DESCRIPTION TITLE OF INVENTION: INFORMATION PROCESSING APPARATUS,
INFORMATION PROCESSING METHOD, AND PROGRAM TECHNICAL FIELD [00011 The present
invention relates to an information processing apparatus, an information processing method, and a
program. BACKGROUND ART [0002](1) Conventionally, in an observation trip in an installation, a

factory, or the like, observers often observe an actual installation or facility, or
DESCRIPTION

TITLE OF INVENTION: INFORMATION PROCESSING APPARATUS,

INFORMATICON PROCESSING METHOD, AND PROGRAM

TECHNICAL FIELD
[0001] The present invention relates to an
information processing apparatus, an information

processing method, and a program.

BACKGROUND ART
[0002] {1)

Conventionally, in an observation trip in an
installation, a factory, or the like, observers often
observe an actual installation or facility, or
observe a prepared panel or video. Cn the other hand,
for example, Patent Document 1 proposes a system to
overlay-display element information corresponding to
the site on an actual site image imaged by a portable
terminal or the like, according to the movement of an
observer.

[0003] (2)

In a dangerous spot for a worker to perform work,
such as a factory or a construction site, a dangerous
area is indicated with paint or the like, or a sign
or the like is posted. Since indications of these
dangerous spots (dangerous spot indications) are
stationery, in general, indications and signs are

posted exhaustively in a range where there may be a
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observe a prepared panel or video. On the other hand, for example, Patent Document 1 proposes a
system to overlay-display element information corresponding to the site on an actual site image
imaged by a portable terminal or the like, according to the movement of an observer. [0003](2) In a
dangerous spot for a worker to perform work, such as a factory or a construction site, a dangerous
area is indicated with paint or the like, or a sign or the like is posted. Since indications of these
dangerom?sa%‘f’sr(dangerous spot indications) are stationery, in general, indications and signs are

posted exhaustygly 11 (pPge phere i nayieas. danaer. . oo ingidentaly, ameng dangerous
spots, there may be cases where it is alwa dang&ous, and there may be cases whereit’is
dangerousis expasiicalae pariodiof e wkar £xamplg cat 586 WHEKE a-¢rareOpgfatiopds performed
in a factory, the area below a hanged load becomes a dangerous spot only when the crane is in
operatiof N FATIONEHST PATERTIFFERATUIRE in a particular period of

time. For example, at a site where a crane operation
is performed in a factory, the area below a hanged
load becomes a dangerous spot only when the crane is

in operation.

CITATICN LIST

PATENT LITERATURE

[0004] Patent Literature 1: Japanese Laid-open
Patent Publication No. 2004-102835

Patent Literature 2: Japanese Laid-open Patent

Publication No. 2002-7703

SUMMARY OF INVEKNTION
TECHNICAL PROBLEM
[0005] (1)

Depending on the installation or factory, there
may be cases where there is a danger and an observer
cannot get close to a facility. Further, even when
it is possible to get close, there may be cases where
the inside of the facility cannot be sgeen.

For example, when the technology of Patent
Document 1 ig applied to an observation trxrip in an
installation or a factory, it is merely to the extent
of aliowing seeing the name of a facility or the 1like

as a virtual image, and there has been a problem that
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[0004]Patent Literature 1: Japanese Laid-open Patent Publication No. 2004-102835 Patent Literature
2: Japanese Laid-open Patent Publication No. 2002-7703 SUMMARY OF INVENTION TECHNICAL
PROBLEM [0005](1) Depending on the installation or factory, there may be cases where there is a
danger and an observer cannot get close to a facility. Further, even when it is possible to get close,
there may be cases where the inside of the facility cannot be seen. For example, when the
technolo§y:6f Pt Doeamemd ds agplied ecdn ciservatienltdip in.an installation or a factory, it is

merely to the extent o aIIowmg seelng the name of a facility or the like as a virtual image, and there
has beenaprogélrﬁ factory, there may be cases where

the operational status of a facility is predicted by
simulation, but the simulation results are dust
displayed 1in a two-dimensional cross-sectional view
on a screen of a computer terminal. Accordingly,
there has been a problem that it is not easy for the
operator to comprehend the simulation results.
[0006] The present invention is made in view of such
problems, and a first object thereof is to
communicate the operational status of a facility or
the like or results of simulation with reality to an
observer or worker in an installation or a factory.
{0007} (2)

Regarding a conventional dangerous spot
indication for a stationery crane arm or the like,
for example, the entire movable range of the crane
arm is assumed as a dangerous spot, and a dangerous
spot indication {such as hatching or the like) is
provided on the ground. Thus, in the conventional
dangerous spot indication, there is a problem that a
dangerous spot is determined more than necessary,
making the dangerous spot obscure. Further, the
conventional dangerous spot indication also has a
problem that dust, oil, or the like may soil the
indication, making the indication itself unseeable,
or maintenance such as cleaning or repainting is
required when it is soiled.

Cn the other hand, regarding a conventional



the observer does not feel the reality. Further, in a factory, there may be cases where the
operational status of a facility is predicted by simulation, but the simulation results are just displayed in
a two-dimensional cross-sectional view on a screen of a computer terminal.Accordingly, there has
been a problem that it is not easy for the operator to comprehend the simulation results. [0006] The
present invention is made in view of such problems, and a first object thereof is to communicate the
operatiorfa® Stafk OF & faERie/or Hixdike dF iczults efsirmulitInWith realine ahobs&vertor worker in
an installgtriloen (J_Lrlfakfgctﬁ)%%%?ggj]%)lgeg%rding a conv%ntional dgrégerous sgot.indicatio for a

stationery crané arm 6 ke, for exampl%,a"t & Bhtire rr?orvgblg rang%ro?ﬁﬁ ctahe'dim s assumed as

a dangergys spot, and adesgerays spohindication(euehas-haiahingor iedikg s proviged on the
ground. Thus, in the conventional dangerous spot indication, there is a problem that a dangerous spot

is deternRdedTiliGre tisan releesshiyis makiag thesdemdeus ot obscure: Funtherkthe conventional
dangerous spot indication also has a problem that dust, oil, or the like may soil the indication, making

the indicatRR FEEF unseBAYIE of fathtéHaRCe §lchdsteahing of AApEREIRIIE réRMEd when it is

soiled. cannot be visually recognized, and the dangerous spot
becomes obscure. Further, there are also cases to
physically hinder entrance with pylons or the like,
but there is a problem that it takes labor to prepare
them.
[0008] The present invention is made in view of such
problems, and a second object thereof is to notify a
dangerous spot more appropriately in a scene where

the dangercus spot changes temporally.

SOLUTION TO PROBLEM
[co09] (1)

Accordingly, an information processing apparatus
of the present invention has: an imaged image input
unit inputting an imaged image of a facility imaged
in an imaging device to a display control unit; a
measurement information input unit inputting
measurement information measured by a sensor provided
in the facility from the sensor to a creation unit; a
creation unit creating a virtual image representing a
status of an outside or inside of the facility based
on the measurement information inputted by the
measurement information input unit; and a display

control unit overlaying and displaying the virtual
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On the other hand, regarding a conventional dangerous spot indication for a mobile crane truck or the
like, since the location where the crane is used is not stationery, an indication "KEEP CLEAR OF 10 M
RADIUS" or the like is posted on the crane truck. However, there is a problem that the dangerous spot
cannot be visually recognized, and the dangerous spot becomes obscure. Further, there are also
cases to physically hinder entrance with pylons or the like, but there is a problem that it takes labor to
prepare thBMJ f00OBE R Sreddht ventioh FSrhaddlinieivtofatieh rBBlerms aarach second object

thereof i 1 gfy dangeroys spot more appropriately in a scene where the dangerous spot changes
temporalsﬁy. %Lufﬁﬁiﬁggﬁ@éfm f(}.‘)oég%l#)eg ,&)é%%%lengﬁ/?gﬁl ﬁ]fol'rl%z}lt’fonop%oce:iessing apparatus
of the presegiinvgntiars fias @n imaged image input unit inputting an imaged image of a facility imaged
in an imaging device to a display control unit; a measurement information input unit inputting

measurement irffériatiom Mrasuréd Bya Sevisor protided inthafadifity frommeathel sersbr @ a creation
unit; a cr%atlonﬂug creatln%%wr#al image repggasentlnlﬁwa status of an outside or inside of the facility

based on & MeasdreRfientinformation inptited By fFRMeRRdemeRtinfSintdtion input unit: and a
display ceatgol uit Qverlaying and displaying,thgwituae r in an instaliation

or a factory.

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

[0010] Further, an information processing apparatus
of the present invention has: a meagurement
information input unit inputting measurement
information measured by a sensor provided in the
facility from the sensor to a c¢reation unit; a
creation unit creating a virtual image representing a
status of an outside or inside of the facility based
on the measurement information inputted by the
measurement information input unit; and a display
control unit overlaying and displaying the virtual
image created in the creation unit on the facility
which is seen through a display device.

With such a structure, the operating status of a
facility or the like can be communicated with
realistic feelings to an observer in an installation
or a factory.

Note that the information processing apparatus
corresponds to, for example, an AR server which will

be described later.



image created in the creation unit and the imaged image inputted by the imaged image input unit on a
display device. With such a structure, the operating status of a facility or the like can be
communicated with realistic feelings to an observer in an installation or a factory. Note that the
information processing apparatus corresponds to, for example, an AR server which will be described
later. [0010] Further, an information processing apparatus of the present invention has: a
measurem@Atikformalth input unit inputting measurement information measured by a sensor
provided in the fﬁlﬁ@,}/}f{om the sensor.to a crgration unit; a greation unit creating a virtual image

TR Jfﬁenfagiﬁt?/‘f)ﬁseﬂjc% {RE R A& UréRent information

representing a status of an’ outside or INSide o
inputted Ry-the Niasyrementintormationdrput unit; and adisplay canfrol uritquedayingand
displaying the virtual image created in the creation unit on the facility which is seen through a display
device. PIWith@dctoa stAaire the operatingstatusicferfaaility onthe likeachn be communicated
with realistic feelin'gséo an observer in an installation or a factory. Note that the information

S

processifig AparatGs coHEiPaHYs & fortexhinp, &TRR3TR e Rtith wii B8 described later.

(0011](2; nformation providing apparatus having: a reading
unit reading dangerous range information indicating a
dangerous range of each state of a dangerous target
and dangerous target position information indicating
a position of the dangerous target, which are stored
in the storage unit; a 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 direction
information obtaining unit obtaining direction
information calculated from information indicating a
direction of the information providing apparatus
which is detected in a direction detection device; a
posture information obtaining unit obtaining posture
information calculated from information indicating a
posture of the information providing apparatus which
is detected in a posture detection device; a
determination unit determining a visual field of the
information providing apparatus based on the
apparatus position information obtained in the
position information obtaining unit, the direction
information obtained in the direction information

obtaining unit, the posture information obtained in



Further, an information providing apparatus according to the present invention is an information
providing apparatus having a display unit and connected communicably to a storage unit, the
information providing apparatus having: a reading unit reading dangerous range information indicating
a dangerous range of each state of a dangerous target and dangerous target position information
indicatin%a position of the dangerous target, which are stored in the storage unit; a position

informatioi 8btRiAME WhiE obiamMg EphraiusPosRidiihiimibhtcal carRt d fotiRfbrmation
indicatin% § g%’ltio]p og c’grq]femigftg’)g“matiog fpr%\ﬂ%in .%%og[:at%%vg@%h 15 98@9&9 Iiln a position detection
device; a direction |r111format|on o%le;linlng unit obtaining direction infofmation taldulated from information
indicating p glifeciien of tha ifermagos providing apparatys which js datected ig agliregtipn detection
device; a posture information obtaining unit obtaining posture information calculated from information
indicating a@pbstare of fhietinfdeiation providingRapparadstiehich it deweted e osfiad detection
device; a.det%rﬂﬂnation uni deﬁerngg[n?ﬁa visyal field of the information providin% apparatus based on
the appat&tus position Tifsimatidis 55tamMad Fthe Bosttioh iftEition BEtaRmg tihit e direction
information ebtaingd inthe direction infrmation,obtajring it therposiure infarmatippobtained in the
posture information obtaining unit, and visual field information of the information providing apparatus
which is definredmrsddvance; and a tdisplayaogteot onisdetermreng.a dangesoLs dargetricluded in the
visual field based on the apparatus position information, the direction information, the posture

informatibA Sand RS Garigrous 7R infBRstibr afd the deAGRbUsBrgetFdsitiod Ffformation which
are read.jp Ing reaginguunit, ANCAneraling @ dagerioupIaNge. mage fof tedetarined dangerous
target and displaying the image on the display unit. ere, the "reading unit" corresponds to, for
-examplera refrevatintel 055 whichavillibe: desatibesidater The rrosition infereatiernebtaining unit”
corresponds to, for example, a measurement unit 1040 which will be described later. The "direction
informatidh DBthfhg it tEtresPerti t6 Fortexamples® direttivmihformation obtaining unit 1045
which will be d gr}beed I tﬁré The "po turge in&orgmggj,on obtaining unit® correspo ds to, for example, a
posture information 6btaining unit 1050 Which Wil be fe8érbe a?enr.d'?he Retentihation unit"

correspasgs #p ik example,:avisual field determigationyrit 4060,high will be described later. The
"display control unit" corresponds to, for example, a display control unit 1065 which will be described

later. ADVANTAGEOUSLBEERECTS OFNVENTFIONLon information obtaining
unit” corresponds to, for example, a measurement unit
1040 which will be described later. The “direction
information cbtaining unit” corresponds to, for
example, a direction information obtaining unit 1045
which will be described latexr. The “posture
information obtaining unit” corresponds to, for
example, a posture information obtaining unit 1050
which will be described later. The “determination
unit” corresponds to, for example, a visual field
determination unit 1060 which will be described later.
The “display control unit” corresponds to, for
example, a display control unit 1065 which will be

degcribed later.

ADVANTAGEQOUS EFFECTS OF INVENTION



[0012](1) According to the present invention, the operating status of a facility or the like can be
communicated with realistic feelings to an observer in an installation or a factory. [0013](2) Further,
according to the present invention, a dangerous spot can be notified more appropriately in a scene
where the dangerous spot changes temporally. BRIEF DESCRIPTION OF DRAWINGS [0014][Fig.
1]Fig. lisa diaégram illustrating an example of a system structure of a facility guidance system of
Embodiméht 321 [Fid: 2] Fig. 2 is a diagram illustrating an example of a hardware structure of an AR

Server. According to the present invention, the operating

status of a facility or the like can be communicated
with realistic feelings to an observer in an
installation or a factory.
[0013] (2}

Further, according to the present invention, a
dangerous spot can be notified more appropriately in

a scene where the dangerous spot changes temporally.

BRIEF DESCRIPTEON OF DRAWINGS

[0014] [Fig. 1] Fig. 1 is a diagram illustrating an
example of a system structure of a facility guidance
system of Embodiment 1.

[Fig. 2]} Fig. 2 is a diagram illustrating an
example of a hardware structure of an AR server.

[Fig. 3] Fig. 3 is a diagram illustrating an
example of a software structure of the AR server of
Embodiment 1.

[Fig. 4] Fig. 4 is a diagram {1) illustrating an
example of overlay display of a virtual image and an
imaged image of Embodiment 1.

[Fig. 5] Fig. 5 is a diagram (2) illustrating an
example of overlay display of a virtual image and an
imaged image of Embodiment 1.

[Fig. 6] Fig. 6 1s a diagram (3} illustrating an
example of overlay display of a virtual image and an
imaged image of Embodiment 1.

[Fig. 71 Fig. 7 is a flowchart illustrating an



[Fig. 3]Fig. 3 is a diagram illustrating an example of a software structure of the AR server of
Embodiment 1. [Fig. 4]Fig. 4 is a diagram (1) illustrating an example of overlay display of a virtual
image and an imaged image of Embodiment 1. [Fig. 5]Fig. 5 is a diagram (2) illustrating an example of
overlay display of a virtual image and an imaged image of Embodiment 1. [Fig. 6]Fig. 6 is a diagram
(3) illustrating an example of overlay display of a virtual image and an imaged image of Embodiment 1.
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 Ewmbodiment 2.

[Fig. 11] Fig. 11 is a flowchart illustrating an
example of display control processing in the AR
server of Embodiment 2.

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

[Fig. 13A] Fig. 13A is a diagram (1}
illustrating an example of displaying a facility by
each display layer.

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

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

[Fig. 13D] Fig. 13D 1is a diagram (4)
illustrating an example of displaying a facility by

each display laver.



[Fig. 7]Fig. 7 is a flowchart illustrating an example of display control processing in the AR server of
Embodiment 1. [Fig. 811 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

[Fig. 14] Fig. 14 is a diagram illustrating an
example of a system structure of a facility guidance
system of Embodiment 5.

[Fig. 15} Fig. 15 is a diagram illustrating an
example of a software structure of an AR server of
Embodiment 5.

[Fig. 16] Fig. 16 is a flowchart illustrating an
example of display control processing in the AR
server of Embodiment 5.

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

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

[Fig. 19] Fig. 19 is a flowchart illustrating an
example of procesgsing in the operation support system
of Embodiment 6.

[Fig. 20] Fig. 20 is a diagram illustrating an
example of a system structure of an operation support
gsystem of Embodiment 7.

[Fig. 211 Fig. 21 is a diagram illustrating an
example of a facility marker correspondence table.

[Fig. 22] Fig. 22 is a diagram illustrating an
example of a facility usage status table.

[Fig. 23] Fig. 23 is a diagram illustrating an
example of a software structure of an HMD with camera.

[Fig. 24] Fig. 24 is a flowchart illustrating an

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

facility b%%acgmdri)scp(liaj}/d%e{. [l;ig. 138]Fig. 13B is a diagram (2)

[Fig. 25] Fig. 25 1is a diagram illustrating an
example of a system structure of the operation
support system of Embodiment 7.

[Fig. 26] Fig. 26 is a diagram illiustrating an
example of a structure of an information providing
system.

{Fig. 27] Fig. 27 is a diagram illustrating an
example of a hardware structure of an AR providing
apparatus.

[Fig. 28] Fig. 28 is a diagram illustrating an
example of a functional structure of the AR providing
apparatusg.

[Fig. 29] Fig. 29 is a diagram illustrating an
example of a hardware structure of an information
processing apparatus.

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

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

[Fig. 32] Fig. 32 1is a diagram illustrating an
example of a flowchart related to operating state
setting processing.

[Fig. 33] Fig. 33 is a diagram illustrating an
example of a flowchart related to operating state
setting processing.

[Fig. 34] Fig. 34 is a diagram illustrating an
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illustrating an example of displaying a facility by each display layer. [Fig. 13C]Fig. 13C is a diagram (3)
illustrating an example of displaying a facility by each display layer. [Fig. 13D]Fig. 13D is a diagram (4)
illustrating an example of displaying a facility by each display layer. [Fig. 14]Fig. 14 is a diagram
illustrating an example of a system structure of a facility guidance system of Embodiment 5.

example of a flowchart related to position
information setting processing.

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

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

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

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

[Fig. 37C}] Fig. 37C is a diagram illustrating an
example when an augmented image is displayed.

[Fig. 37D} Fig. 37D is a diagram illustrating an
example when an augmented image is displavyed.

{Fig. 38] Fig. 38 is a diagram illustrating an
example of a flowchart related to display processing.

[Fig. 391 Fig. 39 is a diagram illustrating an
example of display when a dangerous object is
approaching.

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

[Fig. 41] Fig. 41 is a diagram illustrating an
example of a table storing information related to
dangerous objects.

[Fig. 42] Fig. 42 is a diagram illustrating an

example of a flowchart related to display processing.



[Fig. 15]Fig. 15 is a diagram illustrating an example of a software structure of an AR server of
Embodiment 5. [Fig. 16]Fig. 16 is a flowchart illustrating an example of display control processing in
the AR server of Embodiment 5. [Fig. 17]Fig. 17 is a diagram illustrating an example of a system
structure of an operation support system of Embodiment 6. [Fig. 18]Fig. 18 is a diagram illustrating an
example of a software structure of the operation support system of Embodiment 6.

DESCRIPTICON OF EMBODIMENTS

[0015] Hereinafter, embodiments of the present

invention will be described based on the drawings.

[0016] <Embodiment 1>

Fig. 1 is a diagram illustrating an example of a
system structure of a facility guidance system of
Embodiment 1. As i1llustrated in Fig. 1, in the
facility guidance system, an AR (Augmented Reality)
server 1, a camera 2, gensors 3; to 35, and a display
device 4 are connected via a network.

To the AR server 1, an imaged image of a facility
in a factory (a shaft furnace in the example of Fig.

1) imaged by the camerxa 2 is inputted from the camera
2. Note that in the following embodiments including
this embodiment, the descripticn will be given taking
examples of facilities in a steel plant as examples
of facilities in a factory. Note that this will not
limit the following embodiments including this
embodiment.

Further, to the AR server 1, measurement
information {(for example, temperature information of
the inside of the shaft furnace, or the like)
measured by the sensors 3; to 35 is inputted from the
sensors 3; to 3;. Note that although in Fig. 1 the
number of sensors is five, this embodiment is not
limited to thig, and the number may be less than five
or more than five. Note that 1in this embodiment,

although the sensors 3 are provided outside and

inside the facility, they may be provided, for
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[Fig. 19]Fig. 19 is a flowchart illustrating an example of processing in the operation support system of
Embodiment 6. [Fig. 20]Fig. 20 is a diagram illustrating an example of a system structure of an
operation support system of Embodiment 7. [Fig. example of 21] a Fig.21lisa

example, only inside the facility or only outside the
facility depending on the facility. For example, in
the case of the shaft furnace, the sensors 3 are
provided inside and outside the shaft furnace. In
the case of a converter which will be described later,
the sensors 3 are provided inside the converter. In
the case of a continuous-casting machine which will
be described later, the sensors 3 are provided
outside the continucus-casting machine. The sensors
are not limited to temperature sensors measuring
temperature information, and may be, for example, air
pressure sensors measuring air pressure information,
pressure sensors measuring pressure information, gas
sensors measuring the type and concentration of gas,
or the like. The sensors 3; to 3; may all be the same
type of sensors (for example, temperature sensors or
the like), or they may be different types of sensors
(for example, a temperature sensor, a gas sensor, a
pressure sensor, and so on).

Note that in the following, for brevity of
explanation, these plural sensors are simply referred
to as sensors unless otherwise noted.

The AR server 1 performs control to create a
virtual image representing the status of an outgide
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

- 14 -



facility marker diagram illustrating an correspondencetable. [Fig. 22] Fig.22is a diagram illustrating an
example of a facility usage

realistic feelings the operating status of a facility
located in an area which is dangerous and off-limits,
the operational status of the inside of a facility,
or the like by observing the display device 4.

[0017] Fig. 2 is a diagram illustrating an example
of a hardware structure of the AR server 1.

As illustrated in Fig. 2, the AR server 1
includes a CPU 11, a storage device 12, and a
communication device 13 as a hardware structure. The
CPU 11 executes processing or the like for
controlling the AR server 1 based on a program stored
in the storage device 12. The storage device 12
stores data and so on used by the program and the CPU
11 when executing processing. The communication
device 13 controls communication between the AR
server 1 and other devices (for example, the sensors
3, the camera 2, the display device 4, and so on).

By the CPU 11 executing processing baged on the
program, software structures and processing related
to flowcharts which will be described later are
achieved.

(0018} Fig. 3 is a diagram illustrating an example
of a software structure of the AR server 1 of
Embodiment 1.

As i1llustrated in Fig. 3, the AR server 1
includes an imaged image input unit 21, a measurement
infermation input unit 22, a creation unit 23, and a
display control unit 24 as a software structure.

The imaged image input unit 21 receives from the
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status table. [Fig. 23] Fig.23isa diagram illustrating an example of a software structure of an HMD with
camera.

camera 2 an imaged image of the facility in the
factory which is imaged by the camera 2 and inputs
the imaged image.

The measurement information input unit 22
receives from the sensors 3. to 35 measurement
information measured by the sensors 3; to 35 and
inputs the measurement information.

The creation unit 23 creates a virtual image
representing the status of the outside or inside of
the facility based on the measurement information
inputted by the measurement information input unit 22.

For example, the creation unit 23 receives the
measurement information from the measurement
information input unit 22, and receives facility
information indicating which facility this
measurement information is measured from the
measurement information input unit 22. The creation
unit 23 determines whether or not the facility
indicated by the facility information ig a facility
for which it is set to generate a virtual image of
the inside of the facility based on the received
facility information. When the facility indicated by
the facility informaticn 1is 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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[Fig. 24] Fig.24isa flowchart illustrating an example of processing in the operation support system

Describing more specifically, in the storage device
12 or the like, for example, a shaft furnace and a
shaft furnace inside estimation model are stored in
association. Further, in the storage device 12 or
the like, for example, a converter and a converter
inside estimation model are stored in association.
When the facility indicated by the facility
information indicates a shaft furnace, the creation
unit 23 selects the shaft furnace inside estimation
model associated with the shaft furnace from the
storage device 12 or the like. Then the creation
unit 23 substitutes the measurement information
inputted by the measurement information input unit 22
in the selected shaft furnace inside estimation model
to estimate the status inside the shaft furnace, and
creates a virtual image representing the status
inside the sghaft furnace.

Note that each estimation model is stered 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 expregsion.
However, it may be generated as a computer generated
image in advance based on the mathematical model
expression, and the display of the image may be
changed by changing parameters. More specifically,

an adjustment in a height direction is made according
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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 Embodiment 7. [Fig. 26]Fig. 26 is a diagram illustrating an example of a
structure of an information providing system. [Fig. 27]Fig. 27 is a diagram illustrating an example of a
hardware structure of an AR providing apparatus. [Fig. 28]Fig. 28 is a diagram illustrating an

to the amount of charged raw material in the shaft
furnace, or in an example of a converter which will
be described later, it is allowed to change the
surface position and so on of molten steel in the
furnace based on measurement values of sensors.
Alternatively, temperature information measured by
the sensors 3; to 35 1s applied to the shaft furnace
inside estimation model to generate an actual
temperature distribution as a virtual image.

The display control unit 24 performs control to
overlay and display on the display device 4 the
virtual image representing the status of the ocutside
or inside of the facility created in the creation
unit 23 and the imaged image of the facility inputted
by the imaged image input unit 21 (see Fig. 4 to Fig.
6) .

[0019] Fig. 4 is a diagram (1) illustrating an
example of overlay display of a virtual image and an
imaged image of Embodiment 1. Fig. 4 illustrates an
example of overlaying and displaying an imaged image
0of a shaft furnace and a virtual image of an inside
of the shaft furnace created based on temperature
information of the inside of the shaft furnace.

Fig. 5 is a diagram (2) illustrating an example
of overlay display of a virtual image and an imaged
image of Embodiment 1. Fig. 5 illustrates an example
of overlaying and displaying an imaged image of a
converter and a virtual image of an inside of the

converter created based on temperature information of
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example of a functional structure of the AR providing apparatus. [Fig. 29]Fig. 29 is a diagram
illustrating an example of a hardware structure of an information processing apparatus. [Fig. 30]Fig. 30
is a diagram illustrating an example of a table storing information related to dangerous objects. [Fig.
31]Fig. 31 is a diagram illustrating an example of a table storing information related to dangerous
objects. [Fig. 32]Fig. 32 is a diagram illustrating an

the inside of the converter.

