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

DESCRIPTION

TITLE OF INVENTION: INFORMATION PROCESSING APPARATUS,

INFORMATION PROQCESSING METHOD, AND PROGRAM

TECHRNICAL FIELD
[o001] The present invention relates to an
information processing apparatusg, an information

processing method, and a program.

BACKGROUND ART
[oogz2}l (1)

Conventionally, in an observation trip in an
installétion, a factory, or the like, observers often
obsgserve an actual installation or facility, or
observe a prepared panél or video. On the other handg,
Eor example, Patent Deocument 1 proposes a system to
overlay-display element information corresponding to
the site on an actual gite image imaged by a portable
terminal or the like, according to the movement of an
chserver.
fooo3]  (2)

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

posted exhaustively in a range where there may be a
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observe a prepared panel or video. On the other hand, for example, Patent Document 1 proposes a
system to overlay-display element information corresponding to the site on an actual site image
imaged by a portable terminal or the like, according to the movement of an observer. [0003](2) In a
dangerous spot for a worker to perform work, such as a factory or a construction site, a dangerous
area is indicated with paint or the like, or a sign or the like is posted. Since indications of these
dangerous spots (dangerous spot indications) are stationery, in general, indications and signs are
posted exhaystively in a range where there may be a danger. Incidentally, among dangerous
spots, there may be cases where it is always dangerous, and there may be cases where it is
dangerous in a ﬁérﬁé@a?rfp’éﬁec}ﬁf: tiMBOGF eXampler SsiteRitiete a'didnetopetationds performed

in & Tactoy, e g ol Al od s pcats 2 BIGEToUs PUQIVMEL g rane o
cagses where it is dangercus in a particular period of
time. TFor example, at é site where a crane cperation
ig performed in a factory, the area below a hanged
load becomses & dangerous spot only.when the crane is

in operation.

CITATION LIST

PATENT LITERATURE

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

Patent Literature 2: Japanese Laid-open Patent

Publication Neo. 2002-7703

SUMMARY OF INVENTION
TECENICAL PROBLEM
[0005] (1)

Depending on the installation or factcery, there
may be cases where there 1s a danger and an observer
cannot get close to a facility. Further, even when
it iz possible to get close, there may be casgses where
the inside of the facilitv cannot be seen.

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

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



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

merely to.the exignt.qof allowing sgeing the:name et afacility;of {he like as a virtual image, and there
has been a problem that

Further, in a factory, there may be cases where
the operational status of a facility is predicted by
simulation, but the simulation results are just
displayed in a two-dimensional cross-sectional wview
on a scresn of a computer terminal. Accoxrdingly,
there has been a problem that it is not easy for the
operator to comprehend the simulation results.

[0006] The present invention is made in view of such
problems, and & 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.
[ooo7]  (2)

Regarding a conventional dangerous spot
indication for a stationery crane arm or the like,
for example, the entire movakle range of the crane
arm is assumed as a dangerous spot, and a dangerous
spot indication (such as hatching or the likej 1is
provided on the ground. Thus, in the conventional
dangerous spot indication, there is a problem that a
dangerous spot is determined more than necessary,
making the dangerous spot cobscure. Further, the
conventional dangerous spot indication also has a
problem that dust, oil, or the like may soil the
indication, making the indication itself unseeable,
or maintenance such as cleaning or repainting is
reguired when it is soiled.

On the other hand, regarding a conventiconal
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the observer does not feel the reality. Further, in a factory, there may be cases where the
operational status of a facility is predicted by simulation, but the simulation results are just displayed in

a two-dimensiQnal grossrsectignal wiew,an grscreenof a1eonputer terminal.Accerdinglyythere has

been a problem tgﬁteit is no%leggyvg%g;[:%e operator fo comprehend the s'&mulation results. [0006] The

. SLNCE ca rane 1 a g gtatlonerv, .
present m_ven%on IS madeé in view of such probléms, and a firs oft')jecrtlcfhereo,?lé is fo cohfmunicate the
operationalS=tas b7 falhiy of Hiefikeor +8sdftsTorSimtiiation Witk réali§ tbarP655&R/erdr worker in
an installafien orarfactorycj000 7§42k Regardinega conventionédl ldangerats Spot didigationfor a
stationerysgrane agn-Rithelike Jfosexamplerthe entise movable range ofthe erang argyis:assumed as

2 dangergls spot, agda.dangeroys, spal Indication.(sugh as hatching ot theJikg) sprauided on the

ground. Thus, Iin the conventional dangerous spot indication, there is a problem that a danigerous spot

is determinEPHorE AR ESAR, TAKMG tRE daRGerddiE spbtbbsdtiteS Fifhér, & Roflentional
dangeroustsgotindication disbdras-a mrobiemehahdust, oil, or the like may soil the indication, making
the indicationdtself unseeable, wr-1paintenance suehascleaning-ariepadatingis regrired when it is

Soned'CM&Q%%QQBﬂEhQEQﬁJgggggn9§§985¥ggqgﬂ§lin a scene where the dangerous

spot changes temporally.

SOLUTION TC PROBLEM
t0009]

According to a first aspect of the present invention,
there isg provided an information  processing apparatus,
comprising: an imaged image input unit inputting an imaged image
of a facility imaged in an imaging device; a measurement
information input unit inputting measurement information measured
by a sensor provided in the facility from the sensor; a creation
unit ¢reating a virtual image representing a status of an outside
or ingide of the facility based on the measurement information
inputted by the measurement information input wunit; 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; and a control information
input unit inputting contrel information transmitted to the
facility from a control device controlling the facility, wherein
the creation unit c<reates the wvirtual 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 dinput unit, the facility is a facility in a steel
plant, the sensor is a plurality of temperature sensors, an air
pregssure Sensor, Or a pressure gensgor inside or outside the
facility, and the control information is blowing of oxygen or gas

into the facility, or charging of material into the facility.



dangerous spot indication for a mobile crane truck or the like, since the location where the crane is
used is not stationery, an indication "KEEP CLEAR OF 10 M RADIUS" or the like is posted on the

crane truck. Howgver, therg is, a groblem that the dagoergus spot,canngt be visually recagpized, and

the dangerous spot becomes obscure. Further, there are also cases to physically hinder entrance with

pylons or®Fe k&, bttRerE38 afoleRiiacit kkesabtr tb5rehare therm SodU8IEMBodiments of the
present invesdioreseek teumotifys aeddnageroussspet mate @ppropriately in a scene where the dangerous

spot changes tegparalpy, 2OLUTIQNTORROBLEMIO009] g appAcaardingde.a fipstragpect of the
present invention, there is_provided an informati%n roceﬁing a%oaratu}sg, %oq\ rising: an imaged
I 1 & SCEine §

image inptt unitpttig anintagéd ifageor & i e

Acility ‘imagéed in an IMmaging device; a measurement

information inputl@ft dputtingoerdiremein infornmriiorhmedastredby alsenser provrieh the facility
from the sgRsql: akreatiga-unit creating addrtyal IMage-reRIESENIRgR 5aIHs o Sknedtside or inside of
the facilit)é g%s%ds%n the measgégrgerrltrilrel}fotrmagioir;_loi%ggegnby th r@gas%ejnrgentiirgf%rtr@%glon input unit;
a display controf unﬁgo'ver%ying and cﬁsp%ying fhie virtua image Created in the création unit and the
imaged iM&ageiapTRed by tHe ihageeimaga THpatunion® di§haydeviteyafts comtréhifformation

input unit faputting,contrehinfarmatien dransmittechie-thechacilityifrons sceoritrel deviea cottrdlling the
facility, wheteld the-gealiony creates g yirtg! image Jepiesention theslatls of fhe gtside or
! . gl in .

inside of the facility based on the control information inputted by the control information input unit and
the meastifsieht IhfdifTabn IRpUtisd BRHRFMremBACHTaMSton Ut Ui, (¥ rddifity is a
facility in asteekplaat ttheisensorisiaplurality.of temmpérature seiseszan @epressuresensor, or a

pressure senseLinside 9&9&“8@%%}%&@% and the;central infrmation.is blwing;of oxygen or gas

into the facility, or charging of material_intg the facility. . ,
creation uglt on the faczlity thch ig s=een through a display
device; and a contrel information input unit inputting control
information transmitted teo the facility from a control device
controlling the facility, wherein the creation unit creates the
virtual image representing the status of the outside or inside of
the facility based on the contrcl information inputted by the
control information input unit and the measurement information
inputted by the measurement information input unit, the facility
is a facility in a steel plant, the sensor is a plurality of
temperature sensors, an alr pressure Sensor, Or & Pressure sensor
inside or outside the facility, and the control information is
blowing of oxygen or gas intc the facility, or charging of
material into the facility.

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

Note that the information processing apparatus corresponds

te, for example, an AR server which will be described later.



With such a structure, the operating status of a facility or the like can be communicated with realistic
feelings to an observer in an installation or a factory. Note that the information processing
apparatud corresponds to, for example, an AR server which will be described later. [0010]

According to a sgcand aspect of the presentigueqtion. theLe j5 pravided an.infoynation, pracessing

apparatus, comprising: a measurement information input unit inputting measurement information
measured By 2EHE6F Proditied T RIEFCIRY frokPiSEeRSor; ™ Eredtiof SR S@dting a ittual image
representingf a-statusof ap:ouisice: aginsige of the: fgciliyHeasedhonthemeasugemeat mfogmation
inputted t%yet&eogegs%rex@g%gﬁorg}lati%@ajgggt w%%aem%% tcogg%urgkoviq{ﬁyé@g@d displaying the
virtual image created ih the création unit oR the facili y which is seen through a display device; and a
control infotatdn HRANICApulting 86AtroFinfoFMaa6H traifsmitfed tH k& REilitF Fori % Eontrol
device controlling-the. facilityrwheseinothe erealion uritsreates thepirduakimage sepreseniing the
status of the.qutside o inside of the fagility based on the gontrol informatiop.inputted by.the control
information input unit and the measurément information Inputted By the measurement information input
unit, the fabiity issafagility i a steetplan, e senserfis £prAaitcof emperatitelsensttgean air
pressure $epsekHfa REESSUME-SERSOr dFside OLauisidr thefacilit: @nddhe gaatraldpformation is
blowing of oxygen or gas into the facilit%/, or %hap%igggr{ m%telg@,lceiergo%geg ce:i"%éas r\é\{@\th §uch a
structure, thé opeorra?“ting %té?ﬁ%so%%a?aecrﬁltylor% e'Tike ¢an becommunicated wit reéjllstlcefréelings to an
observer imaninstaliatonmre fagtory: & N6k fiat #eaiformation processingapparatist
correspongds:1o, 40t gxample,an AR servgrwhich will he;desaribed-aten o[00kMdy anAceaeding to a
third aspect of the present,inventiog, there is p,rovideéi an informatiot_p p[cocessin%mdethog executed by
an informali3H ProtBasng Abparatis, the forMAToN proceSsing mathod Somprising: an imaged image
input stepdefiinputtirgdndmaged-irhage bfantacility ifayged istap imagimpdeviceya maaswement
information, input step.of inputting measurementdnfermationmeasyred; by-a,sensor pravided in the
facility from the sensor; a creation step of creating a virtual image representing a status of an outside
or inside GPHEF R hassd ort e ireasurdMBRT iMtormatior iRpuftéd T 18 mesetrenialit
informationt inpes Stepiegdispiay control step lof ovedayngrdndidisplaymigitheovirtusd ilageicreated in
the creatign step and: the imaged image,jnputiedn the imaged jimage inpultstsp ang.disalay device;

and a control information input step of inputting control information transmitted to the facility from a

control devfice EBRtrofifiyFFie faciiity WRRF in e tfeattitBie e Vittial MFAGE TEE8enting the
status of thefeutside on insigde of #ae facilityés areated-based onrthercentiokinformationtinputted in the
control informatign japut step and the. measurement infornation ipputtedjn the measurgment
information input step, the facility is a facility in a steel plant, the sensor is a plurality of temperature
sensors, & AfPpressuf serfdie bR B pe ssGresséfisor dfiside or Bhfside the BT andthecontrol
informatiosrisaloveng ef.exygem oi gas iatodthedacdity; or chacgingtef, matetiat irto dbe faeility.

information iz blowing of oxygen or gag into the facility, or
charging of material intec the facility.

