
DESCRIPTION TITLE OF INVENTION: INFORMATION PROCESSING APPARATUS,
INFORMATION PROCESSING METHOD, AND PROGRAM TECHNICAL FIELD  [0001] The
present invention relates to an information processing apparatus, an
information processing method, and a program. BACKGROUND ART [0002](1)
Conventionally, in an observation trip in an installation, a factory, or
the like, observers often observe an actual installation or facility, or 



observe a prepared panel or video. On the other hand, for example, Patent
Document 1 proposes a system to overlay-display element information
corresponding to the site on an actual site image imaged by a portable
terminal or the like, according to the movement of an observer. [0003](2)
In a dangerous spot for a worker to perform work, such as a factory or a
construction site, a dangerous area is indicated with paint or the like, or
a sign or the like is posted. Since indications of these dangerous spots
(dangerous spot indications) are stationery, in general, indications and
signs are posted exhaustively in a range where there may be a  danger.
Incidentally, among dangerous spots, there may be cases where it is always
dangerous, and there may be cases where it is dangerous in a particular
period of time. For example, at a site where a crane operation is performed
in a factory, the area below a hanged load becomes a dangerous spot only
when the crane is in operation. CITATION LIST PATENT LITERATURE 



[0004] Patent Literature 1: Japanese Laid-open Patent Publication No.
2004-102835 Patent Literature 2: Japanese Laid-open Patent Publication No.
2002-7703 SUMMARY OF INVENTION TECHNICAL PROBLEM [0005](1)       Depending
on the installation or factory, there may be cases where there is a danger
and an observer cannot get close to a facility. Further, even when it is
possible to get close, there may be cases where the inside of the facility
cannot be seen.       For example, when the technology of Patent Document 1
is applied to an observation trip in an installation or a factory, it is
merely to the extent of allowing seeing the name of a facility or the like
as a virtual image, and there has been a problem that  



the observer does not feel the reality.       Further, in a factory, there
may be cases where the operational status of a facility is predicted by
simulation,but the simulation results are just displayed in a
two-dimensional cross-sectional view on a screen of a computer
terminal.Accordingly, there has been a problem that it is not easy for the
operator to comprehend the simulation results.  [0006] The present
invention is made in view of such problems, and a first object thereof is
to communicate the operational status of a facility or the like or results
of simulation with reality to an observer or worker in an installation or a
factory. [0007](2) Regarding a conventional dangerous spot 



indication for a stationery crane arm or the like, for example, the entire
movable range of the crane arm is assumed as a dangerous spot, and a
dangerous spot indication (such as hatching or the like) is provided on the
ground. Thus, in the conventional dangerous spot indication, there is a
problem that a dangerous spot is determined more than necessary, making the
dangerous spot obscure. Further, the conventional dangerous spot indication
also has a problem that dust, oil, or the like may soil the indication,
making the indication itself unseeable, or maintenance such as cleaning or
repainting is required when it is soiled. On the other hand, regarding a
conventional  dangerous spot indication for a mobile crane truck or the
like, since the location where the crane is used is not stationery, an
indication `'KEEP CLEAR OF 10 M RADIUS" or the like is posted on the crane
truck. However, there is a problem that the dangerous spot cannot be
visually recognized, and the dangerous spot becomes obscure. Further, there
are also cases to physically hinder entrance with pylons or the like, but
there is a problem that it takes labor to prepare them.  [0008] The present
invention is made in view of such problems, and a second object thereof is
to notify a dangerous spot more appropriately in a scene where the
dangerous spot changes temporally. SOLUTION TO PROBLEM [0009](1)
Accordingly, an information processing apparatus of the present invention
has: an imaged image input unit inputting an imaged image of a facility
imaged in an imaging device to a display control unit; a measurement
information input unit inputting measurement information measured by a
sensor provided in the facility from the sensor to a creation unit; a
creation unit creating a virtual image representing a status of an outside
or inside of the facility based on the measurement information inputted by
the measurement information input unit; and a display control unit
overlaying and displaying the virtual 



image created in the creation unit and the imaged image inputted by the
imaged image input unit on a display device.       With such a structure,
the operating status of a facility or the like can be communicated with
realistic feelings to an observer in an installation or a factory.
Note that the information processing apparatus corresponds to, for example,
an AR server which will be described later.  [0010] Further, an information
processing apparatus of the present invention has: a measurement
information input unit inputting measurement information measured by a
sensor provided in the facility from the sensor to a creation unit; a
creation unit creating a virtual image representing a status of an outside
or inside of the facility based on the measurement information inputted by
the measurement information input unit; and a display control unit
overlaying and displaying the virtual image created in the creation unit on
the facility which is seen through a display device.       With such a
structure, the operating status of a facility or the like can be
communicated with realistic feelings to an observer in an installation or a
factory.       Note that the information processing apparatus corresponds
to, for example, an AR server which will be described later.  



[0011](2)       Further, an information providing apparatus according to
the present invention is an information providing apparatus having a
display unit and connected communicably to a storage unit, the information
providing apparatus having: a reading unit reading dangerous range
information indicating a dangerous range of each state of a dangerous
target and dangerous target position information indicating a position of
the dangerous target, which are stored in the storage unit; a position
information obtaining unit obtaining apparatus position information
calculated from information indicating a position of the information
providing apparatus which is detected in a position detection device; a
direction information obtaining unit obtaining direction information
calculated from information indicating a direction of the information
providing apparatus which is detected in a direction detection device; a
posture information obtaining unit obtaining posture information calculated
from information indicating a posture of the information providing
apparatus which is detected in a posture detection device; a determination
unit determining a visual field of the information providing apparatus
based on the apparatus position information obtained in the position
information obtaining unit, the direction information obtained in the
direction information obtaining unit, the posture information obtained in
the posture information obtaining unit, and visual field information of the
information providing apparatus which is defined in advance; and a display
control unit determining a dangerous target included in the visual field
based on the apparatus position information, the direction information, the
posture information, and the dangerous range information and the dangerous
target position information which are read in the reading unit, and
generating a dangerous range image for the determined dangerous target and
displaying the image on the display unit.       Here, the "reading unit"
corresponds to, for example, a retrieval unit 1055 which will be described
later. The "position information obtaining unit" corresponds to, for
example, a measurement unit 1040 which will be described later. The
"direction information obtaining unit" corresponds to, for example, a
direction information obtaining unit 1045 which will be described later.
The "posture information obtaining unit" corresponds to, for example, a
posture information obtaining unit 1050 which will be described later. The
"determination unit" corresponds to, for example, a visual field
determination unit 1060 which will be described later. The "display control
unit" corresponds to, for example, a display control unit 1065 which will
be described later. ADVANTAGEOUS EFFECTS OF INVENTION 



[0012](1)       According to the present invention, the operating status of
a facility or the like can be communicated with realistic feelings to an
observer in an installation or a factory. [0013](2)       Further,
according to the present invention, a dangerous spot can be notified more
appropriately in a scene where the dangerous spot changes temporally. BRIEF
DESCRIPTION OF DRAWINGS  [0014][Fig. 1]Fig. 1 is a diagram illustrating an
example of a system structure of a facility guidance system of Embodiment
1. 



[Fig. 2]Fig. 2 is a diagram illustrating an example of a hardware structure
of an AR server. [Fig. 3]Fig. 3 is a diagram illustrating an example of a
software structure of the AR server of Embodiment 1. [Fig. 4]Fig. 4 is a
diagram (1) illustrating an example of overlay display of a virtual image
and an imaged image of Embodiment 1.        [Fig. 5]Fig. 5 is a diagram (2)
illustrating an example of overlay display of a virtual image and an imaged
image of Embodiment 1. 



[Fig. 6]Fig. 6 is a diagram (3) illustrating an example of overlay display
of a virtual image and an imaged image of Embodiment 1. [Fig. 7] Fig. 7 is
a flowchart illustrating an  example of display control processing in the
AR server of Embodiment 1. [Fig. 8]Fig. 8 is a diagram illustrating a
system structure of a facility guidance system of Embodiment 2. [Fig.
9]Fig. 9 is a diagram illustrating an 



example of a software structure of the AR server of Embodiment 2. [Fig.
10]Fig. 10 is a diagram (1) illustrating an example of overlay display of a
virtual image and an imaged image of Embodiment 2. [Fig. 11]Fig. 11 is a
flowchart illustrating an example of display control processing in the AR
server of Embodiment 2. [Fig. 12]Fig. 12 is a flowchart illustrating an
example of display control processing in an AR server of Embodiment 3.
[Fig. 13A]Fig. 13A is a diagram (1) 



illustrating an example of displaying a facility by each display layer.
[Fig. 13B]Fig. 13B is a diagram (2)  illustrating an example of displaying
a facility by each display layer. [Fig. 130]Fig. 130 is a diagram (3)
illustrating an example of displaying a facility by each display layer.
[Fig. 13D]Fig. 13D is a diagram (4) illustrating an example of displaying a
facility by each display layer.  



[Fig. 14]Fig. 14 is a diagram illustrating an example of a system structure
of a facility guidance system of Embodiment 5. [Fig. 15]Fig. 15 is a
diagram illustrating an example of a software structure of an AR server of
Embodiment 5. [Fig. 16]Fig. 16 is a flowchart illustrating an example of
display control processing in the AR server of Embodiment 5. [Fig. 17]Fig.
17 is a diagram illustrating an example of a system structure of an
operation support system of Embodiment 6. 



[Fig. 18]Fig. 18 is a diagram illustrating an example of a software
structure of the operation support system of Embodiment 6. [Fig. 19]Fig. 19
is a flowchart illustrating an example of processing in the operation
support system of Embodiment 6. [Fig. 20]Fig. 20 is a diagram illustrating
an example of a system structure of an operation support system of
Embodiment 7. [Fig. 21]Fig. 21 is a diagram illustrating an example of a
facility marker correspondence table. [Fig. 22]Fig. 22 is a diagram
illustrating an 



example of a facility usage status table. [Fig. 23]Fig. 23 is a diagram
illustrating an example of a software structure of an HMD with camera.
[Fig. 24]Fig. 24 is a flowchart illustrating an example of processing in
the operation support system  of Embodiment 7. [Fig. 25]Fig. 25 is a
diagram illustrating an example of a system structure of the operation
support system of Embodiment 7. 



[Fig. 26]Fig. 26 is a diagram illustrating an example of a structure of an
information providing system. [Fig. 27]Fig. 27 is a diagram illustrating an
example of a hardware structure of an AR providing apparatus. [Fig. 28]Fig.
28 is a diagram illustrating an example of a functional structure of the AR
providing apparatus. [Fig. 29]Fig. 29 is a diagram illustrating an example
of a hardware structure of an information processing apparatus. 



[Fig. 30]Fig. 30 is a diagram illustrating an example of a table storing
information related to dangerous objects. [Fig. 31]Fig 31 is a diagram
illustrating an example of a table storing information related to dangerous
objects. [Fig. 32]Fig 32 is a diagram illustrating an example of a
flowchart related to operating state setting processing. [Fig. 33]Fig. 33
is a diagram illustrating an example of a flowchart related to operating
state setting processing. 



[Fig. 34]Fig. 34 is a diagram illustrating an  example of a flowchart
related to position information setting processing. [Fig. 35]Fig. 35 is a
diagram illustrating an example of a flowchart related to display
processing. [Fig. 36]Fig. 36 is a diagram illustrating an example of an AR
visual field. [Fig. 37A]Fig. 37A is a diagram illustrating an 



example when a three-dimensional augmented image is displayed. [Fig.
3713]Fig. 373 is a diagram illustrating an example when a two-dimensional
augmented image is displayed. [Fig. 37C]Fig. 37C is a diagram illustrating
an example when an augmented image is displayed.        [Fig. 37D]Fig. 37D
is a diagram illustrating an example when an augmented image is displayed.
[Fig. 38]Fig. 38 is a diagram illustrating an 



example of a flowchart related to display processing.        [Fig. 39]Fig.
39 is a diagram illustrating an example of display when a dangerous object
is approaching. [Fig. 40]Fig. 40 is a diagram illustrating a flowchart
related to display processing. [Fig. 41]Fig. 41 is a diagram illustrating
an example of a table storing information related to dangerous objects.
[Fig. 42]Fig. 42 is a diagram illustrating an 



example of a flowchart related to display processing.  DESCRIPTION OF
EMBODIMENTS [0015] Hereinafter, embodiments of the present invention will
be described based on the drawings. [0016]<Embodiment 1>       Fig. 1 is a
diagram illustrating an example of a system structure of a facility
guidance system of Embodiment 1. As illustrated in Fig. 1, in the facility
guidance system, an AR (Augmented Reality) server 1, a camera 2, sensors 31
to 35, and a display device 4 are connected via a network.       To the AR
server 1, an imaged image of a facility in a factory (a shaft furnace in
the example of Fig. 1) imaged by the camera 2 is inputted from the camera
2. Note that in the following embodiments including this embodiment, the
description will be given taking examples of facilities in a steel plant as
examples of facilities in a factory. Note that this will not limit the
following embodiments including this embodiment.       Further, to the AR
server 1, measurement information (for example, temperature information of
the inside of the shaft furnace, or the like) measured by the sensors 31 to
35 is inputted from the sensors 31 to 35. Note that although in Fig. 1 the
number of sensors is five, this embodiment is not limited to this, and the
number may be less than five or more than five. Note that in this
embodiment, although the sensors 3 are provided outside and inside the
facility, they may be provided, for 