Fig. 6 is a diagram (3) illustrating an example
of overlay display of a virtual image and an imaged
image of Embodiment 1. Fig. 6 illustrates an example
of overlaying and displaying an imaged image of a
continuous-casting machine and a steel in a molten
state passing through the continuous-casting machine,
and a virtual image in which the steel in a molten
state passing through the continuous-casting machine
is solidifying, which is created based on temperature
information of the outside of the continuous-casting
machine.

[0C20] Fig. 7 is a flowchart illustrating an example
of display control processing in the AR server 1 of
Embodiment 1.

In step 510, 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 S11, 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 812, the creation unit 23 creates a
virtual image representing the status of the outside
or inside of the facility based on the measurement
information inputted in step S11i.

In step 813, the display control unit 24 performs

contreol to overlay and display on the display device
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example of a flowchart related to operating state setting processing. [Fig. 33]Fig. 33 is a diagram
illustrating an example of a flowchart related to operating state setting processing. [Fig. 34]Fig. 34 is a
diagram illustrating an example of a flowchart related to position information setting processing.
[Fig. 35] Fig. 35 is a diagram illustrating an example of a flowchart related to display processing.

4 the virtual image representing the status of the
outside or inside of the facility created in step 512
and the imaged image of the facility inputted in step
S10.

In step S1l4, 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
digplay control unit 24 ends the processing
illustrated in Fig. 7 when 1t determines to end the
processing, or returns the processing fto step S10
when it determines not to end the processing.

Note that the imaged image input unit 21 may be
configured to constantly receive the imaged image
from the camera 2 and input the imaged image as long
as imaging is performed by the camera 2. Similarly,
the measurement information input unit 22 may be
configured to constantly receive the measurement
information from the sensors 3; to 35 and input the
measurement information as long as measurement is
performed by the sensors 3, to 35. The same applies
to the following embodiments. In such a structure,
the AR server 1 can perform control to create a
virtual image based on the measurement information
inputted in real time and overlay and display the
virtual image on the imaged image inputted in real
time on the display device 4.

[0021] Hereinafter, according to this embodiment,
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[Fig. 36]Fig. 36 is a diagram illustrating an example of an AR visual field. [Fig. 37A] Fig. 37Ais a
diagram illustrating an example when a three-dimensional augmented image is displayed. [Fig.
37B]Fig. 37B is a diagram illustrating an example when a two-dimensional augmented image is
displayed. [Fig. 37C]Fig. 37C is a diagram illustrating an example when an augmented image is
displayed. [Fig. 37D] Fig. 37D is a diagram illustrating an example when an augmented image is
dSpbyaihe opeérating status of a facility or the like can be

communicated with realistic feelings to an observer

in an installation or a factory. In particular,

instead of just showing video images as has been

conventionally performed, it is possible to show the

status of a facility which is in an operating state

at the present moment, and hence it is possible to

provide an observation with realistic feelings which

has not been present.

[cc22] <Embodiment 2>

Fig. 8 is a diagram illustrating a system
structure of a faciliity guidance system of Embodiment
2. As illustrated in Fig. 8, the system structure of
the facility guidance system of Embodiment 2 newly
includes an operation server 5 compared to the system
structure of the facility guidance system of
Embodiment 1.

The operation server 5 transmits control
information to a facility inside a factory. The
facility executes processing based on the control
information. For example, when the facility is a
shaft furnace, the operation server 5 transmits to
the shaft furnace charging instruction information of
sintered ore or the like for instructing charging of
sintered ore or the like, cokes charging instruction
information for instructing charging of cokes as an
example of material, blowing instruction information
0of reducing agent for instructing blowing in of a

reducing agent, tapping instruction information for
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[Fig. 38]Fig. 38 is a diagram illustrating an example of a flowchart related to display processing.
[Fig. 39]Fig. 39 is a diagram illustrating an example of display when a dangerous object is
approaching. [Fig. 40]Fig. 40 is a diagram illustrating a flowchart related to display processing. [Fig.
41]Fig. 41 is a diagram illustrating an example of a table storing information related to dangerous

objects.
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
converteyr, there are oxygen blowing instruction
information for instructing blowing of oxygen from
above the converter, and respective blowing
instruction information for instructing blowing of
oxygen or fuel gas, carbon dioxide gas, inert gas, or
the like from below the furnace, and the like.
Moreover, for an operation of charging iron scraps by
tilting the converter body or of tilting the
converter body again to move molten steel to a ladle
after blowing, there are instruction information for
instructing tilting of the converter body, and the
like, Further, when the facility is a continuocus-
casting machine, there are pressure instruction
information for increasing or decreasing pressures,
and the like.

Toe the AR server 1, the control information
transmitted from the operation server 5 to the
facility is inputted. Then the AR server 1 performs
control to create a virtual image representing the
status of the outside or inside of the facility based
on the inputted control information and the inputted
measurement information, and overlay and display the
created virtual image and the imaged image inputted
from the camera 2 on the display device 4.

An observer of the factory can comprehend with

realistic feelings the operating status of a facility
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[Fig. 42] Fig. 42 is a diagram illustrating an example of a flowchart related to display processing.
DESCRIPTION OF EMBODIMENTS [0015] Hereinafter, embodiments of the present invention will be
described based on the drawings. [0016]<Embodiment 1> Fig. 1 is a diagram illustrating an
example of a system structure of a facility guidance system of Embodiment 1. As illustrated in Fig. 1, in
the facility guidance system, an AR (Augmented Reality) server 1, a camera 2, sensors 31 to 35, and a
display de?i€é 4 @fe dohnastedviaa riebvictk 1 sTdlehegsRrsanger dngh imhfed imdgesof a facility in
a factory ?&ghaft furnace in the example of Fig 1 imagaed by the camera 2 is inputted from the

camera 2 Not& tR&FiR e fofowifd EmBsdird nt§ helut i HiCembodiiént HRE ddscri¥tion will be

given takingexamples of {acifiesin A;sfee! plaat agiexgmples gifaqilities in a factory. Note that this
will not limit the following embodiments including this embodiment. Further, to the AR server 1,
measuremedeibformation.(fo? example demperatureiihfonnatioa tof the insidesof dhepshaft furnace, or
the like) measured by the sensors 31 to 35 is inputted from the sensors 31 to 35. Note that although in
Fig. 1 th® fluftbét f SEREHRs iS Five! Bhid'EfbsméRds Adt iPREF®%hid, aAd the number may be less
than five or 71056 thap five, Note that in this embodiment, although the sensors 3 are provided outside
and inside the facility, they may be provided, for

As illustrated in Fig. 9, the software structure

of the AR server 1 of Embodiment 2 newly includes a
contrel information input unit 25 compared to the
software structure of the AR server 1 of Embodiment 1.

The control information input unit 25 receives
from the operation server 5 the control informatiocn
transmitted from the operation server 5 to the
facility and inputs the control information.

The creation unit 23 creates a virtual image
representing the status of the outside or inside of
the facility based on the measurement information
inputted by the measurement information input unit 22
and the control information inputted by the control
information input unit 25. For example, the creation
unit 23 substitutes the measurement information in
the facility inside estimation model corresponding to
the facility to estimate the status inside the
furnace, and creates a virtual image according to the
estimation result, as illustrated in Embodiment 1.

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

representing how cokes are charged into the facility
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example, only inside the facility or only outside the facility depending on the facility. For example, in
the case of the shaft furnace, the sensors 3 are provided inside and outside the shaft furnace. In the
case of a converter which will be described later, the sensors 3 are provided inside the converter. In
the case of a continuous-casting machine which will be described later, the sensors 3 are provided
outside the continuous-casting machine. The sensors are not limited to temperature sensors
measurifgtterhpératiictinformation2aril hassed fop Bxdrhiste, @b prassure serfsorsimédsuring air
pressuregplfgrmqtgionhpr ssure sensaqrs mu?ﬁgqjs,euri_nﬁ pressure information, gas sensors measuring the

Sentrationor gag, o theliks: SERESHS 31 I 3T MET &It B thE R mE WHeof sensors

type and concen

(for exangple, deypperatyiessensears ok thelike)s or they may be different types of sensors (for example,
a temperature sensor, a gas sensor, a pressure sensor, and so on). Note that in the following, for

brevity of explaation, théselplural sehsgrsare simply iéfduedto=as segsornurlessmatherwise noted.
The AR server 1 performs_control to create a virtual image representin%(]tlhe status of an outside or

inside ofdtte R bA¥ed drFiie pultdd MedstFdiént intStaraforR BAd Berafafe display the
created \iiﬂléaé Image andithesimaged irga.g_e i%pluétgd irgmjfliel%qsrr%eltgg o tgendisplay device 4. An
observer of the factory can comprehend with
example of overlay and display an imaged image of the
shaft furnace and a virtual image of the inside of
the shaft furnace and cokes being charged into the
shaft furnace which is created based on temperature
information of the inside of the shaft furnace and
the charging instruction information of cokes into
the shaft furnace.
According to this embodiment, the creation unit
23 creates the virtual image to which not only the
measurement information is added but also the control
information is added, and thus a virtual image having
more realistic feelings can be created. Particularly
in the converter, when the converter body is tilted,
the overlay-displayed virtual image changes
accompanying the movement, and thus the realistic
feelings are increased further.
[0024] Fig. 11 is a flowchart illustrating an
example of display control processing in the AR
server 1 of Embodiment 2.
In step 520, 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.

- 24 -



realistic feelings the operating status of a facility located in an area which is dangerous and off-limits,
the operational status of the inside of a facility, or the like by observing the display device 4. [0017]
Fig. 2 is a diagram illustrating an example of a hardware structure of the AR server 1. As illustrated
in Fig. 2, the AR server 1 includes a CPU 11, a storage device 12, and a communication device 13 as
a hardware structure. The CPU 11 executes processing or the like for controlling the AR server 1
based on a programStcted fethe sfofefjelteGies! I2 e stotdjecdevies 12 Btotardaka and so on
used by the program and the CPU 11 when executing processing, The communication device 13
controls Lcﬁ%r%u%%atféﬁ ‘Detween trllﬁlerRIEi1 sgrkl/gr £ gﬁ% othét dge%/ictég (f8r5e>}_'a le, the sensors 3, the

camera & dBesdisplaydavicefk apdse 98n m&ydhe-€RU} exgrutiog progessing basgd on the
program, software structures and processing related to flowcharts which will be described later are

achieve® J0GL8fid.1R0¢ hitlidgram Hlasteting me examplé ofransdftivare. 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 iffBrmiatGR iNpatunit2>S a SRARGPINIESEE 2rdi4 His P8y cdherdturtithtas a software

SUUCtUr®; 5 receives the control information from the
operation server 5 and inputs the contrel information.
Note that it is assumed that the control information
input unit 25 inputs the control information every
time the control information is transmitted from the
operation server 5 to the facility.

In step 823, the creation unit 23 creates a
virtual image representing the status of the outside
or inside of the facility based on the measurement
information inputted in step 521 and the control
information inputted in step $22.

In step S24, 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 523
and the imaged image of the facility inputted in step
S520.

In step 825, for example, the display control
unit 24 determines whether to end the processing
illustrated in Fig. 11 or not based on whether
information of ending display or the like is received
or not from the display device 4 or the like. The
display control unit 24 ends the processing

illustrated in Fig. 11 when it determines to end the
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The imaged image input unit 21 receives from the camera 2 an imaged image of the facility in the
factory which is imaged by the camera 2 and inputs the imaged image. The measurement
information input unit 22 receives from the sensors 31 to 35 measurement information measured by
the sensors 31 to 35 and inputs the measurement information. The creation unit 23 creates a
virtual image representing the status of the outside or inside of the facility based on the measurement

informatiBh FpEESLBPthe MeasrereRtinfofifatibh RpEEEit. £O BoreRarMple, the creation unit
23 receiygsdhe measyirerent iq{%rgnqul r&fr(%rg tt;ien eaas[%eng)erng) i@gosrmation input unit 22, and

receives facility information indicating which facility this meastrement information is measured from
the meadwernerit infarmasiom npukunjt 22c therereatipniwnit 23 deteaminesawhathar or not the facility
indicated by the facility information is a facility for which it is set to generate a virtual image of the
inside oftREfabilty Hasdd ¢h thé dédew et factityfipfdindtior. Wherkihe fdclliseingieate® By the facility
informatigg IS a fl%lcigt 1_foer hichti}]is sgtrto ggn%riltf%vjrtuaymajge of the inside of the facility, the
creation Onit 23 Selects & ac‘ﬂi%y inside estimation mo éLIF(faciﬁt?/ insite estifafioh mathematical model

expressigh)siared in asgociafionyythdhe faeility infermagion:fiom the storage device 12 or the like
based on the facility information.
[0026] <Embodiment 3>

Depending on the factory, facilities are in
operation throughout the year, or there may be cases
where facilities are not in operation for the reason
of maintenance, cleaning, or the like. In this
embodiment, there will be described a method for
communicating, even when a facility is not in
operation, the operating status of the facility or
the like with realistic feelings to an observer in an
installation or a factory. ©Note that a system
structure, a software structure, and so on in this
embodiment are similar to those of Embodiment 1
unless otherwise noted.,

The creation unit 23 of this embodiment
determines whether the facility is in operation or
not based on the measurement information inputted
from the measurement information input unit 22, and
creates a virtual image based on the measurement
information when it determines that the facility is
in operation, or obtains from the storage device 12
or the like a virtual image generated in advance
based on logical values or average values or the like

of measurement information in the past when it
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Describing more specifically, in the storage device 12 or the like, for example, a shaft furnace and a
shaft furnace inside estimation model are stored in association. Further, in the storage device 12 or the
like, for example, a converter and a converter inside estimation model are stored in association. When
the facility indicated by the facility information indicates a shaft furnace, the creation unit 23 selects the
shaft furnace inside estimation model associated with the shaft furnace from the storage device 12 or

the like. FierPhB Ereafortiifit23tdiBstidied theteakSrenteht ihfdrararitpbRed by the
measurement iq;fgrpaéi nput unit.22 in the selected shaft furnace inside estimation model to
estimate the status ins.ige%1 méﬂsﬁéft urr?ac%q,ra?n%kc]fgar%esugl ﬁ#uig?margeecrgﬁr%gégntiﬁg%e status inside

the shaftfermace: e meNafe that sacieestigatianpedel issstesed inthe glerage device 12 merely as a
logical model, and is recalculated according to, for example, the measurement information measured

by the se36R131a6 8510 iHepaby gehérate22 virtddltmageds a¥erm deseid iHevactual state.
Therefortja_hi%ig]preg%rged to be .matteematica mo%el xpres;ﬁi,on. However, it may be generated as a
computer generg’te wr?arbez‘l‘ﬁla&v%%ce}‘f:}gse‘a’ bhThe math&mafical mBdd expression, and the display

of the image Mmay be changed by shangingparameters sMerespecifically.;an adjustment in a height
direction is made according to the amount of charged raw material in the shaft furnace, or in an

examplerof acomnventenwhithn Witxbesdes cribed tatert it ismallowed toacchangesthé surdace position and
so on of molten steel in the furnace based on measurement values of sensors. Alternatively,

temperaftP€ RforMAtidn edstifctio)ife SSdrs Yo 38 KApPRdditB The SHAfR furnace inside
estimationgade) th.gengiate anacal tamperalute distrpyfion pa gainyalipade o o The display

control unit 24 performs control to overlay and display on the display device 4 the virtual image
[representifig shecstatus. 6f thes eutsitde oeidside ohthe feciliyoraated ip theareationiing 23 and the
imaged image of the facility inputted by the imaged image input unit 21 (see Fig. 4 to Fig. 6).
[0019]Fig TP atdifyrdnk PHARRr&MY shexampleBf bvtlay d%play of a virtual image and an
oot M FlEnieden) £ WISt porpl vy g depiain animege
example of display control processing in the AR
server 1 of Embodiment 3.
In step S30, 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 S31, the measurement information input
unit 22 receives from the sensorg 3; to 3: the
measurement information measured by the sensors 3; to
3; and inputs the measurement information.
In step 532, the creation unit 23 determines
whether the facility is in operation or not bkased on
the measurement information inputted from the
measurement information input unit 22. The creation
unit 23 determines that the facility is not in

operation when, for example, the measurement

information is not in a predetermined range. The
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of the shaft furnace created based on temperature information of the inside of the shaft furnace.

Fig. 5 is a diagram (2) illustrating an example of overlay display of a virtual image and an imaged
image of Embodiment 1. Fig. 5 illustrates an example of overlaying and displaying an imaged image of
a converter and a virtual image of an inside of the converter created based on temperature information
of the inside of the converter. Fig. 6 is a diagram (3) illustrating an example of overlay display of a
virtual imﬁ&@éﬁﬂléﬁ‘inﬁﬁé&in?é’ge%%?:‘ﬁfb%éi%eﬁpf. FRF B ARISFEES art Examiie ofo¥érlaying and
displaying,an jmaged {mage of A continyous-casting maching and a steelin & molten state passing
through the continuous-casting machine, and a virtual image ifwhich the ste&lTn & moner state
passing tbroughk thercopinuers-Casting Mmaching istsoliditying, whigh isiceaated-based on temperature
information of the outside of the continuous-casting machine. [0020] Fig. 7 is a flowchart illustrating an
example @rdigsIaV eonEroltptadessing infthe ARideyvet § ohBmbddimentelr 2 t ilpstep 510, the
imaged image input unit 21 receives from the camera 2 an imaged image of the facility in the factory

which is imaged 8y the E8mé&ra 2 and hiputs the imadediMadde. 2  isté-5EL, the measurement
information inputnit 24 Jeceives fromdhe sansorsc3do 36 he easprament infarmation measured

by the sensors 31 to 35 and inputs the measurement information.
or inside of the facility based on the measurement
information inputted in step S31.

On the other hand, in step 834, the creation unit
23 obtains from the storage device 12 or the like a
virtual image representing the status of the outside
or inside of the facility, which is created in
advance based on logical values or the like
corresponding to the facility.

In step 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
coutside or inside of the facility created in step 833
or obtained in step S$34 and the imaged image of the
facility inputted in step $30.

In gtep 836, for example, the display control
unit 24 determines whether to end the processing
illustrated in Fig. 12 or not based on whether
information of ending display or the like is received
or not from the display device 4 or the like. The
display control unit 24 ends the processing
illustrated in Fig. 12 when it determines to end the
processing, or returns the processing to step 830

when it determines not to end the processing.
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In step 512, the creation unit 23 creates a virtual image representing the status of the outside or inside
of the facility based on the measurement information inputted in step 811. In step 813, the display
control unit 24 performs control to overlay and display on the display device 4 the virtual image
representing the status of the outside or inside of the facility created in step 512 and the imaged image
of the facilité inputted in step 510. In step 514, for example, the display control unit 24 determines

whether t&dtthe pfoteSkitifushadd FPEY 7 oPfot BALURA whithkPihformation of ending
display ot ihe ike is.teceived arnot fram e display deyice 4.0 fhe like. Ths.display control unit 24

ends the processing illustrated in Fig. 7 when it determines to endthe processing, or returns the
processifd iorsief 5litnalken itdeterminesmotto®end:thecprecassiag.ur e Natetdhat the imaged image
input unit 21 may be configured to constantly receive the imaged image from the camera 2 and input
the imaged frRdderdsiieny asSimaying isfpetfoffiet KRR L&H&a 20 Sinfifarly, Biehéasurement
information input unit 22 may.be configured to constantly receive the measurement information from
the sensors 31 to %rg azr% ?npﬁ?tﬁéo#wlé%%rer%gr(g ir%fﬁgrem% |"18 a\éefé%g S ?nlé%lgl}rrelﬁ\ent is performed by

the sensgisa3:48 38 £The semeiappliss te thecfallowingeembogdimends. i siehs struetuie, the AR
server 1 can perform control to create a virtual image based on the measurement information inputted
in real tivié thd overihy ahd displag thevigiakimage opliedmuged ifage inputted in real time on the

display device 4, [0021] Hereinafter, accarding to this embodiment, ,
installation or a factory. Further, according to

this embodiment, when the facility is not in
operation, a virtual image created based on logical
values or average values ©0f measurement information
in the past is overlaid and displayved on an imaged
image of the facility, and thereby the operating
status of a facility or the like can be communicated
with realistic feelings to an observer in an
installation or a factory.

Note that the system structure, the software
structure, and sc on of this embodiment are made
similar to those in Embodiment 1, but when they are
made similar teo those in Embodiment 2, the creation
unit 23 may be configured to determine whether the
facility is in operation or not based on the
measurement informatilon and/or the control
information. For example, the creation unit 23 may
be configured to determine that the facility is not
in operation when the measurement information is not
in a predetermined range and/or when the control
information is not transmitted for a predetexrmined

period from the operation server 5 to the facility.
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the operating status of a facility or the like can be communicated with realistic feelings to an observer
in an installation or a factory. In particular, instead of just showing video images as has been
conventionally performed, it is possible to show the status of a facility which is in an operating state at
the present moment, and hence it is possible to provide an observation with realistic feelings which
has not been present. [0022]<Embodiment 2> Fig. 8 is a diagram illustrating a system structure of
a facility §Qifantk systémist Eiibesinehe2. As illustrated in Fig. 8, the system structure of the facility
guidance system,.of Embodiment 2 newly includes. an qperation server 5 campared to the system
structure of ther%%ﬁ:lty@g"]u%o%%]%g s;}:s?er\l/m@({)T mbodimen 41 ma"}i'hg(?)pé:r%{ﬁloér?L et 5 trafismits control
informatiertonastacitity dnsidesap fagterys Ihe fackiexeetesprecessing basedon:the gentrol
information. For example, when the facility is a shaft furnace, the operation server 5 transmits to the
shaft furbeg Rharging snstractioh information ofsinteted ore ertie ke fopiastaktingcharging of
sintered ore ortih,e like, cokes chaégin instruction information for instructing charging of cokes as an

% e%i%l?bl%\%ina Thsftiicifon ridrmAton StFedt g hgdnt st instficting blofvird-in of a

example of ma

reducing;aggnte iappipg insirygfion f@org@gﬁfk@fﬁé”%W§Wé§%@Q%f§0r%ﬂ taphgle, P the like.
Note that the control signal is not limited to them, and in the case where the facility is'a converter,
there arecdxyderspldwing mrstructon frforhiationy fos instraeting dloswing=of oxygea from above the
converter, and resgective blowing instruction information for instructing blowing of oxygen or fuel gas,

carbon diokfle gasAinérEEEE BEME ik fforf HEBWRE fufrRiEs Fardrelike IMBredlierLfor an
operation: gf charaing irogé]sgrapf ti!&iggj Wgscgﬁxéegtef ?9(@/ Qr gfgttiltir&tge ganverter.| %ody again to
blowing, i [

move molten steel to a ladle after there are instruction information for msjfr%ctmgetilting of the
-convertet hedys aacthe fike:Fugber, wirerythe faodityris preoptinueds-eastieg maghiae there are
pressure instruction information for increasing or decreasing pressures, and the like. To the AR
server 12the &8iftiel fPmatich teemsmitted froftle Bperitionfserved 5 fo the Facdlity it ibutted. Then

the AR server %ggrfqﬁrrsns corcljtrol to createg.virtual F?#E[ repr%se ting_the status of the outside or
inside of the facility based on the inputted cantrdl iRforniation nd the iApURE Rfeasurement
information, angravailay ang display, the creptedvidual image,and theiimaged imagg inputted from the

camera 2 on thg display device 4.
in Fig. 13A or Fig. 13B is requested from the display
device 4, the display control unit 24 performs
control to obtain a virtual image of the display
layer created in advance from the storage device 12
or the like, and overlay and display on the display
device 4 the obtained virtual image of the digsplay
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 cf a facility or the
like with various types of display layers is overlaid
and displayed on an imaged image of the facility in
response to a request or the like from an observer,
and thereby the operating status of a facility oxr the
like can be communicated with more realigtic feelings

and in detail to an observer in an installation or a
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An observer of the factory can comprehend with realistic feelings the operating status of a facility
located in an area which is dangerous and off-limits, the operational status of the inside of the facility,
and so on by observing the display device 4. [0023) Fig. 9 is a diagram illustrating an example of a
software structure of the AR server 1 of Embodiment 2. As illustrated in Fig. 9, the software
structure of the AR server 1 of Embodiment 2 newly includes a control information input unit 25
comparebid§ fHe%bftware structure of the AR server 1 of Embodiment 1. The control information
input unir:[%% 5e£§ives %?nrﬁgr'f‘o eera{:tiog server 5 the control information transmitted from the
operation servers tothe Tacl |t%/ and mpufs the control information. The creation unit 23 creates a

virual image repepgenting the status obthe tside on neide of e faiincased oa themgasurement
information inputted by the measurement information input unit 22 and the control information inputted
by the coritrokiaforragtiondnput @nip 25. & of exaimipls; Yhegeréatmn aiait 23 sulrstitute’ the measurement
information in the facility inside estimation model corresponding to the facility to estimate the status

inside thBRRASCET SR crRates AXirtuatitiaheé &6 indto i estiftatiorr 18It %8 AR&trated in
Embodigent 1+ ,, Alonggwith fhis £for.&: whendhe cantrol informatiop is the cokes charging

instruction information, the creation unit 23 adds an object repreSenting how cokes are charged into
the facilimbodiment 5 does not include the camera 2 compared

to the system structure of the facility guidance

system of Embodiment 1. Further, the display device

4 of this embodiment is a transmissive liguid crystal

film fixed to a window or the like for example.

To the AR server 1, measurement information (for
example, temperature information of the inside of a
shaft furnace, or the like) measured by the sensors
3; to 3; is inputted from the sensors 3; to 3.

The AR server 1 performs control to create a
virtual image representing the status of the outside
or inside of the facility based on the inputted
measurement information, and overlay and display the
created virtual image on a facility seen through the
window or the like on which the display device 4 is
provided.

[oc32] Fig. 15 is a diagram illustrating an example
of a software structure of the AR sgserver 1 of
Embodiment 5.

As illustrated in Fig. 15, the AR server 1
includes a measurement information input unit 22, a
creation unit 23, and a display control unit 24 as a

software gtructure.
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to the virtual image based on the control information, thereby making a virtual image representing the
final status inside the furnace. Fig. 10 is a diagram (1) illustrating an example of overlay display of
a virtual image and an imaged image of Embodiment 2. Fig. 10 illustrates an example of overlay and
display an imaged image of the shaft furnace and a virtual image of the inside of the shaft furnace and
cokes being charged into the shaft furnace which is created based on temperature information of the
inside of the shé‘]‘{g‘ﬁrﬁ%é SHd tHeShargifyhirstbtiondRforhidtion ofébkEs hio the shaft furnace.

Accordingé% gji?eégbogpa%ptg e crea 'ogﬁo%ﬂét 2§ cr%%teé the virtual image tocwhich not only the

caAz Uy n . .
measurement information 1s added but also the cohtrol infofmation is ad e%l, and thus a virtual image
having mioser eeptisiie featingscambescieaied. Pagicylady bthe ganveger; whendhe converter body is
tilted, the overlay-displayed virtual image changes accompanying the movement, and thus the realistic
feelings afeRivcrEased furthef $002a g1 11 194 fciichiadk #bstrating an example of display control
processing in thﬁ,ﬁeR servertl.of Embodi{neygz In step S20, the ima%\jed, image input unit 21
receives from the camera 2 an c'|Dn£|lagueltjj1':'image of the f%ltéiﬁ§ ifthe Jfgctféjrﬁ hick iﬁ1aged by the

camera 2-apd-igpus theimagedimagsc us of the outside or inside of
the facility based on the measurement information
inputted by the measurement information input unit 22.