Bccording to a fourth aspect of the present invention,
there is provided an information processing method executed by an
information processing apparatus, the information processing
method comprising: & measurement information input step of
inputting measurement information measured by a sensor provided

in the facility from the sensor; a creation step cof creating a



According to a fourth aspect of the present invention, there is provided an information processing
method executed by an information processing apparatus, the information processing method
comprisingt @ measireme ntrsformeation igp e ste ot mpuftingemeaseriementinfonmeatinaneasured by
a sensor %%V'Qggi'mitgg facility;from the sepsat aptsation siep.okarsating 4. vidyal jmage

representing a status of an outside or inside of the facility based on the measurement information
inputted RYAETHBASHFendHSARGRiton TABUE stEH 2R dishlaf ot steprofGver@yiRy &fd displaying
the virtuatimageereatediiithel cegation step ondhedvactity Whichdgseemriough adisplay device; and
a control infaunation iyt sigb hippiling aanjrolinfarmation iansitedgdhe faglity figm a control
device controaﬁlng the facﬁity, wherein, in the creation step, the virtual image representing the status of
the outsidée Bt fitsidé ™ the FREIREAS crBARSTBasEE Oftve c6hfBI Fiforrmaton IRFutsd i e control
informatiam inpt-gteprand the sneasurement wdermation inpptted dmthe measwemens-irifeemation input
step, the [aciily s facliy 0 2 steelplapl, the, seDsor s APIUALY of Lempgratiie gensofy, an ar
pressure SENsor, or a pressure sensor inside or outside the facility, and the control'information is
blowing of 8Xy&eh cigas inteRheSatiliby or-étvargiid of nvdteHainto thé Facifity. insiAecbiding to a
fifth aspeet.af the-presept invention dhers ispravided & pragran cadsing.a cosaputesie fuaction as: an
imaged imagenput unit inputting.an. maged mage. of a fagilly imaged ja an imaging device: a
measurerfient information input GAt NPUtiNg measturement inforrmation measure %yasensor
provided i ferdilityzirobmpkié sehsontotderctrpiisites ereatiorr ot treatingPa VirftfdBmage
representing a status;of,an;qQutside-gr inside of thefaciliti-hased-on thecmeagurerentigfogmation
inputted by the measurement information input unit; a displa;_/r control unit overlaying and displaying the
virtual im%él%?éétte}a iR the BRESHSH Rt aRd theifiaghdl imageihpited by the imaged image input
unit on a dispteydeviserand alcentiel informatioidmpobanit fputting copnd| infernsatidrr echnsmitted to
the facility, frog @.¢antrol device Senteolling tBﬁJ@EMty@Wh%@Jn the greation ppiticreates the virtual
image representing the status of the outside or inside of the facility based on the control information
inputted By &8RS iMtEIRALGT inputulit antPfhe heasurement information inputted by the
measurement infarmatidmmput unitf tHe facikityds @ fatilitien arsteehplantvirecsensortisea plurality of
temperatyre SENSOLs; AN air PLESHIIE, SepSOL:l.A RIESSUIS, SensorLinside,or.aulsidg the fagility, and

the control information is blowing of oxygen or gas into the facility, or charging of material into the
facility. *TAIEOrdinGI6 aSKitaspedt oT’%ﬁ&%%é%nﬁ'ﬁvéﬁW, h&PEREprolided™d progiam causing a
_compute_rimafgedti@m asa aimegsugerdent ermaﬂeménpumGnﬁ impﬁuwmaﬂweawmmenﬁ
information), By & seasqr Rrovidaelinthe faclify from, the sensar; agreation.unit creafing a yvirtual image

representing a status of an outside or inside of the facility based on the measurement information
inputted byFthelRedsGreéit idfctthatin iFFTEGRIt; B didplay ottt unitdverfying4rd tisplaying the
virtual image ereategkinribe:creationdinit eadbefapiibsuitidmis seendhroughtadisplaydece; and a
control informafign taput init,japutting canjrol information yranymitied L the facllipy fram a.control

device coﬁﬁoljﬁng the facility, wherein the ‘creation unit creates the virtual image representing the
status of tHePdisite SHndifé of BreSTAEHNG Haséd ‘orr e d6ftrot MRfeFm &6 inptittéd By the control
informatiofoinpes Lnit:and he-measiigmen infosmadipnigputied by:theamneasasementinfesmation input
unit, the f@%lllgé/hlg a, La&lgy An au%tlegl er%t,t he sensor.is a plurality of te (ﬁ%ratucrg sensors,.an air

m
i 1tnaged 1 e . ut e imageh; .
pressure sensor, or a pressure sensor inside or OU?SI%G tﬁe amﬁt;}, andet e gontrol IHPOI‘ ation Is

blowing of BRgger B gfasUntc-therfagilityt er eHargifgicermateal mte s Facilignformation

input unit inputting c¢ontrol information transmitted to the
facility from a contrel device controlling the facility, wherein

the creation unit creates the virtual image representing the

6a



Here, the "reading unit" corresponds to, for example, a retrieval unit 1055 which will be described later.
The "position information obtaining unit" corresponds to, for example, a measurement unit 1040 which
will be deserhed later. The "directior infarmatishdebtainingnanit eefresponds: ta;dorcexanmgle, a

direction ipfarmation,abiaining it 14%whieh wi) be lescubed later The, postyte infarmation
obtaining unit” corresponds to, for example, a posture information obtaining unit 1050 which will be
describedfatér. Fhé "t MFnBHBATNTIE CoHESPEIdSTo, FoPEXARTDIEYA VRRtarfieRIde’tRination unit
1060 which: wdli-herdescribegilatenniine "digplay gontrol winit'scasrespendsto, for examnples a display
control unitlli(r)lES eré%h will be described 1ater AE)VAC\)@TAGEOUS EFFECTS OF INVENTION

r

[0012](1) P (:C(;C mgsfaongf)n}‘boﬁlsmgnl% of t :élpr\ésent i%%ﬁﬁ5%Fﬁ1reeops§%sfﬁ1@séta?ﬁls R facility or

the like carrbaeBIAMERIRIRED WIBH realisticdaslitgs oemsobserver Frandnstaliaticiior &¥&ctory.

[0013](2) acifuither.accarding-tnembodimentsof fba prasentinyention, a:dangeroussnot can be
notified mere anRoPUately In.a sgene where e dangeious sPoLehanges temppraly. BRIEF

According to a sixth aspect of the present invention, there
is provided a program causing a computer to functicn 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 outgide or inside of the facility based on the measurement
information inputted by the measurement information input unit; a
display control unit overlaying and displaving the wvirtual image
created in the creation unit on the facility which 1s seen
through a display device; and a contrel information input unit
inputting control information transmitted to the facility from a
control device controlling the facility, wherein the creation
unit creates the wirtual image representing the status of the
outside or inside of the facility based on the control
information inputted by the contrcl information input unit and
the  measurement information imputted by  the measurement
information input unit, the facility isg a facility in a steel
plant, the sensor is a plurality of temperature sensors, an air
pressure sensor, oOr a pressure sensor inside or outside the
facility, and the control infeormation is blowing of oxygen or gas

into the facility, or charging cof material into the facility.

b



[0014][Fig. 11Fig. 1 is a diagram illustrating an example of a system structure of a facility guidance
system of Embodiment 1. [Fig. 2] Fig. 2 is a diagram illustrating an example of a hardware structure of
an AR server. mefkig. 3H=iQ. ‘&&dﬁh@gr@ﬁfﬁiﬂust&&thﬂ@@p@@@p&@pf a seftwarargtracture of the AR
server of Embodlmeint 1. [:FC?O%]E% ac d| gr% (%g |Ilust ati gl n examelg of“overl dlsplay of a
virtual image and an |mage image of mbo iment 5isa dlagram (%) |Ifusjtrat|ng an
example éhévaray tisplay ot Bl vikual image a d:aﬁnﬁﬁégéuiﬁfna@é of ErabodiienpiefFiga6]Fig. 6 is a
diagram (@3 dlisteating anexampi® 40 which will be described later. The

“direction information obtaining unit” corresponds to, for
example, a direction information obtaining unit 1045 which will
be degcribed later. The “posture information obtaining unit”
corregponds to, for example, a posture information cobtaining unit
1050 which will be described later. The “determination unit”
corregponds to, for example, a wvisual field determination wunit
1060 which will be described later. The “display control unit”
corregponds to, for example, a display control unit 1065 which

will be described later.

ADVANTAGEQUS EFFECTS OF INVENTION



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

9]Fig. 9 is a diagram, llgstating.anexampie.af a softvare structure of the AR sefver of Embodiment 2.

operating status of a facility or the like can be communicated
with realistic feelings to an c¢bhserver in an installaticn or a
factory.
[o0131  (2)

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

where the dangerous spot changes temporally.

BRIEF DESCRIPTICN OF DRAWINGS
[0014] [Fig. 1] Fig. 1 ig 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 cf an AR server.

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

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

[Fig. 3] Fig. 5 1ig a diagram (2) illustrating an example
of overlay display of a virtual image and an imaged image of
Embodiment 1.

{Fig. €] Fig. €& 1sg a diagram (3) illustrating an example
of cverlay display of a wvirtual image and an imaged image of
Embodiment 1.

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



[Fig. 10]Fig. 10 is a diagram (1) illustrating an example of overlay display of a virtual image and an
imaged image of Embodiment 2. [Fig. 11]Fig. 11 is a flowchart illustrating an example of display
control processing in the AR server of Embodiment 2. [Fig. 12]Fig. 12 is a flowchart illustrating an
example of display control processing in an AR server of Embodiment 3. [Fig. 13A]Fig. 13Ais a
diagram (1) illustrating an example of displaying a facility by each display layer.
example of display control processing in the AR
server ©f Embodiment 1.
[Fig. 8] Fig. 8 is a diagram illustrating a
system structure of a facility guidance system of
Embodiment 2.
[Fig. 9] Flg. 9 is a diagram illustrating an
example of a scoftware structure of the AR server of
Embodiment 2.
[Fig. 10] Fig. 10 ig 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
gerver of Embodiment 2.
[Fig. 12] Fig. 12 is a flowchart illustrating an
example of display control processing in an AR server
of Embodiment 3.
[Fig. 13A] Fig. 13A is a diagram (1)
illustrating an example of displaying a facility by
each digplay layer.
[Fig. 13B] Fig. 13B is a diagram (2)
illustrating an example of displaying a facility by
each display lavyer.
[Fig. 13Cl] ¥Fig. 13C is a diagram {3)
illustrating an example of displaying a facility by
each display laver.
[Fig. 13D] Fig. 13D is a diagram (4)
illustrating an example of displaying a facility by

each display laver.



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

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

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

[Fig. 14] Fig. 14 is a diagram 1illustrating an
example of a system structure of a facility guidance
system of Embcdiment 5.

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

[Pig. 161 Fig. 16 is a flowchart illustrating an
example of disgplay control processing in the AR
server of Embodiment 5.

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

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

[Pig. 191 Fig. 19 is a flowchart illustrating an
example of processing in the operation support system
cf Embodiment 6.

