DESCRI PTI ON TI TLE OF | NVENTI ON: | NFORVATI ON PROCESSI NG APPARATUS,

| NFORVATI ON PROCESSI NG METHOD, AND PROGRAM TECHNI CAL FI ELD [0001] The

present invention relates to an information processi ng apparatus, an

i nformati on processing nethod, and a program BACKGROUND ART [ 0002] (1)

Conventionally, in an observation trip in an installation, a factory, or

the Ii ke, observers often observe an actual installation or facility, or
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[0001] The present invention relates to an
information procesging apparatus, an information

processing method, and a program.

BACKGRCUND ART
o002} (1)

Conventionally, in an observation trip in an
installation, a factory, or the like, observers often
obgserve an actual installation or facility, or
observe a prepared panel or video. On the other hand,
for example, Patent Document 1 proposes a system to
overlay-display element information corresponding to
the site on an actual site image imaged by a portable
terminal or the like, according tc the movement of an
cbserver.
fooo3l (2)

In a dangerous spot for a worker to perform work,
such ag 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 exanple, Patent
Docunment 1 proposes a systemto overlay-display elenent information
corresponding to the site on an actual site inage inmaged by a portable
termnal or the like, according to the novenent of an observer. [0003](2)
In a dangerous spot for a worker to performwork, such as a factory or a
construction site, a dangerous area is indicated with paint or the |like, or
a signdangtdhe. like is posted. Since indications of these dangerous spots
(dangerous spot indications) are stationery, in general, indications and
signs are pbdstrediexhadsti veipony alanage aher 6nHe? e FEEDHR BaYddiRyer.

I nci dental ly, anobng dangerous spots, there may be cases where it is always
danger®as e Sardh e Ker 6 ey Shé 1tk ¥E W ISFPUS daRferdtRY £n"@%ar i cul ar

period of tinme. For exanple, at a site,where a crane operati.on,is_perfornmed
in a faef6%y, “EREarca ggl g\ﬁrhgﬁﬁﬁél?d t%ad RétbmesY: adﬁgnﬁglrolu%dsﬁgt only

when the crane;is i, opghati ofe & TAT ONIST, PATENT Ll TERAUEE; on
is performed in a factory, the area below a hanged

load becomesg a dangerousg spot only when the crane is

in operation.

CITATION LIST

PATENT LITERATURE

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

Patent Literature 2: Japanese Laid-open Patent

Publication No. 2002-7703

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0005] (1)

Depending on the installation or factory, there
may be cases where there 1s a danger and an cbserver
cannot get close to a facility. Further, even when
it is possible to get close, there may be cases where
the insgide of the facility cannot be seen.

For example, when the technology of Patent
Document 1 is applied to an observation trip in an
installation c¢or a factory, it is merely to the extent
of allowing seeing the name of a facility or the like

as a virtual image, and there has been a problem that



[0004] Patent Literature 1: Japanese Lai d-open Patent Publication No.

2004- 102835 Patent Literature 2: Japanese Lai d-open Patent Publication No.
2002- 7703 SUMVARY OF | NVENTI ON TECHNI CAL PROBLEM [ 0005] (1) Dependi ng
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
cannotthe sgerver d&ee exanpieglwdnet hestlechpol ogy of Patent Docunent 1
is applied to an observation trip in an installation or a factory, it is
merely to tReréttent dfnall ofkng seei nghdeenameyofPa Cai¢ft WeTrehe |ike

as a virtual image, and there has been a probl emthat ,
the operational status of a facility is predicted by

simulation, but the simulation rasults are just
displayed in a two-dimensional cross-sectional view
on a screen of a computer terminal. Accordingiy,
there has been a problem that 1t is not easy for the
operator to comprehend the simulaticn 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.
[cco7]  (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 dangerocus
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 sgspot is determined more than necessary,
making the dangerous spot obscure. Further, the
conventional dangerous spot indicaticn 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
reguired when it is soiled.

On the other hand, regarding a conventional



t he 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 sinulation results are just displayed in a

t wo- di nensi onal cross-sectional view on a screen of a conputer

term nal . Accordingly, there has been a problemthat it is not easy for the
operator to conprehend the sinulation results. [0006] The present

I nvent d angies amde sip tvi ewddfc suchnpricht easmcandl a kirreste obrectk t bereof i s
to communi cate the operational status of a facility or the like or results
of sinuhat ildrken t Bimeadi tet ol anaobsey vekese woRRecdananiisnsta¢flati on or a

factory. [0007](2) Regarding a conventional dan er ous_ spot
is not stationery, an indication P CLEA CF 10 M

RADIUS” or the like is posted on the crane truck.
However, there 1is a problem that the dangerous spot
cannot be visually recognized, and the dangerous spot
becomes obscure. Further, there are also cases to
physically hinder entrance with pylons or the like,
but there is a problem that it takes labor to prepare
them.

[c008] The present invention is made in view of such
problems, and a second object thereof is to notify a
dangerous spot more appropriately in a scene where

the dangerous spot changes temporally.

SOLUTION TO PROBLEM
[Cco0¢g] (1)

Accordingly, an information processing apparatus
of the presgent 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
statug 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



indication for a stationery crane armor the like, for exanple, the entire
novabl e range of the crane armis assuned as a dangerous spot, and a
danger ous spot indication (such as hatching or the like) is provided on the
ground. Thus, in the conventional dangerous spot indication, there is a
probl em that a dangerous spot is determ ned nore than necessary, naking the
danger ous spot obscure. Further, the conventional dangerous spot indication
al so hasaaprobkaemadai ndisie oOrkatdrot henliitkeanmay tdod | itnherdddi cati on,
maki ng the indication itself unseeabl e, or maintenance such as cl eaning or
repai nimagd sinpguitreetl nbrertfi¢ imagwd edra@e t hepotthernhand: rgardi ng a
conventional dangerous spot indication for a nobile crane truck or the
li ke, Gimcelahedkddats on where the crane is used is not stationery, an
indication 'KEEP CLEAR OF 10 M RADIUS" or the |like is posted qgn the crane
truck. HoweUélth tHaF8 iBs S pHEHIWNT t hat*® HRPG&ridet B8s Sdptt Y Eaffot® be
visualté ngo ni zed,, .and tq§ dan erous 8%%%;9?80@%§3Q§58Hre' Further, there
are al §8“case yt8rbﬁy§?c§f1 ~ hf Atter” ent PARCE W th pyl ons~or the |ike, but
there 8.3 MIOPLEBNALnLL Lakesy! 0l L0R" epare  NAm « J0AU8] o fhe present
invention'i's made in view of sucﬁ pro ?ens, and a second object thereof is
to notiiy 2 fangerqus spot nmore appropriately in a scene where the
danger ous spot changes tenporally. SOLUTI ON TO PROBLEM [ 0009] (1)
Accor di ngl yroar i #h QEMaiH ©®Niprrecesst 1g mppabakuss Dhgt ke g esents i nvention
has: an inmaged imge input unit inputting an inmaged inage of a facility
i mgedcbrrarepondisng devifose texamghilspl agnc®R rokryst ; whigdasor édent
information input unit inputting measurenent information nmeasured by a
sensorbpr sdddedipbgad heataaility fromthe sensor to a creation unit; a
creation unit creating a virtual inmage representing a status of an outside
or insil8@dt! t NBUEEEF Tty 2Bhsel 6 Mhel ABaSr @RERE 4HF of REG TTht FRput ted by
t he mea ur%gent i nformation input E%%t; and a display control unit

s5: a n

over | ayin %dpaﬁﬁﬁ%@iﬁ8WQQﬁ PPy measurem

information input unit inputting measurement
information measured by a senscr provided in the
facility from the sensor to a creation unit; a
creation unit creating a virtual image representing a
status of an ocutsgside 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 sgtructure, 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 degcribed later.



imge created in the creation unit and the inmaged i nage inputted by the

i maged i mage input unit on a display device. Wth such a structure,
the operating status of a facility or the like can be conmunicated with
realistic feelings to an observer in an installation or a factory.

Note that the information processing apparatus corresponds to,

for exanpl e,

an AR server which will be described later. [0010] Further, an information
processong idppaKatus of the present invention has: a neasurenent
information input unit inputting nmeasurenment information nmeasured by a

sensor provFdedheart henf achfptyadt dant pe Tehdond capperadt i on

unit; a

creation unit creating a virtual inmage representing a status of an outside
or i nstd€csfding facitiey PFEsRAN6n theeREasUt ehBnf Tl n¥ BE REMN- PRput t ed by

the neasurenment information i.nput unit; _and a disgﬁﬁy contr ol
in

over | BBFRY Ehtdi SFIRFF Agthd o7 Ml 2 | fa§® 1ot Bat

unit

PtHe creation unit on

t he facili2¥%%hich i S seen th{ough a dggglay devng%: & Wth such a
u

struct ur&r

e COmMmUunicea
8pera

I hg~sta of” & fac Fiat%/eolrj" the |i

factory. i on processi'ng appar at us

ﬁg can be

Commnlﬁ%to%:qné(\t%lgtn; : %?E‘L'tdﬁ_erffﬁ%g?%‘%&ieu@n rabsenyer 4 n-gh glingd

allation or a
corresponds

to, fopnexanpleaiany Aseeveiudhi-ghgd | Enbe deseriihed hatehting a

dangerous range of each state of a dangerous target

and dangerous target position informatiocon indicating

a position of the dangerous target, which are sgtored

in the storage unit; a position information obtaining

unit obtaining apparatus position information

calculated from information indicating a position of

the information providing apparatus which is detected

in a position detection device; a direction

information obtaining unit obtaining direction

information calculated from information indicating a

direction of the information providing apparatus

which is detected in a direction detection device; a

posture information obtaining unit obtaining posture

information calculated from information indicating a

posture of the information providing apparatus which

is detected in a posture detection device; a

determination unit determining a visual field of the

information providing apparatus based on the

apparatus position information obtained in the

position information obtaining unit, the direction

information obtained in the direction information

obtaining unit, the posture information obtained in



[ 0011] (2) Further, an information providi ng apparatus according to
the present invention is an information providing apparatus having a
di splay unit and connected comuni cably to a storage unit, the information
provi di ng apparatus having: a reading unit readi ng dangerous range
information indicating a dangerous range of each state of a dangerous
target and dangerous target position information indicating a position of
t he dabper q@uss t argetin bi-oh taren sbartedi nhingheist or agerdinivti;s v posi ti on
information obtaining unit obtaining apparatus position information
cal cul &t ed d rionf prfreraehor i nidh e atlimnge ampési @i op refv Y &an@nf or mat i on
provi di ng apparatus which is detected in a position detection device;, a
di r ect # BR3LTH o ARt obt & STEiBAY bht aENARF 8 r 8T of PG HAYi on
cal cul at ed fron1infornation_indicatigg a direction of the iqfqg tion

? C L

provi df ARG Sdpphr Bidd vihE ERES HeREc Ped THIG TG Hect PaIY Dot 380K devi ce; a
posture_ information .obtaini,ng unit, obtajpnin r.e, i nfar i cal cul at ed
from i hFortt i %ﬁsiuﬁdLi c%%fggéi gg%ggfiuroeﬁ o#ﬂ?h%ﬁé%%%% 0 86{1?\/:}6" ng

appar aiti%o%zggib% Jdetect ad [l 81 POSt L eoQelACI LAN daykC8o A ek erm nation
unit determning a visual field of the information providing apparatus
based 9R sti6: 2PRRLAL USn OSiHd 0fa hBfarsmbi @R ropt ak Reth ihathepashti on
information obtaining unit, the direction infornmation obtained in the
directitae igiegeRidn Ohtaietd ngokditi ot he nfastwa e iionf owhaicilore obt ai ned i n
the posture information obtaining unit, and visual field information of the
i nf or matia@h jnovihdi nge apgpaatwsiwhi chn@s gdefd nediing adlvadassemddsa di spl ay
control unit determ ning a dangerous target included in the visual field
based vANdR Appacatier p&sia i dAtPATLIREE /NI RECHT et FaF 5§ MBfmation, the
posture information, and the dangerous _range infor.mati on and the dangerous
t ar get SpER 13 BAINT I frat PGI P Eh e FeE& i t HEY'eading unit, and

generati ng danger pus .range.i_nmage_for, t he determ ped ng us target and
di spl ayi ng ﬁ??naggeonﬁ?égaﬁﬁﬂ §rini t$°F =S Q%?g,égk Eégéding uni t "

corresg%%gﬁgig, %Pﬁxggéggb%ﬂ_?uhﬁﬁfif5§5 Uni 44033 whigh will be described

| at er. position infornmati on obtaining unit" corresponds to, for

exanpl ge & FESUr BNt »uUni trHO40whi £h: whl |5 hecdesari bad dater o i Fhe
"direction 1nformati on obtaining unit" corresponds to, for exanple, a

di r ect {;@n 4 'nf epratd HHo pbkaity Ngfuni te84p 1whj ch widdsbeedescribedtl ater.
The "posture information obtaining unit" corresponds to, for exanple, a
post ur & oiartf owratcihrorw Dbt aioe nide arinti MO0 lwtich. W Mhede™ déserdbednl ater. The
"determ nation unit" corresponds to, for exanple, a visual field

det er nii pdtd ona GAicn 1060 awki ioho Wil be 8646S bR eF 2 THE T di spl ay control
unit" corresponds to, for exanple, a display control unit.%?G? w@ich\MII
be desEidiERl Fat & . I RPVANTACEOLS TEFFRRTS SO PRVENTHGRE unit 104

which will be described later. The “posture
informaticon 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.

ADVANTAGEQUS EFFECTS OF INVENTION



[0012] (1) According to the present invention, the operating status of
a facility or the like can be comunicated with realistic feelings to an
observer in an installation or a factory. [0013](2) Furt her,
according to the present invention, a dangerous spot can be notified nore
appropriately in a scene where the dangerous spot changes tenporally. BRI EF
DESCRI PTI ON OF DRAWNGS [0014][Fig. 1]Fig. 1 is a diagramillustrating an
exanpl eoofizd systém structure of a facility guidance system of Enmbodi nent

b 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.

[oc13] (2)
Further, according to the present invention, a

dangerous spot can be notified more appropriately in

a scene where the dangerous spot changes temporally.

BRIEF DESCRIPTION OF DRAWINGS

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

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

[Fig. 3] Fig. 3 is a diagram illustrating an
example of a software structure of the AR sexrver 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 1is a diagram ({(3) illustrating an
example of overlay display cof a virtual image and an
imaged image of Embodiment 1.

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



[Fig. 2]Fig. 2 is a diagramillustrating an exanple of a hardware structure
of an AR server. [Fig. 3]Fig. 3 is a diagramillustrating an exanple of a
software structure of the AR server of Enbodinent 1. [Fig. 4]Fig. 4 is a
diagram (1) illustrating an exanple of overlay display of a virtual inage
and an i maged i mage of Enbodi nent 1. [Fig. 5]Fig. 5 is a diagram(2)
illustrating an exanple of overlay display of a virtual inage and an i maged
i mge @kakmodi sENtdidsplay control processing in the AR
server c¢f 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 1is a diagram {1} illustrating
an example of overlay display of a virtual image and
an imaged image of Embodiment 2.
[Fig. 11] Fig. 11 is a flowchart illustrating an
example of display control processing in the AR
gserver of Embodiment 2.
[Fig. 12} Fig. 12 is a flowchart illustrating an
example of display contrel 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 digplay layer.
{Fig. 13R] Fig. 13B is a diagram (2)
illustrating an example of displaying a facility by
each display lavyer.
[Fig. 13C] Fig. 13C is a diagram (3}
illustrating an example of disgsplaying a facility by
each display layer.
{Fig. 13D] Fig. 13D 1s a diagram (4)
illustrating an example of displaying a facility by

each display laver.



[Fig. 6]J]Fig. 6 is a diagram(3) illustrating an exanple of overlay display
of a virtual inmage and an inmaged i nage of Enbodinent 1. [Fig. 7] Fig. 7 is
a flowhart illustrating an exanple of display control processing in the
AR server of Enbodinment 1. [Fig. 8]Fig. 8 is a diagramillustrating a
system structure of a facility guidance system of Enbodi nent 2. [Fig.
9]Fig. 9 is a diagramillustrating an

[Fig. 14] Fig. 14 is a diagram illustrating an

example of a system structure cf a facility guidance
system of Embodiment 5.

[Fig. 15] Fig. 15 1s a diagram illustrating an
example of a software structure of an AR servexr of
Embodiment 5.

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

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

[Fig. 18] Fig. 18 i1s a diagram illustrating an
example of a scftware structure of the operation
support system of Embodiment 6.

[Fig. 19] Fig. 19 ig a flowchart illustrating an
exanple of processing in the operation support system
of Embodiment 6.

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

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

[Fig. 22] Fig. 22 1s a diagram illustrating an
example of a facility usage status table.

[Fig. 231 Fig. 23 ig 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

- 10 -



exanpl e of a software structure of the AR server of Enbodinent 2. [Fig.
10]Fig. 10 is a diagram (1) illustrating an exanple of overlay display of a
virtual image and an i maged i mage of Enmbodinent 2. [Fig. 11]Fig. 11 is a
flowchart illustrating an exanple of display control processing in the AR
server of Enbodinment 2. [Fig. 12]Fig. 12 is a flowhart illustrating an
exanpl e of display control processing in an AR server of Enbodi nent 3.

[Fig. d8Akkit®d188nits A, di agram (1)

[Fig. 25] Fig. 25 is a diagram illustrating an
example o0f 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 1is a diagram illustrating an
example of a hardware structure of an AR providing
appraratus.

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

[Fig. 29] Fig. 29 ig 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. 311 Fig. 31 is a diagram illustrating an
example of a tabkle storing information related to
dangerous ocbjects.

[Fig. 32] Fig. 32 is a diagram illustrating an
example of a flowchart related tc 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

- 11 -



|IIustrat|ng an exanpl e of displaying a facility by each display layer.
[Fig. 13BJFig. 13Bis a diagram(2) illustrating an exanple of displaying
a facility by each display layer. [Fig. 130]Fig. 130 is a diagram (3)
illustrating an exanple of displaying a facility by each display |ayer.
[Fig. 13DJFig. 13D is a diagram (4) illustrating an exanple of displaying a
faC|I|ty by each display | ayer.

example of a flowchart related to position

information setting prccessing.

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

{Fig. 36] Fig. 36 is a diagram illustrating an
example of an AR wvigual field.

[Fig. 37A] Fig. 372 is a diagram illustrating an
example when a three-dimensional augmented image is
displaved.

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

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

[Fig. 27D] Fig. 37D is a diagram illustrating an
example when an augmented image is displayed.

[Fig. 38] Fig. 38 1s 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] Flg. 40 is a diagram illustrating a
flowchart related to display proccessing.

[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. 14]Fig. 14 is a diagramillustrating an exanple of a system structure
of a facility guidance system of Enbodinent 5. [Fig. 15]Fig. 15 is a
diagramillustrating an exanple of a software structure of an AR server of
Enbodi ment 5. [Fig. 16]Fig. 16 is a flowchart illustrating an exanpl e of

di splay control processing in the AR server of Enbodinent 5. [Fig. 17]Fig.
17 is a diagramillustrating an exanple of a systemstructure of an

oper athHg| cSUPPOL brs ysit enmeb rEmpadimeEnt 6.
[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. Ag illustrated in Fig. 1, in the
facility guidance system, an AR (Augmented Reality)
server 1, a camera 2, sensors 3; to 35, and a dispiay
device 4 are connected via a network.

To the AR server 1, an imaged image of a facility
in a factery (a shaft furnace in the example of Fig.
1) imaged by the camera 2 1s inputted from the camera
2. ©Note that in the following embodiments including
this embodiment, the desgcription 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 insgide of the sghaft furnace, or the like)
measured by the sensors 3; to 35 1s inputted from the
gensors 2; to 35. Note that although in Fig. 1 the
number of sensors is five, this embodiment is not
limited to this, and the number may be less than five
or more than five. Note that in this embodiment,
although the sensors 3 are provided outside and

inside the facility, they may be provided, for

- 13 -



[Fig. 18] Fig. 18 is a diagramillustrating an exanple of a software
structure of the operation support system of Enbodinent 6. [Fig. 19]Fig. 19
is a flowhart illustrating an exanple of processing in the operation
support system of Enbodinment 6. [Fig. 20]Fig. 20 is a diagramillustrating
an exanple of a system structure of an operation support system of
Enbodinent 7. [Fig. 21]Fig. 21 is a diagramillustrating an exanple of a
faci lidyampker eenrespapdencechablmsciFigy 22f Foal2201:8 sd ¢ agham
illustrating an

facility depending on the facility. For example, in

the case of the shaft furnace, the sensors 3 are

provided inside and ocutside the shaft furnace. In

the case of a converter which will be described later,

the sgensorg 3 are provided inside the converter. In

the case of a continuous-casting machine which will

be described later, the gsensors 3 are provided

outside the continuous-casting machine. The sensors

are not limited to temperature sensors measuring

temperature information, and may be, for example, air

pressure sensors measuring air pressure information,

pressure sensors measuring pressure information, gas

sensors measuring the type and concentration of gas,

or the like. The sensorg 3; to 3; may all be the same

type of sensors {(for example, temperature sensors oI

the like), or they may be different types of sensors

(for example, a temperature sensor, a gas gensor, a

pressure sensor, and so onj.

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

The AR server 1 performs control to create a
virtual image representing the status of an outside
or inside of the facility based on the inputted
measurement information, and overlay and display the
created virtual image and the imaged image inputted

from the camera 2 on the display device 4.

An observer of the factory can comprehend with
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exanple of a facility usage status table. [Fig. 23]Fig. 23 is a diagram
illustrating an exanple of a software structure of an HVD with canera.
[Fig. 24]Fig. 24 is a flowhart illustrating an exanple of processing in
t he operation support system of Enbodinent 7. [Fig. 25]Fig. 25 is a
diagramillustrating an exanple of a systemstructure of the operation
support system of Enbodi nent 7.

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 1g a diagram illustrating an example
of a hardware structure of the AR server 1.

Ag illiustrated in Fig. 2, the AR server 1
includes a CPU 11, a gtorage 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
32, the camera 2, the display device 4, and so on).

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

{foo18] Fig. 3 is a diagram illustrating an example
of a software structure cf the AR server 1 of
Embodiment 1.

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

The imaged image input unit 21 receives from the
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[Fig. 26]Fig. 26 is a diagramillustrating an exanple of a structure of an

I nformati on providing system [Fig. 27]Fig. 27 is a diagramillustrating an
exanpl e of a hardware structure of an AR providing apparatus. [Fig. 28]Fig.
28 is a diagramillustrating an exanple of a functional structure of the AR
providing apparatus. [Fig. 29]Fig. 29 is a diagramillustrating an exanple

of a hardware structure of an information processing apparat us.

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 33 measurement
information measured by the sensors 3: to 35 and
inputs the measurement information.

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

For example, The creation unit 23 receives the
measurement information from the measurement
information input unit 22, and receives facility
information indicating which facility this
measurement information is measured from the
measurement information input unit 22. The creation
unit 23 determines.whether or not the facility
indicated by the facility information is a facility
for which it is set to generate a wvirtual image of
the inside of the facility based on the received
facility information. When the facility indicated by
the facility information is a facility for which it
is set to generate a virtual image of the inside of
the facility, the creation unit 23 selects a facility
inside estimation model (facility inside estimation
mathematical model expression) stored in association
with the facility information from the storage device

12 or the like based on the facility information.
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[Fig. 30]Fig. 30 is a diagramillustrating an exanple of a table storing

I nformation related to dangerous objects. [Fig. 31]Fig 31 is a diagram
illustrating an exanple of a table storing information related to dangerous
objects. [Fig. 32]Fig 32 is a diagramillustrating an exanple of a
flowchart related to operating state setting processing. [Fig. 33]Fig. 33
is a diagramillustrating an exanple of a flowhart related to operating
state sebbii0 PRECESSH@0specifically, in the storage device

12 or the like, for example, a shaft furnace and a
shaft furnace inside estimation model are stored in
agsociation. 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 egtimate the status inside the ghaft furnace, and
creates a virtual image representing the status
ingide the shaft furnace.

Note that each esgtimation model is stored in the
storage device 12 merely as a logical model, and is
recalculated according teo, for example, the
measurement information measured by the sensors 3; to
3;, to thereby generate a virtual image in a form
clocge to the actual state. Therefore, it is
preferred to be a mathematical model expression.
However, it may be generated as a computer generated
image in advance based on the mathematical model
expression, and the display of the image may be
changed by changing parameters. More specifically,

an adjustment in a height direction is made according
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[Fig. 34]Fig. 34 is a diagramillustrating an exanple of a flowchart
related to position information setting processing. [Fig. 35]Fig. 35is a
diagramillustrating an exanple of a flowhart related to display
processing. [Fig. 36]Fig. 36 is a diagramillustrating an exanple of an AR
visual field. [Fig. 37A|Fig. 37Ais a diagramillustrating an

to the amount of charged raw material in the shaft
furnace, or in an example c¢f a converter which will
be described later, it is allcowed to change the
surface pogition 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 is applied to the shaft furnace
inside estimation model to generate an actual
temperature distribution as a virtual image.

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

[0019] Fig. 4 is a diagram (1) illustrating an
example of overlay display of a virtual image and an
imaged image of Embodiment 1. Fig. 4 illustrates an
example of overlaying and displaying an imaged image
of a shaft furnace and a virtual image of an inside
of the shaft furnace created hased 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 overlayving 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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exanpl e when a three-di nensi onal augnented inmage is displayed. [Fig.

3713]Fig. 373 is a diagramillustrating an exanple when a two-di nensi onal
augnented image is displayed. [Fig. 37CJ]Fig. 37Cis a diagramillustrating
an exanpl e when an augnented i mage is displ ayed. [Fig. 37DJFig. 37D

Is a diagramillustrating an exanple when an augnmented image is displayed.
[Fig. 38]Fig. 38 is a diagramillustrating an

the inside of the cconverter.

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 pasgsing through the continucus-casting machine,
and a virtual image in which the steel in a mclten
state passing through the continuous-casting machine
is solidifying, which is created based on temperature
information of the cutside of the continuous-casting
machine.

[0020] Fig. 7 igs a flowchart illustrating an example
of disgplay control processing in the AR server 1 of
Embodiment 1.

In step S10, the imaged image input unit 21
receiveg 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 senscors 3; to 3: the
measurement informatiocn 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 S11.

In gtep S13, the display control unit 24 performs

control to ovexlay and display on the display device
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exanple of a flowhart related to di splay processing. [Fig. 39]Fig.
39 is a diagramillustrating an exanple of display when a dangerous object
i s approaching. [Fig. 40]Fig. 40 is a diagramillustrating a fl owhart
related to display processing. [Fig. 41]Fig. 41 is a diagramillustrating
an exanple of a table storing information related to dangerous objects.
[Fig. 42]Fig. 42 is a diagramillustrating an

4 the virtual image representing the status of the
outside or ingide of the facility created in step S12
and the imaged image of the facility inputted in step
510.