The display control unit 24 performs control to
overlay and display the virtual image representing
the status of the outside or inside of the facility
which is created in the creation unit 23 on the
facility seen through the window or the like on which
the display device 4 is provided.

[0033] Fig. 16 is a flowchart illustrating an
example of display control processing in the AR
server 1 of Embodiment 5.

In step S840, the measurement information input
unit 22 receives from the gensors 3; to 3: 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 based on the measurement
information inputted in step S40.

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

the facility which is c¢reated in step S41 on the
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In step 321, the measurement information input unit 22 receives from the sensors 31 to 35 the
measurement information measured by the sensors 31 to 35 and inputs the measurement information.
In step 322, the control information input unit 25 receives the control information from the operation
server 5 and inputs the control information. Note that it is assumed that the control information input
unit 25 inputs the control information every time the control information is transmitted from the
operatiort S&hvwer By tHeeraslitk v o ua Btep 323 wha drention unft 28 clehies sovirtuahimdye
represenjt:ip%th StatLiS of the outside or inside of the fgci ity based on the measurement information
inputted in’step Bindthé go‘ﬁ%r%ﬁnfbrrﬁ&tio%ﬁﬁpﬂﬁ & ‘step 322. In step 524, the display

control unit 24 peormsGonyalo oyeslay and display or the displgydevice 4 theirual image
representing the status of the outside or inside of the facility created in step 323 and the imaged image
of the facility. inpétfedde stepB20es Whstéms25, for erardple:. ke displayconirnbunit 24 determines
whether to end the processing illustrated in Fig. 11 or not based on whether information of ending

display of %h]eqlﬁg rhE&vetfor hoBfrom thetdisphsy ek e & dr B8 lik& e @fisplay control unit 24
ends the;piecessingd s on of ending display or the like is received

or not from the display device 4 or the like. The
display control unit 24 ends the processing
illustrated in Fig. 16 when it determines to end the
processing, or returns the processing to step S$S40
when it determines not to end the processing.
[0034] As described above, alsc in this embodiment,
the operating status of a facility or the like can be
communicated with realistic feelings to an observer
in an installation or a factory.
[0035] <Embodiment 6>

Even in these days where computerized control is
blcoming, control of factory facilities in a steel
plant is often performed such that an operator
predicts the status of the inside of a shaft furnace
or converter from the color of pig iron seen through
a viewing window of the shaft furnace, flames
bursting up through the converter opening, or the
like, and the operator performs control based on a
decision made by the operator according to the status
at the time. However, this decision is not easy
since it reguires being skillful, and when the
decision by the operator is not appropriate, it may

result in causing deterioration of the quality of
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illustrated in Fig. 11 when it determines to end the processing, or returns the processing to step S20
when it determines not to end the processing. [0025] Hereinafter, according to this embodiment, the
operating status of a facility or the like can be communicated with more realistic feelings to an
observer in an installation or a factory. [0026]<Embodiment 3> Depending on the factory, facilities

are in operation throughout the year, or there may be cases where facilities are not in operation for the
reason oPaiftehifced EIRAMSE r theliRe IA tHid:EmBauhient thdra vlllie deseribed a method for

communicating, even yggn a{amlltyﬁ1 ngtnlg oper%%on the o eratm%status Og)ti;{e’efr%c”lty or the like

with realistic feelingsto an 'observer i an ms?allaetlon%cri%l ac ?y. Not& that & Structure, a

software gtrdctwrepangl soron dpthissambadimant are similas 1o these o Empodimantilynless
otherwise noted. The creation unit 23 of this embodiment determines whether the facility is in

operationvorenot basedonthemeasufemént mforfrmtiond inpyttedsropethé measdrebment information
input unit 22, and creates a virtual image based on the measurement information when it determines

that the fadifity RBA bpérafon® oPSiitding fom thedoradé déiiceto%r Aie KBS virtual image
generatedin. advance-based op Jogical yalussor average yalues,of fhedikg pf gasurement

information in the past when it
inside of a shaft furnace or converter) would be when

this control is performed, and presents results of
the simulation as a three-dimensional image to the
operator.

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

[0036] Describing more specifically, the operation
support system according to this embodiment is as

follows. Fig. 17 is a diagram illustrating an
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determines that the facility is not in operation. For example, the creation unit 23 receives the
measurement information from the measurement information input unit 22, and receives facility
information indicating which facility this measurement information is measured from the measurement
information input unit 22 or the like. Based on the received facility information, the creation unit 23
obtains a virtual image generated in advance and associated with the facility information from the
storage GevRtBR D% e Ifke JUELRMg. SI2NY 8 Heweh el ushatingRmiexampR of display control
rocessing. in the AR server 1 of Embhodiment 3. In step 530, the imaged jmage .input unit 21
Feceives??éﬁptﬁg %ans"lgr% “ah i%%gg$%1oa%%%?%% fgc'llity f?r?ﬁhel%%t%@ vﬁﬁghe%girﬁgged by the
camera Zagd, inputs theimaged iB)pgea t 1 Hhster pdls the rg@a@g@mengingcglp@@op input unit 22
receives from the sensors 31 to 35 the measurement information measured by the sensors 31 to 35
and inpuis’the nreasi¥mentd@fomidtibn.c amirstep( 532, thervedationm upib 23 detemtired whether the
facility is in or%eration or not based on the measurement information inputted from the measurement

informati®f inputunit®22) Th& Bdatftntiha 23 defeimire? tHal te Alifity SRR GF ditation when, for
exampleythg measurementinfoynatipy.is.not in a predetermined range. The

Fig. 18 is a diagram illustrating an example of a
software structure of the operation support system of
Embodiment 6.

The software structure of the operation support
system of this embodiment newly includes a control
gschedule 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 102. The server 101 includeg a measurement
information input unit 22, a control schedule
information input unit 26, and a simulation unit 27
as a functional structure of software. Further, the
EMD 102 has a camera and a drawing function, and
includes an imaged image input unit 21 and a
drawing/display control unit 28 as a functional
structure of software. Note that in this embodiment
although the functions of software are distributed
among the server 101 and the HMD 102, it may be
structured such that the server 101 includes all the
functions as in Embodiment 1 or the like, or may be
gstructured such that the HMD 102 includes all the

functions, and hence it is not limited in particular.
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creation unit 23 advances the processing to step 533 when it determines that the facility is in
operation, or advances the processing to step 334 when it determines that the facility is not in
operation. In step 333, the creation unit 23 creates a virtual image representing the status of the
outside or inside of the facility based on the measurement information inputted in step 331. On the
other hand, in step 334, the creation unit 23 obtains from the storage device 12 or the like a virtual
image repréSénting theidtattis ofthe ofifside fok MBide bf thedactling Waich 19dreatéd In dwwance based
on Iogica&\éasl%es.%é%e like corresponding to the facility. In step 335, the display control unit 24
performs control 10 overlay and display on the display device 4 the virtual image representing the

status of the outsigle ar insisleof tedacility ersated in siap 533,e1obiained in step 534 and the imaged
image of the facility inputted in step 530. In step 536, for example, the display control unit 24

determings whetherstorend thenmueassing illfistrated- indzig. h 2 as ot ddségyortwkether information of
ending display or the like is received or not from the display device 4 or the like. The display control

unit 24 efFFHE Procdssih§ illdstrdEd ARG 1 296Heh ifdetdimings (CERRRE Brodessifg, or returns
the processing tg stepp30 when dideteripes patig spd the pracessing, o napit the

measurement information to the server 101 via the
wireless network.

The control schedule information input unit 26
receives control schedule information inputted by the
operator as input data. As the control schedule
information, similarly to the control information,
there are charging instruction information of
sintered ore or the like, cokes charging instruction
information, bklowing instruction information of
reducing agent, and tapping instruction information
for instructing tapping from a tap hole, as well as
blowing instruction of oxygen, air, or various types
of gas and pressure instruction information. The
operator can input the control schedule information
via an input device connected to the server, or can
input the control schedule information remotely via a
portable terminal or the like.

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

of the facility when control for which contents are
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[0028] As described above, according to this embodiment, when the facility is in operation, a virtual
image created based on the measurement information is overlaid and displayed on an imaged image
of the facility, and thereby the operating status of a facility or the like can be communicated with
realistic feelings to an observer in an installation or a factory. Further, according to this embodiment,
when the facility is not in_operation, a virtual image created based on logical values or average values

of meastrEREMIRBM&ioRn thB PaS I SveMaid SRS phied- Gt aF Mg ndg? of the facility,
and therghy, the pperating sfats gta fagifty or thedike ¢an,ke, communicated with realistic feelings to

an observer in an installation or a factory. Note that the system structure, the software structure,
and so omwdb thisi embediment @renmadeasimiaria thbseé srkmakodiment d1:but edben they are made
similar to those in Embodiment 2, the creation unit 23 may be configured to determine whether the
facility isHf Bp&rafdr crhoPbaselt ®n Herh&astiveiment thformaticn ¥hdlok el conitél information. For
example Ine creafion uplL 23, may be configured Jo.detgming at the fAclity s notn operation when
the measurement information is not in a pregeﬁermlne range ardl/or When the control information is

not transiitteckink a peedetespined period-fym-the onaratign-sepver 1o thefacilty v gen
[0029]<Embodiment 4> The display control unit 24 may be configured to transmit a display layer
set for eaeh fadility Yo the eisplay theviee £ in responke tola creeniapetdtion Dathe likes By an observer

on the displa gevice 4. Fig. 13A to Fig. 35 are diagrams illustrating an example of displaying the
facilty bj BcH Woph) s PG T SR VSR docH o SRR A ice ot SR ol Fg. 138
represents firegrogEbricks, inside the shaft furaace. Big. 13 represents appeargpces of iron ore and

cokes in the shaft furnace. Fig. 13D represents a cross section of the shaft furnace.
' facility, and outputs numeric data representing

results thereof.

Note that as a technigue using the facility
inside estimation model, for example, Japanese Laid-
open Patent Publication No. 8-295910 or the like
discloses a technigque to simulate operation of a
shaft furnace by introducing a mathematical
expression model modeling the state in the furnace.
Using such a technique, data of temperatures,
pressures, and so on at each point of three-
dimensional coordinates in the furnace can be
obtained.

[0038] Next, the function of the HMD 102 will be
described.

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

Upon reception of numeric data representing
simulation results by the simulation unit 27, the

drawing/display control unit 28 draws a three-
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When display of a display layer similar to that in Fig. 13A or Fig. 13B is requested from the display
device 4, the display control unit 24 performs control to obtain a virtual image of the display layer
created in advance from the storage device 12 or the like, and overlay and display on the display
device 4 the obtained virtual image of the display layer and the imaged image inputted by the imaged
image input unit 21. [0030] According to this empodiment, a virtual image displaying the operating

status of A fR&RT PR tike Wit Various BHES oPRSHEY 18yers RovarHIE i disitdyd on an
maged inage ge factibeln desnonseypfuredest oLl isediom, g gbsspver, and thereby the

operating status of a facility or the like can be communicated with more realistic feelings and in detalil
to an obgervef inrarsinstattation br a factoryr[0831]|shmbeadimentby on Fighd4 is a diagram
illustrating an example of a system structure of a facility guidance system of Embodiment 5. As
illustratedl 1°EIg 224, fevsisenPdrutinfe SMRe fheifityJuldhicesydtemest Ehfddinent 5 does not
include LQ% %%r%%ri\ 2.cogn red to the system structure gf trg:e. gglllt%{#wd nce sy tem _of Embodiment

1. Further, t |spla§/L[8e Ce 4 of this embodinent is & transmissive qsuli1 ctrystal ilm TiXed to a

window erithe like forexamplesu £ skaitBe AR server demeasuraneeny infopmation(for example,
temperature information of the inside of a shaft furnace, or the like) measured by the sensors 31 to 35
is inputté@rffont the sensere 31 i03xe of the facility inputted by the

imaged image input unit 21. At this time, the server
101 tramnsmits numeric data representing simulation
results to the HMD 102 via the wireless network.
[0039] Fig. 19 is a flowchart illustrating an
example cf processing in the operation support system
of Embodiment 6.

In step S50, the imaged image input unit 21
receives as input data an imaged image of the
facility in the factory imaged by the camera provided
in the HMD 102.

In step S51, the measurement information input
unit 22 receives measurement information measured by
the sensors 3; to 35 as input data from the sensors 3,
to 3s5.

In step 552, the control schedule informatiocn
input unit 26 receives control schedule information
inputted by the operator.

In step S53, based on the measurement information
inputted in step S51 and the control schedule
information inputted in step 552, the simulation unit
27 executes simulation estimating the status of the

outside or inside of the facility, and outputs
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The AR server 1 performs control to create a virtual image representing the status of the outside or
inside of the facility based on the inputted measurement information, and overlay and display the
created virtual image on a facility seen through the window or the like on which the display device 4 is
provided. [0032] Fig. 15 is a diagram illustrating an example of a software structure of the AR server 1
of Embodiment 5. As illustrated in Fig. 15, the AR server 1 includes a measurement information

input unif22" 8 créatid bAit 35 28 Aspldy Toftidl Uit 3488 S6Hitate Structuf&@en ‘The
measuregient igiormaton ipput gﬁié&z resaivesfom thesensprs. 31 o 3o measpement information

measured by the sensors 31 to 35 and inputs the measurement information. The creation unit 23
creates alvirteal imMagesrtpresenting theisiatys ofidhe edtside. orinside: ahibe: facilitysbased on the
measurement information inputted by the measurement information input unit 22. The display
control Ukt P& BéEfdting B8ntkdt o GVERBy aridldidpldyReE diftdal image representing the status of the

e 8 B AL e 1 2 O el seeprovon
performs control to overlay and display on the
display (display device) provided in the HMD 102 the
three-dimensional virtual image representing the
simulation results of the status of the cutside or
inside of the facility created in step 853 and the
imaged image of the facility dinputted in the step S50.

In step S55, for example, the drawing/display
control unit 28 determines whether to end the
processing illustrated in Fig. 192 or noct based on
whether information of ending display or the like is
received or not from the HMD 103 or the like. The
drawing/display control unit 28 ends the processing
illustrated in Fig. 19 when it determines to end the
processing, or returns the processing step to step
S50 when it determines not to end the processing.
[0040] Regarding the processing of overlay-
displaying the three-dimensional wvirtual image
created by the drawing/display control unit 28 and
the imaged image, a more detailed description will be
given below, taking an example of using blowing
instruction information representing the amount of
blowing in oxygen or air wvia each tuyere as the
controcl schedule information.

In a large shaft furnace, tuyeres for sending air
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[0033]Fig. 16 is a flowchart illustrating an example of display control processing in the AR server 1 of

Embodiment 5.

In step 340, the measurement information input unit 22 receives from the sensors

31 to 35 the measurement information measured by the sensors 31 to 35 and inputs the measurement

information.

In step 341, the creation unit 23 creates a virtual image representing the status of the

outside or inside of the facility based on the measurement information inputted in step 540. In step

342, the 4RH18y EdHrof It A erfoifis EMBBE Dderfy and disBla§ thefirfiiatihRig8 representing
the status gf the putside of, inside O thefacilify, which,is greajed.in step ,34&7]8%' he fagllity seen

through the window or the'like on which the display device 4 is provided.

n step 23, for example,

the displayecontrolunit 24 détesraingéd whetbar toend the precessing iysteatedsin £ig. 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 'dtspfy Tontiof Gt $4 BRI BRcéBMgTustdted AHd. B wWiehdt defe¥mines to end the
processi[t]_gi}% Eeéurgﬁ@gé){,oscgssing to step 540 when it determines not to end the processing.

Accordingly, each tuyere is assigned an ID for

identification (hereinafter abbreviated as a tuyere

D),

and when the sgimulation unit 27 executes

simulation, blowing instruction information

representing the amount of blowing oxygen or air is

inputted with a specified tuyere ID as the control

schedule information. Thus, there are inputted data

representing the amount of blowing at each point in

the three dimensional coordinates corresgponding to

each tuyere. Further, as initial wvalues of

temperature data at each point in the three-

dimensional coordinates in the ghaft furnace, there

are inputted wvalues calculated based on the

measurement information from the ssansors.

Then, the simulation unit 27 performs numerical

analysis of the equation of motion of flowing and/or

heat conduction equation based on a mathematical

expression model representing the state in the shaft

furnace with the inputted control schedule

information and measurement information being initial

conditions, to thereby calculate various numeric data

(temperature data, velocity data, pressure data, and

SO on)

at each point in the three-dimensional

coordinates in the shaft furnace after a certain time
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[0034] As described above, also in this embodiment, the operating status of a facility or the like can be
communicated with realistic feelings to an observer in an installation or a factory. [0035]<Embodiment
6> Even in these days where computerized control is blooming, control of factory facilities in a
steel plant is often performed such that an operator predicts the status of the inside of a shaft furnace
or converter from the color of pig iron seen through a viewing window of the shaft furnace, flames
bursting B fhr@RfhFelconverter opening, or the like, and the operator performs control based on a
decision made thge1 operato;laccgrdé%gﬁgfghe %tgtuigt the time. Howeci/eir:, this decision is not easy
since it requires elng’skh]lﬁfﬁ and Wheh the dectdion y?henélpné&r?a drs hidt aappFoBrigt%,cl may result in

causing geterioration of the quality of @iaguets Praduged-tBrouah thedagiory facilijgs.  Accordingly,
in this embodiment, there will be described an operation support system which simulates, when control

of a factdh faEilityis performed byt tHe operitcrsaletision holahe status @ thefactdry dawility (for
examplettge status of the inside of a shaft furnace or converter) would be when this control is

performed and"pra&eris reitsBt te sirulafidhascH thiee i Ersidhafitage Id-the bperator. In
the facility,guidanee gysteavof Embodimenis L 1o, adhree-gimensiopalviyippl image representing the

current status of the inside of a facility is created based on measurement information“and control
informatiomdandatis ingagelis presentéd toithey ohsesvel. tHowevem pased ton#rformation (control
schedule information%nrj:presentin the contents of control to be performed from the present moment

besides the HidathrtenPinfoliRdtRmithe opdraticiiRiphdie Bystd 86y to Embodiment 6

poriormy S BecantS aredi TEaUI 0 e SoBract SCor BT e RrLMchsS resuls, the

.operatordiaally .determines what control should be actually performed.

Moreover, when the drawing/display contrel unit

28 overlay-~displays the created three-dimensiocnal
virtual image and the imaged image, for example, the
drawing/display control unit identifies the direction
and angle of a portion which is seen by the user
based on the image of the shaft furnace imaged by the
camera provided in the HMD 102. More specifically,
the image of the shaft furnace imaged by the camera
provided in the HMD 102 is substantially the same as
the image of the shaft furnace captured in the visual
field of the user, and thus, with images obtained by
imaging the shaft furnace in advance from various
angles and directions being stored in a memory in the
HMD 102 in advance, the direction and the angle of
the portion seen by the user 1s identified by
matching the image imaged by the camera of the HMD
102 and the images stored in the memory. Then, based
on the identified direction and angle, the

drawing/display control unit 28 controls the
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[0036]Describing more specifically, the operation support system according to this embodiment is as
follows. Fig. 17 is a diagram illustrating an example of a system structure of the operation support
system of Embodiment 6. As illustrated in Fig. 17, in the operation support system, a server 101, an
HMD 102 with camera (hereinafter abbreviated as HMD 102), and sensors 1031 to 1035 are
connecte&i.via a wireless etwﬁog . Figé }%i,s a di%i;am illustrating an_example of a software

of i

k
ot S5bTt SYEEROr ERbolimeRt e T Ve dtitvard'stdRture of the operation

structure”of the ople?ar%ioﬁ up

support systepafdhis embodimentnewly ingludes g-controlschedyle infogmation japuy unit 26 as
compared to the software structure of the AR server 1 of Embodiment 1. Further, in this
embodintent, finetiops=af sbftware are distributed among the server 101 and the HMD 102. The server

101 includes a measurement information input unit 22, a control schedule information input unit 26,

and a sim@8tohlunit¥ & afifdtiodd siadfureor S5 EhRRert e HMI® Y0X R&s a camera and
a drawinglgtgkcg%%ﬁng includ %g@in]&ggd Hg%geaecj.@g%%ni(g}%l %r}ld a tifilwin /display control unit 28
odi

as a functional structure of software. Note that in this em ment a(?thougﬂet e functions of software

are distributed amoog #1e seivet $@1 arichitg &M 102, df sray hersiruetared sWeh thahthe server 101
includes all the functions as in Embodiment 1 or the like, or may be structured such that the HMD 102

includes B BHECTURGTGHS, nd ABACSTEE A6t lintfitedi$n Pparticuerticularly

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
trom the present moment.

Thus, for example, the operator is able to
perform scheduled control when the results of
simulation inside the shaft furnace indicate a
favorable temperature distribution and so on, or
reconsider the contents of control and select an
appropriate operation when the results of simulation
indicate an unfavorable temperature distribution and
s0 on. Therefore, even a legss-experienced operator
is able to appropriately operate a factory facility
such as the shaft furnace, which requires being
skillful. Furthermore, since the inside temperature
distribution and so on are presented as a three-
dimensional virtual image which is overlaid on an
actual shaft furnace or converter, the operator is

able to comprehend the status inside the facility
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[0037]First, the function of the server 101 will be described. The measurement information input
unit 22 receives measurement information measured by the sensors 31 to 35 as input data from the
sensors 31 to 35. At this moment, the sensors 31 to 35 transmit the measurement information to the
server 101 via the wireless network. The control schedule information input unit 26 receives
control schedule information inputted by the operator as input data. As the control schedule
informatise, simikariy wa- the cedtyol infordation, #ele arechangmydnstrugtioankformation of sintered
ore or the like, cokes chag?ing instruction information, blowing instruction information of reducing
[

agent, ant aPpiRG MsHuSiBR TG MERSh BPR5RTting BPpih§ fidr &Stap hole, as well as blowing

instruction;qf @Xvpen-air, QL varipys types,of.gasangd pressure instruction information. The operator
can input the control schedule information via an input device connected to the server, or can input the

control schedul& ifermatiartrenotetyhia a patiabid tesminal o thedikegh Based-ensthe
measurement information received in the measurement information input unit 22 and the control
schedul@ihforrAatth réSeivad i the EBRES SerfeHtiR iIFHNakiBR inpdtuhitoBI B asinR#aion unit 27
simulateg ggnsteﬁg%grtgﬁ,g side or.inside of thg éacility when coBtéoIcf)og which contents are

t

L L : . .
represented by the control sc edtile Thformation is perférmeraa%’or example,athe simulation unit 27

substitutes the qteasyrement mtpimafiondcuw tant teapeiatye gt the shaftfyenace, or the like) and
control schedule information (blowing instruction information representing the amount of blowing

oxygen & talivAa-adch terd b thd ikt the facility insitle estimétioa moélscoiresponding to the
facity. pegfarms numerical analysfs o fe sfatus n the fapilty, ang oufRuts numeric data representing
' 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 i1s able to recognize what direction
and angle the user is capturing the facility.
Further, the relation between the three-dimensional
c¢oordinates used in the simulation and the actual
direction of the facility is defined in advance,
Thug, even in the HMD having no camera, it is
possible to control the direction of the three-
dimensional virtual image representing simulation
results to be presented to the operator based on the
identified direction and angle, and overlay and
display the image on the facility seen through the
transmissive HMD.
[0042] <Embodiment 7>
In a steel plant, molten iron coming out of a

shaft furnace is put in a torpedo car or the like and

- 43 -



Note that as a technique using the facility inside estimation model, for example, Japanese Laid-open
Patent Publication No. 8-295910 or the like discloses a technique to simulate operation of a shaft
furnace by introducing a mathematical expression model modeling the state in the furnace. Using such
a technique, data of temperatures, pressures, and so on at each point of three-dimensional
coordinates in the furnace can be obtained. [0038] Next, the function of the HMD 102 will be
describe82 T ¥ ¥RE int&yed iMmaGSihpdtnit 2 YeceRBS aSinpiittiath afifmagéd Friadye bf the facility in
the factolg_){lim_?g%d b){H‘e camegatprovidecd ig éheaHMD 102. Y pn reception of humeric data

ng

representing simulation résults y the simulation URit éjl-' the drawi ?d?s‘pla? control Uit 28 draws a

three- dimensiopalyitial age Hased ensthe npmeric data. Moareeyer; thesdrawing/display control
unit 28 performs control to overlay and display on the display device of the HMD 102 a
three-dirferisiohaidrual heaiR represehirg.Simuhtich resEltseof tie states ofieheaitside or inside of
the drawn facility and.the imaged image of the facility inputted by the imaged image input unit 21. At
this time?ﬁ]%%gré\t/%? fOlatFarams%m? ﬁg%gri_cédla'ct}é) % ees%?n%ﬁ S at%ﬂ?%s%ﬁ? to%tﬁg HMD 102 via the

wirelessinetworke JQN3PLGI0 1Y is aflgwehart illustrgting.amexamplexaf Brogesaingn the operation
support system of Embodiment 6. In step 550, the imaged image input unit 21 receives as input

data an iereged mageldf the facilitpaythe éactoryntaged by thewsameraprovided in the HMD 102.
In step 551, the measurement information input unit 22 receives measurement information measured

by the sBIRJRBVHB 2B as bl d#a FidAth&densERRE S5 Lures and pressures

of the inside or surface of the torpedo car, and so
on is obtained by sensors, and a virtual image
representing a temperature distribution and so on
generated based on a facility inside estimation model
associated with the torpedo car using this
measurement information is overlaid and displayed on
the actual torpedo car.

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

Describing in more detail, the operation support
system according to this embodiment is as follows.
Fig. 20 is a diagram ililustrating an example of a
system structure of the operation support system of
Embodiment 7. As illustrated in Fig. 20, in the
operation support system, a server 101, an HMD 102
with camera (hereinafter abbreviated as HMD 102}, and
gsensors 104, to 104; are connected via a wireless
network.

Note that in Embodiment 7, the various types of

processing performed by the AR server 1 in Embodiment
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In step 552, 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 551
and the control schedule information inputted in step 552, the simulation unit 27 executes simulation
estimating the status of the outside or inside of the facility, and outputs numeric data representing
simulation results. Then, the drawing/display control unit 28 creates a three-dimensional virtual image

based orFth hEmeRE daaT&stesentitd the BitUIatiBA resulfs S C TRRIHB5H 4hB Ykeiving/display
control uaié 28 Eﬁrfor@ﬁ gor&tﬁq{ &q:gLv {lla)é%ndtq{%ol@yw t}ﬂ? gisglgy dsispkagldlfgi%e) provided in the
: a t

HMD 102 the three-dimensional virtual image representing the simulation results of the status of the
outside of dresice]of thetfacility preatesl instep 353 anththedmaged imageyef thecfagility inputted in the
step 350. In step 355, for example, the drawing/display control unit 28 determines whether to end
the procéssiglusiratéd arrig D ot 1t bdsed B whshepihformatioR b endiy digplaygor the like is
receivedgo&wgtofrfom the HC D 103 or the Iilée. The gﬁwin /disepla control unit 28 ends the processing
illustrated in"Fig. 0 When ] dejtés’rm}r%%gfoeendoﬁﬁe pro%e s%, b rellinTsth ?) cessing step to step

350 whep,itidetermines ngtfo end thewpsocessing. {¢R40] Regardingthe processing, of, ¢
overlay-displaying the three-dimensional virtual image created by the drawing/display control unit 28
and the ineaged insagend mord detailed descripfiorewid bengiver belowntaking an example of using
blowing instruction information representing the amount of blowing in oxygen or air via each tuyere as

the control SCRERGE ifdtmAfior: ha lrgelshft Rirnddes tuly el fot Qefrdidy aiP T the

like} measured by the sensors 104, to 104: via
wireless communication or the like,

Moreover, in this embodiment, a marker for
identifying a facility i1s added to each facility in
the factory, and the HMD 102 is capable of
identifying each facility by the camera provided in
the HMD recognizing each marker. More specifically,
the HMD 102 retains in a memory provided in the HMD a
facility marker correspondence table illustrated in
Fig. 21 in which facility IDs for identifying
respective facilities and respective markers are
correlated, and identifies each facility by
recognizing a marker by the camera and reading the
facility ID correlated with the marker from the
facility marker correspondence table. Fig. 21 is a
diagram illustrating an example of the facility
marker correspondence table.