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

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

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

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

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

example of processing in the operation support system
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example of a system structure of a facility guidance system of Embodiment 5. [Fig. 15]Fig. 15is a
diagram illustrating an example of a software structure of an AR server of Embodiment 5. [Fig. 16]Fig.
16 is a flowchart illustrating an example of display control processing in the AR server of Embodiment
5. [Fig. 17]Fig. 17 is a diagram illustrating an example of a system structure of an operation support
system of Embodiment 6. [Fig. 18]Fig. 18 is a diagram illustrating an
of Embodiment 7.
[Fig. 251 Fig. 25 is a diagram illustrating an
example of a system structure cof the operation
support system of Embodiment 7.
[Fig. 2861 Fig. 26 is a diagram illustrating an
example of a structure of an information providing
system.
[Fig. 27] Fig. 27 is a diagram illustrating an
example of a hardware structure of an AR providing
apparatus.
[Fig. 28] Fig. 28 ig a diagram illustrating an
example of a functional structure of the AR providing
apparatus.
[Fig. 291 Fig. 29 is a diagram illiustrating an
example of a hardware structure of an information
preocessing apparatus.
[Fig. 30] Fig. 20 is a diagram illustrating an
example of a table storing information related to
dangerous obiects.
[Pig. 31] Fig. 31 is a diagram illustrating an
example of a table storing information related to
dangerous objectis.
[Fig. 32] Fig. 22 is a diagram illustrating an
example of a flowchart related to operating state
setting processing.
[Fig. 331 Fig. 33 is a diagram illustrating an
example of a flowchart related to operating state
setting processing.

[Fig. 34] Fig. 34 is a diagram illustrating an
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example of a software structure of the operation support system of Embodiment 6. [Fig. 19]Fig. 19 is a
flowchart illustrating an example of processing in the operation support system of Embodiment 6.

[Fig. 20] Fig. 20 is a diagram illustrating an example of a system structure of an operation support
system of Embodiment 7. [Fig. 21]Fig. 21 is a diagram illustrating an example of a facility marker
correspondence table. [Fig. 221Fig. 22 is a diagram illustrating an example of a facility usage status
table. [Fig. 231Fig. 23 is a diagram illustrating an

example of a flowchart related to position
information setting processing.

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

[Fig. 236l Fig. 36 ig a diagram illustrating an
example of an AR vigual field.

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

[Fig. 378B] Fig. 37B 1s a diagram illustrating an
example when a two-dimensional augmented image is
displayed.

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

[Fig. 37D} Fig. 27D is a diagram illustrating an
example when an augmented image i1s displayed.

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

[Fig. 3%] Fig. 3% is a diagram illustrating an
example of display when a dangerous object is
approaching.

[Fig. 401 Fig. 40 is a diagram illustrating a
flowchart related to display processing.

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

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

example of a flowchart related to display processing.



example of a software structure of an HMD with camera. [Fig. 24]Fig. 24 is a flowchart illustrating an
example of processing in the operation support system of Embodiment 7. [Fig: 25]Fig. 25 is a diagram
illustrating an example of a system structure of the operation support system of Embodiment 7. [Fig.
26]Fig. 26 is a diagram illustrating an example of a structure of an information providing system.

DESCRIPTION OF EMBODIMENTS

[0015] Haereinafter, embodimesntes of the present
invention will be described based on the drawings.
[001¢] <Embodiment 1>

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

To the AR server 1, an imaged image of a facility
in a factory (a shaft furnace in the example of Fig.
1) imaged by the camera 2 is inputted from the camera
2. DNote that in the following embodiments including
this embodiment, the description will be given taking
examples of facilities in a steel plant as examples
of facilities in a factory. Note that this will not
limit the following embodiments including this
embodiment.

Further, to the AR server 1, measurement
information (for example, temperature information of
the ingide of the shaft furnace, or the likej
measured by the sensors 3; to 35 is inputted fxrom the
sensors 3. to 3. Note that although in Fig. 1 the
number of sensors is five, this embodimént 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



[Fig. 27]Fig. 27 is a diagram illustrating an example of a hardware structure of an AR providing
apparatus. [Fig. 28]Fig. 28 is a diagram illustrating an example of a functional structure of the AR
providing apparatus. [Fig. 29]Fig. 29 is a diagram illustrating an example of a hardware structure of an
information processing apparatus. [Fig. 30]Fig. 30 is a diagram illustrating an example of a table
storing information related to dangerous objects.

example, only inside the facility or only outside the

facility depending on the facility. -For example, in

the case of the ghaft furnace, the sensors 3 are

provided inside and outside the shaft furnace. In

the case of a converter which will be described later,

the senscrs 3 are provided inside the converter. In

the case of a continuous-cagiting machine which will

be described later, the gensorg 3 are previded

outside the continuocus-casting machine. The sensors

are not limited to temperature Sensors measuring

temperature information, and may be, for example, air

pressure sensoers measuring alr pressure information,

pressure sSensors measuring pressure information, gas

sengors measuring the type and concentration of gas,

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

type of sensors {for example, temperature senscrs or

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

{for example, a Lemperature sensor, a gas sensar, a

pressure gensor, and so on).

Note that in the following, for brevity of
explanation, these plural sensors are simply referred
to as sensors unless otherwise noted.
The AR server 1 performs control to create z

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 factery can comprehend with
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[Fig. 31]Fig. 31 is a diagram illustrating an example of a table storing information related to dangerous
objects. [Fig. 32]Fig. 32 is a diagram illustrating an example of a flowchart related to operating state
setting processing. [Fig. 33]Fig. 33 is a diagram illustrating an example of a flowchart related to
operating state setting processing. [Fig. 34]Fig. 34 is a diagram illustrating an

realistic feelings the cperating 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.

[co17] Fig. 2 is a diagram illustrating an example
of a hardware structure of the AR server 1.

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

By the CPU 11 executing procesgsing based on the
program, software structures and procesgsing related
to flewcharts which will be described latexr are
achieved.

[0018] Fig. 3 is a diagram illustrating an example
0f a software structure of the AR server 1 of
Embodiment 1.

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

The imaged image input unit 21 receivesg from the
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gxample of a flowchart related to position information setting processing. [Fig. 35]Fig. 35 is a diagram
illustrating an example of a flowchart related to display processing. [Fig. 36]Fig. 36 is a diagram
illustrating an example of an AR visual field. [Fig. 37A]Fig. 37A is a diagram illustrating an example
when a three-dimensional augmented image is displayed. [Fig. 373] Fig. 373 is a diagram
illustrating an example when a two-dimensional augmented image is displayed.
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 infermatiocn input unit 22
raceives from the sensors 3, Lo 3z measurement
information measured by the sensors 3; to 2:; and
inputs the measurement information.
The creation unit 23 creates a virtual image
representing the status of the outside or ingide of
the facility based on the measurement information
inputted by the measurement info%matioa input unit 22.
For example, the creation unit 23 receives the
measurement information from the measurement
information input unit 22, and receives facility
informaticn indicating which facility this
measurement information is measured from the
measurement information input unit 22. The creation
unit 23 determines whether or aot the facility
indicated by the facility information is a facility
for which it is set to generate a virtual image of
the inside of the facility based on the received
facility information. When the facility indicated by
the facility information is a facility for which it
is set to generate a virtual image of the inside of
the facility, the creation unit 23 selects a facility
inside estimation model (facility inside estimation
mathematical model expression} stored in associlation
with the facility information from the storage device

12 or the 1ike based on the facility information.
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[Fig. 37C]Fig. 37C is a diagram illustrating an example when an augmented image is displayed. [Fig.
37D]Fig. 37D is a diagram illustrating an example when an augmented image is displayed. [Fig.

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

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

Describing more sgpecifically, in the storage device
12 or the like, for example, a shaft furnace and a
shaft furnace ingide estimaticn model are stored in
associlation. 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
informaticn indicates a shaft furnacs, 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 ingide estimation model
to estimate the status inside the shaft furnace, and
preates a virtual image representing the status
inside the shaft furnace.

Note that each estimation model is stored in the
storage device 12 merely as a logical model, and is
recalculated according to, for example, the
measurement information measured by the sensors 3. to
35, ©o thereby generate a virtual image in a form
close to the actual state. Therefore, it is
preferred to be & 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 adiustment in a height direction 1s made according
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[Fig. 40]Fig. 40 is a diagram illustrating a flowchart related to display processing. [Fig. 41]Fig. 41 is a
diagram illustrating an example of a table storing information related to dangerous objects. [Fig.
42]Fig. 42 is a diagram illustrating an example of a flowchart related to display processing.
DESCRIPTION OF EMBODIMENTS

to the amount of charged raw material in the shaft
furnace, or in an example of a converter which will
be described later, it i1g allowed to change the
surface position and so on of molten steel in the
furnace based on measurement values of sensors.
Alternatively, temperature information measured by
the sensors 2; 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 contrel to
overlay and display on the display device 4 the
virtual image representing the status of the outside
or inside cof 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) .
fogiol Fig. 4 is a diagram (1) illustrating an
example of overlay display of a wvirtual image and an
imaged image of Embodiment 1. Fig. 4 illustrates an
example of overlaying and displaying an imaged.image
of a shaft furnace and a virtual image of an inside
of the shaft furnace created based on temperature
information of the inside of the shaft furnace.

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

converter created based on temperature Iinformation of
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[0015] Hereinafter, embodiments of the present invention will be described based on the drawings.
[0016] <Embodiment 1> Fig. 1 is a diagram illustrating an example of a system structure of a
facility guidance system of Embodiment 1. As illustrated in Fig. 1, in the facility guidance system, an
AR (Augmented Reality) server 1, a camera 2, sensors 3, to 35, and a display device 4 are connected
via a network. To the AR server 1, an imaged image of a facility in a factory (a shaft furnace in the
example of Fig. 1) imaged by the camera 2 is inputted from the camera 2. Note that in the following

embodimgﬂg iqqléqjla%thésfergpl%di@g@ltvg@%gription 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 ersliedimenti s dudther; taathe AR servénk measuregent indorenatidre (for example,
temperature information of the inside of the shaft furnace, or the Iilg(‘al_z measured %/ the sensors 31 to

35 is inp(tfed H6RT the efidts 8% Yo 35. Notd izt ARtough i Big? 1 the™ umbtt BF Sensors is five, this
embodimept,is potlimitediia dhis..and the number may be less thandive og mose thapfive. Note that in

this embodiment, although the sensors 3 are provided outside and inside the facility, they may be
provided f6r exampleydmy insité thie. feeiligyorronlyaoutsite thedadility dependirfy on the facility. For

example, in the case of the shaft furn%ceélth.e sensors Baare rovided insid%ggc% g%tside the shaft
furnace. MRS EERGFE Shbertétwiich i are provided inside the

will be descrisedTater; the'sensors

converters fythe Case afig cONtinuRlsgEASHAG Mashine idchavikast ing machine,
and a virtual image in which the steel in a molten
state pagsing through the continuous-casting machine
is solidifvying, which is created based on temperature
information of the outside of the continuous-casting
machine.
[oo20] Fig. 7 is a flowchart illustrating an example
of display control processing inm the AR server 1 of
Embodiment 1.

In step S10, the imaged image dinput unit 21
receives from the camera 2 an imaged image oI the
facility in the factory which is imaged by the camera
2 and inputs the imaged image.

In step 811, the measurement information input
unit 22 receives from the sensors 3. to 35 the
measurement information meagured by the sensors 3; to
3; and inputs the measurement information.

In step 512, the creation unit 23 creates a
virtual image representing the status of the outside
or inside of the facility based on the measurement
information inputted in step S11.

