DESCRIPTION

TITLE OF INVENTION: INFORMATION PROCESSING APPARATUS,

INFORMATION PROCESSING METHCOD, AND PROGRAM

TECHNICAL FIELD
(00011 The present invention relates to an
information processing apparatus, an information

processing method, and a program.

BACKGROUND ART
[co02! (1)

Conventionally, in an cbservation trip in an
ingtallation, a factory, or the like, obseyvers cften
observe an actual installation or facility, or
obsexrve a prepared panel or vidso. On the other hand,
for example, Patent Deocument 1 proposes a system [o
overlay-display element information corresponding to
the site on an actual site image imaged by a portable
terminal or the like, accoxding to the movement of an
observer.
fooo3] (2)

In a dangerous spoct for a worker to pexform 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 c©f these
dangerous spots (dangercus spot indications) are
stationery, in general, indications and signg 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 1t 1s dangerocus 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 dangercus spot only when the crane is

in operation.

CITATION LIST

PATENT LITERATURE

foo0o4] Patent Literature 1: Japanese Laid-open
Patent Publiication No. 2004-102835

Patent Literature 2: Japanese Laid-open Patent

Publication No. 2002-7703

SUMMARY OF INVENTIOCN
TECHNICAL PROBLEM
[0005] (1)

Depending on the installation or factory, there
may be cases where there i1s a danger and an cbserver
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 tyrip in an
installatien or a factory, i1t is mexely to the extent
of allowing seeing the name of a facility or the like

ag a virtual image, and there has been a preblem that
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+he ohserver doess not feel the reality.

Further, 1in a factory, there may be cases where
the operaticonal status of a facility is predicted by
simulation, but the simulation results are just
displayed in a two-dimensional cross-sectional view
sn =a screen of a computer terminal. Accordingly,
there has been a problem that it 1s not easgy Z¢r the

operator to comprehend the simulation results.

[0006] Embodiments of the present invention  seek
communicate the operational status of a facility or the like
results of simulation with reality to an observer or worker

an installation or a factory.

[0007] {23}

Regarding a conventicnal dangerous spot
indication for a staticnery crane arm or the like,
for example, the entire movable range of the crane
zrm L& assumed asg a dangerous spot, and a dangserousd
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 dangerocus spot obscurs. Further, the
conventional dangerous spot indicaticn aliso has a
problem that dust, oil, or the like may soil the
indication, wmaking the indication itself unseeable,
or maintenance such as cleaning or repainting 1is
reguired when it is soliled.

On the other hand, regarding a conventional
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dangerous spot indication foxr a mobile crane truck or
the like, since the location where the crans iz used
ig not stationery, an indication “KEEP CLEAR OF 10 M
RADIUS” or the like is posted on the crane truck.
However, there 1g a problem that the dangercus spot
cannoct be visually recognized, and the dangesrous spot
becomes obscure. Further, there are also casges to
phyveically hinder entrance with pylons or the like,
but there 18 & proklem that it takes laboxr to prepare

them.

[coos] Embodiments of the present invention also seek to

notify a dangerousg spot more appropriately in a scene where the

dangerous spot changes temporarily.

SOLUTION TC PRCOEBLEM

[oco9l

According to an aspect of the present invention, there is

provided 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 rangs
of each state of a dangerous target and dangerous target
pogition 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 1s detected in a

position detection device; a direction information obtaining



unit obtaining direction information calculated form information
indicating a direction of the information providing apparatus
which i1g detected in a direction detection device; a postuxre
information obtaining unit obtaining posture information
calculated from information indicating a posture of the
information providing apparatus which is detected in =z 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 informaticon obtainiﬁg 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; a display control unit
determining a dangerous target included in the visual £field
pased on the apparatus position information, the direction
informaticn, the posture information, and the dangerous range
information and the dangercus target position information which

are read in the reading unit, and generating a dangsrous range
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image for the determined dangerous target and displaying the
image on the display unit; and 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 coordination system of the real
gpace, and appliss the conversion information Lo the calculated
range coordinates to generate the dangerous range image.
According to another aspect of the present invention, there
is provided 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 targst
position information indicating a position of the dangerous
target, which are stored 1in the storage unit; a position
information obtaining unit obtaining apparatus position
information calculated from information indicating a position of
the information providing apparatus which 1s 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 pesture information
calculated from information indicating a posture o©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
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information obtaining unit, the direction information obtained
in the direction information obtaining wunit, the posture
information obtained in the posture information obtaining unit,
and visual field information of the information providing
apparatus which is defined in advance; a display control unit
determining a dangerous target included in the vigual 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; and 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 gystem 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
coocrdinate 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 tCoO
generate the dangerous range image.

According to another aspect of the present invention, there
is provided 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 dangercus 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 cbtaining apparatus position



information calculated from information indicating a position of
the information providing apparatus which 1is detected in a
pogition 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 1in a posture
detection device; a determination wunit 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 wunit, 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 wvisual 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; wherein the reading wunit further
reads movement schedule information indicating a schedule of the
dangerous target to move, which is gtored in the storage unit,
and when the display control unit determines that the dangerous
target does not exist in the vigsual field, if the display
control unit determines that the dangerous target 1is 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
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unit generates an image notifying a danger due to the dangerous
target and displays the image on the display unit.

According to another aspect of the present invention, there
is provided 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 dJdangerous 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 1is 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
calculared from information indicating a posture of the
information providing apparatus which igs 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 wunit, the posture
information obtained in the posture information obtaining unit,
and  visual field information of <the information providing
apparatus which 1s 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

be



are read in the reading unit, and generating a dangerous range
image for the determined dangexrous target and displaying the
image on the display unit, wherein the display contreol unit
generates the dangerous range image and displays the image on
the display unit when a distance to the dangerous target 1s

equal to or less than a predetermined threshold.
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Witﬁ such a structure, the operating status of a
facility or the like can be communicated with
realistic feelings to an ohsexver in an installation
or a factory.

Note that the information processing apparatus
correspondsg to, for example, an AR server which will
be described later.

[0010]

According to another aspect of the present invention, there
is provided an information providing method executed by an
information providing apparatus having a display wunit and
connected communicably to a storage unit, rhe 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 cbtained in the  posture

information obtaining step, and visual field informaticn of the



information providing apparatus which ig defined in advance; 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 2
dangerous range image for the determined dangerous target and
displaying the image on the display unit; and an input step of
inputting a video imaged in an imaging device, wherein, in the
display  control step, conversion information correlating
conversion between a coordinate system of a real gpace and a
coordinate system of a display space is calculated by analyzing
rhe wvideo inputted in the input step, range coordinates
corresponding to the dangerous range information is calculated
based on coordinates of the dangerous target position
information in the coordinate system of the real space, and the
conversion information is applied to the calculated range
coordinates to generate the dangerous range image.

according to another aspect of the present invention, there
is provided 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
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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 cbtaining
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; 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 wunit; and an input step of
inputting a video imaged in an imaging device, wherein, in the
display  controel step, conversion information  correlating
conversion between a coordinate system of a real space and =a
coordinate system of a display space iz calculated by analyzing
the video inputted by the input unit, coordinates of a marker
indicating a reference position' added to the determined
dangerous target in the coordinate system of the real space 1s
determined, range coordinates corresponding to the dangerous
range information originating at the determined coordinates is
calculated, and the conversion information is applied to the
calculated range coordinates to generate the dangerous range

image.
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According to another aspect of the present invention, there
is provided an information providing method executed by an
information providing apparatus naving a display unit and
connected communicably to a storage unit, the information
providing method comprising: a reading step of reading dangercus
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
cbhtaining apparatus position information calculated  from
information indicating a position of the information providing
apparatus which 1is 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 ig 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 dangercus targetl
included in the visual field based on the apparatus pesition
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
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target and displaying the image on the display unit, wherein, in
the reading step, movement echedule information indicating a
achedule of the dangerous target To move, which is stored in the
storage unit, is further read, and in the display control step,
when it is determined that the dangerous target does not exist
in the visual field, if it is determined that the dangerous
target is approaching the information providing apparatus based
onn the movement schedule information read in the reading step,
and the apparatus position information and a current time, an
image notifying a danger due to the dangerous target 1is
generated and displayed on the display unit.

According to another aspect of the present invention, there
ig provided an information providing method executed by an
information providing apparatus having a display unit and
connected communicably to a storage unit, rhe 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 ig 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
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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 fileld based on the apparatus position
snformation, 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, wherein, in
the display contrcl step, the dangerous range image is generated
and displayed on the display unit when =2 distance to the
dangerous target 1is equél to or less than a predetermined

threshold.
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[oc11]

According to another aspect of the present invention, there
is pfovided a program causing a computer having a display unit
and comnected communicably to a storage unit to function as: a
reading unit reading dangerous range informaticn iIndicating a
dangerous vrange 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 divection 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
Lased on the apparatus position information obtained in the
position information obtaining wunit, the direction information
obtained in the direction information obtaining unit, the
posture information obtained in the posture information
cbtaining unit, and visual field information of the computer
which is defined in advance; 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; and an input unit inputting a video imaged in an
imaging device, wherein the display control unit calculates
conversion information correlating conversion between a
cocrdinate 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.

hcocording to another aspect of the present invention, there
is provided a program causing a computer having a display unit
and comnected communicably to a storage unit to function &s: a
reading unit reading dangerous range information indicating a
dangerous vrange of each state of a dangerous target and
dangerous target position information indicating a position of
the dangeroug target, which are stored in the storage unit; a

position information obtaining unit obtaining apparatus position
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information calculated from information indicating a position of
the computer which is detected in a position detection device; &
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
obtaiﬁing unit, and visual field information of the computer
which is defined in advance; 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
getermined dangerous target and displaying the image on the
display unit; and 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 cocrdinate system of a
display space by analyzing the video inputted by the input unit,
determines coordinates of a marker indicating a vreference
position added to the determined dangerous target in the
coordinate gystem  of the real space, calculates range
coordinates corresponding to the dangerous range information

originating at the determined coordinates, and applies the
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conversion information to the calculated range coordinates tO
generate the dangerous range image.