In step S1i4, for example, the display controcl
unit 24 determines whether to end the processing
illustrated in Fig. 7 oxr 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 centrol unit 24 ends the processing
illustrated in Fig. 7 when it determines to end the
procegsing, or returns the processing to 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 meagurement information input unit 22 may be
configured to constantly receive the measurement
information from the sgensorsg 3; to 35 and input the
measurement information as long as measurement is
performed by the sensors 3.1 to 35. The same applies
to the following embodiments. In such a structure,
the AR gerver 1 can perform ceontrol 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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exanple of a flowhart related to display processing. DESCRI PTION OF
EVMBODI MENTS [ 0015] Herei nafter, enbodi nents of the present invention wll
be descri bed based on the drawi ngs. [0016] <Enbodi nent 1> Fig. 1is a
diagramillustrating an exanple of a systemstructure of a facility

gui dance system of Enbodinent 1. As illustrated in Fig. 1, in the facility
gui dance system an AR (Augnented Reality) server 1, a canera 2, sensors 31

to 35 :aRd Fdiaprliay; devhead areconnectied vigrarnet Wike can pE0 the AR
server 1, an inmaged Tmage of a facility in a factory (a shaft furnace in

t he exaaphe:®of cEit@d 1yt Aagedh by stthie: camena 25 &S tionpit t et sferore the caner a
2. Note that in the follow ng enbodi nents including this enbodi nent, the
descri phi em wi hkthel g veépnt aki ng eeanpbey .of Tacplkint esuilmra steel plant as
exanples of facilities in a factory. Note that this will not limt the

f ol | owi hg teaiddpdentss F nelwdi Figdt i eabédiaEms. as hasFgerier, to the AR
server 1, neasurenent information (for exanple, tenperature informtion of

the i nSPAY Gt £ RE-3ShaS t PRGBS Sor thelFi RS AR by At SBAsors 31 to

35 i i tted f he, 31 .to.35.. Note that lth i Fig. 1 th
e bR AT D G S G Bt A BTt HBS H el 9ong the

e S LB At ey THe dhand e doip it an s
fadliﬁ¥o$ﬂﬁg HRY D8 Prowiddedn {Qthn realistic feelings which

has not been present.

focz2l <Embodiment 2=

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

The operation server 5 transmits control
information to a facility inside a factory. The
facility executes procesgsing based on the control
information. For example, when the facility 1is a
shaft furnace, the operation servexr 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 informatiocn
of reducing agent for instructing blowing in of a

reducing agent, tapping instruction information for
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exanple, only inside the facility or only outside the facility dependi ng on
the facility. For exanple, 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 |ater, the sensors 3 are provided inside
the converter. In the case of a continuous-casting nmachi ne which wll be
described later, the sensors 3 are provi ded outside the continuous-casting
machi nﬁnsmal@@msl@r Sscappinel {18t ed 4 Qpt e at yre SeasQEkaeasuri ng
tenperature information, and may be, for exanple, air pressure sensors
measuri ng athmresBametﬂniocmmmunml priessall e igensor S lowasiue dng cpr essur e

i nformati on, gas sensors neasuring the type and concentration of gas, or

- the |ikbenTheagdnsorstBe @ B5 waprs | the thrcshmivt ype 8f sensors (for
exanpl e, tenperature sensors or the like), or they may be different types
of sen§@iﬂ§fe(3f‘é?rexatr%ﬁfée &%%n‘béﬁfﬁﬁﬂeb%@ﬁ’sld?g énﬁﬂ%‘éﬁécﬁ?ﬂ a pressure

sensor, and so te that in_the foII n for revity of
explanéﬁl&¥m?ﬁé§@[ﬁ%FaP%ﬁﬁﬁﬁFE%ﬂgag}ﬁﬁﬂpge? S&Mfsors unl ess
ot her wi %e not ege cqmve rvreers}% %rf\pé ”Bl%%f to Create a
vi rtuaf |nage represen |ng the Status an outside or~inside of the

fact |1t ¥0asede 9B hen kBRI eflo HRaY efrpal 1L OF kBt 119, wand; ayeriay and
di splay the created virtual 1nmage and the i nmaged ifmage I nputted fromthe
Ca{rﬁr o2yt d herdisspl 8y gdevi cea b @bserves kst helfaetorga €anogonpr ehend
" 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 agaln to move molten steel to a ladle

after blowing, there are instruction information for

instructing tilting of the converter body, and the

like. Further, when the facility is a continuous-~-

casting machine, there are pressure instruction

information for increasing or decreasing pressures,

and the like.

To the AR gerver 1, the control information

transmitted from the operation sgerver 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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realistic feelings the operating status of a facility located in an area
whi ch is dangerous and off-limts, the operational status of the inside of
a facility, or the like by observing the display device 4. [0017]Fig. 2 is
a diagramillustrating an exanple 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 comruni cation device 13 as a hardware structure.

The CPU,1lexecuhes Proeessivig oh ke dikecrosugoatydl 4 g itihei AR, server 1
based on a programstored in the storage device 12. The storage device 12
st or est Hat @ @ntla 80 coma LUsed sy ¢ he fprodge atmanidi¢ he ECR 4 1 faleanl Bkgeut i ng
processi ng. The communi cati on device 13 controls comuni cation between the
AR seraed ]scam;lnobh’erolde&irofeislﬁfbheexcéirﬁpéa‘yt héegdgsors- 3, the camera 2,

t he di spl ay device 4, and so on). y the CPU 11 executing processing
based 6A02Rd prBgcam? sbEt Rard: 3BFEa u%%%uérﬁr%%@éfss‘?lhge?{é’i“}ﬁ 8 to

flowcharts which will be described | ater are achi eve 018] Fi 3is a
di agr affi B G2} BVAFE af b ERspi S of & a‘%%?tﬁ%ﬁé3§FV§5iS¥ l>gf tLe %R server 1

of Enbgdbmg1ment 2.

s illustrated in Fig. 2, the software structure
0f the AR server 1 of Embodiment 2 newly includes a
control information input unit 25 compared to the
software structure of the AR sgerver 1 of Embodiment 1.

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

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

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

representing how cokes are charged into the facility
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As illustrated in Fig. 3, the AR server 1 includes an imaged i nmage i nput
unit 21, a neasurenent information input unit 22, a creation unit 23, and a
di splay control unit 24 as a software structure. The inaged inmge input
unit 21 receives fromthe canera 2 an imaged inmage of the facility in the
factory which is inmaged by the canera 2 and inputs the inmaged inage.

The nmeasurenent information input unit 22 receives fromthe sensors 31 to
35 neasyr emeNty i perdmt Heth seasyrads bynt hehsensnisrdi tn8brard iopyuts the
measur enent i nformation. The creation unit 23 creates a virtual inmage
r epr esentiradt hea Rtiatqusa ofr itheu®lit Sindeyor riegsi dec ok ithe thei [Giyabased on
the nmeasurenent information inputted by the neasurenent information input
unit 22tatus ifeldexanpbe futheaereati on unit 23 receives the measurenent

information fromthe nmeasurement information input, unit 22, and_receives
facility inféBmathiOniend cdtprAgamhi th'faci} Py afisng 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 intoc 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.
[0C24] Fig. 11 is a flowchart illustrating an
example of display control processing in the AR
server 1 of Embodiment 2.

In step S$20, the imaged image input unit 21
receives from the camera 2 an imaged image of the
facility in the factory which is imaged by the camera

2 and inputs the imaged image.
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measurenent information is neasured fromthe neasurenent informtion input
unit 22. The creation unit 23 determ nes whether or not the facility
indicated by the facility information is a facility for which it is set to
generate a virtual image of the inside of the facility based on the
received facility information. Wien the facility indicated by the facility
information is a facility for which it is set to generate a virtual inmage
of the insidg efcdbeshaci lihy, nldhes creatitn Whiflo@ddasebectsnputaci lity

i nside estimation nodel (facility inside estimation mathenatical nodel

expr essham) i orededinrassdcicat i bhewistdnsbesf aci [t o y3knktdremati on from t he
storage device 12 or the |ike based on the facility information.
Descriheng umerrespeditfeailatién veastoedgdevirge skngprishedd ike, for
exanpl e, a shaft furnace and a shaft furnpace inside estimation nodel are
st or ed3§ n2BsddiREE6n S iFr BRESUT AT ERE stof ag@adetPBe 12 or the like, for
exanpl e, a converter and a converter %Lns.i de estimation nodel are stored in

associ at i onIPWRER hé 2faci FiBy GHYUF E8ted HyC ERE FaeT P 1 hi BFrhdt i on

i ndi haft f . t.h td it 23 | th haft f

s do” S it ] BREmOET G585t & cd ST ERE Shat £ oFUrTiASe from the Storage
devi ceod2 e 108 lddey o fhan Lhg of eghian ULt 23, 8LBSt L HESS ddes on

measur e information inputted by the measurenent information input unit
22 in fheselgsted shakt ybwnace ikmsidecgst idmtt es inodek otkastbiat e the
status inside the shaft furnace, and creates a virtual inmage representing
the stahpsit nshoe e shalitc§ uenaceontrol Noifotrhatt kasheestiymti on nodel
is stored in the storage device 12 nmerely as a logical nodel, and is

recal cullatedclaecorditngel o i rfiovreramye, i shé reaswidrend Lerfogr naltEon
measured by the sensors 31 to 35, to thereby generate a virtual image in a
form cPps& atol ohe st ar St dte. tikerfcd®télty-is preferred to be a

mat hemat i cal nodel expression. However, it enerated as a conputer

, b
generated i FBgé §HP advancet B&s&d SR-LRE H‘h‘fﬂgﬁﬁt%_ecg?:eﬁﬁoﬁ 8xpression, and
e TRl L REddade I O GRANISle DX (SN0 10 PO BB 21 al0r

speci f1 difrrectionI's hade accorgleng to the

amount ,0f Ghal ged AW B! e al 1§ 8 L he, Al b,f UERBCGe DLy kR AL exanpl e of a

convertér e e describe ater, it 1s allowed to change the

surfacenpesidi onoand: spuen of Ml tansteeh idnghefuraase ased on
measur enment val ues of sensors. Alternatively, tenperature information

measur ed fhyrhhe:isensoigudt 4 3h iss@ppbbed to the shaft furnace inside
estimation nodel to generate an actual tenperature distribution as a
virtual image step SBhe dispel aisphbnolcembto24 peifordds pemtircaimso
overlay and display on the display device 4 the virtual inmage representing
the stacvusodlthe cursrdeorandsidde i avhe aehki AL ¥p edie @S W1 ERe creation
unit 23 and the inmaged image of the facility inputted by the inaged inmge

i nput 6nitth621v%§§é15%i glng % FPRrdISnioafo]Frg. SFASEE Qifadrdm (1)

|||UStg%%§¥hgnor inside of the facility created in step 823

and the imaged image of the facility inputted in step
320.

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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exanpl e of overlay display of a virtual

i mge and an i nmaged i mage of

Enbodinent 1. Fig. 4 illustrates an exanple of overlaying and di spl ayi ng an

i mged i mage of a shaft furnace and a virtua

i mge of an inside of the

shaft furnace created based on tenperature information of the inside of the

shaf t

overlay display of a virtual

f ur nace. Fig. 5is a diagram(2) illustrating an exanple of
i mge and an i maged i mage of Enbodi nent 1.

Fig. Spirlbdusisates af- examnl:en of conerd ayices: andqgditspl aykepg sanp | maged i nage
of a converter and a virtual i mge of an inside of the converter created
based wRetrenper aewearmhhiesmaidontef ehbietinrsigecetl dhengonverter.

Fig. 6 is a diagram (3)

illustrating an exanple of overlay display of a

vi rt uall Oioreeigle  aHe ran nabged i nage cofd Enbodiareph i, dRilgodémdritustrat es an

exanpl

cont i nbbEs-TASERAG MRCHEAE Whdod st ded ciind id hoPtel
t he conti nuous-casting, nachine, and a virtual ipage in which the steel

mol t enCSMAE pEssiety YhrBudP ¥ e T&cht T AtidTs- a8t

e of overlaying and displaying an i maged i mage of a

at ékgass@ mgPehr ough

in a

FratRi A€ i s solidifying,

whi ch ig creat ed_based on Hﬁa gr%pqge igfor éignrpf t he outside of the

cont i nBGTSTASEi A MHehiAE. WF 6201°Fi §F 7 is"a"fl"owchart illustrating an
exanpl f, di spl C rocessing in the AR server 1 of Enbodinent 1
In stegoéfﬁ?fthé%¥%§§g%&%%%ge9fnput unit 21 receives fromthe canera 2 an

| maged | magecole thentacil i t¥ el irdbeotact orycuhioh; b lmgednby the camera 2

and inputs thé i mage

i mage.
operation throughout the vyear, or there may be case

where facilities are not in operation for the reaso
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
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 otherwilise 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

createg a virtual image based on the measurement
information when it determines that the facility 1is
in operaticn, or obtains from the storage device 12

or the like a virtual image generated in advance

5

n

an

baged on logical values or average values or the like

of measurement information in the past when it
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In step 511, the neasurenent information input unit 22 receives fromthe
sensors 31 to 35 the neasurenent information neasured by the sensors 31 to
35 and inputs the measurenent information. In step 512, the creation
unit 23 creates a virtual inage representing the status of the outside or
inside of the facility based on the neasurenent information inputted in
step 311. In step S13, the display control unit 24 perforns contro

t 0 ovegtay @ntndisSpayt oanther gk spliayy dewi et 4i hhepd favalor mage
representing the status of the outside or inside of the facility created in
step 512 andotrhe=xamgéd | nage aefrdheibacihniy 2fputeed iive st €pedl0.

In step 914, for exanple, the display control unit 24 determ nes whether to
end t heepreocesseng i1t fistmatedonn tRignm 7Zher R sbasatk®h whet her
informati on of ending display or the like is received or_not fromthe

di spl ayndewitrtaogy ¥RRUL| KE1lThe 2di spiay FE6iR + BF Surfid© 24 2énlds t he

processing illustrated.in Fig. 7 en it _determnes to end the processing,
or rethFﬁgRW%tﬁP&x%%?ﬁﬁ%?f%$egg%ébmkéﬁﬁ%lﬁﬁtgﬁﬁ%ms not to end the
Pr OceS%i Q. ’ rementl\b:fe &Q‘%tattjhgni r_{%gergeg% eeélnggtb un.l,ktl 21 may be
configu?e 10" €6hst an Fy receive the 1 maged i nmage Fom the camera 2 and

| nput %F%gw_{gﬁ%ﬁgnitnsﬂ?f 83 m0N0-8S Mgt NG Hi:S: Pehf enmed, By 1tihe canmera 2.

Simlar measurenent 1 nformati‘on i nput unit 22 may be configured to

const aphky d €681 & d hee BRASW ENMEAL i Nf OyMAL Ofrhb@Ddhe sersors 31 to 35
and i nput the neasurenent information as |ong as neasurenent is perforned

by thecsemsorsn3Lirix 353 thre-sane appriesu:d theabe |@eneganddiments. In
such a structure, the AR server 1 can performcontrol to create a virtua

i mage bdsedhon the measocémentdi Wicrimathen faputtiéd i hnEeamat penand
overlay and display the virtual inmage on the jmaged inmage inputted in real
ti me ohrefe WirspldpRIPcEA 1002 PEr éiyfaft K€ -according to this

enbodi nent, , , . .
[0027] Fig. 12 is a flowchart illustrating an

example of display control processing in the AR
server 1 of Embodiment 3.

In step 530, 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 S$31, the measurement information input
unit 22 receives from the sensors 321 to 35 the
measurement information measured by the sensors 3; to
3; and inputs the measurement information.

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

information is not in a predetermined range. The
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the operating status of a facility or the |like can be conmunicated with
realistic feelings to an observer in an installation or a factory. In
particular, instead of just show ng video i mages as has been conventionally
performed, it is possible to show the status of a facility which is in an
operating state at the present nonment, and hence it is possible to provide
an observation with realistic feelings which has not been present.

[ 0022] sERBQi dRNn2Y 23 adRidbhc8si % 1oe dphaeicun &k hustd @t Eag @ System
structure of a facility guidance system of Enbodinment 2. As illustrated in
Fi g. 8whthe isystemesimicter erdct hédf atabiitiyl gpi danden sypeem of oEnbodi nent
2 newy includes an operation server 5 conpared to the system structure of
t he fack| etdv gucdandehsystremeats Engodi preatek S34 whEHe oferation server 5
transmts control information to a facility inside a factory. The facility
execut @8 teratesseng Ibase8hén fhelddrty ol 8 MVr mhfi O S FBF 1&anpl e, when the
facility is_a shaft furnace, the operation server 5 tr%psnits to the shaft

furnace chafdi if $Rstrdct i OREi AT #hECSh B &0 fier e8¢ drithe like for
instructing charging of sintered.ore or t | 1ke, o '
instryXfFé%?ﬁf&%ﬁg%oﬁeP&gﬁﬁﬁg%&%iégec%%%ﬁ%g 5§p§§§%sgﬁgé£ggxanplegﬁ
materi gl. (bl oykRg dnstruction i nfor MU Len o AU aaedlndior | nstructing
bl owi ng inof a reducing agent, tapping instruction information for

i nstrughicRg 4 2PPLRY jfﬁ?ﬂh@et@piﬁols%eﬁr skhe |ike. Not e that the

control signal is not Timted to them and in the case where the facility
is a converber tidepe nane Rxuden bhowitrgp | A3Er udthoncirfzor rati eamfor
instructing blow ng of oxygen from above the converter, and respective
bl owi ng3i m&ttrachisorf ¥ ohotie i phofersd nderudctd ny2bloowi hiyeofl idx§gen or f uel
gas, carbon dioxide gas, inert gas, or the |like from bel ow the furnace, and
the |iKkértvmkoudddd of eRF CpRRAEFGh Bheckfrai v ofontBer &sEHYEi I ting the
converter body or of tjilting the converter body a%giqﬁao.nove nol t en steel
to a | adl é 816 Kowrig, fafet etire i BBEFdct} BnCEAFOr et Foh for instructing
tilting . of the caonverter qu and the like, Further,, when the facility is
a contgﬁﬁﬁﬂgg%ag??ﬁﬁénggm Qﬁﬁfﬁgréﬁéfge réﬁgugéeiﬁ%%$ﬁction i nf ormation
for ingreasing, Qi desT easiig PEEISU £5y, and the like.
In step 835, the display control unit 24 performs

control to overlay and display on the display device

4 the virtual image representing the status of the

cutside or inside of the facility created in step S33

or obtained in step 834 and the imaged image of the

facility inputted in step S30.

In step S35, 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

procesgsing, or returns the processing to step S30

when it determines not to end the processing.
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To the AR server 1, the control information transmtted fromthe operation
server 5to the facility is inputted. Then the AR server 1 perforns control
to create a virtual inage representing the status of the outside or inside
of the facility based on the inputted control information and the inputted
measurenent information, and overlay and display the created virtual inmage
and the imaged i mage inputted fromthe canera 2 on the display device 4.

An obsepyergjof fhe JastenpLansperr ehepdowd ngeald sthesf eel ings the
operating status of a facility located in an area which is dangerous and
of f -1 i ghbsdihenapendateanalhst Ahud lIoft¥hé s nish depefrathechacidity, and so on
by observing the display device 4. [0023]Fig. 9 is a diagramillustrating
an exanpke ol aisefdsvareestradt bressot ¢he tAR seeeenirlewenEnbodi nent 2.

As illustrated in Fig. 9, the software _structure of the AR server 1 of
Enbodi HBAC ey | el gdes B2 E8nertl fAPHMY PEn S dAAI9% conpared to

the software structure of .the AR serve odi nent The
cmﬂroFmFﬂ%n%ﬁtl&?l%ﬁﬁﬂ%ﬁﬁY 258 $$é§§¥ogth@Qﬁﬁ?5ﬁQﬁ1server!Sthe

control _informtian %ran nltted f&gp]tfgk%pergglge server 5 1o the facility

and i nplifs the torit riof “ i aforfrat For.

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

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

period from the operation server 5 to the facility.
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The creation unit 23 creates a virtual inmage representing the status of the
outside or inside of the facility based on the neasurenent information

i nputted by the neasurenent information input unit 22 and the control
information inputted by the control information input unit 25. For exanple,
the creation unit 23 substitutes the nmeasurenment information in the
facility inside estinmation nodel corresponding to the facility to estimate
the stapus dinsi dentiheafyenace;..and creates a virtual image according to the
estimation result, as illustrated in Enbodi nent 1. Along with this,
for exanpl erweerdibpiegntsoh tirrflorunticore 4 smhke wokesndhiargi-ag imstructi on
information, the creation unit 23 adds an object representing how cokes are
char gedriamtsont heaf acisplipy tlavhe wWeat udbri regehbdsedi bativhe @ohiieol
information, thereby making a virtual inmage representing the final status

i nsi dedi k@ fay ndegice 4 Hry.reaeresse drageans IFei |eBeFatiflafrexanpl e
of overlay djsplay of a virtual inmge and an i maged i mage of Enbodi nent 2.
Fig. 1BDF Iusfraties an S&HprEedt %’geltlhaﬁ/ ARG i Ep| 9 ar© § méged f hge of

t he sh ééfurn ce a virtual i mge of ﬁhe i nside of the shafi f ur nace
and coi B ng* 8har ]g Pt ‘?’h%ggﬁ § thrratet whitdlY | 3 c P& Based on
t i ti f RSl f f dth h i
pelthiaptet I E ReRt LA (R S e v SR M ol -

this epbedi menk, +hs CLEAL OM HNLL 23- cEeaL{S L Ae I d Ugk idBgRa k@ Wwhi ch
not only the nmeasurenent information is added but also the control

i nformatirerads. adgdedy . and 8 htspaevigritial fivager bavi ngr MBke rieas i skl C
feelings can be created. Particularly in the converter, when the converter
body i shei |dledf tt He::overkay- d¥ $gl. ayied” viepuad s € nage aghlaagesracesnpanyi ng
the novenment, and thus the realistic feelings are increased further.
[0024] FiEgitiini erg fandckakes | Lustule i ajadit ekumplac of diFsyd aylédntrol
processing in the AR server 1 of Enbodiment 2.

represents a crossg section of the shaft furnace.

When display of a display layer similar to that

irn Fig. 13A or ¥Fig. 13B is reguested from the display

device 4, the display control unit 24 performs

contrel 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 c¢f the display

layer and the imaged image inputted by the imaged

image input unit 21.

[0020] According to this embodiment, a virtual image

displaying the operating status of a facility or the

like with various types of display layers is overlaid

and displayed on an imaged image of the facility in

responge to a request or the like from an obkserver,

and thereby the operating status of a facility or the

like can be communicated with more realistic feelings

and in detail to an cbserver 1in an installation or a
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In step 920, the inmaged inmage input unit 21 receives fromthe camera 2 an
i mged i mage of the facility in the factory which is imaged by the canera 2
and inputs the inmaged inage. In step 321, the neasurenent
information input unit 22 receives fromthe sensors 31 to 3s the

measur enent informati on nmeasured by the sensors 31 to 35 and inputs the
measur enment i nformation. In step 322, the control information input
unit 25 recgives the control information fromthe operation server 5 and
inputs the control information. Note that it is assuned that the control

i nfor mabipen i nputnwd i R8nicnputs the control information every tinme the
control information is transmtted fromthe operation server 5 to the
facility. Fig. 14 s$vem 323Bagtdwen ciédtuconraniin®3anr eatagsp deviort ual i mage
representing the status of the outside or inside of the facility based on
t he neaygstearent tikkfcdreaei orf |anpﬁt1t:*ed-Mhy*sg@pl@@mcancﬁm‘ée@omﬂ ol
information inputted in step In step 324, the display control

unit 2B"PSFGRRB Ecént r oftSt é%&/‘é?Fé@%ﬁf@l dPspi &y - oﬁ4t he“df s FIYaR< @Bvi ce

structure of the facility guidance system of
Embodiment 5 does not include the camera 2 compared
to the system structure of the facility guildance
system of Embodiment 1. Further, the display device
4 of thig embodiment is a transmissive ligquid crystal
film fixed to za 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 sengors
3, to 33 is inputted from the sensors 3, to 3s.

The AR server 1 performs control to create a
virtual image representing the status of the outside
or ingide of the facility based on the inputted
measurement informatiocon, 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.

[oo032] Fig. 15 is a diagram illustrating an example
of a software structure of the AR server 1 of
Embodiment 5.

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

software gtructure.



4 the virtual imge representing the status of the outside or inside of the
facility created in step 523 and the inaged i mage of the facility inputted
in step 320. In step 525, for exanple, the display control unit 24
determ nes 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 fromthe display device 4 or the like. The display control unit 24 ends

the processrhg ildaistratethtnibifhrddcwhen ihpdet exmines g0 end the
processing, or returns the processing to step S20 when it determ nes not to
end t heepedcessi agon] 00R25] sHered naf t2ar .t @ctor dierg Hwetiking enbodi ment, the
operating status of a facility or the |like can be conmmunicated with nore
real i stn€ofresd t hgs e apuoleskriver ting apeNASE | Ati bA & &Tdctory.

[ 0026] <Enbodi nent 3> Dependigg on the factory, facilities are in

oper at $ BRUHH obigRolte & her pEETt of T3 Fd The cases where facilities are
not in operation for the reason of nuaintenance, eanan .. or the like. In

Cl
this enbodiﬁﬁﬁg?q%%Féﬂﬁl?nbé &%%C?Fﬁéﬁxﬁanﬁtﬁﬁ%F%? c Afcating, even
when a Lagil Iy LAty LN QRATALT O fhe aR&TAL 500 S alys,afe the facility

i € Teelings to an observer in an insta tion or a

factor%%e'\'%taecw% l‘?é(é%ﬁmosﬁrEﬁteurn?eaé‘u§%frr¥é/@£ei%tﬂdlﬁ&!al't%orﬁnd so on in

this enbodiment aré simlar to those of Enbodi ment 1 unl ess otherw se

not ed. i nput cdRe LSS eahbOmdakl radh &ht t Nirst @fhedinent idedef nunes whet.her the
facility is in opération or not based on the neasurenent information

i nputted fromet kel gpasyr enent ridlf onmati o i pputf ammé 22ntandlcteates a
virtual inmage based on the nmeasurenent information when it determnes that
t he facikirtleysaind cipermpiibon,toe obitwaiwslf nom yhe rstoragendavite 12 or the
i ke a virtual inmage generated in advance based on | ogical val ues or

aver agehgalsiestvp Ofe FiRe VIt AbESUrTheht siliffor fat it | hafhd Past when it

which 18 c¢reated in the creation unit 23 on the
facility seen through the window or the like on which
the display device 4 1s provided.

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

In step S840, the measurement information input
unit 22 receives from the sensors 3; to 3: the
meagurement information measured by the sgsensors 3; to
3; and inputs the measurement information.