In step S13, the display control unit 24 performs

control to overlay and display on the display device
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be described later, the sensors 3 are provided outside the continuous-casting machine. The sensors
are not limited to temperature sensors measuring temperature information, and may be, for example,
air pressure sensors measuring air pressure information, pressure sensors measuring pressure
information, gas sensors measuring the type and concentration of gas, or the like. The sensors 31 to
35 may all be the same type of sensors (for example, temperature sensors or the like), or they may be
different types of sensors (for example, a temperature sensor, a gas sensor, a pressure sensor, and

so on). 4 Nofe It inte followdng, o by obeignalian, tasseyalsensars are simply
referred to as sensors unless otherwise noted. The AR server 1 performs control to create a virtual
image reprasenting the-status vf an ofdtsidesor nsideldftke fackitydaged on thesinpdtterl measurement

information, and overlay and display the created virtual image and the imaged image inputted from the
camera 2°0Hthé& BRplHEEGile 4MAH DbSEVETS tHeGttory-dancoribrétfehd With® Féftistic feelings
the operating, status of a facility located in an area which is dangerous and off-limits, the operational
status of the inside of a facility, or the like by observing the display device 4. [0017]Fig. 2 is a diagram
illustrating an exampiecefra Isardwarkcstruetueenpfithe ARserderdplay control

unit 24 determines whether to end the processing
illustrated in Fig. 7 or not based on whether
information of ending display or the like is received
or not from the display device 4 or the like. The
display control unit 24 ends the processing
illustrated in Fig. 7 when it determines to end the
processing, or returns the processing to step 810
when it determines not to end the processing.

Note that the imacged image input unit 21 may be
configured to constantly receive the imaged image
from the camera 2 and input the imaged image as long
as imaging is performed by the camera 2. Similarly,
the measurement information input unit 22 may be
configuréd to constantly receive the measurement
information from the sgensors 3; to 35 and input the
measurement information as long as measurement 18
performed by the sensors 3, to 3;. The same applies
to the following embodiments. In such a structure,
the AR gerver 1 can perform contrel 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.

[co21i Hereinafter, according to this embodiment,
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As illustrated in Fig. 2, the AR server 1 includes a CPU 11, a storage device 12, and a communication
device 13 as a hardware structure. The CPU 11 executes processing or the like for controlling the AR
server 1 based on a program stored in the storage device 12. The storage device 12 stores data and
so on used by the program and the CPU 11 when executing processing. The communication device
13 controls communication between the AR server 1 and other devices (for example, the sensors 3,
the camera 2, the display device 4, and so on). By the CPU 11 executing processing based on the

program, E'Bféw%rge%@%%eg and.pracessing felated {9 flawchagts which,wil be descrhed later are

achieved. [0018]Fig. 3 Is a diagram illustrating an example“of a software structure of the AR server 1 of
Embodimeatnivuni As Hlustrateéd in EFigad, the AR sépet 1hirciudes anrimagecdimage input unit 21, a
measurement information _input unit 22, a creation unit 23, and a display control unit 24 as a software

structure. Thefifad@d Mfdgedifptunt 213ededek Fofir the T Particular,

ingtead of just showing video images as hag been
conventionally performed, it 1s possible to show the
status of a facility which is in an operating state
at the pregent moment, ahd hence it is possible to
provide an observation with realistic feelings which
hag not been present.

[0022] <Embodiment 2>

Fig. 8 is a diagram illustrating a system
structure of a facility guidance system of Embodiment
2. &Ahs 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
gtructure of the facllity guidance system of
Embodiment 1.

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

reducing agent, tapping instruction information for



camera 2 an imaged image of the facility in the factory which is imaged by the camera 2 and inputs the
imaged image. The measurement information input unit 22 receives from the sensors 31 to 35
measurement information measured by the sensors 3, to 35- and inputs the measurement information.
The creation unit 23 creates a virtual image representing the status of the outside or inside of the
facility based on the measurement information inputted by the measurement information input unit 22.
For example, the creation unit 23 receives the measurement information from the measurement

informatiqry,inpys, yoit 22 a@%gg@&xzes facility informatiqn,indicating which fagility this measurement
information is measured%rom he méasurement information input unit 22. The creation unit 23
determines whethet er natzhe facditycindicated by thefatilitysnfomtatibans. & €atilityofor which it is set

to generate a virtual image of the inside of the facility based on.the received facility information. When

the facility IHatated By thé faciity Miimatiohis 2 facifty T6t Sinich it is's2t © generate a virtual image

of the inside,pf the-facility - the £reation upit¢3 selegts afaeility insiderestimation model (facility inside
estimation mathematical model expression) stored in association with the facility information from the
storage déevite 12 dF therliké basedrert thetadility iffdrpvatioa. ©f oxygen from

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

To the AR server 1, the control information
transmitted from the operation server 5 to the
facility is inputted. Then the AR server 1 periorms
control to c¢reate 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 ilnputted
from the camera 2 on the display device 4.

An observer of the factory can comprehend with

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

measurement information inpug.upit 2211 the selecied shaft lwnacg;aside estimafiandmodel to
estimate the status inside the shaft furnace, and create$ a virtual image representing the status inside
the shaft filreaces = r aNdtehdt each estimatidoninhedel. issstated infthe lstordgecdeviceyl2 merely as a
logical model, and is recalculated according to, for example, the measurement information measured
by the sef8Sts 32 1635 A8 tRETE5 JerftFaté ANirttiaf Mty iff & Yorfifcldse to the actual state.
Therefore; itds preferged fo be a mathematical spodel expsassion; Hgwever i Byay be generated as a
computer generated image in advance based on the mathematical model expression, and the display
of the image may bé thanged by changing paramcters AMore speéifically cah adjustment in a height
direction is made, according to the amount of charged raw material in the shaft furnace, or in an
example L E5HVRRBFwHich will be described later, it is allowed to change the surface position and
so on of molten gteel inthe furnacedasad en measyregient valyas.cfsensarsAlternatively,
temperature information measured by the sensors 31 to 3 is applied to the shaft furnace inside
estimatiory fnodeEtoARNEILE &7 adtudlfemperaflr8 8iRtribatidt4s ¥ vibarikfags. @ The display

control unit 24LperELormf'~‘,1 ontrol fa gverlay rﬁqg d‘|$%@-/ on hecgiﬁglgc}g dgvice 4 the virtual image
i) ; : . :

represent?n%nthg% atus of the outside or inside of the fadi ity created in the creation unit 23 and the

imaged ingage-efthe fagititydapuited by the-maged imagestaput unib21 (Geb &dy. Weto £iglL 6). [0019]
Fig. 4 is a diagram (1) illustrating an example of overlay display of a virtual image and an imaged

image of Embodfm&nt< Figk 2 IIuSTHARE 2 ekamplertt dverying &mi disit&/mtFah imaged image of
a shaft fumnace apd 2 virtual image, of an inside of the, shaftfyinace created.hased gn temperature

information of the insideof the shaft furnace. Fig. 5 is a diagram (2) illustrating an example of
overlay display efra virkdl ifrage anhtd anapagedtinage o Emboditnent 1.tRig. 5 illustrates an example
of overlaying and displaying an imaged image of a converter and a virtual image of an inside of the

converter'ciéatéd bdls tefmperaturt ifofmedtibh of *riformation.

The c¢reation 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
egtimarion result, as i1illustrated in Embodiment 1.

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

representing how cckes are charged into the facility
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the inside of the converter. Fig. 6 is a diagram (3) illustrating an example of overlay display of a
virtual image and an imaged image of Embodiment 1. Fig. 6 illustrates an example of overlaying and
displaying an imaged image of a continuous-casting machine and a steel in a molten state passing
through the continuous-casting machine, and a virtual image in which the steel in a molten state
passing through the continuous-casting machine is solidifying, which is created based on temperature
information of the outside of the continuous-casting machine. [0020] Fig. 7 is a flowchart illustrating an

example of display gqntta), processingdn iheAR server.d,of Erbadiment iy £ o R stepcl0, the
imaged image Input unit 21 receives from the camera 2 an imaged image of the facility in the factory
which is imagediy the eamera andrinpwtd therismged dpages en thweptsid, thenméasurement
information input unit 22 receives from the sensors 31 to 35 the measurement information measured

by the sehs6is"E t53% A8 ifpufs the ThdsStirement information.  In step S12, the creation unit 23

creates a virtuabimgejgprggeng\ingmggs}@ws of the jouiiside-ardmnside;of:the facilipbased on the
measurement information inputted in step 511. In step 513, the display control unit 24 performs
control toodvertay aid displag ba the display dévideral image and an imaged

image of Embodiment 2. Fig. 10 ililustrates 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 cokesg being charged into the
shaft furnace which is created based on temperature
information of the inside of the shaft furnace and
the charging instruction information of cokes into
the shaft furnace.

According to this embodiment, the creation unit
23 creates the virtual image to which not only the
measurement information is added but alsc the control
information is added, and thus a virtual image having
more rsalistic feelings can be created. Particularly
in the converter, when the converter body is tilted,
the overlay-displayed virtual image c¢hanges
accompanying the movement, and thus the realistic
feelingg are increased further.
[0024) Fig. 11 is a flowchart illustrating an
example of display control processing in the AR
server 1 of Embodiment 2.

In step $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 inputg the imaged image.
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4 the virtual image representing the status of the outside or inside of the facility created in step S12
and the imaged image of the facility inputted in step 510. In step 514, for example, the display
control unit 24 determines whether to end the processing illustrated in Fig. 7 or not based on whether
information of ending display or the like is received or not from the display device 4 or the like. The
display control unit 24 ends the processing illustrated in Fig. 7 when it determines to end the
processing, or returns the processing to step S10 when it determines not to end the processing.

Note that the imaged imagesinput unit2laaybe-configured:ie sonstantlytegaiyaithe imaged image
from the camera 2 and input the imaged image as long as imaging is performed by the camera 2.
Similarlyuthe Iedzureatent informatiominpbeurie2emag bé corfiguted ¥d:Eonstantly receive the

measurement information from the sensors 31 to 35 angri%out tt:qle,-emgasAJrr%rjr_Jent;f?Jnfoggation as long
as meastYeHERt RPeromidt 5y the saRort 31 %635, Thé sarmie applies to the Tdllowing

embodiments, A Syeta steucture, the AR.serverrlcampesiorm oatral 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 idputieti$i® reéa? fme DRt 8BEIEY Yevied 20621 RerdiRaftet, a8eording to this

embodiméagtZ 3}2% &ggeragn_g: 1sltg\tucs]porlfL a xt% ility Q%@f ulig_g can be ggmmyﬂgated _vvith _realistic feelings to
an observer in an mstallation or a actory.In particular, instead of just showing video images as has

been conygatianallypertosmed it is passible tocshow the: stattis ot addcilitywhich #stin an operating
state at the present moment, and hence it is Possible to provide an observation with realistic feelings .
which hall R6Eoderdresent. JO02FSEMBGUImBATsFhe control information

input unit 25 inputs the control information every
time the control informaticon is transmitted from tChe
operation server 5 to the facility.

In step S$23, the creation unit 23 creates a
virtual image representing the status of the cutside
or inside of the facility based on the measurement
information inputted in step 521 and the contrel
information inputted in step 522.