example, only inside the facility or only outside the facility depending on
the facility. For example, in the case of the shaft furnace, the sensors 3
are provided inside and outside the shaft furnace. In the case of a
converter which will be described later, the sensors 3 are provided inside
the converter. In the case of a continuous-casting machine which will be
described later, the sensors 3 are provided outside the continuous-casting
machine. The sensors are not limited to temperature sensors measuring
temperature information, and may be, for example, air pressure sensors
measuring air pressure information, pressure sensors measuring pressure
information, gas sensors measuring the type and concentration of gas, or
the like. The sensors 31 to 35 may all be the same type of sensors (for
example, temperature sensors or the like), or they may be different types
of sensors (for example, a temperature sensor, a gas sensor, a pressure
sensor, and so on).        Note that in the following, for brevity of
explanation, these plural sensors are simply referred to as sensors unless
otherwise noted.        The AR server 1 performs control to create a
virtual image representing the status of an outside or inside of the
facility based on the inputted measurement information, and overlay and
display the created virtual image and the imaged image inputted from the
camera 2 on the display device 4. An observer of the factory can comprehend
with  



realistic feelings the operating status of a facility located in an area
which is dangerous and off-limits, the operational status of the inside of
a facility, or the like by observing the display device 4. [0017]Fig. 2 is
a diagram illustrating an example of a hardware structure of the AR server
1.       As illustrated in Fig. 2, the AR server 1 includes a CPU 11, a
storage device 12, and a communication device 13 as a hardware structure.
The CPU 11 executes processing or the like for controlling the AR server 1
based on a program stored in the storage device 12. The storage device 12
stores data and so on used by the program and the CPU 11 when executing
processing. The communication device 13 controls communication between the
AR server 1 and other devices (for example, the sensors 3, the camera 2,
the display device 4, and so on).       By the CPU 11 executing processing
based on the program, software structures and processing related to
flowcharts which will be described later are achieved. [0018]Fig. 3 is a
diagram illustrating an example of a software structure of the AR server 1
of Embodiment 1. 



As illustrated in Fig. 3, the AR server 1 includes an imaged image input
unit 21, a measurement information input unit 22, a creation unit 23, and a
display control unit 24 as a software structure. The imaged image input
unit 21 receives from the  camera 2 an imaged image of the facility in the
factory which is imaged by the camera 2 and inputs the imaged image.
The measurement information input unit 22 receives from the sensors 31 to
35 measurement information measured by the sensors 3- to 35 and inputs the
measurement information.       The creation unit 23 creates a virtual image
representing the status of the outside or inside of the facility based on
the measurement information inputted by the measurement information input
unit 22.       For example, the creation unit 23 receives the measurement
information from the measurement information input unit 22, and receives
facility information indicating which facility this 



measurement information is measured from the measurement information input
unit 22. The creation unit 23 determines whether or not the facility
indicated by the facility information is a facility for which it is set to
generate a virtual image of the inside of the facility based on the
received facility information. When the facility indicated by the facility
information is a facility for which it is set to generate a virtual image
of the inside of the facility, the creation unit 23 selects a facility
inside estimation model (facility inside estimation mathematical model
expression) stored in association with the facility information from the
storage device 12 or the like based on the facility information.
Describing more specifically, in the storage device 12 or the like, for
example, a shaft furnace and a shaft furnace inside estimation model are
stored in association. Further, in the storage device 12 or the like, for
example, a converter and a converter inside estimation model are stored in
association. When the facility indicated by the facility information
indicates a shaft furnace, the creation unit 23 selects the shaft furnace
inside estimation model associated with the shaft furnace from the storage
device 12 or the like. Then the creation unit 23 substitutes the
measurement information inputted by the measurement information input unit
22 in the selected shaft furnace inside estimation model to estimate the
status inside the shaft furnace, and creates a virtual image representing
the status inside the shaft furnace.       Note that each estimation model
is stored in the storage device 12 merely as a logical model, and is
recalculated according to, for example, the measurement information
measured by the sensors 31 to 35, to thereby generate a virtual image in a
form close to the actual state. Therefore, it is preferred to be a
mathematical model expression. However, it may be generated as a computer
generated image in advance based on the mathematical model expression, and
the display of the image may be changed by changing parameters. More
specifically, an adjustment in a height direction is made according  to the
amount of charged raw material in the shaft furnace, or in an example of a
converter which will be described later, it is allowed to change the
surface position and so on of molten steel in the furnace based on
measurement values of sensors. Alternatively, temperature information
measured by the sensors 31 to 35 is applied to the shaft furnace inside
estimation model to generate an actual temperature distribution as a
virtual image.       The display control unit 24 performs control to
overlay and display on the display device 4 the virtual image representing
the status of the outside or inside of the facility created in the creation
unit 23 and the imaged image of the facility inputted by the imaged image
input unit 21 (see Fig. 4 to Fig. 6). [0019]Fig. 4 is a diagram (1)
illustrating an 



example of overlay display of a virtual image and an imaged image of
Embodiment 1. Fig. 4 illustrates an example of overlaying and displaying an
imaged image of a shaft furnace and a virtual image of an inside of the
shaft furnace created based on temperature information of the inside of the
shaft furnace.       Fig. 5 is a diagram (2) illustrating an example of
overlay display of a virtual image and an imaged image of Embodiment 1.
Fig. 5 illustrates an example of overlaying and displaying an imaged image
of a converter and a virtual image of an inside of the converter created
based on temperature information of  the inside of the converter.
Fig. 6 is a diagram (3) illustrating an example of overlay display of a
virtual image and an imaged image of Embodiment 1. Fig. 6 illustrates an
example of overlaying and displaying an imaged image of a
continuous-casting machine and a steel in a molten state passing through
the continuous-casting machine, and a virtual image in which the steel in a
molten state passing through the continuous-casting machine is solidifying,
which is created based on temperature information of the outside of the
continuous-casting machine.  [0020] Fig. 7 is a flowchart illustrating an
example of display control processing in the AR server 1 of Embodiment 1.
In step S10, the imaged image input unit 21 receives from the camera 2 an
imaged image of the facility in the factory which is imaged by the camera 2
and inputs the imaged image. 



In step 511, the measurement information input unit 22 receives from the
sensors 31 to 35 the measurement information measured by the sensors 31 to
35 and inputs the measurement information.        In step 512, the creation
unit 23 creates a virtual image representing the status of the outside or
inside of the facility based on the measurement information inputted in
step 311.        In step S13, the display control unit 24 performs control
to overlay and display on the display device  4 the virtual image
representing the status of the outside or inside of the facility created in
step 512 and the imaged image of the facility inputted in step 910.
In step 914, for example, the display control unit 24 determines whether to
end the processing illustrated in Fig. 7 or not based on whether
information of ending display or the like is received or not from the
display device 4 or the like. The display control unit 24 ends the
processing illustrated in Fig. 7 when it determines to end the processing,
or returns the processing to step 510 when it determines not to end the
processing.       Note that the imaged image input unit 21 may be
configured to constantly receive the imaged image from the camera 2 and
input the imaged image as long as imaging is performed by the camera 2.
Similarly, the measurement information input unit 22 may be configured to
constantly receive the measurement information from the sensors 31 to 35
and input the measurement information as long as measurement is performed
by the sensors 31 to 35. The same applies to the following embodiments. In
such a structure, the AR server 1 can perform control to create a virtual
image based on the measurement information inputted in real time and
overlay and display the virtual image on the imaged image inputted in real
time on the display device 4. [0021] Hereinafter, according to this
embodiment, 



the operating status of a facility or the like can be communicated with
realistic feelings to an observer in an installation or a factory. In
particular, instead of just showing video images as has been conventionally
performed, it is possible to show the status of a facility which is in an
operating state at the present moment, and hence it is possible to provide
an observation with realistic feelings which has not been present.
[0022]<Embodiment 2>       Fig. 8 is a diagram illustrating a system
structure of a facility guidance system of Embodiment 2. As illustrated in
Fig. 8, the system structure of the facility guidance system of Embodiment
2 newly includes an operation server 5 compared to the system structure of
the facility guidance system of Embodiment 1.       The operation server 5
transmits control information to a facility inside a factory. The facility
executes processing based on the control information. For example, when the
facility is a shaft furnace, the operation server 5 transmits to the shaft
furnace charging instruction information of sintered ore or the like for
instructing charging of sintered ore or the like, cokes charging
instruction information for instructing charging of cokes as an example of
material, blowing instruction information of reducing agent for instructing
blowing in of a reducing agent, tapping instruction information for
instructing tapping from a tap hole, or the like.      Note that the
control signal is not limited to them, and in the case where the facility
is a converter, there are oxygen blowing instruction information for
instructing blowing of oxygen from above the converter, and respective
blowing instruction information for instructing blowing of oxygen or fuel
gas, carbon dioxide gas, inert gas, or the like from below the furnace, and
the like. Moreover, for an operation of charging iron scraps by tilting the
converter body or of tilting the converter body again to move molten steel
to a ladle after blowing, there are instruction information for instructing
tilting of the converter body, and the like. Further, when the facility is
a continuous-casting machine, there are pressure instruction information
for increasing or decreasing pressures, and the like. 



To the AR server 1, the control information transmitted from the operation
server 5 to the facility is inputted. Then the AR server 1 performs control
to create a virtual image representing the status of the outside or inside
of the facility based on the inputted control information and the inputted
measurement information, and overlay and display the created virtual image
and the imaged image inputted from the camera 2 on the display device 4.
An observer of the factory can comprehend with realistic feelings the
operating status of a facility  located in an area which is dangerous and
off-limits, the operational status of the inside of the facility, and so on
by observing the display device 4. [0023]Fig. 9 is a diagram illustrating
an example of a software structure of the AR server 1 of Embodiment 2.
As illustrated in Fig. 9, the software structure of the AR server 1 of
Embodiment 2 newly includes a control information input unit 25 compared to
the software structure of the AR server 1 of Embodiment 1.       The
control information input unit 25 receives from the operation server 5 the
control information transmitted from the operation server 5 to the facility
and inputs the control information. 



The creation unit 23 creates a virtual image representing the status of the
outside or inside of the facility based on the measurement information
inputted by the measurement information input unit 22 and the control
information inputted by the control information input unit 25. For example,
the creation unit 23 substitutes the measurement information in the
facility inside estimation model corresponding to the facility to estimate
the status inside the furnace, and creates a virtual image according to the
estimation result, as illustrated in Embodiment 1.       Along with this,
for example when the control information is the cokes charging instruction
information, the creation unit 23 adds an object representing how cokes are
charged into the facility  to the virtual image based on the control
information, thereby making a virtual image representing the final status
inside the furnace.      Fig. 10 is a diagram (1) illustrating an example
of overlay display of a virtual image and an imaged image of Embodiment 2.
Fig. 10 illustrates an example of overlay and display an imaged image of
the shaft furnace and a virtual image of the inside of the shaft furnace
and cokes being charged into the shaft furnace which is created based on
temperature information of the inside of the shaft furnace and the charging
instruction information of cokes into the shaft furnace.       According to
this embodiment, the creation unit 23 creates the virtual image to which
not only the measurement information is added but also the control
information is added, and thus a virtual image having more realistic
feelings can be created. Particularly in the converter, when the converter
body is tilted, the overlay-displayed virtual image changes accompanying
the movement, and thus the realistic feelings are increased further.
[0024]Fig. 11 is a flowchart illustrating an example of display control
processing in the AR server 1 of Embodiment 2. 



In step 920, the imaged image input unit 21 receives from the camera 2 an
imaged image of the facility in the factory which is imaged by the camera 2
and inputs the imaged image.          In step 321, the measurement
information input unit 22 receives from the sensors 31 to 3s the
measurement information measured by the sensors 31 to 35 and inputs the
measurement information.        In step 322, the control information input
unit 25 receives the control information from the operation server 5 and
inputs the control information. Note that it is assumed that the control
information input unit 25 inputs the control information every time the
control information is transmitted from the operation server 5 to the
facility.        In step 323, the creation unit 23 creates a virtual image
representing the status of the outside or inside of the facility based on
the measurement information inputted in step 321 and the control
information inputted in step 322.        In step 324, the display control
unit 24 performs control to overlay and display on the display device 



4 the virtual image representing the status of the outside or inside of the
facility created in step 523 and the imaged image of the facility inputted
in step 320.        In step 525, for example, the display control unit 24
determines whether to end the processing illustrated in Fig. 11 or not
based on whether information of ending display or the like is received or
not from the display device 4 or the like. The display control unit 24 ends
the processing illustrated in Fig. 11 when it determines to end the
processing, or returns the processing to step S20 when it determines not to
end the processing. [0025] Hereinafter, according to this embodiment, the
operating status of a facility or the like can be communicated with more
realistic feelings to an observer in an installation or a factory.
[0026]<Embodiment 3>       Depending on the factory, facilities are in
operation throughout the year, or there may be cases where facilities are
not in operation for the reason of maintenance, cleaning, or the like. In
this embodiment, there will be described a method for communicating, even
when a facility is not in operation, the operating status of the facility
or the like with realistic feelings to an observer in an installation or a
factory. Note that a system structure, a software structure, and so on in
this embodiment are similar to those of Embodiment 1 unless otherwise
noted.       The creation unit 23 of this embodiment determines whether the
facility is in operation or not based on the measurement information
inputted from the measurement information input unit 22, and creates a
virtual image based on the measurement information when it determines that
the facility is in operation, or obtains from the storage device 12 or the
like a virtual image generated in advance based on logical values or
average values or the like of measurement information in the past when it 



determines that the facility is not in operation.       For example, the
creation unit 23 receives the measurement information from the measurement
information input unit 22, and receives facility information indicating
which facility this measurement information is measured from the
measurement information input unit 22 or the like. Based on the received
facility information, the creation unit 23 obtains a virtual image
generated in advance and associated with the facility information from the
storage device 12 or the like. [0027]Fig. 12 is a flowchart illustrating an
example of display control processing in the AR server 1 of Embodiment 3.
In step 330, the imaged image input unit 21 receives from the camera 2 an
imaged image of the facility in the factory which is imaged by the camera 2
and inputs the imaged image.        In step 331, the measurement
information input unit 22 receives from the sensors 31 to 35 the
measurement information measured by the sensors 31 to 35 and inputs the
measurement information. 



