on which the process is
performed by the deﬁice attribute generation unit 313. As
illustrated in the figure, the sensor ID of the image
sensor 10 with jurisdiction over the electric device 20 and
the detection area (area number) in which the electric
device 20 is present are respectively registered in the
fields of the "sensor with jurisdiction" and the "detection
area" in association with the device ID of each electric
device 20 through the process of the device attribute
generation unit 313.

[0045] In this embodiment, the detection area of the
image sensor 10 has been divided into the plurality of
areas, but the invention is not limited thereto. The
detection area may not be divided. 1In this embodiment, the
device attribute generation unit 313 has turned on/off the
electric devices 20, but the invention is not limited
thereto. A worker may manually turn on/off the electric
devices.

[0046] The installation position specifying unit 314
recognizes objects such as walls, windows, doors, or desks
from images captured by the respective image sensors 10,
and acquires a disposition relation (layout) of the objects.
Here, a method of recognizing the objects is not
particularly limited and a known technique can be used.
For example, an object discrimination model may be
generated by collecting images obtained by imaging a

general office space and performing a learning based on the
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images, and objects may be recognized from actually
captured images using the object discrimination model.
Further, edge detection may be performed from images, the
boundaries of the walls, floors, ceilings of a building may
be extracted, and thus a disposition relation of the
objects may be recognized.

[0047] The installation position specifying unit 314
checks the layout information 343 of the respective rooms
using the layout acquired from the images of the image
sensor 10 and the relative positional relationship of the
electric devices 20 specified by the device attribute
generation unit 313 with respect to this image sensor 10,
and then retrieves layout information having a similar
layout.

[0048] | Here, in similarity retrieval, for example, a
disposition relation of indoor objects or the electric
devices 20 indicated by the layout information is extracted
as a feature amount, the degree of similarity is calculated
based on the extracted feature amount, and layoﬁt
information with the highest similarity is acquired.
Further, the. layout information with the high similarity
may be presented before a worker, and the worker selects
the layout information matching actual layout information.
[0049] For example, the layout acquired from an image is
assumed to be the layout of desks D illustrated in FIG. 14,
and the relative positional relationship between the image
sensor 10 which has captured this image and the electric
devices 20 under jurisdiction of the this image sensor 10
is assumed to be the state illustrated in FIG. 11. In this
case, the installation position specifying unit 314 sets a
pair of the layouts illustrated in FIGS. 14 and 11 as a
retrieval condition, and retrieves the layout information

corresponding (similar) to the retrieval condition. Then,



10

15

20

25

30

18

the device attribute generation unit 313 acquires the
layout information of FIG. 6 corresponding to the retrieval
condition.

[0050] When the installation position specifying unit
314 specifies the installation positions of the image
sensor 10 and each electric device 20 installed in the room
from the acquired layout information, the installation
position specifying unit 314 registers the specified
installation position of the image sensor 10 in association
with the corresponding sensor ID of the sensor DB 341, and
registers the specified installation position of the
electric device 20 in association with the corresponding
device ID of the device DB 342.

[0051] Here, FIG. 15 is a diagram illustrating an
example of a state of the sensor DB 341 on which the
process is performed by the installation.position
specifying unit 314. As illustrated in the figure, the
installation position of each image sensor 10 is registered
in the "installation position" field in association with
the sensor ID of the image sensor 10 through the process of
the installation position specifying unit 314.

[0052] FIG. 16 is a diagram illustrating an example of a
state of the device DB 342 on which the process is
performed by the installation position specifying unit 314.
As illustrated in the figure, the installation positions of
the electric devices 20 are registered in the "installation
position”™ field in association with the device IDs of the
electric devices 20 through the process of the installation
position specifying unit 314.

[0053] The attribute information of the sensor DB 341
and the device DB 342 is generated by the functions of the
image acquisition unit 311, the sensor attribute generation

unit 312, the device attribute generation unit 313, and the
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installation position specifying unit 314. Further, the
information registered in the sensor DB 341 and the device

DB 342 is not limited to the above-described attribute

~information, but may include a manually input entry. For

example, a threshold value relevant to the sensing of the
image sensor 10, an output level of the electric device 20,
and the like may be registered as setting information
relevant to control of each of the image sensors 10 and the
electric devices 20.