In step 824, the display control unit 24 performs
control to overlay and display on thé display device
4 the virtual image representing the status of the
outeide or inside of the facility created in step 323
and the imaged image of the facility inputted in step
520,

In step §25, for example, the display control
tnit 24 determines whether to end the processing
illugstrated 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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Fig. 8 is a diagram illustrating a system structure of a facility guidance system of Embodiment 2. As
illustrated in Fig. 8, the system structure of the facility guidance system of Embodiment 2 newly
includes an operation server 5 compared to the system structure of the facility guidance system of
Embodiment 1. The operation server 5 transmits con information to a facility inside a factory. The
facility executes processing based on the control information. For example, when the facility is a shaft
furnace, the operation server 5 transmits to the shaft furnace charging instruction information of

_sintered. e grclgpggigg_ or ir&g}r%gr%g?g}%gig%gf igtg[:eedmoggi fﬁ)r thg c%ik%’tcf%?% %arging ins.truction_
information for instructing charging of cokes as an example o r%aterlal, blowing instruction information
of reducingnagent. for instruetingrdawing in af @ reddcing agent,dappirg. thgtruction information for

instructin tg@g%\f from a tap hole, or the like.  Note that the control signal is not limited to them,
and in the'& heré feadifty F€& coreftBr tHetE ardoxyBeér bidRhfgdh&RRtion information for

instructing hlowing.qf.oxygen from ahave the conyerter, and respective Blowing dnstrugtion information

for instructing blowing of oxygen or fuel gas, carbon dioxidé gas, inert gas, or the like from below the
furnace, anehthe tike: Mardover, for arpoperationlof €hargingsimhiscepsthy tidting the converter body or
of tilting the converter body aﬁ;ain to mave molten steel to a ladle after blowing, there are instruction

informatiSt 8 Fih&fdcting tiftiig bFthetbniertsrhody, ahd 1R Ii@ Eurther, when the facility is a

continuougrcastng maehine, there.are gressure instruction information for increasing or decreasing
pressures, and the like. To the AR server 1, the control information transmitted from the operation
server 5 to the faslity kdamatednTHérethé AR setVer 1 getfolms s6ritrok iecrésite a virtual image
representing the Etf&urf QJ%EQ% %utglg% or @ﬁlde of the faglj‘_l_ty based on the |%putted control information

and the inputted measurément in ormation, and %%:rlay and |‘s€f:)3fa@§/ the Ereated Virtiar image and the

imaged imageraputtesifrom thescamesa 200 the display sleviesm4 ¢ o + Aprpbservgkefthe factory can

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

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

of measurement information in the past when it
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located in an area which is dangerous and off-limits, the operational status of the inside of the facility,
and so on by observing the display device 4. [0023] Fig. 9 is a diagram illustrating an example of a
software structure of the AR server 1 of Embodiment 2. As illustrated in Fig. 9, the software
structure of the AR server 1 of Embodiment 2 newly includes a control information input unit 25
compared to the software structure of the AR server 1 of Embodiment 1. The control information
input unit 25 receives from the operation server 5 the control information transmitted from the

operationserye 5 gdhe farlly andinguls e,qoptroUnioupaton. op cHg:cieation unit 23 creates a

virtual image representing the status of the outside or inside of the facility based on the measurement
information inputted by:themeasureimentinforhation input unit 22 amd the’éohtrbhinformation inputted
by the control information input unit 25. For e amgleﬁ}he creation unit 23 substitutes the measurement

informatiBiF e FRARFindité EMAGIH Mader Corresponding 6 the Fadility to estimate the status

inside the fugnace - and.createsa:virtyal image acsearging:te dhe-estimadion rest, as illustrated in
Embodiment 1. Along with this, for example when the control information is the cokes charging
instructiohzrfformyeaiba othe trebiion bak 23 Hldscan dBjeétrépréséritihg how cokes are charged into

thefac'“%easurement information ig measured from the

measurement information input unit 22 or the like.
Baged on the received facility information, the
creation unit 23 obtains a virtual image genexated in
advance and assocciated with the facility information
from the storage device 12 or the like.

[0027] Fig. 12 is a flowchart illustrating an
example of display control processing in the AR
gserver 1 of Embcdiment 3.

In step 530, the imaged image input unit 21
receives from the camera 2 an imaged image of the
facility in the facteory which is imaged by the camera
2 and inputs the imaged image.

In step 831, the measurement information input
unit 22 receives from the sengors 3, to 35 the
measurement information measured by the sensors 3; to
3; and inputs the measurement information.

In step 832, the creation unit 23 determines
whether the facility i1s in operation or not based on
rhe measurement information inputted from ths
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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to the virtual image based on the control information, thereby making a virtual image representing the
final status inside the furnace.  Fig. 10 is a diagram (1) illustrating an example of overlay display of a
virtual image and an imaged image of Embodiment 2. Fig. 10 illustrates an example of overlay and
display an imaged image of the shaft furnace and a virtual image of the inside of the shaft furnace and
cokes being charged into the shaft furnace which is created based on temperature information of the
inside of the shaft furnace and the charging instruction information of cokes into the shaft furnace.

According 1q this;embodiment, thecreationduit 23 creates-tbe virtual image e whighnot only the

measurement information is added but also the control information is added, and thus a virtual image
having mere=tealisticdedlings: tar be created: RPartifalady intthie tenvierterméren th@tonverter body is
tilted, the overlay-displayed virtual |mal%e chan%es accompanying ttg&gwgvergent, and thus the realistic

feelings &8 ifcTaAsR FertHer 024 FH° 1 % fliowchaft filugtating Bn example of display control
processingLipthe AR servey, 1:0f Embodiment 2. {n step 20 thedpagedimage 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 inputssthe im&ged. imalge. ©x 9n siepr821i the MéastiFddrit inférmation input unit 22

eceves (oM e Srpgie il o 3o 0s esuemeninf el Weeagd by Ppssos L 05
or inside ¢f the facility based on Lhe measurement
information inputted in step S31.

On the other hand, in step S34, the creation unit
23 gbtaing from the storage device 12 orxr the like a
virtual image representing the status of the outside
or inside of the facility, which is created in
advance based on logical values or the like
corresponding to the facility.

In step $35, the display control unit 24 performs
control to overlay and display on the display device
4 the virtual image representing the status of the
putside or inside of the facility created in step 833
or obtained in step $34 and the imaged image of the
facility inputted in step S530.

In step 836, for example, the display control
unit 24 determines whether to end the processing
illuétratad 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 i1t determines to end the
processing, or returns the procesgsing to step S$30

when it determines not to end the processing.
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In step 322, the control information input unit 25 receives the control information from the operation
server 5 and inputs the control information. Note that it is assumed that the control information input
unit 25 inputs the control information every time the control information is transmitted from the
operation server 5 to the facility. In step 323, the creation unit 23 creates a virtual image
representing the status of the outside or inside of the facility based on the measurement information
inputted in step 321 and the control information inputted in step 322. In step 324, the display

control unh 34 gSrog5 c90Lol 1o guerlay g ey onie iy dexige 4 he virual image

representi e status of the oufside or inside of the facility créated in step 323 and the imaged image
of the facdifyiwputted-io step]:fa’ﬁh) t hdn stepi3R6tfor éxample cthe displayontol unit 24 determines
whether to end the processing illustrated in Fig. 11 or not based on whether mformatlon of ending

display oF the1ikE is reBeidsd Grifr i the BRPlag ebind 4BF BRE ™ FRE display control unit 24
ends the pracessing llystrated inFig- ;11 whenkdeterminestoendithe n imagea

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

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

period from the operation server 5 to the facility.
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processing, or returns the processing to step S20 when it determines not to end the processing.
[0025]Hereinafter, according to this embodiment, the operating status of a facility or the like can be
communicated with more realistic feelings to an observer in an installation or a factory.
[0026]<Embodiment 3> Depending on the factory, facilities are in operation throughout the year, or
there may be cases where facilities are not in operation for the reason of maintenance, cleaning, or the
like. In this embodiment, there will be described a method for communicating, even when a facility is
not in opeﬂ'gt&% Ehe o&er%@g srgaet%%ofétge facility or the like with realistic feelings to an observer in an
installation or a factory. Note that a system structure, a software structure, and so on in this
embodiment arersimilarite thiase of Embodimant 1 wintess atherwise peted.i Bherergattop unit 23 of this
embodiment determines whether the facility is in operation or not based on the measurement

informatiortiaPitetfroin theSRddsureMeift inféfMiatibATnpt® Gt 22 Ghd treatdé<a Vittlal image
based onhe measurement.ipfoymation when.if, deterings that the facility isJp pperafign, or obtains
from the storage device 12 or the like a virtual image generated in advarnce based on logical values or
average vaheeslior the ltke ok measurementinformation ik thegpbstwidenvit ce 4. Fig.

13A to Fig. 13D are diagrams illustrating an example

of displaying the facility by each digplay laver.

Fig. 13A represents an external appearance of a shaft

furnace. Filig., 13B represents fireproof bricks inside

the shaft furnace. Fig. 13C represents appearances

of iron ore and cokes in the ghaft furnace. Fig. 13D

represents a cross section of the shaft furnace.

When digplay of a display layer gimilar to that

in Fig. 13A or Fig. 13B is reguested from the disgplay

device 4, the display contrel unit 24 performs

control to obtain a virtual image of the display

layer created in advance from the storage device 12

or the like, and overlay and display on the display .

device 4 the obtained virtual image of the display

layver and the imaged image inputted by the imaged

image input unit 21.

[6030] According to this embodiment, a virtual image

displaying the operating status of a facility cr the

like with variocus types of display layers is overlaid

and displayed on an imaged image of the facility in

response to a reguest or the like from an observer,

and thereby the operating status of a facility or the

like can be communicated with more realistic feelings

and in detail to an chserver in an installastion or a
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determines that the facility is not in operation. For example, the creation unit 23 receives the
measurement information from the measurement information input unit 22, and receives facility
information indicating which facility this measurement information is measured from the measurement
information input unit 22 or the like. Based on the received facility information, the creation unit_ 23
obtains a virtual image generated in advance and associated with the facility information from the
storage device 12 or the like. [00271 Fig. 12 is a flowchart illustrating an example of display control
processir&igg%q__ R server 1 of Embodiment 3. In step S30, the imaged image input unit 21
receives from the tamera 2 an imaged image of the facility in the factory which is imaged by the
camera 2[arekinputs émimaged émages > In step S31, the measurement information input unit 22
receives from the sensors 31 to 35 the measurement information measured by the sr,gnsors 31to 35

and inputs the niddburerfient infErnTitioA X 2™ I SteB 335 3thé Breaiidn Gt 3% détefings whether the

_ facility is W%i%@mgg@dﬁ the measurementinfosmation ig@lggpéinfrqm the measurement
information input unit 22. The creation unit 23 determines that the facility is not in operation when, for
example Bhé akisarement infekmaticril ishot mteepredetefiged fathgetHfe system

structure of the facility guidance system of
Embodiment 5 does not include the camera 2 compared
te the system structure of the facility guldance
system of Embodiment 1., Further, the display device
4 of this embodiment i1s a transmissive liguid crystal
film fixed to a window or the like for example.

To the AR server 1, measurement information (for
example, temperature information of the inside of a
ghaft furnace, or the like) measured by the sensors
33 to 3z is inputted from Lhe sensors 3: to 3s.

The AR server 1 performs contrecl to create a
virtual image representing the status of the outside
or inside of the facility based on the inputted
measurement information, and overlay and display the
created virtual image on a facility seen through the
window or the like on which the display device 4 is
provided.
fco3z] Fig. 15 is a diagram illustrating an example
of a software structure of the AR server 1 of
Embodiment 5.

As illugtrated in Fig. 153, the AR server 1
includes a measurement information input unit 22, a
sreation unit 23, and a display contrel unit 24 as a

software structure.



creation unit 23 advances the processing to step 533 when it determines that the facility is in
operation, or advances the processing to step 334 when it determines that the facility is not in
operation. In step S33, the creation unit 23 creates a virtual image representing the status of the
outside or inside of the facility based on the measurement information inputted in step 531. On the
other hand, in step 934, the creation unit 23 obtains from the storage device 12 or the like a virtual
image representing the status of the outside or inside of the facility, which is created in advance based

on logical values.qr theikg corresponding fo,thefacility.  ,Jn.step,p3%, the display control unit 24

performs control to overlay and display on the display device 4 the virtual image representing the
status of thecauiside ofinside ohthedacildy created instép 583 esobtamed in step 534 and the imaged

image of the facility inputted in step 530. In step 536, for example, the display control unit 24
determinévASHEth BhdIRE BrotessinyillistatetiR By 12 bt nbf baged it whether information of

ending display, orthedike isrecelyed,@rmot framdhe display device 4 or the like. The display control
unit 24 ends the processing illustrated in Fig. 12 when it determines to end the processing, or returns

the processing t8lstep-33Cwhamit detefmiAes fotas ead the proccssing. J0028EAs described above,
accordinqlﬁto this embggglmenghvghesn tQ% tacilict1yfis én gp%rgt;ti:osni a virgural ilng]?gqﬁe reated based on the
measurermahtinformationis overlai and“(%sp ayed on an imagea image of the Facili y, and thereby the

operating:status gta facdiy ertbe ikesepnthe-cammudniealed with eatisticiteelings to an observer in an
installation or a factory. Further, according to this embodiment, when the facility is not in operation, a
virtual imagesreared baged-or¢lofitalS/alies OF Averade llgesisiimeasbrementforration in the

o v A REer Bl g o Pl 2 I oo s of
factory. overlay and display the wvirtual image represgenting

the statug of the outside or inside of the facility

which is created in the creation unit 23 on the

facility seen through the window or the like on which

the digplay device 4 is provided.