In step 332, the creation unit 23 determines whether the facility is in
operation or not based on the measurement information inputted from the
measurement information input unit 22. The creation unit 23 determines that
the facility is not in operation when, for example, the measurement
information is not in a predetermined range. The  creation unit 23 advances
the processing to step 933 when it determines that the facility is in
operation, or advances the processing to step 934 when it determines that
the facility is not in operation.       In step S33, the creation unit 23
creates a virtual image representing the status of the outside or inside of
the facility based on the measurement information inputted in step 931.
On the other hand, in step 934, the creation unit 23 obtains from the
storage device 12 or the like a virtual image representing the status of
the outside or inside of the facility, which is created in advance based on
logical values or the like corresponding to the facility.       In step
935, the display control unit 24 performs control to overlay and display on
the display device 4 the virtual image representing the status of the
outside or inside of the facility created in step 933 or obtained in step
934 and the imaged image of the facility inputted in step 930.       In
step 936, for example, the display control unit 24 determines whether to
end the processing illustrated in Fig. 12 or not based on whether
information of ending display or the like is received or not from the
display device 4 or the like. The display control unit 24 ends the
processing illustrated in Fig. 12 when it determines to end the processing,
or returns the processing to step 930 when it determines not to end the
processing. 



[0028] As described above, according to this embodiment, when the facility
is in operation, a virtual image created based on the measurement
information is overlaid and displayed on an imaged image of the facility,
and thereby the operating status of a facility or the like can be
communicated with realistic feelings to an observer in an installation or a
factory. Further, according to this embodiment, when the facility is not in
operation, a virtual image created based on logical values or average
values of measurement information in the past is overlaid and displayed on
an imaged image of the facility, and thereby the operating status of a
facility or the like can be communicated with realistic feelings to an
observer in an installation or a factory.       Note that the system
structure, the software structure, and so on of this embodiment are made
similar to those in Embodiment 1, but when they are made similar to those
in Embodiment 2, the creation unit 23 may be configured to determine
whether the facility is in operation or not based on the measurement
information and/or the control information. For example, the creation unit
23 may be configured to determine that the facility is not in operation
when the measurement information is not in a predetermined range and/or
when the control information is not transmitted for a predetermined period
from the operation server 5 to the facility.  [0029]<Embodiment 4>
The display control unit 24 may be configured to transmit a display layer
set for each facility to the display device 4 in response to a screen
operation or the like by an observer on the display device 4. Fig. 13A to
Fig. 13D are diagrams illustrating an example of displaying the facility by
each display layer. Fig. 13A represents an external appearance of a shaft
furnace. Fig. 13B represents fireproof bricks inside the shaft furnace.
Fig. 130 represents appearances of iron ore and cokes in the shaft furnace.
Fig. 13D represents a cross section of the shaft furnace. 



When display of a display layer similar to that in Fig. 13A or Fig. 13B is
requested from the display device 4, the display control unit 24 performs
control to obtain a virtual image of the display layer created in advance
from the storage device 12 or the like, and overlay and display on the
display device 4 the obtained virtual image of the display layer and the
imaged image inputted by the imaged image input unit 21.  [0030] According
to this embodiment, a virtual image displaying the operating status of a
facility or the like with various types of display layers is overlaid and
displayed on an imaged image of the facility in response to a request or
the like from an observer, and thereby the operating status of a facility
or the like can be communicated with more realistic feelings and in detail
to an observer in an installation or a  factory. [0031]<Embodiment 5>
Fig. 14 is a diagram illustrating an example of a system structure of a
facility guidance system of Embodiment 5. As illustrated in Fig. 14, the
system structure of the facility guidance system of Embodiment 5 does not
include the camera 2 compared to the system structure of the facility
guidance system of Embodiment 1. Further, the display device 4 of this
embodiment is a transmissive liquid crystal film fixed to a window or the
like for example.       To the AR server 1, measurement information (for
example, temperature information of the inside of a shaft furnace, or the
like) measured by the sensors 31 to 35 is inputted from the sensors 31 to
35. 



The AR server 1 performs control to create a virtual image representing the
status of the outside or inside of the facility based on the inputted
measurement information, and overlay and display the created virtual image
on a facility seen through the window or the like on which the display
device 4 is provided.  [0032] Fig. 15 is a diagram illustrating an example
of a software structure of the AR server 1 of Embodiment 5.       As
illustrated in Fig. 15, the AR server 1 includes a measurement information
input unit 22, a creation unit 23, and a display control unit 24 as a
software structure.         The measurement information input unit 22
receives from the sensors 31 to 35 measurement information measured by the
sensors 31 to 35 and inputs the measurement information.       The creation
unit 23 creates a virtual image representing the status of the outside or
inside of the facility based on the measurement information inputted by the
measurement information input unit 22.       The display control unit 24
performs control to overlay and display the virtual image representing the
status of the outside or inside of the facility which is created in the
creation unit 23 on the facility seen through the window or the like on
which the display device 4 is provided. 



[0033]Fig. 16 is a flowchart illustrating an example of display control
processing in the AR server 1 of Embodiment 5.        In step S40, the
measurement information input unit 22 receives from the sensors 31 to 35
the measurement information measured by the sensors 31 to 35 and inputs the
measurement information.        In step S41, the creation unit 23 creates a
virtual image representing the status of the outside or inside of the
facility based on the measurement information inputted in step S40.
In step S42, the display control unit 24 performs control to overlay and
display the virtual image representing the status of the outside or inside
of the facility which is created in step S41 on the  facility seen through
the window or the like on which the display device 4 is provided.       In
step S43, for example, the display control unit 24 determines whether to
end the processing illustrated in Fig. 16 or not based on whether
information of ending display or the like is received or not from the
display device 4 or the like. The display control unit 24 ends the
processing illustrated in Fig. 16 when it determines to end the processing,
or returns the processing to step S40 when it determines not to end the
processing. 



[0034] As described above, also in this embodiment, the operating status of
a facility or the like can be communicated with realistic feelings to an
observer in an installation or a factory. [0035]cEmbodiment 6>       Even
in these days where computerized control is blooming, control of factory
facilities in a steel plant is often performed such that an operator
predicts the status of the inside of a shaft furnace or converter from the
color of pig iron seen through a viewing window of the shaft furnace,
flames bursting up through the converter opening, or the like, and the
operator performs control based on a decision made by the operator
according to the status at the time. However, this decision is not easy
since it requires being skillful, and when the decision by the operator is
not appropriate, it may result in causing deterioration of the quality of
products produced through the factory facilities.      Accordingly, in this
embodiment, there will be described an operation support system which
simulates, when control of a factory facility is performed by the
operator's decision, how the status of the factory facility (for example,
the status of the inside of a shaft furnace or converter) would be when
this control is performed, and presents results of the simulation as a
three-dimensional image to the operator.       In the facility guidance
system of Embodiments 1 to 5, a three-dimensional virtual image
representing the current status of the inside of a facility is created
based on measurement information and control information, and this image is
presented to the observer. However, based on information (control schedule
information) representing the contents of control to be performed from the
present moment besides the measurement information, the operation support
system according to Embodiment 6 predicts by simulation how the status of
the inside of the facility would change if this control is performed, and
presents prediction results to the operator. Considering the prediction
results, the operator finally determines what control should be actually
performed. 



[0036] Describing more specifically, the operation support system according
to this embodiment is as follows. Fig. 17 is a diagram illustrating an
example of a system structure of the operation support system of Embodiment
6. As illustrated in Fig. 17, in the operation support system, a server
101, an HMD 102 with camera (hereinafter abbreviated as HMD 102), and
sensors 1031 to 1035 are connected via a wireless network.      Fig. 18 is
a diagram illustrating an example of a software structure of the operation
support system of Embodiment 6.      The software structure of the
operation support system of this embodiment newly includes a control
schedule information input unit 26 as compared to the software structure of
the AR server 1 of Embodiment 1.       Further, in this embodiment,
functions of software are distributed among the server 101 and the HMD 102.
The server 101 includes a measurement information input unit 22, a control
schedule information input unit 26, and a simulation unit 27 as a
functional structure of software. Further, the HMD 102 has a camera and a
drawing function, and includes an imaged image input unit 21 and a
drawing/display control unit 28 as a functional structure of software. Note
that in this embodiment although the functions of software are distributed
among the server 101 and the HMD 102, it may be structured such that the
server 101 includes all the functions as in Embodiment 1 or the like, or
may be structured such that the HMD 102 includes all the functions, and
hence it is not limited in particular.  [0037]First, the function of the
server 101 will be 



described.       The measurement information input unit 22 receives
measurement information measured by the sensors 31 to 35 as input data from
the sensors 31 to       At this moment, the sensors 31 to 35 transmit the
measurement information to the server 101 via the wireless network.
The control schedule information input unit 26 receives control schedule
information inputted by the operator as input data. As the control schedule
information, similarly to the control information, there are charging
instruction information of sintered ore or the like, cokes charging
instruction information, blowing instruction information of reducing agent,
and tapping instruction information for instructing tapping from a tap
hole, as well as blowing instruction of oxygen, air, or various types of
gas and pressure instruction information. The operator can input the
control schedule information via an input device connected to the server,
or can input the control schedule information remotely via a portable
terminal or the like.       Based on the measurement information received
in the measurement information input unit 22 and the control schedule
information received in the control schedule information input unit 26, the
simulation unit 27 simulates the status of the outside or inside of the
facility when control for which contents are  represented by the control
schedule information is performed. For example, the simulation unit 27
substitutes the measurement information (current temperature of the shaft
furnace, or the like) and control schedule information (blowing instruction
information representing the amount of blowing oxygen or air via each
tuyere, or the like) in the facility inside estimation model corresponding
to the facility, performs numerical analysis on the status in the facility,
and outputs numeric data representing results thereof. 



Note that as a technique using the facility inside estimation model, for
example, Japanese Laid-open Patent Publication No. 8-295910 or the like
discloses a technique to simulate operation of a shaft furnace by
introducing a mathematical expression model modeling the state in the
furnace. Using such a technique, data of temperatures, pressures, and so on
at each point of three-dimensional coordinates in the furnace can be
obtained. [0038]Next, the function of the HMD 102 will be described.
The imaged image input unit 21 receives as input data an imaged image of
the facility in the factory imaged by the camera provided in the HMD 102.
Upon reception of numeric data representing simulation results by the
simulation unit 27, the drawing/display control unit 28 draws a three-
dimensional virtual image based on the numeric data. Moreover, the
drawing/display control unit 28 performs control to overlay and display on
the display device of the HMD 102 a three-dimensional virtual image
representing simulation results of the status of the outside or inside of
the drawn facility and the imaged image of the facility inputted by the
imaged image input unit 21. At this time, the server 101 transmits numeric
data representing simulation results to the HMD 102 via the wireless
network. [0039] Fig. 19 is a flowchart illustrating an example of
processing in the operation support system of Embodiment 6.        In step
S50, the imaged image input unit 21 receives as input data an imaged image
of the facility in the factory imaged by the camera provided in the HMD
102. 



In step 851, the measurement information input unit 22 receives measurement
information measured by the sensors 31 to 35 as input data from the sensors
31 to 35.        In step 852, the control schedule information input unit
26 receives control schedule information inputted by the operator.
In step 853, based on the measurement information inputted in step 851 and
the control schedule information inputted in step S52, the simulation unit
27 executes simulation estimating the status of the outside or inside of
the facility, and outputs  numeric data representing simulation results.
Then, the drawing/display control unit 28 creates a three-dimensional
virtual image based on the numeric data representing the simulation
results.        In step S54, the drawing/display control unit 28 performs
control to overlay and display on the display (display device) provided in
the HMD 102 the three-dimensional virtual image representing the simulation
results of the status of the outside or inside of the facility created in
step 953 and the imaged image of the facility inputted in the step 950.
In step 955, for example, the drawing/display control unit 28 determines
whether to end the processing illustrated in Fig. 19 or not based on
whether information of ending display or the like is received or not from
the HMD 103 or the like. The drawing/display control unit 28 ends the
processing illustrated in Fig. 19 when it determines to end the processing,
or returns the processing step to step 950 when it determines not to end
the processing. [0040] Regarding the processing of overlay-displaying the
three-dimensional virtual image created by the drawing/display control unit
28 and the imaged image, a more detailed description will be given below,
taking an example of using blowing instruction information representing the
amount of blowing in oxygen or air via each tuyere as the control schedule
information. 