According to another aspect of the present invention, there
is provided a progranm causing a computer having a display unit
and -connected communicably to a storage unit to function as: a
reading unit reading dangerous Iange 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 cbtaining apparatus pcsition
information calculated from information indicating a position of
the computer which 1is detected in a position detection device; a
direction information  obtaining unit obtaining direction
information calculated from information indicating a direction
of the computer which 1Is detected in a direction detection
device; a posture information obtaining unit obtaining posture
information caleculated 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
pased on the apparatus position information obtained in the
position information obtaining unit, the direction information
obtained in the direction information obtaining wunit, 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 fileld
hased on the apparatus position information, the direction
information, the poesture infermation, and the dangerous range
information and the dangerous target pesition 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, wherein the reading unit further
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reads movement schedule information indicating a schedule of the
dangerous target to move, which is stored in the storage unit,
snd when the display control unit determines that the dangerous
target does not exist in the visual field, 4if the display
control unit determines that the dangerous target ig 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.

According to another aspect of the present invention, there
is provided a program causing a computer having a display unit
and connected communicably to a storage unit to function as: a
reading unit reading dangerous Iange 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 cbtaining unit obtaining apparatus position
information calculated from information indicating a position of
the computer which 1is detectad in a position detection device; &
direction information  obtaining unit obtaining direction
information calculated from information indicating a direction
of the computer which 1is detected in a direction detection
device; a posture information obtaining unit obtaining posture
information calculated from information indicating a posture of
the computer which iz detected in a posture detection device; a
determination unit determining a visual field of the computer
Lased 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
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which is defined in advance; and a display control unit
determining a dangerous target included in the wvisual £field
based on the apparatus position information, the direction
information, the posture information, and the dangerous vrange
information and the dangerous target position information which
are read in the reading unit, and generating a dangerous range
image for the determinsd dangerous target and displaying the
image on the display unit, 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.
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Here, the “reading unit” corresponds to, for
example, a retrieval unit 1035 which will be
described later. The “pocsition infoﬁmation obtaining
unit” corresponds to, for example, a measurement unit
1040 wnich 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 ceontreol unit 1065 which will be

described later.

ADVANTAGEQUS EFFECTS OF INVENTION



foo12] {1}

According to embodiments of the present invention, the
operating status of a facility or the like can be communicated
with realistic feelings to an ocbserver in an

installation or a factory.

(0013} {2}

Further, according to embodiments of the present invention,
»* a dangerous spot can be notified more appropriately in a scene

where the dangerous spot changes temporarily.

ERIEF DESCRIP&EON 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
sxample of a hardware structure of an AR server.

[Fig. 31 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 diégramj{l) 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.

iPig. 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 & flowchart illustracting 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 contzrol processing in the AR
server ¢f Embodiment 2.

[Fig. 121 Fig. 12 is a flowchart illustrating an
example of display control processgsing in an AR server
of Ewbodiment 3.

[Fig. 13A] Fig. 13A is a diagram (1)
iilustrating an example of displaving a facility by
each display laver.

{Fig. 13Bl] Fig. 13B is a diagram (2)
illustrating an example of displaving a facility by
each display laver.

[Fig. 13(C] Fig. 13C is a diagram (3)
illustrating an example of displaying a facility by
each display layer.

[Fig. 13D] Fig. 12D is a diagram {4)
illustrating an example of displaying a facility by

each display laver.



[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 scftware 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
sexrver of Ewmbodiment 5.

[Fig. 17] Fig. 17 is a diagram illustrating an
example of a system structure of an operation support
gsystem of Embodiment 6.

[Fig. 18] Fig. 18 ig a diagram illustrating an
example of a software structure of the operation
gupport system of Embodiment 6.

[Fig. 19] Fig. 15 is a flowchart illustrating an
example of processing in the opsration support system
of Embodiment 5.

[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. 221 Fig. 22 is a diagram illustrating an
example cf a facility usage status table,

[Pig. 23] Fig. 23 18 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
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of Embodiment 7.

[Fig. 25] Fig. 25 is a diagram illustrating an
example of a system structure of the operation
support system of Embodimenit 7.

[Fig. 26] Fig. 26 1is a diagram illustrating an
example ¢f a structure of an information providing
gystemn,

[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. 291 Fig. 29 is a diagram illustrating an
example of a hardware structure of an information
procegsing apparatus.

[Fig. 301 Fig. 30 is a diagram illustrating an
example of a table storing information related to
dangercus objects.

[Fig. 31] Fig. 31 is a diagram illustrating an
example of a table storing information related to
dangerous objects.

[Fig. 32] Fig. 32 i1s a diagram illustrating an
example of a flowchart related to operating state
setting processing.

[Fig. 33] Fig. 23 ig a diagram illustrating an
examnple of a flowchart related to coperating state
setting processing.

[Fig. 34] Fig. 34 is a diagram illustrating an
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example of a flowchart related to position
information setting processing.

[Fig. 35] Fig. 35 is a diagram illustrating an
example of & flowchart related to display procesgsing.

[Fig. 36] Fig. 36 is a diagram illustrating an
example of an AR wvisual field.

[Fig. 37A] Fig. 37A is a diagram illustrating an
example when a three-dimensional augmented image 1is
displayed.

{Fig. 37B] Fig. 37B is a diagram illustrating an
example when a two-dimensional augmented image is
displayed.

[Fig. 237C] 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 disgplaved.

{Fig. 381 Fig. 28 idg a diagram illustrating an
example of a flowchart related to display processing.

[Fig. 391 Fig. 3% is a diagram illustrating an
example of display when a dangerous ob<dect is |
approaching.

[Fig. 40] Fig. 40 is a diagram illustrating a
flowchart related to display processing.

[Fig. 41] PFig. 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

[C015] Hereinafter, embodiments of the present
invention will be described based on the drawings.
[co1l6] <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)
gserver 1, a camera 2, sensors 3; to 2, and a displéy
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 1s inputted from the camera
2. WNote 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. MNote 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 3; to 3:; is inputted from the
sensors 3. te 35. Note that although in Fig. 1 the
number of senscrs iz f£ive, this embodiment ig not
limited to this, and the number may be less than five
or more than f£ive. Note that in this embodiment,
although the sensocrs 3 are provided outside and

inside the facility, they may be provided, for
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example, only inside the facility or only ocutside the
facility depending on the facility. For example, in
the case of the shaft furnace, the gsensors 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 continuocus-casgting machine which will
be described later, the sensorsg 3 are provided
outside the continucus-casting machine. The gensors
are not limited to temperatur¥e sensors measuring
temperature information, and may be, for example, aix
pressure sengors measuring air pressure information,
pressure sensors measuring pressure informaticn, gas
sensors measuring the type and concentration of gas,
or the like. The sensors 3; to 35 may all be the sams
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},

Nete 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 controcl 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
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realistic feelings the operating =status of a facility
located in an area which is dangexous 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 & hardware structure of the AR gerver 1.

Ag illustrated in Fig. 2, the AR gerver 1
includes a CPU 11, a storage device 12, and a
communication device 13 ag a hardware structure. The
CPU 11 executes processing oxr the like for
controlling the AR server 1 based on a program stored
in the storage device 12. The storage device 12
etores data and so on used by the program and the CPU
11 when executing processing. The communication
device 13 controls communication between the AR
gserver 1 and other devices (for aexample, the sensors
3, the camera 2, the display device 4, and so on}.

By the CPU 11 executing processing based on the
program, scoftware structures and processing related
te 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 contrel unit 24 ag a software structure.

The imaged image input unit 21 receivaes from the
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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 gensors 3, to 3: measurement
information measured by the sensors 3; to 3s; and
inputs the measgurement 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 ﬁnit 22.

For example, the creation unit 22 receives the
measurement infcormation from the mesasurement
information input unit 22, and receivesg 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 viritual 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.
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Describing more specifically, in the storage device
12 or the like, for example, a shaft furnace and a
gshaft furnace inside estimation model are stored in
asgociation. 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 egtimation model
to estimate the status inside the shaft furnace, and
creates a virtual image representing the status
inside the ghaft 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 3, to
35, to thereby generate a virtual image in a form
cloge to the actual state. Therefore, it is
preferred to be a mathematical model expression.
However, 1t 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 adjustwent in a height direction is made according
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to the amount of charged vaw materizl 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 bpased on measurement values of sensors.
Alternatively, temperature information measured by
the sensors 3; to 3; 1s applied to the ghaft furnace
inside estimation model t£o 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 c¢reated 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.
&) .

{00191 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 sghaft furnace created based on temperature
information of the inside of the shaft furnace.

Fig. 5 ig a diagram (2) illustrating an example
of overlay display of a virtual image and an imaged
image of Embodiment 1. Fig. 5 illustratesg 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
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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 paseing through the continuous-casting machine
is solidifving, which is created based on temperature
information of the outside cof the continuous-casting
machine.

[0620] Fig. 7 is a flowchart illustrating an example
of display control processing in the AR server 1 of
Embodiment 1. '

In step 810, the imaged image input unit 21
receives from the camera 2 an imaged image of the
facility in the factory which is imagsed by the camera
2 and inputs the imaged image.

In step 511, the measurement information input
unit 22 receives from the sensors 3, to 35 the
measurement information measured by the sensors 3; to
35 and inputs the measurement informatiocn.

In step 812, the creation unit 23 creates a
virtual image representing the status of the outside
cr inside of the facility based on the measurement
information inputted in step 811.

In step 813, the display control unit 24 performs

control to overlay and display on the digplay device
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4 the virtual image representing the status of the
.outside or inside of the facility created in step 8§12
and the imaged image of the facility inputted in step
51¢.

In step 814, 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
disgplay control unit 24 ends the processing
illustrated in Fig. 7 when it determines to end the
processing, or returns the processing fo step S10
when i1t determines not to end the processing.