[00233] Fig. 16 is a flowchart illustrating an

example of display control processing in the AR

server 1 of Embodiment 5.

In step 540, the measurement information input
unit 22 receives from the sensorsg 3. Lo 35 the
measurement information measured by the sensors 3, to
3; and inputs the measuremenit information.

In step S41, the creation unit 23 creates a
virtual image representing the status of the outside
or inside of the facility based on the measurement
information inputted in step S40.

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

the facility which is created in step S$41 on the
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Note that the system structure, the software structure, and so on of this embodiment are made similar
to those in Embodiment 1, but when they are made similar to those in Embodiment 2, the creation unit
23 may be configured to determine whether the facility is in operation or not based on the
measurement information and/or the control information. For example, the creation unit 23 may be
configured to determine that the facility is not in operation when the measurement information is not in
a predetermined range and/or when the control information is not transmitted for a predetermined

period fror e QR-taign serves 5 (o.be fadiy. 08@RisEmbodiment 4xce Jhe display control unit 24
(0]

may be configured fo transmit a display layer set for each facility to the display device 4 in response to
a screen operatios pilthe like by ar obsedrserroncthe display device 4. Fig. 13A to Fig. 13D are
diagrams illustrating an example of displaying thifacili%by ach djsplay Ig;ﬁr 13A represents an

external appearaflce®SfPstiftfurnale. Fig 333 5

gpres“en S w%;s)ﬁ)o Bricks msﬁfelthe shaft furnace.

Fig. 130 rgpresents appearangesQf inpn ore and eokesHa thershall furaaces Figy 13D represents a
cross section of the shaft furnace. = When display of a display layer similar to that in Fig. 13A or Fig.

13E is requdstetkiron ¢tk displa) devides4, afe Bigplaly 26:tebl BRIt 24 pEAGHFs control to obtain a
virtual image_of the display layer created in advance from storage device 12 qr.the Jike, and
overlay aﬁ%%%ﬁf&?%ﬁ fe %pl%? &vide %%ﬁé%batgingg vit?tﬁgl ﬁfnggéa of t erd]?s%%ajy layer and the
imaged ir3age-igputtechy the énagedimage input uait 21.4Q030PAActanding tothis embodiment, a
virtual image displaying the operating status of a facility or the like with various types of display layers
is overlaid &A@ dBplaged6/ an irdaged irthgs Bfthe FAGIiItY Fre8Fohse %o a request or the like from an

Obs‘.er‘.’er’i%]’?fié‘%%@glé the operating status of.a facility o LR likg cap be.communicaied with more
realistic feelings and in etail to an“observer in an installation or a

processing, or returns the processing to step 840
when it determines not to end the processing.
[ocz4] Lg described above, alsc in this embodiment,
the operating status of a facility or the like can be
communicéted with realistic feelings Lo an cbhserverx
in an installation or a factory.
[oezsl <Embodiment &>

Even in these days where computerized control is
bilooming, 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
oxr con?erter from the color of pig iron seen through
a viewing window of the shaft furnace, flames
bursting up through the converter opening, or the
like, and the operator performs control based on a
decision made by the operator according to the status
at the time. However, this decigion is noct easy
gsince it reguires being skillful, and when the
decision by the operator 1s not appropriate, it may

result in causing deterioration of the guality of
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factory. [0031]<Embodiment 5>  Fig. 14 is a diagram illustrating an example of a system structure of
a facility guidance system of Embodiment 5. As illustrated in Fig. 14, the system structure of the facility
guidance system of Embodiment 5 does not include the camera 2 compared to the system structure of
the facility guidance system of Embodiment 1, Further, the display device 4 of this embodiment is a
transmissive liquid crystal film fixed to a window or the like for example. To the AR server 1,
measurement information (for example, temperature information of the inside of a shaft furnace, or the

like) measyred, by the sensg(s:3Ltoc35:is inpytted, fom the sensors:3L0:35; o s The AR server 1

performscontrol to create a virtual image representing the status of the outside or inside of the facility
based on the inputtsolzdeasutement inforimiagior réreikovetay and-display thelckedtéd virtual image on

ety sen rougt e ndon 1 e e o e 1 Ly G2 R 009210,

when controcl of a factory facility is performed by
the operator’ s decision, how the status of the
factory facility ({for example, the status of the
insgide of a shaft furnace or converter) would be when
this control is performed, and presents results of
the simulation as a three-dimensional image to the
operator.

In the facility guidance system of Embodiments 1
to 5, a three-dimensional virtual image represehting
the current status of the insgside of a facility 1is
created based on meagurement information and control
information, and thisg image is presented to the
cbserver. However, based on information {(control
schedule information) representing the contents of
contrel to be performed from the present moment
besides the measurement information, the operation
support system according te Embodiment & predicts by
simulaticn how the status of the inside of the
facility would change if this control is performed,
and presents prediction results to the operator.
Congidering the prediction results, the operator
finally determines what control should be actually
performed.

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

follews. Fig. 17 is a diagram illustrating an
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of a software structure of the AR server 1 of Embodiment 5.  As illustrated in Fig. 15, the AR server
1 includes a measurement information input unit 22, a creation unit 23, and a display control unit 24 as
a software structure. The measurement information input unit 22 receives from the sensors 31 to
35 measurement information measured by the sensors 31 to 35 and inputs the measurement
!nformation. 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 unigggamp 1Lhegisplay, m%ugig%ggﬁqmswnﬁ{@éo ayeriayandsgisplay the virtual image
representing the status of the outside or inside of the facility which is created in the creation unit 23 on
the facility sper throughsthe wirelbwEorkie! ikesartwiieh tHesdidptdyrdevicteid ptdvided. [0033]Fig. 16
is a flowchart illustrating an .

Fig. 17, in the operation support system, a server

101, an HMD 102 with camera (hereinafter abbreviated

as HMD 102}, and sensors 103; to 10633z are connected

via & wireless network.

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

The software structure of the operation support
system of this embodiment newly includes a control
schedule information input unit 26 as compared to the
software structure of the AR server 1 of Embodiment 1.

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

functioens, and hence it is not limited in particular.
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example of display control processing in the AR server 1 of Embodiment 5. In step S40, the
measurement information input unit 22 receives from the sensors 31 to 35 the measurement
information measured by the sensorsto 35 and inputs the measurement information. In step S41,
the creation unit 23 creates a virtual image representing the status of the outside or inside of the
facility based on the measurement information inputted in step 540. In step S42, the display control
unit 24 performs control to overlay and display the virtual image representing the status of the outside

or inside phthe facility wpich is gieateen step 3410n the Jaglly.sgen squathg window or the like
on Whlc_:h he display device 4 is provided.  In step S43, for example, the display control unit 24
determines:wbhethekt® .end the processing illustrated in Fig. 16 or not based on whether information of

ending display or the like is received or not from the display device 4 or the like. The display control

unit 24 ends the"BYBcds3fymishated it Big° IBWVheR T defrtined s End the processing, or returns
the procesging 10, step 949 whep.jtdeterminesnes o end the RICESSiNGy the

sengors 3, to 3z as input data from the sensors 3; to
2. At thisg moment, the sensors 3, to 35 transmit the
measurement information to the server 101 via the
wireless network.

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

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

of the facility when control for which contents are
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[0034] As described above, also in this embodiment, the operating status of a facility or the like can be
communicated with realistic feelings to an observer in an installation or a factory. [0035]cEmbodiment
6> Even in these days where computerized control is blooming, control of factory facilities in a
steel plant is often performed such that an operator predicts the status of the inside of a shaft furnace
or converter from the color of pig iron seen through a viewing window of the shaft furnace, flames
bursting up through the converter opening, or the like, and the operator performs control based on a

decision gage by e aherglor ascordiago.the Sialisahlne e Hoyauer Jiis decision s not easy

since it requilres being skillful, and when the decision by the operator is not appropriate, it may result in
causing geterfosationdcof thergualigxefnprbducts prodadedithpoughitherfactoryg faciliies.  Accordingly,
in this embodiment, there will be described an o erialgi%n S%Eaport system which simulates, when control

of a factofy MY bEfored BYIRE Bp&riiis dadisidh How-

Whe statds of the factory facility (for

example,gg%é@géstqj,;@e inside 0f a shaft furrace0x eenvester)wvauld he-when s control is
performed, and presents results of the simulation as a three-dimensional image to the operator. In
the facilitg guidarnde systertofEmbodimenistlite™s, 4khrer-dirdensiohal Wftbal $age representing the

current status of the inside of a facility is created based on measurement informai nd control
. . epT £ :
informatior: RE TS %n?e'{lgerlg %%e%sen egjtg theo %e%/%ﬁ%we?/er, ase gr% IH?OI"I}?"I%té?OH (control
schedulednpfogmation} eepeesenting.tire €entests of gentlal to=he perfarmed fromi the pyesent moment
besides the measurement information, the operation support system accordir;g to Embodiment 6

i

predicts ByrsirméRtiGrF W BHelstaudorhe inSrBot #RFadiy Wobil chifgefifthisidontrol is
performed, and presents prediction resulls pthe operator. Cansidering ihe prediction results, the

e
operator ﬁnaﬁly determines what control should be actually performed.
facility, and outputs numeric data representing

results thareof,

Note that as a technigue using the facility
inside estimation model, for example, Japanese Laid-
open Patent Publication No. 8-295210 or the like
discloses a technigue to simulate operation of a
ahaft 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.

10038] ©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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[0036] Describing more specifically, the operation support system according to this embodiment is as
follows. Fig. 17 is a diagram illustrating an example of a system structure of the operation support
system of Embodiment 6. As illustrated in Fig. 17, in the operation support system, a server 101, an
HMD 102 with camera (hereinafter abbreviated as HMD 102), and sensors 1031 to 1035 are
connected via a wireless network. Fig. 18 is a diagram illustrating an example of a software
structure of the operation support system of Embodiment 6. The software structure of the operation

support system,of this, embgdiment rewly includes a.control SE%%‘J'%%@Q&QETQ“%%@BQt unit 26 as
compared to the software structure of the AR server 1 of Embodiment 1. Further, in this
embodimeety fuoetans of seftwarevate distibstet=amangrihe sarvemttl ara the HMD 102. The server

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

and a simfiibA TR 29 28 S¥tdctioRal SHEE e ofsbfwdres BaflerCihe HMID 102 has a camera and
a drawingsfup @ya% includes an imageghimage Npyt yRit.2l.and a drawing/display control unit 28

as a functional structure of software. Note that in this embodiment although the functions of software
are distributed-armdng. theserves 20& and thenldMB1102] # by hesstractiifed suth thet the server 101

includes all the functignst%s in Embodiment 1 or the like, or ma¥ be %trugtured such that the HMD 102
includes &1IAE Rihctidns: Afid RBACETTR rdt limitéd Sarticular (003 7 First, 3% fuh&ton of the

server 103B@ the imaged image of the facility inputted by the
imaged image input unit 21. At this time, the server
101 transmite numeric data representing simulation
results to the HMD 102 via the wireless network.
[0029] Fig. 19 is a flowchart illustrating an
example of processing in the operation support system
of Embodiment 6.