In a large shaft furnace, tuyeres for sending air  into the furnace are
provided at 30 to 40 positions in a lower part of the main body thereof,
where the temperature distribution in the periphery of each tuyere differs
when the amount of sending into the tuyere differs.       Accordingly, each
tuyere is assigned an ID for identification (hereinafter abbreviated as a
tuyere ID), and when the simulation unit 27 executes simulation, blowing
instruction information representing the amount of blowing oxygen or air is
inputted with a specified tuyere ID as the control schedule information.
Thus, there are inputted data representing the amount of blowing at each
point in the three dimensional coordinates corresponding to each tuyere.
Further, as initial values of temperature data at each point in the
three-dimensional coordinates in the shaft furnace, there are inputted
values calculated based on the measurement information from the sensors.
Then, the simulation unit 27 performs numerical analysis of the equation of
motion of flowing and/or heat conduction equation based on a mathematical
expression model representing the state in the shaft furnace with the
inputted control schedule information and measurement information being
initial conditions, to thereby calculate various numeric data (temperature
data, velocity data, pressure data, and so on) at each point in the
three-dimensional coordinates in the shaft furnace after a certain time
has passed. 



Then, upon reception of the numeric data at each point of the
three-dimensional coordinates in the shaft furnace which represent
simulation results from the simulation unit 27, the drawing/display control
unit 28 generates a three-dimensional virtual image indicating the
simulation results (temperature distribution, velocity distribution,
pressure distribution, and so on) from the received numeric data.
Moreover, when the drawing/display control unit 28 overlay-displays the
created three-dimensional virtual image and the imaged image, for example,
the drawing/display control unit identifies the direction and angle of a
portion which is seen by the user based on the image of the shaft furnace
imaged by the camera provided in the HMD 102. More specifically, the image
of the shaft furnace imaged by the camera provided in the HMD 102 is
substantially the same as the image of the shaft furnace captured in the
visual field of the user, and thus, with images obtained by imaging the
shaft furnace in advance from various angles and directions being stored in
a memory in the HMD 102 in advance, the direction and the angle of the
portion seen by the user is identified by matching the image Imaged by the
camera of the HMD 102 and the images stored in the memory. Then, based on
the identified direction and angle, the drawing/display control unit 28
controls the  direction of the three-dimensional virtual image representing
the simulation results to be presented to the operator. [0041] Note that it
may be structured to allow the operator to adjust the direction of the
three-dimensional virtual image by himself/herself via an input device, and
hence it is not particularly limited.       This structure allows the
operator to recognize in advance, from the simulation results, what status
the temperature distribution and the pressure distribution in the shaft
furnace or the converter would be due to control to be performed by him/her
from the present moment.       Thus, for example, the operator is able to
perform scheduled control when the results of simulation inside the shaft
furnace indicate a favorable temperature distribution and so on, or
reconsider the contents of control and select an appropriate operation when
the results of simulation indicate an unfavorable temperature distribution
and so on. Therefore, even a less-experienced operator is able to
appropriately operate a factory facility such as the shaft furnace, which
requires being skillful. Furthermore, since the inside temperature
distribution and so on are presented as a three-dimensional virtual image
which is overlaid on an actual shaft furnace or converter, the operator is
able to comprehend the status inside the facility  



more intuitively, and is able to instantly and accurately comprehend
whether the results of simulation are favorable or not.       Note that in
this embodiment, although the case of using the non-transmissive HMD 102
with camera has been described as an example, it may be of a structure
including no camera by applying the structure of Embodiment 5 and using a
transmissive HMD. That is, the HMD does not include the imaged image input
unit 21, and the drawing/display control unit 28 performs control to
overlay and display the created three-dimensional virtual image on a
facility which is actually seen through the HMD. In this case, when the HMD
includes a GPS and an acceleration sensor, the HMD is able to recognize
what direction and angle the user is capturing the facility. Further, the
relation between the three-dimensional coordinates used in the simulation
and the actual direction of the facility is defined in advance. Thus, even
in the HMD having no camera, it is possible to control the direction of the
three-dimensional virtual image representing simulation results to be
presented to the operator based on the identified direction and angle, and
overlay and display the image on the facility seen through the transmissive
FIND. [0042]<Embodiment 7> In a steel plant, molten iron coming out of a
shaft furnace is put in a torpedo car or the like and  



carried to a steel factory, and charged into a steel furnace in a molten
state as it is. Then, assuming the torpedo car also as a part of factory
facilities, a virtual image representing the status inside may be generated
and overlay-displayed on the torpedo car to be presented to a worker,
similarly to Embodiment 1. Specifically, it may be structured such that
measurement information of temperatures and pressures of the inside or
surface of the torpedo car, and so on is obtained by sensors, and a virtual
image representing a temperature distribution and so on generated based on
a facility inside estimation model associated with the torpedo car using
this measurement information is overlaid and displayed on the actual
torpedo car. Moreover, in this embodiment, it may be structured to display
the order number corresponding to molten iron carried by the torpedo car.
Describing in more detail, the operation support system according to this
embodiment is as follows. Fig. 20 is a diagram illustrating an example of a
system structure of the operation support system of Embodiment 7. As
illustrated in Fig. 20, in the operation support system, a server 101, an
HMD 102 with camera (hereinafter abbreviated as HMD 102), and sensors 1041
to 1045 are connected via a wireless network.       Note that in Embodiment
7, the various types of processing performed by the AR server 1 in
Embodiment  1 are performed in the HMD 102. Describing in more detail, the
function of the HMD 102 is as follows. [0043] The HMD 102 obtains an imaged
image of a facility (torpedo car in the example of Fig. 20) in a factory
which is imaged by the camera provided integrally in the HMD. Further, the
HMD 102 obtains measurement information (for example, temperature
information of the inside of the torpedo car, or the like) measured by the
sensors 1041 to 1045 via wireless communication or the like. 



Moreover, in this embodiment, a marker for identifying a facility is added
to each facility in the factory, and the HMD 102 is capable of identifying
each facility by the camera provided in the HMD recognizing each marker.
More specifically, the HMD 102 retains in a memory provided in the HMD a
facility marker correspondence table illustrated in Fig. 21 in which
facility IDs for identifying respective facilities and respective markers
are correlated, and identifies each facility by recognizing a marker by the
camera and reading the facility ID correlated with the marker from the
facility marker correspondence table. Fig. 21 is a diagram illustrating an
example of the facility marker correspondence table.        Further, the
HMD 102 creates a virtual image representing the status of the outside or
inside of the facility based on the obtained measurement information, and
performs control to overlay and  display the created virtual image and the
imaged image imaged by the camera on a display (display device) provided in
the HMD.       Moreover, this embodiment has a characteristic in that the
HMD 102 generates a virtual image indicating an order number assigned to a
product in the facility based on the facility ID, and overlays and displays
on the display device provided in the HMD the created virtual image of the
order number and the imaged image of the facility imaged by the camera.
Describing more specifically, this point is as follows. 



In this embodiment, the server 101 stores a facility usage status table
illustrated in Fig. 22 in which facility IDs for identifying respective
facilities and order numbers are correlated. This facility usage status
table is updated by the operator when, for example, data are registered in
a production management system in the factory. For example, when an
operation to produce pig iron in a shaft furnace is started, the order
number associated with the pig iron to be produced from the present moment
in the shaft furnace is inputted by the operator to the production
management system, thereby updating the facility usage status table. That
is, in this embodiment, the server 101 stores data of the production
management system, which is different from the AR server 1 illustrated in
Fig. 2. Fig. 22 is a diagram illustrating an example of the facility usage
status table.       Note that the hardware structure of the HMD 102
includes, similarly to the AR server 1 illustrated in Fig. 2, a CPU, a
storage device (memory), and a communication device, and the CPU executes
processing of controlling the HMD 102 based on a program and data included
in the storage device, or the like, thereby achieving a software structure
and processing according to a flowchart which will be described later.
[0044]Fig. 23 is a diagram illustrating an example of a software structure
of the HMD with camera. As illustrated in Fig. 23, the HMD 102 includes an
imaged image input unit 21, a measurement information input unit 22, an
identification processing unit 29, a creation unit 23, and a display
control unit 24 as a software structure.       The imaged image input unit
21 receives as input data an imaged image of a facility in a factory imaged
by the camera provided in the HMD 102.       The measurement information
input unit 22 receives measurement information measured by the sensors 31
to 35 as input data from the sensors 31 to 



35.        The identification processing unit 29 identifies an order number
assigned to a product in each facility. More specifically, the
identification processing unit 29 reads the facility ID corresponding to
the marker added to the facility in  the factory which is captured by the
camera from the above-described facility marker correspondence table.
In the example illustrated in Fig. 20, when the camera provided in the HMD
captures a marker A added to a torpedo car A and a marker B added to a
torpedo car B, the identification processing unit 29 reads a facility ID
corresponding to each marker from the facility marker correspondence table,
and identifies that the facility to which the marker A is added is the
torpedo car A, and that the facility to which the marker B is added is the
torpedo car B.       Moreover, the identification processing unit 29 reads
the order number corresponding to each facility ID from the above-described
facility usage status table, and identifies the order number assigned to a
product or the like in each facility.       In the example illustrated in
Fig. 20, when the identification processing unit 29 identifies the torpedo
car A and the torpedo car B, the identification processing unit reads the
order IDs corresponding to respective facility IDs from the facility usage
status table, and identifies that the pig irons of the order IDs "ABC123",
"EDF456" are carried in the torpedo car A, and pig irons of the order IDs
"G123", "X456" are carried in the torpedo car B. 



[0045] The creation unit 23 creates a virtual image representing the status
of the outside or inside of the facility based on the measurement
information  inputted by the measurement information input unit 22.
Further, the creation unit 23 creates a virtual image representing the
order numbers identified in the identification processing unit 29.
The display control unit 24 performs control to overlay and display on the
display device of the HMD 102 the virtual image representing the status of
the outside or inside of the facility which is created in the creation unit
23 and the imaged image of the facility inputted by the imaged image input
unit 21. Further, the display control unit 24 performs control to overlay
and display on the display device of the HMD 102 the virtual image
representing the order numbers which is created in the creation unit 23 and
the imaged image of the facility inputted by the imaged image input unit
21.        Fig. 20 illustrates how the virtual image representing the order
numbers which is created in the creation unit 23 is overlaid by the display
control unit 24 on the image of the torpedo cars imaged by the camera in
the HMD 102.        Note that although Fig. 20 does not illustrate an
example of overlaying the virtual image representing the status of the
outside or inside of the facility, it can be displayed by switching display
layers using the structure of Embodiment 4.        Further, in the example
illustrated in Fig. 20, although the structure using a marker for
identifying a factory facility is described, a wireless IC tag or  



the like such as RFID may be used for identifying a factory facility
instead of the marker.Specifically, it may be structured such that the HMD
102 includes a reader function for a wireless IC tag, a wireless IC tag
storing a facility ID is added to each facility, and the facility ID is
read directly therefrom, and hence it is not limited in particular.
[0046]Fig. 24 is a flowchart illustrating an example of processing in the
operation support system of Embodiment 7.        In step 560, the imaged
image input unit 21 receives an imaged image of a facility in a factory
which is imaged by the camera provided in the HMD 102 and inputs the imaged
image.        In step 561, the measurement information input unit 22
receives from the sensors 31 to 35 measurement information measured by the
sensors 31 to 35 and inputs the measurement information.        In step
562, the identification processing unit 29 identifies the facility ID of
each facility based on a marker captured by the camera provided in the HMD
102, and further identifies the order number of a product or the like
stored in each facility based on the identified facility ID.        In step
563, the creation unit 23 creates a three-dimensional virtual image
representing the status of the outside or inside of the facility based on
the measurement information inputted in step S61. Further, the creation
unit 23 creates a virtual image 



representing an order number based on the order number identified in step
562.       In step 564, the display control unit 24 performs control to
overlay and display on the display device 4 the three-dimensional virtual
image representing the status of the outside or inside of the facility
which is created in step 563 and the imaged image of the facility inputted
in step 560. Further, the display control unit 24 performs control to
overlay and display on the display device 4 the virtual image representing
the order number created in step 563 and the imaged image of the facility
inputted in step 560.       In step S65, for example, the display control
unit 24 determines whether to end the processing illustrated in Fig. 24 or
not based on whether information of ending display or the like is received
or not from the display device 4 or the like. The display control unit 24
ends the processing illustrated in Fig. 24 when it determines to end the
processing, or returns the processing step to step 560 when it determines
not to end the processing.       Note that this embodiment can be applied
not only to facilities in a factory but also to a product itself waiting
for shipment. In this case, it may be structured such that 561 is skipped
since it is unnecessary to overlay-display a virtual image representing the
appearance of the inside or outside of a facility, and the processing of
generating a virtual image representing the appearance of the 



outside or inside of the facility in S63 is not performed, and hence it is
not limited in particular. [0047] Fig. 25 is a diagram illustrating an
example of the system structure of the operation support system of
Embodiment 7. In the example illustrated in Fig. 25, an example of
displaying order numbers on coils waiting for shipment is illustrated. In
this example, markers 1051 to 1053 are added to the coils waiting for
shipment, and by capturing these markers with the HMD 102, the order
numbers of the respective coils can be obtained. However, details of
processing contents are similar to the example described using Fig. 20, and
thus the description thereof is omitted.       Further, in the example
illustrated in Fig. 25, not only the order numbers are displayed by AR, but
also a loading order instruction is displayed by AR. In this case, the
operator registers information related to the order of loading (information
defining the order of loading or the like using order numbers) in advance
in the server 101. Then, when the identification processing unit 29
identifies order numbers of products, the information related to the order
of loading registered in the server 101 is read at the same time, and the
creation unit 23 creates a virtual image representing the loading order
instruction.        Thus, just by looking at a facility or a product in a
factory, a worker can immediately comprehend an  assigned order number and
the order of loading regarding products, half finished products, materials,
and/or the like stored in a facility, and thus operations such as
preparation for shipment and transportation to the next process can be
performed smoothly, and mistakes in operation can be prevented.       Note
that also in this embodiment, although the case of using the
non-transmissive HMD 102 with camera has been described as an example, it
may be of a structure including no camera by applying the structure of
Embodiment 5 and using a transmissive HMD. In this case, the HMD does not
include the imaged image input unit 21, and the creation unit 23 performs
control to overlay and display the created three-dimensional virtual image
on a facility which is actually seen through the HMD.        In the
foregoing, preferred embodiments of the present invention have been
described in detail, but the present invention is not limited to such
specific embodiments. Various variations and modifications may be made
within the scope of the spirit of the present invention described in the
claims. 