In step 841, 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 842, the display contreol unit 24 performs
control to overlay and display the virtual image
representing the sgtatus of the outside cor inside of

the facility which is created in step S41 on the
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determ nes that the facility is not in operation. For exanple, the
creation unit 23 receives the neasurenent information fromthe neasurenent
information input unit 22, and receives facility information indicating
which facility this measurenment information is neasured fromthe
measurenent information input unit 22 or the |like. Based on the received
facility information, the creation unit 23 obtains a virtual inage

gener at g ii 1 agdvanes, apdrasspei ahed W Ehcthef aghld tyikaf emmathoanf rom t he
storage device 12 or the like. [0027]Fig. 12 is a flowhart illustrating an
exanpl enef disphay cbhaviel protessgmgvidetthe AR server 1 of Enbodi nent 3.
In step 330, the inmaged inmage input unit 21 receives fromthe canera 2 an

i maged i magérofstée Bad lifgri etdepflact orlyewdiiche 1l 8yi megedrby t he canera 2
and inputs the inaged inage. In step 331, the neasurenent

i nf or MaRNiidn ?ApdEe LA Ring & et (ES Y rom FRE seRSoPy B4eEE 13 t he

measur enent i nfornatj i
neasuréﬁ,é_msrrﬁfx&eﬁatjrlgﬂg‘r{%azsulr gdob 1:[1(?% %eansseocgsoirgll mgk?eglsleai:nd I nputs the

information of ending display or the like is received
or not from the display device 4 or the like. The
display control unit 24 ends the processing
illustrated in Fig. 16 when it determines to end the
processing, or returns the processing to step S40
when it determines not to end the processing.
[0024] Ag described above, alsoc 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 up through the converter opening, or the
iike, and the operator performs contrcl 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 tChe
decision by the operator is not appropriate, it may

result in causing deterioration of the quality of
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In step 332, the creation unit 23 determ nes whether the facility is in
operation or not based on the neasurenent information inputted fromthe
measurenent information input unit 22. The creation unit 23 determ nes that
the facility is not in operation when, for exanple, the nmeasurenent
information is not in a predeterm ned range. The creation unit 23 advances
the processing to step 933 when it determnes that the facility is in

oper at ;B4 t 3dyan@scthe tHPEasH NGh kO rSicepo 834 fhenl it idat er mi nes t hat
the facility is not in operation. In step S33, the creation unit 23
creates a vhetuwaldimage, r epnesent s ngmded shatws, ofhele out $idéer inside of
the facility based on the neasurenent information inputted in step 931.

On t hedetherihadd,an nogteepr 9340 téeppredt | o st 23 iobe aisngnd  @fethe
storage device 12 or the like a virtual image representing the status of

t he ouvbide @PniAsidec bf at Hea ¢ BTV t§2 ChRildly i $Sc Rt BATMT hdv¥nce based on
| ogi cal values or the like correspgonding to the facil|t In step
935, tEEem?ﬁﬁ5§t&ﬁn$oge&ﬁﬁlﬁﬁ'p&Q%r%?%xﬁﬁ?spﬁcP%vgh%w and display on
t he di spl devi.ce 4 the vistual _image represenpti he st s of the

out si dgggr%ycfrrf%i égcojfl}ﬁg FaS T feflcacn}ég?édpclhne s?tésr{gﬁé §Fﬁ b éjai ned in step
934 an i ed i of faciLityJput i . I'n
step 9 8%q$%%n§gag%lﬂggﬁﬁé:%%gﬁﬁgﬁaé%%t%g unlﬁg%ﬁ gg§%§%i%§% ﬁﬁggher to

end thepprocessingh 1 | | Ustiat edrine & Jank? gife BOh chasedsan vwhes her
information of ending diSplay or the like'is received or not fromthe

di spl ayh@dew £eud aaridhealsi ke. c Hbe odi Sphay cionh a0l imd §e24 cendset he
processing illustrated in Fig. 12 when it determ nes to end the processing,
or retupesdterprocessing to step 930 when it deternmnes not to end the
processi ng.

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 1is presented to the
observer. However, based on informaticn (control
schedule information) representing the contents of
controcl to be performed from the present moment
besides the measurement information, the operation
support system according to Embodiment 6 predicts by
simulation how the gtatus 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.

[0038] 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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[ 0028] As described above, according to this enbodinent, when the facility
is in operation, a virtual inage created based on the neasurenent
information is overlaid and displayed on an imaged i mage of the facility,
and thereby the operating status of a facility or the |ike can be

comuni cated with realistic feelings to an observer in an installation or a
factory. Further, according to this enbodi nent, when the facility is not in

operatéRAmpA &i bEUAl dyBgeCIeatad thasedosn diogi cpleneat Lea or aver age

val ues of neasurenent Information in the past is overlaid and displayed on
an i mnagegpicmges ok ttde bdciHnltydiamcht hérebyrd helopertatahgdstiatus of a
facility or the like can be communicated with realistic feelings to an
obser vgrgi.n lah, i ast dlhat Poewrt HohadWPyert sysNetle thafSElESystem

structure, the software structure, and so on of this enbodi nent gre made
simlakClo tHosBMPn EdoHitifehtCamegd Wheh eiiedt aFE fde &"iTaF % o t hose

in Enbodi ment 2 he creation unit .23 b onfiqgured to determ ne
whet nenst HEH ZbpRiry $8 £ TTRIDE! a b LBt Lhaded . FRETTR S bR ment
i nformation and/rgr th Oﬁgr%%roorlki nformati on. For exanple, the creation unit

23 mayvﬁg (:‘—’Lon"\“fgurj‘ee etermne that the facility is not in operation

when the measyr emegt ;idnfor JRLGOMN 4 S1 A9k, d - BcRiRACL £ @ 1ange: and/ or
when t he coﬁ?':édl n?nf(})"r%:srnation s notltransm'tted or a predeterm ned period

fromtherenalAti ar SeEVard d® the fasiéltihty.on(002YFnbedigmnt 4%
The display control unit 24 may be configured to transmt a display |ayer

set formpachidiaaiklidy to the display device 4 in response to a screen
operation or the |like by an observer on the display device 4. Fig. 13Ato
Fig. 13D ar&hdi agp hwaid¢ ust ratd ngr an odk anlpe e ofe b Spleayi sigrP& Facility by
each display layer. Fig. 13A represents_an external appearance_ of a shaft

fur nacBY skt 23B tieh? eSERAT FNEBS JBRVHYI dKEC +HERde 3 hECSHAT T+ f ur nace.
Fig. 130 _represents aggear,ances of iron.ore Eﬂnd cokes in the shg%t@ f ur nace.

Fig. 18BNe&tEents QX BRESLRelPPT of e Thatf FITHARESS ©°

software structure of the AR server 1 of Embodiment 1.
Further, in this embodiment, functions of
software are distributed among the server 101 and the
HMD 102. The gerver 101 includes a measurement
information input unit 22, a control schedule
information input unit 26, and a simulation unit 27
ag a functional structure of scftware. Furthexr, the
UMD 102 has a camera and a drawing function, and
includes an imaged image input unit 21 and a
drawing/display contrel unit 28 as a functional
structure of scftware. Note that in this embodiment
although the functions of software are distributed
among the server 101 and the HMD 102, 1t may be
structured such that the server 101 includes all the
functions as in Embodiment 1 or the like, o©r may be
structured such that the HMD 102 includes all the

functionsg, and hence it ig not limited in particular.
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When display of a display layer simlar to that in Fig. 13A or Fig. 13Bis
requested fromthe display device 4, the display control unit 24 perforns

control to obtain a virtual image of the display |ayer created in advance
fromthe storage device 12 or the like, and overlay and di splay on the

di spl ay device 4 the obtained virtual imge of the display |layer and the

i maged i mage inputted by the imaged image input unit 21. [0030] According

to thisggabadi n@@&»,s@ Vihkuayheege i spl avdgs b e caper ati kg st apus of a
facility or the like Wi th vari ous types of display layers is overlaid and

di spl ayed canwadi.maged i mage of the facility in response to a request or
the like froman observer, and thereby the operating status of a facility
or the |ikeThan roea sonmumecat éd fw thatore r salpivst ienféeldhgs and in detail
to an observer in an installation or a factory. [0031] <Enbodi nent 5>

Fi g. 14eics iy <f ageard W T Eustytat 1 R§oamekanpl o sarsysteh §tructure of a
facility guidance system of Enbodinment 5. As illustrated in Fig, 14, the
syst enf SREREUr 81 oF Ot e 3% EFPY lguidkAcd B8t &fR%f S BREGH Freit 5°does not

i nclud the anera 2 conpared to the s sfemstructure_ of the fagility
guidangé sy@t ent bt SEMS nt e Fﬁ??ﬁy StHe d&i%play" 98¢ Eb t hi s

enbod! geaL i foLiansil 83l 1 LUk Céléfét%'eﬂé?‘ flloxledv&g acrygndow or the

| i ke for éxanpl é R server measurenent 1 nformation (for
exanplQﬁrggmgggah%nggggqrnat|on of the inside of a shaft furnace, or the
| i ke) measured by the sensors 31 to 35 is inputted fromthe sensors 31 to

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

Based on the measurement information received in
the measurement information input unit 22 and the
contrel 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 contrel for which contents are
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The AR server 1 perfornms control to create a virtual inmage representing the
status of the outside or inside of the facility based on the inputted
measurenent information, and overlay and display the created virtual inage
on a facility seen through the wi ndow or the like on which the display
device 4 is provided. [0032] Fig. 15 is a diagramillustrating an exanple
of a software structure of the AR server 1 of Enbodi nent 5. As

il ustraped ddnfig. php, thhe AR sepuers dnhkaglluslesnd oreastil erents i nf or mati on
input unit 22, a creation unit 23, and a display control unit 24 as a

sof t wap erSionicé dir €. For examihke peasw esenty liaf dopatdroint | AGut unit 22
receives fromthe sensors 31 to 35 neasurenent information neasured by the
sensorsuBs ttig B6eand hapues aheemeadurenBar tiat bppat (Garrent  The creation
unit 23 creates a virtual inage representing the status of the outside or

i nsi det eMPERe F Rl iy baSed ot Ehé Uil bPenett Ffornffon Sfputted by the
por 1 or RRCRGHT of CHBHYo? | Ay SRBIdS hy (PREYA THua S abE Crel osenti ng the
ot s 06 i, QUL S 8L IS 8081 1P ARBULLE YoM ks RBL et he
mhid1ggeé¥§p$§¥($§@ﬁet%Qé%Q[OWfk¥he like) in the facility

inside estimation model corresponding to the facility,

performs numerical analysis on the status in the

facility, and outputs numeric data representing

results thereof.

Note that as a 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 technigue, 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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[0033]Fig. 16 is a flowhart illustrating an exanple of display control
processing in the AR server 1 of Enbodi nent 5. In step $S40, the
measurenent information input unit 22 receives fromthe sensors 31 to 35

t he measurement information neasured by the sensors 31 to 35 and inputs the
measur enent i nformation. In step S41, the creation unit 23 creates a
virtual imge representing the status of the outside or inside of the

faci | i Y mRasedo-qn 1t Rei Feasur efeatel 0888t e £ ARULheEe LA cStEpr $40.

In step S42, the display control unit 24 perforns control to overlay and
di spl ayothe>wé r{ ualhd nagewieps feertdIngy t henstmd LS wefit hesout si de or inside
of the facility which is created in step S41 on the facility seen through
t he wi pdaw arms$ hedrnitkec bn twhi chetrie Wi sptlay dewi ey 41 stpeovi ded. I n
step S43, for exanple, the display control unit 24 determ nes whether to
end t hdipiocessihry ide ustr atledl HMDFRilP 218 S e -HaR Bh OWet her

i nformation of endi ng dispkgy or .the ljke_.is received not_ fromthe

di spl ayld&ite 476E % HeSPIEs SThé "dl sHt By LEdmt v B r§iat1 58 Gfds Ehe _
procesTLaR LUt LaLetin g 45 WiE AL 4O LELne 49,0 4 processi no
Fwocesgh@gthe imaged image of the facility inputted by the

imaged image input unit 21. At this time, the server

101 transmitg numeric data representing simulation

regsults to the HMD 102 wvia the wireless network.

[0039] Fig. 19 1is a flowchart illustrating an

example of processing in the operation support system

of Embodiment 6.

In step 850, the imaged image input unit 21
recelveg asg input data an imaged image of the
facility in the factory imaged by the camera provided
in the HMD 102.

In step 851, the measurement information input
unit 22 receives measurement information measured by
the sensors 3; to 3y as input data from the gsensors 3
to 3s.

In step 852, the control schedule information
input unit 26 receives control schedule information
inputted by the operator.

In step 853, based on the measurement information
inputted in step 851 and the control schedule
information inputted in step S$52, the simulation unit
27 executes simulation estimating the status of the

outeide or inside of the facility, and ocutputs
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[ 0034] As described above, also in this enbodinent, the operating status of
a facility or the like can be comunicated with realistic feelings to an
observer in an installation or a factory. [0035]cEnbodi mrent 6> Even
in these days where conputerized control is bloomng, control of factory
facilities in a steel plant is often perfornmed such that an operator
predicts the status of the inside of a shaft furnace or converter fromthe
col or Qfifi:0; & ' @B %8N § PEQUOD: any e Mg 1 Withdow ek duter shaf trifamn nace,
flames bursting up through the converter opening, or the |like, and the
oper at hepel# Hk MB gg § pll aBasednen i dentisi as nade dryethe aperater
according to the status at the tine. However, this decision is not easy

si nce difi meetrui oes lbei gt skill | fwkgearith sbhén arhet Hecirsimarby tdwtaperator is
not appropriate, it may result in causing deterioration of the quality of
pr oduct s pprectiee Bd nichriough stiies  astiory Faévilits es. Accordingly, in this
enbodi nent, there will be described an operation support. system whi ch

si nul ates, wWher® ot £P6I* foftﬁeféic‘f%wr“ﬂe(éf’ﬁi’}aiys ‘b%gggrchled By &t e

operator's decision, ho he status of _the factory facilit for exanpl e,
the stBBIS W OEhETHSTT o SRAF u?ﬂgcéirjo?pgggfvec??e% e3//\101(JI d be mrrgn

t hi atrol_ i f d ; I f [ ty
i ao- SR REne bndPEHEEET: SRR CHGT BRI LA, Bhad M8 MUTLEER: Gance

syst e”{:ﬂfr_eFéT—b&’ﬁéng%@isozjraﬁo i r Bubhlr eendheensd opalk e‘ﬁﬂ’iﬂ?: dyeage

representing the current status of the inside of a facility is created
based grhEBSYE 8RB & 0 8TRY f ORhands €908LKOlo f NERBd L BB idGaNdthis i mage is
presented to the observer. However, based on information (control schedule
i nf or mahisdrde r efir edent £ ag itlhet gontrevd sedf iconttelp t35 beaper foraed fromt he
present nonent besides the nmeasurenent information, the operation support
syst entaegdi Agaae Eaodimentt 8- pi édivet snby tdiadl a0 dahfow e §PA&t-us of
the inside of the facility would change if this controJ_js perforned, and
presents prédi cten E£65ul t §°F0 YRBMBpErat'ohe CHRYHER rfbl?ﬂgaﬁr edi ction

resul ts, Lhe operator, {inally, determ ngs what egnirol sfigul d be actually

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

In a large shaft furnace, tuyeres for sending air
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[ 0036] Describing nore specifically, the operation support system according

to this enbodinent is as follows. Fig. 17 is a diagramillustrating an
exanpl e of a system structure of the operation support system of Enbodi nent
6. As illustrated in Fig. 17, in the operation support system a server
101, an HVD 102 with canera (hereinafter abbreviated as HVD 102), and
sensors 1031 to 1035 are connected via a wrel ess network. Fig. 18 is

a di ag{amd Idwest E@tﬂﬂwcana%ag@qufd@dsafdvm:retét puctpee iefi dhe operation

support system of Enbodi nent 6. The software structure of the

oper atiAnasuppeet st enmeal die smenodbodgt ditewt g cifncl wides ea woat r ol

schedul e information input unit 26 as conpared to the software structure of

t he AR sapweratuof Ehbedirdéntt don in tRer toweriphe hi sfemiecdi nent

functions of software are distributed anong the server 101 and the HVD 102.

The setvEe®1diddamiesvwheedsite M UNAf 6fmet ¢ BA IHut 1GR3, a control

schedul e information input unit 26, and a sinulation unit 27 as a

funct i BRYE R rdefd df software. Further, the HVD 102 has a canera and a

drawi ng funcgtion, .and.i ncl ude n_imaged i nmage .in nit.21-and a

dr awi ng/ di S%Fa?f%%hplg&ly unf£°28 asY 5 fFunct | %%5”&%’?%%0 tﬁlreI%f fgg):ftwar e. Note

that i I.S: BF i.ent al f i S r istributed
Pathls; erbadiiet (gibho ftl%% I&g%&nlgﬁaead odvare.ared

anong € server 1 the e structure that the

serverz 401 inchudes@l L nthe fametions, agniin Eppodid@nitdsor the like, or
may be structured such that the HVD 102 includes all the functions, and
hence gt musl 2104 ol My Bdwhimgpar hseuhar ¢ i oh0Q3v] Firmats, i dhe function of the

server 101 will be
representing the amount of blowing oxygen or air 1is
inputted with a specified tuyere ID as the control
schedule information. Thus, there are inputted data
representing the amount of blowing at each point in
the three dimensional coordinates corresponding to
each tuyere. Further, as initial wvalues of
temperature data at each point in the three-
dimensional coordinates in the shaft furnace, there
are inputted wvalues calculated based on the
meagurement information from the sensors.

Then, the simulation unit 27 performs numerical
analysis of the eguation of motion of flowing and/or
heat conduction eguation 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 pecint in the three-dimensional

coordinates in the shaft furnace after a certain time
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descri bed. The measurement information input unit 22 receives

nmeasur enent informati on neasured by the sensors 31 to 35 as input data from
the sensors 31 to At this nonent, the sensors 31 to 35 transmt the
measurenent information to the server 101 via the wirel ess network.

The control schedule information input unit 26 receives control schedul e
information inputted by the operator as input data. As the control schedul e
i nformabEomssiailarly to the control information, there are charging
instruction information of sintered ore or the |i ke, cokes charging

i nstructi onThetor mapban,rddepiigr nsfr udtd onumefroreratibdm oft r edudi ng agent,
and tapping instruction information for instructing tapping froma tap

hol e, msiwmdl |ofsthloowhyeenstimerpdw vt logpgaid iapte oripartifdus types of
gas and pressure instruction information. The operator can input the

cont r of ha&ledti ENPfior FREFEN AR &F SThpuf 16%%@16’%&%%%33! %% theTserver,

or can_jnput, the control schedule_informati.on renotely via ortabl e
ternin%PeOF“VWéiﬁQ&fn unit gEed ST ¢ EaW§§§%4§ﬁ§ﬁﬁi%ﬁfSPﬁgfg%% recei ved

n the measyement, 0l OLIBL O, L 0B UL E 3% 208 LIS Gontr alnsghedul e

n-r rved i € control s ulle intornmation i nput”unit 26, the

Sl arhen N Eng! S AULaes dNeos! aldisy ok d hec oupehdec gLl nside of the

facility when co for ich contents are represented by the control
scheduh g sithf 05 ARE AN, | Sepeifoffred oftoF i Bxanple, phesd@ukation unit 27
substitutes the nmeasurenent information (current tenperature of the shaft
furnaceisaerr ithechidee) and cantesn) gohedukda nfeocmatvicoh Lhhewing i nstruction
information representing the anmount of bl ow ng oxygen or air via each
tuyeredate.the like) in the facility inside estimtion nodel corresponding
to the facility, performs nunerical analysis on the status_in the facility,
and out put sMREREEPY e Tdatdh ¢ RpEise T AY EE(R L §Ptifef efpRtrol unit

28 overlay-displays the c¢reated three-dimensional
virtual image and the imaged image, for example, the
drawing/display control unit identifies the direction
and angle of a portion which is seen by the user
based on the image of the shaft furnace imaged by the
camera provided in the HMD 102. More specifically,
the image of the shaft furnace imaged by the camera
provided in the HMD 102 is substantially the same as
the image of the shaft furnace captured in the visual
field of the user, and thus, with images obtained by
imaging the shaft furnace in advance from various
angles and directions being stored in a memory in the
HMD 102 in advance, the direction and the angle of
the portion seen by the user 1is 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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Note that as a technique using the facility inside estimation nodel, for
exanpl e, Japanese Lai d-open Patent Publication No. 8-295910 or the |ike

di scl oses a technique to sinulate operation of a shaft furnace by

i ntroducing a mat hemati cal expression nodel nodeling the state in the
furnace. Using such a technique, data of tenperatures, pressures, and so on
at each point of three-di nensional coordinates in the furnace can be

obt ai nedx<[A038h Next ,+ hhe thuncd | @Anefnd hentWD 102¢wal1l beadescri bed.
The imaged image input unit 21 receives as input data an inmaged i nage of

the fagkbirieydmttihe feles oy nukged cby +desudaneraopbevigedsiemitdd HVD 102.
Upon reception of nuneric data representing sinmulation results by the

si mul atconhiep2Fattdre. drawi ng/ di splay control unit 28 draws a three-

di mensi onal virtual inmage based on_the numeric data. Mryreover, the

dr awi ngP 8#SPI ayNesst riohatniitt 282 elfeor Fre TESHE B & vt LAY dnMe di spl ay on
the di splay device of the HVD 10§,a t hree-di nshonal vi rtual i mge

r epr eseRELRG F mhPatd GhUEés (ite Bf Tafet 308t & of "Ehe W0t & de or inside of

| maged F HEGE 1FPEE G EL L ATTRES A R PR SUPRs” TbT [ Rdndht s nuneri c
et vor EEELg0Rb]  Bra ! 10 s "o Fawehar o1 T st &t I g o Sxampl € of -
processi pg ddy t he operation support system of Enbodi ment 6. In step
S50, the imaged inmage input unit 21 receives as input data an imged i mage
of the faciThty idgrthe thact ony licmegedhly dbherearer acpr ewddednird he HVD
102 in advance, from the simulation results, what status

the temperature distribution and the pressure

distribution in the shaft furnace or the converter

would be due to control to be performed by him/her

from the present moment.

Thus, for example, the operator is able to

perform scheduled control when the results of

simulation inside the shaft furnace indicate a

favorable temperature distribution and so on, or

reconsider the contents of control and select an

appropriate operation when the results of simulation

indicate an unfavorable temperature distribution and

50 on. Therefore, even a less-experienced operator

is able to appropriately operate a factory facility

such as the ghaft furnace, which reguires being

skillful. Furthermore, since the inside temperature

distribution and so con 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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In step 851, the neasurenent information input unit 22 receives neasurenent
i nformati on neasured by the sensors 31 to 35 as input data fromthe sensors
31 to 35. In step 852, the control schedule information input unit
26 receives control schedule information inputted by the operator.

In step 853, based on the neasurenent information inputted in step 851 and
the control schedule information inputted in step S52, the sinmulation unit
27 exegytes isivmiativa st iammi i ng tha stabus micahe lgutshde or inside of
the facility, and outputs nuneric data representing sinulation results.
Then, 4beudrave hy/ dicspb ayg heont roheuindr 28her eat s la st lwee- di mensi onal
virtual imge based on the nuneric data representing the sinulation

resul tsimulaticnnagtepisspraleedeanimgidi splay control unit 28 perforns
control to overlay and display on the display (display d vice% provi ded in
the HVD 102pke tHiak- ditherlisn&™RPAETE Y nag 9@§%% éi?mc R€ si nul ati on
results_of the stﬁtus of the outside or %pﬁiﬁﬁ? f thﬁ}fgciligy gégated in

step 9%8 Hfdthetriradtd’i mage oF 1 ERe e plttet TRA"FAE st8p 950.

I n st ege[g%S,defdg%ﬁ?é%@l ey taq_le %gﬁ%ri%( di gg: ?]ryat:fgggrlgf upi t 28 determ nes

whet hetf "T0 en € proceéssing trate or not based on

whet heg  i.-nf ion of ,8nding, di spkay-ornihe dike s regei ved or not from
t he Fméfkgégggp%he Iik%. Tﬁg drawﬁng/disp%ayEg%n?%o? unit 28 ends the

processthpeddilHst bat ethmbB dRinge nd9swhens i tsdeier &1 nesionend ithe processi ng,
or returns the processing step to step 950 when it determ nes not to end

t he premessi nohafp0040] Regarmiibgdbles procedsiaigude ddes | apadiespl ayi ng t he

t hree-di nensional virtual image created by the draw ng/display control unit
28 andinhgsd magedti naget & lnorandettdid edrdesicrdy peiiep Wi Y| chagivén bel ow,

t aki ng an exanple of using blow ng instruction information representing the
amount UBE thl 20t RE TEP ORFgEPHF T ALr BH L BEER ANyRFE &5 TREATorMESI schedul e

i nf or mati on. , ) . _ L
created three-dimensional virtual image on a facility

which i1s actually seen through the HMD. In this case,
when the HMD includes a GPS and an acceleration
sensor, the HMD is able to recognize what direction
and angle the user ig capturing the facility.
Further, the relation between the three-dimensional
coordinates used in the simulation and the actual
direction of the facility is defined in advance.
Thus, even in the HMD having no camera, it is
pogsible to control the direction of the three-
dimensional virtual image representing simulation
regults to be presented to_the operator basged 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
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In a large shaft furnace, tuyeres for sending air into the furnace are
provided at 30 to 40 positions in a lower part of the main body thereof,
where the tenperature distribution in the periphery of each tuyere differs
when the anount of sending into the tuyere differs. Accordi ngly, each
tuyere is assigned an ID for identification (hereinafter abbreviated as a
tuyere I1D), and when the sinmulation unit 27 executes simulation, blow ng

i nstruekiren df opMat iDNe £epriRsenbirRy thedameintgetl blrowbng exyged or air is
inputted with a specified tuyere ID as the control schedul e information.
Thus, fherne s einnputtetitdat as tepeesentingithe afbuemt, ofsbluowimg at each
point in the three dinensional coordinates corresponding to each tuyere.
Furt hetheagdmpefial omt ued sof aenperarUF ecdatba at cgathf peitatl § he Ehe

t hr ee-di nensi onal coordinates in the shaft furnace, there are inputted

val ues® cHIG 4t ed 1Ba<ER RS ABASITBnBRE IS dF HEL iTo° HHEMM e S&nsors.

Then, the sinmulation unit 27 perfor nunerical, an Ic}lsis of the guation of
not | ongﬁﬁefq%%%gagﬁd/%yeﬁ at E‘Bﬁ&@gﬁ‘%ﬁ eqiht T B BE5ERSER £t ﬁemati cal
expr esgion JIbdel,  Lapresenting. L0 stale; 10, e shaldnfyanaea win {he
mputteﬁ EontTol' “Schedul & informati on and measur énent | nf or nati on bei ng

initi i{d t o; t hgreby, calgul.atl e vard ouspurerie data (tenperature
dat a, a%/g%%g‘ﬁ{/égggg' Blr%sgll?ﬁ}e) %gt g?tlyand Lsio on) a’? each point in the

t hr ee- dbaRnst Onah tcaai dhpatasi bR Ure sbabk fdi naee afder paeanstiaes tine
has passed.
cf 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 torpedoc car.

Moreover, 1in this embodiment, i1t may be
structured to display the order number corresponding
to molten iren carried by the teorpedo car.

Degscribing in more detail, the operation support
system according to this embodiment is as follows.
Fig. 20 is a diagram illiustrating an example of a
system structure of the operation support system of
Embodiment 7. Ag illustrated in Fig. 20, in the
operation support system, a server 1031, an HMD 102
with camera (hereinafter abbreviated as HMD 102), and
gensors 104, to 104: are connected via a wireless
network.

Note that in Embodiment 7, the wvariocus types of

processing performed by the AR server 1 in Embcdiment
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Then, upon reception of the nunmeric data at each point of the

t hr ee-di nensi onal coordinates in the shaft furnace which represent
simulation results fromthe simulation unit 27, the draw ng/display control
unit 28 generates a three-dinensional virtual inage indicating the
sinmulation results (tenperature distribution, velocity distribution,
pressure distribution, and so on) fromthe received nuneric data.