[0054] Here, FIG. 17 is a diagram illustrating another
example of the sensor DB 341 with which the setting
information of each image sensor 10 is integrated. The
figure illustrates an example in which a mask area, various
parameters (detection parameters 1 and 2) such as a

threshold value or the like relevant to the sensing, and

the like are registered as the setting information of the

image sensor 10. The mask area indicates an area excluded
from sensing target areas among the detection areas of the
image sensor 10. For example, when the mask area is a
rectangle, as illustrated in FIG. 17, the coordinates of
the diagonal points of the rectangle are registered.

[0055] FIG. 18 is a diagram illustrating another example
of the device DB 342 with which the setting information of
each electric device 20 is integrated. 1In the figure, for
exampie, various parameters (output parameters 1, 2, and 3)
such as a normal output value, a lower-limit output value,
an upper-limit value are registered as the setting
information ofAthe electric device 20. Such setting
information is used when the power controlling of the
electric device 20 is performed.

[0056] Referring back to FIG. 7, the layout analysis
unit 315 determines whether detection areas between the

plurality of image sensors 10 overlap each other based on
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the identity of the device IDs associated with the
detection areas of the respective image sensors 10,
referring to the sensor DB 341.

[0057] For example, when the plurality of image sensors
10 (10a and 10b) are arranged within the same floor, as
illustrated in FIG. 19, detection areas between the
adjacent image sensors 10a and 10b overlap each other in
some cases. In FIG. 19, among detection areas All to Al4
of the image sensor 1l0a and detection areas A21 to A24 of
the image sensor 10b, the detection areas Al3 and A22
overlap each other and the detection areas Al4 and A2l
overlap each other (see hatching areas).

[0058] When the layout analysis unit 315 determines that
the detection areas overlap each other, the overlap state
is resolved by distributing each of the device IDs of the
electric device 20 associated with the overlapping
detection areas to one of the image sensors 10 which are
under the overlapping relationship, and by reflecting the
distribution result to the sensor DB 341 and the device DB
342. Here, a method of distributing the electric devices
20 is not particularly limited. For example, in the state
of FIG. 19, among the illumination devices L1l to 22, the
illumination devices L15 and L16 closer to the image sensor
10a may be set to be under jurisdiction of the image sensor
10a, and the illumination devices L17 and L18 closer to the
image sensor 10b may be set to be under jurisdiction of the
image sensor 10b. Here, the illumination devices L15, Ll6,
L17, and L18 are present in the detection areas Al3 (A22)
and Al4 (A21). Further, all of the illumination devices
L15 to L18 present in the overlap detection areas may be
set to be under jurisdiction of one of the image sensors 10.

[0059] Furthermore, by setting the overlap detection

~areas without change, both the image sensors 10a and 10b
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may be configured to sense the overlap detection areas. In
this case, when presence of people is detected by one of

the image sensors 10, the detection result is used.

However, when presence of people is detected by both image

sensors 10, the result may be configured to be used. When
the electric devices 20 are controlled based on a pair of
both sensing results, the layout analysis unit 315 adds
overlap information to the overlap detection areas in the
sensor DB 341 to instruct the control target (see FIG. 20).
[0060] Here, FIG. 20 is a diagram illustrating an
example of the sensor DB 341 in which the overlap
information is added. The figure illustrates an example in
which the sensor ID of the image sensor 10a illustrated in
FIG. 19 is set to "1001" and the sensor ID of the image
sensor 10b is set to "1002." As illustrated in the figure,
an example is schematically illustrated in which the
overlap information OL is added to each of the detection
areas Al3 and A22 having the overlap relation and the
detection areas Al4 and A21 having the overlap relation
among the detection areas of the image sensors 10a and 10b.
[0061] In this embodiment, the layout analysis unit 315
has determined whether the detection areas between the
image sensors 10 overlap each other based on the identity
of the device IDs associated with the detection areas of
the respective image sensors 10, but the invention is not
limited thereto. For example, the image sensors 10 having
an adjacent relation may be specified from the layout
information 343 and it may be determined that the detection
areas of the image sensors 10 having the adjacent relation
overlap each other.