[0048] For example, the above-described embodiments are described with
examples of showing the appearance of the inside of a facility, such as a
shaft furnace or a converter in a steel plant, the inside of which is
difficult to be seen. However, the above-described embodiments may also be
applied to a facility handling liquid or powder in a transparent  casing in
the case of food manufacturing industry, chemical or pharmaceutical
manufacturing industry, or the like. When the above-described embodiments
are applied in such a facility, liquid or powder which is being charged can
be shown directly to an observer, and attributes (material name,
temperature, viscosity, acidity, alcohol content, amount per charge, and so
on) of the liquid or powder can be overlay-displayed in the form of display
like a tag. In this manner, more specific information can be obtained from
tag information while observing an operating status in real time, and thus
more intelligible observation trip service can be provided to an observer.
[0049] Further, although the above-described embodiments are described
taking examples of what is called a non-transmissive display or a
transmissive display, the present invention can also be applied to a
non-transmissive projector or a transmissive projector. For example,
instead of the display device 4, a display device having a display unit in
an eyeglass form which is worn on an observer's head or the like may be
used. Further, for example, when overlaying and displaying an imaged image
and a virtual image, the AR server 1 aligns the coordinates of the imaged
image and the virtual image. As a method for aligning coordinates, for
example, there is a method to dispose a fixed marker in advance on a
facility, and align the coordinates of the imaged image and the virtual
image based on the fixed marker  in an image imaged by the camera 2. Note
that when the display device having the display unit in an eyeglass form
which is worn on an observer's head or the like is used, the AR server 1
presumes where the observer is looking at based on position information,
direction information, and so on from the display device, and aligns the
coordinates to match the presumed position. 



Note that the above-described embodiments may be combined arbitrarily and
implemented.      Note that the above-described AR server 1 is an example
of a computer. [0050]<Embodiment 8>       Fig. 26 is a diagram illustrating
an example of a structure of an information providing system according to
this embodiment. The information providing system has an AR providing
apparatus 1000 and an information processing apparatus 200. The AR
providing apparatus 1000 and the information processing apparatus 200 are
connected communicably via a network.       The AR providing apparatus 1000
is an example of an information providing apparatus (computer), is an HMD
(Head Mounted Display) or the like, and provides augmented reality (AR) by
displaying an image (computer graphics image) generated in the AR providing
apparatus 1000 at a position which matches a real space which can be
perceived via the AR providing apparatus 1000. The AR providing apparatus
1000 overlays and displays, on a crane truck 300 in a real space for
example, a dangerous range image 310 indicating a dangerous range due to
the crane truck 300. Note that the information processing apparatus 200 is
a server computer for example, and manages various types of information
related to a dangerous object (which is an example of a dangerous target)
such as the crane truck 300. In addition, the dangerous target is not
limited to the dangerous object itself but includes a place or a space
related to a danger, such as a road where a large, 



unspecified number of dangerous objects pass by frequently. [0051]Fig. 27
is a diagram illustrating an example of a hardware structure of the AR
providing apparatus 1000.       The AR providing apparatus 1000 has a
control device 1005, a storage device 1010, a communication device 1015, a
display device 1020, a direction detection device 1025, a posture detection
device 1030, and an imaging device 1035.       The control device 1005 is a
CPU (Central Processing Unit) for example, and reads a program from the
storage device 1010 as necessary and executes the program. By the program
being executed, there are achieved functions in the AR providing apparatus
1000 which will be described later and processing related to flowcharts
which will be described later.  [0052] The storage device 1010 is a ROM
(Read Only Memory), a RAM (Random Access Memory), an HD (Hard Disk), and/or
the like and stores various types of information. Describing in more
detail, the storage device 1010 (ROM) stores a program and the like which
are read first when the power of the AR providing apparatus 1000 is turned
on. Further, the storage device 1010 (RAM) functions as a main memory of
the AR providing apparatus 1000. Further, the storage device 1010 (HD)
stores numeric data and the like calculated by the control device 1005
other than the program. Note that the AR providing apparatus 1000 may
obtain various types of information to be stored in the storage device 1010
from a recording medium such as a CD-ROM, or may download them via a
network or the like.        The communication device 1015 performs
communication via wire or wirelessly with the information processing
apparatus 200 to obtain various types of information related to a dangerous
object. Further, the communication device 1015 performs communication with
a satellite, which is an example of a position detection device, to obtain
orbit information. 



The display device 1020 is an example of a display unit, is a transmissive
liquid crystal display or the like, and displays various types of images.
[0053] The direction detection device 1025 is an  electronic compass for
example, detects weak geomagnetism (for example, geomagnetism in a forward
and backward direction and geomagnetism in a leftward and rightward
direction), and calculates the direction (direction information) of the AR
providing apparatus 1000 by calculating the direction of the north from the
intensity of the geomagnetism.        The posture detection device 1030 is
a gyro sensor for example, detects the angular velocity of an object and
calculates an angle (posture of the AR providing apparatus 1000 (posture
information)) by integrating the angular velocity, or the like.        The
imaging device 1035 performs imaging of a real space.  [0054] Note that the
hardware structure of the AR providing apparatus 1000 is not limited to
them. For example, a direction posture detection device having a function
integrating the functions of the direction detection device 1025 and the
posture detection device 1030 may be employed instead of the direction
detection device 1025 and the posture detection device 1030.  [0055] Fig.
28 is a diagram illustrating an example of a functional structure of the AR
providing apparatus 1000. 



The AR providing apparatus 1000 has a measurement unit 1040, a direction
information obtaining unit 1045, a posture information obtaining unit 1050,
a retrieval unit 1055, a visual field determination  unit 1060, a display
control unit 1065, and a video obtaining unit 1070.       The measurement
unit 1040 is an example of a position information obtaining unit and
calculates (calculates and obtains) information (AR position information as
an example of apparatus position information) indicating the current
position of the AR providing apparatus 1000 from the orbit information
obtained from a satellite via the communication device 1015.       The
direction information obtaining unit 1045 obtains direction information
calculated in the direction detection device 1025. Note that the direction
information obtaining unit 1045 may receive detected information such as
geomagnetism from the direction detection device 1025 and calculate the
direction information.       The posture information obtaining unit 1050
obtains posture information calculated in the posture detection device
1030. Note that the posture information obtaining unit 1050 may receive
detected information such as angular velocity from the posture detection
device 1030 and calculate posture information. [0056]The retrieval unit
1055 retrieves (reads) 



necessary information from tables (positionally fixed target table which
will be described later, mobile target table which will be described later,
and so on) storing information, which is used when a  dangerous range image
indicating the dangerous range due to a dangerous object is generated, as
various types of information related to dangerous objects from a storage
device 280 which will be described later and is included in the information
processing apparatus 200.       The visual field determination unit 1060
determines (estimates) the visual field (AR visual field) of the user
wearing the AR providing apparatus 1000 based on the direction information
obtained in the direction information obtaining unit 1045, the posture
information obtained in the posture information obtaining unit 1050, and so
on.  [0057] The display control unit 1065 generates an augmented image
based on the direction information obtained in the direction information
obtaining unit 1045, the posture information obtained in the posture
information obtaining unit 1050, the information retrieved in the retrieval
unit 1055, and so on and displays the augmented image on the display device
1020. At this moment, the display control unit 1065 performs alignment of
coordinates for displaying the augmented image matched with the dangerous
object in the real space on the display device 1020.        To accurately
perform alignment of coordinates (geometric alignment) between the real
space and the displayed space (virtual space), it is necessary to match
parameters (internal parameters and external parameters) for generating an
augmented image of a  virtual space with parameters of the display device
1020. Internal parameters of the display device 1020 are known, and thus
the problem of geometric 



alignment eventuates in a problem to obtain external parameters of the
display device 1020 (that is, the position and posture of the AR providing
apparatus 1000). [0058] Here, to obtain the position and posture of the AR
providing apparatus 1000, it is possible to employ various methods by
appropriately combining the direction detection device 1025 (magnetic
sensor), the posture detection device 1030 (gyro sensor), the control
device 1005 (GPS), and the display device 1020. In other words, they can be
roughly categorized into methods using measurement results by sensors (AR
position information, direction information, and posture information),
methods to use an image imaged by the display device 1020, and methods to
complement a displacement in alignment by a combination of the display
device 1020 and sensors.       In this embodiment, on the assumption that
the internal parameters (focal distance, lens distortion, aspect ratio, and
so on) of the display device 1020 are calibrated in advance, the
description will be given employing a method in which the display control
unit 1065 obtains the AR position information, the direction information,
and the posture information of the AR providing apparatus 1000 which are
measured, so as to obtain a geometric transformation matrix  between a
virtual coordinate system representing a virtual environment and a
reference coordinate system of a real space which is given in advance
(conversion information correlating conversion between a virtual coordinate
system and a reference coordinate system).       Note that as described
above, the display control unit 1065 may obtain the geometric
transformation matrix by estimating, for example, the external parameters
(position and posture) of the display device 1020 in real time using some
kind of coordinates existing in an imaged image. At this time, as the index
for estimating the position and posture of the AR providing apparatus 1000,
an intentionally added index such as a marker may be used, or natural
characteristics such as contour information, brightness edge and feature
points may be used.       The video obtaining unit 1070 obtains video data
of the real space imaged in the imaging device 1035. [0059] Fig. 29 is a
diagram illustrating an example of a hardware structure of the information
processing apparatus 200. 



The information processing apparatus 200 has a control device 275, a
storage device 280, a communication device 285, a display device 290, and
an input device 295.      The control device 275 is a CPU (Central
Processing Unit) for example, and reads a program from the storage device
280 as necessary and executes   the program. By the program being executed,
there are achieved functions in the information processing apparatus 200
which will be described later and processing related to flowcharts which
will be described later. [0060] The storage device 280 is an example of a
storage unit and is a ROM (Read Only Memory), a RAM (Random Access Memory),
an HD (Hard Disk), and/or the like and stores various types of information.
Describing in more detail, the storage device 1010 (ROM) stores a program
and the like which are read first when the power of the information
processing apparatus 200 is turned on. Further, the storage device 280
(RAM) functions as a main memory of the information processing apparatus
200. Further, the storage device 280 (HD) stores numeric data and the like
calculated by the control device 275 other than the program. Note that the
information processing apparatus 200 may obtain various types of
information to be stored in the storage device 280 from a recording medium
such as a CD-ROM, or may download them via a network or the like.       The
communication device 285 communicates with an operating state detection
sensor detecting a state that a dangerous object is operating (operating
state) and obtains information (dangerous object position information which
is an example of dangerous target position information) or the like
indicating the current position of the dangerous object from the  



operating state detection sensor.       The display device 290 is a liquid
crystal display or the like and displays various types of information.
The input device 295 is a keyboard and a mouse or the like operated by the
user, and inputs various types of information to the information processing
apparatus 200.  [0061] Fig. 30 is a diagram illustrating an example of a
table (positionally fixed target table 210) storing information related to
dangerous objects.       The positionally fixed target table 210 is
structured to include information of dangerous object ID, dangerous object
name, type of danger, reference position, state, dangerous range of each
state, and current status. Various types of information excluding the
information of current status are set via the input device 295 or the like
by an administrator for example. The setting of the information of current
status will be described later.        The information of dangerous object
ID is identification information for identifying a dangerous object. The
information of dangerous object name is information indicating the name of
a dangerous object. The information of type of danger is information
indicating the type of danger due to a dangerous object. The information of
reference position is 



information indicating the position (latitude and  longitude) where the
dangerous object is installed (installation position information). Note
that the installation position information is information indicating the
position of a fixed dangerous object and indicates the current position of
the dangerous object, and hence is equivalent to dangerous object position
information. Further, the installation position information can also be
used as information identifying a position where a dangerous range image is
displayed (display position information). Here, for example, in the case of
position information with the latitude of "35.354417" and the longitude of
"139.867623", it is represented as position information "35.354417,
139.867623".In this embodiment, for the convenience of explanation, the
altitude of a dangerous object to be handled is assumed as "0".  [0062] The
information of state is information for identifying the operating state of
a dangerous object (state identification information).In Fig. 30, two types
of state identification information are presented. The first is state
identification information ("9:00 to 17:00", operating hours, or the like)
for identifying whether the dangerous object is in operation or not based
on the current time. The second is state identification information (when
fully operating, when only east side is operating, and so on) for
identifying what mode the dangerous object is operating in based on the
mode of the  dangerous object when it operates (or is operating). 