Mor eover g Yehene +he vdfami ng/ disel awrcontpol  und &« 28 0ves | ay- dicspeays the
created three-di nensional virtual image and the inmaged i mage, for exanpl e,

t he drawikrg/d) sphay ffontedlorunet itdentiifiDes dheidi mectfohlands angl e of a
portion which is seen by the user based on the image of the shaft furnace

i maged[ by 4t3e cAiver &P okiCdedo b hatiies HVD 1LOBgdBr évseei Pifcad |y, the i mage
of the shaft furnace inmaged by the canera provided in the HVD 102 is

subst aheraiytyhd toaire @8 Ofel | ARgE? BHETShE®t Ofurfine@e &t tkBd3i n the
visual field of the user, and tgu ., Wi th inmages obtaine y 1 magi ng the
shaft Faftate’ i Kldadfantd 6 9 r?ﬁhst%ﬁgF@§%§ﬁﬂ Hirett *6ffs being stored in
a menory.in the HVD 102.in anc h ir e} e f the
portiohxggéﬁﬁﬁglyhédhsé?ei%ﬁg%éntﬁ?P%%E%%’ngﬁééiﬁg&?g%é?nﬁg% %%ged by the
camer 10 t.he: i t iN.th JTBHD n, based on

t he ig&%%ﬁﬁp&ﬁw |FES%?%ﬁggﬁggaﬁg?gﬁﬁ%%eegggl ﬂ%/d?splaygégﬁggﬁl unit 28
contr o} g sthens di bectd One 8k thest Brees di pRsitonabevid taal i mager representing
the sinulation results to be presented to the operator. [0041] Note that it
may belskiuctmeadtre @l bowthe epersados to4adjwstlbhe diireection of the

t hree-di nensional virtual image by hinsel f/herself via an input device, and
hence wi riesl et pamticuliaeltyidinnbtredche 1likeThis structure allows the
operator to recognize in advance, fromthe sinmulation results, what status
the tenperaMere @i stri Buti bR ignErhe ety e 3dis2 FEBEt ifohTi n the shaft

furnace or the converter would be due_to control %?Hgg gnforned by hi ml her
from t heéeprtesert Morfent 2C 1 1 1LY THFs 2 ¢ OR destdtpf @ c 65 rator*i's able to

perform schedu| ed contr gl en e results of sjigulation inside the shaft
Eh e et 8 bR asie | Efor il ar & P RIS i

f ur nac era utioh and so on, or

reconsi det, £ N, cont QI 5,0 LONG Lol A 8leql 5 A0 APRILRYL Al opgr ation when

the results latron indicaté an” unfavorable tenperature distribution

and sorgR. el ebrayn evem f L8esr axderencedoper s ch ¢ iald 2149 _
appropriately operate a factory facility such as the shaft furnace, which

requi resebeainmg skid |fata iy thar Bbreemskpce tbreiidrsi dent enperayor e
distribution and so on are presented as a three-di nensional virtual image
whi ch Escovertai dearkan actwatsplafdehoendacd be ddnvesterptdadeipperator is
able to conprehend the status inside the facility ‘

Fig. 21 in which facility IDs for identifying

regpective 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 corregpondence table. Fig. 21 is a

diagram illustrating an example of the facility

marker correspondence table.

Further, the HMD 102 creates a virtual image
representing the status of the cutside or inside of

the facility kased on the obtained measurement

information, and performs control to overlay and
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nore intuitively, and is able to instantly and accurately conprehend

whet her the results of sinulation are favorable or not. Note that in
t his enbodi nent, although the case of using the non-transm ssive HVD 102
wi th canmera has been described as an exanple, it may be of a structure

i ncluding no canmera by applying the structure of Enbodinent 5 and using a
transm ssive HVD. That is, the HVD does not include the i mged inmage input

uni t Zéis?ldayh%h@%QQ%Q'&p&ﬁi‘t%%nltr@!na‘é@ taR8 Refd ofABGantrol to
overlay a I splay the created three-di nénsional virtual I mage on a

faci li{pa chimbgyeartpdl kh seeanthizough thei+HPlakn tdispaase, when the HVD
i ncludes a GPS and an accel eration sensor, the HVD is able to recogni ze
what ddeedtid®n andangkd tihe mher}ﬂﬁDcapturlng the facility. Further, the
rel ation between the three-di mensional coordinates used in the simulation
and the act Yalrebvecti drhbf EW@G@EW&Q%/ﬁ@Sd@HQQ@rBﬂQﬁméﬁééc'ﬂmw even
in the HVD having no canera, is possible to_control the direction of the

t hr ee- HhmﬁwﬁﬁﬁalMﬁr%ﬁalQQﬁﬁéaFéﬁf%eﬁﬂﬁﬁﬁ%in&ﬂﬁg%n PESIFR SR pe
presented {2yl opsialor besedan Lhe.! deniif1e0 ) regl) 90 and pnale, and
7100, (082 SEROU P 1311, %3810 ke RS ORLSAPEIgOUt Of @
on the display device provided in the HMD the created
virtual image of the order number and the imaged
image of the facility imaged by the camera.
Describing more sgpecifically, this point 1is as
follows.

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

diagram illustrating an example of the facility usage

- 46 -



carried to a steel factory, and charged into a steel furnace in a nolten
state as it is. Then, assumi ng the torpedo car also as a part of factory
facilities, a virtual inmage representing the status inside may be generated
and overl ay-di spl ayed on the torpedo car to be presented to a worKker,
simlarly to Enbodi nent 1. Specifically, it may be structured such that
measur enent information of tenperatures and pressures of the inside or
surfacg, gf .the torpedo car, and so on is obtained by sensors, and a virtual
i mge representlng a tenperature di stribution and so on generated based on

a facility jpsicde-€gti nBid onaedel r assachat edd tde t Badt arpedoocar using
this neasurenent information is overlaid and displayed on the actual

t or pedonear.d Mr e@viar i 1 ki 1thitso ebedi ARNkedte Ay ke Stsuctared ta di spl ay
t he order nunber corresponding to nolten iron carried by the torpedo car.
Describigg im, mer €Riet anl s tduea gperds ¥ bAes uppano ryyst eandceording to this
enbodi nent is as follows. Fig. 20 is a diagramillustrating an exanple of a
syst ent omRYGt LE @ tgfon h@e@r}@r%ut i ®A s Upper £F g&s@%ﬁﬁéﬁtﬁbﬁﬁpﬁﬁs?ﬂgk

illustrated in Fi in the operation support system a server 101, an
HVD 10‘2fvwctq"¥l‘%‘éﬁéqa”(%eFE‘|enéW%rEé?l?br%@?&tdedy%saH%cﬁ)’ﬁ? sensors 1041

7" helphm R THReE of Pprat eesiﬁhé%é%%‘?ts%‘”ac%y P MR Sdia 1 in
Friod PR ey eI LIRS, 0, IS A0 405, PR g Liomssdaia | e
i mage QEC%If(?‘fhbl o (4 0rpedR-1eat i Rt Denexanpl epef ddger2@edn a factory
which I's imaged by the canera provided integrally in the HVD. Further, the
HVD 102sekt;al ns nmeasurenent information (for exanple, tenperature
information of the inside of the torpedo car, or the like) nmeasured by the
sensor $00b@41] t oFiQA5 ¥Raiw rel ésscommmunildats onadrintdeahi kecample
of a software structure of the HMD with camera. As
illustrated in Fig. 23, the HMD 102 includes an
imaged image input unit 21, a measurement information
input unit 22, an identification processing unit 29,
a creation unit 23, and a display control unit 24 as
a software structure.
The imaged image input unit 21 receivesg as input
data an imaged image of a facility in a factory
imaged by the camera provided in the HMD 102.
The measurement information input unit 22
receives measurement information measured by the
sensors 3; to 35 as input data from the senscrs 3, to
35,
The identification procegsing 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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Moreover, in this enbodinent, a marker for identifying a facility is added
to each facility in the factory, and the HVD 102 is capable of identifying
each facility by the canera provided in the HVD recogni zi ng each nmarker.
More specifically, the HVD 102 retains in a nenory provided in the HVD a
facility marker correspondence table illustrated in Fig. 21 in which

facility IDs for identifying respective facilities and respectiyve markers
are co‘FPP/@I & ©°aKd ‘”iIHJe‘ﬁ{‘i fifesCRRER LI PYL v 1y FEB6g z?ﬁg“‘a HaTker by the

d di the_ facility |ID |ated with th k th
Fac| 1 EOE e Bt FUshonaericel tAbTe L B CoT 1 s B o HIAUSEr at i ng an
exanpl e of i{letfhaec'ékg%ﬂ@él k%&ﬁ@{féggrademeﬁigo.l €0, whenFdither, the

HVD 102 creates a virtu nmage representing the status of the outside or

i nsi de. ofcthe faghliidyabased o0 e obigined Sreasweenent hnfeigasi on, and
perforns control to overlay and display the created virtual inage and the
i magedt bnmagea ¢ rpgad hyatrhe can@ra emwkdispl aydddiasplayadevigedprovided in
t he HWD. Mor eover, this enbodi nent has a characteristic in that the
HVD 102agemer aties ddamtudlidamageni pdicatssdg an onder hAnberdssigned to a
product in the facility based on the facility ID, and overlays and displ ays
on t hef dicdglidyy déPi ¢ previcdaed 1 Aot K HvBCchhanaFatted 9Pt &S i mage of the
order nunber and the inmaged image of the facility i maged by the canera.

t
Descri bRf¢ Iidve 8pedi4 ¥ cALE S FRAPE IS TE FEBke { ppFGheLdentities

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 torpedc car B.

Moreover, the identification processing unit 29
readé the order number corresponding tc each facility
ID from the above-described facility usage status
tabkle, and identifies the order number assigned to a
product cor 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 torpedoc 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 “G123”, “X456” are carried in the torpedo
car B.
[0045] The creation unit 23 creates a virtual image

representing the status of the outside or inside of

the facility based on the measurement informaticn
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In this enbodi nent, the server 101 stores a facility usage status table
illustrated in Fig. 22 in which facility IDs for identifying respective
facilities and order nunbers are correlated. This facility usage status
table is updated by the operator when, for exanple, data are registered in
a production nmanagenent systemin the factory. For exanple, when an

operation to produce lEig iron in a shaft furnace is startedu t.hcg % der
nunber > BBEGE St et Yini TRt ME BT GFEFGT t 0 15 PF Badced f oMY he “pridsefit ‘moment

in the_shaftt furpace is ipputted by t r 0.}, duct |
manageheh thse))%‘te t hcerr%%;g/lt?&lalflﬁﬁg t%g ?g%ala%%%/ %s%gﬁgﬁégu;kﬁggge. That
is, | i I t % t ewproduction
mnaggrnéﬁlr%ss;%?g?nh%%% Pg%{fgpg#%fo%%@%};%ag viellrE| 11:E“l|elol ustrated in
Fig. 259Eh@iR2chs:a i ggramddingt iatingzan exanple of the facility usage
status table. Note that the hardware structure of the HVD 102

i ncludes, sthel @lyptayt heoARrearvenit 24 useedtcednénclirger@] aCPU, a
storage device (nenory), and a communi cati on device, and the CPU executes
pr ocessi’ag lafy cantir dli $nfatvheoHVDLE0Z bapéd vondavprcggram ame dadd i ncl uded
in the storage device, or the like, thereby achieving a software structure
and prb8éssity wtes hglng ae fFeme ¢ nhANCh WEl e descoifbetFat er.

[ 0044] Fi %E,ZS is a diagramillustrating. an ex%ngl e of a software,structure
of theP WV iF& hotardtHl Aas 9f | uler P&+ ntH "R 282 thie BB i 18l udes an

i maged_jrmage input unit.21, a neasurement inforpation | pput unit 22, an
i dent i 'Fh@at i onc FS’@es%ﬁlﬁg i talﬁg, %ahecr%ara“?igo@nguﬁl tagz%,égn nE di spl ay

Cm“roka%@figé.ﬁaﬁhég HWgJ. .éﬂéugﬁ%iéd imag%hilﬂﬁgegﬂﬂgwﬁltnmﬂ uni t

21 recerves ‘as’ input data ar i mage ge of afacility in a factory inmaged
by thepgang{a, provicdes; spithe EVReIQA unit JheprBasyrapericdnfenmation

input unit 22 receives neasurenent information neasured by the sensors 31
to 35 ag input1dat arfdonihe Senser 134 HAsplay device of the

HMD 102 the wvirtual image representing the order

numbers which ig created in the creation unit 23 and

the imaged image cf the facility inputted by the

imaged image input unit 21.

Fig. 20 illustrates how the wvirtual image
representing the order numbers which is created in
the creation unit 23 ig 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 doesg not illustrate an
example of overlaying the virtual image representing
the status of the outside or inside of the facility,
it can be displayved 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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35. The identification processing unit 29 identifies an order nunber
assigned to a product in each facility. Mre 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
canmera fromthe above-described facility marker correspondence table.

In the exanple illustrated in Fig. 20, when the canmera provided in the HVWD
capt ureBea Indikef UAtacdtiadREG 2 Relpeth CEPSA Pl ARt kef YBTEHdRd to a

torpedo car B, the identification processing unit 29 reads.a.facjlity ID
cor r esh®RENY t 63&dch Fér Ket S FFEM the ftzb‘? I ig‘lafq?ﬁalf ker St%??é%&tﬁﬁiiaige tabl e,

and identifies that the facilit 0 ich the ker I is the
torpedbgcé{‘laYA,sb%nﬁtEtrﬁjacftPﬁg a%%{f:iﬁit ytvlzt{]%ng%ﬁlc% I?ﬁé %Jrie%ﬁﬁﬁiq%?egsdd%d is the
t or ped r..B. - r r e | i i Lon pr i ntE 29 reads
t he or%%%%r?ulﬁbfe?nggrlr%{gpgg%?na@ %g%eeg%ﬁg%agiclcﬁéng%f S@fnété%%%a%o%/g-descri bed
faci l'i{y4usage, shat us £abke i @pdripdent i fes d heookdarn neabarn asgi gned to a
product or the liKe in each facility. In the exanple illustrated in
Fig. 29nawherethecdiident i f itgati enrpratessireg whyt 22 ielenbmf,i esndhe tor pedo
car A and the torpedo car B, the identification processing unit reads the
order hBbsceoriespendialy tomespdctinvepdacildularDs fromthe facility usage
status table, and identifies that the pig irons of the order |Ds "ABCl123",
" EDF4560 0dred caFiided 34 the & of peds var tAL ldnids pirg HydHs28f the order |Ds

"Gl23", "X456" are carried in the tqorpedo car B.
example of processing in the operatlion support system

of Embodiment 7.

In step 860, the imaged image input unit 21
receives an imaged image of a facility in a factory
which 1s imaged by the camera provided in the HMD 102
and inputs the imaged image.

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

In step S62, the identificaticn processing unit
29 identifies the facility ID of each facility based
on a marker captured by the camera provided in the
HMD 102, and further identifies the order number of a
product or the like stored in each facility based on
the identified facility ID.

In step S63, the creation unit 23 creates a
three-dimensional virtual image representing the
status of the outside or inside of the facility based
on the measurement information inputted in step S61.

Further, the creation unit 23 creates a virtual image
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[ 0045] The creation unit 23 creates a virtual inmge representing the status
of the outside or inside of the facility based on the neasurenent
information inputted by the neasurenent information input unit 22.

Further, the creation unit 23 creates a virtual inage representing the
order nunbers identified in the identification processing unit 29.

The display control unit 24 perforps control, to ov rlggagnd di splay on the

di spl Ay BEGESE bt NEhETHVDE 86 tHR™iek lﬁ?sﬁﬁag%angree Fhg the status of

t he outsige or %nside of .the f ciligﬁ% ich is created in the creation unit
|

23 and*tRESabRa itidge” Of the® ¥88i 515 i nputted by the i maged i mage i nput
unit 21. Further, th IS unj .t oREr, 0 t verl a
EhNeed &6 ghgx %q@gggyhe@o%élgz l{rﬁm.ﬂ Y& Pk o0 O y

and di spl ay on di spl’ay ‘devi ce © e virtual | mage

repr _esgg{.lgl}_gﬂg heoopdar DYberss Wl gl 1i 5y chaatiade | Bildier gy ealhoncenit 23 and
the imaged image of the facility inputted by the inaged 1 mge input unit

21. 4 theflhrel-idimshEaless howitthenyir tualg s nRge repeasdntd ng the order
nunbers which is created in the creation unit 23 is overlaid by the display
cont r ot hanigtt R4uen ctthech ange o 1 the dor pedd dcarsti magedE by ittHet ¢anera in

t he HVD 102. Note that al though Fig. 20 does not illustrate an
exanpl ehot lovees | ayierd:- ¢ heivi riuab iSfeyeandpridsent MRgehel8e&tusObf the
outside or inside of the facility, it can be displayed by ﬁyﬁtching di spl ay
| ayer st0&i fg ¢ heistr UcRBRéE t6F2 EBoditint 540 - Fura&ﬁ¥he 28 n the exanple

Lustgsted 19, ELlc 20, BLUIOUSD Lhe SLUst S, LD 2 MRS 101
and display on the display device 4 the virtual image
representing the order number created in step 563 and
the imaged image of the facility inputted in step S60.

In step 865, 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
8560 when it determines not to end the procegsing.

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 861 is skipped since it is
unnecessary to overlay-display a virtual image
representing the appearance of the inside ox outside
of a facility, and the processing of generating a

virtual image representing the appearance of the

- B1 -



the like such as RFID may be used for identifying a factory facility

i nste
102 i

ad of the marker. Specifically, it may be structured such that the HVD
ncl udes a reader function for a wireless ICtag, a wireless IC tag

storing a facility IDis added to each facility, and the facility IDis
read directly therefrom and hence it is not limted in particular.
[0046]Fig 24 is a flowhart illustrating an exanple of processing in the
oper at?8 S§d%%o@? §9%§%ﬁ?onEﬁH%@lﬁéﬁ%l%lti’ in Spg é&%pngéo, t he i naged

i mge |n un| 21 ceives an_inaged e o f.acilit factory

whi ch ?% & aféra b o&@déﬁoﬁnﬁgﬁngﬁ% fﬁb:%%ﬁxiﬁbdﬁ% t he i maged
i mage. 6 hey r i i jnput, 22
receiv 0047gn1tﬁe sens%r%SS%' §%g§2§?gﬁgﬂ{95€?5ﬁﬁ§%#o%§hg§9%%ed by the
Sepsor f3jcl'fé) é?s%%qa'é‘@k‘h%ﬂd‘ﬁe”%%s%ﬁgeﬂbéHQE%t'@u port In step
562, e identification processing unit 29 identifies the facility ID of

each f@?b't'etny basechryy amamrker . captur ede by stdep cameral psevsdesddi n the HVD
and further identifies the order nunber of a product or the |ike

102,
store
563,

dihnreach fagi ldnt yehasgd @notheligehtifired baddrd tyuhbers on

the creation unit 23 creates a three-dinmensional virtual image

In step

represennllmg whetdtat uBcof sthiepwand des of Llilnss deasfed he faciihiiy based on
t he neasurenent information inputted in step 861 Further, the_creation

unit

28X afdates BaiNe0al lid%pagec 105; are a dded to the coils

walting 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 usging Fig. 20, and thus the description
thereof is omitted.

Further, in the example illiustrated in Fig. 25,
not only the order numbers are displayed by AR, but
also a lcocading order instrucition 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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representing an order nunber based on the order nunber identified in step
562. In step 564, the display control unit 24 perforns control to
overlay and display on the display device 4 the three-di nensional virtual

i mage representing the status of the outside or inside of the facility
which is created in step 563 and the inaged imge of the facility inputted

in step 560. Further, the %l%p r n|t Zé erf I control to
over | &° and i SpPay on THE G sp‘?%? %gﬁ et:’sne E Jat*i'Fage representing
th d 6 t lit
Fbi kR A T e B g
uni t %%g?g%r \T}]ﬂss whel thothe&nQnt he @éegq.%sw?aahldjsﬁzﬁ@tsed in Fig. 24 or

not base ether 1nformation of ending display or the like is received

or notopeemdiend shlay deviee dﬁa@ett;henl Flea. dhepdiespd ayngontrol unit 24
ends the processing illustrated in Fig. 24 when it determnes to end the

processtragsposrteturas the tprocessitnge stepsto caepbEcahépnntedet er m nes
not to end the processing. Note that this enbodi ment can be applied
not ondiyobtHiyi | Bridesniatakeazt bny dneratsen ccanphaduet eiviesel ¢dwai ti ng
for shipnment. In this case, it may be structured such that 561 is skipped
since it |SNQﬁﬁbd@%éér@Jﬁ63098rW&yLﬂl§ﬁﬁ5¥ihm§F¥%ua? FReged Fepfésenting the

appearance of the inside or outside of. a faci dth rocessi ng of
gener at#+i§ £ Vi FEA&AT | Hﬁ@en@br‘égé‘ﬁﬁ%bs?ﬁé’eaﬁ%%ér &%Ebe ‘611% h )

camera has been described as an example, 1t may be of
a structure including no camera by applying the
structure of Embodiment 5 and using a transmissive
HMD . In this case, the HMD does not include the
imaged image input unit 21, and the creation unit 23
performs control to overlay and display the created
three-dimensional virtual image on a facility which
is actually seen through the HMD.

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

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

facility handling liguid or powder in a transparent
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outside or inside of the facility in S63 is not perfornmed, and hence it is
not limted in particular. [0047] Fig. 25 is a diagramillustrating an
exanpl e of the system structure of the operation support system of
Enbodiment 7. In the exanple illustrated in Fig. 25, an exanple of

di spl ayi ng order nunbers on coils waiting for shipnment is illustrated. In

this exanple, markers 1051 to 1053 .are added to the coils i.ting for
shi pnet® S8 by E&R FRRG CreskCRfr R‘éﬁgugﬁcﬁxfﬂénﬁl\/ﬁﬁ 12,5\%%%' or der
nunber s, of .t he respective_cails.can he i v ver ., ils..of

pr oces%]ilﬁallccoaﬁjt efit's B aer@ip’lrcrieiuatrl(fﬁﬂt ﬁnealggtgr%pﬁgg]aég%\pﬁbrg%uﬁg%’ F.gé 20, and
thus t d i pti e f g _td . oy B o xanpl e

il ustﬁ?egiﬁ{lé Fi g?ﬂé , %g% oén ?/Q?htgeg%%g%br?udnbée:ﬂrdfs%gl?lem%%lgpsl gﬁgre"g by AR, but
al so azfgadidg 9ndefydRShr ueld ONity di sphayed by ABwdért hins c@ses the
operator registers information related to the order of |oading (information
def i nimgibhe omdegeaf ¢oadinrg @rotvhe dikecusingtorder siabersdrjn advance
in the server 101. Then, when the identification processing unit 29

i dent i 4nés =or ded buinder St product samehe tafgrame fore el diedadithie order
of loading registered in the server 101 is read at the sane tine, and the
creat i @aiddity 23adcedtes govitembl afQentemesefitiddg ¢ he2Pshd Ag or der

i nstruction. Thus, just by looking at a facility.or rodquct in a
fact or9?) aSfor kB édrﬂ?ﬁﬁe&i%t%?vdc?&np?%ﬁe%@ a%veﬁ%ygh@as@?‘d&eﬁunber and

th d f | padi di ts, half fini d , terials,
andl or L End 13 kEOSThret 0 1RE HAY Anfiachus Serat) BnEscten bs o
Preparaulan oL s IR (8004 £ ABRPAUL AL ban dige LieiexE BrOGESS can be

performed - hl'y,” and ni'stakes in operation can be prevented. Not e
that al §¢ civhd hi srepodh aend, s al-thoughahhe Lasgr ohqusd PaLiRe in _
non-transm ssive HVD 102 with canmera has been described as an exanple, it

may bergkia sSiwuGt Wredi Baludimgrao ican®el a ikyi iappl ying: the tstgmct ure of
Enbodi ment 5 and using a transm ssive HVD. In this case, the HVD does not
i ncl udertihe demagedd nage brputromiitde?l, tencdt hebereatéon unit 23 perforns
control to overlay and display the created three-di mensional virtual inmage
on a faeéoKitly whRikchH heracrudihyugbertitar aligi ¢ héeluy ibed In the
foregoing, preferred enbodi nents of the present inventign have been

P
descri BBEIH BRI 2 BAt ST HrBEEhtt R R e ivRATE Lfot PEmERIE t 5such

specific gnb di ments. Various vari at'{)ns and Cr)mdiafi craéxilcsjnﬁsnga ge made
Wi t hi nSe# ope NG T hEAGSH 5o & Het pPésent°F ndert’ DR~ 88T T hed in the
cl ai ns,

display, the present invention can also be applied to
a non-transmissive projector or a transmissive
projector. For example, instead of the display
device 4, a display device having a display unit in
an eyeglass form which is worn on an observer’ s head
or the like may be used. Further, for example, when
overlaying and displaying an imaged image and a
virtual image, the AR server 1 aligns the coordinates
of the imaged image and the virtual image. As a
method for aligning coordinates, for example, there
is a method to dispose a fixed marker in advance on a
facility, and align the coordinates of the imaged

image and the virtual image based on the fixed marker
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[ 0048] For exanple, the above-described enbodi nents are described with
exanpl es of showi ng 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-descri bed enbodi nents may al so be
applied to a facility handling liquid or powder in a transparent casing in
t he case of food manufacturing industry, chem cal or pharpmaceuti cal
nmanuf aERupiing 13d8stWAIBE e ThRe MRt e abl9&Sddsit? Fb&dEhbodi nent s
are applJied.in such a facility,.liquid or.powder whi.ch is being charged can
be sho ed%ﬁegcﬁff@YtGiea‘ﬁlSSsé’r "’LejrI,lgaruihjheat‘flﬁis’lg> 3 Pﬁﬁt%er%lél “Nane,
tenperature, Vis ity Ldity, 0 nt L, £harge, and so
on) ofeT{ﬁg%Iaiquui gggrm p%h glrh claéln §E§v§+a§?‘di"§€ %§e%‘}£l12§tﬂ§af orm of display
li ke a%ﬁég-lﬂ%tbls_su@@@,er tHPr£rSRRGHf L& hnfor Bl CaRehe abtained from
tag information while observing an operating status in real tinme, and thus
nmor e i abekhivgi bl esobsesyahicon ¢ rbacsel Vbae peadt beopr avi fledniaa adnobser ver .
[ 0049] Further, although the above-descri bed enbodi nents are descri bed
t aki ngd ¢xarpliesn of nhet ma s ical | ednd nom- pnafsmssihe disppdapyor a
transm ssive display, the present invention can also be applied to a
non-t r@asnicssi vengr ¢jletyne drha transhissies proj aetterh Foe exanpl e,
instead of the display device 4, a display device having a display unit in
an eyegrassmest nPRFiich: P8 -worn on an observer's head or the like may be
used. Further, for_ exanmple, en oyerl ayi.ng.and di spl aying an_inaged i nmage
and a vi rt uAP “enade tt Eg“:"AR;'1 é’f"\?e'rg?sﬁlxi%&gdt ﬁ@bcoocz?@ﬁﬁﬁsgsm%y tbneg i maged
i mge and.the virtual, i ) t r i gni ng coordi nates, for
exanpl %?mpﬁenreegi §r§1%¥%g%tyo%£§pg§£g?%%é marker in advance on a
facility, apdal '&fﬂ?&h%éf&% bhal ese 0k 1ihee §Maged: 4 page ands the i rtual

I xed mar

i mge based on the er in an inmage imged by the canera 2. Note

t hat m@ggmtpr‘geé di splaay- dg¥igehavi ng the display unit in an eyeglass form
which is worn on an observer's head or the like is used, the AR server 1

presumgsowshar e therehdeneerc is-1 ooki ng at based on position information,
direction information, and so on fromthe display device, and aligns the
coor di nat esFtg.mR €hishe pdésgmedn ppdiltistnrating 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 procesgsing apparatus 200. The AR

providing apparatus 1000 and the information

processing apparatus 200 are connected communicably

via a network.