Note that the imaged image input unit 21 may be
configured toc 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 3; to 3s; and input the
measurement information as long az measurement is
performed by the sensors 3; to 35. The same applies
to the following embodiments. In such a sgtriucture,
the AR server 1 can perform controcl 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 ¢ this embodiment,
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the operating status of a facility or the like can be
communicated with realistic feelings to an observer
in an installaticn or a factory. In particular,
instead of just showing video images as has been
conventicnally performed, it ig 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. BAs illustrated in Fig. 8, the gystem structure of
the facility guidance system of Embodiment 2 newly
inciudes an operation server 5 compared to the system
structure of the facility guidance system of
Embodiment 1.

The operation server 5 transmiitis 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, c¢okes charging instruction
information for instructing charging of cokes as an
example of material, blowing instructicn information
of reducing agent for instructing blowing in of a

reducling agent, tapping instruction information for
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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
ingtruction 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 c¢harging 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
ingstructing 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 gerver 1, the control information
transmitted from the operation server 5 to the
facility is inputted. Then the AR server 1 performs
control to c¢reate a virtual image representing the
status of the outside or inside of the facility based
on the inputted contrecl 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 disgplay device 4.

An observer of the factory can comprehend with

realistic feelings the operating status of a facility
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located in an area which is dangerous and off-limits,
the operatiocnal 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 sgerver 1 of
Embodiment 2.

As illustrated in Fig. 9, the software structure
of the AR server 1 of Embodiment 2 newly includes a
control infermation input unit 235 cowmpared 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 frow the operaticn sexver 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 unitc 22
and the control information inputted by the control
information ianput 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 resulit, as illustrated in Embodiment 1.

Along with this, for exawmple when the control
information is the cokes charging instruction
information, the creation unit 23 adds an object

representing how cokeg are charged into the facility
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to the wvirtual 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 illustrateg 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.

Aeocording to this embodiment, the creatiocn unit
23 creates the virtual image te 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
gerver 1 of Embodiment 2.

In step 820, 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.
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In step S21, the measurement information input
unit 22 receives from the sensors 34 to 3; the
measurement information measured by the sensors 3. to
35 and inputs the measurement information.

In step S22, the control information input unit
25 receives the contreol 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
operaticn server 5 to the facility.

In step 823, the creation unit 23 creates a
virtual image representing the gtatus of the outside
or inside of the facility based on the measurement
information inputted in step S21 and the control
information inputted in step S22.

In step 524, the display control unit 24 performs
control to overlay and display on thé display device
4 the wvirtual image repregenting ths status of the
outside or inside of the facility created in step 523
and the imaged image of the facility inputted in step
520.

Im step 825, for example, the display control
unit 24 determines whether to end the processing
illiustrated 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
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processing, or returns the processing to step 520
when it determines not to end the processing.

[0025] Hereinafter, according to thig 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] <«EZmbodiment 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 reasocon
of maintenance, cleaning, or the like. In this
embodiment, there will be described a methed for
communicating, even when a faclility is not in
operation, the operating status of the facility or
the like with realistic feelings to an ohsgerver 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
baged on logical values or average values or the like

of measurement information in the past when it
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determinesg that the facility is not in operation.

For example, the creation unit 22 receives the
measurement informaticn 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.
Baged on the received facility information, the
creation unit 23 obtains a virtual image generated in
advance and asscciated with the facility information
from the storage device 12 or the like.

[coz27] Fig. 12 is a flowchart illustrating an
example of display control processging in the AR
server I of Embodiment 3,

In step S$30, 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 831, the measurement information input
unit 22 receives from the sensorsg 3; to 3I: the
measurement information measured by the sensors 23; to
35 and inputs the measurement information.

In step $32, the creaticn unit 23 determines
whether the facility ig in operation or not based on
the measurement information inputted from the
measurement informaticon input unit 22. The creation
unit 23 determines that the facility is not in
ocperation when, for example, the measurement

information is not in a predetermined xrange. The
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creation unit 23 advances the processing to step S$33
when it determines that the facility is in operation,
or advances the processing to step $324 when it
determines that the facility is not in operation.

In step 833, the creaticn 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 831.

On the othexr hand, in step &34, the creation unit
23 obtains from the storage device 12 or the like a
virtual image representing the status of the ocutside
or inside of the facility, which is created in
advance based on logical values or the like
corresponding to the facility.

In step 835, the display control unit 24 performs
control to overlay and display on the display device
4 the virtual image representing the status of the
cutside or inside of the facility created in step 833
or obtained in step 834 and the imaged image of the
facility inputted in step S$30.

In step 536, for example, the display control
unit 24 determines whether to end the processing
1llustrated 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 contrcl unit 24 ends the processing
illustrated in Fig. 12 when it determines to end the
procesgsing, or returns the processing to step 830

when 1t determines not to end the processing.
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[0028] Az described above, according to this
embodiment, when the facility 1s 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 te an observer in an
ingtallation or a factory. Further, according to
this embodiment, when the facility ig not in
operatiocn, a virtual image created based on logical
values oy 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 comnmunicated
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 1s 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 operaticn 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.
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ig029] <Bmbodiment 4>

The display control unit 24 may be configured to
transmit a display layer set for each facility te 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 facllity by each display layer.
Fig. 13A represents an external appearance of a shaft
furnace. Fig. 13B represents fireproof bricks inside
the shaft furnace. Fig. 13C repregents appearances
of iron ore and cokes in the shaft furnace. Fig. 13D
repregents a crogs section of the sgshaft furnace.

When display of a disgplay layer similar to that
in Fig. 13A or Fig. 13B is reguested 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 o©f 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 variocus types of display layers is overlaid
and displayed on an imaged image of the facility in
regponge 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
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factory.
[0631] <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 digplay device

this embodiment is a transmissive liguid cryvetal

Hh

4 ©
film fixed to a window or the like for example.

To the AR server 1, measurement infcorxmation (for
example, temperature information ©f the inside of a
shaft furnace, cr the like) measured by the sensors
3; to 35 is inputited from the sensors 3; to 2;.

The AR serxrver 1 performse control to create a
virtual image representing the status of the outside
or insgide 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,
fog3zzl Fig. 15 is a diagram illustrating an example
of a software structure of the AR server 1 of
Embodiment 5.

s 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 2; to 2y measurement
information measured by the sensorsg 3; to 3; and
inputs the measurement information.

The creation unit 23 creates a virtual image
representing the status of the outside or ingide of
the facility based on the measuremnent informatiocn
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 1s created in the creation unit 23 on the
facility seen through the window or the like on which
the display device 4 is provided.

[0633] Fig. 16 is a flowchart illustrating an
example of digplay control processing in the AR
gerver 1 of Embodiment 5.

In step 540, the measurement information input
unit 22 receives from the sensors 3; to 35 the
measurement information measured by the sensors 3; to
3: 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 baged on the measurement
information inputted in step S$40.

In step S42, the display control unit 24 performs
control to overlay and display the virtual image
representing the status o©f the outside or inside of

the facility which is created in step $41 on the
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facility seen through the window or the like on which
the display device 4 is provided.

In step 843, 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, ©r returns the processing to step 540
when it determines not to end the processing.

{0034] Ag described above, algo in this embodiment,
the operating status of a facility or the like can be
communicated with realistic feelings to an observer
in an installaticn or a factory.

[c03E] <Embodiment &>

Even in these days where computerized control is
blooming, control of factory facilities in a steel
plant 1s 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 i1t reguires being skillful, and when the
decision by the operator 1s not appropriate, it mavy

result in causing deterioration of the guality of
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products produced through the factory facilities.

Accordingly, in this embodiment, there will be
described an operation support sgystem 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 gimulation as a three-dimensicnal image to the
operator.

In the facility guidance syestem of Embodiments 1
to 5, a three-dimensicnal virtual image representing
the current status of the inside of a facility is
created based on measurement information and control
information, and this ilmage ig presented to the
observer. However, based on information {(control
schedule information) representing the contents of
control to be performed from the pregent moment
besides the measurement information, the operation
support sgystem according to Embodiment 6 predicts by
simulation how the status of the inside of the
facility would change i1f this contrel is performed,
and presents prediction results to the operator.
Considering the prediction results, the operator
finally determines what control should be actually
verformed.

(0036} Describing more specifically, the operation
support system according to this embodiment is as

follows. Fig. 17 is a diagram illustrating an
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example o0f a system structure of the operation
support system of Embodiment &. Asg illustratsd in
Fig. 17, in the operation support system, a server
101, an HMD 102 with camera {(hereinafter abbreviated
as HMD 102}, and sensors 103; to 103; are connected
via a wirelegs network.

Fig. 18 is a diagram illustrating an example of a
software gtructure of the operaticn support system of
Embodiment &.

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
EMD 1¢2. The sgerver 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 goftware. Further, the
AMD 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 scftware. Note that in thisgs 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
gstrucctured such that the HMD 102 includes all the

functiong, and hence it is not limited in particular.

- 3% .



ico37] Firgt, the function of the server 101 will he
described.

The measurement information input unit 22
receives measurement information measured by the
gensors 3, te 35 as input data from the sensors 3, Lo
35. At this moment, the sensors 3, to 3; transmit the
measurement informaticn 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
gintered ore cor the like, cokes charging instruction
information, blowing instructiocn 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 informaticn. 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 orxr the like.

Based on the measurement information received in
the measurement information input unit 22 and the
contrcl schedule information received in the control
schedule information input unit 26, the simulation
unit 27 simulates the status of the outside or inside

cof the facility when contrel for which contents are
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represented by the control schedule information is
performed. For example, the simulation unit 27
gubstitutes 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 alr 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
regsults thereof.