The information of dangerous range of each state is an example of dangerous
range information and is information indicating the dangerous range
corresponding to the state of a dangerous object. The information of
current status is information indicating whether a dangerous object is in
operation or not. In this embodiment, when a dangerous object is in
operation, "0" is set by the information processing apparatus 200, and
nothing is set (or it is cleared) when the dangerous object is not in
operation.  [00631 Fig. 31 is a diagram illustrating an example of a table
(mobile target table 220) storing information related to dangerous objects.
The mobile target table 220 is structured to include information of
dangerous object ID, dangerous object name, type of danger, positioning
reference, state, dangerous range of each state, current status, and
current position. Various types of information excluding the information of
current status and the information of current position are set via the
input device 295 or the like by an administrator for example. The setting
of the information of current status and the information of current
position will be described later.        The information of positioning
reference is information indicating the position where a dangerous range
image is displayed (display position  information). The information of
current position is information indicating the current position of a
dangerous object (dangerous object position information). Note that the
descriptions of the same items as those illustrated in Fig. 30 are omitted.



Here, in this embodiment, although the information related to dangerous
objects are stored in the form of table and in plural tables according to
the types of dangerous objects (whether it is a fixed dangerous object,
whether it is a moving dangerous object, or the like), it is not limited to
this structure. For example, a structure to store information related to
dangerous objects as one or plural files may be employed. Further, for
example, a structure to store information related to dangerous objects as
one table may be employed. [0064]Fig. 32 is a diagram illustrating an
example of a flowchart related to processing of setting the "current
status" (operating state setting processing) which is performed by an
operating state setting unit, which is an example of the function of the
information processing apparatus 200. Note that the processing of the
flowchart illustrated in Fig. 32 is performed at certain intervals (for
example, every minute).        First, the operating state setting unit
obtains the current time (step S105).        Next, the operating state
setting unit reads information related to a dangerous object from the  



storage device 280 (step S110).       Next, the operating state setting
unit sets a "current status" based on the current time and the information
related to the dangerous object (step S115) and finishes the operating
state setting processing.       More specifically, the operating state
setting unit reads the information related to the dangerous object
sequentially, and when the information of state is the state identification
information (time period) for identifying whether the dangerous object is
in operation or not based on the current time, the operating state setting
unit determines whether the current time is included in this time period or
not. At this moment, the operating state setting unit sets "0" to the
"current status" when it determines that the current time is included in
this time period. On the other hand, the operating state setting unit
clears the "current status" when it determines that the current time is not
included in this time period. [0065] Here, an example of performing the
processing of the flowchart of Fig. 32 when the current time is "15:00"
will be described.       First, in step S105, the operating state setting
unit obtains the current time "15:00".       Next, in step S110, the
operating state setting unit reads the information of state from the
positionally fixed target table 210 and the mobile target table 220.
Next, in step 9115, the operating state setting unit sets the "current
status" corresponding to the information of state one by one. For example,
when a time period "9:00 to 17:00" is read as the information of state, the
operating state setting unit determines whether the current time "15:00" is
included in the time period "9:00 to 17:00" or not. Then, the operating
state setting unit determines that the current time "15:00" is included in
the time period "9:00 to 17:00" and sets "C)" to the "current status"
corresponding to the information of state (time period "9:00 to 17:00"). 



[0066] Note that the processing of setting the "current status" is not
limited to the above-described processing. For example, instead of the
processing of step 9105 to step 9115, the operating state setting unit may
perform processing to receive information indicating the presence/absence
of operation of the dangerous object from the operating state detection
sensor, determine whether the dangerous object is actually operating or
not, and set "0" to the "current status" when it determines that the
dangerous object is operating or clear the "current status" when it
determines that the dangerous object is not operating.  [0067] Fig. 33 is a
diagram illustrating an example of a flowchart related to processing of
setting the "current status" (operating state setting processing) which is
performed by the operating state setting  unit, which is an example of the
function of the information processing apparatus 200. Note that the
processing of the flowchart illustrated in Fig. 33 is performed upon
reception of dangerous object state information from the operating state
detection sensor. [0068]First, the operating state setting unit receives
dangerous object state information from the operating state detection
sensor (step S120). The dangerous object state information includes the
information of dangerous object ID and information (operating mode
information) indicating the mode of operation of a dangerous object. For
example, as the operating mode information, "0" is set when the dangerous
object is not operating, "1" is set when the dangerous object is operating
in a first mode, "2" is set when the dangerous object is operating in a
second mode, and so on.       Next, the operating state setting unit reads
information related to a dangerous object from the storage device 280 (step
S125). More specifically, the operating state setting unit reads
information related to the dangerous object corresponding to the
information of dangerous object ID included in the dangerous object state
information. 



Next, the operating state setting unit sets the "current status" based on
the received dangerous object state information and the information related
to the dangerous object (step S130), and finishes the operating state
setting processing.          More specifically, when the "state"
corresponding to the operating mode information included in the dangerous
object state information can be determined from the read information
related to the dangerous object, the operating state setting unit sets "0"
to the "current status" corresponding to the identified "state". On the
other hand, when it cannot be determined (the case where the operating mode
information indicates that the dangerous object is not in operation), the
operating state setting unit clears all the read "current statuses".
[00691 Here, an example of performing the processing of the flowchart of
Fig. 33 when the dangerous object state information (dangerous object ID
"001", operating mode information "2") is received from the operating state
detection sensor detecting an operating state of a dangerous object ID
"001" will be described.        First, in step S120, the operating state
setting unit receives the dangerous object state information from the
operating state detection sensor detecting the operating state of a
dangerous object "crane" of the dangerous object ID "001".        Next, in
step S125, the operating state setting unit reads states "when fully
operating" and "when only east side is operating" corresponding to the
dangerous object ID "001" from the positionally fixed target table 210 and
the mobile target table 220. In this embodiment, it is assumed that as the
state  



"when fully operating", "1" is defined as an operation in the first mode,
and as the state "when only east side is operating", "2" is defined as an
operation in the second mode.       Next, in step S130, the operating state
setting unit determines the state "when only east side is operating"
corresponding to the operating mode information "2" included in the
dangerous object state information from the read state "when fully
operating: 1" and "when only east side is operating: 2", and sets "0" to
the "current status" corresponding to the determined state "when only east
side is operating".  [0070] Fig. 34 is a diagram illustrating an example of
a flowchart related to processing of setting the current position
information of a dangerous object (position information setting processing)
which is performed by a position information setting unit, which is an
example of the function of the information processing apparatus 200.
In the beginning, the position information setting unit receives dangerous
object determination information from a measuring instrument measuring the
position of a dangerous object (or a dangerous object having a measuring
instrument) (step S135). The dangerous object determination information
includes current position information of a dangerous object (dangerous
object position information) and information of a dangerous object ID. Note
that it  



is also possible to employ a structure such that, instead of the dangerous
object position information, orbit information or the like for calculating
the dangerous object position information is received, and the position
information setting unit calculates the dangerous object position
information.       Next, the position information setting unit sets
(updates) the "position information" based on the received dangerous object
position information and information related to the dangerous object (step
S140), and finishes the position information setting processing.       For
example, in step S140, when the position information setting unit receives
the dangerous object determination information including a dangerous object
ID "010" and dangerous object position information "35.355187, 139.874618",
the position information setting unit refers to the positionally fixed
target table 210 and the mobile target table 220, and sets the dangerous
object position information "35.355187, 139.874618" to the "current
position" corresponding to the dangerous object ID "010". [0071]Fig. 35 is
a diagram illustrating an example of a flowchart related to display
processing performed by respective functions in the AR providing apparatus
1000. It is assumed that the display processing is performed repeatedly
when a mode for identifying the presence/absence of usage of the AR
function (AR mode) is ON. Note that the user switches ON/OFF of the AR mode
by pressing down a switch (not illustrated) for switching the AR mode.
First, in step S145, the retrieval unit 1055 retrieves (extracts) target
data of which current status is "0" from the positionally fixed target 



table 210 and the mobile target table 220 from the information processing
apparatus 200. Note that the target data extracted from the positionally
fixed target table 210 includes information of dangerous object ID,
reference position, and dangerous range of each state. Further, the target
data extracted from the mobile target table 220 includes information of
dangerous object ID, positioning reference, dangerous range of each state,
and current position.       In this embodiment, as illustrated in Fig. 30
and Fig. 31, four pieces of data are read as the target data of which the
current status is "0". For example, the target data determined by the state
"2 (only east side is operating)" of the dangerous object ID "001" is read,
and this target data include the dangerous object ID "001", reference
position "35.354417, 139.867623", and dangerous range "radius 15 m, height
20 m, direction OQ to 180 " of each state. [0072]Next, in step S150, the
video obtaining unit 1070 obtains video data of a real space imaged in the
imaging device 1035.        Next, in step S155, the measurement unit 1040
measures information (AR position information)  indicating the current
position of the AR providing apparatus 1000 from orbit information obtained
from a satellite via the communication device 1015. 



Next, in step S160, direction determination units (the direction
information obtaining unit 1045 and the posture information obtaining unit
1050) determines the direction (direction and posture) of the AR providing
apparatus 1000. That is, the direction information obtaining unit 1045
obtains direction information calculated in the direction detection device
1025, and the posture information obtaining unit 1050 obtains posture
information calculated in the posture detection device 1030. [0073]Next, in
step S165, the visual field determination unit 1060 determines the AR
visual field of the user wearing the display device 1020 based on
measurement results (information obtained in step S150 and step S155) and
so on.       Here, an example of an AR visual field U of a user 400 is
illustrated in Fig. 36. In this embodiment, since the altitude of the
dangerous object is set to "0", the AR visual field is determined in a
planar form (or two dimensionally). However, when the altitude is added to
the dangerous object position information, the AR visual field may be
determined in a stereoscopic form (or three dimensionally).       Further,
in this embodiment, as the visual field of the user 400, for example,
information (visual  field information) of the range of 160 in a leftward
and rightward direction (and 120 in an upward and downward direction for
example when the altitude is added) is set in advance and stored in the
storage device 1010.      For example, the visual field determination unit
1060 determines as the AR visual field U a visual field in a predetermined
range (having a radius of 100 m for example) centered on direction
information 420 with reference to AR position information 410. [0074] Next,
in step S170, the display control unit 1065 generates a dangerous range
image (augmented image) of a dangerous object included in the AR visual
field based on the video data, the measurement results, and the target
data.       More specifically, first, when the dangerous object position
information included in the target data is included in the AR visual field,
the display control unit 1065 determines that the dangerous object located
at the dangerous object position information is a dangerous object included
in the AR visual field. For example, in Fig. 36, dangerous object position
information 430 is included in the AR visual field U, and hence the
dangerous objects located at the dangerous object position information 430
are determined as included in the AR visual field U. Note that dangerous
object position information 440 is not included in the AR visual field U,
and thus the dangerous object located in the dangerous 



object position information 440 is determined as not included in the AR
visual field U. [0075]Then, the display control unit 1065 obtains a
geometric transformation matrix based on the AR position information, the
direction information, and the posture information.       At this moment,
when the dangerous object is fixed, the display control unit 1065
calculates coordinates (range coordinates) corresponding to the dangerous
range of each state corresponding to the determined dangerous object based
on the coordinates of the dangerous object position information in a
reference coordinate system, and applies the geometric transformation
matrix to the calculated range coordinates to generate a dangerous range
image (augmented image).  [0076] On the other hand, when the dangerous
object moves, the display control unit 1065 analyzes the video data (image
data constituting the video data) to determine the coordinates of a marker
indicating a positioning reference added to the determined dangerous object
in the reference coordinate system, calculates the range coordinates
corresponding to the dangerous range of each state with the determined
coordinates being the origin, and applies the geometric transformation
matrix to the calculated range coordinates so as to generate the augmented
image. [0077] Note that the method for generating an  



augmented image is not limited to the above-described structure. For
example, the display control unit 1065 may calculate the point
corresponding to the dangerous object position information and the point
corresponding to the AR position information in a virtual coordinate system
based on the video data, and may calculate a magnification from the
distance between these points (relative distance) and the distance
(absolute distance) between the dangerous object position information and
the AR position information in the reference coordinate system, so as to
generate the augmented image.       At this moment, when the dangerous
object is fixed, the display control unit 1065 multiplies the dangerous
range of each state corresponding to the determined dangerous object by the
magnification, so as to generate the augmented image.       On the other
hand, when the dangerous object moves, the display control unit 1065
analyzes the video data (image data constituting the video data) to
determine the coordinates of the marker indicating a positioning reference
added to the determined dangerous object in the reference coordinate
system, applies the geometric transformation matrix to the determined
coordinates to calculate coordinates (display coordinates) in the virtual
coordinate system, and multiplies the dangerous range of each state
corresponding to the determined dangerous object by the magnification with
the calculated  display coordinates being the origin, so as to generate the
augmented image. [0078]In step 8175, the display control unit 1065 controls
transmittance of the display device 1020 so that the augmented image is
overlaid on the dangerous object in the real space (to make the dangerous
object visually recognizable), and displays the augmented image.       In
addition, when the display control unit 1065 determines plural dangerous
objects included in the AR visual field, the display control unit generates
and displays an augmented image for each of the plural dangerous objects.
Note that the display control unit 1065 may overlay the generated augmented
image on the video data and display overlaid images on the display device
1020. 