[0062] Referring back to FIG. 7, the demand control unit
316 performs the power controlling according to the sensing

result input from each of the image sensors 10 on each of
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the electric devices 20 under jurisdiction of the
corresponding image sensors 10, referring to the sensor DB
341 and the device DB 342. Specifically, when the sensing
results are input from the image sensors 10, the demand
control unit 316 specifies which detection areas are
associated with the sensing results, and extracts the
device IDs of the electric devices 20 associated with the
detection area from the sensor DB 341. Further, the demand
control unit 316 controls the outputs of the electric
devices 20 associated with the extracted device IDs
according to the sensing results of the image sensors 10.
[0063] When the overlap information is added to the
specified detection areas, the sensing résults of the other
image sensor 10 to which the overlap information is added
are acquired, and the electric devices 20 under
jurisdiction are controlled based on the pair of both the
sensing results.

[0064] Next, a process of the management terminal 30
will be described with reference to FIG. 21. Here, FIG. 21
is a flowchart illustrating an example of a DB generation
process performed by the management terminal 30.

[0065] First, the image acquisition unit 311
sequentially acquires the images captured by the image
sensors 10 (step S11). The process of step S11 is
continuously performed during subsequent steps S12 to S25.
[0066] The sensor attribute generation unit 312
recognizes the character string indicating the attribute
information from the images acquired by the image
acquisition unit 311 (step S12). Next, the sensor
attribute generation unit 312 registers the character
string recognized in step S12 as the attribute information
in the corresponding entry field of the sensor DB 341 (step
S13).
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[0067] Subsequently, the sensor attribute generation
unit 312 determines whether the processes of steps S12 and
S13 are performed on all of the installed image sensors 10
(step S14). Here, when the unprocessed image sensor 10 is
present (No in step S14), the process returns to step S12.
Conversely, when it is determined that the processes of
steps S12 and S13 are performed on all of the image sensors
10 (Yes in step S14), the process proceeds to step S15.
[0068] In subsequent step S15, the device attribute
generation unit 313 sequentially turns on the electric
devices 20 (step S15). When the device attribute
generation unit 313 detects an image in which a change
occurs in the process of step'SIS among the images acquired
by the image acquisition unit 311, the device attribute
generation unit 313 determines that the image sensor 10
having captured this image is the image sensor having
jurisdiction over the powered-on electric devices 20 (step
S16).

[0069] Then, the device attribute generation unit 313
specifies the relative positional relationship of the
powered-on electric devices 20 with respect to the image
sensor 10 from the change in a state in the image detected
in step S16 (step S17). Subsequently, the device attribute
generation unit 313 registers the attribute information
generated based on the processing results of steps Sl6t and
S17 in the corresponding entry fields of the sensor DB 341
and the device DB 342 (step S18).

[0070] Subsequently, the device attribute generation
unit 313 determines whether the processes of steps S16 to
S18 are performed on all of the electric devices 20 (step
S19). Here, when the unprocessed electric device 20 is
present (No in step S19), the process returns to step Slé6.

Conversely, when it is determined that the procesées of
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steps S16 to S18 are performed on all of the electric
devices 20 (Yes in step S19), the process proceeds to step
S20.

[0071] In subsequent step S20, the installation position
specifying unit 314 recognizes the layout of objects from
each image acquired by the image acquisition unit 311 (step
S20). Subsequently, the installation pbsition specifying
unit 314 checks the layout information 343 using a pair of
the layout recognized from each image and the relative
positional relationship of the electric devices 20 of the
image sensor 10 of this image, and retrieves the layout
information having a similar layout (step S21). Next, when
the installation position specifying unit 314 specifies the
installation positions of the image sensor 10 and the
electric devices 20 based on the similar layout information
which is the retrieval result (step S22), the installation
position specifying unit 314 registers the installation
positions as the attribute information in the corresponding
entry fields of the sensor DB 341 and the device DB 342
(step S23).