The AR providing apparatus 1000 is an example of

an information providing apparatus (computer), is an

HMD (Head Mounted Display) or the like, and provides

augmented reality (AR) by displaying an image

{computer graphics image) generated in the AR

providing apparatus 1000 at a position which matches

a real space which can be perceived via the AR

providing apparatus 1000. The AR providing apparatus
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Not e that the above-described enbodi nents nay be conbined arbitrarily and

i npl enent ed. Note that the above-described AR server 1 is an exanple
of a conputer. [0050] <Enbodi ment 8> Fig. 26 is a diagramillustrating
an exanple of a structure of an information providing systemaccording to
this enbodi ment. The information providing systemhas an AR providi ng

apparatus 1000 and an i nformation processi ng apparatus 200, The AR

provi dt ?laoaﬁ’ﬁ’a?%?ﬁé’sloﬁ%daﬁd St?'l](e)a?’ﬁf'or%t?o% rp%g%eggiw agf}gr at'us®200 are
connect ed.communi cably via_a -network. The ravi ding aratus 1000
is an %9%%plsé°ao(fea Cllrynf'%}r{‘?r:ratntplloen' \Sgo@lacﬂ%%rgﬁlpg;r%?ggg( glorgrlr%%tgeraﬂ,otpi s an HWD
(Head n L spLay. i owvi u dr, tty (AR) by
di spl a%ﬁétc%ﬁc il%négé (%%%S%%rg%ﬁi%%%gﬁ)@gi%gr g{%{jﬁiénttrﬁgé]%l? provi di ng
apparaf g5 . 100 @t 2rRosi £hen Wi 6PuRBl ChesSpa Jead sSpaceaphheihwcan be

percei ved via the AR providi ng appar at us 1800. The AR providi ng appar at us
1000 owenl ays andedivept aysmpan: @rcrane ¢x ek 1300 bnda meabgspace for
exanpl e, a dangerous range i mage 310 indicating a dangerous range due to

t he craaeinuckc 3pé.s Nof eitHairhhé lionf or gakited processlagIgpparat us 200 i s
a server conputer for exanple, and manages various types of information

rel at edbf 64 dangérdusi ebpacteXaRPels %l af SeamPrECHs at d4aAGdrlous target)
such as the crane truck 300. In addition, the qiian erous_target is not

i mit eRUES @Afe dARgETRREob LT i 6981 bub Atk hﬁgé’na pf&Ee or a space

relat e&a&%earodl?gg%%’rgsgghi%s rlaoéoﬁqm\'\ﬂeég %ol argg: dangerous
obiject itself but includes a place or a space related
to a danger, such as a road where a lazrge,
unspecified number of dangerous objects pass by
frequently.
[0051] Fig. 27 is a diagram illustrating an example
of a hardware structure of the AR providing apparatus
1000.

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

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

described later.
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unspeci fi ed nunber of dangerous objects pass by frequently. [0051]Fig. 27
is adiagramillustrating an exanple of a hardware structure of the AR
provi di ng apparatus 1000. The AR providing apparatus 1000 has a
control device 1005, a storage device 1010, a comruni cation device 1015, a
di spl ay device 1020, a direction detection device 1025, a posture detection
devi ce 1030, and an i magi ng devi ce 1035. X The control, device 1005 is a
CPU (CERPPA! ProBesEitfyt €t )O3 Coxanpt 8, Tand? rBa¥s BRHREgPAM Y rom t he
storaqg device 1010 a ngces ary_and exegut es tpe pr.ogr anBy he program
bei ng BXBEH%ED, £h af B2 BVEE SFUtE MORSCH R t hE A ]gréviadﬁ g appar at us

1000 vhL it M 14,89 cdescaLbad lat Fggg%dt%g%e%p@o& al oflet0 4 ovchart s

whi ch Wi be des ater. e storage devi 010 is a ROM
(Read Onby,Mesory), a FAMLCRANMQN AGeaps: VDI YA i 18N HRL( BaigkDysk)  and/ or

the |i ores various typesS of information. ﬁESCribing in nore

det ai | gethe st opage deviige skPe ERAMp 8L aa pEOGTAM andtet hehi bke which
are read first when the power of the AR providing apparatus 1000 is turned
on. Fustbermeddefitraragehdevitciee 1000 RAME fuinet RBnp masvadrieiqn menory of
the AR providing apparatus 1000. Further, the storage device 1010 ( HD)

st or esapp@erd tudafl® dhdi shé Uikedcalcul afed Wyerhe t 86 Xd94 ce 1005
other than the program Note that the AR providi ng apparatus 1000 may

obt ai ndedriwust B&Ges( RAM) nfigtpat LoR S P Bedstit 28 MENMPBY sC3r dgfedevi ce 1010

net wor RROPAHEL ARG, SPPSTANAS EGMmi oGP Gby Gerd08 5 BE T br me
ko e’ P kel e cotfn . . .
appar 2060 200 15280t ATV AGES T SRttt M e rin TAPRtBIY oS Ganger ous

0bj eCt . IUHIRL o ol e, CORRUNILGAL LN ded £€.10100 perialg eqmmnigation with
a satellite, Ich iI's an exanple of a position detection device, to obtain
orbit LpbQfMBhi ONNote 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
ocr the like.
The communication device 1015 performg
communicaticn via wire or wirelessly with the
information processing apparatus 200 to obtain
various types cof 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 exanple of a
display unit, is a transmissive liquid crystal
display or the like, and displays various types of
images.

[0053] The direction detection device 1025 is an
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The display device 1020 is an exanple of a display unit, is a transm ssive
liquid crystal display or the |ike, and displays various types of imges.

[ 0053] The direction detection device 1025 is an electronic conpass for
exanpl e, detects weak geonagnetism (for exanple, geomagnetismin a forward
and backward direction and geomagnetismin a leftward and rightward
direction), and calculates the direction (direction information) of the AR
provi of h§ CappaR AEuS CIRRS By L cHFAMBSt he i Fetfi §ifDF the north fromthe

intensity of the.%eo netism The postyre det ectign devige 1030 is
a gyr ogﬁﬁﬁ?&n%% BxanbPé, St BRLS t HE® ANGHIHr - valfodi't y* of &R bbject and

cal CU'%ng a%“c%&%% (CPPEEBrt%_c?l{ZI Lhe %@&%rﬁgegsﬁp% us 3000, (gosture

i nfornmati i nt egrating e ang r ocity, or the like. The

| magi ngndevi e, 4035 pedii OeNE: 1 HRYI NG 08 aanealispage.£n£0054] Note that the
har dware structure of the AR providing apparatus 1000 is not limted to

them d&okcexanphe,(da €& eeldroni pesti£r dehectd oncaeviLR pawvivigi anbuncti on
integrating the functions of the direction detection device 1025 and the
post ur &pgdetrect ion 1devi ceyl@3( oy aliel regpkbyedi i nskead of ottheidé recti on
detection device 1025 and the posture detection device 1030. [0055] Fig.
28 i s moditdyraneml Itist r aniten antex@afpl ehef gednagniecdnasmstructure of the AR

provi di ng agggratus 1000. ) ) )
e posture detection device 1030 i1s a gyro

sensor for example, detects the angular velocity of
an object and calculates an angle (posture of the AR
providing apparatus 1000 {posture information)) by
integrating the angular velocity, or the like.

The imaging device 1035 performs imaging of a
real space.
[0054] Note that the hardware structure of the AR
providing apparatus 1000 is not limited to them. For
example, a direction posture detection device having
a function integrating the functions of the direction
detection device 1025 and the posture detection
device 1030 may be employed instead of the direction
detection device 1025 and the posture detection
device 1030.
[0055] Fig., 28 is a diagram illustrating an example
of a functional structure of the AR providing
apparatus 1000.

The AR providing apparatus 1000 has a measurement
unit 1040, a direction information obtaining unit
1045, a posture information obtaining unit 1050, a

retrieval unit 1055, a visual field determination
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The AR providing apparatus 1000 has a neasurenent unit 1040, a direction

i nformati on obtaining unit 1045, a posture information obtaining unit 1050,
a retrieval unit 1055, a visual field determ nation wunit 1060, a display
control unit 1065, and a video obtaining unit 1070. The neasur enent
unit 1040 is an exanple of a position information obtaining unit and

cal cul ates (cal cul ates, and obtains) informtio éAR position | nformation as
an exdii& o0 aPparatdsSBe&Y i CAREATDT naftdn)t [??1 i c&tthg®t e TUT r ent
position of, the AR provjding apparatus 1000 fromthe orbit information

obt ai n%latﬁid?ﬁ%gsgf%’i i lltgh&i'a t he conmuni cation device 1015. The

di recti on T RLarRLL o Ot AL pi 06 Uni§ 04045, DLl s dypeation bnf or mati on

calculated inthe direction detection vice 1025. te that the direction
i nf or B LQn Obh al KNG HALY HA5L FBY 1 2681 ve idet gatied 4 DEanmatd on such as
geomagneti smfromthe direction detection device 1025 and cal cul ate the
directienlicnfpsarets eha obtailhe) pdst i embnfiosmat ken wbeaitnicry unit 1050
obtains posture information calculated in the posture detection device
1030. Nofe rimat ibhe postur exdahpileatd Dnapbeaiatng wd:i1050 may receive
detected information such as angul ar velocity fromthe posture detection
devi cel 2630 mamt icallcul ndé cedst mg e th of Haticgh: POOSE] TAB Ot riefal unit

1055 retrieves (reads) .
AR providing apparatus 1000 from the orbit

information obtained from a satellite via the
communication device 1015.

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

The posture information obtaining unit 1050
obtains posture information calculated in the posture
detection device 1030. Note that the posture
information cobtaining unit 1050 may receive detected
information such as angular veloclty 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 degscribed later, mokile
target table which will be described latex, and so

on) storing information, which is used when a
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necessary information fromtables (positionally fixed target table which

w Il be described later, nobile target table which will be described |ater,

and so on) storing information, which is used when a dangerous range inage

i ndi cating the dangerous range due to a dangerous object is generated, as

various types of information related to dangerous objects froma storage

devi ce_280 which will be, described.l ater gnqiis i,ncl uded in _the information
f

pr ocesS# R Sapar af @8 Foimage 1RAd GASLRE IbT al GBSt Y RSt iGH BRI t 1060

det ermnes (o5t gates). dfe vispal. fiel d,CAB visual Gl d) ol the user

wear i ng" th& AR pF6vidhi g~ pparat u ased on thé direction information

Obtaigggpk% the diy ;ﬁQEﬁEﬁIQf@?%&%ﬂiogbabﬁhﬂgeyah% 1985 dhe posture

i nfor on obtained Iin the posture information obtaining unit 1050, and so

on. [PPEA] aTher dirsplaygeontdol 2 poi twH06h gerner abes s avgmend ed i mage
based on the direction information obtained in the direction information

obt ai N ageunidnd04%, ihelpastdireni nflor mahifen bt dibmed T ockelses jpogt ur e

i nformation obtaining unit 1050, the information retrieved in the retrieval
unit 198parariduso2@® and di spl ays the augnented i nage on the display device
1020. At this nmonent, the display control unit 1065 perforns alignnment of
coor di nat esTher \tﬁ%Eﬁéyifrﬂgeitﬁedﬁmﬁﬁtlékﬁﬁhﬁﬁe%%hgﬁ6\/9 th the dangerous

object .in the real space on the display device. 1020. . __To, accurately
per f or A RETGHIRRE o(fe%%ﬁF‘&itr‘F'aﬁ)est%]&e LEFRe o %agﬁen&%Rbgﬁ\ﬁéé%lthe r eal

nd diispl d I it .S
space 204 L1e i sbhaved pace (Y Lyl space)u Ll s fecsgsaya Lot o

par ane par amet'ers” an ar anmet’er generating an

augrrent gd o MOgCal A VHL! (Al 5page I § A rbAnAlet 8ts ol bhedl sphay devi ce
1020. Tnternal paraneters of the display device 1020 are known, and thus
the propkemof-geamirifrormation obtaining unit 1045, the
posture information obtained in the posture
information obtaining unit 1050, and so on.
[0057] The disgplay control unit 1065 generates an
augmented image based on the direction information
obtained in the direction information obtaining unit
1045, the posture information obtained in the posture
information obtaining unit 1050, the information
retrieved in the retrieval unit 1055, and so on and
displays the augmented image on the display device
10290. At this moment, the display control unit 1065
performs alignment of coordinates for displaying the
augmented image matched with the dangerous object in
the real space on the display device 1020.

To accurately perform alignment of coordinates
(geometric alignment) between the real space and the
displayed space (virtual space), it is necessary to
match parameters {(internal parameters and external

parameters) for generating an augmented image of a
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al i gnment eventuates in a problemto obtain external paraneters of the

di spl ay 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
provi di ng apparatus 1000, it is possible to enploy various nethods by
appropriately conbining the direction detection device 1025 (magnetic
sensor), the posture detegtion devi ce 1030 (g o Sens he.control

devi ce’ 1685 3(GPEyacand th dP@ﬁIWB%%SCéDEO . %Pﬁ[é)r? TU3-S hey can be
oUoN 50 5oL 10 o UL nete sl o RS ETEDE ol 2y sopgors (A

posi ti |ﬁFornat|on, ure information),
met ho 0 n i e Lmag yothe, dispbay Ihee 1020, and nethods to
conplg%%%tkgﬁﬁfgblg@ﬁ%ﬁ%tﬁ?n%g?ggﬁnentﬁ%y a céﬂ%?nation of the display

devi ce, 1020 g SeRSXH Suates ihNatl PFSowmadid®nsoren d hexasstigpli on t hat
the internal paraneters (focal distance, |lens distortion, aspect ratio, and

so on)p&faihea @irsploay trei ea hP28vare-cabtebrated i(nradvanse, e
description will be given enploying a nethod in which the display control
unit 1965 iahtar nanthep ARCposi to bntief ckRapirery i dhegdiameairerisf or mat i on,
and the posture information of the AR providi ng apparatus 1000 which are
measurk@d00do as to obtain a geometric transformation matrix between a
virtual coordinate systemrepresenting a vintualﬁ%ggironnent and a

i

ref er eh@85&dor diER&tte sySt ERATGIIR F&a Rpddé Wt c R YEH TS Abvance

i i nf t] | at | i bet irt | di t
Syotent BRAAE areraeigodrm it b gy croly ¥ P8R, fat s eseribed -
bove, | trolunit 106 aj geogeLri
?rgng%&ngg%ﬁ&%gﬁfﬁggb@ggggﬂﬁ%t%%g%Igggoggg%% %ggfhe ext%:ha %gsaneters

(posi tjopand; PRsStiwed -0k Jhes dirsplayr §8%i qenalPRA it reahstde, using some
kind of coordinates existing in an inaged image. At this tine, as the index

for estheatddg:the pbsttiben anddpestas e10f ot hegARoprovi domy appaeat us 1000,
an intentionally added i ndex such as a marker may be used, or natural

char act enitstd tsdeuch-@as100rt ol PBENf,oramdi oine biigbtiressdedgeand feature
poi nts may be used. The video obtaining unit 1070 obtains video data
of theipédl. spavedtiwgedvwiordhe CiEy ngadeWicer?d3H1Y0059] Fig. 29 is a
diagramillustrating an exanple of a hardware structure of the igfornation
[Ncmesgﬁﬁ@%ﬁﬁhﬁ§ﬁﬁ$@ée.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 thisg embodiment, on the agsumption 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 pogition information, the
direction information, and the posture information of
the AR providing apparatus 1000 which are measured,

so as to obtain a gecometric transformation matrix
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The information processing apparatus 200 has a control device 275, a

st orage device 280, a commrunication device 285, a display device 290, and
an input device 295. The control device 275 is a CPU (Central
Processing Unit) for exanple, and reads a programfromthe storage device
280 as necessary and executes the program By the program bei ng execut ed,

there are achieved functions in_the information processi appar at us 200
whi ch REEF &5 des¥hted® LataC BhE B eSEPhG S e?gP&T‘cteonPE&%kParts whi ch

wi |l be,descrjbed later. 060] , The storage device 280 js_.a l e of a
st or ag‘élﬁﬁiutalanﬁni*‘?raOW%Reaa‘JddCﬁl y %g?)c,e a” RAM ﬁ%‘%}lggm c%tgg}sa Menory) ,
an HD rd D sk) of, .t ] ke tore i i nf,or mati on.
Descri‘%llf_l(rgllf]i i%%rgp%g{?%i Fq,hlt e istgo?glgfgelge\%ﬁcza%g%%gkés Bgt%()e%fessié<211;lprogram

and thegkike,nigh are-read difst cwherthe powss ok dieai pharmdion
processing apparatus 200 is turned on. Further, the storage device 280

(RAM £4RGd 0NStaS A fBER REIDry ok fdwee hnkorambi-an rptr beessisngeappar at us
200. Further, the storage device 280 (HD) stores nuneric data and the like
cal cul at ed Wyttchecicant ol devicce 298 efbhere t hamea héippdgrantoNGtot hat t he
information processing apparatus 200 nmay obtain various types of

i nf or matiien 1 ®6 be mstor el tigni 1t heh gt greagyee Havit et P8O G RN A Taétbr di ng nedi um

such as a CO-ROM or may download themvia a nefwork or th§1| i ke. The
communfa&tiich BBy eeE P8 tagthunt €4t &IFPH San bPEr &1 8fdt e detection

sensor detecting a state that a dangerous qbject is operatin operatin
st at e)pﬁﬁ@“@oqﬁgﬁs f%?%?ﬁdﬁrbna?gaﬁ’g)ésr%ﬂgegbj %]gt tlﬁ?&i f%ﬁaia fo§ mgti on V\ﬁi ch

s an exanple of ,danger gus tar ggt RQSi 440l oLuR gn) or the like
i ndi caﬁl ng SShe ciirr ent posﬂh on of %ﬁie %anger ous object fromthe

coordinates existing in an imaged image. AL 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 coantour
information, brightness edge and feature pointsg may
be used.

The video obtaining unit 1070 obtains video data
of the real space imaged in the imaging device 1035.
[cc59] 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
contrel device 275, a storage device 280, a
communication device 285, a display device 290, and
an input device 295,

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

from the storage device 280 as necessary and executes
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operating state detection sensor. The display device 290 is a liquid
crystal display or the |ike and displays various types of information.

The input device 295 is a keyboard and a nouse or the |ike operated by the
user, and inputs various types of information to the information processing
apparatus 200. [0061] Fig. 30 is a diagramillustrating an exanple of a
table (positionally fixed target table 210Q) storing information related to
danger'oig SBXTFIT.  BY FRE posPEremal P Ak Eard&t @t abPETAI0 i s
structured t%ljnclgfe i nformati on_of dangerous oghect | D, danger ous obj ect

name, ¥ype S Hanger trRf rétice bBﬂHﬁ%n,ngﬁﬁ@f Sﬁﬁﬁ%ﬂgeﬁ nge’of each
state, and.current ,sf gty Cthﬂgysbteypggsg%fgggrﬁte gxel uding the

i nf or matf 61 “of cufrent status are set via the I nput device 295 or the like

by an Ao lyALOk Ji0L - exanpl er 1T raekE ndiiol chhe.dnf opgti on of current

status w || scribed | ater. e informati on of dangerous object

IDis 4dantdifdcat nardpformation for identifying a dangerous object. The
i nformati on of dangerous object nane is information indicating the nane of
a dangeooss jobj ehat. stheranfkordmtior dfstype cdndangerris pif armati on
indicating the type of danger due to a dangerous object. The information of
referepterpast tipati and is a ROM (Read Only Memory), a RAM

(Random Access Memory), an HD (Hard Disk), and/or the

like and stores various types of infcocrmation.

Describing in more detail, the storage device 1C10

(ROM) storesg a program and the like which are reacd

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 oxr the like.

The communication device 285 communicates with an

operating state detection sensor detecting a state

that a dangerousg cbject is operating (operating

state) and obtains information (dangerous object

position information which is an example of dangerous

target position information) or the i1ike indicating

the current position of the dangerous object from the
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information indicating the position (latitude and |ongitude) where the
dangerous object is installed (installation position information). Note
that the installation position information is information indicating the
position of a fixed dangerous object and indicates the current position of
t he dangerous object, and hence is equival ent to dangerous object position

information. Further, the installation $osition information can al so be
used aRPPEEST AT 63 dentfifi Tyt 3pSS3F8h "where a dangerous range i mage is

di spl ayed (displ.ay sition infor ion). re, .for , 1n the case of
position i nﬁh?nﬁﬁi%ﬁgﬁm #?ﬂécleatﬁ%désofa rgégg’slzf‘gl?g))%%fhe | ongi t ude of
"139.8 R p nt as ; jtian.j ti =35..354417,
139.86$%§§55Pﬁ %ﬁizt%%b%g?%%ﬁfgdf%ﬁggﬁggggnoga%gﬁgg J?Pgigléﬁgtion, t he

al titugdgrof @ dangerous object to be handled is assuned as "0". [0062] The
information of state is information for identifying the operating state of
a danger ousTakj ecip (6t @eer i dentidd caki en e poratd oahd m Fhguss0,otwo types
of state identification information are presented. The first is state

i dent i fheatliidne i nbenmat €dn by’ 9t B8 e <i7; 08'hd opepattisngvhodsis or the |ike)
for identifying whether the dangerous object is in operation or not based
on thetgperem It imfomMhatdaibndci $hst atefpdem § £ PEath oACPAFGTM@L i on (when
fully operating, when only east side is operating, and so on) for

i dent i #PPRF Whae mode- t he dangerous object is operating in based on the

nDdeCﬂo%@i]daggg?n§oogga§ g@%@é&mogﬁﬁﬁé§rggﬁﬂf g86@§££§ie
of a table (positionally fixed target table 21C)
storing information related to dangerous objects.

The positionally fixed target table 210 is
structured to include information of dangerocus 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 sgtatus will be described later.

The information of dangerous object ID is
identification information for identifying a
dangerous object. The information of dangerous
obiect name is information indicating the name of a
dangerous cbject. The information of type of danger
ig information indicating the type of danger due to a
dangerocus object.

The information of reference position is

information indicating the position (latitude and
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The information of dangerous range of each state is an exanpl e 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 enbodi nent, when a dangerous object is in
operation, "0" is set by the information processing ap arg%L s 200, and

not hi n§PRg idetdgor WS Te EPSar T IwTettf he Pddnger ofs Jdng Lﬂ1'6"5 not in

ti . 00631 Fig. 31.i. di il trati | f t abl
oot R PR Rh el Bodlotel R AME R [ 2 R D RyaTge of 2 faht e
The nmobjLe tﬁ&g& %abgd;s,%%%r? f[g%cxtryg@s!oho wcha&g%ﬁgem{' on of
dangerous gbj ect I , “dangerous object nane, type o anger, positioning

referengg. Sialfy dangerous vandeaf Lachyslat@angvont statdss and
current position” Various types of information excluding the information of

curreninst atrugi apd etchechaf erimt ok fosueient posicieondangeseiuyia the

i nput device 295 or the like by an adm nistrator for exanple. The setting
of theobnkarmat and dfercuer et sgativs badtt e | ddogratdos ofc jcur tent
position will be described |ater. The information of positioning
ref er epoe litsl ¢ nf dndatitoatiiedi cat Fig ther posite ohnwier el atdaiger ous range

i mage is displayed (display position information). The information of

cur r enPOFAdi ¥PBn 1S GHFHE ARE R ndi B i R (et uPrent R HBEME 0hCBf a

dange_roasg&?igct dangﬁéo_u .obg'lec eﬁgsiti gn | nf or mat i on%}. Not e tgat t he

descri pt'f ¥ 1 He SR Hlert™ ad tHosei PRI Tabed i W RPg. 307 are onitted.
ig displayed (display position information}. Here,
for example, in the case of position information with
the latitude of “35.354417” and the longitude of
“139.867623", it 1s 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
asgumed as “07.
[0062] The information of state is information for
identifying the operating state of a dangerous cbject
{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 ig state identification informatiocn {(when
fully operating, when only east side is operating,
and so on) for identifying what mode the dangerocus

object is operating in based on the mode of the
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Here, in this enbodi nent, although the information related to dangerous
objects are stored in the formof table and in plural tables according to
the types of dangerous objects (whether it is a fixed dangerous object,
whether it is a noving dangerous object, or the like), it is not limted to
this structure. For exanple, a structure to store information related to
dangerous objects as one or plural files may be enpl oyed. Further, for
exanpl @2ng st wet Gk ¢ ot sévedr | hForRR TBRSFel BRBd 1o WaRYELIIRT bbj ect s as

one table may be eppl oyed., [0064]Fig. 32 i di illustrati
exanpl e of a’fl owt Ff“%‘retej’r% e(:?%t g%ﬁ@@&s%#%g%@#%aeg{%?nlﬁatﬂi égﬁlrtpen?n
status! (o ti t at tt i , | i,S. b

O R B T LR SRR TR ) b ER A PR BT Y B e

operat%%gasnt are”s
| nf Of%if%%rﬁmegeasii éea%iaﬁ%st%@-dmg%ﬁ&% the,qu ocessing of the
illTu 2 1s pertormed at certain intervals (for

r
fl onchart strated in Fig.
exanpl go reeiyo ANWL)to the sEhkH .othe epeigqbirBeStabgesailing unit

obtains the current tinme (step S105). Next, the operating state
set ti ngheniin f eads dind0r 68t inrrehat edt houa dangéndus-obidécin from t he
indicating whether a dangerous object is in operation
or not. In this embodiment, when a dangerous object
is in operation, “0O” is set by the information
processing apparatus 200, and nothing is set (or it
is cleared) when the dangerous object is not in
operation.
[0063] Fig. 31 is a diagram illustrating an example
of a table (mobile target table 220) storing
information related to dangerous'objects.

The mobile target table 220 is structured to
include information of dangerous object ID, dangerous
object name, type of danger, positioning reference,
state, dangerous range of each state, current status,
and current posgition. 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 informaticn of current peosition will
be described later.

The information of positioning reference 1is
information indicating the position where a dangerous

range image is displayed (display position
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storage device 280 (step S110). Next, the operating state setting
unit sets a "current status" based on the current tinme and the information
related to the dangerous object (step S115) and finishes the operating
state setting processing. More specifically, the operating state
setting unit reads the information related to the dangerous object
sequentially, and when the information of state is the state idenptification
i nf or reR £ 8AT@E T hBper i 0B ef 6 5 PERBITYT MgOhh et Sfire RRRYEASUS bBj ect s
in operation or,not based on the ﬁurrent tine, the. operating state setting

unit detePrtiest RRet et - EAL AF renf (T PEY RYTaEd S Thi § time period or
not. A4 5“2%”@?%%-%@? g@%rn 4 DGt at g sett 1 ngs ynisty pets "0 to the
"current s when |

tatus etermnes that-the rrent tine is included in

this tjme.perd 0o, theoetherndandnd heegperati ngnst ale seld idgnuni t
clears the "current status" when it deternmines that the current tinme is not

i ncl udpdehl tdd Sthigm: periact fH068] iHergigan sxanple ®fiperfdrmng the
processing of the flowhart of Fig. 32 when the current tine is "15:00"
will be desgerked.in thidiesbpdimshep Sl0Shotlygh opkeating state setting
unit obtains the current tine "15:00". Next, in step S110, the

oper atim§oste viset tianbe bridt teadsnoer PRBok ¢ 0k Sofa B8 abE& A% t he
positionally fixed target table 210 and. the .nobile target table 220.