Further, the HMD 102 creates a virtual image
representing the status of the outside or inside of
the facility based on the obtained measurement

information, and performs contrecl to overlay and
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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 distribution in the periphery of each tuyere differs when the amount of sending into the
tuyere differs. Accordingly, each tuyere is assigned an ID for identification (hereinafter abbreviated
as a tuyere ID), and when the simulation unit 27 executes simulation, blowing instruction information
representing the amount of blowing oxygen or air is inputted with a specified tuyere ID as the control

schedule TrifSifign. BihEis, Ah& BfdinBdtiddtata réPredénting thetdrrouhtiaibisiving at each point

in the thrgqﬂgi gnsli%%aég(&orgi at Ecorres{gondin to each.tuyere, Further, as jnitial values of
temperature dggta at each point{)in ﬁeﬁhr%%-d?rﬁgns%%%alaco%rld%/r% &8%in the SR ﬁﬂ*’nace, there are

inputted pdlies €alculptedpagedion the mpeasurement information from the sensors. Then, the
simulation unit 27 performs numerical analysis of the equation of motion of flowing and/or heat

conduction equafisi astriton & mathefabed exrassionasodel ebresenting thiesdtate inthe shaft
furnace v@t&éhe igpgjtteﬁl ntE[ | schedule information and measurement information being initial
, 10

condition$ 18 theréby calctla (;% Varidi& fdfdiictath (fermperatare dae FelodHy YAt priSsure data,
and so o)at 6@@19&0"31%!5@ﬁhrg%'g'ﬁ@er[‘é@n@&()grggt?@é&%@e§HafE§‘x‘énaE§ afferg.certain time
a

has passed. Then, upon reception of the numeric data at each point of the three-dimensional
coordinates #retfie shaftfamate which tegprégent simdlatioreresalisfrommidhe Singdation sinit 27, the
drawing/display control unit 28 generates a three-dimensional virtual image indicating the simulation

results (té’rﬂpé:rat% rediSABRBN A0S dREFBHHon S fredstrd BistriBifon &R SHXohd 76 the
mcewed@%@@%ﬁ%ﬂ%mage of the order number and the imaged

image of the facility imaged by the camera.
Describing more specifically, this point is as
follows.

In thigs embodiment, the server 101 stores a
facility usage status table illustrated in Fig. 22 in
which facility IDs for identifying respective
facilities and order numbers are correlated. This
facility usage status table is updated by the
operator when, for example, data are regigtered in a
production management system in the factory. For
example, when an operation to produce pig iron in a
shaft furnace 1is started, the order number associated
with the pig iron to be produced from the present
moment in the shaft furnace is inputted by the
operator to the production management system, thereby
updating the facility usage status table. That is,
in this embodiment, the server 101 stores data of the
production management system, which is different from
the AR server 1 illustrated in Fig. 2. Fig. 22 is a

diagram illustrating an example of the facility usage
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Moreover, when the drawing/display control unit 28 overlay-displays the created three-dimensional
virtual image and the imaged image, for example, the drawing/display control unit identifies the
direction and angle of a portion which is seen by the user based on the image of the shaft furnace
imaged by the camera provided in the HMD 102. More specifically, the image of the shaft furnace
imaged by the camera provided in the HMD 102 is substantially the same as the image of the shaft
furnace Edpiured intA& viSual field of the user, and thus, with images obtained by imaging the shaft

furnace in advapce from yarious.angles and directions being stored i emaory.in MD 102 in
advance, the dailr(]‘e%%gn rgr%qdatﬁe gnﬁg el(ﬁ;%tﬁg%%ﬁign g%e%ubcy the Sse?i?argn%ifigéx gy gw]gt{'hing the

image imaged by ¢he cagiera ofdha HMEB, 102 andithe #Bages storediin thesmemeryaThen, based on
the identified direction and angle, the drawing/display control unit 28 controls the direction of the
three-dinférsional vidual thge Feprésanaag the sindulatioh MesuRs to)be pFasknged to the operator.
[0041] Note that it may he strugtured to allow ggeﬁQ{?erator to adjust the direction of the,

elfvi

three-dinfi&TSBRaMRUat fﬁ%g %‘3’; hinfiselffhe B a%]Ei)rEeruf2 ee\ﬁ(}ét,: 8hd Fénce ftis ﬁ&%articularly

limited. £ Thig,structyre aliows-the oppitor frecagnize inadvangs, froputhe gipulation results,
what status the temperature distribution and the pressure distribution in the shaft furnace or the
converted svoald joe alre deconimol tolve petformeddydan/herdrondthe tpneseitirhement. Thus, for
example, the operator is able to perform scheduled control when the results of simulation inside the

shaft furidc@tifdidaté § faverabiGepEafurd’ 85 fHibftioh BAd & Bn 23t fe N SITE R Bshtents of
control angd ég@sf%%?gap%opgatﬁ PRgratian-whenthe resylts of siypulation indiate; an unfavorable

temperature distribution and so on. Therefore, even a less-experienced operator is able to
;appropriatelysoperate a factory facility such as the shaft furnace, which requires being skillful.
Furthermore, since the inside temperature distribution and so on are presented as a three-dimensional
virtual img@ 4vhlch i§ érlaidionish adttubl SEERFUrnAcelor THAFER IPdhefat8i® aBle to

Compﬁﬂggdgng%%gagégeggggg@&re of the HMD with camera. As
illustrated in Fig. 23, the HMD 102 includesg an
imaged image input unit 21, a measurement information
input unit 22, an identification processing unit 29,
a creation unit 23, and a display control unit 24 as
a software structure.

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

The measurement information input unit 22
recelves measurement information measured by the
sensors 3: to 35 as input data from the senscrs 3; to
3s5.

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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more intuitively, and is able to instantly and accurately comprehend whether the results of simulation
are favorable or not. Note that in this embodiment, although the case of using the non-transmissive
HMD 102 with camera has been described as an example, it may be of a structure including no
camera by applying the structure of Embodiment 5 and using a transmissive HMD. That is, the HMD
does not include the imaged image input unit 21, and the drawing/display control unit 28 performs

control t& B%era§ aH@ Hi?éplgﬁﬁ% rela?eocﬁfé‘é%rﬁéné?éfnamﬁuﬂ ﬁﬁ&“g’éaonfd‘f‘agilitﬁ%ﬁmh is actually
seen throygh the HMD, ﬁ&?}@&aﬁ?‘?{ Jhen E(?fe H%‘Pﬁ%‘%‘]d&’é @r%%}g%dﬁ%%%%e@%@ sensor, the
angle t fing t y. Eurt

HMD is able to recognize what direction an e user Is capt e facilit er, the

relation betweenthecthecesdimensianal caondinatas wsed:imthe stmulation and #ie actial direction of
the facility is defined in advance. Thus, even in the HMD having no camera, it is possible to control the
direction<Gt fifelthre Iniiarisfohalivirtidh mdgel e sre SentlE Simulatier fesitilts™to 8 Peedented to the

operatortbglsed Qn tlheé%ecg\t_if(i:ed dirgctiorgng an Iltg %q:d %]/erl%ydaergﬁj (rivisc,{ala%/ tle% imaeggé)n th(=T facility
seen throughathe fraRsmissive HMD. [?)8 ][KEmbodimént >Tiq Stee plant, moltehiron coming out of
a shaft furpacesis putin aterpedoigar @pthedike gRbcessing unit 29 reads a

facility ID corresponding to each marker from the

facility marker correspondence table, and identifies

that the facility to which the marker A is added is

the torpedo car A, and that the facility to which the

marker B is added is the torpedo car B.

Moreover, the ildentification processing unit 29

reads the order number corresponding to each facility

ID from the above-described facility usage status

table, and identifies the order number assigned to a

product or the like in each facility.

In the example illustrated in Fig. 20, when the

identification processing unit 29 identifies the

torpedo car A and the torpedo car B, the

identification processing unit reads the order IDs

corresponding to respective facility IDs from the

facility usage status table, and identifies that the

pig irons of the order IDs “ABCl23”, “EDF456” are

carried in the torpedo car A, and pig irons of the

order IDs “G1237, “X456” are carried in the torpedo
car B.
[C045] 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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carried to a steel factory, and charged into a steel furnace in a molten state as it is. Then, assuming
the torpedo car also as a part of factory facilities, a virtual image representing the status inside may be
generated and overlay-displayed on the torpedo car to be presented to a worker, similarly to
Embodiment 1. Specifically, it may be structured such that measurement information of temperatures
and pressures of the inside or surface of the torpedo car, and so on is obtained by sensors, and a
virtual imbe vépreskning &lempiraise distibiton Bhd e& Ba jémaratédibased wn h¥adilRy: inside
estimati%n m qleé%ssoc'ated with the torpedo car using this measurement information is overlaid and

displaye 8 theactua o?pe%léec%lt. Moteover: in this e%%aiﬁweeﬁt, ft rﬁfajsf%%%?r ctufsd 6 display the

order nUMBELGOSESRANGINg e Mmollenikan carkgskhyLthe tomede £ak Peseiibingdn more detail, the
operation support system according to this embodiment is as follows. Fig. 20 is a diagram illustrating

an exampkeot as§stemtstracturersf dweseperation sufpoktsystem of Embodiment 7. As illustrated in
Fig. 20, in the operation support system, a server 101, an HMD 102 with camera (hereinafter

abbreviated as P35 PArive eSS ¥641 B3R bES Ak BRI & AtEESSnétRork.  Note

that In Ebedipent e varigys Whesof pragesang.pareimed.v e AR-se(eL 1 Fmbodiment

1 are performed in the HMD 102. Describing in more détail, the function of the HMD is as follows.
[0043] The BIMEnE02vabiainssan inagee image0f a factiiyn(Eprpaede cat mthesexampteref Fig. 20) in a
factory which is imaged by the camera provided integrally in the HMD. Further, the HMD 102 obtains
measuremeht iftmation-Fot £X8mpIé, temperbfife thforMation iof thedifside sfatke @rpedo car, or the

iike) megsyred Ry he sensors 1081 1q,1040413 wirelgss communication of fhe like-
facility inputted by the imaged image input unit 21.
Further, the display control unit 24 performs control
to overlay and display on the display device of the
HMD 102 the virtual image representing the order
numbers which is created in the creation unit 23 and
the imaged image of the facility inputted by the
imaged image input unit 21.

Fig. 20 illustrates how the virtual image
representing the order numbers which is created in
the creation unit 23 1is overlaid by the display
control unit 24 on the image of the torpedo cars
imaged by the camera in the HMD 102.

Note that although Fig. 20 does not illustrate an
example of overlaying the virtual image representing
the status of the outside or inside of the facility,
it can be displayed by switching display layers using
the structure of Embodiment 4.

Further, in the example illustrated in Fig. 20,
although the structure using a marker for identifying

a factory facility is described, a wireless IC tag or
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Moreover, in this embodiment, a marker for identifying a facility is added to each facility in the factory,
and the HMD 102 is capable of identifying each facility by the camera provided in the HMD recognizing
each marker. More specifically, the HMD 102 retains in a memory provided in the HMD a facility
marker correspondence table illustrated in Fig. 21 in which facility IDs for identifying respective
facilities and respective markers are correlated, and identifies each facility by recognizing a marker by
the camér® @nd teaRling R fagifity 1D €6rrélated With Hieerdarkerfrohtihe fchivyimarkar

correspogg%rtcg It_g/l;:gfa{:& l—f&L‘r éiéar,(%]iq%e%rﬁlr\ﬁpél%gg%ting tlgn example of the fgfc)}ilétg {:]lﬁ%ker

correspondence't Creates a virtual image represeé ﬁ?hleléfatus of the

outside or insigeyof ihe faeility basaeon the ehtained measwemein infermatign, Bndpgrigrms control
to overlay and display the created virtual image and the imaged image imaged by the camera on a
display (display device) provieied frrthe MMDL T & 1MeR0%E, this®embadiientRasss cHafacteristic in

that the HMD 102 generates a_virtual image indicatin order number assigned tq a product in the
facility ba<ed o%rtﬁ%rf]a%ﬁtyéb:fa?h%%i/éﬁé%ls%%d Jd%p%%%&@thté%is%?a‘i%e\?iég provid&d in the HMD

the created yirtiabimage of the grdepnuraber and thesimaged inage of-the fagility imaged by the
camera. Describing more specifically, this point is as follows.
~hence it is not limited in particular.
(0046] Fig. 24 is a flowchart illustrating an
example of processing in the operation support system
of Embodiment 7.

In step 860, the imaged image input unit 21
receives an imaged image of a facility in a factoxry
which is imaged by the camera provided in the HMD 102
and inputs the imaged image.

In step S61, the measurement information input
unit 22 receives from the sensors 3, to 3; measurement
information measured by the sensors 3, to 35 and
inputs the measurement information.

In step 862, the ldentification procegsing unit
29 identifies the facility ID of each facility based
on a marker captured by the camera provided in the
HMD 102, and further identifies the order number of a
product or the like stored in each facility based on
the identified facility ID.

In step 863, the creation unit 23 createg a
three-dimensional virtual image representing the
status of the outside or inside ©f the facility based
on the measurement information inputted in step S61.

Further, the creation unit 23 creates a virtual image
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In this embodiment, the server 101 stores a facility usage status table illustrated in Fig. 22 in which
facility IDs for identifying respective facilities and order numbers are correlated. This facility usage
status table is updated by the operator when, for example, data are registered in a production
management system in the factory. For example, when an operation to produce pig iron in a shaft
furnace is started, the order number associated with the pig iron to be produced from the present

moment TP thE SR EITABe finSUiRE by HEBYRFatSAS e Pédublich Ma&kkEment system, thereby
updatingrm%@gigtyiu&gglecﬁtgyg &abi Tlé]gtﬁlgj i%@'&s_embodiment, the server 101 stores data of the
is differ

production management system, whic ent from the AR server 1 illustrated in Fig. 2. Fig. 22 is
a diagram illustraiing ar exagaple oftthe fagilitypisage statusrahleun 1 Notedhas dherhardware
structure of the HMD 102 includes, similarly to the AR server 1 illustrated in Fig. 2, a CPU, a storage
device (REM&FR And @ cBMfTihtHEtiGHYRVIRE Sdhbalie CPU Execuidssmrocessifg vl controlling the

HMD 102 based on a program and data included in the stqrage device, or the like, thereby achieving a
%%te R S inE s fana uae% %i%ﬁwﬁl%%%%?cerfb‘é&%?er. [0044] Fig.

ngi C? 1lxr %.m
software structure and processing according toa flowChartw

23 is a diageans Hysirating an example efa saftware strctuge ofdhe BIYID with-camera, As illustrated
in Fig. 23, the HMD 102 includes an imaged image input unit 21, a measurement information input unit
22, an idehtifichtionsprocessing @nit 29, sitcreati®A Jnk 28, anda display«dntiot aigit 24 &s a software
structure. The ima%ed image input unit 21 receives as input data an imaged image of a facility in a

factory imaged iy The tanfera Probideddh the HFS 05 6 0 - Them&ddufdment formation input unit
22 receiyesdpeasyrement informationameasuted:by fhe, sensars 31 49 33 as input,datg from the

sensors 31 to
and display on the display device 4 the virtual image

representing the order number created in step $63 and
the imaged image of the facility inputted in step S§60.

In step 565, for example, the display control
unit 24 determines whether to end the processing
illustrated in Fig. 24 or not based on whether
information of ending display or the like is received
or not from the display device 4 or the like. The
display control unit 24 ends the processing
illustrated in Fig. 24 when it determines to end the
processing, or returns the processing step to step
560 when it determines not to end the processing.

Note that this embodiment can be applied not only
to facilities in a factory but also to a product
itself waiting for shipment. In this case, it may be
structured such that S61 is skipped since it is
unnecessary to overlay-display a virtual image
representing the appearance of the inside or outside
of a facility, and the processing of generating a

virtual image representing the appearance of the
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35. The identification processing unit 29 identifies an order number assigned to a product in each
facility. More specifically, the identification processing unit 29 reads the facility ID corresponding to the
marker added to the facility in the factory which is captured by the camera from the above-described
facility marker correspondence table. In the example illustrated in Fig. 20, when the camera
provided in the HMD captures a marker A added to a torpedo car A and a marker B added to a

torpedo &4 BS the Fdettificaisr Pocedsigitit 23 Feads Bracifity fif dorfeSpéifiiing to each marker
from the é%cﬂiyo@ﬁggr’c%rgapq&ggg%e tzillale,iasnd '%Iegrrl]tit'%s n’{g%t édée ffcilit tq: ‘é’?‘cﬁ he marker A is

added is'the torpedo car A, and that the facility to w & marker B is added is the grf)édo car B.

Moreover, dlpetidentifisatipn pracessing udit 2%reads the pider purmbel Lo aspeRding ta-each facility
ID from the above-described facility usage status table, and identifies the order number assigned to a
product 6rihé-fke if Egdreficifty X U c ihe exdmplé fustiatachif Figl 26, witen Ihe identification

processirsl%téq:itew ig%ntg%%'gp Ior%)%%o car A afud th%torpedo car B, th_(ﬁtgientlflcatlon rocessing unit

reads thé §rderDs correspon iﬁ@ o'réspective f%lciﬁty?Dse S theSta H?atgléasFa? table, and

dentifesithataie;nio #90s abihe Qilepins '8BCAALSEDF4R ase guted Blielpegy car A, and
pig irons of the order IDs "G123", "X456" are carried in the torpédo Car B.

ceils waiting for shipment is illustrated. In this

example, markers 105; to 105; are added to the coils

waiting for shipment, and by capturing these markers

with the HMD 102, the order numbers of the respective

coils can be obtained. However, details of

processing contents are similar to the example

described using Fig. 20, and thus the description

thereof is comitted.

Further, in the example illustrated in Fig. 25,
not only the order numbers are displayed by AR, but
also a loading oxrder instruction is displayed by AR.
In this case, the operator registers information
related to the order of loading (information defining
the order of loading or the like using order numbers)
in advance in the server 101. Then, when the
identification processing unit 29 identifies order
numbers of products, the information related to the
order of loading registered in the server 101 is read
at the same time, and the creation unit 23 creates a
virtual image representing the loading order
instruction.

Thus, just by looking at a facility or a product

in a factory, a worker can immediately comprehend an
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[0045] The creation unit 23 creates a virtual image representing the status of the outside or inside of
the facility based on the measurement information inputted by the measurement information input unit
22. Further, the creation unit 23 creates a virtual image representing the order numbers identified in
the identification processing unit 29. The display control unit 24 performs control to overlay and
display on the display device of the HMD 102 the virtual image representing the status of the outside
or inside®? theFaGIdy RHECR B creREEH tha crestivh unit @8 ane thelimagedithage of the facility
inputted b%the I a%ed ima edilrélg%:funit%%. Further, the disglaé control unit 24 performs control to

a e vl

e HishTRy 0R R AISHta devicd Bt the VD T0 e VRQA Hidde reftaentind the order

overlay an
numbersawhiGhyis cregtedin the ceatipn &nit 23 and-the imaged imaggyofithg facility inputted by the
imaged image input unit 21. Fig. 20 illustrates how the virtual image representing the order
numbersapisetris treateddnthie creatipm epit 23 is overlaicbby thie dispkay cortrof 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 BB} SMBIE of 6VetByih§ tHelfriafiiagB FETERhtinihe REatRr BRmtesde or inside of
the facilibyn{b 6313¢, displayecby sllghing displylayers ialng the.stiauie . of Fapedigient 4.

Further, in the example illustrated in Fig. 20, although the structure using a marker for identifying a
factory facility iNdeseribeidaa wireless lGitagloti s embodiment, although the
case of using the non-transmissive HMD 102 with

camera has been described as an example, it may be of
a structure including no camera by applying the
structure of Embodiment 5 and using a transmissive
HMD. In this case, the HMD does not include the
imaged image input unit 21, and the creation unit 23
performs control to overlay and display the created
three-dimensional wvirtual image on a facility which
is actually seen through the HMD.

In the foregoing, preferred embodiments of the
present invention have been described in detail, but
the present invention is not limited to such specific
embodiments. Various variations and modifications
may be made within the scope of the spirit of the
present invention described in the claims.

[0048] For example, the above-described embodiments
are described with examples of showing the appearance
of the inside of a facility, such as a shaft furnace
or a converter in a steel plant, the inside of which
is difficult to be seen. However, the above-
described embodiments may also be applied to a

facility handling liquid or powder in a transparent
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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 wireless IC tag, a wireless
IC tag storing a facility ID is added to each facility, and the facility ID is read directly therefrom, and
hence it is not limited in particular. [0046]Fig. 24 is a flowchart illustrating an example of processing in
the operation support system of Embodiment 7. In step S60, the imaged image input unit 21
receives af fhagedimadeist aracifty Hfa faRr ity WHIBH S3f&gEE ByIhd salierh provided in the HMD
102 and inputs the imaged image. In step S61, the measyrement information input unit 22
receives ?r}gr%n%ﬁg c‘éiefqns(glrs Bp_thgg 5@?&%%&%%%?“ i{rif11 oFrﬁr;%naoﬁ Teasirad Bi} Ss%ﬁﬁfrs 31 to 35 and
inputs the measure@ent infauratione 24B $tep O3 the Kleptificgtinnpracessiag yrit29 identifies
the facility ID of each facility based on a marker captured by the camera provided in the HMD 102, and
further ideptifies &k drdersnuaiberoffaprbduct vr thé fikeistdred in gach daciitwhbaisetl or the identified
facility ID. . In ste}g S63, the creation unit 23 creates a three-dimensional virtual image representing

the statu8 & oGARE ST hstdof B2 EHRY Basdi of Heledstiréhiert Mfdtmkfidninputted in step
S611q”§§5ﬂEﬂ%?ﬂ@ﬂﬁQ%2%9&@@§9£¥wﬁgm@$3temperature, viscosity,

acidity, alcohol content, amount per charge, and so
on) of the liguid or powder can be overlay-displayed
in the form of display like a tag. In this manner,
more specific information can be obtained from tag
information while observing an operating status in
real time, and thus more intelligible observation
trip service can be provided to an observer.

[0049] Further, although the above-described
embodiments are described taking examples of what is
called a non-transmissive display or a transmissive
display, the present invention can also be applied to
a non-transmissive projector or a transmissive
projector. For example, instead of the display
device 4, a display device having a display unit in
an eyeglass form which is worn on an observer’ s head
or the like may be used. Further, for example, when
overlaying and displaying an imaged image and a
virtual image, the AR server 1 aligns the coordinates
of the imaged image and the virtual image. As a
method for aligning coordinates, for example, there
is a method to dispcosge a fixed marker in advance on =z
facility, and align the coordinates of the imaged

image and the virtual image based on the fixed marker
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representing an order number based on the order number identified in step 562. In step 564, the
display control unit 24 performs control to overlay and display on the display device 4 the
three-dimensional virtual image representing the status of the outside or inside of the facility which is
created in step 563 and the imaged image of the facility inputted in step 560. Further, the display
control unit 24 performs control to overlay and display on the display device 4 the virtual image
representiftg e orf@FemberGestedin tEF56PaH%Re ihaged Piteyetol tHe faéiRinputted in step

560. In step.565, for example, the display control unit 24 determines whether to end the
N SEP . L
processing fﬁustrlastgdli%%ig(%fjésﬁot %%% oh vt\:/ (fthégsllrﬁgr%%}floﬁlgfl:tndlln% G?Srf)lay or the like is

receivedeoy agtifsars thedlisplayrdeyige 4 or thedike e displsy sartial 4nik 24, gnds the-processing
illustrated in Fig. 24 when it determines to end the processing, or returns the processing step to step
560 whehlitadelekiines fotts @fd tHelprodeRsiAg.r v eNoté that ¢esieralbodithent<at be applied not
only to faéglities in a factory_but F?Iso toa for shipment. In this case, it may be

structured Such that 56 Cis SRiSped’sing lglﬁg %%éé%ﬂ%ﬁ)%?@%%&%i%& Hiftlat fhage
representing the-appaaranee,ofitheingide orouiside, ofa fagilityandthe progessing of generating a
virtual image representing the appearance of the
device, and aligns the cocrdinates to match the
presumed position.
Note that the above-described embodiments may be
combined arbitrarily and implemented.
Note that the above-described AR server 1 is an
example of a computer.
[00501 <Embodiment 8->
Fig. 26 is a diagram illustrating an example of a
structure of an information providing system
according to this embodiment. The information
providing system has an AR providing apparatus 1000
and an information processing apparatus 200. The AR
providing apparatus 1000 and the information
processing apparatus 200 are connected communicably
via a network.
The AR providing apparatus 1000 is an example of
an information providing apparatus {computer), is an
HMD (Head Mounted Display) or the like, and provides
augmented reality (AR) by displaying an image
{computer graphics image) generated in the AR
providing apparatus 1000 at a position which matches
a real space which can be perceived via the AR

providing appaxatus 1000. The AR providing apparatus
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outside or inside of the facility in S63 is not performed, and hence it is not limited in particular. [0047]
Fig. 25 is a diagram illustrating an example of the system structure of the operation support system of
Embodiment 7. In the example illustrated in Fig. 25, an example of displaying order numbers on coils
waiting for shipment is illustrated. In this example, markers 1051 to 1053 are added to the coils waiting

for shipn}%% nd bg capturing th§se§mark rs with the HMD 102, the order humbers of the respective
coils canbe obtained. Howavet et oF préSssinytontefitsHrE siffid s the’dkarmple®escribed

using Fig- 29, anglihusthe desciiption thereotis gaitted.. ., EFurther .ip the.example ijustrated in Fig.
25, not only the order numbers are displayed by AR, but also a loading order ifistruction is displayed
by AR. In thibicasé,ithg operdton pegisters infoxmgtondrefateddo thecorder oo lwading diRformation
defining the order of Ioadi}g:g1 or the like using order numbers) in advance in the server 101. Then, when

the identffiction prEdeSsing dfit 28 Renties bRRF AGHb&E BEFSFULRT tRARBMISH related to the
order of @gging éegést%rgg%tpe gg@@r‘_ljto ljs_@gg aé@gn%q%% timgn%nd the cregtsion unit 23 creates
I

a virtual image representing the loading order instruction. us, just b??o%ﬁi%g at a facility or a
product inaxfactory, & woeker ean imnesliately comprebengdandassigngd @edeg Bwmber and the order
of loading regarding products, half finished products, materials, and/or the like stored in a facility, and
thus opePatibas SuchdsigtEpatationforshphiehtatfiransperraion orthe hext Prdeess can be
performed snl;loothly, nd mistakes i%%%erﬁtioyocgn be]prgevea Note Lhat also in this

ted. .
54 ¥ ighblﬁf?’wiﬁm camera has been

. Cxyran .
embodiment, altﬁougfh ﬁe case o‘? using Fne non-transmissive

describedzas pa.exampleait- giay be of & struciure incliging HocamerghyApplying the structure of
Embodiment 5 and using a transmissive HMD. In this case, the HMD does not include the imaged

rimage inpltiit211 &mcethé cheationianitl283sesfoemgpdentrel to Dverlaymad eisplay theeckeated
three-dimensional virtual image on a facility which is actually seen through the HMD.
to a danger, uch as a road where  a large,
unspecified number of dangerous objects pass by
freguently.
[0051] Fig. 27 1is a diagram illustrating an example
of a hardware structure of the AR providing apparatus
1000.