In step 850, the imaged image input unit 21
receives as input data an imaged image of the
facility in the factory imaged by the camsra provided
in the HMD 102.

In step S51, the measurement information input
unit 22 receives measurement information measured by
the sensors 3; to 33 as input data from the sensors 3;
to Z3s5.

In step S$52, the control schedule information
input unit 26 receives control schedule information
inputted by the cperator.

In step S53, based on the measurement information
inputted in step 851 zand the cﬁntrol schedule
information inputted in step 852, the simulatiocn unit
27 executes simulation egtimating the status of the

outside ox inside of the facility, and outputs
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described.  The measurement information input unit 22 receives measurement information
measured by the sensors 31 to 35 as input data from the sensors 3, to 35. At this moment, the sensors
31 to 35 transmit the measurement information to the server 101 via the wireless network. The
control schedule information input unit 26 receives control schedule information inputted by the
operator as input data. As the control schedule information, similarly to the control information, there
are charging instruction information of sintered ore or the like, cokes charging instruction information,

olowing Bstiyelian. infarmation glieddding agent and(aRning,insteuclion nformaan for instructing
tapping from a tap hole, as well'as blowing instruction of oxygen, air, or various types of gas and
pressure insiruaticnwinfosmations The operator can inpit-the gontret scledute information via an input

device connected to the server, or can input the_control schedule information reg;%%ly via a portable

terminal 6rtRE Tt 0 BlasBd bh te meBStHEMERTTBriratioh 1EceREBTA e Mdasurement
informat?%@pgtstgylt%qrﬁdttgg centrol schedule information received in the control schedule

information input unit 26, the simulation unit 27 simulates the status of the outside or inside of the
facility when control forevhichsconterisaré reepiasented hy teey cormlschedue Hiformiation is
performed. For example, the simulation unit 27 substitgte& the measurem Eteinformation (current

temperat®/eof He'shaftTimAage; of thelikef and control Schafud infsrmation (blowing instruction

information; representing: the amPUALRF Hlawing, exygen ©a aif Miawash tyere, op thedike) in the facility
inside estimation model coFresponding to the facility, performs numerical analysis on the status in the
facility, ardioutputs Hoafesié damlrepresiting résiie theredtr © SNpteltR&t dsEtechnique using the

facility inside estimarion made, for exampley, Jananese Laid oben Pajgnt Bublication No. B8-295910 or

. 2 ] res - .
the like disCloses a %ecﬁnlque o0 simulate operation of a shatft furnace by introducing a mathematical
expressioneqadel mogelingthe stata inthe furpaces Bsing sueka techriqaeddata ef temperatures,
pressures, and so on at each point of three-dimensional coordinates in the furnace can be obtained.

—

imaged image of the facility dinputted in the step S50

In step 555, for example, the drawing/display
control unit 28 determines whether to end the
processing illustrated in Fig. 19 or not based on
whether information of ending display or the like is
received or not from the HMD 102 ox the like. The
drawing/display controel unit 28 ends the processing
illustrated in Fig. 19% when it determines to end the
processing, or returns the processing step to step
950 when it determines not to end the processing.
[0040] Regarding the processing of overlay-
displaving the three-dimensional virtual iwmage
created by the drawing/display control unit 28 and
t+he 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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[0038]Next, the function of the HMD 102 will be described. The imaged image input unit 21
receives as input data an imaged image of the facility in the factory imaged by the camera provided in
the HMD 102.  Upon reception of numeric data representing simulation results by the simulation unit
27, the drawing/display control unit 28 draws a three- dimensional virtual image based on the numeric
data. Moreover, the drawing/display control unit 28 performs control to overlay and display on the
display device of the HMD 102 a three-dimensional virtual image representing simulation results of the

status of fie-outside otinsige of the drawn facili/.and.the imaged imagg gtihe facilily inputted by the
imaged image input unit 21. At this time, the server 101 transmits numeric data representing
simulatioh esults tovthre HMBP 102 #iatthe wirgless hetwork. iG039iHig. 19Hs adlowgkart illustrating an

example of processing in the operation support system of Embodiment 6. In step S50, the imaged
image inft AR 51 Fétefes 58 Siput dathEh imgéd e ot e fadilify fin tHeactory imaged by the
camera proyidedin NesHMP 104 o the amount of sending into the

tuyere differs.

Accordingly, each tuyere 1ig assigned an ID for
identification (hereinafter abbreviated as a tuvere
ID), and when the simulation unit 27 executes
simulation, blowing instruction information
representing the amount of blowing oxygen or air is
inputted with a specified tuyere ID as the control
schedule informaticn. Thus, there are inputted data
representing the amount of blowing at each point in
the three dimensional coordinates corresponding to
each tuyere. Further, as initial values of
temperature data at each point in the three-
dimensional coordinateg in the shaft furnace, there
are inputted values calculated based on the
measurement information from the sensors.

Then, the simulation unit 27 performs numerical
analysis of the eguation of motion of flowing and/or
heat conduction eguation based on a mathematical
expression model representing the state in the sgshaft
furnace with the inputted control schedule
information and measurement information being initial
conditions, te thereby calculate variocus numeric data
{temperature data, velocity data, pressure data, and
so on} at each point in the three-dimensional

coordinates in the shaft furnace after a certain time
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In step S51, the measurement information input unit 22 receives measurement information measured
by the sensors 31 to 35 as input data from the sensors 31 to 35. In step S52, the control schedule
information input unit 26 receives control schedule information inputted by the operator. In step
S53, based on the measurement information inputted in step S51 and the control schedule information
inputted in step S52, the simulation unit 27 executes simulation estimating the status of the outside or
inside of the facility, and outputs numeric data representing simulation results. Then, the
drawing/gligga)ég%rgré)hqnit 28 creates a three-dimensional virtual image based on the numeric data
representing the simulation results.  In step 354, the drawing/display control unit 28 performs control
to overlay and digptay, on:the wisptay<(display device)providetsin tlve HMPE1G2Ethe asr8e-dimensional
virtual image representing the simulation results of the status of the outside or_inside of the facility

created iR 8P 553 ani e inkged ITadE 6rtne Bttt MBatted 1A the stép 550.  In step 555, for

example,the grawing/digplay gentrol unit 28 determines whethen to-enddbe prosessingnillustrated in
Fig. 19 or not based on whether information of ending display or the like is received or not from the

HMD 103:-drethe like: This Hrawikg/disply coitfst ufiic 28 thad thbirecessifg Mts®ated in Fig. 19
when it determings to end the processing, or retyrns the processing.s st when it
demﬂnm&g&ﬁtg%ng nera%@ . ﬁ%iﬁﬁle%ﬁaf onai é&}%%%ﬁ ?%gg%

e proces%m%. egar the processing of overlay-displaying the
three-dimensippalvirtugl imageLreated by the drawingidisplaycoptselunii 28 and the imaged image,
a more detailed description will be given below, taking an example of using blowing instruction

informati6ii iepreseHtingPhe aRfoLRESFBIoiAG taXyBér Biair Tia @a&-ffere as the control

aﬂmdwe$¥%%¥%ﬁ@tion, and so on) from the received numeric

data.

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

drawing/display control unit 28 controls the
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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 temperature distribution in the periphery of each tuyere
differs when the amount of sending into the tuyere differs.  Accordingly, each tuyere is assigned an

ID for identification (hereinafter abbreviated as a tuyere ID), and when the simulation unit 27 executes
simulation, blowing instruction information representing the amount of blowing oxygen or air is inputted
with a specified tuyere ID as the control schedule information. Thus, there are inputted data

represen(ing thg,amaun of Blewingigt sachiaqia theuree sirpensianal gaorginates corresponding

to each tuyere. Further, as initial values of temperature data at each point in the three-dimensional
coordinatesin-thesshaf firnades thetaafeminputtednatues icalctlatédebased vn tireemheasurement
information from the sensors. Then, the simulation unit 27 performs numerical analysis of the
equation 'oP mokién BFffo’ﬁﬁﬁé’gnd/or heat conduction equation based on a mathematical expression

model reqr@%ﬁthng t@% §t@teqiﬂa@§- _§ipfgggpagg with the-nputted Qggtrgl;sp@@dlﬂglgjformation and
measurement information being initial conditions, to thereby calculate various numeric data
(temperature datap velocityadaia; pressbre data,and sorond it ddth point #fthe three-dimensional
coordinatgs In the shaft furnace,after a certain ne 123 0a%e0nerse1e via an
input device, and hence it is not particularly
limited.
Thig structure allows the operator to recognize
in advance, from the simulation results, what status
the temperature distribution and the pressure
distribution in the shaft furnace or the converter
would be due to control to be performed by him/her
from the present moment,
Thus, fdr example, the operator is able to
perform scheduled control when the results of
simulation inside the shaft furnace indicate a
favorable temperature distribution and go on, or
reconsider the contents of control and select an
appropriate operation when the resultes of simulation
indicate an unfavorable temperature distributicn and
so on. Therefore, even a less-experienced operator
ig able to appropriately operate a factory facility
such a8 the shaft furnace, which reguires being
skillful. PFurthermore, since the inside temperature
distribution and so on are presented as a three-
dimensional virtual image which is overlaid on an

actual shaft furnace or converter, the operator is

able to comprehend the status inside the facility

- 47 -



Then, upon reception of the numeric data at each point of the three-dimensional coordinates in the
shaft furnace which represent simulation results from the simulation unit 27, the drawing/display
control unit 28 generates a three-dimensional virtual image indicating the simulation results
(temperature distribution, velocity distribution, pressure distribution, and so on) from the received
numeric data. Moreover, when the drawing/display control unit 28 overlay-displays the created
three-dimensional virtual image and the imaged image, for example, the drawing/display control unit

identifies the dirgction And Angle of 2.pertion whighiis sgen by heriseybased 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 theycarmene provided ivihetivD 1024s siistantisllythe same as the image of the
shaft furnace cgptyr,ed in the visual fieldlg)f[gheouxger C?pd thus, with images obtained by imaging the
shaft furatB - &dvanie frbf varioas Aiigiés Sd difecfions being stored in a memory in the HMD 102

in advance, the glifectionand the,argle of thepedionseen by thenwseris identified by matching the
image imaged by the camera of the HMD 102 and the images stored in the memory. Then, based on
the identifiéd disdction Bhd angle - thedramAGEEPRY TYRtrd Uit 28 eBntfd& fheddiféttion of the
three-dimensional virtual image_representing the simulatio ts tq he presented to the operator.
[0041] NG & fhat | emséfyrl%é3 %???Jc?usreg to al o%v%t%%%ber%%tor%é %Z%gt t%)e? di%ection of the
three-dimepsieaakvrtual ragedyhimself/herseli-galan inpub devicss antidence it is not particularly
limited. This structure allows the operator to recognize in advance, from the simulation results,

what stat@$ tietemperatfre BSRRULBT 8d thed5esstfe Gistributidrfift e sHaftfrnace or the
converter,yould be e (@ contiphio haeeripsoed Ry bimyhenfiom theyesepl goment. - Thus, for

example, the operator Is able to perform scheduled control when the results of simulation inside the
shaft furnage indicatepa favorabte temperatdre istribltiaw angd 66 bapcragconsider the contents of
control and select an appropriate operation when the resylts of sir%:JIgtion iT(ajLicatg an unfavorable

temperatird distAtution 2hd 58 D Phersfire, Ve § Tdss Bkparishcad BBérator & sble to
appropriately, gperatea, factonsfaciity-sush as the: shaftfurmage, ydhidureguiresdeing:skillful.