Further, the method for displaying an augmented image is not limited to the
above-described structure. For example, information (feature quantity or
the like) for determining a dangerous object which is registered in advance
may be obtained based on a dangerous object ID from the information
processing apparatus 200, and the display control unit 1065 may perform
recognition processing for video data using the feature quantity or the
like to determine a dangerous object, and display a dangerous range image
(augmented image) at the coordinates of the determined dangerous object.
With this structure, the position for displaying the augmented image can
be corrected to a position more suitable to the real space. [0079] Fig. 37A
illustrates an example when an augmented image 510 is overlaid and
displayed on a crane (dangerous object ID "001", state "when only east side
is operating") 500 as a display example of the case where a dangerous
object is fixed. In this example, the height is set to "20 m" in the
dangerous range of each state, and thus a stereoscopic (three-dimensional)
augmented image 510 is displayed. Note that when the height is set to "0
m", a planar (two-dimensional) augmented image 520 is displayed. Fig. 373
illustrates an example when the two-dimensional augmented image 520 is
displayed.       Further, Fig. 37C displays an example when an augmented
image 610 is overlaid and displayed on a crane truck (dangerous object ID
"011", state "moving") 600 to which a marker 620 indicating a positioning
reference is added, as a display example of the case where the dangerous
object moves.  [0080]In this embodiment, the structure to generate and
display the dangerous range image has been described, but it is not limited
to this. For example, a mode for identifying the presence/absence of usage
of a safety display function (safety display mode) may be provided, and
when the safety display mode is ON, the display control unit 1065 may
display an image related to safety (evacuation route image or safety zone
image) on the display device 1020 in 



addition to or instead of the dangerous range image.       For example, the
display control unit 1065 analyzes the dangerous range image to determine a
part which is not the dangerous range image (a range which is not
designated as the dangerous range) as a safety range, and generates an
image (safety zone image) indicating the safety range. Further, for
example, the display control unit 1065 calculates an evacuation route based
on position information indicating the position of an exit of the factory
which is set in advance and the AR position information, and generates an
image (evacuation route image) indicating the calculated evacuation route.
Fig. 37D illustrates an example when an image related to safety is
displayed (evacuation route image 700).       Note that the user switches
ON/OFF of the safety display mode by pressing down a switch (not
illustrated) for switching the safety display mode. [0081]In step S180, the
display control unit 1065 determines whether to stop the display or not. At
this moment, when the AR mode is ON, the display control unit 1065
determines not to stop the display, and subsequently, the processing of
step S145 is performed. On the other hand, when the AR mode is OFF, the
display control unit 1065 determines to stop the display, and the display
processing is stopped.  [0082]Fig. 38 is a diagram illustrating an example
of a flowchart related to display processing performed by respective
functions in the AR providing 



apparatus 1000. This display processing is performed following the
processing of step 3175 or performed instead of the processing of step 3170
and step S175.       First, the retrieval unit 1055 retrieves traveling
plan information, which is an example of movement schedule information
indicating a schedule of movement of a dangerous object, from the
information processing apparatus 200 (step 3185). The traveling plan
information includes traveling position information indicating a position
of traveling schedule of a dangerous object and traveling time information
indicating a time thereof.       Next, in step 3190, the display control
unit 1065 determines a scheduled dangerous range. More specifically, the
display control unit 1065 determines as the scheduled dangerous range a
predetermined range (for example, the inside of a circle with a diameter of
50 m) with the dangerous object information being at its center.  [0083]
Next, in step 3195, the display control unit 1065 determines whether a
dangerous object enters the scheduled dangerous range or not based on the
obtained traveling plan information and the current time. More
specifically, the display control unit 1065 obtains from the traveling plan
information the traveling position information within a certain time (for
example, within five minutes) from the current time, and determines whether
the obtained traveling position information is included in the scheduled  



dangerous range or not. At this moment, when the display control unit 1065
determines that it is included (the dangerous object enters the scheduled
dangerous range), processing of step S200 is performed subsequently. On the
other hand, when the display control unit determines that it is not
included (the dangerous object does not enter the scheduled dangerous
range), the display processing is ended. Note that the display control unit
1065 determines that it is not included when the dangerous object position
information is included in the AR visual field.       In step S200, the
display control unit 1065 displays on the display device 1020 an image
indicating that the dangerous object is approaching. More specifically, the
display control unit 1065 determines the direction in which the dangerous
object is approaching from the obtained traveling schedule position and
measurement results, and displays on the display device 1020 an image
notifying that the dangerous object is approaching from the determined
direction. Fig. 39 illustrates an example of display when a dangerous
object (AGV: Automatic Guided Vehicle) is approaching from the left side of
the user (warning display image 800). [0084] Note that although the display
control unit 1065 determines that the dangerous object enters the scheduled
dangerous range or not, it is not limited to this structure. For example,
whether the  dangerous object is approaching the AR providing apparatus
1000 or not may be determined based on the current time, the traveling plan
information, and measurement results. [0085] <Embodiment 9>       In
Embodiment 8, the structure in which the AR providing apparatus 1000 has
the imaging device 1035 is employed. An AR providing apparatus 1000
according to Embodiment 9 is characterized in that it does not have the
imaging device 1035. Hereinafter, a main structure which is different from
Embodiment 8 will be described.       Fig. 40 is a diagram illustrating a
flowchart related to display processing performed by respective functions
in the AR providing apparatus 1000. The same reference numeral is added to
the same 



processing as that illustrated in Fig. 35 of Embodiment 8, and the
description thereof is omitted. Note that since the AR providing apparatus
1000 does not have the imaging device 1035, the processing of step S150
illustrated in Fig. 35 is not performed. [0086]In step S305, the display
control unit 1065 generates a dangerous range image (augmented image) of a
dangerous object included in the AR visual field based on measurement
results and target data.        More specifically, first, when the
dangerous object position information included in target data is included
in the AR visual field, the display control unit 1065 determines that the
dangerous  object located at the dangerous object position information is a
dangerous object included in the AR visual field.       Then the display
control unit 1065 obtains the geometric transformation matrix based on AR
position information, direction information, and posture information.
Then the display control unit 1065 calculates the range coordinates
corresponding to the dangerous range of each state corresponding to the
determined dangerous object based on the coordinates of the dangerous
object position information in the reference coordinate system, and applies
the geometric transformation matrix to the calculated range coordinates so
as to generate the augmented image. Note that although the method for
generating a different augmented image depending on whether the dangerous
object is fixed or not is employed in Embodiment 8, the augmented image is
generated by the above-described method regardless of whether the dangerous
object is fixed or not in Embodiment 9 since it is not possible to image a
marker. [0087]<Other embodiments> 



The above-described AR providing apparatus obtains information and so on
related to a dangerous object so as to generate an augmented image from the
information processing apparatus, but it is not limited to this. For
example, the AR providing apparatus may store information for determining
dangerous objects (feature quantities, image data of dangerous objects, and
so on) in the storage device 1010, analyze video data imaged in the imaging
device 1035 to determine a dangerous object included in the video data by
recognition processing and, when it is determined that the determined
dangerous object is in repetitive motion (rotational motion, reciprocal
motion, or the like), generate a dangerous range image (augmented image)
assuming the dangerous range due to the determined dangerous object.
Further, as the AR providing apparatus, ones in various forms may be
employed. For example, a portable terminal type AR providing apparatus may
be employed. In this case, instead of the transmissive liquid crystal
display, a non-transmissive liquid crystal display may be employed.
Further, for example, a head-up display type AR providing apparatus may be
employed in which an augmented image is combined and displayed with a
target object in a real space which is projected optically transmissively.
Moreover, although functions are shared between the AR providing apparatus
1000 and the information processing apparatus 200 in the above-described
embodiments, they may be performed in one apparatus, or an apparatus
different from that described in the embodiments may have a similar
function, such as generating an augmented image by the information
processing apparatus 200 instead of the AR providing  apparatus 1000.
[0088]Further, although a crane, a gas pipe, and a 



lathe are illustrated as the fixed dangerous object in the above-described
embodiments, but it is not limited to them. For example, a
power-transmission line for transmitting electric power may be employed as
the dangerous object. At this time, the operating state detection sensor
detects that it is in operation (it is dangerous) when the voltage reaches
a prescribed value (prescribed volts). Further, for example, piping for
delivering fluid may be employed as the dangerous object. At this time, the
operating state detection sensor detects that it is in operation when the
temperature of the fluid reaches a prescribed value (prescribed
temperature). Further, for example, a grinding machine (grinder) for
finish-grinding the surface of a workpiece while rotating a grinding wheel
may be employed as the dangerous object. At this time, the operating state
detection sensor detects that it is in operation by detecting an operating
status signal or operating schedule signal. [0089]Further, in the
above-described embodiments, when a dangerous object is recognized by the
AR providing apparatus 1000, the structure is to generate and display an
augmented image of the dangerous range of this dangerous object, but it is
not always necessary to generate and display the augmented image of the
dangerous range for all  dangerous objects recognized by the AR providing
apparatus 1000.       For example, when plural dangerous objects are
captured in the visual field of the AR providing apparatus 1000, and if
dangerous ranges are presented simultaneously for all the dangerous
objects, it is possible that the user gets confused about where to pay
attention. More specifically, it is not necessary to generate and present
an augmented image of a dangerous range for a dangerous object which is
located so far that it is not so dangerous yet for the user at the present
moment. By presenting an augmented image even for such a dangerous object
which is not so dangerous, it is rather possible that the user overlooks an
augmented image for a dangerous object which is located close and really
needs to be paid attention to.  [0090] Accordingly, it is possible to
employ a structure to present an augmented image illustrating a dangerous
range only for a dangerous object for which it is necessary at the present
moment to display a dangerous range to the user. Describing more
specifically, this structure is as follows. 



In this structure, the AR providing apparatus 1000 generates an augmented
image of the dangerous range of a dangerous object for the user only when,
for example, the position of the user is located at a predetermined
distance or closer (at a predetermined threshold or closer) from the
dangerous object. Fig.  41 is a diagram illustrating an example of a table
storing information related to dangerous objects (positionally fixed target
table 910). Note that in the table illustrated in Fig. 41, items of display
conditions are added compared to the table illustrated in Fig. 30.       In
the structure using the positionally fixed target table 910, for example,
since the display condition of the crane of the dangerous object ID "001"
is to be within 30 m, the AR providing apparatus 1000 generates an
augmented image and presents it to the user only when the distance to the
crane of the dangerous object ID "001" is within 30 m. The other items are
the same as those in the table illustrated in Fig. 30, and thus the
descriptions thereof are omitted.  [0091] Fig. 42 is a diagram illustrating
an example of a flowchart related to display processing. Note that in the
flowchart illustrated in Fig. 42, step S405 for determining a distance
between the AR providing apparatus 1000 and a dangerous object is added,
compared to the flowchart illustrated in Fig. 35.       In step 3405, when
the display control unit 1065 determines a dangerous object included in the
AR visual field, it obtains the distance to the dangerous object. 



Regarding the distance between the AR providing apparatus 1000 and the
dangerous object, it can be  structured such that the display control unit
1065 calculates this distance based on the information indicating the
current position of the AR providing apparatus 1000 (AR position
information) and the reference position of the dangerous object indicated
in Fig. 41. Alternatively, it may be structured such that a measurement
unit is provided in the AR providing apparatus 1000, the measurement unit
emits a laser to the target dangerous object, and the measurement unit
measures the distance from the time the emitted laser is reflected at the
dangerous object and returns to the measurement unit. Note that the steps
other than step S405 are similar to those in the flowchart illustrated in
Fig. 35, and thus the descriptions thereof are omitted.  [0092] Further,
the display control unit 1065 reads the distance stored as a display
condition from the positionally fixed target table 910, and compares it
with the measurement result of the distance from the dangerous object.
Then, when the measurement result of the distance from the dangerous object
satisfies the display condition stored in the positionally fixed target
table 910, the processing proceeds to step S170.        For example, in the
case of the crane of the dangerous object ID "001", when it determines a
crane included in the AR visual field, the display control unit 1065
obtains the distance to the crane.Further, the display control unit 1065
reads the display  condition "within 30 m" corresponding to the crane of
the dangerous object ID "001" from the positionally fixed target table 910.
Then, the display control unit 1065 determines whether the obtained
distance to the crane is "within 30 m" or not which is the display
condition. As a result of the determination, when it is within 30 m, the
processing proceeds to step 9170, the display control unit 1065 generates
an augmented image representing a dangerous range for the dangerous object,
and overlays and displays the image. On the other hand, when it is over 30
m, the processing returns to step 9145. 