The AR providing apparatus 1000 has a control
device 1005, a storage device 1010, a communication
device 1015, a display device 1020, a direction
detection device 1025, a posture detection device
1030, and an imaging device 1035.

The control device 1005 is a CPU (Central
Processing Unit) for example, and reads a program
from the storage device 1010 as necesgsary and
executes the program. By the program being executed,
there are achieved functions in the AR providing
apparatus 1000 which will be described later and
processing related to flowcharts which will be

described later.
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In the foregoing, preferred embodiments of the present invention have been described in detail, but the
present invention is not limited to such specific embodiments. Various variations and modifications
may be made within the scope of the spirit of the present invention described in the claims. [0048] For
example, the above-described embodiments are described with examples of showing the appearance
of the inside of a facility, such as a shaft furnace or a converter in a steel plant, the inside of which is

difficult td B& $&en. HoWRVET T e aBEveldast e d etbdifents R& alddsedpiied 1o a facility
handlingl\&ig%igig pow%erér}xgltr?%%par 0L C Sirc‘: in&;th case of Sood manH%tct 'n%i dustry, chemical
g f i or t%e%ils(e. \%ﬁénnotﬁga Bt i gga

or pharmaceutical manufacturing industry, bove-described embodiments are
applied ip sued) g fagiity,/ bquict ergpowderawhietnis being £bargad-eanhe shewa liregtly to an
observer, and attributes (material name, temperature, viscosity, acidity, alcohol content, amount per
charge, antfsotdr) bt e liquill ©F gevdet Ban Beroveriag-didplayedlin tHelforns bicdigday like a tag. In
this manper, more %péecglc [ form)atlon can be obtained from ta%érr%{om]?tlon while ohserving an

operating Status$h feat time, 5hd thus mars Ttdllighdie BB &R atiB trip E&rvick tan B8 prdvided to an
observer, j00491Eyrher ; althoughtbg abave-descrled, embadimants %&e&%q&k}@g taking examples

of what is called a non-transmissive display or a transmissive display, the present invention can also
be appliedparmwntEanshissive projector o a transmissivecprejector: Fer examydey énstead of the
display device 4, a diszlay device having a display unit in an eyeglass form which is worn on an

observef et or Htlifke bl USBE FuHRES fot BxamPi& Whel &U&kYing and BRplaying an
maged 3208 20 84l 1013081 A3 seygh 1 algns he.coprdinales of ihe imaged image and

the virtual image. As a méthod for aligning coordinates, for example, there I1s a method to dispose a
-fixed madkey incadvanceoon{a farility+ ancealign the=codtdinbiasof thedmeaged image and the virtual
image based on the fixed marker

calculated by the control device 1005 other than the

pProgram. Note that the AR providing apparatus 1000

may obtain various types of information to be stored

in the storage device 1010 from a recording medium

such as a CD-ROM, or may download them via a network

cr the like.

The communication device 1015 performs
communication via wire or wirelessgly with the
information processing apparatus 200 to obtain
various types of information related to a dangerous
object. Further, the communication device 1015
performs communication with a satellite, which is an
example of a position detection device, to obtain
orbit information.

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

[0053] The direction deteciion device 1025 is an
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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 coordinates to match the presumed position. Note that the
above-described embodiments may be combined arbitrarillg and implemented. Note that the
above-d&EstRfedrRR SErvECPTRHN exaMPletF & BEhpute BSOIKEMBEEifhent 8>  Fig. 26 is a

diagram Jlustrating ap example of.a stugtyre of a%i@%%agg@@é%di%Svgt%%g&d' g to this

embodiment. The information providing system has an A oviding apparatus 1000 and an
informatian prasessingappamiuse200i dhe AR frayidingsapparaiusnl 000 aad the fnfaumadion
processing apparatus 200 are connected communicably via a network. The AR providing

apparatusRB0s isCHhtes@nple’of Bf frifdrtation prodiding hppdratus fcokdpater), is an HMD (Head
Moun';ed d[%ig%la or }lhe i %xangtprovrildef qygrpr%rétgq 5%aility é?R)C?yedi%qiayinﬁoa\pii age (computer
graphics mageﬁ%eneraté% i the AJF?prOVI]alng apparatus 1000 at a position Rhich matches a real
space whigh sarukeipergejesl WA the AR-Rrovding gppatatusg 10Q0- The ARProviding apparatus
north from the intensity ©of the geomagnetism.
The posture detection device 1030 ig a gyro
sensor for example, detects the angular velocity of
an object and calculates an angle (posture of the AR
providing apparatus 1000 (posture information)) by
integrating the angular velocity, or the like.
The imaging device 1035 performs imaging of a
real space.
[0054] ©Note that the hardware structure of the AR
providing apparatus 1000 is not limited to them. For
example, a direction posture detection device having
a function integrating the functions of the direction
detection device 1025 and the pogture detection
device 1030 may be employed instead of the direction
detection device 1025 and the posture detection
device 1030.
[0055] Fig. 28 is a diagram illustrating an example
of a functional structure of the AR providing
apparatus 1000.
The AR providing apparatug 1000 has a measurement
unit 1040, a direction information obtaining unit
1045, a posture information obtaining unit 1050, a

retrieval unit 1055, a visual field determination
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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 as the

crane truck 3(%0. n gddition, tge dai%erous target ii not limited to the dangerous opject itself but
includes A'ptace oF & Space reAfRIE & daRger Fsuch B8 & foad itere & THlgé ukdpttfied number of

dangeroys,ehiects; Rass By frequely. [0051]Fig. 27 is a diagram illustrating an example of a hardware
structure of the AR providing apparatus 1000. The AR providing apparatus 1000 has a control
device 1005, a Stbmage devdcer Bdiéna communitativbn dewvice £0kbx adisplay déviee 1020, a direction
detection device 1025, a posture detection device 1030, and an imaging device 1035. The control

device 1865°%i% 5PU (EehfaAMPrbdéRing nRiBr &&npiel And redds & pFogtdht #Em the storage
device 1040, asneeassaly andeexepian e Pragram. Bhylbe Riooiars being, exectigd, there are
| c

achieved functions in the AR providing apparatus 1000 which will be de cribed 1ater and processing
related ta fiowchaes wbigh Wil kerdesedbedlalelo f apparatus position
information) indicating the current position of the
AR providing apparatus 1000 from the orbit
information obtained from a satellite via the
communication device 1015.

The direction information obtaining unit 1045
obtains direction information calculated in the
direction detection device 1025. Note that the
direction information obtaining unit 1045 may receive
detected information such asg geomagnetism from the
direction detection device 1025 and calculate the
direction information.

The posture information obtaining unit 1050
obtains posture information calculated in the posture
detection device 1030. Note that the posture
information obtaining unit 1050 may receive detected
information such as angular velocity from the posture
detection device 1030 and calculate posture
information.

[0056] The retrieval unit 1055 retrieves (reads)
necessary information from tables (positionally fixed
target table which will be described later, mobile
target table which will be described later, and so

on} storing information, which 1s used when a
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[0052] The storage device 1010 is a ROM (Read Only Memory), a RAM (Random Access Memory),
an HD (Hard Disk), and/or the like and stores various types of information. Describing in more detail,
the storage device 1010 (ROM) stores a program and the like which are read first when the power of
the AR providing apparatus 1000 is turned on. Further, the storage device 1010 (RAM) functions as a
main memory of the AR providing apparatus 1000. Further, the storage device 1010 (HD) stores
numeric d3RASHY AESlikE LRRHated BT Tthe conir6Pdevicd 1605 otAEAETIRE Progfahd Note that the

AR provi Fg apparatug %g%% rrngé.gbtggzvgg%us.t p_(legsé)é/lén{oa{@ggon to be_stored.in the storage

. =1 VatrlOoLls
device 1010 from a recordirig medium suth as a , Or may download theém via a network or the

like.  Theeammunicalios davied Bl 5nerfarmsicopynunicatien-va wire 95 wiselgssly with the
information processing apparatus 200 to obtain various types of information related to a dangerous
object. Fhkkét, the bmiTriBiatibmvtevice 1805 peifbfas Wormuiicatids With alsatéllite, which is an

examplelof g\gositiondde,tection dﬁvi%e,éo obtaig orbit ,inf(r)rmation. . __The display device 1020 is an
example of & dJI:SpftaI)} tnit,Ss é?rgnélmigswelﬁbwdh cer‘ys%all'f d%ﬁl%? 5?8 liRe, ARG %fﬂg?s various types

of imageg-[9933] T he diseasion detection device 1025 is an electronic compass for example, detects
weak geomagnetism (for example, geomagnetism in a forward and backward direction and
geomagnetism ffhaleftwandand figkthdrdidireetion} remt cakulates theldigation (direction
information) of the AR providing apparatus 1000 by calculating the direction of the north from the

intensity ©F fHe gRoM&EGnetiSME L Marhe Hosthreetecidit devickeb3o iRgyfd S&1%sdr for example,
detects the anauaryeloghofpnapischandcaleulaiss aganglednasiua o7 g AR reyding

apparatus 1000 (posture information)) by integrating the angular velocity, The imaging

device 108% pertoims tnagingraf @ redlspaceion 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 informaticn cbtaining unit
1045, the posture information obtained in the posture
information obtaining unit 1050, the information
retrieved in the retrieval unit 10655, and so on and
displays the augmented image on the display device
1020. At this moment, the disgsplay 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 1s necessary to
match parameters (internal parameters and external

parameters) for generating an augmented image of a
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[0054] Note that the hardware structure of the AR providing apparatus 1000 is not limited to them. For
example, a direction posture detection device having a function integrating the functions of the
direction detection device 1025 and the posture detection device 1030 may be employed instead of
the direction detection device 1025 and the posture detection device 1030. [0055] Fig. 28 is a diagram

illustrating an example of a functional structure of the AR providing apparatus 1000.  The AR
providing apparattis ERDIas BirméasRémemant 164 a dirB&iof fibrhfatio BBtAiRMg unit 1045, a

posture i ation.qbtaini nit 1050, a retrieval ynit, 1055, a.visual field. determination .unit 1060, a
display cTofr%rrg] unit 8(% I;rlr]%% ﬁd%g%%%%n?nrgsun?ﬁo %‘.e C?ﬁgu%ae%s%g‘rﬁ%ﬁteurﬁlq%go is an
examplezof @ pesigeminfasmation-abiaining URitnshcalculatesealeidates and obtains) information
(AR position information as an example of apparatus position information) indicating the current
position df-the ARSEFEvidiNG BSpardtas 1600 feony theldHsiminformatioh dbtaired frorra@datellite via the

communication device 1015. c Th§ .dire%tion information gbtaininﬂ ul}’rl][it 1045 obtaiﬁ]s direction
informat%%%%fgﬁlgﬁaﬁsm fhe dlrgce[io HeRefion %?Eéi%ZS.ﬁ\?o?et 5 ﬁg dijrgc‘tioﬁ formation

obtaining yait 1045 mayTgceivaatected ipformationsugh- as,gepmagngtisg frarp the direction
detection device 1025 and calculate the direction information.
1000} .
[0058] Here, to obtain the position and posture of
the AR providing apparatus 1000, it is possible to
employ various methods by appropriately combining the
direction detection device 1025 (magnetic sensor),
the posture detection device 1030 (gyro sensocr), the
control device 1005 (GPS), and the display device
1020, In other words, they c¢an 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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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, an&® €& BR) Sorfhg Yrfrition, SARGAE BadPwiReits 8BngetdtisS asgetimage fdicating the
dangero u : [ ohjeqt is generated, ario e information related to
dangero@(%(::)l'sj]eg((g‘;’%s9 fr%r%?vaal s%?)dr%aggeeo (lzllfcf'vicgegz%ngr%[cg;\hfv%iﬁ%éél geé/scﬁkc)%é I){aft)gélr%é)r{:(j:j is?r}/cfu%gg in the
informatiod peocessing appatasusy200ch 1 Eheyvisuah fieleh defarmination upib 2QG0-determines
(estimates) the visual field (AR visual field) of the user wearing the AR providing apparatus 1000
based ort thefBatfohAfoMRiB R dBthiheE irFhe UREdidbR idPmaMFEbtaniHg tfite045, the
posture @E)o(grygt:ikon %btairéedsir% trr'r? %oggjr% in{_or@at}oenn%btainin%ur%1059, and so.on. [0057] The
display control tnit 1065 ggnereﬁes an augmen?ed&lmage Based oh e diretctisi| iﬁ%?r%&ti‘on obtained

in the direction jpfarmationsebtaining sait 1345 thenostye inforraatign obtained in,the posture
information obtaining unit 1050, the information retrieved in the retrieval unit 1055, and so on and
displays el aughfentediimgage bit therdisplay deeics ¢020L At thissmenfientmthé display control unit
1065 performs alignment of coordinates for displaying the augmented image matched with the

dangeroli& 56jddt ifthe T&4i sPade 'Thhe GRplay & o0t he TEXESK AR perform alignment of
coordingigs (gearpetc alignmeny betyeep sherealspacs angdqthe giépléx%%gp%ge (virtual space), it is
e

necessary to match parameters (internal parameters and external parameters) for generating an
‘augmentdevmhage afe2 0 in real time using some kind of

coordinates existing in an imaged image. At this
time, as the index for estimating the position and
posture of the AR providing apparatus 1000, an
intentionally added index such as a marker may be
used, or natural characteristics such as contour
information, brightness edge and feature points may
be used.

The video obtaining unit 1070 obtains video data
of the real space imaged in the imaging device 1035.
[0059] Fig. 29 is a diagram illustrating an example
of a hardware structure of the information processing
apparatus 200.

The information processing apparatus 200 has a
control device 275, a storage device 280, a
communication device 285, a display device 290, and
an input device 295.

The contrcl device 275 is a CPU (Central
Processing Unit) for example, and reads a program

from the storage device 280 as necesgssary and executes
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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 problem to obtain
external parameters of the display device 1020 (that is, the position and posture of the AR providing
apparatus 1000). [0058] Here, to obtain the position and posture of the AR providing apparatus 1000,
it is possible to employ various methods by appropriately combining the direction detection device

1025 (maGHetiB E850A M the pB¥tuldftdthio? HARCPFORD Hgyra 86155 he E&iftiof device 1005
(GPS), angd dhe, digglay,device, 1020.,1p gthet yords, they, ¢an be.roughly cateqorized info methods

. 51
using measurement results by sensors (AR position information, direction information, %d posture

informatipp), methods t@ose armimeage imaged by the-displaydeyice 1020; and methods to
complement a displacement in alignment by a combination of the display device 1020 and sensors.
In this ePBEHRER. B1F theSasatiestioh $hat IfeviReAal Sarahéters (fotadlldisténce, lens distortion,
aspect r%tioS grj}%%%gn)lof Eheerdisplay device 1020 are calibrated in advance, the description will be
given empﬁoymg a method i which the display control unit 1065 obtains the AR position information,

the directign ifarmatien: apd Hepostuasipformationof the AR, providing appayatug 1000 which are

measured, so as to obtain a geometric transformation matrix
storage unit and is a ROM (Read Only Memory), a RAM
({Random Access Memory), an HD (Hard Disk), and/or the
like and stores varioug types of information.
Describing in more detail, the storage device 1010
(ROM) stores a program and the like which are read
first when the power of the information processing
apparatus 200 is turned on. Further, the storage
device 280 (RAM) functions as a main memory of the
information processing apparatus 200. Further, the
storage device 280 (HD) stores numeric data and the
like calculated by the control device 275 other than
the program. Note that the information processing
apparatus 200 may obtain various types of information
to be stored in the storage device 280 from a
recording medium such as a CD-ROM, or may download
them via a network or the like.

The communication device 285 communicateg with an
operating state detection sensor detecting a state
that a dangercous object is operating (operating
state) and obtains information (dangerous object
position information which is an example of dangerous
target position information) oxr the like indicating

the current position of the dangerous object from the
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between a virtual coordinate system representing a virtual environment and a reference coordinate
system of a real space which is given in advance (conversion information correlating conversion
between a virtual coordinate system and a reference coordinate system). Note that as described
above, the display control unit 1065 may obtain the geometric transformation matrix by estimating, for
example, the external parameters (position and posture) of the display device 1020 in real time using
some kirfelst EGdrdiRdtes BRiSthgdf B ftdgeB ifi&ges 2¥ this time, as the index for estimating the
position and posture of the AR proyiding apparatus 1000, an intentionally added index such as a
marker may be %tgeed, érl ﬁﬁur%?ch%?%f%?igti?s%%jcﬁ 8s %oﬂfolu(ﬁlnjfoc?m% ot bAghtness edge and

feature peingomaybeusathe 1 Thevidaoohiainiag ¥git 1079.0btins videg slataf the real space
imaged in the imaging device 1035. [0059] Fig. 29 is a diagram illustrating an example of a hardware
structureict fierinfamiation processing apparatus 200. The information processing apparatus 200
has a control devjce 275, a storage device 280, a communication device 285, a display device 290,

and an input devit& 285P U ETREGHTEI devite 295 f &EBY (eeritraPPrdcdssihg i) RF example,
and reads;apregram fogL g slosags device 28Q as necessary gd, execyies i program. By the

program being executed, there are achieved functions in the information processing apparatus 200
which will pe desarifed. lafes and processing related 1o flewchadd which willdeseseried later. [0060]
The storage device 280 is an example of a storage unit and is a ROM (Read Only Memory), a RAM
(Randon® RE&E& Méfnofyd) Yan HD (Hard Disk), and/or the like and stores various types of information.

Describirtg)i@gri re dg@' th%hatogage Qe‘éf%ea q:lao H{R:QM) usgot_[esa%z%o raénnand th% like which are
read first when the powet of the information processing apparafus s trned on. Eurfher, the

;storage device 280¥RAM) fngtions as a1man memedy efdhejisformation oracessing apparatus 200.
Further, the storage device 280 (HD) stores numeric data and the like calculated by the control device
275 othe? THah WS prograet Notelthat the hformatichoprésassing apyaratls 280Emay obtain various
types of informart'ﬁgl)n to be stored in ?;f sto%z?,%e vice 280 from recording medium such as a

W R le 210 1is

CD-ROM, or may GoWhicat thEm Via a/ne rieiiREs 2

structured to include information of dangerous object
ID, dangerous object name, type of danger, reference
position, state, dangerous range of each state, and
current status. Various types of information
excluding the information of current status are set
via the input device 295 or the like by an
administrator for example. The setting of the
information of current status will be described later.

The information of dangerous object ID is
identification informaticon for identifying a
dangerous object. The information of dangerous
ocbject name 1is information indicating the name of a
dangerous object. The information of type of danger
is information indicating the type of danger due to a
dangerocus cbhbject.

The information of reference position is

information indicating the position (latitude and
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The communication device 285 communicates with an operating state detection sensor detecting a
state that a dangerous object is operating (operating state) and obtains information (dangerous object
position information which is an example of dangerous target position information) or the like indicating
the current position of the dangerous object from the operating state detection sensor. The display
device 290 is a liquid crystal display or the like and displays various types of information. The input
device 295 RELKeYBGard BAE BINCUBE ofithe - SpEFatedPBEtE ubsr, ambihpdtsd 9&rious types of
informati((:)n to i ar ation grocestsi.ng apEargtus 20 1190?1] Fi% 30isa gfiga(?rarg}illustrating an

e g
example ojf%?;Etlﬁe posiﬁgﬁlall fi%ed t%lrg%t ta&e%ﬁ&as orlnrg1 information refated to a%gerous objects.

The positianadly fixedrtaeget table 20 dnstrugteiraadg inchide information-qfpangerous object ID,
dangerous object name, type of danger, reference position, state, dangerous range of each state, and
current statdst &/ardusaty pdseof friferiatiomexefuding e imfdrrdationeof cureent btatus tare set via the
input device_295 or the like by an administrator for example. The setting of the information of current

ﬁmuswm%%dé§§%88Eﬁ§ the current position of the dangerous

object, and hence is equivalent to dangerous object
position information. Further, the installation
position information can alsoc 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 informaticn with
the latitude of “35.354417” and the longitude of
“"139.867623", it is represented as position
information “35.354417, 139.867623". In this
embodiment, for the convenience of explanation, the
altitude of a dangerous object to be handled is
assumed as “0”.

[0062] The information of state ig information for
identifying the operating state of a dangerous object
{(state identification information}. In Fig. 30, two
types of state identification information are
presented. The first is state identification
information (“9:00 to 17:00”, operating hours, or the
like) for identifying whether the dangerous object is
in operation or not based on the current time. The
second is state identification information (when
fully operating, when only east side is operating,
and so on) for identifying what mode the dangerous

object is operating in based on the mode of the
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The information of dangerous object ID is identification information for identifying a dangerous object.
The information of dangerous object name is information indicating the name of a dangerous object.
The information of type of danger is information indicating the type of danger due to a dangerous
object. The information of reference position is information indicating the position (latitude and
longitude) where the dangerous object is installed (installation position information). Note that the
installatié%ﬁﬁt%ﬁ%ﬁ#ﬁor%ﬂ@rﬁ% iforefation inBie St tRE position bf a fivetrdahg&dis object and
indicates the cugrent position of the dangegous object, and hence is equjvalent to dangerous object
position informa%’(%r? F%Jﬁ#gl’? %Er%s?é}lgﬁér? pgoasﬁi ﬁ %n?c}‘)lr%aﬁoannga% gfsko beeaucst%d 25 thtétmation
identifyings positier wheres dangerpHs sange dnagers displayash(display Rositipn infgrmation). Here,
for example, in the case of position information with the latitude of "35.354417" and the longitude of
"139.86 76230 if b pregSertedspdsitiog irffdvenademBs135441 7 48%91867623".In this embodiment,
for the convenience of §xplanation, the altitude of a dangerous object to be handled is assumed as "0".

[0062] TheSAtEmTaRion: 6F-dtdte i inforRatfonFsrSdéntifytho e g 5er it statd 5 dangerous object
(state idenificafign information). 18 Fig. 39.twg fypgs gk siate identficarion, information are presented.

The first is state identification information ("9:00 to 17:00", operating hours, or the like) for identifying
whether thedtangerodusyobjért isin nperatiemey eobhased oy #heccutrentitimes Jbe aecond is state
identification information (when fully operating, when only east side is operating, and so on) for

identifyirfgfwHaP node e daRdéroGEE5Ed TeedbkratiiG ffbaded BR BRYRMHR sTkect

is in operation, “O” is set by the information
processing apparatus 200, and nothing is set (or it
is cleared) when the dangerous object is not in
cperation.

[0063] Fig. 31 is a diagram illustrating an exanmple
of a table (mobile target table 220} storing
information related to dangerous objects.

The mobile target table 220 is structured to
include information of dangerous object ID, dangerous
object name, type of danger, positioning reference,
state, dangerous range of each state, current status,
and current position. Various types of information
excluding the information of current status and the
information of current position are set via the input
device 295 or the like by an administrator for
example. The setting of the information of current
status and the information of current position will
be described later.

The information of pogitioning reference is
information indicating the position where a dangerous

range image is displayed (display position
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dangerous object when it operates (or is operating). The information of dangerous range of each
state is an example of dangerous range information and is information indicating the dangerous range
corresponding to the state of a dangerous object. The information of current status is information
indicating whether a dangerous object is in operation or not. In this embodiment, when a dangerous
object is in operation, "0" is set by the information processing apparatus 200, and nothing is set (or it is
cleared) WhéR tHeadah§etous olfjE& istivk irdpttation. D63 E 31 §s Paiagradillustrating an
examplelplfl% table (mobile targ%e.t table 220)§£%in% informatjfon related to dar%erous objects. The

mobile target%s]i’b[ileaL 20°i8 striictared %ollrﬁglu ¢ Information o dgr?gse%otuls%%je IDE,idangerous object

name, type gtdangels pesitianing retesengestate, dangerews ange efieach state, current status, and
current position. Various types of information excluding the information of current status and the

informatidn dPeuUnRALposition alodet viaithd inpltcdedies 295 prithe fike Byfantadenimistragor for
example. The setting_ of the information of current status and the information of current position will be

described Y&i8° & ThbfSiatidm BEJOsRiIbAiIAG feterbhic is hforfhfiorfifidiEdtd the position
where a dangergus-iange jmageiis dispiayed (display PAsition,ugn the

information related to dangerous objects are stored
in the form of table and in plural tables according
to the types of dangerous objects (whether it is a
fixed dangerous object, whether it is a moving
dangerous object, cor the like), it is not limited to
this structure. For example, a structure to store
information related toc dangerous objects as one or
plural files may be employed. Further, for example,
a structure to store information related to dangerous
objects as one table may be employed.
[0064] Fig. 32 is a diagram illustrating an example
of a flowchart related tc processing of setting the
“current status” (operating state setting processing)
which 1s performed by an operating state setting unit,
which is an example of the function of the
information processing apparatus 200. Note that the
processing of the flowchart illustrated in Fig. 32 is
performed at certain intervals {(for example, every
minute) .

First, the operating state setting unit obtains
the current time (step S105).