Note that as a technigue using the facility
inside esgtimation model, for example, Japanese Laid-
open Patent Publicatiorn No. 8-295310 or the like
discloses a technigue to simulate operation of a
shaft furnace by introducing a wathematical
expression model modeling the state in the furnace.
Using such a technigue, data of temperatures,
pressures, and so on at each point of three-
dimensional coordinates in the furnace can be
obtained.

[O00381] Next, the function of the HMD 102 will be
described.

The imaged image input unit 21 receives as input
data an imaged image cf 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-

- 37 -



dimensiocnal virtual image based on the numeric data.
Moreover, the drawing/display control unit 28
performg 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 ocutside 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 zllustrating an
example of processing in the cperation support system
cf Embodiment 6.

frn gstep 850, the imaged image input unit 21
receivesg 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 3, to 33 as input data from the sensors 3,
to 3s.

In step S52, the control schedule information
input unit 26 receives control schedule information
inputted by the operator.

In step 553, based on the measurement information
inputted in step $51 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
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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 854, the drawing/display control unit 28
performsg contrecl to overiay and display on the
display (display device) provided in the HMD 102 the
three-dimengional virtual image representing the
simulation results of the status of the outside or
ingide of the facility created in step 852 and the
imaged image of the facility inputted in the step §50.

In step 855, 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 nct 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
S50 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 cof
blowing in oxygen or ailr via each tuyere as the
control schedule information.

In & large shaft furnace, tuyeres for sending air
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into the furnace are provided at 30 to 40 positions
in a lower part of the main body thereof, where the
temperature distributicn in the periphery of each
tuyere differs when the amount of sending into the
tuyere differs,.

Accordingly, each tuyere 1s 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 peint in
the three dimensional coordinates corresponding to
each tuyere. Further, as initial wvalues 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
conditicons, 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
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has passed.

Then, upon reception of the numeric data at each
point of the three-dimensional coordinates in the
shaft furnace which represent gimulation results from
the simulation unit 27, the drawing/display control
unit 28 generates a three-dimensional virtual image
indicating the simulation results {(temperature
distribuﬁion, velocity distributiocn, pressure
distribution, and sc¢ on) from the received numeric
data.

Moreover, when the drawing/display control unit
28 overlay-digplays 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 sgpecifically,
the image of the shaft furnace imaged by the camera
provided in the HMD 102 is substantially the same as
tﬁe 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 wmemory. Then, based
on the identified direction and angle, the

drawing/display control unit 28 controls the
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direction of the three-dimensional virtual image
representing the simulation results to be presented
to the cperator.

i0041)] Note that 1t may be structured to allow the
operator to adjust the direction o¢f the thres-
dimensional virtual image by himself/herself wvia an
input device, and hence it is not paxticularly
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.

Thug, for example, the cperatocor ig able to
perform scheduled contrcl 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 operaticn when the resgults of simulaticon
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 wvirtual image which is overlaid on an
actual shaft furnace or converter, The operator is

able to comprehend the status inside the facility
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more intuiltively, and is able to instantly and
accurately comprehend whether the results of
simulaticon 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
sengor, the HMD is able to recognize what direction
and angle the user is capturing the facility.
Furtheyr, the relation between the three-dimensional
coordinates used in the simulation and the actual
direction of the facility ig defined in advance.
Thus, even in the HMD having nc camera, it isg
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 HMD.

[0042] <Embodiment 7»
In a steel plant, molten iron coming out of a

shaft furnace i1s put in a torpedo car or the like and
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carried to a steel factory, and charged into a steel
furnace in a molten state as 1t is. Then, assuming
the torpedo car alsoc as a part of factorxy facilitiess,
a virtual image representing the status inside may be
generated and overlay-displayed on the torpedo car to
be presented to a worker, similarxly 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 ig obtained by sensors, and a virtual image
representing a temperature distribution and so on
generated based on a facility inside estimation model
agsociated with the torpedo car using this
measurement information is overlaid and displayed on
the actual torpedo car,

Mereover, in this embodiment, it may be
structured to display the order number corresponding
to molten iron carxied by the torpedo car.

Degceribing 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 (hersinafter abbreviated as HMD 102}, and
senscrs 104, to 104; are connected via a wireless
network.

Note that in Embodiment 7, the various types of

procegsing performed by the AR server 1 in Embodiment
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1 are performed in the HMD 102. Desgcribing 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 1044 to 104; 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 sgpecifically,
the HMD 102 retains in a memory provided in the HMD a
facility marker correspondence table i1llustrated 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 cutside or inside of
the facility based on the obtained measurement

information, and performs control to overlay and

- 45 -



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 corder 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
cperator 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 ig 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
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status table.

Note that the hardware structure of the HMD 102
includes, similarxly to the AR sexrver 1 i1llustrated in
Fig. 2, a CPU, a storage device (mewmory), and a
communication device, and the CPU executes processing
of contrelling 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 gtructure,

The imaged image input unit 21 receives as input
data an imaged image of a facility in a factory
imaged 5y the camera provided in the HMD 102.

The measurement information input unit 22
receives measurement information measured by the
gsensors 3; to 3; as input data from the sensors 3. to
3.

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
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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 tce each marker from the
facility marker correspondence table, and identifies
that the facility to which the marker A is added isg
the torpedo car A, and that the facility to which the
marker B 1s added 1s the torpedo car B.

Moreover, the ldentification procesging 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 readg the order IDs
corresponding tc respective facility IDs from the
facility usage status table, and identifies that the
pig irons of the crdexr IDs “ARCLZ3", “EDF456” are
carried in the torpedo car A, and pilig irons of the
order IDs “G1237, “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
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inputted by the measurement information input unit 22.
Further, the creation unit 23 creates a virtual image
representing the order numbers identifiied in the
identification processing unit 29.

The display control unit 24 performsg control to
overlay and display on the display device of the HMD
102 the virtual image representing the gtatus of the
cutgide or inside of the facility which is created in
the creation unit 23 and the imaged image of the
facility dinputted by the imaged image input unit 21.
Further, the display control unit 24 pevforms control
to overlay and display on the display device of the
HMD 102 the virtual image representing the order
numbers which is c¢reated 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 1s 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 i1llustrated in Fig. 20,
although the structure using a marker for identifying

a factory facility is described, a wireless IC tag or
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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 wirelesgss 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
cf Embcodiment 7.

In step 560, the imaged image input unitc 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 3, to 3; measurement
informatiocn measured by the sensors 3, to 3: and
inputs the measurement information.

In step 8562, 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 oxr the like stored in each facility based on
the identified facility ID. |

In step 563, the creation unit 23 c¢reates a
three-dimensional virtual image representing the
status of the ocutside or inside of the facility based
on the measurement information inputted in step 8§61.

Further, the creation unit 23 creates a virtual image
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representing an order number based on the order
number identified in step S62.

In step 864, 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 863 and the imaged image of
the facility inputted in step S60. 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 863 and
the imaged image of the facility inputted in step 860.

In step 865, for example, the digplay 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
digplay control unit 24 ends the processing
iliustrated in Fig. 24 when it determines to end the
processging, 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 walting for shipment. In this case, it may be
gtructured such that 861 is skipped gince it is
unnecessary to overlay-display a virtual image
representing the appearance of the inside or cutsgide
of a facility, and the processing of generating a

virtual image representing the appearance of the
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outside or inside of the facility in 863 is not
performed, and hence it is not iimited in particular.
[(0047] Fig. 25 is a diagram illustrating an example
of the system structure of the operation support
system of Embodiment 7. 1In the example illustrated
in Fig. 25, an example of displaving order numbers on
coils waiting for shipment 18 illustrated. In this
example, markers 105; 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
coills 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
alsc 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 cr 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
crder of loading registered in the server 101 ig read
at the same time, and the creation unit 23 creates a
virtual image representing the loading order
instruction.

Thusg, just by lecking at a facility or a product

in a factory, a worker can immediately comprehend an
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assigned order number and the order of loading
regarding products, half finished products, materials,
and/or the like stored in a facility, and thus
cperations such as preparation for shipment and
transportaticon tc the next process can be pesrformed
smoothly, and mistakes in operation can be prevented.

Note that alsc in this embodiment, although the
case of using the non-transmisgive HMD 102 with
camera has been described as an example, i1t may be of
a structure including no camera by applving the
structure of Embodiment 3 and using a transmisgsive
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 idimage on a facility which
is actually seen through the HMD.

In the foregocing, preferred embodiments of the
present invention have been described in detail, but
the presgent invention 1s not limited to such specific
embodiments. Various wvariations and modifications
may be made within the sceope of the spirit of the
pregent invention described in the claims.

[0048] For example, the ahove-degcribed 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
ig difficult to be seen. However, the abkove-
described embodiments may also ke applied to a

facility handling liguid or powder in a transparent
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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, alcohel content, amount per charge, and so
on) of the liquid or powder can be overlay-displayed
in the form of display like & 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 cbservation
trip service can be provided to an observer.

f0049] Further, although the above-described
embodiments are described taking examples of what is
cailled 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
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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 cocordinates to match ths
presumed position.

Note that the above-described embodiments may be
combined arbltrarily and implemented.

Note that the above-described AR server 1 ig an
example of a computer.
inposc} <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 ilike, 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
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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 ag the crane truck 300. Ir addition, the
dangerous target is not limited Lo 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 dangercus objects pass by
freguently.

[oos1] Fig. 27 is a diagram illustrating an example
of a hardware structure of the AR providing apparatus
1600.

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
1036, 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 ag necessary and
executeg 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 steorage device 1010 i=s 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 yead 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 100S% cther than the
program. HNote that the AR providing apparatus 1000
may obtain various types of information to be stored
in the storage device 1010 from a recording medium
guch 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 cobtain
various types of information related to a dangerous
object. Further, the comnmunication device 1015
performs communication with a satellite, which is an
example of a position detection device, to cobtain
orbit information.

The display device 1020 is an example of a
display unit, is a transmissive liquid crystal
display or the like, and displays varioug types of
images.

{00531 The directilon detection device 1025 is an
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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) o©f the AR providing
apparatus 1000 by calculating the direction of the
north from the intensity of the geomagnetism.