[0072] Subsequently, the layout analysis unit 315
specifies the detection areas overlapping each other
between the image sensors 10 based on the identity of the
device IDs associated with the detection areas of the
respective image sensors 10 (step S24). Then, the layout
analysis unit 315 resolves the overlap state by
distributing the device IDs of the electric devices 20
associated with the overlap detection areas between the
image sensors 10 having the overlap relation (step S25),
and then this process ends. Further, when the overlap
information is configured to be added, the overlap
information is added to the overlap detection areas in step

S25 instead of the resolution of the overlap state.



10

15

20

25

30

25

[0073] As described above, the management terminal 30
according to this embodiment generates the attribute
information in which the image sensor 10 is associated with
the electric device 20 which is under jurisdiction of the
image sensors 10 by using images captured by each image
sensors 10, and then registers the attribute information in
the corresponding entry fields of the sensor DB 341 and the
device DB 342. Thus, since the attribute information
associated with the power controlling of the electric
devices 20 can be automatically generated from the images
captured by the image sensors 10, the attribute information
can be efficiently set.

[0074] When the change in the image may not be confirmed
by turning on the electric device 20 in the DB generation
process, it may be determined that this electric device 20
is not under jurisdiction of the image sensor 10 and this
electric device 20 may be associated with another sensor
device located in the surroundings of this electric device

20.

- [0075] For example, when illumination devices La and 1b

are installed in a place (for example, a passage or the

like) out of the room in which the image sensors 10 (1l0a

‘and 10b) are installed} as illustrated in FIG. 22, the

change on the image is not confirmed in spite of the fact
that the illumination devices La and Lb are turned on.
[0076] In this case, the device attribute generation
unit 313 determines that the illumination devices La and Lb
for which the change on the image is not confirmed are
under Jjurisdiction of a sensor device (an infrared sensor
4la, 41b, or 41lc) other than the image sensors 10, after
completing the generation of the attribution information on
each of the image sensors 10, causes the sensor ID of the

infrared sensor 4la, 41b, or 41lc to correspond to the
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device IDs of the illumination devices La and Lb, and

' registers the sensor ID and the device IDs in the sensor DB

341 and the device DB 342.

[0077] In this case, the infrared sensor 4la, 41b, or
41c may be registered in the sensor DB 341 in advance or
may be manually input by an operator each time. Further,
the sensor ID or the IP address of the infrared sensor 41a,
41b, or 41c may be configured to be automatically assigned
by the device attribute generation unit 313 or may be
configured to be set manually by the operator.

[0078] The embodiment of the invention has been
described above. The above-described embodiment is
suggested as an example, and thus the scope of the
invention is not intended to be limited. The above-
described embodiment may bé achieved in various other ways,
and omissions, substitutions, changes, additions, or the
like may be made variously within the scope of the
invention without departing from the gist of the invention.
Further, the above-described embodiment or the
modifications are included in the scope or the gist of the
invention and are included in the equivalent scope of the
invention described in the claims.

[0079] For example, in the above-described embodiment,
the attribute information has sequentially been generated
for the image sensors 10 and the electric devices 20 and
have been registered in the sensor DB 341 and the device DB
342, but the invention is not limited thereto. In the step
of registering the attribute information for some of the
image sensors 10 and the electric devices 20, the attribute
information of the other image sensor 10 and the other
electric devices 20 may be configured to be generated using
the attribute information. Hereinafter, this configuration

will be described as a modification example of the above-



10

15

20

25

30

27

described embodiment with reference to FIGS. 19 and 23.
[0080] As illustrated in FIG. 19, the attribute
information on the image sensors 10 (10a and 10b) and the
electric devices 20 (the illumination devices L11 to L22)
is assumed to be registered in the sensor DB 341 and the
device DB 342. In this case, the installation position
specifying unit 314 retrieves the layout information 343 of
another room similar to the layout of the room in which the
image sensors 10a and 10b and the illumination devices L1l
to L22 are installed based on this layout. Here, in the
case of FIG. 19, since two desks and eight illumination
devices (four illumination devices thereof overlap) are
present in the peripheries of the image sensors 10a and 10b,
layout information 343 having the same layout which is
illustrated in FIG. 23 and is similar to the layout is
retrieved. Then, the insfallation position specifying unit
314 generates the attribute information on the image
sensors 10 and the electric devices 20 included in the
layout information of FIG. 23 using the attribute
information on the image sensors 10a and 10b and the
illumination devices L1l to L22 in FIG. 19.