Next, the operating state setting unit reads

information related to a dangercus object from the
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information). The information of current position is information indicating the current position of a
dangerous object (dangerous object position information). Note that the descriptions of the same items
as those illustrated in Fig. 30 are omitted. Here, in this embodiment, although the information related to
dangerous objects are stored in the form of table and in plural tables according to the types of
dangerous (élﬂects (whether it is a fixed dangerous ob)ject, whether it is a moving dangerous object, or

the like), 18 h8dmifed Yo-this strbiCturk® ESPexdmpfe) a structure to store information related to
dangerous objegts.as one L plggaéﬁlg%w bg @g{péoygg.fygtg%i %d?yf[%%%é 2 sfructure to store

information related to dangerous objects as one table may be employed. 4[Fig. 32 is a diagram
illustratingcanrexamplesof atfhowchastrelafedtn ptacessingraf setting the<'currant status” (operating
state setting processing) which is performed by an operating state setting unit, which is an example of

the functidh™st IfiRfbRRatioR bPdceSsitafparatis 2Hr Keteha e srbcessing®f the flowchart
oOperating a8 SchH G Bk e Suent (o (G S TOBR < NEAE HHE Sperating state seting
unit readsafernaation selated to a dangerous object from the
More specifically, the operating state getting
unit reads the information related to the dangerous
ocbject sequentially, and when the information of
state i1s 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
“O” to the “current status” when it determines that
the current time i1s included in this time period. On
the other hand, the operating state setting unit
clears the “current status” when it determines that
the current time is not included in this time period.
[0065] Here, an example of performing the procesgssing
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 “15:00”.
Next, in step 8110, the operating state setting
unit reads the information of state from the
pcsitionally fixed target table 210 and the mobile

target tabkle 220.



storage device 280 (step 5110). 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 setting unit reads the
information related to the dangerous object sequentially, and when the information of state is the state
identification information (time period) for identifying whether the dangerous object is in operation or
not based on thl €uizent limesthe ppé&rafitg stalesetiing vaitdetgrmereseneseet therqurrent time is
included in this time period or not. At this moment, the operating state setting unit sets "0" to the

"current SEtts" Wit dtEmiresthid e dhrfehtfime RArfchitR FPSHheSserib&20n the other
hand, the gpesating.state seting, Ltt_rgtt(geatg%@egg,urgafglés_tatug‘;a\/]\_theg}gtaq@%rg]jnqgﬁ@qg the current

time is not included in this time period. [0065] Here, an example of performing the processing of the
flowchartafiidg. 132 mhed thescugrentitnelis 15 00" will ke descekedt he First, in step S105, the
operating state setting unit obtains the current time "15:00". Next, in step 5110, the operating state
setting uhf fEABE fHelifBrnttion bRstate floRthe peLiadnamahixel 3drgetIgHE 22T and the mobile

TR G R T G L Mg K

isread asthfluded in the time period “9:00 to 17:00” or not.
Then, the operating state setting unit determines
that the current time “15:00” is included in the time
period “9:00 to 17:00” and sets “(O” to the “current
status” corresponding to the information of state
(time period “9:00 to 17:007).
[0066] ©Note that the processing of setting the
“current status” is not limited to the above-
described processing. For example, instead of the -
processing of step S105 to step S115, the operating
state setting unit may perform processing to receive
information indicating the presence/absence of
operation of the dangerous cobject from the operating
state detecticn sensor, determine whether the
dangerous object is actually operating or not, and
set “O” to the “current status” when it determines
that the dangerous object is operating or clear the
“current status” when it determines that the
dangerocus object is not operating.
[C067] Fig. 33 is a diagram illustrating an example
of a flowchart related to processing of setting the
“current status” (operating state setting processing)

which is performed by the operating state setting
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information of state, the operating state setting unit determines whether the current time "15:00" is
included in the time period "9:00 to 17:00" or not. Then, the operating state setting unit determines that
the current time "15:00" is included in the time period "9:00 to 17:00" and sets "CD" to the "current
status"” corresponding to the information of state (time period "9:00 to 17:00"). [0066] Note that the
processing of setting the "current status” is not limited to the above-described processing. For
example Hist&ad 6fRHe Proéassig ot epB165 istdph%l 15 the bperatingfstate setting unit may
perform pro ssin% to receive informatjon indicatin}c?]) the presence/absence of gperation of the

dangerous object fi&m e SFeratng St dB&dR 35H0r, HeferminE WhetheFhe dhAGerous object
is actually operating;erop, and set "8 19,4k, ‘current siatust when it detgrmings thatthe dangerous
object is operating or clear the "current status” when it determines that the dangerous object is not
operating 0063 [Fie @3 upa diagraneifustratingoah exampterad adlowehiastcrelatedse processing of
setting the "current status" (operating state setting processing) which is performed by the operating
state setfifgf OFBWVhichts i Smpltof BRFURLIOR 8f thd MEPmAtRRPFSckesInFSspariius 200.
Note thatt rocessy he flowchart, illust in Fig. 33 is_performed upon reception of
dangerou[sBc?bieec staf%{?L ?ﬁ%gnﬁatiéoq%\%ro%#t%g %ﬁ% 'nggstl%tg %etéogt}%%%%ﬁsolﬁn[béw] First, the
operating-state Seding @aih eeeyas dageents objeststate infosmatianifram thegperating state
detection sensor (step 5120). The dangerous object state information includes the information of
dangero@¥stfect I andinfofRatbnt(esdramy rmedesabrniaiorkindiéating the Mbde of operation of

a dangergus object. For example, as the operating mode, information, is set when the dangerous
TOTSHeratg, ‘47 & Set wiaing damterdit AR 2T

object is n%tno%eracfilrlla, APiESetwifen the dérrllg rousao%f“e%flis 68& itSt mode, "2" is set

;when the; dpngetoss ObieCld$ ORRIAING:IR 8 Seeandldrader and:SOONi nformation

(operating mode information) indicating the mode of

operation of a dangerous object. For example, as the
operating mode information, “0” is set when the
dangerous object i1s not operating, “1i” 1is set when

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

Next, the operating state setting unit reads
information related to a dangerous object from the
storage device 280 (step S8125). More specifically,
the operating state setting unit reads information
related to the dangerous object corresponding to the
information of dangerous object ID included in the
dangerous object state information.

Next, the operating state setting unit sets the
“current status” based on the received dangerous
object state information and the information related
to the dangerous object (step 5130}, and finishes the

operating state setting processing.
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Next, the operating state setting unit reads information related to a dangerous object from the storage
device 280 (step S125). More specifically, the operating state setting unit reads information related to
the dangerous object corresponding to the information of dangerous object ID included in the
dangerous object state information. Next, the operating state setting unit sets the "current status”
based on the received dangerous object state information and the information related to the dangerous

object (step 51385 Bid fiRiERsThE Bperiiting SR sdtfify précessmy. CorMBrRREHEEHlY, when
the "statg” Cgortge;lsé)oggi@g goctgﬁ per gﬂg rygldieoigfrggg%tgolq[ irhcéxuéjfd Cip%tge Jo~I<§¢1ngCelrrlous object state

information can be determined ffom the read information related to the dangerous o%ject, the operating
state settingrumni setss'0'blo thetcugent statush corresponding o dhke identiied sstaten & the other
hand, when it cannot be determined (the case where the operating mode information indicates that the
dangerodstsbifect i3 ot inperdibn) rine bperatintestate sdtting uniheedts B gveqsad "current
statuses'é)éOOGQ{:Here, an example of performig%the rocessing of the flowchart % Fig. 33 when the

dangero G object state 1ol tRation (ddhgerdts e&‘% E3019, dpBrating Mbde inférmation “2") is

received fram the gparating sialg datgetionsensos detestingan-eperating stats,of rdapgerous object
ID "001" will be described. First, in step S120, the operating state setting unit receives the

dangeroussébjece State iRformdtion drohethe betdtingvetate détectivarsensor detecting the operating
state of a,dangerous o%iect "crane" of the dangerous object ID "001". Next, in step S125, the

operating-Stafe SBERG Gnif Fehds SRRS "WREHHRIN-Ser@RGLatd HHhe 8AF east side is operating”
corresponging (a,fhe dangerous;qbisctID "0Q% fropy, the positionally, fixedyjargettablg 210 and the

mobile target table 220. In this embodiment, it is assumed that as the state
; not in operaticn), the operating state setting unit

clears all the read “current statuses”.

[coe9] Here, an example of performing the processing
of the flowchart of Fig. 33 when the dangerous object
state information (dangerous object ID “001”,
operating mode information “2”) 1s received from the
operating state detection sensor detecting an
operating state of a dangerous object ID “001” will
be described.

First, 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 dangerous object “crane” of
the dangerous object ID “001”.

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” from the positionally fixed
target table 210 and the mobile target table 220. 1In

this embodiment, it is 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 state "when only
east side is operating", "2" is defined as an operation in the second mode. Next, in step S130, the
operating state setting unit determines the state "when only east side is operating” corresponding to
the operating mode information "2" included in the dangerous object state information from the read
state "when fully operating: 1" and "when only east side is operating: 2", and sets "0" to the "current
status" comwésponding toythe Heteetinadstate " WhHert enlyl edst sidd issoperating”. [0070] Fig. 34 is a
diagram illustrating an example of a flowchart related to processing of setting the current position

informatidk 5F & darferot obfatt (hoditidn iRBHTatioAR8tiAY profésshpfwvhich i&heformed by a
position ipfprmation setting wipit, whichJs ag @)@{3@46’: of.the fupctioq.of y}geigfpggat'gﬂ processing

apparatus 200. In the beginning, the position information setting unit receives dangerous object
determinapenriafotmationrirotha measuing instrdment measuring the position of a dangerous object

(or a dangerous object having a measuri

_ n(p; instrument) (step S135). The dangerous object
determination iMférinfationt clBd&PcutreAtposiioR ifdiimaddnierd dahgéMus 6Bjéct {dangerous

object pqﬁi{igg irg%r@eat'%rl)r@g iqggno%ig%gfea d%ﬂggﬁ)uggliject ID. Not% ;thlé it llss also possible to

ast . .
employ a structure such that, instea he dangerous object &Jsﬁ:’lon information, orbit information or
the like fereateutoting the dlangerspsehjact gositondniermaiion is-reeejvetls ard the position

information setting unit calculates the dangerous object position information.
information “2” included in the dangerous object
state information from the read state “when fully
operating: 1” and “when only east side is operating:
2”7, and sets “O” to the “current status”
corresponding to the determined state “when only east
side is operating”.
[0070C] Fig. 34 is a diagram illustrating an example
of a flowchart related to processing of setting the
current position informaticon of a dangerous object
(position information setting processing) which is
performed by a position information setting unit,
which is an example of the function of the
infermation processing apparatus 200.

In the beginning, the position information
setting unit receives dangerous object determination
information from a measuring instrument measuring the
position of a dangerous object (coxr a dangercus object
having a measuring instrument) (step S8135). The
dangerous object determination information includes
current positién information of a dangerous object
(dangerous object position information) and

information of a dangerous object ID. Note that it
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Next, the position information setting unit sets (updates) the "position information” based on the
received dangerous object position information and information related to the dangerous object (step
S140), and finishes the position information setting processing. For example, in step 5140, when
the position information setting unit receives the dangerous object determination information including
a dangerous object ID "010" and dangerous object position information "35.355187, 139.874618", the

position inforeatian seiing 1nil ¢efers te thelpogitianadly. fixeddarget table 21@ aad-the mobile target
table 220, and sets the dangerous object position information "35.355187, 139.874618" to the "current
position"icdfrE§FohdiRg to-the daRGEF6uCdbTec? D) 936", FORF LR35 isTefdadtarh HRBtrating an

example of a flowchart related.to display processi erformed hy respective functions in the AR
providingo gp?p%?at&?afﬁoﬁmﬁFsl%%ur%gd t {:é?th%é %qg%ﬁ)aé%?focgg%cgqé %grjfcﬁ%ea%éapeatedly when a

mode fogigderfidyinrgthe presence/ansence; of ysageref HiesAR Junclign (AR -moge)ds ON. Note that
the user switches ON/OFF of the AR mode by pressing down a switch (not illustrated) for switching the
AR modend First, ipeteptsSias, the fatievakuritrl 068 retrieves (axiractsageildsata of which
current status is "0" from the positionally fixed target table 210 and the mobile target table 220 from the

informatioR prétRESITT Spparatis’ S00- NBR It Hdtardet 4t &ktarted from the positionally fixed
target table 21Qgnclydes nfarmation pf dapgeross phiget{3.refergnee QgSiﬂ‘H‘i anddangerous range

of each state. Further, the targét data extracted from the mobile target table 220 includes information
of dangetaysdabieet D, pasitichings eteience idafigennas range ofeach dtate; anéh eurrent position.
received dangerous object position information and
information related to the dangerous object {step
S140}, and finishes the position information setting
processing.

For example, in step 5140, when the position
information setting unit receives the dangerous
obiject determination information including a
dangerous cbject ID “010” and dangerous object
position information “35.355187, 139.874618"”, the
position information setting unit refers to the
positionally fixed target table 210 and the mobile
target table 220, and sets the dangerous object
position information “35.355187, 139.874618"” to the
“current position” corresponding to the dangerous
obiject ID “010”.

{0071] Fig. 35 is a diagram illustrating an exanple
of a flowchart related to display processing
performed by respective functions in the AR providing
apparatus 1000. It is assumed that the display
processing 1s performed repeatedly when a mode for

identifying the presence/absence of usage o0f the AR
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In this embodiment, as illustrated in Fig. 30 and Fig. 31, four pieces of data are read as the target data
of which the current status is w0". For example, the target data determined by the state "2 (only east
side is operating)" of the dangerous object ID "001" is read, and this target data include the dangerous
object ID "001", reference position "35.354417, 139.867623", and dangerous range "radius 15 m,
height 20 m, direction 0 to 180 " of each state. [0072] Next, in step S150, the video obtaining unit

1070 obtginsvidee ataxat agker spacedmaged inpfhe-imaging deviee 1935= Next, in step S155,
the measurement unit 1040 measures information (AR position information) indicating the current
position &fthé AReFoRdHP &dpareius hEOHFONmerdi informaticrsebiaigedfrom aaatellite via the
communication device 1015. Next, in Sé(teﬁ 5160, direction determination units (the direction

informatfol bbathing Uit 1543 Bifd i po&ilirefinforriation SBthitthghft D80yt mines the
direction (directon,and postyre) ptthe AR providing apparatys. 100p. That is, {he-direction information

obtaining unit 1045 obtains direction information calculated in the direction detection device 1025, and
the posture tinfarmation dltainingcnit 105G abtains pesture dnformatierncateutatechio the posture
detection device 1030. [0073] Next, in step 5165, the visual field determination unit 1060 determines
the AR VistaEfietd dfthe (18ér Wieariflg iHeadigphs/idelies a820/babéd oA nfeaswement results

(informatiqn,qhtainadyin sep 5150 ARA S1eP 515949880 0011 220 from the

information procesgsging apparatus 200. Note that the
target data extracted from the positionally fixed
target table 210 includes information of dangerous
object ID, reference position, and dangerous range of
each state. Further, the target data extracted from
the mobile target table 220 includes information of
dangerous object ID, positioning reference, dangerous
range of each state, and current position.

In this embodiment, as illustrated in Fig. 30 and
Fig. 31, four pieces of data are read as the target
data of which the current status is “~0O~. For example,
the target data determined by the state “2 {only east
side is operating)” of the dangerous object ID “001”
is read, and this target data include the dangerous
object ID “001”, reference position “35.354417,
139.867623”, and dangerous range “rvadius 15 m, height
20 m, direction 0° to 180° 7 of each state.
[o072] Next, in step 85150, the video obtaining unit
1070 obtains video data of a real space imaged in the
imaging device 1035.

Next, in step 85155, the measurement unit 1040

measures information (AR position information)

- 74 -



Here, an example of an AR visual field U of a user 400 is illustrated in Fig. 36.In this embodiment,
since the altitude of the dangerous object is set to "0", the AR visual field is determined in a planar
form (or two dimensionally). However, when the altitude is added to the dangerous object position
information, the AR visual field may be determined in a stereoscopic form (or three dimensionally).
Further, in this embodiment, as the visual field of the user 400, for example, information (visual field
informatidbm)of deetrange 6f160dn:a isftwirdoarslirightward directien @R p2® iniahiupwvard and
downward direction for example when the altitude is added) is set in advance and stored in the storage

device 18RP 2 2Eyfexafrpte, HeMsugFRIFdetErhfidiid dinf 0ob teiEhfted 59hedR visual
field U a yisyal lfig_@tjg api%ge{ﬁg@inggmg £Igac.y&goq1ragig§ chJeOOlrré for example) centered on

direction information 420 with reference to AR position information 410. [0074] Next, in step 3170, the
display control arettO65 feneratep adiasgerodsirasge: inage daugamentedanage) ofia dargerous
object included in the AR visual field based on the video data, the measurement results, and the target
data. (Viév@ sPécifcaly: diFst, WHen e ddrRBrovl bBjkarbasiticiikforhation idcksted in the target
data is ir]:qijétled (i)n t@e rAeR vli%@!jfiet!lda éhieodispéril}/ %{)ﬂt{olnunit &gG!%:de{%r%ges that the dangerous
object located StRe ldangerous OJBJEC'[ posﬁion information is a d%mgerous bject included in the AR

visual fiektk Fer-axampie, Hhklg Bbr dangerus obieskrasitign indgimaiens4304s inclyded in the AR

visual field U, and hence the dangerous objects located at the dangerous object position information
430 are térernfifecbaroinidlddeaidn eHepsR- wiswes fidld 00 NoteThat angeroudshebject position

informatign 440 is not incluged in the AR visual field U, and thus the dangerous object located in the
dangero grectlon information obtaining unit 1045 obtailns

direction information calculated in the direction
detection device 1025, and the posture informaticn
obtaining unit 1050 obtains posture information
calculated in the posture detection device 1030.
[0073] ©Next, in step 8165, the wvisual 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 S$150 and step S155) and so on.

Here, an example of an AR vigual field U of a
ugser 400 ig illustrated in Fig. 36. In this
embodiment, since the altitude of the dangerous
object 1is set to “0”, the AR visual field is
determined in a planar form (or two dimensiocnally).
However, when the altitude is added to the dangexrous
cbject position information, the AR wvisual field may
be determined in a sterecoscopic form (or three
dimensiocnally) .

Further, in this embodiment, as the wvisual field

of the user 4900, for example, information (visual
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object position information 440 is determined as not included in the AR visual field U. [0075] Then, the
display control unit 1065 obtains a geometric transformation matrix based on the AR position
information, the direction information, and the posture information. At this moment, when the
dangerous object is fixed, the display control unit 1065 calculates coordinates (range coordinates)
corresponding to the dangerous range of each state corresponding to the determined dangerous
object based dba thendoordimatessaf Yheodangbreus abjget positidrsinformatiorain beréfevencé coordinate
system, and applies the geometric transformation matrix tqQ the calculated range coordinates to

generatPRGargt AuE YAy ifige GhdMentdd Mgk} (0076 the BRER RSnd fen the
dangerous,Qhige! mevas, the-display antrolaipil106% agalegs theyidee daia,(fpagedata

constituting the video data) to determine the coordinates of a marker indicating a positioning reference
added toetfel determinedsédangerous dbjectar therrdference eabrdinate system coadggtates the range
coordinates corresponding to the dangerous range of each state with the determined coordinates
being th& &AgHT Sind 3pPlies the geometric transformation matrix to the calculated range coordinates

SO as to genera{;eo?te gt%grr’g ritgd in%a},g% LQQLQJ Mtefgugtltge @gﬁ:hgt% rﬁog Igggqgtrilnqlan. éugmented
) e, the

image is not limite e above-described sfructure. For examp isplay control unit 1065 may
calculaterthe poigtcasiespensingde therdangerous ehject pesitondnfornaation and the point

corresponding to the AR position information in a virtual coordinate system based on the video data,
and mayfchfchifitel & maghificsdion fam inedistiacesetdenthes® poinkx@dlatveadistance) and the

distancel(%%solutefdigagcegnkl)etfve n thend%aggergus objgct rfosi ion informagion and the AR position
information i the Téterehd Coordinate Eys em, 50 adto generat %h%nau]glr}l ﬂf’é‘aa}r%éé)é? At this
. moment whenthe dangereusobject is fxedy thedisplay.contrel Hpit- 165 multinlies the dangerous

range of each state corresponding to the determined dangerous object by the magnification, so as to
generatelthé adgmeMecimageén step S170, the display control unit
1065 generates a dangerous range image (augmented
image) of a dangerous object included in the AR
visual field based on the video data, the measurement
results, and the target data.

More specifically, first, when the dangerous
object position information included in the target
data 1is incliuded in the AR visual field, the display
control unit 1065 determines that the dangerous
object located at the dangerous object position
information is a dangerous object included in the AR
visual field. For example, in Fig. 36, dangerocus
cbject position information 430 is included in the AR
visual field U, and hence the dangerous objects
iocated at the dangerous cbject position information
430 are determined as included in the AR visual field
U. Note that dangercus object position information
440 1s not included in the AR visual field U, and

thus the dangerous object located in the dangerous
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On the other hand, when the dangerous object moves, the display control unit 1065 analyzes the video
data (image data constituting the video data) to determine the coordinates of the marker indicating a
positioning reference added to the determined dangerous object in the reference coordinate system,
applies the geometric transformation matrix to the determined coordinates to calculate coordinates
(display coordinates) in the virtual coordinate system, and multiplies the dangerous range of each
state comésperdingtosthe determinedodangerbas objéct by shedmagnificatiewithsthe calculated
display coordinates being the origin, so as to generate the augmented image. [0078]In step 5175, the
display CoRtFdi R 4065 cdntrdls %né’rﬁi’f’tﬁﬁ‘t?e of #ieldisplay device 1020 so that the augmented

image is Oygtaiq on fhe dangerpus ghiectn,he regl space ( e thgdanggions ghject visually
recognizaioglle), a(nid displgys’ the augment%&nﬁﬁlage. In adg{lpoln, w]hen the ds?sp#ay control unit 1065
determings phual dangereusebfecisineludad imtherAR visual field dhe display eontrol unit generates
and displays an augmented image for each of the plural dangerous objects. Note that the display
control PR 4065 By svdrRay titdeperatddifigthehtdirmage dithe Yias dal and@ibplay overlaid
images %r%hthe disglﬁa device 1020. . Further, the method for displaying an augmented image is not

limited t0 the above-destribet s:fr]ﬂ%f?frael. Bor example, information (feature quantity or the like) for

determining a dapgerays;objesh ahich issegisterackin advance May bewhiained pased on a

dangerous object ID from the information processing apparatus 200, and the display control unit 1065
may perfoim estoghitien groegsking foramdenalatausiny thé feature duantityoe the like to determine a
dangerous object, and display a dangerous ran'l%e image (augmented image) at the coordinates of the

determirfeQ YaHgetaiSohject AR thRAHEHHAEA i Sositior fof GRARIAG fhe BRghafited image can

dangerous range of each state corresponding to the
determined dangerous object based on the coordinates
of the dangerous object position informaticn in a
reference coordinate system, and applies the
geometric transformation matrix to the calculated
range coordinates to generate a dangerous range image
(augmented image) .

[0076] On the other hand, when the dangerous object
moves, the display control unit 1065 analyzes the
video data {image data constituting the video data)
to determine the coordinates of a marker indicating a
positioning reference added to the determined
dangerous object in the reference coordinate system,
calculates the range coordinates corresponding to the
dangerous range of each state with the determined
coordinates being the origin, and applies the
geometric transformation matrix to the calculated
range coordinates so as to generate the augmented
image.

[0077] Note that the method for generating an

- 77 -



be corrected to a position more suitable to the real space. [0079] Fig. 37A illustrates an example when
an augmented image 510 is overlaid and displayed on a crane (dangerous object ID "001", state
"when only east side is operating") 500 as a display example of the case where a dangerous object is
fixed. In this example, the height is set to "20 m" in the dangerous range of each state, and thus a
stereoscopic (three-dimensional) augmented image 510 is displayed. Note that when the height is set
to "0 m" aaygaran ted-dinensional angreritachinagd 526 istdisplaybd. &g 8ZB diustsatas an
example when the two-dimensional augmented image 520 is displayed. Further, Fig. 37C displays
an examﬁﬂéﬁ%ﬁ%%ugm%ﬁf@d%é&épél%rls Eitflafdiaie HRPlaged&iF S Sran@ friick (dangerous

object ID,"04L", sta Ing.60Q tq. y 'C%S{T}?{k%gé{%'@g m{g aposBﬁ:[[%%reference is added,

as a display exampfe o e case eret angerous object oves IS embodiment, the

structureda @Q@@@E@@ndkﬂjs@lﬁﬁl the>dangewmys ange imageinas bear desedbeds; butdt is not limited
to this. For example, a mode for identifying the presence/absence of usage of a safety display function

(safety display ficee)may fe brovided, &R \Witen il sufety vifplay mbde s G the display control

unit 1065 may dis an i e related to safety. (evac ation royte image or safet zone image) on the
display device &850 TR crlgnonat(% Br iRSBAF BF thé 5angge?olﬁs th%e\fﬁﬁ?gee 2t

and may caliculate a magnification from the distance
between these points (relative disgtance} and the
distance (absolute distance) between the dangerous
object position information and the AR position
information in the reference coordinate system, so as
to generate the augmented image.

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

On the other hand, when the dangerous object
movesg, the display contreol unit 1065 analyzes the
video data (image data constituting the video data)
to determine the coordinates of the marker indicating
a positioning reference added to the determined
dangerous object in the reference coordinate system,
applies the geomeifric fransformation matrix to the
determined coordinates 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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For example, the display control unit 1065 analyzes the dangerous range image to determine a part
which is not the dangerous range image (a range which is not designated as the dangerous range) as
a safety range, and generates an image (safety zone image) indicating the safety range. Further, for
example, the display control unit 1065 calculates an evacuation route based on position information
indicating the position of an exit of the factory which is set in advance and the AR position information,
and generates haymaged(evdcuatiarerobteimgge) irdicatinggthe calsolated evacuation route. Fig. 37D
illustrates an example when an image related to safety is displayed (evacuation route image 700).

Note thaB B S5ErShitEhes GNORE ! Btk sféd? Gisplay mode by pressing down a switch (not
iIIustrateq)OfBr7 itchipg the, et)égi§glgy m@e.é(}%llg%eg §ﬂ[§%Cﬂie display a%ggl unit 1065

determines whether to stop the display or not. At this moment, when the AR mode is ON, the display
control uaih A@6pdetermines at. totsiapctve display,and suhsegyendly vihe grocessingsad step S145 is
performed. On the other hand, when the AR mode is OFF, the display control unit 1065 determines to
stop the Bi3play, dhe tREFIBRALHBcessmg s stdpped cposoidg 938 i5 A %lisdrdnd Miisttading an
Cme oS RN PRt 4 ey oseseh nelpITed e e e AR s
or performesldnsteagof theprecessing ghstepphrdiand step Sd{aplays the

augmented image.

In addition, when the display control unit 1065

determines plural dangerous objects included in the

AR visual field, the display contrcl unit generates

and displays an augmented image for each of the

piural dangerous objects. Note that the display

contrel unit 1065 may overlay the generated augmented

image on the video data and display overlaid images

on the display device 1020.

Further, the method for displaying an augmented

image is not limited to the above-described structure.

For example, information (feature guantity or the

like) for determining a dangerous object which is

registered in advance may be obtained basged on a

dangerous object ID from the information processing

apparatus 200, and the display control unit 1065 may

perform recognition processing for video data using

the feature guantity or the like to determine a

dangerous object, and display a dangerous range image

(augmented image) at the coordinates of the

determined dangerocug object. With this structure,

the position for displaying the augmented image can
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First, the retrieval unit 1055 retrieves traveling plan information, which is an example of movement
schedule information indicating a schedule of movement of a dangerous object, from the information
processing apparatus 200 (step 5185). 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 5190, the display control unit 1065 determines a
schedulegedangerpas range.tMore specifically;thendisplayscobtrelwhi 1065 deierminesas the
scheduled dangerous range a predetermined range (for example, the inside of a circle with a diameter
of 50 m) %t S¥e dangerous object information being at its center. [0083] Next, in step 5195, the

display cpggc}l éjj'\it 19q%qet%r%neslv!r}le%t;:elt tdéaggg{%usegpileﬁ%%rger%ﬁgen sca@gduled dangerous
X :

range or hot based ont btained trave Ing plan information and the current time. More specifically,
the display: gandretunit 1085 gbtainsdronsthe Haveling glaa Adormation the draveling osition
information within a certain time (for example, within five minutes) from the current time, and
determires avhethéfene Dbiained tabdlmgthosillon ikfokMation igiheludedhia theosth#duled dangerous
range or not. At this moment, when the dis,pé)ay control unit 1065 determines that if is in%uded (the

dangerofi& 8ject ehfersithie SEHEt et Handerd s raR§e) FprSceBing 6f S5 820G s Pérformed
subsequeptly. Ondhe gherhand, wihenthe display gordotunitdetermines that if isiof included (the

dangerous object does not enter the scheduled dangerous range), the display processing is ended.
Note that theendlispéay coiteol lnrii 085 deteradrtesitiat t3Vnaot ihcluded whenrithegargersus object

position information is included in the AR visual field. In step S200, the display control unit 1065
displays DARREdiSFlayfdeiite 4B26 &n irfdge iﬁ&ié‘a’?tin@th%f“ﬁ@%l%ﬁ&é?@&scobretc?E%?)f)roaching.