The posture detection device 1030 ig a gyro
senscr 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 wvelocity, or the like.

The imaging device 1035 performe 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.

[o0cB8] Fig. 28 is a diagram illustrating an example
of a functional structure of the AR providing
apparatus 10060,

The AR providing apparatus 1000 has a measurement
unit 1040, a dirvection information obtaining unit
1045, a posture information obtaining unit 105¢, a

retrieval unit 1055, a wvisual field determination
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unift 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 posgition
information as an example of apparatus pecsition
information) indicating the current position of the
AR providing apparatus 1000 from the orbit
information obtained from a satellite wvia 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 104% may receive
detected information such as geomagnetism from the
direction detection device 1025 and calculate the
directicon 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
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dangerous range image indicating the dangsrous range
due to a dangercus object is generated, as various
types of information related to dangerous objects
from a storage device 280 which will be degcribed
later and is included in the information procesging
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 bkased 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 1053, 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
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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 probklem to obtain external
parameters of the disgplay 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 posgible to
employ various methods by appropriately combining the
direction detection device 1025 (magnetic sensox),
the posture detection device 1030 (gyro sensor), the
control device 1005 (GPS), and the display device
roz20. In other woxrds, 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,

s0 as to obtain a geometric transformation matrix
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between a virtual coordinate system representing a
virtual environment and a reference coordinate system
cf a real space which is given in advance (conversion
information correlating conversion between a virtual
coordinate system and a reference coorvdinate system) .

Note that as described above, the display control
unit 1065 may obtain the geometric transfermation
matrix by estimating, for example, the external
parameters (position and posture) of the dieplay
device 1020 in real time using some kind of
ccordinates existing in an imaged image. At this
time, as the index for estimating the pogition and
posture of the AR providing apparatus 1000, an
intentionally added index such as a marker may be
used, or natural characteristics such ag contour
infermation, 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 igs 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 18 a CPU (Central
Procesgsing Unit) for example, and reads a program

from the storage device 280 as necesggsary and executes
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the program. By the program being executed, there
are achieved functions in the information processing
apparatus 200 which will be deszscribed later and
processing related to flowcharts which will be
degcribed 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 {(Harxréd Disk}, and/ocr the
like and stores various tvpes 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) stocres 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 frowm a
recording medium such as a CD-ROM, or may download
them via a network ox 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 (dangercus object
vositicon information which is an example of dangerous
target position information) or the like indicating

the current position of the dangerous object from the
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operating state detection gensor.

The display device 290 is a liquid czystal
display or the like and displays various types of
information.

The input device 295 is a keyvboard and a mouse or
the like operated by the user, and inputs various
types c¢f information to the information processing
apparatusg 200.

[0081] Fig. 30 is a diagram illustrating an example
of a table {(positionalliy fixed taxget table 210}
storing information related to dangerous objects.

The positionally fixed target table 210 is
structured to include information of dangerous obiect
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 2925 or the like by an
administrator for example. The setting of the
information of current status will be described later.

The information of dangerocus object ID is
identification informaticn for identifying a
dangerous object. The information of dangerous
object name is information indicating the name of a
dangercus object. The information of type of danger
is information indicating the type of danger due to a
dangeroug object.

The information of reference position is

information indicating the position (latitude and
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longitude)] where the dangerous obiect ig installed
{(installation pogition information). Note that the
installation pogition information is information
indicating the position of a fixed dangerocus object
and indicates the current position of the dangerous
ocbiject, and hence is equivalent to dangerous object
position information. Further, the installation
position information can also be used ag 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
"139.8676237, 1t 1s represented as position
information “35.354417, 139.867623”. In this
embodiment, for the convenience of explanation, the
altitude of a dangerous object tc be handled is
assuﬁed as “0”.

T0062] The information of state is information for
identifying the operating state of a dangerous object
{gtate 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 dangerocus obiect 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 sc on) for identifying what mode the dangerous

ckiect is operating in based on the mode of the
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dangerous object when i1t operates (or is operating).

The information of dangerous range of each state
is an example of dangercus range information and is
information indicating the dangerous range
corresponding to the state of a dangerous object.

The information of current statug is information
indicating whether a dangerous object is in operatiocn
or not. In this embodiment, when a dangerous object
is in operation, “O” is set by the information
processing apparatus 200, and nothing is set {oxr it
i cleared) when the dangerous object is not in
operation.

[0662] Fig. 31 is a diagram illustrating an example
of a table (mobile target table 220) storing
informaticn related to dangerous objects.

The mobile target table 220 is structured to
incliude 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
exciuding 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 posgitiocning reference is
information indicating the position where a dangerous

range image is displayved (display position
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information). The information of current positicn is
information indicating the current position of a
dangerocus object (dangerocus object position
information). Note that the descriptions of the same
items ag those illustrated in Fig. 30 are omitted.

Here, in this embodiment, although the
information related to dangerous objects are gtored
in the form of table and in plural tables according
to the typesg ¢f dangercug obijectz {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 obiects 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 emploved.
[0064] Fig. 32 is a diagram illustrating an example
of a flowchart related to processing of setting the
“current status” (operating state setting procegsing)
which is performed by an operating state setting unit,
which ig an example of the function of the
infermation processing apparatus 200. Note that the
processing ©f the flowchart illustrated in Fig. 32 is
performed at cextain intervals (for example, every
minute) .

First, the operating state setting unit obtains
the current time {zstep S105).

Next, the operating state setiting unit reads

information related to a dangerous object from the
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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
5115) and finishes the operating state setting
processing.

More specifically, the operating state getting
unit reads the information related to the dangerous
cbiject 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
“(” to the “current status” when it determines that
the current time is included in this time periocd. 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 periad.
[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 8105, the operating state setting
unit obtains the current time “15:007.

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 £115, 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 “15:007 is
included in the time period “9:00 to 17:007 or not.
Then, the cperating state setting unit determines
that the current time “15:00” is dincluded in the time
periocd “9:00 to 17:00” and sets “O” to the “current
status” corresponding to the information of state
(time period “9:00 to 17:007).

[0066] Note that the processing of getting the
“current status” 1s not limited to the above-
described processing. For example, instead of the
processing of step $105 to step S115, the operating
state setting unit may perform processing to receive
infermation indicating the presence/absence of
ceperaticn of the dangerocus obiject from the operating
state detection sensor, determine whether the
dangerous obiject is actually operating or not, and
set “0O” 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. 233 is a diagram illustrating an example
of a flowchart related to processing of setting the
“current status” (operating state setting processing)

which 18 performed by the operating state setting
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unit, which is an example of the function cf 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 frem the operating state detection sensor.
(0068] First, the operating state setting unit
receives dangerous object state information from the
operating state detection sensor (step 8§120). The
dangerous object state information incliudes the
information of dangerous object ID and information

{operating mode information) indicating the mode of

operation of a dangerous cbhject. For example, as the
operating mode information, “0” is set when the
dangercus object is not operating, ™17 is set when

the dangerous object is operating in a first mode,
“2" is set when the dangerous object isg operating in
a second mode, and so on.

Next, the coperating state setting unit reads
information related to a dangerous object from the
storage device 280 (step £125). More sgpecifically,
the operating state gsetting 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 8130}, and finishes the

operating state setting processing.
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More specifically, when the “state” corresponding
to the operating mode information inciluded in the
dangerous object state information can be determined
from the read informaticn related fto the dangerocus
object, the operating state setting unit sets “0O7 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 unitg
clearg all the read “current statuses”.

[ooe9; 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 inforxmation “27) is received from the
operating state detection sensor detecting an
operating state of a dangerous object ID “001” will
be described.

Firgt, in step 8120, the operating state setting
unit receives the dangerous object state information
from the operating state detection sensor detecting
the operating state of a dangerocus object “crane” of
the dangerous object ID “0017.

Next, in step $125, the operating state setting
unit reads states “when fully operating” and “when
only east side is operating” corresponding to the
dangerous cbject ID “001” frow the positionally fixed
target table 210 and the mobile target table 220. In

this embgcdiment, it 18 assumed that as the state
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“when fully operating”, “1” is defined as an
operation in the first mode, and as the zstate “when
only east side is operating”, “2” is defined as an
operation in the second mode.

Next, in step 8130, 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:
27, and sets “0" to the “current status”
corregponding to the determined state “when only east
side 1ig operating”.

[0070] Fig. 34 is a diagram i1llustrating an example
of a flowchart related to processing of setting the
current position information of a dangerous object
{pogition information setting processing) which is
performed by a position information setting unit,
which 1s an example of the function of the
information processing apparatus 200.

In the beginhing, the position information
setting unit receives dangerous object determination
information from a measuring instrument measuring the
pogition of a dangerocus obiject (or a dangerous obiject
having a measuring instrument) (step S135). The
dangercug obiect determination information includes
current positién information of a dangerous obiject
(dangerous object position infcrmation) and

information ©of a dangerous cbject ID. Note that it



is also possible to employ a structure sguch that,
instead of the dangerous object pogition information,
orbit informaticon or the like for calculating the
dangerous cbject position information ig received,
and the position information setting unit calculates
the dangerous object position information.

Next, the pogition information setting unit sets
{updates) the “position information” based on the
received dangercous object position information and
information related to the dangerous object (step
$5140), and finishes the position information setting
processing.

For example, in step 5140, when the position
information setting unit receives the dangerous
object determination information including a
dangerous cobject ID Y0107 and dangerous objsct
position information “35.355187, 139.874618”, the
pogition information setting unit refers to the
positionally fixed target table 21¢ and the mobile
target table 225, and sets the dangerous object
position information “35.355187, 138.874618" to the
“purrent position” corresponding to the dangerous
object ID “0107.

[0071] Fig. 35 ig 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 i1s performed repeatedly when a mode for

identifving the presence/absence of usage of the AR
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function (AR mode) is ON. Note that the user
switches ON/OFF of the AR mode by pressing down a
switceh (not iilustrated) for switching the AR mode.