[0093] Note that although an example in which items of display conditions
are added to the positionally fixed target table illustrated in Fig. 30 is
described in the above-described examples, it may be structured to add
items of display conditions to the mobile target table illustrated in Fig.
31 and apply the flowchart illustrated in Fig. 42 to a moving dangerous
object, and hence it is not limited in particular.        Further, although
the structure in the above-described embodiments is to present information
or the like related to a dangerous object to a worker, it may be a
structure to provide information related to a dangerous object to a guard
who patrols a work site instead of the worker, and hence it is not limited
in particular. With the structures of the above-described  embodiments, a
dangerous spot can be notified more appropriately in a scene where the
dangerous spot changes temporally. [0094] In the foregoing, the preferred
embodiments of the present invention have been described in detail, but the
present invention is not limited to such certain embodiments. Various
changes and modifications are possible within the scope of the spirit of
the present invention described in the claims.       Note that the
above-described embodiments may be combined arbitrarily and implemented.
INDUSTRIAL APPLICABILITY 



[0095] The present invention is applied to a technology of AR displaying
the operating status of a facility or the like for an observer in an
installation or a factory. Further, the present invention is applied to a
technology of AR displaying a dangerous spot in a scene where the dangerous
spot changes temporally.  CLAIMS [Claim 1] An information processing
apparatus, comprising:       an imaged image input unit inputting an imaged
image of a facility imaged in an imaging device;       a measurement
information input unit inputting measurement information measured by a
sensor provided in the facility from the sensor;       a creation unit
creating a virtual image representing a status of an outside or inside Of
the facility based on the measurement information inputted by the
measurement information input unit; and       a display control unit
overlaying and displaying the virtual image created in the creation unit
and the imaged image inputted by the imaged image input unit on a display
device. 



[Claim 2] An information processing apparatus, comprising:       a
measurement information input unit inputting measurement information
measured by a sensor provided in the facility from the sensor;        a
creation unit creating a virtual image representing a status of an outside
or inside of the facility based on the measurement information inputted by
the measurement information input unit; and a display control unit
overlaying and displaying  the virtual image created in the creation unit
on the facility which is seen through a display device. [Claim 3] The
information processing apparatus according to claim 1, further comprising:
a control information input unit inputting control information transmitted
to the facility from a control device controlling the facility,
wherein the creation unit creates the virtual image representing the status
of the outside or inside of the facility based on the control information
inputted by the control information input unit and the measurement
information inputted by the measurement information input unit. 



[Claim 4] The information processing apparatus according to claim 1,
further comprising:       a control schedule information input unit
inputting control schedule information representing contents of control
scheduled to be performed on the facility; and        a simulation unit
performing simulation to estimate the status of the outside or inside of
the facility when control represented by the control schedule information
is performed based on the control schedule information inputted by the
control schedule information input unit and the measurement information
inputted by the measurement information input unit,       wherein the
creation unit creates from numeric data representing results of the
simulation a three-  dimensional virtual image representing the results of
the simulation. [Claim 5] The information processing apparatus according to
claim 1, further comprising:       a determination unit determining an
order number corresponding to a product in the facility, 



wherein the creation unit creates a virtual image representing the order
number determined by the determination unit. [Claim 6] The information
processing apparatus according to claim 2, further comprising:       a
control information input unit inputting control information transmitted to
the facility from a control device controlling the facility,       wherein
the creation unit creates the virtual image representing the status of the
outside or inside of the facility based on the control information inputted
by the control information input unit and the measurement information
inputted by the measurement information input unit.  [Claim 7] The
information processing apparatus according to claim 2, further comprising:
a control schedule information input unit inputting control schedule
information representing contents of control scheduled to be performed on
the facility; and       a simulation unit performing simulation to estimate
the status of the outside or inside of the facility when control
represented by the control 



schedule information is performed based on the control schedule information
inputted by the control schedule information input unit and the measurement
information inputted by the measurement information input unit,
wherein the creation unit creates from numeric data representing results of
the simulation a three-dimensional virtual image representing the results
of the simulation.  [Claim 8] The information processing apparatus
according to claim 2, further comprising:       a determination unit
determining an order number corresponding to a product in the facility,
wherein the creation unit creates a virtual image representing the order
number determined by the determination unit.  [Claim 9] The information
processing apparatus according to claim 1, wherein        the creation unit
creates the virtual image representing the status of the outside or inside
of the facility based on the measurement information inputted by the
measurement information input unit when the facility is in operation, and 



the display control unit overlays and displays on the display device the
virtual image created in the creation unit and the imaged image inputted by
the imaged image input unit when the facility is in operation, or overlays
and displays on the display device a virtual image created in advance and
the  imaged image inputted by the imaged image input unit when the facility
is not in operation. [Claim 10] The information processing apparatus
according to claim 2, wherein       the creation unit creates the virtual
image representing the status of the outside or inside of the facility
based on the measurement information inputted by the measurement
information input unit when the facility is in operation, and       the
display control unit overlays and displays the virtual image created in the
creation unit on the facility which is seen through the display device when
the facility is in operation, or overlays and displays a virtual image
created in advance on the facility which is seen through the display device
when the facility is not in operation.  [Claim 11] The information
processing apparatus according to claim 3, wherein the facility is a
facility in a steel plant, 



the sensor is a plurality of temperature sensors, an air pressure sensor,
or a pressure sensor inside or outside the facility, and        the control
information is blowing of oxygen or gas into the facility, or charging of
material into the facility.  [Claim 12] An information processing method
executed by an information processing apparatus, the information processing
method comprising: an imaged image input step of inputting an imaged  image
of a facility imaged in an imaging device;       a measurement information
input step of inputting measurement information measured by a sensor
provided in the facility from the sensor;        a creation step of
creating a virtual image representing a status of an outside or inside of
the facility based on the measurement information inputted in the
measurement information input step; and 



a display control step of overlaying and displaying the virtual image
created in the creation step and the imaged image inputted in the imaged
image input step on a display device.  [Claim 131 An information processing
method executed by an information processing apparatus, the information
processing method comprising:        a measurement information input step
of inputting measurement information measured by a sensor provided in the
facility from the sensor;       a creation step of creating a virtual image
representing a status of an outside or inside of the facility based on the
measurement information inputted in the measurement information input step;
and       a display control step of overlaying and displaying the virtual
image created in the creation step on the facility which is seen through a
display device. [Claim 141 A program causing a computer to function  as: 



an imaged image input unit inputting an imaged image of a facility imaged
in an imaging device;       a measurement information input unit inputting
measurement information measured by a sensor provided in the facility from
the sensor to a creation unit;       a creation unit creating a virtual
image representing a status of an outside or inside of the facility based
on the measurement information inputted by the measurement information
input unit; and       a display control unit overlaying and displaying the
virtual image created in the creation unit and the imaged image inputted by
the imaged image input unit on a display device.  [Claim 15] A program
causing a computer to function as:       a measurement information input
unit inputting measured measurement information by a sensor provided in the
facility from the sensor;       a creation unit creating a virtual image
representing a status of an outside or inside of the facility based on the
measurement information inputted by the measurement information input unit;
and       a display control unit overlaying and displaying the virtual
image created in the creation unit on the facility which is seen through a
display device. [Claim 16] An information providing apparatus having 



a display unit and connected communicably to a storage unit, the
information providing apparatus comprising:       a reading unit reading
dangerous range information indicating a dangerous range of each state of a
dangerous target and dangerous target position information indicating a
position of the dangerous target, which are stored in the storage unit;
a position information obtaining unit obtaining apparatus position
information calculated from information indicating a position of the
information providing apparatus which is detected in a position detection
device;       a direction information obtaining unit obtaining direction
information calculated from information indicating a direction of the
information providing apparatus which is detected in a direction detection
device;       a posture information obtaining unit obtaining posture
information calculated from information indicating a posture of the
information providing apparatus which is detected in a posture detection
device;       a determination unit determining a visual field of the
information providing apparatus based on the apparatus position information
obtained in the position information obtaining unit, the direction
information obtained in the direction information  



obtaining unit, the posture information obtained in the posture information
obtaining unit, and visual field information of the information providing
apparatus which is defined in advance; and       a display control unit
determining a dangerous target included in the visual field based on the
apparatus position information, the direction information, the posture
information, and the dangerous range information and the dangerous target
position information which are read in the reading unit, and generating a
dangerous range image for the determined dangerous target and displaying
the image on the display unit.  [Claim 17] The information providing
apparatus according to claim 16, wherein       the display control unit
calculates conversion information correlating conversion between a
coordinate system of a real space and a coordinate system of a display
space based on the apparatus position information, the direction
information, and the posture information, calculates range coordinates
corresponding to the dangerous range information based on coordinates of
the dangerous target position information in the coordinate system of the
real space, and applies the conversion information to the calculated range
coordinates to generate the dangerous range image.  [Claim 18] The
information providing apparatus according to claim 16, further comprising:
an input unit inputting a video imaged in an imaging device,       wherein
the display control unit calculates conversion information correlating
conversion between a coordinate system of a real space and a coordinate
system of a display space by analyzing the video inputted by the input
unit, calculates range coordinates corresponding to the dangerous range
information based on coordinates of the dangerous target position
information in the coordinate system of the real space, and applies the
conversion information to the calculated range coordinates to generate the
dangerous range image. 



[Claim 19] The information providing apparatus according to claim 16,
further comprising:       an input unit inputting a video imaged in an
imaging device,       wherein the display control unit calculates
conversion information correlating conversion between a coordinate system
of a real space and a coordinate system of a display space by analyzing the
video inputted by the input unit, determines coordinates of a marker
indicating a reference position added to the determined dangerous target in
the coordinate system of the real space, calculates range coordinates
corresponding to the dangerous range information originating at the
determined coordinates, and applies the conversion information to the
calculated range coordinates to generate the dangerous range  image. [Claim
20] The information providing apparatus according to claim 17, wherein
the display control unit controls transmittance of the display unit to make
the dangerous target visible via the display unit, and displays the
dangerous range image. [Claim 21] The information providing apparatus
according to claim 18, wherein 



the display control unit overlays and displays the dangerous range image on
the video inputted by the input unit. [Claim 22] The information providing
apparatus according to claim 16, wherein       the reading unit further
reads movement schedule information indicating a schedule of the dangerous
target to move, which is stored in the storage unit, and       when the
display control unit determines that the dangerous target does not exist in
the visual field, if the display control unit determines that the dangerous
target is approaching the information providing apparatus based on the
movement schedule information read in the reading unit, and the apparatus
position information and a current time, the display control unit generates
an image notifying a danger due to the dangerous target and displays the
image on the display unit. [Claim 23] The information providing apparatus
according to claim 16, wherein 



when the display control unit generates dangerous range images for plural
dangerous targets, the display control unit generates a dangerous range
image for each of the plural dangerous targets, and analyzes generated
plural dangerous range images to determine a safety zone or an evacuation
route where dangers due to the plural dangerous targets do not reach, and
further generates an image indicating the determined safety zone or
evacuation route and displays the image on the display unit.  [Claim 24]
The information providing apparatus according to claim 16, wherein
the display control unit generates the dangerous range image in a planar
form or a stereoscopic form. [Claim 25] The information providing apparatus
according to claim 16, wherein       the display control unit generates the
dangerous range image and displays the image on the display unit when a
distance to the dangerous target is equal to or less than a predetermined
threshold.  [Claim 26] An information providing method executed by an
information providing apparatus having a display unit and connected
communicably to a storage unit, the information providing method
comprising:        a reading step of reading dangerous range information
indicating a dangerous range of each state of a dangerous target and
dangerous target position information indicating a position of the  



dangerous target, which are stored in the storage unit;        a position
information obtaining step of obtaining apparatus position information
calculated from information indicating a position of the information
providing apparatus which is detected in a position detection device;
a direction information obtaining step of obtaining direction information
calculated from information indicating a direction of the information
providing apparatus which is detected in a direction detection device;
a posture information obtaining step of obtaining posture information
calculated from information indicating a posture of the information
providing apparatus which is detected in a posture detection device;
a determination step of determining a visual field of the information
providing apparatus based on the apparatus position information obtained in
the position information obtaining step, the direction information obtained
in the direction information obtaining step, the posture information
obtained in the posture information obtaining step, and visual field
information of the information providing apparatus which is defined in
advance; and        a display control step of determining a dangerous
target included in the visual field based on the apparatus position
information, the direction  information, the posture information, and the
dangerous range information and the dangerous target position information
which are read in the reading step, and generating a dangerous range image
for the determined dangerous target and displaying the image on the display
unit. 



[Claim 27] A program causing a computer having a display unit and connected
communicably to a storage unit to function as:        a reading unit
reading dangerous range information indicating a dangerous range of each
state of a dangerous target and dangerous target position information
indicating a position of the dangerous target, which are stored in the
storage unit;        a position information obtaining unit obtaining
apparatus position information calculated from information indicating a
position of the computer which is detected in a position detection device;
a direction information obtaining unit obtaining direction information
calculated from information indicating a direction of the computer which is
detected in a direction detection device;       a posture information
obtaining unit obtaining posture information calculated from information
indicating a posture of the computer which is detected in a posture
detection device;       a determination unit determining a visual field of
the computer based on the apparatus position  information obtained in the
position information obtaining unit, the direction information obtained in
the direction information obtaining unit, the posture information obtained
in the posture information obtaining unit, and visual field information of
the computer which is defined in advance; and 



a display control unit determining a dangerous target included in the
visual field based on the apparatus position information, the direction
information, the posture information, and the dangerous range information
and the dangerous target position information which are read in the reading
unit, and generating a dangerous range image for the determined dangerous
target and displaying the image on the display unit. 