More spaaificaliv. {g dsplay.cooaHnlld 06n, dejermunes e diaclipn i ich thg dangerous object

“is approaching from the obtained traveling schedule position and measurément results, and displays
on the display deviesn10ZRankmagmrotifyingthat the dangerous objegtlia Approaahing-from the
determined direction. Fig. 39 illustrates an example of display when a dangerous object (AGV:
AutomatitiG§dedi Peticle) iSasPreaching floRfde |etiiidelot tHeiusRE Aating dipidy image 800).
[0084] Note that although the display control unit 1065 determines that.the dangerous.object enters
the scheb o AAAGEROCE T Ao Shor T RATHAR b th Sttt g ShAr B ametner the

augmented image 520 is displaved.

Further, Fig. 37C displays an example when an
augmented image 610 is overlaid and displayed on a
crane truck (dangerous cbject ID “011”, state
“moving”) 600 to which a marker 620 indicating a
positioning reference is added, as a display example
of the case where the dangerous ocbject moves.

[0080] In this embodiment, the structure to generate
and display the dangerous range image has been
described, but it is not iimited to this. For
example, a mode for identifying the presence/absence
of usage of a safety display function (safety display
mode} may be provided, and when the safety display
mode is ON, the display control unit 1065 may display
an image related to safety (evacuation route image or

safety zone image) on the display device 1020 in
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dangerous object is approaching the AR providing apparatus 1000 or not may be determined based on
the current time, the traveling plan information, and measurement results. [0085]<Embodiment 9>

In Embodiment 8, the structure in which the AR providing apparatus 1000 has the imaging device
1035 is employed. An AR providing apparatus 1000 according to Embodiment 9 is characterized in
that it does not have the imaging device 1035. Hereinafter, a main structure which is different from
Embodimeini 8wilbhe descriredi n s teg.dl0dg a diagrafalustratingsa ffewchart telated to display
processing performed by respective functions in the AR providing apparatus 1000. The same
reference numefallis SARBRS the shie pf?éc%@éﬁg’ a$ tatimrtrated i Fig 935 of Embodiment 8, and

the desc wgg of %8mgt§g é{\éq}%ggat @”eu%}agg% ing %3 %]taratus 1000 does not have the

imaging evic e processing of step 0’1 iS Aot peeformed [0086]In step
3305th@§5EHWEQmﬁﬂﬂ@tHEE the dangerous range image (a range

which is not designated as the dangerous range) as a
gsafety range, and generates an image (safety zone
image] indicating the safety range. Further, for
example, the display control unit 1065 calculates an
evacuation route based on position information
indicating the position of an exit of the factory
which is set in advance and the AR position
information, and generates an image {(evacuation route
image) indicating the calculated evacuation route.
Fig. 37D illustrates an example when an image related
to safety is displayed {(evacuation route image 700).

Note that the user switches ON/OFF of the safety
display mode by pressing down a switch (not
illustrated) for switching the safety display mode.
[o081] In step S180, the display control unit 1065
determines whether to stop the display or not. At
this moment, when the AR mode is ON, the display
contrel unit 1065 determines not to stop the display,
and subsequently, the processing of step 5145 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 processging is stopped.
[o082] Fig. 38 is a diagram illustrating an example
of a flowchart related to display processing

performed by respective functions in the AR providing
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generates a dangerous range image (augmented image) of a dangerous object included in the AR
visual field based on measurement results and target data. More specifically, first, when the
dangerous object position information included in target data is included in the AR visual field, the
display control unit 1065 determines that the dangerous object located at the dangerous object
position information is a dangerous object included in the AR visual field. Then the display control
unit 106% plptaina thesgenoretric tranafbenatiba piadnx hased e ARpysitien intormatiane direction
information, and posture information. Then the display control unit 1065 calculates the range

coordlnaié%lcjoﬂ‘ééﬁtﬁndw@% PEQIaRGETdTTrafide 6f<tieh SthitScofrEspondihg ¥9&e determined
dangerog%%@ ct ga%%d %%theﬁd%orglggtgigf thg Qagqegous$P$gt RAs C{lon m%g)rrrr]gigqjm the
the

reference coor mate system, and applies t eometric t mation matrlx calculated range

coordinates so as tosgenerate:the aygmertad imager: Note ghat althodgh thegnethod for generating a
different augmented image depending on whether the dangerous object is fixed or not is employed in

Embodiniéit 8ethé agigineatad imdielngdnerated birthelabéve-dasceberimmdtBodiegardless of

whether the dan erous O%Ié%[ fixed or not in Embodlm thSlnce it is not poss@le to image a
marker. [BOA20tHer BRBGAMLRISS TEOFMaEion indicating o sche

of movement of a dangerous object, from the
information processing apparatus 200 {step 8185).
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 inside of a
circle with a diameter cf 50 m) with the dangerous
object infcocrmation being at its center.
[0083] Next, in step 8195, the display control unit
1065 determines whether a dangerousg obiect enters the
gcheduled dangerous range or net based on the
obtained traveling plan information and the current
time. Mcre sgspecifically, the display control unit
1065 obtains from the traveling plan information the
traveling position information within a certain time
(for example, within five minutes) from the current
time, and determinesg whether the obtained traveling

position information is incliuded in the sgcheduled
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The above-described AR providing apparatus obtains information and so on related to a dangerous
object so as to generate an augmented image from the information processing apparatus, but it is not
limited to this. For example, the AR providing apparatus may store information for determining
dangerous objects (feature quantities, image data of dangerous objects, and so on) in the storage
device 1010, analyze video data imaged in the imaging device 1035 to determine a dangerous object
includeddathe ideo slatasbygecagnitior procedsingtands whermieis detewhined thaethe determined
dangerous object is in repetitive motion (rotational motion, reciprocal motion, or the like), generate a

dangeroﬁ?sﬁ%ﬁ&é‘ifna"g‘ér(&l’féhjreﬁféhiiﬁaég)6efsggrﬁi'ﬁ‘@ ?ﬁbiﬁé%ﬁe%a? Fan_@é dde’to the determined
dangeroys,hjeGl. 5 Tyiher a5 ihe AR PLOVIGING aRPaLaiys, presdn yarious fofms may be

employed. For example, a portable’terminal type AR providing apparatus may be employed. In this
case, insfieatlpf thedrnsaissye Jiqud erystakdispiay & ner-gpnsissiveiliguid crystal display may be
employed. Further, for example, a head-up display type AR providing apparatus may be employed in

which arP&igFRhREdmage B TombINEd End difplafdtrwithtd @igelonlect i ffal $gake which is

projected optically transmissively. . Moreaver, although fynctions are shared between the AR
providin(\(:;21 éﬁsp%?a% S fé)dbéarn ihél fﬁ%o%ét?g%ep%nc%%%r%g E%qp%t‘r:at&stzdtig in ?hcgzabove-described

embodiments; they dnaythe-pesforaad in-Q8e appatatds, ik ar apparats, differeptfrom that described
in the embodiments may have a similar function, such as generating an augmented image by the

informatisn prodedsiny ajFpartuso209 imsteaticof thetAR prbVilingaapparatyssE000N §0088] Further,
although a crane, a gas pipe, and a lathe are illustrated as the fixed dapgerous object in the

above-dESA6E emPSHirferts ut it 5ot ket tHen: FoPexaliples abd®k_r-transmission line for
transmittingslecricpower may be employad as the dangeraus,phiget. At thigitime dbe grerating state

“detection sensor detects that it is in operation (it is dangerous) when the voltage reaches a prescribed
value (prebgribed velts}.iFuithar, for Bxample,ipiping. for delivertrgeflidimay: heemployed as the
dangerous object. At this time, the operating state detection sensor detects that it is in operation when
the temp&taiii bf theFtfdi-reaches a prescribed value (prescribed temperature). Further, for example,

a grinding mac@'r;:\le in%er)f.)fgagr}ish:-%rjand' é;é?eig#/rfa_lgsgg;%wgrkgigg%wgi&rgtating a_lgrinding
wheel may be employe?i as the dangerous object. At'this time, the operating state detection sensor
detects thatdgtds inepesationtby dgtestigan aperativg status signal ormpgrating schedule signal.

indicating that the dangerocus object is approaching.

More specifically, the display control unit 1085

determines the direction in which the dangerous

object is approaching from the obtained traveling

schedule position and measurement results, and

displays on the display device 1020 an image

notifying that the dangerous object 1s approaching

from the determined direction. Fig. 39 iliustrates

an examnple of display when a dangerous object (AGV:

Automatic Guided Vehicle) 1s approaching £rom the

left side of the user (warning display image 800} .

[0084] Note that although the display control unit

1065 determines that the dangerous object enters the

scheduled dangerous range or not, it is not limited

to this structure. For example, whether the
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[0089]Further, in the above-described embodiments, when a dangerous object is recognized by the
AR providing apparatus 1000, the structure is to generate and display an augmented image of the
dangerous range of this dangerous object, but it is not always necessary to generate and display the
augmented image of the dangerous range for all dangerous objects recognized by the AR providing
apparatus 1000. For example, when plural dangerous objects are captured in the visual field of the
AR providiag@pparatus 4806, and ifdaageyausarangesare presare sioatiahenysly for all the
dangerous objects, it is possible that the user gets confused about where to pay attention. More
specificaPREE AdtHecdSaR) 18 HeRcthte™md phseftantatifiefted ifdagof @ah§érous range for

a dangeays objgt Whilhis 106ated s0 L3y 12 15 10} 20 0angeLali yeLfarthe ey a the present

moment. By presenting an augmented image ev r'such a dangerous objéct which is not so
dangerous 4tds; tathes pessHae that the user overlooks an augmented image for a dangerous object
which is located close and really needs to be paid attention to. [0090] Accordingly, it is possible to
employ d 8tPtthure tocgraserd amatigméhted image illustrating a dangerous range only for a

dangerous object for ngc it is necessary %{the present moment to ﬁfgl%aﬁsngerous range to the
user. Describing thora SPetmiCily “this ‘striiéttire®s A8 foliSwsS  *1in Yils SttcturE thé AR providing

apparatys, 1009 gengrales an Augmented mage L&the wangerausiraggesdfpidaggergys object for the
user only when, for example, the position of the user is located at a predetermined distance or closer
(at a pretistermpddtheeshold n claBerpfram thdidaggernpusaatgect.s-ig.0 0 ¢

according to Embodiment 9 is characterized in that it

doeg not have the imaging device 1035. Hereinafter,

a main structure which is different from Embodiment 8

will be described.

Fig. 40 is a diagram iliustrating a flowchart
related to display processing performed by respective
functiong in the AR providing apparatug 10600. 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 gsince the AR providing apparatus 1000 does
not have the imaging device 1635, the processing of
step 85150 illustrated in Fig. 35 1is not performed.
fooge] In step 8305, the display contrel unit 1065
generates a dangerous range image {(augmented image)
of a dangerous cobject included in the AR visual fielid
based on measurement results and target data.

More specificaily, first, when the dangerous
object position information included in target data
ig incliuded in the AR visual field, the display

contrel unit 1065 determines that the dangerous
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41 is a diagram illustrating an example of a table storing information related to dangerous objects
(positionally fixed target table 910). Note that in the table illustrated in Fig. 41, items of display
conditions are added compared to the table illustrated in Fig. 30. In the structure using the
positionally fixed target table 910, for example, since the display condition of the crane of the
dangerous object ID "001" is to be within 30 m, the AR providing apparatus 1000 generates an
augmented jrrage dnolqesedtsat-to thesusiks only wher thelsistance pothé ciame of the dangerous
object ID "001" is within 30 m. The other items are the same as those in the table illustrated in Fig. 30,
and thusitRe B&RAMIONE tHeFedt afPSIHIRER YS0R TG 4P islaGidgraftilusiatiigBan’dkample of a
flowchar;,rrfga to g!tsgbl_% processing. Note that in the flowchart illustrated in Fig. 42, step S405 for
determining a distance between the AR providing apparatus 1000 and a dangerous object is added,

compared to theAewchar dlugtiaied EnFig.c3vt o In stap 540% svhes Biesdispdaywgeatrol unit 1065
determines a dangerous object included in the AR visual field, it obtains the distance to the dangerous

object. 9 REBardngthd distAdobaascrPihe ARIETéVIdiIRG asphratas RF00RmME teldahgerous
Obpctnf%@g%mation, direction information, and posture
information.

Then the display control unit 1065 calculates the
range coordinates corresponding to the dangerous
range of each state corresponding to the determined
dangerougs object based on the coordinates of the
dangerous object position information in the
reference coordinate system, and applies the
geometric transformation matrix to the calculated
range coordinates so as to generate the augmented
image. Note that although the method for generating
a different augmented image depending on whether the
dangerous object is fixed or not is employed in
Embodiment 8, the augmented image is generated by the
above-described method regardless of whether the
dangerous object ig fixed or not in Embodiment 9
gince it is not possible to image a marker.

[0087] <Other embodimentss>

The above-described AR providing apparatus
obtains information and so on related to a dangerous
ockbject so as to generate an augmented image from the
information processing apparatus, but it is not

limited to this. For example, the AR providing

apparatus may store information for determining
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structured such that the display control unit 1065 calculates this distance based on the information
indicating the current position of the AR providing apparatus 1000 (AR position information) and the
reference position of the dangerous object indicated in Fig. 41. Alternatively, it may be structured such
that a measurement unit is provided in the AR providing apparatus 1000, the measurement unit emits
a laser to the target dangerous object, and the measurement unit measures the distance from the time
the emittdd taseris veflected atthe dafigerbuscebjert amd retuirssto thenmgasudenent adit. Note that
the steps_other than step 5405 are similar. to those in the flowchart illustrated in Fig. 35, and thus the

descriptifrdAEEBHsre DRIETT OO ARAIRS?, tRE& iy ddhfroFnt1dEs rék¥ frieStistance stored
as a dispjay,; gpnditign frorp the positionally,fixed farget E‘bherﬁlgh%“di%‘?géo?tﬁeg itauith;the

measurement result of the distance from the dangerous object. Then, when measurement result of
the distancesfsor thedangenatis:ebjectSatisfies the glispiay eenditionsiarae & the pasitionally fixed
target table 910, the processing proceeds to step 5170. [For example, in the case of the crane of
the dangéiciR®beeti® "BU1 Y WREDIE ddté Pin & P& &RSiAEIGdetiiA theWArR Risddl fidld, the display
control unit 1065 qbtains rgel distance to,the crane. Further, the display cantrol unit 1065 reads the
display g(?n%jﬁféﬁ i % r‘# c%rr}rleesp%r%r?grfgjtﬁleelgaﬁed ortfie éln%/e?gﬂ %%l]'ltéctllﬁ "001" from the

positionaly fixed target tahle 918nThens the wisplay coptrnt wrih1065detgsmines whether the obtained
distance to the crane is "within 30 m" or not which is the display condition. As a result of the
determina@éri, swhen §tis wilttén 36 ke the @ecessiag proeeatiz g step 8570; avegdisplay control unit
1065 generates an augmented image representing a dangerqus range for the dangerous object, and

overlays*dha Hfspl5§S HRGMEGE OMMAE GtheP Fand™WhEh iR DvEr3eHH TRE Protasdfy returns to
-step 5143%,, [0093] Nete that althatigh ap exam g%\%@cibif%jrgcog 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 taraddtitesns of display eonnditions tosthel mobileatarget-tabledl|ustrated inikkig. 31 and

apply the flowchart illustrated in Fig. 42 to a moving dangerous object, and hence it is not limited in
particula¥.2 T 1 Piirhef HRGughabe SIFucRIFe K& dboveltedcréd Bmbsdinnts is to present

oo i AR L G R Gl A
hence it i3l bRpider. in padicylal s case, instead of the transmissive

liguid crystal display, a non-transmissive ligquid

crystal display may be emploved. Further, for

example, a head-up display type AR providing

apparatus may be employed in which an augmented image

is combined and displayed with a target object in a

real space which is projected optically

transmissively.

Moreover, although functiong 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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With the structures of the above-described embodiments, a dangerous spot can be notified more
appropriately in a scene where the dangerous spot changes temporally. [0094] In the foregoing, the
preferred embodiments of the present invention have been described in detail, but the present
invention is not limited to such certain embodiments. Various changes and modifications are possible
within the scope of the spirit of the present invention described in the claims. Note that the
above-desgrigedembodimerntts may be combined arbitrarily and implemented. INDUSTRIAL
APPLICABILITY [0095] The present invention is applied to a technology of AR displaying the operating
status of @R8ifity or Hid4iké foF an dbSEFIIRaR inSER&RN ofa FRfory JFlvll?ther","“fFﬁg/p"f‘t—:-sent

g‘;’r?g”groo%g%%%'fﬁdgf%:ﬁg%‘p%'%égﬁ displaying 2 dangeroys, spatin g Sceneywhere the
in the above-described embodiments, but i1t is not
limited fto them. For example, a power-transmission
line for transmitting electric power may be employed
as the dangerous object. At this time, the operating
state detection sensor detects that it is in
operation {it is dangerous) when the voltage reaches
a prescribed value ({prescribed wvolts}. Further, fozx
example, piping for delivering fluid may be employed
as the dangerous object. At this time, the operating
state detection sensor detects that it is in
operation when the temperature of the fluid reacheg a
prescribed value (prescribed temperature). Further,
for example, a grinding machine (grinder) for finish-
grinding the surface of a workpiece while rotating a
grinding wheel may be employed as the dangerous
ocbject. At this time, the operating state detection
sensor detects that it is in operation by detecting
an operating status signal or operating schedule
signal.
[00c89] Further, in the above-described embodiments,
when a dangerous object is recognized by the AR
providing apparatus 1000, the structure is to
generate and display an augmented image of the
dangerous range of this dangerous object, but it is
not always necessary to generate and display the

augmented image of the dangerous range for all
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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 dangerous
range information indicating a dangerous range of each state of a dangerous target and dangerous
target position information indicating a position of the dangerous target, which are stored in the storage
unit; a position information obtaining unit obtaining apparatus position information calculated from
informatida ipkcating a positartcef thesinfogmativadrévidirgappakatustwhichds detected in a position
detection device; a direction information obtaining unit obtaining direction information calculated
from infdmBRgrfihdiCathl &direction of the information providing apparatus which is detected in a

direction detect'tpgxdegggg;mp 18 ’pqgﬂrgdnf}gﬁr%altg)ﬂ ogt&@;{g@fgﬂ Qb@ggqgooggtug&igformation

calculated from information indicating a posture of the information providing apparatus which is
detectedkinptposteide deieciions devierjal & deteériniration heit datenmiring d visyal field of the
information providing apparatus based on the apparatus position information obtained in the
apparatus 1000, and 1f dangerous ranges are presented
simultaneously for all the dangerous objects, it is
possible that the user gets confused about where to
pay attention. More specifically, it is not
necessary to generate and present an augmented image
of a dangerous range £for a dangerous object which is
located so far that it is not so dangerous vyet for
the user at the present moment. By presenting an
augmented image even for such a dangerous object
which is not so dangerous, it 1is rather possible that
the user overlooks an augmented image for a dangerous
object which is located c¢lose and really needs to be
paid attention to.
[0090] Accordingly, it is possible to employ a
structure to present an augmented image illustrating
a dangerous range only for a dangerous object for
which it is necessary at the present moment to
display a dangerous range to the user. Desgcribing
more specifically, this structure is as follows.
In this structure, the AR providing apparatus
1000 generates an augmented image of the dangerous
range of a dangerous object for the user only when,
for example, the position of the user is located at a
predetermined distance or closer (at a predetermined

threshold or closer) from the dangerous object. Fig.
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position information obtaining unit, the direction information obtained in the direction information
obtaining unit, the posture information obtained in the posture information obtaining unit, and visual
field information of the information providing apparatus which is defined in advance; 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 dangefous takgetposition ifoamationtinich &8 resdammegeadingurita Brickgenerating a

dangerous range image for the determined dangerous tayget and displaying the image on the display
unit; and® toﬁr%ﬂ]%utl%lrﬁﬁﬁ&ﬁtﬁfgog\/idfeeo ﬁ]}igé% iﬁ%nﬁ%é’(ﬂﬁ@r&ﬁce?b% Shefein the display

control upit Galewates cenversiandafermaatiog correlgting.copveysion bepween g saqrdingte system of a
real space and a coordinate system of a display space by analyzing the video inputted by the input

unit, calciitegescr@hde cdotdinates edress pandingitg theddangeroemmange informafianybased on
coordinates of the dangerous target pasition information in the coordinate system of the real space,

and appfedife EdrRRRIGhERfofdBH tFRB RAEGStel Panye Eobrdihafes to generate the dangerous

range imfg%u st r%‘ﬂ%’hinffﬂn%lfg 'pr%vj)d_ing apparatus having a display u_ni_t and connecte_d _
communicably to a storage unit, theé information providing apparatus comprising: a reading unit

reading dangerous renge pformatandadicaling @ dangerpussrangeof-Rthy statexef @ dangerous target
and dangerous target position information indicating a position of the dangerous target, which are
stored irFthE SDfagealnite 2 & posifiGHrinRiA&RADbtaN EhittobeirfHEadparatus position

information cglcglated frc%n igﬁ(i)rmation indicagnq:% go%jtion of the inforr%ajtié)g gro]}/}gding apparatus

. . QO 101 cran ) angerocus o
which is déteed v position detéction 8€'VICE; g

“001” is to be within 30 m, the AR providing
apparatus 1000 generates an augmented image and
presents it to the user only when the distance to the
crane of the dangerous object ID “001” is within 30 m.
The other items are the same as those in the table
illustrated in Fig. 30, and thus the descriptions
thereof are omitted.

{0091] Fig. 42 is a diagram illustrating an example
of a flowchart related to display processing. Note
that in the flowchart illustrated in Fig. 42, step
8405 for determining a distance between the AR
providing apparatus 1000 and a dangerous object is
added, compared to the flowchart illustrated in Fig.
35,

In step S405, when the display control unit 1065
determines a dangercus object included in the AR
visual field, it obtaing the distance to the
dangerous object.

Regarding the distance between the AR providing

apparatus 1000 and the dangerous object, it can be
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a direction information obtaining unit obtaining direction information calculated from information
indicating a direction of the information providing apparatus which is detected in a direction detection
device; a posture information obtaining unit obtaining posture information calculated from
information indicating a posture of the information providing apparatus which is detected in a posture
detection device; a determination unit determining a visual field of the information providing
apparatus baget-onhe agparitus pasitichiafofiatipn abtaimed irthé positidn idfdmMEation obtaining
unit, the dire%ctio informatj n,obtﬁjned in the direction jnformation optaining unit, the posture

informati5® 5tAindd frthd Bosturd INioMmiktiSn BRERHgUMit, Hha vishiaIFEIvaAToMiation of the

informatipn groviding apparaius whichds definsd in-adyance:  +na digplay confrolynifdetermining a
dangerous target included in the visual field based on the apparatus position information, the direction
informatiapihe pdstige infdrtnatiaR and shetdamgerbug range infasmaticnahdtiheedangerous target
position information which are read in the reading unit, and generating a dangerous range image for

the detefffstFRINGEoBS Biidet @Rd BifpIaifg PR RASFEIHH5the BisBIaT uAiP @AE 2t 28n input unit
nputting aigepdmaged in s ipaging danse ,  Wiergl ihe,deplaycontoL g cagylaes
W r

conversion information correlating conversion een a coordinate system of a real space and a
coordinatehsystem ef @adisplayispace hyanalyzingghe vidensigputied ty dhesinput unit, determines
coordinates of a marker indicating a reference position added to the determined dangerous target in
the coor@iH&t¥ s¢stére ofAB d&d sPacel Sdldulatésy@nge ecovdiraes torteBpdndiy X6 the dangerous
range inforrﬂation gri%igatgng@at Ehe detetrmi ed coordinates andcaé)plies tlgie %(H]é/ersion information to

the calcitated rsa%ge coordinates ?orge%era & %%%Eﬁﬁe%oﬁsh%ﬁge ima%@.
measurement unit measures the distance from the time
the emitted laser is reflected at the dangerous
object and returns to the measurement unit. Note
that the steps other than step S405 are similar to
those in the flowchart illustrated in Fig. 35, and
thus the descriptions thereof are omitted.
[0092] Further, the disgplay control unit 1065 reads
the -distance stored as a display condition from the
positionally fixed target table 910, and compares it
with the measurement result of the distance from the
dangerous object. Then, when the measurement result
of the distance from the dangerous obiject satisfies
the display condition stored in the positionally
fixed target table 910, the processing proceeds to
step S170.

For example, in the case of the crane of the

dangeroug object ID “001”, when it determines a crane
included in the AR visual field, the display control

unit 1065 obtains the distance to the crane. Further,

the display control unit 1065 reads the display
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3. The information providing apparatus according to claim 1 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 the dangerous range image. 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 input unit. 5. An information providing apparatus having a display unit and
connected@omiruhicably told btbraga winit,"the inform atiorrpicviding: epparatus-eompeising: a
reading unjt reading dangerous range information indicating a dangerous range of each state of a

dangerodstarg8eahidangSroaP irget pdSitiondfdrmatibh ThdfcAfinPL fdsition v the Wangerous
target, whigh are storedindhe stgrage yniy;  3-pasitiondpfarmation ebtaining Linit ghtaining
apparatus position information calculated from information indicating a pdsition of the information
providingapparaiusaghich=s detedted in arhesittonxdetelcbondeyvicéned distance to
the crane is “within 30 m” or not which is the
display condition. As a result of the determination,
when it is within 30 m, the processing proceeds to
step 8170, the display control unit_1065 generates an
augmented image representing a dangercus range for
the dangerous object, and overlays and displays the
image. On the other hand, when it is over 30 m, the
processing returns to step S145.
[0093] Note that although an example in which items
of display conditions are added to the positionally
fixed target table illustrated in Fig. 30 is
described in the above-described examples, i1t may be
structured to add items of display conditions to the
mobile target table illustrated in Fig. 31 and apply
the flowchart illustrated in Fig. 42 to a moving
dangerous object, and hence it is not limited in
particular.
Further, although the structure in the above-
described embodiments is to present information or
the like related to a dangerous object to a worker,
it may be a structure to provide information related
to a dangerous object to a guard who patrols a work
site instead of the worker, and hence it is not
limited in particular.