First, in step 8145, the retrieval unit 1055
retrieves (extracts) target data of which current
statug is “O” from the positionally fixed target
table 210 and the mobile taxrget table 220 from the
information processing apparatus 200. HNote 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 sxtracted from
the mobile target table 220 includes information of
dangerous obiject ID, positioning reference, dangerous
range of each state, and current position.

In this embodiment, as illustrated in PFig. 30 and
Fig. 31, four pieces of data are read as the target
data of which the current status is “O~. For example,
the target data determined by the state “2 (only east
side is operating)” of the dangercus object ID “001”
is read, and this target data include the dangerous
object ID ™Q017, reference position “35.354417,
139.867623", and dangerous range “radius 13 m, height
20 m, direction 6° to 180° ” of each state.
(00721 Next, in step 8150, the wvideo obtalining unit
1070 obtains wvideo data of a real space imaged in the
imaging device 1035.

Next, 1in step 85155, the measurement unit 1040

measures informaticn (AR position information)
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indicating the current positicn 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 directicon informaticn 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 chtains
direction information calculated in the direction
detection device 1025, and the posture information
obtaining unit 105¢ obtains posture information
calculated in the posture detection devieca 103¢.
[c073] Next, in step 8165, 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 5158} and so on.

Here, an example of an AR visual f£field U of a
user 400 is iliustrated in Fig. 36, In this
embodiment, since the altitude of the dangerous
object is set to “0”, the AR vigual field is
determined in a planar form {(or two dimensionally).
However, when the altitude is added tc the dangerousg
object position information, the AR visual field may
be determined in a stereoscopic form {ox three
dimensiocnally) .

Further, in this embodiment, as the wvisual field

of the user 400, for example, information (visual
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field information) of the range of 160° in a leftward
and rightward directicn (and 128° 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.
[0G74] Next, in step 8170, 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 targei data.

More specifically, f£irst, when the dangerous
obiject position information included in the target
data is included in the AR wvisual 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. 26, dangsrous
object position information 430 is included in the AR
visual field U, and hence the dangerous objects
located at the dangerocus object positiocn information
430 are determined as included in the AR visual field
U. XNote that dangercus obliect position information
440 1is notft included in the AR wvisual fieid o, and

thus the dangerocus object located in the dangerous
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ocbject position information 440 is determined as not
included in the AR visual field U.

[0075] Then, the display control unit 1065 obtainsg a
geometric transformation matrix based on the AR
position information, the direction information, and
the posture information.

At this meoment, when the dangerocus object is
fixed, the display control unit 1065 calculates
coordinates {range coordinates) corresponding to the
dangerous range of each state corregpending to the
determined dangercus object based on the coordinates
of the dangerous obkject position information in a
reference coordinate system, and appliesg 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
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augmented image 1s not limited to the above-described
structure. For example, the display controcl unit
1065 may calculate the point corresponding to the
dangerous cbject position information and the point
corregponding 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 {(absclute distance) between the dangerous
object position information and the AR pogition
infeoermation in the reference coordinate system, so as
to gengrate the augmented imags.

At this moment, when the dangerous obiect is
fixed, the display control unit 1065 wmultiplies the
dangerous range of each state corresponding to the
determined dangerous obiect by the magnification, so
as to generate the augmented image.

On the other hand, when the dangercus obiject
moves, the display control unit 1065 analyzes the
video data {image data comnstituting 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 cocrdinates to calculate coordinates
(display coordinates) in the wvirtual coordinate
system, and multiplies the dangerous range of each
state corresponding to the determined dangerous

object by the magnification with the calculated
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display coordinates being the origin, so as to
generate the augmented image.

[o078] In step S175, the display control unit 1065
controls transmittance of the display device 1020 g0
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 digplay control unit 1065
determines plural dangerous objects included in the
AR wvigual field, the display control unit generates
and displavs an augmented image for each of the
plural dangerous ocobijects. Note that the display
control unit 1065 may overlay the generated augmented
image cn the video data and display overlaild images
on the display device 1020.

Further, the method for displaying an augmented
image is nect limited to the above-described structure.
For example, information {(feature guantity or the
like) for determining a dangerous object which is
regigtered in advance may be obtained basgsed on a
dangercus object ID from the information processing
apparatus 200, and the display control unit 1065 may
perform recognition processing for video data using
the feature guantity oxr the like to determine a
dangerous object, and display a dangeroug range image
{auvgmented image) at the coordinates of the
determined dangerous obiject. With this structure,

the position for displaying the augmented image can
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be corrected to a pogition more suitable to the real
space.

{00751 Fig. 37A illustrates an example when an
augmented image 510 is overlaid and displaved on a
crane f{dangercus obiect ID V0017, state “when only
eagt side isg operating”) 500 as a display examnpie of
the case where a dangerousg 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 1is displayved. Note
that when the height is set to “0 m”, a planar {two-
dimensional} augmented image 520 1s displayed. Fig.
378 illustrates an example when the two-dimensicnal
augmented image 520 ig displaved.

Further, ¥Fig. 37C displays an example when an
augmented image €10 is overlaid and displayed on a
crane truck (dangerous object ID “011i”, state
“moving”) 600 to which a marker 620 indicating a
positicning reference ig added, as a display example
of the case where the dangerous object moves.

[0080] Im this embodiment, the structure to generate
and display the dangerous range image hag 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 digplay control unit 1065 may display
an image related to safety (evacuation route image or

safety zone image) on the display device 1020 in
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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 i1s 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 contrel 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 gafety is displayed (evacuation route image 700).

Note that the user switches ON/OFF of the safety
display wmode by pressing down a switch (not
iliustrated) for switching the safety display mode.
{0081] In step 8180, the display control unit 1065
determines whether to stop the disgplay or not. At
this moment, when the AR mode is ON, the display
control unit 1065 determines not to stop the digplavy,
and subseguently, the processing of step 8145 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.
[cog2] Fig. 38 1s a diagram illustrating an example
of a flowchart related to display processing

performed by regpective func¢tions in the AR providing
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apparatus 1000. This display processing 1s performed
following the processing of step S175 or performed
instead of the processing of step 5170 and step 8175.
First, the retrieval unit 1055 retrieves
traveling plan information, which is an example of
meovement schedule infeormation indicating a schedule
of movement of a dangerousg obiject, from the
information processing apparatus 200 {ztep SL185).
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 8190, 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 insgside of a
circle with a diameter of 30 m) with the dangerous
cbject information being at its center.
[co83] Next, in step 5195, the display control unit
1065 determines whether a dangerocus object enters the
gcheduled dangerous range or not based on the
obtained traveling plan information and the current
time. More specifically, the display control unit
1065 obtainsg from the traveling plan information the
traveling position informaticon within a certain time
(for example, within five minutes) from the current
time, and determines whether the obtained traveling

positicon information 1s included in the gcheduled
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dangerous range or not. At this moment, when the
disgplay control unit 1065 determines that it is
included {the dangerous object enters the scheduled
dangerous range), procesgsing of step £200 is
performed subseguently. Cn 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 8200, the display contrel unit 1065
displays on the display device 1020 an image
indicating that the dangerous obiect ig approaching.
More specifically, the display control unit 1055
determines the direction in which the dangerous
object is approaching from the obtained travelilng
schedule position and measurement results, and
displays on the display device 1020 an image
notifying that the dangerous object is appreoaching
from the determined direction. Fig. 39 illustrates
an example of display when a dangerous object (AGV:
Automatic Guided Vehicle} 1s approaching from the
left side of the user {warning digplay image 800).
[0084] Note that although the display control unit
1065 determines that the dangerous object enters the
scheduled dangerous range oy neohb, it is not limited

to this structure. For example, whether the
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dangerous object is approaching the AR providing
apparatus 1000 or not wmay be determined based on the
current time, the traveling plan information, and
measurement results.

fooss] <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 ¢ is characterized in that it
does not have the imaging device 1035. Hereinafter,
a main structure which ig different from Embodiment 8
will be described.

Fig. 40 is a diagram illustrating a flowchart
related to display processing performed by regpective
functiong 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 procegsing of
step S15C illustrated in Fig. 35 is not performed.
[008¢&] In step 8305, the display control unit 1065
generates a dangerous range 1mage (augmented image)
of a dangerous object included in the AR wvisual field
based on measurement results and targef data.

More specifically, first, when the dangerous
object peogition information included in target data
ig dincluded in the AR visual field, the display

control unit 1065 determines that the dangerous
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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
gecmetric transformation matrix based on AR positicn
information, direction information, and posture
information.

Then the display control unilt 106% calculates the
range coordinates corresponding to the dangerous
range of each state corresponding to the debtermined
dangerous object based on the coordinates of the
dangercus object position information in the
reference coordinate system, and applies the
geometric transformation matrix to the calculated
range coordinates so as to generate the auémented
image. Note that although the method for generating
a different augmented image depending on whether the
dangerous object is fixed or not is enmploved in
Embodiment 8, the augmented image 1g generated by the
above-~described method regardless of whether the
dangerous object is fixed or not in Embodiment 9
since it 1s not possible to image a marker.

[c087] <Other embodimentss

The above-described AR providing apparatus
cbtains information and so on related to a dangerocus
object so as to genesrate an augmented image from the
information processing apparatus, but it ig not
limited to this. For example, the AR providing

apparatus may store information for determining
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dangeroug obiects (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 detsrmine a dangercoug oblect inciuded 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 emploved. For example, a
portable terminal type AR providing apparatus may be
enployved. In this case, instead of the transmissive
liguid crystal display, a non-transmigsive liguid
crystal display may be employed. Further, for
example, a head-up display type AR providing
apparatus may be emploved in which an augmented image
is combined and displayed with a target obiject in a
real space which is preojected 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
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apparatus i¢00.