[0081] Specifically, in the case of the layout
illustrated in FIG. 23, the image sensor 10a in FIG. 19
corresponds to an image sensor 10c and the image sensor 10b
in FIG. 19 corresponds to an image sensor 10d. Further,
illumination devices L31 to L42 in FIG. 23 correspond to
the illumination devices L1l to L22 in FIG. 19,
respectively. Therefore, the installation position
specifying unit 314 generates the attribute information on
the image sensors 10c and 10d using the attribute
information on the image sensors 10a and 10b and generates
the attribute information on the illumination devices L31

to L42 using the attribute information on the illumination
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devices L11 to L22. Then, the installation position
specifying unit 314 registers the attribute information
generated for the image sensors 10c and 10d and the
illumination devices L31 to L42 in the sensor DB 341 and
the device DB 342.

[0082] Thus, in this modification example,.since the
attribute information on the image sensors 10 and the
electric devices 20 with another layout similar to the
layout can be generated using the attribute information
generated for the image sensors 10 and the electric devices
20 having the specific layout, the attribute information
can efficiently be generated. |

[0083] Values different from the values assigned to the
image sensors 10a and 10b and the illumination devices L1l1
to L22 are assumed to be assigned for the identification
IDs or the IP addresses of the image sensors 10c and 10d
and the illumination devices L31 to L42. Further, when the
setting information is registered for the image sensors 10a
and 10b and the illumination devices L1l to 122, this
setting information may be useful for the image sensors 10c
and 10d and the illumination devices L31 to L42.

[0084] In the above-described embodiment, the management
terminal 30 has been configured to include the sensor DB
341 and the device DB 342, but the invention is not limited
thereto. An external device (for example, a DB server or
the like) which the management terminal 30 can access may
be configured to include the sensor DB 341 and the device
DB 342. 1In the above-described embodiment, the management
terminal 30 has been configured to include the demand
control unit 316 that performs the power controlling on the
electric devices 20, but the invention is not limited
thereto. An external device may be configured to include

the demand control unit 316.
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[{0085] A program executed by the management terminal 30
according to the above-described embodiment is provided to
be incorporated in advance into the storage medium (the ROM
32 or the storage unit 34) included in the management
terminal 30, but the invention is not limited theretc. An
installable or executable file may be recorded in a
computer-readable recording medium such as a CD-ROM, a
flexible disk (FD), a CD-R, or a DVD (Digital Versatile
Disk) so as to be supplied. Further, the storage medium is
not limited to a medium independent from a computer or an
incorporated system, but an example of the storage medium
may also include a storage medium that stores or
temporarily stores a program delivered and downloaded via a
LAN, the Internet, or the like.

[0086] Further, the program executed by the management
terminal 30 according to the above-described embodiment may
be stored on a computer connected to a network such as the
Internet and downloaded via the network so as to be
supplied. Alternatively, the program may be provided or

distributed via a network such as the Internet.

DESCRIPTION OF THE REFERENCE NUMERALS
[0087] 100 IMAGE SENSOR SYSTEM
10, 10a, 10b, 10c¢, 10d IMAGE SENSOR
20 ELECTRIC DEVICE
30 MANAGEMENT TERMINAL
31 CPU
311 IMAGE ACQUISITION UNIT
312 SENSOR ATTRIBUTE GENERATION UNIT
313 DEVICE ATTRIBUTE GENERATION UNIT
314 INSTALLATION POSITION SPECIFYING UNIT
315 LAYOUT ANALYSIS UNIT
316 DEMAND CONTROL UNIT
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33
34
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5 342
35
36
37
41
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30

ROM
RAM
STORAGE UNIT
SENSOR DB
DEVICE DB
OPERATION UNIT
DISPLAY UNIT
COMMUNICATION UNIT
INFRARED SENSOR
ILLUMINATION DEVICE
DESK



10

15

20

25

30

31

CLAIMS

1. An information processing apparatus communicatively
connected to a plurality of image sensors that capture
images of surroundings of a control target device which is
to be a target of power controlling, comprising: |

an attribute information generation unit that
generates, by using the images captured by each of the
image sensors, attribute information of the control target
device which is under jurisdiction of at least one of the
image sensors; and

a management unit that manages the attribute
information of the control target device generated by the
attribute information generation unit in association with
the control target device and the at least one of the image

sensors having jurisdiction over the control target device.