Next, iR &tep 0218 qhetopdratdng dtatRlYEeth ngPBATE sBESOERe ®Surrent

status" corresponding fo_the information of state _one by _one. For exanple,
when at?i et e YB&S'Q?%OdFEgPﬁ%BS 188 Sasgv?lﬁ%t?lr‘?fror ti'oh of state, the

opet SUESReR AEBRRALE, Mile LSBT L e L e S, O 1
state SELUG DT Liflel oL nes hat jtie surant; 4 o< 16140 ds ¢acl uded in
the tinme perio : to 17:00" and sets "C)" to the "current status
cor r espaRdi ng: +Qcttha-é nfoat i ORaeh1sd At e Gl MR Pericode $9:Qd e 17: 00").
information related to dangercus objects as one or
plural files may be ewmployed. Further, for example,
a structure to store information related tc dangerous
objects as one table may be employed.
[0064] Fig. 32 is a diagram illustrating an example
of a flowchart related to processing of setting the
“current status” (operating state setting processing)
which is pexrformed by an operating state setting unit,
which ig8 an exanple of the functicn of the
information procesging 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 S5105).

Next, the operating state setting unit reads

information related to a dangerous object from the
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[ 0066] Note that the processing of setting the "current status" is not
limted to the above-descri bed processing. For exanple, instead of the
processing of step 9105 to step 9115, the operating state setting unit nmay
perform processing to receive information indicating the presence/ absence
of operation of the dangerous object fromthe operating state detection
sensor, determ ne whether the dangerous object is actually operating or
not, amEosege 0ded Ahe? OurlnePsfatius? -when it determines that the
dangerous object is operating.,or clear the "current status” when it

det er m nes YREEC ht'ehﬁar?é)eer%%giél@j L€ ittt opedatthgt TU0B7F Fig. 33 is a
di iLlLustrati v | h i f
cetti ngPRE S Pt 80 ac BT Shatiiy SRR n b N R aREHESS TR O i s

per f Or{rﬁgo?ﬁ%]@?.oﬂpef@igegdﬁ@é e el ld Mgt s %'8@1:1’: S (apgxanpl e of the

function o e Information processing apparatus 200. Note that the
procesgi ngofs 4 e sfilpmehakt dHd usblated: hg Rt £33 des pentor med upon
recepti on of dangerous object state information fromthe operating state
det ectpoBcsensDhg .[ 0068] First, the operating state setting unit receives
dangerous object state information fromthe operating state detection
sensor (stepo8E20peThd idemperyous: lobj egte 53 i rif o2 et issrt Fholbudes t he
information of dangerous object |ID and information (operating node

i nf or maRien)readpcatinglinhe nmabien opetaticch o & fardePE§s YbFect. For

exanpl e, as the operating_node information, "0"_is set, when the dangerous
obj ect ©P3 e/t %6€P§F?%b?%&@“ i%“geﬁﬂﬁﬁ%nt?ﬁ% Hahgérsust 8Bj &t is operating

2 sk dmie i 1ea9e! SR LS JBP98I0uS, PDLEEL IS onaralLng i 2

second® e operating e Setting unit reads

Doy "BL LA el ezag—idcjg@?g};q@ﬁ}gl%guw%ﬁg& feho e G0t age figyice 280 (step

5125). bre speci operating state setti'ng unit reads
i nformati qn rehat-ed 1ont be dangenaus bLact: 1Or FasRAWE NG it  hehe

i nformation of” dangerous object ID included in the dangerous object state
infornBpe@hting 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 is included in this time period. On
the other hand, the operating state setting unit
clears the “current gtatus” when it determines that
the current time ig not included in this time period.
[0065] Here, an example of performing the processing
of the flowchart of Fig. 32 when the current time is
“15:00” will be described.
First, in step S105, the operating state setting
unit obtains the current time “15:007.
Next, in step S$110, the operating state setting
unit reads the information of state from the

positionally fixed target table 210 and the mobile

target table 220.
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Next, the operating state setting unit sets the "current status" based on
the recei ved dangerous object state information and the information rel ated
to the dangerous object (step S130), and finishes the operating state
setting processing. More specifically, when the "state"
corresponding to the operating node information included in the dangerous
object state information can be determned fromthe read information

rel ated to ¥f&Etdanber §SObF 6, theSop@iFhg St i 0258t tShgtuMi% sets "0

to the "current status! corresponding to the identifjed "state". On the
ot her Hand, SR FTanhbt W e?@ﬁﬁg’rr%d e ©ake 2 ?ﬁe Operating mode

i nformati.on i ndicates.that .the n o) obj i ipn o ign), the
1nfo§%ﬁtlcn of s%a.e(ﬁgg %aﬂéﬁ? %%r §£¥%pi?,sﬁ§@ﬁ 9

oper at1ng g Settihg uni ears he read "curren uses".

[ 00691, Hoke, @zﬂi@éa”@ eo0f qer{orpiong {he processi rgof the flowchart of
Fig. 33 vx/ner?t e dangerous object state information (dangerous object ID

"001", ; aperatd hgoroder | ptargmt | eA" ZPei-schenei yed ofd ogethe mperating state
detection sensor detecting an operating state of a dangerous object ID
"001" whhk hbe:tdesearirbed. whetherFithst ,cunrstrep S12@, ‘the:opérateng state
setting unit receives the dangerous object state information fromthe

oper atinglsidt@ detaecté¢onigensperdeicect # ng Ot Hec op&rdtd ’hgost aret of a
dangerous obj ect "crane" of the dangerous object ID "001". Next, in
step SIRSDN .t Heh@pePRTAGisthtet36et ISR bAPT reads sdie¥M™iwesh ful ly

operating" and "when only east side js operating” .coyresponding.to the
dgngerBEgtotﬁ}é%t CPﬁr'%EY “FrEm fﬁé (HOS 8na§1rfcf/91‘lfi>?é{i %%'ro & ttgbing 210 and

;Pgt gopbielr?_c}fr‘ggt: ol?blE 920,40 Lhis smpodivyent, it is assumed that as the
status” corresponding to the information of state
(time pericd “9:00 to 17:007).

[0066] Note that the processing of setting the
“current status” is not limited to the above-
degcribed processing. For example, instead of the
processing of step S105 to step S$115, the operating
state setting unit may perform processing to receive
information indicating the presence/absence of
operation of the dangerous object from the operating
state detection sensor, determine whether the
dangerous object is actually operating or not, and
set “O” to the “current status” when it determines
that the dangerousg object 1s operating or clear the
“current status” when 1t determines that the
dangerous obiject i1s not operating.

[0067] Fig. 33 is a diagram illustrating an example
of a flowchart related to processing of setting the
“current status” (operating state setting processing)

which is performed by the operating state setting
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"when fully operating”, "1" is defined as an operation in the first node,
and as the state "when only east side is operating”, "2" is defined as an
operation in the second node. Next, in step S130, the operating state
setting unit determ nes the state "when only east side is operating”
corresponding to the operating node information "2" included in the
dangerous object state information fromthe read state "when fully

oper at PRGE  1'"Wiahgh" vifer@Bney iRt esitde §R3€ofetaEFAG™ 2L 5RG sets "0" to

the "current status" corresponding to the determ ned sta " n only east
si de i5R6P&TR T hg™. pﬁ‘b@?@]s%ﬁ%. SERHTLHUG ggorim i %IOL}:set’ I’éﬁla ngﬁeexa)r/rpl e of

a floveharl, rel aied {6 proGasS 0g.of. sef]0g 1 ecGunLenk | gOSIL ong

anger ous ~obj ect "(positron infornmation SEtti'ng processing)

whi ch fgérg%&fnpégeq By, ar ROSIdd O8ni BiFOrBLEen Sekt bRG di t g ruhich is an
(0] ung

exanpl t he tion of the information processing apparatus 200.
I n the; hegi gent her BRASitH ON o104 FBLIGON: S8kl NGe URidt 1 €L eiseass danger ous

obj ect determination information froma neasuring instrunent measuring the
posi ti pnoafsja drbgerousthbj eqiefat iaglangeteussebjectg hauiing a neasuri ng
dnstrunent) (step S135). The dangerous object determ nation information
i ncl udescelrrent dposid¥onsi nflof fati ot of € a iddhgeneds: obj st danger ous
obj ect position information) and i nfornmati on of a dangerous object ID. Note
t hat i®perating state detection sensor (step S120}. The

dangerous object state information includes the

information of dangerous object ID and information

(operating mode information) indicating the mode of

operation of a dangerous ocbject. For example, ag the

operating mode information, “0” is set when the

dangerous object is not operating, “1” 1s set when

the dangerous object is operating in a first mode,

w27 ig 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 8125). More specifically,

the operating state setting unit reads information

related to the dangerous object corresponding to the

information of dangexrous object ID included in the

dangeroug object state information.

Next, the operating state setting unit sets the
“current status” based on the received dangerous
object state information and the informatiomn welated

to the dangerous object {step S130)}), and finishes the

operating state setting processing.
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is also possible to enploy a structure such that, instead of the dangerous
obj ect position information, orbit information or the like for cal cul ating
t he dangerous object position information is received, and the position
information setting unit cal cul ates the dangerous object position

i nformation. Next, the position information setting unit sets
(updates) the "position informati on" based on the received dangerous object
posi tion i nfer®atd®ACakd §ht 6FmatToA%r &8 edSEE the GRAFEDRSNOBEEtL (step
S140), and finishes the position infornmation setiigﬁﬂgroces i ng. For
exanpl 8° thStRPESEA0. "IhBR Thel BESTTON PRY or hat i e%Fiﬁ§QHﬂt recei ves

t he dangerous object. determ nation d nforpation includi a_dangerous obj ect
| D "01@ D& %%ﬁg@% u@sc%bf‘-”ec"’%nt%o%i“tfioornm?gaé’rnna #on b%s&%%%fé“ﬁ&i%. 874618",

the pogithon 01 QLuas i of-SeLLd Pgounile 18Lers Lo the Reshionally fixed

t ar get 0 a e nobile target table 220, an et's the dangerous
obj ect itd on.i.nf Qf L " 35 7 ) ot e wgur rent
positi%%S%%%%?egggngﬁﬁg£%gqfﬁg ﬁgggéfoﬁgég%fgifg%%q'5%%£s [é%?lf%?g. 35 is
a di agtas MNdwsteati ngt apuexanpbe refspohliowehar b releat edeha idi Spay
processi ng perfornmed by respective functions in the AR providi ng apparat us
1000. TetesaSsuned tthae thar«rspkand prebessiing csmperf obaed repeat edly
when a node for identifying the presence/ absence of usage of the AR
funct i dateaRpEd) (thrONcaNst ewhiate tthee uo®e Bk £ EileSN@ONEOFF of the AR node
by pressing down a switch (not illustrated) for smﬁtchingﬁthe AR node.

Fi rst, 1Pfostiept 5285 1 R P CR&TT eb AR tunf £ 165 FoF PHEV &P § BRtr dct s) tar get
data of jwhich current; Statusis Qe fdombhe popLtional Ly fixed, target
clears all the read “current statuses”.
[6069] Here, an example of performing the processing
of the flowchart of Fig. 33 when the dangerous object
state information ({(dangerous object ID “0017,
operating mode information “2”) is received from the
operating state detection sensor detecting an
operating state of a dangerous object ID “001” will
be described.

First, in step S120, the operating state setting
unit receives the dangerous object state information
from the operating state detection sensor detecting
the operating state of a dangerous obiect “crane” of
the dangerous object ID “001".

Next, 1n step 5125, the operating state setting
unit reads states “when fully operating” and “when
only east side is operating” corresponding to the
dangeroug object ID “001l” from the positionally fixed

target table 210 and the mobile target table 220. In

this embodiment, it is assumed that as the state
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table 210 and the nobile target table 220 fromthe infornmati on processing
apparatus 200. Note that the target data extracted fromthe positionally
fixed target table 210 includes information of dangerous object |D,
reference position, and dangerous range of each state. Further, the target
data extracted fromthe nobile target table 220 includes information of

danger\c)vu\rlsl objg&igl D’ogpé)%lrtii%\ 1 g K\%f,eregcgefqta&pggr% Lange of each state,
nt,

and curfent position. thi § enbodi me as illustrated in Fig. 30

and Fign 3L fOr ip ecgs of; dat apaik readqas d henkargel cdatgpinwhi ch the
current-status 1s "0". For exanple, the target data determ ned by the state
"2 (onhyi1gasds stde jicke oper ald@dt iefgt hevdanges ogs rahj egt alsD4W01" is read,
and this farget data include the dangerous object ID "001", reference

posi ti opet3h: B54417h IB9. 8626234, mantk dangerous range "radi us 15 m hei ght
20 m direction OQto 180 " of each state. [0072] Next, in step S150, the

vi deo obt ai Neag unit £GZP 0Bfdi0ns Vhdeommatofia ¢ealksspaeetimiged in the
i magi ng device 1035. Next, in step S155, the neasurenent unit 1040
nmeasures itnfds REETGH Y ARCPSsi T F oA S nTOrBEL C6h)Y PAdTcatiA§ tie current

position of the AR providin aratus_1000 fromorbit information obtained
from a®B&F&A 118 vi Jf%%SEf??ﬁiﬁggatticbnt}aﬁvpé’ee]i%_tt%.ng mode

information “2” included in the dangercus object
state information from the read state “when fully
operating: 17 and “when only east side is operating:
2, and sets “(O” to the “current status”
corresponding to the determined state “when only east
side is operating”.

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

In the beginning, the position information
setting unit receives dangerous object determination
information from a measuring instrument measuring the
position of a dangerous object (or a dangercus object
having a measuring instrument) (step S135). The
dangerous object determination information includes
current position information of a dangerous object
(dangerous object position information) and

information of a dangerous object ID. Note that it
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Next, in step S160, direction determ nation units (the direction

i nformati on obtaining unit 1045 and the posture information obtaining unit
1050) determines the direction (direction and posture) of the AR providing
apparatus 1000. That is, the direction information obtaining unit 1045
obtains direction information calculated in the direction detection device
1025, and the posture information obtaining unit 1050 obtains posture

i nf or e®i 6 Tl BARSIRL £ nteheE RSO & dBEEST Onr BeFte” 1686-F { 0073] Next, in
step S165, the visual field determ nation unit, 1060 determ nes. the AR

vi sual TPPESER Of Ofhd R e ARG RYSt KF UF §pl &P Yebi €& 1020°b5Sed 3

measur enent, results (i nfor i obt.al ned _i . and p S155) and

SO on.og%lt %g,rmaéntleégnp% %}?eaﬁ%ﬁgvgglﬁlé ?glugjaap%gaat%e:r 400 is

illust j I Qs | g L S5 ol atSi Hge ithe-akkiitude of the

danger%%;sﬁ%bfj%%tg %éojg%%ttgq%'?ltgﬂq%\g%?gﬁa{? field is determned in a

pl anarsfhar PHOr pbwa i HRNS s-hy k.1 Howeker, i whelntihe ehtictiider¢s added to

t he dangerous ij ect position information, the AR visual field may be

det er rt ned ddan aestrreospgpict foomi(arothiee airmensiconal 1y) . Furt her,

in this enbodinment, as the visual field of the user 400, for exanple,

i nf or mat i onNewitsuat hef ipst =i £ abor i Fommat 1 ohe sehgengf WDt ft 9 ef t war d

and rightward direction (and 120 in an upward and downward direction for

exanpl gumathé &g t Uhe sild baded) f e 86t {9 adPaFe afd $tfoted in the

storage device 1010. xarglpl e, the visual field.determ nation unit
&

F
1060 deEEFH Hed 5’?1191%3:%?%?%?‘3 & 95 44 St sUEF AT 41 PR &P edet er ni ned

range (havin radi_us., of 0} r.e I nt.er.e n,di tion

o or e es b G LR cett b ¥R Sa e e P oy Con ST 100741 Next
In Stegz%?)‘); Lha %ﬁﬁ%@)f]e%onﬁdﬁ@' 1:1065 gereLates: andanger o4g range

i mge (augnented 1 mage) of a dangerous object included in the AR vi sual
field based o9ithe video data, the neasurenent results, and the target

dat a. More “specifically, first, when the dangerous object position

i nf or mat i onrioicl adedpilre t hent arcgep datsn j swheel uded prdihei AR visual field,
the display control unit 1065 determ nes that the dangerous object |ocated
at theiddngerats cobjeettposi twonti iforaatviegh {hea ddangekrowss obj ect i ncl uded
in the AR visual field. For exanple, in Fig. 36, dangerous object position
i nf or nabieF a36eite yMmENadeP R nl Dfe TWe biomal 1 RFeNE T afRd hence t he

dangerqus objects |l ocated _at the dager Olé%l ob%E ect s{)Josi tion information 430
ng o

are def@PASEa gs OMLEGded  n P AE ARFS EP#5U.°R6FE T hat danger ous

obloct sBSSIAL 9B WOIBLIRLLA 40,00 0Ll ueg by fuead vigpal Tield U
position information setting unit refers to the
positionally fixed target table 210 and the mobile
target table 220, and sets the dangerous object
pogition information “35.355187, 13929.874618”" to the
“current position” corresponding to the dangerous
object ID “0107.
foo71] Fig. 35 is a diagram illustrating an example
of a flowchart related to display processing
performed by respective functions in the AR providing
apparatus 1000. It is assumed that the display

processing is performed repeatedly when a mode for

identifying the presence/absence of usage of the AR
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obj ect position information 440 is determ ned as not included in the AR
visual field U [0075] Then, the display control unit 1065 obtains a
geonetric transformation natri x based on the AR position information, the
direction information, and the posture information. At this nonent,
when the dangerous object is fixed, the display control unit 1065
cal cul ates coordi nates (range coordi nates) corresponding to the dangerous

range PENEAAIP Rt 4RE TP @%pdﬁ%i%@-toIY%Eedéﬁﬁ%%iﬁgﬁ diger ous obj ect based
on the coordi nates of_the _dangerous _objec Qsition_information in a

r ef er eh€é “ESUT Ui ﬁgt/é)% sf’gmtq'g%dggp&cf%§ EDP(E Qeohat it $?grﬁlsfaor mat i on
matrix_to, the | cul, IS ordj.na t eraf d ous range

i mage ?%ﬁaﬁghtgﬁoﬁnﬁggfgsE?%%f%§9cﬁq%ﬂeggﬁﬁéguﬁgﬁdF ﬁiéﬁRtﬁgggéhgerous

obj ect moves, .the di §playcoBtnel upht LA65 analyzesnthe video data (inmage
data constituting the video data) to determne the coordinates of a marker
i ndi caténgid-poesi t(icont Rgcrefierenegcaddedsto dhewHeler nknededanger ous obj ect
in the reference coordinate system calculates the range coordi nates
correspending 19 the dangenousd ange iafi ®ashist af exutit k dhgedet er m ned
coordi nates being the origin, and applies the geonetric transformation

mat ri xt&blehe2 tal ewldat eder angel toortdi naess tsb he £6 yeherat €1the augnent ed

i mge. [0077] Note that the nmethod for generating an
information processing apparatus 200. Note that the

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

In this embodiment, ag i1llustrated in Fig. 30 and
Fig. 31, four pieces of data are read as the target
data of which the current status is “O~. For example,
the target data determined by the state “2 (only east
side is operating)” of the 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.
[o072] Next, in step S$150, the video cobtaining unit
1070 obtains video data of a real space imaged in the
imaging device 1035.

Next, in step $155, the measurement unit 1040

measures information (AR position information)
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augnented image is not limted to the above-described structure. For
exanpl e, the display control unit 1065 may cal cul ate the point

correspondi ng to the dangerous object position information and the point
corresponding to the AR position information in a virtual coordinate system
based on the video data, and may cal cul ate a magnification fromthe

di stance between these points (relative di2%$nce) and the distance

(absol LPE 14k BRbe)t Het WEEF @He BRFGEr bas ecfepadt tFHRVINH P Fat i on and
the AR positi.on infgQ ion in the reference coordinate syst sQ as to
gener at p@ﬁ@%ﬁﬁn@ﬁti‘%{a%ﬁﬁﬁb.orbi% lﬁ]‘g?ﬁfngetn;’b%%nto,nt lezrlle%éhefe a%g%rous

obj ect L hiped, the, digBl Boepahnols Unbk H85: oul Lipies the dangerous
range of eac state corresponding to the determ ne angerous object by the

magni ficatiQay+so a8 L@ gengriate theravanephed dd®ORinat ionOlntihes ot her
hand, when the dangerous object noves, the display control unit 1065

anal yzeshichei vi dea idat a1 hifrages daba coipshiitiiin aguiie vides daida) to
determ ne the coordinates of the marker indicating a positioning reference
added thet lpeo detiern inedodarger ons odbijething tieikefldredce coordi nate
system applies the geonetric transformation matrix to the determ ned

coor di Aatesmbnesl dtat 8 iesoridl aat sl BESHIiBN caBadinra BE)Ys)n ®he virt ual

coordi nate system and nultiplies the dangerous range of each state
corresbﬁﬁd@ﬁé3@BOWHéiHQBe@ﬁﬂﬁ%ﬁaB§ﬁbé¥%HQ-obf%%?tbyj%hetﬁﬁgnification Wi th

th |.cul ated di, di bei t he. origi t te th
aUgMont 60 3 Tuge™ [SU/1 TR Coth BT781 1 hioa Ul ay Lo r SECaNES 1065 cont rol o
transmyiiance of, thee diaglayodevhge. J020.%0 fhat JLhey prgntad irmge | s
overl ard on e ‘dangerous object in e real space (to make the dangerous

obj ect quirgual | Yor ecopntzahl®)s anddispbayy, 4 Hg-augnens ed it Bgs- In
addi tion, when the display control unit 1065 determ nes plural dangerous

obj ect gpicncluged unhibhe1hB wviswak ifiel gostther i splfayrwenticel unit generates
and di spl ays an augnented i nage for each of the plural dangerous objects.
Not e t hatl duieadespliay thet rodsunirte 06S5enmyl avedkay ddelgeérier at ed augnent ed
i mage on the video data and di splay overlaid i nages on the display device
1020. [Cc073] Next, in step S165, the visual field

determination unit 1060 determines the AR visual

field of the user wearing the display device 10290

based on measurement results (information obtained in

step S150 and step S155) and so on.

Here, an example of an AR visual field U of =z

uger 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 dimensiocnally).

However, when the altitude ig added teo the dangerous

object position information, the AR visual field may

be determined in a stereoscopic form (or three

dimensgionally) .

Further, in this embodiment, as the visual field

of the user 400, for example, information (visual
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Further, the nethod for displaying an augnented image is not limted to the
above-descri bed structure. For exanple, information (feature quantity or
the like) for determ ning a dangerous object which is registered in advance
may be obtai ned based on a dangerous object ID fromthe information
processi ng apparatus 200, and the display control unit 1065 may perform
recognition processing for video data using _the feature quantity or the
li ke toledefermieraaddmyer of obfectaid dfspiay a H%n&eﬁo‘?ét‘r“éﬁét i mage
(augnent ed i_magrte) at. the coor.di nates of %Ee determ nedwdancgeéogs obj ect.
Wth 3RS EtAittred (her565i1T0n REF dh Pl ayiAg The BUGHeht 2d7i mage can

be corg el gd 1P &i%l%eg%\ﬁﬂ Y.L éHEanytbﬂ@ LRethe feak15paceasl Q9] Fig. 37A

illustrates an exanp en an augnented I mge 510 is overlaid and

di spl ayed-an a ¢rape (dangerauscobheet 4@ instatke Svbeaqenl y east side
is operating”) 500 as a display exanple of the case where a dangerous

obj ectgésibiexedy 1 bn this exanple, the height is set to "20 nf' in the
dangerous range of each state, and thus a stereoscopic (three-dinmensional)
augment ed image e5Einp 3 edi sphayed.sNot e filedtd whers stdrel haicgnin j ¢nddt to "0
m', a planar (two-dinensional) augnmented i mage 520 is displayed. Fig. 373

i |1 ust¥ @6 8s dart exadpices waen tie 2Rovdisiensi éndt L dufnent el PRdge 520 i s

di spl ayed. , Further, Fig. 37C displays an, exanpl e en an augnent ed
i mage B1016s igver | RFE SRBCHTSHISTed 6IF X?‘é‘ﬁ’e“??u@k r(%%ﬂ‘dér(?&s object ID

"011", ate ) nmoving" 00 to ich rker. 620.indi, | poSi tioning
refer e%@ s fa%’fieﬁ?{%é%pg@g! scpq’\ggegféiarrpcfn% lé?rteh%gégge A eér)gglfa}icel&anger ous

obj ect ppves.. . [ 008011 1, LI & SrDR]LENL, s Lhe St zuchune 4 ganerate and

di spl ay” the oFanger ous range 1 mage has been described, but it is not limted

to thisgohan exaapke, fnMede dof) heentdhyi Hg_slgb"ﬁa?r esafeebabsance of usage
of a sa?ety di splay function“(safety display node) may be provi ded, and

when theessafgive dhsplayamade.d srols tihendesplwygeontaodmanicte 1065 nay
di splay an inage related to safety (evacuation route inage or safety zone
i mge)inagthe @f spl @adgerce:402Djiect included in the AR
visual field based on the video data, the measurement
regults, and the target data.
More specifically, first, when the dangerous
object position information included in the target
data 1is 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
vigual fieid. For example, 1in Fig. 36, dangerous
object position information 43C is included in the AR
vigual field U, and hence the dangerous objects
located at the dangerous object position information
430 are determined as included in the AR visual field
U. Note that dangerous object position information

440 is not included in the AR wvisual field U, and

thus the dangercus object located in the dangerous
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addition to or instead of the dangerous range inage. For exanple, the
di splay control unit 1065 anal yzes the dangerous range inage to determ ne a
part which is not the dangerous range i mage (a range which i s not

desi gnated as the dangerous range) as a safety range, and generates an

i mge (safety zone inmage) indicating the safety range. Further, for
exanpl e, the display control unit 1065 cal cul afes an evacguation route based
on posP®i BR L MYF Fatidh +RECERT h§OPné PositEi G bR THH 5Tt 26f e factory

which js set. in advance d the AR pasitiopn information, and generates an
i mge 3(%93{(’:‘@6?[(?0?1% ® ggraﬁ'é')sﬁl%gi g&ﬁ]:% ﬁhe cal cul at ed evacgati on route.
Fig. 3 LIl ust S X e j a o) f.et

displa§§%554va65§%§dnq$%§tgﬂﬁﬁg%%@7%6?ﬂaﬁgﬁgang%eE?%E% ? ga§§%? %mﬁtches

Qv OFF, Qamg‘:fﬁ»ﬁ@f ety i sphay ynde By oy esshag dowana ravk tgh (not
|Ilust$ate ) for swtching the safety display node. [0081]1n step S180, the

di spl ayogqmtirch YRl AR5 1det er shaes inhet et oi sEepmiatei dnsplaydor not. At
this nmonment, when the AR node is ON, the display control unit 1065

det er ni nes paoit t vestiopf d headiisphay, and subsequently, the processing of
step S145 is perforned. On the other hand, when the AR node is OFF, the

di spl ay conktolthurs t meOES det shyfitnesheo dstupe el di @BI &FL ah# t he di spl ay
processing is stopped. [0082]Fig. 38 is a_ diagramillustrating an exanple
of a ffowekarttinel sietP L8 YdisprayOpr stessi A Spgr Ferhretl By SPespect i ve

functions in the AR providin , .
ct gogrdiéages f%gng% cordinatesg) corresponding to the

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

[0076] ©n the other hand, when the dangerous object
movesg, the display control unit 1065 analyzes the
video data (image data constituting the videco data)
to determine the coordinates o0f a marker indicating a
positioning reference added to the determined
dangerous object in the reference coordinate system,
calculates the range coordinates corresponding to the
dangerous range of each state with the determined
coordinates being the origin, and applies the
geometric transformation matrix to the calculated
range coordinates so as to generate the augmented
image.