(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 cbiject. At this time, the operating
state detection sensor detects that it ig in
operation (it is dangerous) when the voltage reaches
a prescribed value (prescribed wvolts}. Further, for
example, pilping for delivering fluid may be employed
as the dangerous object. At thisg time, the operating
gstate detection gsensor detects that it isg in
cperation when the temperature cf the £luid 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 emploved as the dangerous
obiect. At this time, the operating state detection
sensor detects that it is in operation by detecting
an operating status signal cor operating schedule
signal.

[o089] 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
noct always necessary to generate and digsplay the

augmented image of the dangercus range for alil
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dangerous obijects recognized by the AR providing
apparatus 1000.

For example, when plural dangerous objects are
captured in the vigual field of the AR providing
apparatus 1000, and if dangerous ranges are presented
simultanecusly for all the dangerous objects, 1t 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 danﬁerous range for a dangerous object which is
located so far that it is not so dangexous 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 ugser overlooks an augmented image for a dangerous
cbiject which ig located clcse and really needs to be
pald attention toc.

[60920] Accoxrdingly, it is possible to employ a
structure to present an augmented image illustrating
a dangerous range oniy for a dangerous object for
which it is necessary at the present moment to
digplay a dangerous range to the user. Desgcribing
more specifically, this structure is as follows.

In thieg structure, the AR providing apparatus
1000 generates an augmented image of the dangerous
range o0f a dangerous object for the user only when,
for example, the position of the user is located at a
predetermined distance or cloger {at a predetermined

threshold or cleser) from the dangerous object. Fig.

- B8 -



41 is a diagram illustrating an example of a table
storing information related to dangerous objects
(positionally fixed target table 910C). - Note that in
the table illustrated in Fig. 41, items of display
cenditions are added compared to the table
i1liustrated in Fig. 30.

In the structure using the positionally fixed
target tabkle %10, for example, since the display
condition of the crane of the dangerous object ID
001”7 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” 1is within 30 m.
The other items are the same as those in the table
illustrated in Fig. 30, and thus thes descriptions
thereof are omitted.

[00o1] Fig. 42 ig a diagram illustrating an example
of a flowchart related to display procesgsing. Note
that in the flowchart illustrated in Fig. 42, step
8405 for determining a distance between the AR
providing apparatus 1000 and a dangerous object isg
added, compared to the flowchart illustrated in Fig.
35.

In step 8405, 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 dangercous ohject, it can be

- 89 -



structured such that the disgplay control unit 1065
calculates this distance based on the information
indicating the current position of the AR providing
apparatus 1000 (AR posgition infcoermation} and the
reference position of the dangerous object indicated
in Fig. 41. Alternatively, 1t 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 dangercus object, and the
measurement uniit measures the distance from the time
the emitted laser is reflected at the dangerous
cbiject and returns to the measurewent unit. Note
that the steps other than step 5405 are similar to
those in the flowchart illustrated in Fig. 35, and
thus the descriptions thereof are omitted.

[c092] Further, the display control unit 1065 yeads
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 obiect satisgfies
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 “0017, when it deteymines a crane
included in the AR visual fleld, the display control
unit 1065 obtains the distance to the crane. Further,

the display contrel unit 1065 reads the display
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condition “within 30 m” corresponding to the crane of
the dangerous object ID “001” from the positicnally
fixed target table 210. Then, the display control
unit 1065 determines whether the obtained distance to
the crane is “within 30 m” or not which i1g the
display condition. A= a result ¢f the determination,
when it is within 30 m, the processing proceeds to
step S170, the display control unit 1065 generates an
augmented image repregenting a dangerous range for
the dangerous cbiect, and overlays and displays the
image. On the other hand, when it is over 230 m, the
procegsing returns Lo step S145.

{0083] Note that although an examplé 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. 21 and apply
the flowchart illustrated in Fig. 42 to a moving
dangercus object, and hence it is not limited in
particular.

Further, although the structure in the above-
described embodiments is to present information ox
the like related to a dangerous object to a worker,
it may be a structure to provide information related
to a dangerousg 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-degcribed
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embodiments, a dangerousgs spot can be notified more
appropriately in a scene where the dangercus spot
changes temporally.
[0094) In the foregoing, the preferred emboediments
cf 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

[6095] The presgent inventicon is applied to a
technology of AR displaying the operating status of a
facility or the like for an obsexrver in an
installaticn or a factoxry. Further, the present
invention is applied toc a technology of AR displaving
a dangerous spot in a scene where the dangerous spot

changes temporally.



CLAIMS:

1. An information providing apparatus having a
display unit and connected communicably to a storage
unit, the information providing apparatus comprising:

a reading unit reading dangerousg range
information indicating a dangerous range of each
state of a dangerocus target and dangercus target
pogition information indicating a position of the
dangerous target, which are gstored in the storage
unit; -

a pesition information obtaining unit obtaining
apparatus position infeormation calculated f£rom
information indicating a position of the information
providing apparatus which i1z 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 i1s detected in a posture detection
device;

a determination unit determining a visual field
of the information providing apparatus based on the

apparatus position information cbtained in the
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position information obtaining unit, the direction
information obtained in the direction informaticn
obtaining unit, the posture inforwmation obtained in
the posture information obtaining unit, and visual
field information of the information providing
apparatus which is defined in advance;

a digplay 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
pogsition information which are read in the reading
unit, and generating a dangerous range image for the
determined dangerousg target and digplaving the image
on the disgplay unit; and

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 correspending to the dangerous range
information based on ccocrdinates of the dangexrous
target position information in the coordinate systen
of the real space, and applies the conversion
information to the calculated range cocrdinates to

generate the dangerous range image.
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2. 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 dangercus range of each
state of a dangerous target and dangercusg target
position information indicating a position cf the
dangerous target, which are stored in the storage
unit;

a position information obtaining unit obtaining
apparatus position information calculated from
information indicating a posgsiticn of the information
providing apparatus which is detected in a posgition
detection device;

a direction information obtainiﬂg unit obtaining
direction information calculated from information
indicating a direction of the informwmation providing
apparatus which is detected in a direction detection
device;

a posture informaticn cbtaining unit obtaining
posture information calculated from information
indicating a posture of the information providing
apparatus which 1s 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
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obtaining unit, the posture infcrmation obtained in
the posture information obtaining unit, and visual
field informatién of the information providing
ap@aratus which is defined in advance;

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

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
gystem of a display space by analyzing the video
inputted by the input unit, determines coordinateg of
a marker indicating a veference 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 dangsrcus range

image.
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3. The information providing apparatusg according
to ¢laim 1L or 2, wherein

the display control unit controls transmittance
of the display unit to make the dangerous target
visible via the display unit, and displays-ﬁhe

dangerous range 1lmage.

4. The information providing apparatus according
to claim 1 or 2, wherein

the display control unit overlays and displays
the dangerous range image on the video inputted by

the iaput unit.

5. 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 xéng@
information indicating a dangerocus range of each
state of a dangercus target and dangercus target
position information indicating a position of the
dangerous target, which are stored in the storage
unit;

a pesition 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 directicn information obtaining unit obtaining

direction informatiocn calculated from information
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indicating a directicn of the information providing
apparatus which isg detected in a direction detection
device;

a posture information cbtaining unit cbtaining
posture infcrmation 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 posgture information obtaining unit, and visual
field information of the information providing
apparatus which is defined in advance; and

a display controil unit determining a dangerous
target included in the wvisual field based on the
apparatug posgition information, the direction
infecrmation, the posture information, and the
dangerocus range information and the dangerous target
position informatien which are read in the reading
unit, and generating a dangerous range image for the
determined dangerous target and displaying the image
o1 th@.display unit, |

wherein the reading unit further reads movement
schedule information indicating a schedule of the

dangerous target to move, which is stored in the
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storage unit, and

when the display control unit determineg 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 dangerocus target and displavs the

image on the display unit.

6. An information providing apparatus having a
display unit and connected communicably to a storage
unit, the information providing apparatus compriging:

a reading unit reading dangerous range
infermation indicating a dangerous range of each
state of a dangexous ;arget and dangerous target
pogition information indicating a pogition of the
dangerous target, which are sgtored in the storage
unit;

a position information obtaining unit obtaining
apparatus position information calculated Zrom
information indicating a position of the information
providing apparatus which i1s detected in a position
detection device;

a direction information obktaining unit obtaining
direction information calculated from information

indicating a direction of the information providing
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apparatus which is detected in a direction detection
device;

a posture information obtaining unit cbtaining
posture information calculated from information
indicating a posture of the information providing

apparatus which ig detected in a posture detection

-

device;

a determination unit determining a visual Ffield
of the information providing apparatus based on the
apparatug position information obtained in the
position information cbtaining unit, the direction
information cbtained in the direction information
obtaining unit, the posture information obtained in
the posture information obtaining unit, and visgual
field information of the information providing
apparatug which is defined in advance; and

a display control unit determining a dangerous
target included in the visual field based on the
apparatus pogition information, the direction
information, the posture information, and the
dangerous range informaticn and the dangerous target
positicen information which arxe read in the reading
unit, and generating a dangerous range image for the
determined dangerous target and displayving the image
on the display unit,

wherein the digplay contrel 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.
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7. The informaticon providing apparatus accerding
to any one of claims 1 to 6, wherein

when the display contrcl unit generates dangerous
range images for pluxal dangerous targets, the
display control unit generates a dangerocus range
image for each of the plural dangerous targets, and
analyzes generated pluxal dangerousg range imagés to
determine a gafety zone or an evacuation route where
dangers due to the plﬁral dangerous targets 4o not
reach, and further gesnerates an image indicating the
determined safety zone or evacuation rcute and

displays the image on the display unit.

8. The information providing apparatus according
to any one of ¢laims 1 to 7, wherein
the display control unit generates the dangerous

range image in a planar form or a stereoscopic form.