2. The information processing apparatus according to
claim 1, wherein the attribute information generation unit
recognizes a predetermined character string included in the
images captured by the image sensors, and generates the

recognized character string as the attribute information.

3. The information processing apparatus according to
claim 1 or 2, wherein the attribute information generation
unit detects an image in which a changé occurs in
accordance with powering on of the control target device
from the images captured by each of the image sensors, and
generates attribute information in which at least one of
the image sensors that captured the image is associated

with the powered-on electric device.

4. The information processing apparatus according to

claim 3, wherein the attribute information generation unit
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specifies a relative positional relationship of the
powered-on control target device with respect to the at
least one of the image sensors from a state of the change
in the detected image, and generates information
representing the positional relationship as the attribute

information.

5. The information processing apparatus according to
claim 4, wherein the attribute information generation unit
divides an imaging range of the at least one of the image
sensors based on the specified relative positional
relationship, and generates attribute information in which
each of divided detection areas is associated with the
control target device which belongs to the each of

detection areas.

6. The information processing apparatus according to
claim 5, further comprising a determination unit that
determines whether the detection areas overlap each other
between the image sensors based on identity of the control
target device associated with the detection areas of the

image sensors.

7. The information processing apparatus according to
claim 6, further comprising an overlap resolution unit that
assigns the control target device, which belongs to the
each of detection areas determined to overlap by the
determination unit, between the image sensors associated

with the detection areas.

8. The information processing apparatus according to
claim 6, further comprising an addition unit that adds

indication information, which indicates overlapping, to the
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detection areas of the respective image sensors determined

to overlap by the determination unit.

9. The information processing apparatus according to any
one of claims 1 to 8, further comprising a storage unit
that stores layout information indicating an arrangement
position and a layout of each object including the control
target device and the image sensors installed in each room,
wherein the attribute information generation unit
recognizes, from the images captured by the sensors, the
layout of the object included in the images, and génerates
arrangement positions of the control target device and the
at least one of the image sensors specified from the layout
information similar to the recognized layout as the

attribute information.

10. The information processing apparatus according to
claim 9, wherein, by using the attribute information
generated for the control target device and the at least
one of the image sensors of the specified layout, the
attribute information generation unit generates attribute
information of other control target device and other image

sensor having layout similar to the specified layout.

11. The information processing apparatus according to
claim 3, wherein, when the change cannot be detected from
the image captured by the each of the image sensors at the
time of turning on the control target device, the attribute
information generation unit generates attribute information
in which the control target device is associated with other
sensor device, after completing the generation of the

attribute information of each of the image sensors.
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12. An information processing method performed by an
information processing apparatus communicatively connected
to a plurality of image sensors that capture images of
surroundings of a control target device which is to be a
target of power controlling, the method compriSing:

generating, by an attribute information generation
unit, attribute information of the control target device
which is under jurisdiction of at least one of the image
sensors by using the images captured by each of the image
sensors; and

managing, by a management unit, the attribute
information of the control target device generated by the
attribute information generation unit in association with
the control target device and the at least one of the image

sensors having jurisdiction over the control target device.

13. A program causing a computer of an information
processing apparatus, which is communicatively connected to
a plurality of image sensors that capture images of
surroundings of a control target device which is to be a
target of power controlling, to function as:

an attribute information generation unit that
generates, by using the images captured by each of the
image sensors, attribute information of the control target

device which is under jurisdiction of at least one of the

‘image sensors; and

a management unit that manages the attribute
information of the control target device generated by the
attribute informatidn generation unit in association with
the control target device and the at least one of the image

sensors having jurisdiction over the contrecl target device.
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