[0077] ©Note that the method for generating an
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apparatus 1000. This display processing is perforned follow ng the
processi ng of step 3175 or performed instead of the processing of step 3170
and step S175. First, the retrieval unit 1055 retrieves traveling
plan information, which is an exanple of novenment schedul e infornmation

i ndi cating a schedul e of novenent of a dangerous object, fromthe

i nformation processi ng apparatus_200 (step 3185). The travelingaglan

i nf or FALESE I RAUAES 3T a8 ITRF podithitdri hPornRki 87 S i €&ty 3% Posi ti on

of traveling schedule of a dangero 6é)b'%iect and traveligg ti.ne information

i ndi cat FRGF S 1T e t HéteofZamP e, WS D 3188 F 1 Re di'Spt ay control
it 1 d 1 d hfically, th
unit 1085 -deler mc%ﬁscﬁ%%ggegt%%npg%%@rQgﬁefez%‘%ggdwogedg[%e@hé cally, the

di spl ay Sont'rol - it d nes as edul'e ngerous range a

predet gL £ange, s(d of g&%@p&?pnt he,  Dshde Phnaadid ot BeWldy & di amet er of
50 M wth the danggrous bject information being at its cénter. [0083]

Next, &Br$te8p3285nd NeodisR! ayrcertyof i ghi ti dH6bmdat £6A1 AeS awhet her a
danger ous object enters the schedul ed dangerous range or not based on the
obt ai ned rterevel ¢ bg el ana tef arnat eon ende thecurhentv itd ae. dsbrae,
specifically, the display control unit 1065 obtains fromthe traveling plan
i nf or mahidomahecedawel 4 ng posiagon fid aF rani obr et ke adéétadiaetine (for
exanple, within five mnutes) fromthe current tinme, and determ nes whether
the obParCHER®r BRESP pdEIttS ohr PARSTIERI 87 S 52 NAE udEddi fFhe schedul ed

distance (absolute distance)} between the dangerous
object position information and the AR position
information in the reference coordinate sysgtem, 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
asg to generate the augmented image.

On the other hand, when the dangerous object
moves, the display control unit 1065 analyzes the
video data (image data constituting the video data)
to determine the coordinates of the marker indicating
a positioning reference added to the determined
dangerous object in the reference coordinate system,
applies the geometric transformation matrix to the
determined coordinates to calculate coordinates
(display coordinates) in the virtual coordinate
system, and multiplies the dangerous range of each
state corresponding to the determined dangerocus

object ky the magnification with the calculated
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dangerous range or not. At this nonent, when the display control unit 1065
determnes that it is included (the dangerous object enters the schedul ed
danger ous range), processing of step S200 is perfornmed subsequently. On the
ot her hand, when the display control unit determines that it is not

i ncl uded (the dangerous object does not enter the schedul ed dangerous
range), .t he display(frocessing iiSs ended. Nate that the display control unit
1065 dei&PMitesCPRACIEAFESndteIRE UdRd RRétRe §&hge? ol obj ect position
information is i n_the. AR visual field. In step S200, the

| uded i
di spl ay=E6mtd of E%‘le? ai%%!ge&ﬁtsep‘?aﬁglacﬁ‘net he display device 1020 an i mage
i ndi I hat -t.h j.ect - | i tfically, th
i spr a0 Bd T ol T 0es et er prEe 1 R Y QB RkR% MR PR e nger ous

obj ect . L$ anpl 0achiNgs £ 1 emdlfies obtrai hed hrave] & pg aschedsl @ gposi khon and
measurenent results, and displays on the display device 1020 an i nage
notifyt g tt haket hedageeausi whjecti 4 soappricachi Ba firiee tbe et eum ned
direction. Fig. 39 illustrates an exanple of display when a dangerous

obj ectobAB - Auhonatd cr &dildexb ¥ehi cle) mskapprbackiangyéroms he | eft side of
t he user (warning display inmge 800). g0084] Not e that although the display
contr obbimiat 1065 vdet ey nirgex> I hak athies dangerdbud i6bjlecy sehtér s t he schedul ed
dangerous range or not, it is not limted to this structure. For exanple,
whet he® UEHe N HafAgemMtESobj ect is approachi ng the AR providi ng apparat us

1000 of 1O TR b, oLl mged ased o L0 SULLeNL Limer L, gl | o plan

i nformati on;

Ebodi JROL By 1 h0S SLEVELYT &0 00Ieh, { BB 48R bL oyLdings BRIt 1000 has

t he i maging device i's enpftoyed. provi di ng apparat us 7000

accor ding 10 FgROG MeNg 9 e C@%@gﬁﬂ! zedhdHihatsid dees Motebave the

i magi ng device 1035. Hereinafter, nmain structure which is different from
Enbodi ggat B wphbk e gdeseridiednted imkhe Adrisaarliagramd|lustrating a

flowchart related to display processing performed by respective functions
in thepAR+ Dvadinrg: appar atuse 3660, Thetsanmehaef efenceéinpienal is added to
the Saggntrol 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 gquantity or the

like) for determining a dangerous object which is

registered in advance may be obtained based on a

dangerous object ID from the information processing

apparatus 200, and the display contrcl 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 ccordinates cof the

determined dangerous object. With thisg structure,

the position for displaying the augmented image can
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processing as that illustrated in Fig. 35 of Enbodi nent 8, and the
description thereof is omtted. Note that since the AR providi ng apparatus
1000 does not have the inaging device 1035, the processing of step S150
illustrated in Fig. 35 is not perforned. [0086]In step S305, the display
control unit 1065 generates a dangerous range i nmage (augnented inmage) of a
dangerous object included in the AR visual field based on_neasurenent

resul t3casPTaEgEe Hata. 2 POSItiee BPEE MEhF AP LS iFet Fhfhehthe

danger ous object position information included in target data is included
in the®BRR%fisual field, the display control unit 1065 deternines that the

danger w? 7o%bje§?j“|gln'gf:§%gd ialth%%gr%%neggr Qus efglpéé é&epq&il&hogﬂ nformation is a

danger uded i Vi sual Then t he displ ay

control ,unidn 4065 ;b8 ALNS 1te; geaRRLFi ¢ 1 kr ansd orARld 00, BRL rdx Rased on AR

position~information, direction information, and posture information.

Then tB@a@iéP'{éﬁn@ﬁé’%éQb WHied06Txat guhat essthe o angreeoas i pat es
correspondi ng to the dangerous range of each state corresponding to the

det er neaed danger dus obppectit haged @& 0 hesceordinatlesy o xtivg dangér ous

obj ect position information in the reference coordinate system and applies
t he geoiret rd s er arisf o nat idEngatrpive tobt ke tcal gulfaretid r ande! cobidi nat es so
as to generate the augnented i mage. Note that although the nethod for

gener aEKAF L di f frérent e addrent &d Sisfagecdépéhding 16h whet Rem I RE Y&nger ous
object is fixed or not is enployed in Enbodinent 8, the au nted image is
gener af 84y ?ﬁeeéﬁﬁ%egaééﬁ?ﬁb%é o Fed%ﬁ%?@??CﬁﬂQhﬁeﬂﬁgﬁr?ﬁé danger ous

b st o aes a0 b 1000 1§12 5418 b1 oS 0L B 8.0 | moge
that when the height 1is set to “0 m”, a planar {two-
dimensional} augmented image 520 1is displayed. Fig.
37B illustrates an example when the two-dimensional
augmented image 520 is displavyed.

Further, Fig. 37C displays an example when an
augmented image 610 is overlaid and displayed on a
crane truck (dangerous object ID “01l1”, state
“moving”) 600 to which a marker 620 indicating a
positioning reference is added, as a display example
of the casge where the dangercus object moves.
iooso] In thisg embodiment, the structure To generate
and display the dangerous range image has been
described, but it is not limited to this. For
example, a mode for identifying the presence/absence
of usage of a safety display function (safety display
mode) may be provided, and when the safety display
mode ig 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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The above-descri bed AR provi di ng apparatus obtains information and so on
related to a dangerous object so as to generate an augnented image fromthe
i nformation processing apparatus, but it is not limted to this. For

exanpl e, the AR providing apparatus nmay store information for determ ning
dangerous objects (feature quantities, inmage data of dangerous objects, and
so on) in the storage device 1010, analyze video data inmaged in the inmging
devi ceadi@3s tondétceron né n@ tdadmgerdustod) dangatPuded FRIEhE W4 d8o data by
recognition processing and, when it _is determ ned that the determ ned
danger ous oBpPécte¥8mpd & epbbitt %S RofiYorF PREE&: oAl EnotT DR, reci procal

nmotion, or, the |like), generate a dangeroqus ran i ted i
assum ﬁ&atWeZ@aﬁné_r&%uggpﬁﬁd%O‘dﬁertaﬁl fe t0&tET ngﬁelﬁféggﬁaé'r%u rsm%bj?ec!t -rrage)

o e A2 et PO Rt S deral s, 0, b

enpl oyga or exanpte,"ap rm nal i ng apparatus nmay

be enmplayed, |0 s 8é§§§ﬂ£’§éea%50fthge d4 RHE WSS VB hig@)i da 6T ¥st al

di splay, a non-transmssive liquid crystal diSplay nay bé enpl oyed.

Furt hegg ffaly exampje, anbeasenprdisspd aynt yipes AR [r=0vi di g zapparat us nmay be
enpl oyed i n which an augnented i nage is conbi ned and di splayed with a
target ieRkject inAdA deakngpaceeWobdetp preject ed Faptiicakl,y foansm ssivel y.
Mor eover, al though functions are shared between the AR providi ng apparatus
1000 ardamhel ¢ nf drinat o pdrae essivigr @appardtusl 200 ige t he ladove- dascri bed
enbodi ments, they may be performed in one apparatus, or an apparatus

di f f er 8N F4dhiPRatr deser idede fn StheP e iBddiFrent 8 Sy RRv@ ™ sini | ar
function, such as generating an augtrrent ed i mage by the_information

pr oces P Shbar&t Ust208 st £98 St tAB AR br ofifdiTys AfpdratUs 1000.

[ 0088] E%rith?risalste@ug?l A4 0Ee %Iggstrr)lieo%&RaB%saition
information, and generates an image (evacuation route
image) indicating the calculated evacuation route.
Fig. 37D illustrates an example when an image related
to gsafetry 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.
[oc81] In step $18C, the display contreol unit 1065
determines whether to gtop the display or not. At
this moment, when the AR mode is ON, the display
control unit 1065 determines not to stop the display,
and subsequently, the processing of step 5145 is
performed. On the other hand, when the AR mode isg
OFF, the display control unit 1065 determines to stop
the display, and the display processing is stopped.
[0082] Fig. 38 is a diagram illustrating an example
of a flowchart related to display processing

performed by respective functions in the AR providing
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| athe are illustrated as the fixed dangerous object in the above-descri bed
enbodi nents, but it is not limted to them For exanple, a

power-transm ssion line for transmtting electric power may be enpl oyed as
t he dangerous object. At this tine, the operating state detection sensor
detects that it is in operation (it is dangerous) when the voltage reaches
a prescribed value (prescribed volts). Further, for exanple, piping for

del i verPRg AT E A be efplicycdiad e BEARGSHOULREbjicttPeAL et i me, the
operating#state detecti on sensor detects that it is in ogerati n when the

t enper 8P L& YGFRE hE B WP HOFERHERTa Ot e3tFPhed (al & Hivestri

tenperature).. Further, for exanple, gr L ndi chi ri.nder)-for

fini shéﬁﬁfcr*?éﬁ%go%hﬁ%%r?gggﬁd?ggn%rafpiSé{é%pmhr%ggr 6ta iéngeg g"ralian‘r(’jl ng wheel
may be enpl gyed.as Lhe dangeteus obpagt. AlsLhks i ey he operating state
detection sensor ‘detects that it 1s 1n operation by detecting an operating
statusg sLgRali 0 eReAt i A Sahedube siwRakn [0D8hFuridepiel bt he
above-descri bed” eitbodi nents, when a dangerous object is recognized by the
AR pr oxbdier@ rappacatdsy 180Q,n A hemstrivet ut ediisc4 i ggner as ehard: 0k spl ay an
augnented i mage of the dangerous range of this dangerous object, but it is
not al aaysoveoessar o f oagerergtecard ab $pkay theocaudgrient ed i mage of the
dangerous range for all dangerous objects recognized by the AR providing
appar at 0§0X000; ion prFpe sedangl apPRient pPurd 0 ddAg§emousi8hjlects are
captured in the visual field of the AR providin apparatui,looo, and if
danger 888 tdifges L4 pP &8entidd SF Gt P B oSS FOF Salit F he Lddifyer ous
objects, it is posz@ble ghat theduser ?ets confus%d %pog% where to pay
attentPORIMIFL SPEGITELNIT TR S ot Hefeddary t'§ YeRerate and present

an augppaled 4 MBoe ?au%nqgefogs&%g—ggrws L9700 Qlisq O] ect whi ch i s

| ocated™so Tar that 1t s not so da ous yet for the user at the present

monent . . BY, Presentdiinge an naugnent edJ Mage: even A9r ssuchna dangesous obj ect
which 1's not so dangerous, it Is rather possible that the user overl ooks an

augnent ed i gage fofnacdangesous obiret aighais docared alwse ankseal |y
needs to be paid attention to. [0090] Accordingly, it is possible to

enpl oydatstrmich dee 4 os pheskrtedndaugnented immgeei.l | usdrati ng a dangerous
range only for a dangerous object for which it is necessary at the present
nmonent spe cdifsbt ay ly danber clisspange a@rtle luserl tDdsd$ bi ng nore

specifically, this structure is _as follows.
determines ag the scheduled dangerous randge a

predetermined range {for example, the inside of a
circele with a diameter of 50 m) with the dangerous
object information being at its center.

[0083] Next, in step 5195, the display control unit
1065 determines whether a dangerous object enters the
scheduled dangerous range or not based on the
obtained traveling pian information and the current
time. More gpecifically, the display control unit
1065 obtains from the traveling plan informaticn the
traveling position information within a certain time
(for example, within five minutes) from the current
time, and determines whether the obtained traveling

position information is included in the scheduled
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In this structure, the AR providing apparatus 1000 generates an augnented

i mge of the dangerous range of a dangerous object for the user only when,
for exanple, the position of the user is |ocated at a predeterm ned

di stance or closer (at a predeterm ned threshold or closer) fromthe
dangerous object. Fig. 41 is a diagramillustrating an exanple of a table
storing information related to dan%Ierous,obj ects (Cposi ti onalhlt% fixed target

tabl e 92DFENHEE LR&ATIE nCEhE bl el IWREFalEM R F ¢'19%, Y%nms of di spl ay
diti dded ed he, table.ill ted.in,Fig. 30. |

Che stPOCEIAY USPAESTE BOGIE | DRGPI yS 1 %60 i Yof "ol 916, or exampl e,

i i dit] he, G d i ID "001"

Ts o bAE A s R R BRATE e R e S

augenggd JdRges and ¥ 85ents-déeba ithe yselsanbyswhen fhe distance to the

crane of t'he dangerous objéct ID "001" is within 30 m The other itens are
the saperasiiesesivbdbguali ey il | vst rahed dah&bghadlli, antdetthushehe
descriptions thereof are omtted. [0091] Fig. 42 is a diagramillustrating
an exatpke lofy acbhawshar tinrel adedetrmidi spl &yrgpr océssisgaoblote that in the
flowchart illustrated in Fig. 42, step S405 for determ ning a distance

bet weehnthRa: R prl 6viadi hgngmpar as uSLICo0t ad® <F dangercduse bbjtéd i s added,
conpared to the flowhart illustrated in Fig. 35. In step 3405, when
the di $pP&R EoRtr GRTHTE CYF65- REEr ni ne’ea MafigerouP 0DFEES 4THEI dided in the

AR vi'syal, [ el dy it ofiaing thesdistance Lo, the, danger ops abi ect

determines that it is not included when the dangerous
object pogition information is included in the AR
visual field.

In step 8200, the digplay control unit 1065
displays on the digplay device 1020 an image
indicating that the dangerous object is approaching.
More specifically, the display control unit 1065
determines the direction in which the dangerous
object is approaching from the obtained traveling
schedule position and measurement results, and
displays on the display device 1020 an image
notifying that the dangerous object is approaching
from the determined direction. Fig. 39 illustrates
an example of display when a dangerous object (AGV:
Automatic Guided Vehicle) is approaching from the
left side of the user (warning display image 800} .
[0084] Note that aithough 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 examplile, whether the
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Regardi ng the distance between the AR providing apparatus 1000 and the
dangerous object, it can be structured such that the display control unit
1065 cal cul ates 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,k6a measurement

uni t iSEPEEHIEY PRIGHRE ARSpra(ﬁ/PHPﬁ(jk%ﬁprb%r 5015 AB0BY TheS iBSsur enent  uni t
emts a |laser to the tar anger ou c and .t he nmeasure uni t

rreasurae%pf"ﬁ@td%%téﬁgé) f?gnﬁgﬂ: Y? C?%ﬁfa t“éjdn?gsg)ases reﬁ éed at the
danger gus _abj ect nd r r rrﬁ:gls eqq.pfi t t he steps
ot her § gﬁes 85 aﬁgs??ﬁ i?% t os%ﬁi n OPQF art |&]] ustrated in

F| g 3P gg@énbéjﬁtt%gg§grl pt| ons thereof are omtted. [0092] Further,
|sp?ay control unit 1065 reads the distance stored as a display

condl tiepeknom iberpesitiéaraldy fixed target table 910, and conpares it
with the neasurenment result of the distance fromthe dangerous object.

Then, when theemtasdiereitt §estlte of ctrhetdistance wihbmit Hhrelah§er ous obj ect
sati Sfl es the display condition stored in the positionally fixed target

t abl e 910V ithienpr epessi agusr oceeds hse step SIT@Iing devige éxhple, in the

case of the crane of the dangerous object ID "001", when it determ nes a
crane 1 AcPOdIPYRdthe 2R s RIFOF A&I1d1T t REPEHSPFEY ddHiP ol unit 1065

obtains the di stance to t crane. Furt he t he di spl controal un t 1065
reads ¥REHEI Ay B&ﬁ“ SRkt Ri it 307 h{ar@&t}%gﬂjgﬁ njgnt%htahe ¢rane of

t he da(gnggr gggptgr)gyeggnl&" 0(1]11'1'%%%8?5%}5{99@ tippal l'y }fé%{%ﬁn%%rt@% tabl e 910.

Then tTor uni erm nes whet her e obt al ned

di stange, H%éj@tgﬁ%@%fé Wit ns 30 4 r PE BQE: Wak-6h ismbhe idsSpt ay

condi tion aresult of the determnation, when it is within 30 m the
processing procgeds tipshep 9170, the display control unit 1065 generates
an augnment ed i nage representing a dangerous range for the dangerous object,
and overl aypignd 4 spkays ¢ begirmmgei 10ndtheaotigr dandowdiearit is over 30
m the processing returns to step 9145.

related to display processing performed by respective

functions in the AR providing apparatus 1000. The

same reference numeral is added to the same

processing as that illustrated in Fig. 35 of

Embodiment 8, and the description thereof is omitted.

Note that since the AR providing apparatus 1000 does

not have the imaging device 1035, the processing of

step 8150 illiustrated in Fig. 35 is not performed.

[0086] In step 8305, the display control unit 1065

generates a dangerous range image (augmented image)

of a dangerous object included in the AR visual field

bagsed on measurement results and target data.

More sgpecifically, £irst, 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
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[ 0093] Note that although an exanple in which itens of display conditions

are added to the positionally fixed target table illustrated in Fig. 30 is
described in the above-described exanples, it may be structured to add
itens of display conditions to the nobile target table illustrated in Fig.

31 and apply the flowchart

obj ect
t he st

struct

illustrated in Fig. 42 to a noving dangerous

d h it limted i t i, cul . o t her, Ith h
FBIFGe T ROERE hodbe i cPFBEE "SHbpdr ot STi £9% bF88ent | nf or mat i on
or the, | ike related to a dal é%asotakgjg&ctto A ORLKers 1 h TRy bega

ure to provide 1 nfornmation rel at

to a dangerous object to a guard

who patral.s @ wpekgsite instead of the worker, and hence it is not limted
in particular. Wth the structures of the above-described enbodinents, a

danger ous spatncaihdedneid fiaedcunerappren tatelss i obaasicenetinkere the

ous spot changes tenporally. [0094] In the foregoing, the preferred

danger
enbodi

gentne tof 1 ¢ he rEres£at matveohi o thave beeredescr iZRdpir idet an| |

but the

present invention is not limted to such certain enmbodi nents. Various
changesnéed wdi Phcatd bas caricopod siflsl wnak L Wit thBdsdopetBF St he spirit of

the pr

esent invention described in the clains. Note that the

above- HB§&ired €fbodi ments may be conbined arbitrarily and inpl enent ed.
| NDUSTRI AL £ EEFCABILITY

the display control unit 1065 calculates the

range coordinates corresponding to the dangerous
range of each state corresponding to the determined
dangeroug object baged on the coordinates of the
dangerocus object position informaticn in the
reference coordinate gystem, and applies the
geometric transformation matrix to the calculated
range coordinates so as to generate the augmented
image. Note that although the method for generating
a different augmented image depending on whether the
dangerous object is fixed or not is employed in
Embodiment 8, the augmented image is generated by the
above-described method regardless of whether the
dangerous object is fixed or not in Embodiment 2
since it is not possible to image a marker.
[0087] <Other embodimentss

The above-degscribed AR providing apparatus
obtains information and so on related toc a dangerous
object go 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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[ 0095] The present invention is applied to a technol ogy of AR displaying
the operating status of a facility or the like for an observer in an
installation or a factory. Further, the present invention is applied to a
technol ogy of AR displaying a dangerous spot in a scene where the dangerous
spot changes tenporally. CLAIMS [Claim1l] An information processing
apparatus, conpri sing: an imaged i mage input unit inputting an inmged
i mge SENFFERVE OPINREEd (iFeahvuitagingNdaVi ks . 1magy Feddur hent
information input unjt inputti neasuLenent i nformation asured by a

e

aﬂwordﬁﬁﬁﬁiﬁﬂsiﬁﬁlﬁﬁ?ﬁmlﬁﬁggﬁFbﬁ? 18ersldf; Storagy EreatFon unit
The 1 atfidy BRbaaan Thaorhataraninr Ssforihr rhr Pty mapiEes e @

the fati measurenen ormation i'npu

measur egent | Of LRl en,Ln Utdét'ﬂllgte;r nd object® 93Pl @feGOnAObnENit
overlaying and displaying the virtual 1mage created in the creation unit

ggsi tcgeih@ge@awa%y | pputtad: bY othe, i+ Feeed i ARge dpuihem tionia di splay
aetermined that the determined dangerous object is in
repetitive motion (rotational motion, reciprocal
motion, or the like}, generate a dangerous range
image (augmented image) assuming the dangerous range
due to the determined dangerous object.

Further, as the AR providing apparatus, ones in
various forms may be employed. For example, a
portable terminal type AR providing apparatus may be
emplovyed. In this case, instead of the transmissive
liguid crystal display, a non-transmissive ligquid
crystal display may be employed. Further, for
example, a head-up display type AR providing
apparatus may be employed in which an augmented image
ig combined and displayed with a target object in a
real sgpace which is projected optically
transmissively.

Moreover, although functions are shared between
the AR providing apparatus 1000 and the information
processing apparatus 200 in the above-described
embodiments, they may be performed in one apparatus,
cr an apparatus different from that described in the
embodiments may have a gimilar function, such as
generating an augmented image by the information

processing apparatus 200 instead of the AR providing
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[Claim2] An information processing apparatus, conprising: a
measurenment information input unit inputting neasurenent information
measured by a sensor provided in the facility fromthe sensor; a
creation unit creating a virtual inage representing a status of an outside
or inside of the facility based on the neasurenent information inputted by
the nmeasurenent information input unit; and a display control unit

over | ayPRE Tde 8i S Wing the virtual inmage created in the creation uni t

the. f lit h di spl O h
?zforﬁé?ggk Lrgg&§§ﬁﬁﬁrap6§$g?%§%§%g%raF Isp %%Igeél%gl?urt%%} ngr?5|ng
a contyol 4 nretcl’ltrerat 10, L ppUt: J ch % | nppLt H?‘ro ny L gl tehxrg]?yrgtﬂjoglcyansm tted

to the aC| f F'OM & CONRtT eévi ce con | Tng acility,

wher ei pt Q%é?f&éb'v@-&@gkr&r@@&eémtﬂwdymremaé i gBge repigsed ng the status
of the outside or inside of the facility based on the control information

i nput t edmby ddneceotn &k . i nfray ek kefud DUt Ui dwand trhen SRASWH LoRNt

information inputted by the measurenent information input unit.
line for transmitting electric power may be employed
as the dangerous object. At this time, the operating
state detection sensor detects that it is im
operation (it is dangerous) when the voltage reaches
a prescribed value (prescribed wvolts). Further, for
example, piping fcr delivering fluid may be employed
as the dangerous cbject. At this time, the cperating
state detection sensor detects that it i1s in
operation when the temperature of the fluid reaches a
prescribed value (prescribed temperature). Further,
for example, a grinding machine {(grinder) for finish-
grinding the surface of a workpilece while rotating a
grinding wheel may be employed as the dangerous
object. At this time, the operating state detection
sensor detects that it ig in operation by detecting
an operating status signal or cperating schedule
signal.
[0089] Further, in the above-described embodiments,
when a dangerous cobiject 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 cbject, but 1t is
not alwaysg necessary to generate and display the

augmented image of the dangerous range for ail
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[Claim4] The information processing apparatus according to claiml,

further conprising: a control schedule information input unit
i nputting control schedule information representing contents of control
schedul ed to be perfornmed on the facility; and a sinmulation unit

performng simulation to estimate the status of the outside or inside of
the facility when control represented by the control schedul e information
i s perfdREed Daselbot the EERIDL L&Y e FF A RaPreh 1 RpHt ed by the
control schedule information input unit and the neasurenent information

i nput tBEPBY 31heS nedUt ement i nformation input unit, wherein the

creation unit cree}éiél%?)&:‘erorgjﬂgge&)ilcupg%zldaﬁpnégjgg%é n(gbg%%gg S?E% t he

si mul ation aoffhree- “diensi onal viTtue e Trepresenting results of
the S'é‘é’fp?ﬂ [ a5 1 The d nEoenwd i OB RRRCEsRi R APPAkalgus according to

claim1l,“further conprising: a determnation unit determ ning an

order Aypherac@Er espondi Radt o 8 PreductolB thendaei lddy, presented
simultaneously for all the dangerous objects, it is
possikble 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 i1s not so dangerous yet for
the user at the present moment. By presenting an
augmented image even for such a dangerous ocbject
which is not so dangerous, 1t 1s rather possible that
the user overlooks an augmented image for a dangerous
object which is located close and really needs to be
paid attention to.
[00920] Accordingly, it is possible to employ a
structure to present an augmented image illustrating
a dangeroug range only for a dangerous object for
which it i1g necessary at the present moment to
display a dangerous range to the user. Describing
more specifically, this structure is as follows.