9. 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 posiﬁicn information calculated
from information indicating a position of the
information previding apparatus which ig detected. in
a position detection device;

a direction information chtaining step of
obtaining direction information calculated from
informaticn indicating a direction of the information
providing apparatus which is detected in a direction
detection device;

a posture information obtaining step of cbtaining
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 wvisual
field of the information providing apparatus based on
the apparatus position informatiocn obtained in the
position information obtaining step, the directiocon
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;

a digplay control step of determining a dangerous
target included in the visual field based on the
apparatus position information, the direction
informaticn, the posture information, and the

dangerous range information and the dangerous target
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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; and

an input step of inputting a videc imaged in an
imaging device,

wherein, in the display control step, conversion
information correlating conversion between a
coordinate system of a real space and a coordinate
zystem of a display space is calculated by analvyzing
the video inputted in the input gtep, range
coordinates corresponding to the dangerous range
information is calculated based on coordinates of the
dangercus target position information in the
coordinate system of the real space, and the
convergion information is applied to the calculated
range coordinates to generate the dangerous range

image.

10. An information providing method executed by
an information previding apparatus having a digplay
unit and connected communicably to a sterage unit,
the information providing method comprising:

a reading step of reading dangerous range
information indicating a dangerous range of each
state of & dangerous target and dangerous target
position information indlicating a posgition of the -
dangercus target, which are stored in the storage

unit;
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8 posgition information obtaining step of
obtaining apparatus position infcormation calculated
from information indicating a position of the
information providing apparatus which is detected in
a pogition detection device;

a direction information obtaining step of
obtaining direction information calculated from
informaticn indicating a direction of the information
providing apparatus which is detected in a direction
detedtion device;

a posture information obtaining step of obtaining
posture information calculated fzrom information
indicating a posture of the informwmaticon providing
apparatus which is detected in a posture detection
device;

a determination step of determining a vigual
field of the information providing apparatus based on
the apparatus position information obtained in the
pogition infcrmation.obtaining step, the direction
information cobtained in the direction information
ocbtaining step, the posture information obtained in
the posture information cobtaining step, and visual
field information of the information providing
apparatus which ig defined in advance;

a display contreocl step of determining a dangerous
target included in the visual field based on the
apparatus positicn information, the direction
informaticn, the posture information, and the

dangercus range information and the dangerous target
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position information which are read in the reading
gtep, and generating a dangeroué range image for the
determined dangerous target and displaying the image
on the display ﬁnit; and

an input step of inputting a video imaged in an
imaging device,

wherein, in the display centzrol step, conversion
information c¢orrelating conversion between a
coordinate gystem of a real space and a coordinate
system of a display space is calculated by analyzing
the video inputted by the input unit, coordinates of
a marker indicating a reference position added to the
determined dangerousg target in the cocordinate system
of the real gpace is determined, range coordinates
corresponding to the dangerous range information
originating at the determined coordinates is
calculated, and the conversion information is applied
to the calculated range coordinates to generate the

dangerous range image.

11. An information providing method executed by
an information providing apparatus having a display
unit and connected communicably to a storage unit,
the information"pxoviding method comprising:

a reading step of reading dangerous range
information indicating a dangerous range of each
state of a dangerous target and dangerous target
pogition information indicating a position of the

dangerous target, which are stored in the storage
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unit;

a pesiticon 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
cktaining 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 informaticn
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 baged on
the apparatus position information obtained in the
position information cbtaining step, the direction
information obtained in the direction information
obtaining step, the posture information obtained in
the posture information cbtaining step, and visual
field information of the information providing
apparatus which is defined in advance: and

a display control step of determining a dangerocus
target incliuded in the visusl field based on the
apparatus position information, the direction

infermation, the posture information, and the
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-dangerous range information and the dangerous target
position inforwmation 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,

wherein, in the reading step, movemsent schedule
information indicating a schedule of the déngerous
target to move, which is stored in the gtorage unit,
ig further read, and

in the display control step, when it ig
determined that the dangerous target does not exist
in the visual field, if it is determined that the
dangerous target is approaching the information
providing apparatus based on the movement schedule
information read in the reading step, and the
apparatus position information and a current time, an
image notifying a danger due to the dangerous target

igs generated and displayed on the display unit.

12. An information providing methcod executed by
an information providing apparatus having a display
unit and connected communicably to a storage unit,
the information providing method comprising:

& reading step of reading dangerous range
information indicating a dangerous range of each
state cf a dangerous target and dangerous target
position information indicating a position of the
dangerous target, which are stored in the gtorage

unit;
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a poesition information obhtaining step of
cbhtaining apparatus position information calculated
frém information indicating a position of the
informaticn providing apparatus which is detected in
a position detection device;

a direction information cbtaining step of
obtaining direction information calculated from
information indicating a direction of the information
?roviding 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 deterwmining a visual
field of the information providing apparatus bassd on
the apparatus position information obtained in the
position information obtaining step, the direction
information obtained in the direction information
obtaining step, the posture inforwmation obtained in
the posture information obtaining step, and visual
field information of the information providing
apparatus which is defined in advance; and

a disgplay control step of determining a dangerous
target included in the wvisual f£ield based on the
apparatus position information, the direction
information, the posture information, and the

dangerocus range information and the dangerous target
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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,

wherein, in the display control step, the
dangerous range image is generated and displayed on
the digplay unit when a distance to the dangercus
target 1is egual to or less than a predetermined

threshold.

13. 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 posgition information obtaining unit obtaining
apparatus position information calculated from
information indicating a position of fThe computer
which 1s detected in a pogition detection device;

a direction information cobtaining unit obtaining
direction information calculated from information
indicating a directicon of the computer which is
detected in a direction detection device;

a posture information obtaining unit cobtaining

posture information calculated from information
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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
informaticn cobtained in the position information
obtaining unit, the direction information obtained in
the direction information chtaining unit, the posture
information obtained in the posture information
cbhtaining unit, and visual field inforwaticn of the
computer which is defined in advance;

a display control unit determining a dangerous
target included in the visual field based on the
apparatus positicon information, the direction
information, the pesture information, and the
dangeious range information and the dangercus 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; and

an input unit inputting a video imaged in an
imaging device,

wherein the display control unit calculates
conversion informaticn c¢orrelating conversion beltween
a coordinate system of a real space and.a coordinate
gystem of a display space by analyzing the video
inputted by the input unit, calculates range
coordinatesg corresponding to the dangercus range
information based on coordinates of the dangerous

target position informaticon in the coordinate system
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of the real space, and applies the conversion
informaticn to the calculated range c¢oordinates to

generate the dangerocus range ilmage.

14. A program causing a computer having a
display unit and connected communicably tTe a storage
unit to function as:

a reading unit reading dangerous range
information indicating a dangerous yange o©f each
state of a dangerous targelt and dangerous target
position information indicating a position of the
dangerous target, which are stored in the storage
unit;

a pogition information obtaining unit obtaining
apparatus positicn information caleulated 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 informatiocn
indicating a direction of the computer which is
detected in a directilon detection device;

a posture informatiocon obtaining unit cbtaining
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 obitained in
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the direction information obtaining unit, th@ posture
information obtained in the posture information
obtaining unit, and visual field information of the
computer which i1s defined in advance;

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
dangerousg range information and the dangerous target
position informwmation which are read in the reading
unit, and generating a dangerous yange lmage for the
determined dangerous target and displaying the image
on the display unit; and

an input unit inputting a videco imaged in an
imaging device,

wherein the display control unit calculates
conversion information correlating conﬁersion betwesen
a coordinate system of a real gpace and a ccordinate
system of a display space by analyzing the video
inputted by the input unit, determines coordinates of
a marker indicating a reference position added toe the
d@terminad‘dangerous target in the coordinate systen
of the real space, calculates range coordinates
corresponding to the dangerocus range informatioﬁ
originating at the determined coordinates, and
applies the conversgion informaticn to the calculated
range coordinates toc generate the dangerous range

image.
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15. A program causing a computer having =
display unit and connected communicabkly to a storage
unit to function as:

a2 reading unit reading dangerous range
information indicating a dangerocus range of each
gtate of a dangerous target and dangerous target
position information indicating a position of the
dangerous target, which are stored 1in the storage
unit;

a position information obtaining unit obktaining
apparatus position information calculated from
information indicating a position of the computer
which is detected in 2 position detection device;

a direction information obtaining unit cbtaining
direction information calculated fronm inﬁormation
indicating a direction of the computer which is
detected in a directicon 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 basged on the apparatus position
information obtained in the position informatiocn
obtaining unit, the direction information obtained in
the direction infeormation cbtaining unit, the éééture
information obtained in the posture information
obtaining unit, and visual fisld information of the

computer which is defined in advance; and
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a display contro; 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 rangé'image for the
determined dangerous target and displaying the image
on the display unit,

wherein the reading unit further reads movement
schedule information indlcating a schedule of the
dangerous target to move, which is stored in the
gtorage unit, and

when the display control unit determines that the
dangerous target does not exist in the visual field,
ifAthe display contrel unit determines that the
dangerous target 1s apprcoaching the information
providing apparatus based on the movement schedule
infoermation 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 dangercus target and displays the

image on the display unit.

16. A program causing a computer having a
display unit and connected communicably to a storage
unit te functicn as:

a_reading unit reading dangerous range

information indicating a dangerous range of each
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state of a dangercus target and dangerous target
position informaticon indicating a position of the
dangerous target, which are stored in the storage
unit;

a position information obtaining unit cbtaining
apparatug position information calculated from
information indicating a position of the computer
which is detected in a posgition detection device;

a direction information obtaining unit obtaining
direction informaticon 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 infbrmation obtaining unit, the posture
information obtained in the posture information
oktaining 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 pesture information, and the

dangerous range information and the dangerous target
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pocsition information which are read in the reading
unit, and generating a dangerous range image for the
determined dangercus target and displaying the image
on the display unit,

wherein the display contrel unit genevates the
dangerous range image and displays the image on the
digplay unit when a distance toc the dangerous target

is egual to or less than a predetermined threshold.