With the structures of the above-described
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a direction information obtaining unit obtaining direction information calculated from information
indicating a direction of the information providing apparatus which is detected in a direction detection
device; a posture information obtaining unit obtaining posture information calculated from
information indicating a posture of the information providing apparatus which is detected in a posture
detection device; a determination unit determining a visual field of the information providing
apparatudibasstiorethe aypparatdis positiorriafofPation Obrained imthe pbsditch imforration obtaining
unit, the direction informatjon obtained in the direction info mati%n obtaining unit, the posture

informatik BbaREd hihe PostiredntinTation BEGEhNHg LA, AAVETAMER iffdMiation of the

informatigR prayiding:apparatss 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 iforeration, Ihe pdsturé infergratioy and e dangereusrmdge imfosaticaransl the dangerous
target position information which are read in the reading unit, and generating a dangerous range

image foP the dfermined BaigetdtistargbCahdtishlayRigSre iffage bhcdiddlay unit,  wherein
the readigg upif iurthﬁﬁf@a%@o‘ffeﬂéeé‘é sehedyle Inirmagion; ipdigating a;sehedule of the dangerous
target to move, which'is stored inthe

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

[0085] The present invention is applied to a
technology of AR displaying the operating status of a
facility or the like for an observer in an
installation or a factory. Further, the presgent
invention is applied to a technology of AR displaying
a dangerous spot in a scene where the dangerous spot

changes temporally.
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storage unit, and when the display control unit determines that the dangerous target does not exist
in the visual field, if the display control unit determines that the dangerous target is approaching the
information providing apparatus based on the movement schedule information read in the reading unit,
and the apparatus position information and a current time, the display control unit generates an image
notifying a danger due to the dangerous target and displays the image on the display unit. 6. An
information_providing apparatus having a display unit and connected communicably to a storage unit,
the informcgﬂéﬁ%fgoi/iding apparatus comprising: a reading unit reading dangerous range information
indicating a dangerous range of each state of a dangerous target and dangerous target position
information indicating a position of the dangerous target, which are stored in the storage unit; a
position information ob&aining: finitrotatdining apparatud positicndpfermadtioa cakulated feom information
indicating a position of the information providing apparatus which is detected in a position detection

device; FEdretHortiifofmaton obHhTS triitobtamMAg Bitechbhl iforMator”daRifdsd from
mk“mamﬂﬂﬁ@gﬂ@H@CWEgg¥ﬁ§g@dﬁ°@%ﬂ@@@ﬂﬁgm§bparatus 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 pogition of the
dangerous target, which are stored in the storage
unit;

a position information obtaining unit oktaining
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 cbtaining 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 is8 detected in a posture detection
device;

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

apparatus posgition information obtained in the

23



apparatus which is detected in a direction detection device; a posture information obtaining unit
obtaining posture information calculated from information indicating a posture of the information
providing apparatus which is detected in a posture detection device; a determination unit
determining a visual field of the information providing apparatus based on the apparatus position
information obtained in the position information obtaining unit, the direction information obtained in the
direction information obtaining unit, the posture information obtained in the posture information
obtainingR Mt ldntXisuarieht mfoFmatibnc? fieliffbRAation pFovididtEapparfssiwineh is defined in

advance; a4 . .3 display sonirol ynitlejerminind & dangerous farget inclyed jn fhe visual field
based on’the apparatus position information, the direction information, the posture information, and the
dangerousgangerinfeegmation and thedangerous target position-nfermation avhichare read in the
reading unit, and generating a dangerous range image for the determined dangerous target and
displayind the ilagé oi the idispRiyiimit 1 O 0 whBremithe @B play edntrop it geheksies the dangerous

range im e an dﬁ%@’% t%eti@g]qe ont deispiaryf%nit Wi}ggg distarg:\git%ghrtle dangerous target is
equal to g‘%{ess han'a prelaetermlnec?%re:ﬁold. 7 helinfornation prowcﬁng apparatus
accordingstopny £ne of ¢laimsy 19 6, whereiled in advance;

a digplay control unit determining a dangerous
target included in the visual field based on the
apparatug position information, the direction
information, the posture information, and the
dangerous rahge 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 displayving the image
onn 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 ccordinate
syetem of a disgplay space by analyzing the wvideo
inputted by the input unit, calculates range
coordinates corresponding to the dangerous range
information based on coordinates of the dangerocus
target position information in the ccordinate system
of the real space, and applies the conversion
information to the calculated range cocrdinategs to

generate the dangerous range image.
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when the display control unit generates dangerous range images for plural dangerous targets, the
display control unit generates a dangerous range image for each of the plural dangerous targets, and
analyzes generated plural dangerous range images to determine a safety zone or an evacuation route
where dangers due to the plural dangerous targets do not reach, and further generates an image
indicating the determined safety zone or evacuation route and displays the image on the display unit.
S. The information providing apparatus according to any one of claims 1 to 7, wherein the display
control unit genefates fHe daRgErblisiangeé inkige in & pithafPRf bi& Sterdddcopitdfom. 9. An

informatiop,prgding meihod exgeutecd . an infermaian ravidig apparatus having g, display unit
and connected communicably to a storage unit, the information providing metho comgrlsing: a
reading stefof reaging dangereusirangeinformationiindicating a:dangerouskapge sfieach state of a
dangerous target and dangerous target position information indicating a position of the dangerous
target, which are®stéied ti-the stordde unita d 1 ngpesiiohaaferatis® BBtaining step of obtaining

apparatus:.L %%sg?nérgo%mnatign 31'8%13‘%% frorg iréfgglmaetijgn&nsdicragrhggae p%s%'tiog ch: 1;lhe information
providing apparaPﬁs which i detéctéd in agposition datection device; a dir6Etion information

obtaining stepwaf obtaininggdiregiondnfermation salculated drapmyefprpation indicating a direction of the
information providing apparatus which is detected in a direction detection device;

position information indicating a pogition of the

dangerous target, which are stored in the stocrage

unit;

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

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

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

a determination unit determining a wvisual field
of the informaticon 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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a posture information obtaining step of obtaining posture information calculated from information
indicating a posture of the information providing apparatus which is detected in a posture detection
device; a determination step of determining a visual field of the information providing apparatus
based on the apparatus position information obtained in the position information obtaining step, the
direction information obtained in the direction information obtaining step, the posture information
obtained in the posture information obtaining step, and visual field information of the information
providing 2pparatus Whichtis Hefinell in BRARSE; ¢ 1A diSFIEARCortBl -6 defstmiring a dangerous

target inclued jn e visual figd hased g, the apparaiuz pasifion informatien, (e dirgction
information, the posture information, and the dangerous range inforrhation and the 3angerous target
position irfermagion whishrese: fead inthe teadingstep:aad gereratingsaidangerous range image for
the determined dangerous target and displaying the image on the display unit; and an input step
of inputtifP@ Fidied-irfaged incah imagihg Hevies 1n whdiedl fethe display control step, conversion
information correlat@gscoy\éersigg rk{%tye(fn a cg)%rdi@a ees]ystlegiog areal (%g%ce arnd a coordinate
system of a disp?ay spage is}éalculated%y angﬁyzmg theVided mpuﬁe&lin e ﬁllf)utosltlesp, range

coordinates, eQreaspanghing:i@dbe dangerpusyangednformation iscalcslatesd-pased on coordinates of
the dangerous target position information in the coordinate system of the real space, and the

conversicrHpfaradtion iapplied orthe vdloutatad favige codrdindtes ¢ generate the dangerous range
. An information grovidirgﬁmethod, executed bg an information providing apparatus

Ln;fllignz a %n"& Igﬁﬁﬁit?élno(fldonﬁ Sed EShimdR cabR/ 8 F St &@uniﬁ{h% intdfation providing method

comprisingingerous range information and the dangerous target

position information which are read in the reading
unit, and generating a dangerous rvange image for the
determined dangerous target and displaying the image
on the display unit; and

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

wherein the display control unit calculates
conversion information correlating convergion between
a coordinate system of a real gpace and a coordinate
system of a display space by analyzing the video
inputted by the input unit, determines coordinatesgs of
a marker indicating a reference position added to the
determined dangerous target in the coocrdinate sgsystem
cf the real space, calculates range coordinates
corresponding to the dangerous range information
originating at the determined coordinates, and
applies the conversion information to the calculated
range coordinates to generate the dangerous range

image.
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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 provitiing apparatdsidHiE t8fkciRd W a ditdtior BEB&RN HRviR& SO T§ bBture

informatiqnohtaining, step g9f-obtainipg posture information calculated from information indicating a
posture of the information providing apparatus which is detected in a posture detection device; a
determination stepef détermining a wisuat fiéld whthe information providing apparatusdased on the

apparatus position information obtained in the position information obtaining step, the direction
informatiGhfobtatfedih TRIG R clidhtihfobRatibhtobtaiify Stép 95 Fakturé FFGmation obtained in the

posture iq;%rgl%gg%olq@igingﬁéepdﬁ% \iiglyal Ug{q @for%ﬁgond%%eligiggm@%og providing apparatus
which is defined in advance; a display control step of determining a‘dangerous target included in
the visualfielthlkased en therapparatusgeosition information, the direction information, the posture
information, and the dangerous range information and the dangerous target
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 input 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 range
information indicating a dangerous range of each
state of a dangercus target and dangerousg target
pogsition information indicating a position of the
dangerous target, which are stored in the storage
unit ;

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

a direction information obtaining unit obtaining

direction information calculated from information
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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 video 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
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 dangerous target in the coordinate

system of the t&at 5pdtd i délérhfifdd: PAhgB cobramates t6F8¥pbndifg RIRE d8rideFous range
informatigg@@%g%ang defermined.cordinates; is caleyated ;and fhe genversiondpformation is

applied to the calculated range coordinates to generate the dangerous range image. 11. An
informaticieproviging 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 rRadiRG G&fgerou rafged ﬁfbﬁﬂgtf&ﬁ W&éﬁﬁ’@ a H_&Hg%r&]%ﬁiﬁ@%l& @ach state of a
dangerous targgt.and dapgergus target posjtigpqinformation. indicating g pasition, of the dangerous

target, which are stored in the storage unit; a position information obtaining step of obtaining
apparatud pesitiostnfammadion caleuwlated fromtinfermatios ndicating:a pesitiandf the information
providing apparatus which is detected in a position detection device;
apparatusg which ig detected in a posture detection
device;

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

a display control unit determining a dangerous
target included in the wvisual field based on the
apparatus position information, the direction
information, the posture information, and the
dangerous range information and the dangerousg 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 digplay unit,

wherein the reading unit further reads movement

schedule informaticon indicating a gchedule of the

dangerous target to move, which is stored in the
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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 Bir&ttidd ffdtihation G3t&ned in the direction information obtaining step, the posture

information obtained.in thg poglute aigrmation obiaining,step. and visyal figld infprmatipy of the
information providing apparatus which is defined in advance; and a display control step of
determiniig aglangersustargetincladedsinriloe visual field basedion the apperatds pasition

information, the direction information, the posture information, and the dangerous range information
and the dahgerd§s @rgeP pésitionh Mitsrhtation Whith dfd- 48 intRé rédafnly stpe and generating a

dangerol\J;\%%(e@%%e’lji%1%1 e (:oag ézﬁegdgte{@ingﬁeﬁ]%%%?’c%%saﬁrgg%\%ndiq{%pg@%%gttg]gljlmage on the display

unit, e rea step, mo e information indicating a schedule of the
dangerous targetdo move pihichnis storethin dkie starage anify ds/furber vead; mad imtbe display control
step, when it is

information read in the reading unit, and the

apparatus posgition information and a current time,

the display control unit generates an image notifying

a danger due to the dangerous target and disgplays 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
information indicating a dangerous range of each
state of a dangerous target and dangerous target
pcgition information indicating a position of the
dangercus 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 pogition
detection device;

a direction information obtaining unit obtaining
direction information calculated from information

indicating a direction of the information providing
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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 is generated and displayed on the
display unit. 12. 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
comprisirfgP P 2 RreHding Stk p Bf refdif§ BENJePSusirBnde iffolfidtion idichtihG & daRderous range
of each s@éq{gfcaedangerous 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 pesitiondnformadion ealcWated fromiinformatian indicatinga pesitipn of the
information providing apparatus which is detected in a position detection device; a direction
informatidtPébtalififg StepDF Bisthinmg difacdtion hiFsmatiba eadlculaéd oM trféfmation indicating a
direction ofntQ% iné%r@atio% provigi,g% fatgpaor%tug k\{vélicglj&dert%%%diig 2 direcgifo.n dielgection device; a
posture information oBl%inlngps?ep of ‘obtaining posture information calcifated- T?om thformation

indicatingsg pesture 0 thernfenmation providingapparatus whichiis deteeted inca pesture detection
device; a determination step of determining a visual field of the information providing apparatus
based ondke& agsaratus position information obtained in the position information obtaining step, the
direction informatioajobtained in the direction inf%rmation obtaining ste\(pr%the%)ostur,e information

obtained in the pa‘os & %?&%gﬁo%locb?ai%ﬁﬂd Ste faatn%r\ﬁlsjugllﬁé% iRform &t of theSinformation
providingapparatus wyhich.is defined inadvanesi @8d apparatus based on the

apparatus position information obtained in the
position information cbtaining unit, the directiocon
information obtained in the direction information
ocbtaining unit, the posture information obtained in
the posture informaticon cobtaining unit, and visual
field informaticn 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 con the
apparatus pogition information, the direction
information, the posture information, and the
dangerous range information and the dangeroug target
pesition information which are read in the reading
unit, and generating a dangerous range image for the
determined dangerocus 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 fo or less than a predetermined threshold.
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a display control step of determining a dangerous target included in the visual field based on the
apparatus position information, the direction information, the posture information, and the dangerous
range information and the dangerous target position information which are read in the reading step,
and generating a dangerous range image for the determined dangerous target and displaying the
image on the display unit, wherein, in the display control step, the dangerous range image is
generated and displayed on the display unit when a distance to the dangerous target is equal to or
less than a predetermined threshold. 13. A program causing a computer having a display unit and

connected communicaply o 2 sjorage.unitig fynclion as, o ateading it reading dangerous range
information indicating a dangerous range of each state of a ang rous target an angero%s target
position infernaatipn ddicatimg a pasitian of thecdangergus tagget, which are stored in the storage unit;
a position information obtaining unit obtaining apparatus position information calculated from
information indic&fifgla bbsitichict BHeaconipRitet ihichus ddteded mzepo3Rior de@edciidevice;  a
direction i_p;ormgtiolnm%btaigin ggit 0 taijrging d%%ctiog irggrénaggn cz%al%uéateq:ggm information
indicating a direction orthe computgr which is Q&tedted '8 diréction détection device;

display control unit generates a dangerous range

image for each of the plural dangercus targets, and

analyzes generated plural dangercus range images to

determine a gafety zone or an evacuation route where

dangers due to the plural dangerous targets do not

reach, and further generates an image indicating the

determined safety zone or evacuation route and

digplays the image on the display unit.

8. The information providing apparatus according
to any one of claimg 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
infecrmation indicating a dangerous range of each
state cf a dangerous target and dangerous target
position information indicating a pogition of the
dangerous target, which are stored in the storage

unit;
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a posture information obtaining unit obtaining posture information calculated from information
indicating a posture of the computer which is detected in a posture detection device; a
determination unit determining a visual field of the computer based on the apparatus position
information obtained in the position information obtaining unit, the direction information obtained in the
direction information obtaining unit, the posture information obtained in the posture information
obtaining unit, and visual field information of the computer which is defined in advance; a display

control unit detefmiRinG aldhRgerbtid RFget intiBePthd B fid1d BBRsefon the apparatus position
informatiqry, the direction.jnfprmatiop the pasture informatign..and the dangeroys rangg information

and the dangerous target position information which are read in the reading unit, and generating a
dangerousrangeiimage fon thecdetermined flangerous target andbdisplayingiibe image on the display
unit; and . an input unit inputting a video imaged in an imaging device,  wherein the display
control urittaRtRRds @RVt SieN fforRatiGiPestiefliig cotiverdoniteteehstdddidindte system of a

S e oo ange oo acc o
coordinates of the dangerous target positiaizinfornatiopdn the ceardnatesystem
obtaining direction information calculated from
information indicating a direction of the informaticn
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 c¢f determining a visual
field of the information providing apparatus based on
the apparatus position information obtained in the
pogition information obtaining step, the direction
information obtained in the directicn information
obtaining step, the posture information obtained in
the posture infcrmation obtaining step, and wvisual
field informaticn of the information providing
apparatus which is defined in advance;

a display control step of 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
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of the real space, and applies the conversion information to the calculated range coordinates to
generate the dangerous range image. 14. A program causing a computer having a display unit
and connected communicably to a storage unit to function as: a reading unit reading dangerous
range information indicating a dangerous range of each state of a dangerous target and dangerous
target position information indicating a position of the dangerous target, which are stored in the storage
unit; a position information obtajning unit obtaining apparatus position information calculated from

informatidtPifidiCating aidoStdn 8Fthe RofiPdier whiditis defdted ™ & PSsifidiidetetion device: a
direction information ebtaiipg yait aiaining girection infarmation,calqylated fror jnfermation
indicating a direction of the computer which is detécted in a direcfion detection device; a posture
informatieheabtaining enit adataining postuteanfgemtation ¢aldulated froirinforrhation iredicating a
posture of the computer which is detected in a posture detection device; a determination unit
determiniid a VisGaldeRIFF e coiputerdB3Sed on the apparatus position information obtained in the

position informatign affainipg Wik, the direction ipfogmation opained i ., geq in an

imaging device,
wherein, in the display control step, conversion

information correlating conversion between a
coordinate system of a real space and a cooxrdinate
system of a display space is calculated by analyzing
the video inputted in the input step, range
coordinates corregsponding 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 appiied to the calculated
range coordinates to generate the dangerous range

image.

10. 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
informaticon indicating a dangerous range of each
state of a dangerous target and dangerous target
position information indicating a positicn of the
dangerous target, which are stcred in the sgtorage

unit;
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the direction information obtaining unit, the posture information obtained in the posture information
obtaining unit, and visual field information of the computer which is defined in advance;  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 fhpBQdhit fREtingRLAdERIMAgEd IRRRIMAGRG dEi&® Cfvherein the display

control U%‘bcé‘écﬂﬂ%%co%‘i@% ié‘&‘)%mﬁdg%’}%o{@@“@% %%Wrﬁf—ﬂ"{‘o etyeen a,coordinate system of a
real space and a coordinate system of a display space by analyzing the video inputte%l y the input
unit, detefmines caordiraias ofanmarkarisdieating aseference peositienradged to the determined
dangerous target in the coordinate system of the real space, calculates range coordinates
corresporidiifg B i datige s Yange hifomstion Bighfatitiy atthe Hetehfingd Esstdihates, and
applies thg cog\éeir%ion info&rggté%nttgé%e %aé%uiaé%d_ range coordinates to generate the dangerous
range image: 15, program causing a computer having a display unit and connected

communicably tg,a gtprage i 0 fupetionast i ond eading Wik tpadingglangerous range information
indicating a dangerous range of each state of a dangerous target and dangerous target position
informaticrkindiéatihg @ pdsitier ofithe dandepcusadrger; whieh arelstdred infthestorage unit; a

position information obtaining unit obtaining apparatus position information, calculated from information

cicating RGO oF 18 CORBAEP LER e et 2 osan GEctoR HEAEE 25
providing apparatus which is detected in a direction
detection device;

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

a determination step of determining a visual
field of the information providing apparatus based on
the apparatus position information obtained in the
position information obtaining step, the direction
information obtained in the direction information
obtaining step, the posture information obtained in
the posture informaticn obtaining gtep, and visual
field information of the informaticon 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 informaticn and the dangerous target
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a direction information obtaining unit obtaining direction information calculated from information
indicating a direction of the computer which is detected in a direction detection device; a posture
information obtaining unit obtaining posture information calculated from information indicating a
posture of the computer which is detected in a posture detection device; a determination unit
determining a visual field of the computer based on the apparatus position information obtained in the
position information obtaining unit, the direction information obtained in the direction information
obtainingRMR,ithé postire fisfaitidn Bbidined i the PosterrInfdimdtide obffghit, and visual

field inforrsr@gon ofam%lcorg%ueterav%h:{ch is glef' egrq iré advanceﬁ'aavtnd o %éjisglagézgntgllgnit
determining a%éngerougtarge?lnclugeqd in the visdal field based®n thé agparatus position

informatioqe thediregtion iaferaatipn.the pastyrednfarmaatian.and4he dapgeruws fangednformation
and the dangerous target position information which are read in the reading unit, and generating a
dangerougtarigesimage for e detertineditdngerous target and displaying the image on the display
unit, wherein the reading unit furthe%reads movement sche.déIlIe information indicating a schedule
of the dangerousaflarglertl%lmo?e?(\e/\ﬁ]icﬁ is SO Ehré%toarad’relun?t?anldnag%v en ?headllsplay control
unit determingsthat 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 scheelile irdgrmaticmread i the seading unitndnddhe apparatus positionsriformation and a
current time, the display control unit generates an image notifying a danger due to the dangerous

tmgetandﬂ@ﬁ%%? éﬂﬁad&%ﬁqﬁ%ﬁ%bﬁguﬁﬁnverSlon between a

coordinate system of a real space and a coocrdinate
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 dangerous target in the coordinate systemn
of the real space 1is determined, range cocrdinates
corresponding to the dangerocus range information
originating at the determined coordinates 1is
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 providing methocd comprising:

a reading gtep 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 steocred in the storage
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16. A program causing a computer having a display unit and connected communicably to a storage
unit to function as: a reading unit reading dangerous range information indicating a dangerous range of
each state of a dangerous target and dangerous target position information indicating a position of the
dangerous target, which are stored in the storage unit; a position information obtaining unit
obtaining apparatus position information calculated from information indicating a position of the
computer which is detected in a position detection device; a direction information obtaining unit
obtaining ditedtion information calculated from information indicating a direction of the computer which
is detected in a direction, detection device; dE)osture information obtalnlr}’% unit obtaining posture

information calcate8 FromlimBmidtibh Tbfchd Podiare vt hé cBinpBtePWhich is detected in a

posture dgleeloN ey pparatus position information calculated
from informaticn indicating a position of the
information providing apparatus which ig detected in
a position detection device;

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

a posture informaticn 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 apparatug based on
the apparatus positicn information obtained in the
position information obtaining step, the direction
information obtained in the direction informatiocn
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 cof determining a dangerous
target included in the wvisual field based cn the
apparatus position information, the direction

information, the posture information, and the
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a determination unit determining a visual field of the computer based on the apparatus position
information obtained in the position information obtaining unit, the direction information obtained in the
direction information obtaining unit, the posture information obtained in the posture information
obtaining unit, and visual field information of the computer which is defined in advance; and a
display control unit determining a dangerous target included in the visual field based on the apparatus
position information, the direction information, the posture information, and the dangerous range
informatichashd @ dangerous targetfpusition Ivfornstion whieh dreread inthe Feadingtunit, and

generating a dangerous rapge image for the determined dangerous target and displaying the image on
the displa%%ﬁi ,tgon S18i glﬁgai 6I3§lc er&niFd:e%eFa?e%qhéﬁan ?ouge?gr?g%q age and

wheérein
displays the @gﬁgeé}@éh% display 'E'lih"c}fh% Qig,iﬁ@@%@sth%‘éqf@@royx% &y getds,equalto or less than

a predetermined threshold.

determined dangerous target and displaying the image
cn the display unit,

wherein, in the reading step, movement schedule
information indicating a schedule of the dangerocus
target toc move, which is stored in the storage unit,
is further read, and

in the display control step, when it isg
determined that the dangerous target does not exist
in the wvisual 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

is generated and displayed on the display unit.

12. An information providing method executed by
an infeormation providing apparatus having a display
unit and connected communicably fo 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 informaticn indicating a position of the
dangerous target, which are stored in the storage

unit;
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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
a2 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
positicn information obtaining step, the direction
information obtained in the direction information
obtaining step, the posture information obtained in
the posture informatiocon obtaining step, and visgual
field information of the information providing
apparatus which is defined in advance; and

a display contreol step of determining a dangerous
target included in the wvisual field based on the
apparatus peosition information, the direction
information, the posture information, and the

dangerous range information and the dangerousg 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 digplay unit,

wherein, in the display control step, the
dangerous range image 1s generated and digplayed on
the display unit when a distance to the dangerous
target is equal 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 informaticon 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 ig detected in a pogition detection device;

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

a posture information obtaining unit obtaining

posture information calculated from information
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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
information obtained in the positicn information
obtaining unit, the direction information cbtained in
the direction information obtaining unit, the posture
information obtained in the posture inforwmation
obtaining unit, and visgual field informaticn of the
computey which is defined in advance;

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

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

wherein the digplay c¢ontrol unit calculates
conversion information correlating conversion between
a c¢oordinate 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 pogition informaticn in the coordinate system
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of the real space, and applies the conversion
informaticon to the calculated range coordinates to

generate the dangerous range image.

14. 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 dangercus target
position information indicating a position of the
dangerous target, which are stored in the storage
unit;

a position information obtaining unit obtaining
apparatus positicn information calculated from
information indicating a pcsition 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 cf the computer which isg
detected in a direction detection device;

a posture information obtaining unit cobtaining
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

cbtaining unit, the direction information obtained in
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the direction information obtaining unit, the posture
information obtained in the posture information
obtaining unit, and vigual field infcocrmation cf the
computer which is defined in advance;

a display control unit determining a dangerous
target included in the visual field based on the
apparatus posgition infeormation, the direction
information, the posture information, and the
dangerousg range information and the dangerous target
pogition 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 contrel unit calculates
conversion information correlating conversion between
a coordinate system of a real space and a coordinate
system of a display space by analyzing the video
inputted by the input unit, determines coordinates of
a marker indicating a reference position added to the
determined dangerous target 1in the coordinate system
of the real space, calculates range coordinates
corresponding to the dangerous range information
originating at the determined coordinates, and
applies the conversicn information to the calculated
range coordinates to generate the dangerocus range

image.
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15. A program causing a computer having a
display unit and connected communicably tc 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
pogition information indicating a positicn of the
dangerous target, which are stored in the storage
unit;

a position information obtaining unit obtaining
apparatus position information calculated £from
informaticn indicating a position of the computer
which 1s detected in a position detection device;

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

a posture information obtaining unit obtaining
posture information calculated from information
indicating a posture cof the computer which is
detected in a posture detecticn 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 infermation obtaining unit, the posture
information cktained in the posture information
obtaining unit, and vigual field information of the

computer which 1sg defined in advance; and
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a display control unit determining a dangerous
target included in the visgsual fielid 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 dangercus target and displaying the image
on the display unit,

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

when the display control unit determines that the
dangerous target does not exist in the visual field,
if.the display control unit determines that the
dangerous target is approaching the information
providing apparatus based on the movement schedule
information read in the reading unit, and the
apparatus position information and a current time,
the display control unit generates an image notifying
a danger due to the dangerocus target and displays the

image on the disgplay unit.

i6. A program causing a computer having a
display unit and connected communicably to a storage
unit to function as:

a reading unit reading dangeroueg range

information indicating a dangerous range of each
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state of a dangercus 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
informaticn indicating a pogiticon of the computer
which is detected in a position detection device;

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

a posture information obtaining unit obtaining
posture information calculated from information
indicating a posture of the computer which isg
detected 1in a posture detection device;

a determination unit determining a visual field
of the computer based on the apparatus position
information cobtained in the pogition information
obtaining unit, the direction information obtained in
the direction informaticon obtaining unit, the posture
information obtained in the posture information
obtaining unit, and visual field information of the
computer which i1g defined in advance; and

a display control unit determining a dangerous
target included in the visual field based on the
apparatus position information, the directicn
information, the posture information, and the

dangerous range information and the dangerous target
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positicon 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 display ccntrel unit generates the
dangerous range image and displays the image on the
display unit when a distance toc the dangerous target

ig equal to or less than a predetermined threshold.
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