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

threshold or closer) from the dangerous object. Fig.
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wherein the creation unit creates a virtual inmage representing the order
nunber determ ned by the determnation unit. [Caim®6] The information

processing apparatus according to claim2, further conprising: a
control information input unit inputting control information transnmtted to
the facility froma control device controlling the facility, wher ein

the creation unit creates_the virtual imge representing status of the
out si del of Si fisi He28F Athel £a&15E3T baSe ™ BnSFRE R bAL PJI qn?ﬁgﬁﬁion i nput t ed
by the control jnformation i and .t he measurenent information

i nput t¥dCby “he' FeashEment .Ilroﬁu%?ﬁﬁf% o ﬂﬁ&g%ﬁ?k‘s FARF M7 The
'”fomf“gn Arocessing. a;%@%faéaws aecqrding o &l ai me, further conprising:
Rp 8L f P

a cont e ¥nformati on | ut unit in uttlng contro sche ul e
| nf or Bt L 0p 1R e5entI g  senten & @flgconuol "schgduked d0she per forned on
the facility; and a sinmulation unit performng sinulation to estimate

the statyg:efi dhe aulsigdeger inshgerefathe fracd | thyiwhen control
represented by the control
illustrated in Fig. 30.

In the structure using the positionally fixed
target table 910, for example, since the display
condition of the crane of the dangerous object ID
“001” is to be within 30 m, the AR providing
apparatus 1000 generates an augmented image and
presents it to the user only when the distance to the
crane of the dangerous object ID “001” is within 30 m.
The other itemg 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 dangerous obiject included in the AR
visual field, it obtains the distance to the
dangerous object.

Regarding the distance between the AR providing

apparatus 1000 and the dangerous object, it can be
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schedul e information is perfornmed based on the control schedul e information
inputted by the control schedule information input unit and the neasurenent
information inputted by the measurenent information input unit,

wherein the creation unit creates fromnuneric data representing results of
the sinulation a three-dinensional virtual inmage representing the results
of the sinmulation. [Caim8] The information processing apparatus

accor d¢ hyucd waiims2ich uebiadr Ebapdigimbgay contgodet®thfnatdion unit

determ ning an order nunber corresponding to a product in the facility,
wher ei AR G eaEI &fF Lhi 1S EaRes %ﬁ?@uﬁpi?%geldéﬁ%%%ﬁﬁqﬁ the(wéer

nunber ek ned B dhe delerm palion uai v ELabm 9l T0g dnfor i on

ern the creation unit

creat eg g%%avti[&é“%'od;jd‘ragﬁﬂ ZP&E%'E%&P%HPS ALUSH9f dhg ewside or inside
of the Fa&9 y based on the neasurenent 1nformation 1 nputted by the
measur egeRt-d.0f or pRtd 00; bRPW s upht whengthe fachhlted sihpieresaki on, and
in Fig. 41. Alternatively, it may be structured such
that a meagurement unit is provided in the AR
providing apparatus 1000, the measurement unit emits
a laser to the target dangexrous okject, and the
measurement unit measures the distance from the time
the emitted laser ig reflected at the dangerous
object and returng to the measurement unit. Note
that the steps other than step $405 are similar to
thoge in the flowchart illustrated in Fig. 35, and
thus the descriptions therecf are omitted.
[o092] Further, the display control unit 1065 reads
the distance stored as a display condition from the
positionally fixed target table 910, and compares it
with the measurement result of the distance from the
dangerous obkject. Then, when the measurement result
of the distance from the dangerous cbiject satisfies
the display condition stored in the positionally
fixed target table 910, the processing proceeds to
step S170.

For example, in the case of the crane of the
dangerous object ID “001”, when it determines a cramne
included in the AR visgual 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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the display control unit overlays and di splays on the display device the
virtual imge created in the creation unit and the inmaged i nage i nputted by
the imaged i mage input unit when the facility is in operation, or overlays
and di splays on the display device a virtual inmage created in advance and
the inmaged imge inputted by the imged image i nput unit when the facility
is not in operatiaqgn., aim10] , The informatjon processin ar at.us

on.. [0 a
accor df R PRI mW2 ERhBr eih M7 CORTRSBPEAIRA Gﬁtt%?egFég%hg vi rtual
i mge resenting the statuys t, out si.de or,insjide. of th acilit
based %ﬁgtﬁ%”%%3§%P§h€ﬁ$3Fﬁ¥or§étigﬁx%npgffgh %?etﬁﬁ”%égéﬁfﬁﬁ%%Y o
i nformat i i ni n fagiJity s d rat., o t he
displgﬁgg%g%ﬁ%?ygﬁ#t1%%%?%ai§p§hd g?%%%éygﬁt 338?%5%2 ?ﬁgggq%%eated in the
creatigp:yniio gy Hhe daghhidy wAkemd.s sgen dbkgugh d heidicsay device when

the facility is in operation, or overlays and displays a virtual inmge
cr eat eghien @dlyaace con ¢ henfiaci 3 ot yww ehnibs seebcthriotigbhthe di spl ay device
when the facility is not in operation. [Claim11l] The information
pr ocesgiisg lappacatds. acoor.di gst e clesni 8, ovheteken ddesfadindatyons a
facility in a steel plant,
when it is within 20 m, the processing proceeds to
step 8170, the display control unit 1065 generates an
augmented image representing a dangerous range Ifor
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.
[0092] Note that although an example in which items
of disgplay conditions are added to the positionally
fixed target table illustrated in Fig. 30 is
described in the above-described examples, it may be
structured to add items of display conditions to the
mobile target table illustrated in Fig. 31 and apply
the flowchart illustrated in Fig. 42 to a moving
dangerous object, and hence it is not limited in
particular.
Further, although the structure in the above-
degcribed 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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the sensor is a plurality of tenperature sensors, an air pressure sensor,
or a pressure sensor inside or outside the facility, and the control
information is blow ng of oxygen or gas into the facility, or charging of
material into the facility. [Cdaim12] An infornmation processing nethod
executed by an information processing apparatus, the information processing

nmet hod conprising: an i ed image i nput step of inputting _an inaged inmage

of af%ﬁPHQRW¢%g5ed%rﬁ%ﬂﬁ%ﬁﬁﬁ%gsﬁ§%cg?n be Gt easTf eMEHtT i nf or mati on

i nput step of inputting neasurenent .i rpatio sensor

bt v FRRBESRLAPECH | 19 Fr o She wdimor: Che YallFRTEE, Bedk 20N

creati Vit i epresenting a status of an outside or inside of
e L R

t he faci e“measurenent information inputted in the
measur egeBly i nf HMRHONE bRRY o SHER; B 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 possgible 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 5r the like for an observer in an
installation or a factory. Further, the present
invention is applied to a technology of AR displaying
a dangerous spot in a scene where the dangerous spot

changes temporally.



a display control step of overlaying and displaying the virtual inmge
created in the creation step and the inaged image inputted in the inmaged

i mge input step on a display device. [Claim 131 An information processing
met hod executed by an information processing apparatus, the information

processi ng met hod conpri si ng: a nmeasurenent information input step
of inputting neasurenent information neasured by a sensor provided in the
facility fromthe sensor; aCéredfFon step of creating a virtual inmage

representing a status of an outside or inside of the facility based on the
measurenent information inputted in the neasurenent information input step;
aging the virtual

and a di spl ay, contro&_ste of overla Hﬂ? and dh;g
i mge CFe&rdy fﬁ tﬁglc?8§P|3Hi%$85'5ﬁr?ﬁ88¥50|$|?§Fﬁhlckuls seen through a
displqyogg&hggin%QIain1141 A program causing a conputer to function as:
an imaged image input unit inputting an imaged
image of a facility imaged in an imaging device;

a measurement information input unit inputting
measurement information measured by a sensor provided
in the facility from the sensor;

a creation unit creating a virtual image
repregenting a status of an outside or inside oOF the
facility based on the measurement information
inputted by the measurement information input unit;
and

a display control unit overlaying and displaying
the virtual image created in the creation unit and
the imaged image inputted by the imaged image input
unit on a display device.

[Cilaim 2] An information processing apparatus,
comprising:

a measurement information input unit inputting
measurement information measured by a sensor provided
in the facility from the sensor;

a creation unit c¢reating 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
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an imaged i mage input unit inputting an imged image of a facility inmaged

in an inmging device; a neasurenent information input unit inputting
nmeasurenent information neasured by a sensor provided in the facility from
the sensor to a creation unit; a creation unit creating a virtua

i mage representing a status of an outside or inside of the facility based
on the neasurenent information inputted by the neasurenent information

i nput ©hPt Vidndual 3”“%9@iﬁﬁFﬁ?t%énﬂﬁblthﬁif”ﬁ?%??&?ﬁHﬁ”éﬁdcﬂ}§ﬁ?§ying t he
virtual inmge created ip the cr [ it d. t ' d_i [ tted b
virtual Lnge orepted Dot he oL cRhLon 401 L o, (he,) tmged e [ nputted by
causi ng. 8,GQnDU €1 40, FYNELIAN AP, procd IBASI SRy dpfigrmat i on i nput
unit i pu?tlng asured measurenent inf by

or mati on sensor provided in the

faci'iwcgmﬂget%emspéam 1, fer%e@é!eamgms%gating_ a virtual imge
representing a Status of an outside or insi of the facility based on the

measur ement z i ploerymbion d mprhbed &y theueasuienenipuBfdm@mt i on i nput unit;
and a display control unit overlaying and di splaying the virtual
i mage coeatred | hntfhe s eabnorc mentmdn: t bé fraci they fwhd thiky seemmt hr ough a
di splay device. [Claim16] An information providing apparatus having
a control device controlling the facility,
wherein the creation unit creates the virtual
image representing the status of the outside or
inside of the facility based on the control
information inputted by the control information input
unit and the measurement information inputted by the
measurement information input unit.
[Claim 4] The information processing apparatus
according to claim 1, further comprising:
a control schedule information input unit
inputting contrel schedule information representing
contents of control gcheduled to be performed on the
facility; and
a simulation unit performing simulation to
estimate the gtatus of the outside or inside of the
facility when control represented by the control
schedule information is performed based on the
control schedule information inputted by the control
schedule information input unit and the measurement
information inputted by the measurement informaiion
input unit,
wherein the creation unit creates from numeric

data representing results of the simulation a three-
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a display unit and connected communi cably to a storage unit, the

i nformati on providi ng apparatus conpri sing: 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 pQsition

i nf or i MR depRalatiedr £ Bérh i 1D Faticont £ AGiNdat #Big C& oSt Erdit Df Ofhe

i nformation providi,ng apparatus which is detected in a position detection
devi cetPe SIMBIFEICH jon information obtaining unit obtaining direction

i nfor Lon C ul ed fram.information indicatin i ion of the
i nfor gg{:hgﬁ“b?%tl diafilhge aﬁlﬁaroart%aég\%\ﬁlﬂci??%Cagtselc%%dgpﬁ)agf%?ggcti on detection

devi ce; . .orqifgPRSt Lgf?g%f or mat |, en 1obt a:bgg\_r%grygghgqbt ai ni ng posture

information caltulated frominformation indicating ™a posture of the

i nformati ong PHRW iR nARPB8E At us Whi §B tieSrieh gelgeth i No@ qRast s bEet ecti on
devi ce; a determnation unit determning a visual field of the

i nf or nabirer gy enadintg appar aimsdbased onthlke Bppatdtiys, position infornmation
obtained in the position information obtaining unit, the direction
i nf or mat i onwbbtra redtihe tdreeditrieot i oniitnforeatieon a virtual image
representing the order number determined by the
determination unit.
[Claim 6] The information processing apparatus
according to claim 2, further comprising:

a control information input unit inputting
control information transmitted to the facility from
a control device controlling the facility,

wherein the c¢reation unit creates the virtual
image representing the status of the ocutside or
inside of the facility based on the control
informaticn inputted by the control information input
unit and the measurement information inputted by the
measurement information input unit.

[Claim 7] The information processing apparatus
according to claim 2, further comprising:

a control schedule information input unit
inputting contrel schedule information representing
contents of contrcel scheduled to be performed on the
facility; and

a simulation unit performing simulation to
estimate the status of the cutside or inside of the

facility when control represented by the control
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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
determ ning 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
posi t i DANEAMGrat RE® Sk BRCar 61§ BB LGP TR &RIFRY @ t518nd generating a

danger ous .range i e for . the determ ned dangerous_ target and displaying
their@ﬁ@tﬁgih%?ggéﬁ%ﬁ ar Qrmfgf&3n33¥uﬁ%9$n§§f%ﬁ#oﬁogiﬁﬁ ing
appar af us 36001 di ng Lo, cLalm 16, ophersine onq Lhe daplay santeol unit
cal cul Ate§ “Conver §i6n T nf ormation corre atirng conversion between a

coor d'gﬁ%%ﬁyééle of; ., eak Spage-and g goordinabe systemmak ;adi splay
space based on the apparatus poSition information, the direction

i nfornpgbonr, @ndethe posture information, calculates range coordinates
correspondi ng to the dangerous range informati on based on coordi nat es of

t he danger owgetrariget thesid roeatiinfrorunt icorc 1 @atlkes cooedi matres syst em of t he
real space, and applies the conversion information to the cal cul ated range
coor di dates nep ygesendt enghe edanyesodst rahge s wageat ifa@ abmtigleThe
information providing apparatus according to claim16, further conprising:
an i npdtngmaionpdt i ngtEai deBRERRFEPTRSER T Fagi fd VP& ITS ©L wherein
t he disBIay,con rol, unit cal cul ates conversion information correlating
conver 5f16n Pt wedh 18t oor di nate system of a real space and a coordinate

system a di spl ay,.space b LY Zi V] i y the input

uni t, égﬁ@df%t%g rﬁﬁﬁ% %855&?&% %é%b3$$%§%§ndﬁﬁ§ Fgﬁ#%%ggg%berous range

i nfor [ d.an . di nat es.,of \r get position
inforgg%Fgﬂxgﬁﬁ hggkégggﬁﬂhgﬂ's§g?gﬁ$%§ ?%ggﬁég%§§§:ce, and applies the
conversi on jnierdmth om0 she weal cubated o BREe £ ook dbhales homgenerate the

danger ous range i mge.

corresponding to a product in the facility,

wherein the creation unit creates a virtual image
representing the order number determined by the
determination unit.
{Claim 9] The information processing apparatus
according to claim 1, wherein

the creation unit creates the wvirtual image
representing the status of the outside or ingide of
the facility based on the measurement informatiocn
inputted by the measurement information input unit
when the facility is in operation, and

the display control unit overlays and displays on
the display device the virtual image created in the
creation unit and the imaged image inputted by the
imaged image input unit when the facility is in
operation, or overlays and displays on the display

device a virtual image created in advance and the
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[Claim19] The information providing apparatus according to claim 16,
further conprising: an input unit inputting a video imged in an

i magi ng devi ce, wherein the display control unit cal cul ates
conversion information correl ati ng conversi on between a coordi nate system
of a real space and a coordinate system of a display space by anal yzing the
video inputted by the input unit, determ nes copordi nates of a rker
i ndi catPAg s rePeFEnce PBSIHS rpﬁd(i}gjd3 t o"EHE Yet BFFihed Bing ma% target in

the coordi nate systemof the real space, calcul ates range coordi nates
corresp ﬁai36“?0_?ﬁéﬁéﬁaﬁeﬁéh§n?_njélf%?%%%a]f%%'originating at the
deter 1 ped sgpof ¢y na 204 ARPLE ¢S NE: CORVRLShON I o gRLIGON O the
cal cul ated range coordinatés to generate the dangerous range image. [Caim
20] The.LpLoriveti e Rroyidi ng appakatiys according to claim 17, wherein

the display control unit controls transmttance of the display unit to nake
t he danger ogget angeitYiosi hheivi atdetdisspllay tiidtuahd idisspt ays t he
dangerous range imge. [Caim21] The information providing apparatus
accor dragriea et @i mgl& hahetsitus of the outside or inside of
the facility based on the measurement information
inputted by the measurement information input unit
when the facility is in operation, and
the display control unit overlays and displays
the virtual image created in the creation unit on the
facility which is seen through the display device
when the facility is in operation, or overlays and
displays a virtual image created in advance on the
facility which is seen through the display device
when the facility is not in operation.
[Claim ﬁl} The information processing apparatus
according to claim 3, wherein
the facility is a facility in a steel plant,
the sensor ig a plurality of temperature sensors,
an alr pressure sensgor, Or a pressure sensor inside
or outside the facility, and
the contrcl informaticon is blowing of oxygen orx
gas into the facility, or charging of material into
the facility.
[Claim 12] An information processing method executed
by an information processing apparatus, the

information processing method comprising:

an imaged image input step of inputting an imaged
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the display control unit overlays and displays the dangerous range inmage on
the video inputted by the input unit. [Caim22] The information providing

apparatus according to claim 16, wherein the reading unit further
reads novenent schedule information indicating a schedul e of the dangerous
target to nove, which is stored in the storage unit, and when t he

di splay control unit determ nes that the dangerous t et does not exist in
the visBasef if d2 |f1act3|’13e18iysﬁ1r%1‘§fg€61nt1rlblaﬂnl &fet BPni4esi tfdt t he danger ous

t t hi f di
nﬁigﬁenlsscﬁﬁﬁa%%%%%% i | DRt T RO TRAT g T Br AT RS abbar at us
PoS! {1002 LILOLIBRLCD 00 B GUL 8Nk LIdTer NG sPLaY Lot polojunkLagener at es

an i mage notityrng a danger ue to the dangerous target and displays the

'magedpﬂ ttmee dfé@'ﬁﬁt“;?" kro[npl @h8 23ndhe;information providing apparatus
according to claim16,” wherein

a ¢reation step of creatlng a virtual image
representing a status of an outside or inside of the
facility based on the measurement information
inputted in the measurement information input step;
and

a display control step of overlaying and
displaying the virtual image created in the creation
step and the imaged image inputted in the imaged
image input step on a display device.

Claim 13] An information processing method executed
by an information processing apparatus, the
information procesgsing method comprising:

a measurement information input step of inputting
measurement information measured by a sensor provided
in the facility from the sensoxr;

a creation step of creating a virtual image
representing a status of an outside or inside of the
facility based on the measurement information
inputted in the measurement information input step;
and

a display control step of overlaying and
displaying the virtual image created in the creation
step on the facility which is seen through a display
device.

[Claim 14] A program causing a computer to function
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when the display control unit generates dangerous range inmages for plural
dangerous targets, the display control unit generates a dangerous range

i mge for each of the plural dangerous targets, and anal yzes generated

pl ural dangerous range inmages to determ ne a safety zone or an evacuati on
route where dangers due to the plural dangerous targets do not reach, and
further generates an inmage indicating the determ ned safety zone or
evacua¥ éon route and displays the inmage on the display unit. [C aim 24]

The informati on I?%fg%g:in%gi%g?é%t&stﬁgg rd:{rrllggttocicé i %16i,mg\gghei n

t he di spl ay*€orit angef ous range | mage-rn a planar

form Of 1y 23 egfogc%%i&pi %é?ﬂ%@gg@ Ziﬁegge iiﬁggggti prQVi di ng appar at us

accor di ng=to claim i sp ntrol uni't generates the

danger ous rgnge Jdegenand di spbavss t hen magsuen drhe: di siplay: uAigt when a
di stance to the dangerous target is equal to or |less than a predeterm ned

t hr eshpbdsudGhahm 26] £ Apmianfios matieen: Predi diynga mechntb exeautedd by an

i nformation providing apparatus having a display unit and connected
comunisaklhe t baaidtioragérom tthéhedm§ornmitad om prewitdi ag metiod

conpri si ng: a readi ng step of readi ng dangerous range infornmation
i ndi cating a darefet o0 range of seEchngt & e bF taadanyBRE8F target and

dangerous target position information indicating a posjtion of the
i gr inside of the

representing a status of an ocutside
facility based on the measurement information
inputted by the measurement information input unit;
and

a display control unit overlaying and displaying
the virtual image created in the creation unit and
the imaged image inputted by the imaged image input
unit on a display device.

[Claim 15] A program causing a computer to function
as:

a measurement information input unit inputting
measured measurement information by a sensor provided
in the facility from the sensor;

a creation unit creating a virtual image
representing a status of an outside or inside of the
facility based on the measurement information
inputted by the measurement information input unit;
and

a display control unit overlaying and displaying
the virtual image created in the creation unit on the
facility which is seen through a display device.

[Claim 16] 2&n information providing apparatus having
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dangerous target, which are stored in the storage unit; a position
i nformati on obtaining step of obtaining apparatus position information
calculated frominformation indicating a position of the information
provi di ng apparatus which is detected in a position detection device;

a direction information obtaining step of obtaining direction information
calculated frominformatiqn indicating a directiog of the information
provi df ng 1&FeR At ¥ hi BRY S YRBEI&F | ROFTHAH BEEPAY deteftion devi ce;

a posture information obtai.ni step of obtaining pasture_informtion
cahnﬂ%f@ﬁ%@%n??ﬁ%ﬁnﬁgﬁoﬁqﬁ%?@ﬁ%ﬁﬁfapﬁ&ﬁﬁéﬁggfﬁ TR &é&uion

provi dj 0 us which is detected in a posture detection device;

a dete#%gﬁzﬁf%%ﬁéfep of determning a visual field of the information

provi di ng apparatusnbased; Onr-Lhe Appakatiise Posist iomiaf ormation obtained in
the position information obtaining Step, the direction information obtai ned
in theidirceatd 00 oinnfof Aatb@n 0Pt ai Riggstes thenpestat ecbrflor mat i on
obtained in the posture information obtaining step, and visual field

i nformatear offt he darf gemationt prow tdi agdagizaratusushi thrgetdefined in
advance; and a display control step of determ ning a dangerous

t ar getpprdltuded imfidenmgisgal fnélidadastad @hi@%éiéﬂﬁﬁFaﬁgstﬁﬁ%ition
information, the direction _information, the posture information, and the
danger ®aBIreiReSi et Fati o BhElRt RE Hah§erGs 1 ar §& pdEPERGHE i nf or mat i on
which are read in the reading step, and generating a dangerous range inage
for thB%détier mi ned dangerous target and displaying the i mage on the display

uni t. a position information obtaining unit obtaining

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

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

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

a determination unit determining a visual field
of the information providing apparatus based on the
apparatus position information obtained in the
position information obtaining unit, the direction

information obtained in the direction information
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[Claim27] A program causing a conputer having a display unit and connected
comuni cably to a storage unit to function as: a reading unit
readi ng dangerous range i nformation 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 optaining

appar a®b§agesi 28 ol ik or FBE AP BEPECH at BECFTHHY T APoARE 7 ORShditati ng a

osition of the conputer which i tected in a.position detecti devi ce;
o T CoPP o B B r BB T hooBE A L obeg b Car Pl SR, o o ©©

cal cul at gd f rom. Lnfor b Lo § nghgating, prdirieGh i 89.f; dhggeomput er which is
In a e;

det ect &8 IFécti on detection device; posture”™i nformation

obt ai N B8N £ 804A] 1O 3RO L Enblf of sfabiagn cab culated f rom i nf ormat i on
indicatthg a posture of the conputer which is detected in a posture

detection dgvigG&play ccheeber Rimati ar teh idates nhndag e voswal field of
t he conputer based on the apparatus position information obtained in the
posi ti arigRftor fatilarg ot annitige uniitsud hefdierlett ber ddhfonmaticon obt ai ned in
the direction information obtaining unit, the posture information obtained
i n theappstugteuiniorsmtiom ot &pninadg uent , tdrel ¢igedtt P&l d i nformati on of
the conputer which is defined in advance; and

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.

[Cilaim 17] The information providing apparatus

according to c¢laim 16, wherein

the display control unit calculates conversion

information correlating conversicn between a

coordinate system of a real space and a coordinate

system of a display space based on the apparatus

position information, the direction information, and

the posture information, calculates range coordinates

corresponding to the dangerous range information

based on coordinates of the dangerous target position

information in the coordinate system of the real

space, and applies the conversion information to the

calculated range coordinates to generate the

dangerous range image.

[Claim 18] The information providing apparatus

according to c¢laim 16, further comprising:
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a display control unit determ ning a dangerous target included in the
visual field based on the apparatus position information, the direction

i nformation, 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 i mage for the determ ned dangerous

target and displaying the i mage on the displa nit.
g an Engﬁtgunit ingutting a vf&e% %maged in an

imaging device,

wherein the display control unit calculates
conversion information corxrelating conversion between
a coordinate system of a real space and a coordinate
system of a display space by analyzing the video
inputted by the input unit, calculates range
coordinates corresponding to the dangerousg range
information based on coordinates of the dangerous
target position information in the coordinate system
of the real space, and applies the conversion
information to the calculated range coordinates to
generate the dangerous range image.
[Claim 191 The information providing apparatus
according to claim 16, further comprising:

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

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

range coordinates to generate the dangerous range
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image.
[Claim 20] The information providing apparatus
according to claim 17, wherein

the display control unit contrcls transmittance
of the display unit to make the dangerous target
visible via the disgplay unit, and displays the
dangerous range i1image.
[Claim 21] The information providing apparatus
according to claim 18, wherein

the display control unit overlays and displays
the dangerous range image on the video inputted by
the input unit.
[Claim 22] The information providing apparatus
according to claim 16, wherein

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

when the display control unit determines that the
dangerous target does not exist in the visual field,
if the display control unit determines that the
dangerous target 1s approcaching the information
providing apparatus based on the movement schedule
information read in the reading unit, and the
apparatus position information and a current time,
the display control unit generates an image notifying
a danger due to the dangerous target and displays the
image on the display unit.

[Claim 23] The information providing apparatus
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according to claim 16, wherein

when the display control unit generates dangerous
range images for plural dangercus targets, the
display contrxol unit generates a dangerous range
image for each of the plural dangerous targets, and
analyzes generated plural dangerous range images to
determine a sgsafety zone or an evacuation route where
dangers due to the plural dangerous targets do not
reach, and further generates an image indicating the
determined safety zone or evacuation route and
displays the image on the display unit.
[Claim 24] The information providing apparatus
according to claim 16, wherein

the display control unit generates the dangerous
range image in a planar form or a stereoscopic form.
[Claim 25] The information providing apparatus
according to claim 16, wherein

the display control unit generates the dangerous
range image and displays the image on the display
unit when a distance to the dangerous target is eqgqual
to or less than a predetermined threshold.
[Claim 26] An information providing method executed
by an information providing apparatus having a
display unit and connected communicably to a storage
unit, the information providing method comprising:

a reading step of reading dangerous range
information indicating a dangerxcus range of each
state of a dangerous target and dangerous target

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

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

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

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

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

a display control step of determining a dangerous
target included in the visual field based on the

apparatus position information, the direction
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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.

[Ciaim 27] A program causing a computer having a
display unit and connected communicably to a storage
unit to function as:

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

a position information obtaining unit obtaining
apparatug position informaticn calculated from
information 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 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
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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 ig defined in advance; and

a digsplay contrel unit determining a dangerous
target inciuded 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.
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