Furthermore, since the inside temperature distribution and so on are presented as a three-dimensional
virtual imageiwhich is evetlaid bhansetnl shafcfugiacd biecoiderter, the opérafr 53dbie to

Compmhﬂgggegggﬁgﬁgd?gE§3gg¥ a GPS and an acceleration

sensor, the HMD is able to recognize what directicn
and angle the user is capturing the facility.
Further, the relation between the three-dimensional
coordinates used in the simulation and the actual
direction of the facility is defined in advance.
Thug, even in the HMD having no camera, it isg
possible to control the direction of the three-
dimensional virtual image representing simulation
results to be presented to the operator based on the
identified direction and angle, and overlay and
display the image on the facility seen through the
transmissive HMD.
[0042] <Embodiment 7>

In a steel plant, melten iron coming out of a

shaft furnace is put in a torpedo car cor the like and
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more intuitively, and is able to instantly and accurately comprehend whether the results of simulation
are favorable or not.  Note that in this embodiment, although the case of using the non-transmissive
HMD 102 with camera has been described as an example, it may be of a structure including no
camera by applying the structure of Embodiment 5 and using a transmissive HMD. That is, the FIND
does not include the imaged image input unit 21, and the drawing/display control unit 28 performs
control to overlay and display the created three-dimensional virtual image on a facility which is actually

seen through the.HMD, In,this.case, when.the MR ingludes 2 GRS and an gogelergtion sensor, the

HMD is able to recognize what direction and angle the user is capturing the facility. Further, the
relation bétweendke three-dimensmpnalscoatdinates usediis the Siftnakatior asditheragtual direction of
the facilit)éis defined in advance. Thus, even in the HMD avin%no camera, it js.passible to control the

direction bftRe HEBStHesionafviftGal Tade RpFeseRtingSfmtiRfion fealits tobe presented to the
operator hased;on the ideptified dirgctian.and-angle, and overay.and:displaythe dmage:on the facility

seen through the transmissive HMD. [0042]<Embodiment 7> In a steel plant, molten iron coming out of
a shaft fuprrace Ispgtdn andrpedeedragy thibllfkelamged on the torpedo car to

be presented to a worker, similarly to Embodiment 1.
Specifically, it may be structured such that
measurement information of temperatures and pressures
of the inside or surface of the torpedo c¢car, and so
on is obtained by sensors, and a virtual image
representing a temperature distributicn 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 toxrpedo car.

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

Describing in more detail, the operation support
system according to this embodiment is as follows.
Fig. 20 is a diagram illustrating an example of a
system structure of the operation support system of
BEmbodiment 7. As illustrated in Fig. 20, in the
operation support system, a server 101, an HMD 1012
with camera (hereinafter abbreviated as HMD 102}, and
sensors 104, to 104 are connected via a wireless
network.

Note that in Embodiment 7, the varicusg types of

processing performed by the AR server 1 in Embodiment
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carried to a steel factory, and charged into a steel furnace in a molten state as it is. Then, assuming
the torpedo car also as a part of factory facilities, a virtual image representing the status inside may be
generated and overlay-displayed on the torpedo car to be presented to a worker, similarly to
Embodiment 1. Specifically, it may be structured such that measurement information of temperatures
and pressures of the inside or surface of the torpedo car, and so on is obtained by sensors, and a
virtual image representing a temperature distribution and so on generated based on a facility inside

estimation madel %sgggiggggé/gthitge forpedg car ysing this, Q’@@%%?@E?Bt information is overlaid and
displayed on the actual torpedo car. Moreover, in this embodiment, it may be structured to display the
order numker <direspandinfua moitem irorf carried By theltdotpedo car Describingsin more detail, the

operation sugport system according to this embodiment is as follows. Fig. 20 is a diagram illustrating

an exampld Bf3a System 2rdétbre’ S the Siict atith <tippoRt 37iém BF Bfbobiméht 7. As illustrated in
Fig. 20, in-the ppetation suppartsystem, aiservar 104 ,amEMD 102 with,camera (hefeigafter

abbreviated as HMD 102), and sensors 104/ to 1045 are connected via a wireless network. Note
that in Enflsotfment 7withecdariogs types 6fprbcessing perfosved pyrihe ddeserver 1 in Embodiment 1
e e S D 10% e gt 2 g LGN e R 108 1 s folows.

measurement information (for example, temperature

inforﬁatiom of the inside of the torpedo car, or the

like) measured by the sensors 104, to 1045 via

wireless communication or the like.

Moreover, in this embodiment, a maxker for

identifying a facility is added to each facility in

the factory, and the HMD 102 is capable of

identifying each facility by the camera provided in

the HMD recognizing each marker. More specifically,

the HMD 102 retains in a memory provided in the HMD a

facility marker corresgpendence table illustrated in

Fig. 21 in which facility IDs for identifying

regpective facilitles and respective markers are

correlated, and identifies each facility by

recognizing a marker by the camera and reading the

fagilicy ID correlated with the marker from the

facility marker corresgspondence table. Fig. 21 is a

diagram illustrating an example of the facility

marker correspondence table.

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

information, and performs centrol to overlay and
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facility (torpedo car in the example of Fig. 20) in a factory which is imaged by the camera provided
integrally in the HMD. Further, the HMD 102 obtains measurement information (for example,
temperature information of the inside of the torpedo car, or the like) measured by the sensors 1041 to
1045 via wireless communication or the like. Moreover, in this embodiment, a marker for identifying
a facility is added to each facility in the factory, and the HMD 102 is capable of identifying each facility
by the camera provided in the HMD recognizing each marker. More specifically, the HMD 102 retains

in a memory provided in the HMD a facility marker cor. o] cetable I ed in Fig. 21 in which
facility IDS Jfosr%ggr?fif%r!iigeregggcaf%g %acﬁfﬁ%? Laiﬁé re%%é%ﬁe\?egrgl%gg%arg Eﬂ#r%%ﬁed, and identifies
each facility by secagaizing acmatkes by the=casnesa and seasinyehe fatiigplDecorrelated with the
marker from the facility marker correspondence table. Fig. 21 is a diagram illustrating an example of
the facility fiaHest coRespohaénceitablen® H¥dither, the HMD 102 creates a virtual image

representing the,stas ol he quiside grside gL the faglly basadanine obiainedaneasurement

information, and performs control to overlay and display the created virtual image and the imaged
image imaged:byt the cariera or agkspiay=(display deviee)prdvidedtin¢he. H¥MD: = t Mareover, this
embodiment has a characteristic in that the HMD 102 generates a virtual image igagricating an order

number #8igRéd fo'a Froafctn BSadig Dased 8n HeIE&fY 10, Andbve tidisplays on the
display device proyided in.the HMD the created yiftyalimage of thearderaumbes aad the imaged

image of the facility imaged by the camera.
on the display device provided in the HMD the created
virtual image of the order number and the imaged
image of the facility imaged by the camera.
Describing more specifically, this point is as
follows.

In this embodiment, the servexr 101 stcres a
facility usage status table illustrated in Fig. 22 in
which facility IDs for identifying respective |
facilities and order numbers arse 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 crder number associated
with the pig iron to be produced from the present
mement in the shaft furnace 1s inputted by the
operator to the production management system, thereby
updating the facility usage status table. That 1is,
in this embodiment, the gerver 101 stores data o¢f the
production management system, wnich is different from
the AR server 1 illustrated in Fig. 2. Fig. 22 is a

diagram illustrating an example of the facility usage
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Describing more specifically, this point is as follows. In this embodiment, the server 101 stores a
facility usage status table illustrated in Fig. 22 in which facility IDs for identifying respective facilities
and order numbers are correlated. This facility usage status table is updated by the operator when, for
example, data are registered in a production management system in the factory. For example, when
an operation to produce pig iron in a shaft furnace is started, the order number associated with the pig
iron to be produced from the present moment in the shaft furnace is inputted by the operator to the
production management system, thereby updating the facility usage status table. That is, in this
embodirnsefff'fﬁlli1 servér 101 stores data of the production management systemwhich is different from
the AR server Ljlustrateg:in Figh 2. Figxrd2ris-sediagramdliustratingar: exarpie of. the facility usage
status table.  Note that the hardware structure of the HMD 102 includes, similarly to the AR server 1
illustrated mCRigSE 2.CPU e dtbfabe devick ifiemBryT sand s commdnicatioh Hebice *dhd the CPU
executesFQrocesging agf %%rolligg é@%? ), 107 based op, A.Rragram ang.data included in the storage
device, or ﬂ%'like,’ thereby achieving a software structure and processing according to a flowchart
which wiltbeglescribed kater. [0044]Fig, 23 isda dingrafPillustrating s examplesssing

of contrelling the HMD 102 based on a program and
data included in the storage device, or the like,
thereby achieving a software structure and processing

according to a flowchart which will be described

iater.
[oc44] Fig. 23 is a diagram illustrating an example
of a socftware 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 2%,
s creation unit 23, and a display control unit 24 as
a software structure.

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

The measuxemen£ information input unit 22
receives measurement information measured by the
sensors 3; to 3; as input data from the sensors 3, to
3s.

The identification procesgsing unit 29 identifies
an order number assigned to a product in each
facility. More specifically, the idemtification
proceséing unit 29 reads the facility ID

corresponding to the marker added to the facility in
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of a software structure of the HMD with camera. As illustrated in Fig. 23, the HMD 102 includes an
imaged image input unit 21, a measurement information input unit 22, an identification processing unit
29, a creation unit 23, and a display control unit 24 as a software structure.  The imaged image input
unit 21 receives as input data an imaged image of a facility in a factory imaged by the camera provided
in the HMD 102. The measurement information input unit 22 receives measurement information
measured by the sensors 31 to 35 as input data from the sensors 3, to 35. The identification
processirigienit 28 kentifiesahdrder huribek agsigneuito Bt odiet firdach ¥aditf- More specifically,
the identification_pégcessing éjgit 29r1e ds.the facility ID correggc%b

S ding:t y added to the
facility inat}ﬁgxfgctory%v%& IS capturce"'d Jyttﬁe Camera from the ar%%/%%grs%l ed g%ﬂ% marker

correspondencetablene example illustrated in Fig. 20, when the
camera provided in the HMD captures a marker A added
to a torpedo car A and a marker B added to a torpedo
car B, the identification processing unit 23 reads a
facility ID corresponding to each marker from the
facility marker correspondence table, and identifies
that the facility to which the marker A is added is
fhe torpedo car A, and that the facility to which the
marker B iz added 1s the torpedoc car B.

Moreover, the identification processing unit 28
readé the order number corresponding to each facility
1D from the above-described facility usage status
table, and identifies the order number assigned to a
product or the like in each facility.

In the example illustrated in Fig. 20, when the
identification processing unit 29 identifiesg the
torpedo car A and the torpedo car B, the
identification processing unit reads the order IDs
corresponding to respective facility IDs from the
facility usage status table, and identifiesg that the
pig irons of the order IDs “ABCl23”, “EDF456" are

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

order IDs Y“G1237, “X4356” are carried in the torpedo
car B.
1004573 The creaticn unit 23 creates a virtual image

representing the status of the outside or inside of

the facility based on the measurement information
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In the example illustrated in Fig. 20, when the camera provided in the HMD captures a marker A
added to a torpedo car A and a marker B added to a torpedo car B, the identification processing unit
29 reads a facility ID corresponding to each marker from the facility marker correspondence table, and
identifies that the facility to which the marker A is added is the torpedo car A, and that the facility to
which the marker B is added is the torpedo car B. Moreover, the identification processing unit 29

reads the order number corresponding to each facility ID from the above-described facility usage
status tableparfetigEntifiés tecorder HHIDRT &8Sgnet 16 APfddtelor i@ e it Bach RAdility.  In the

example lusirated in Eig, 20, uhep the, identficaan progessing it 20,dentifies ihearpedo car A
and the torpedo car B, the ic%ntlﬁcatlon processing unit reads the order IDs corresponding to
respectivedaciity dds from thentactityasage steitusrtabledandtidéntifids that thespig irons of the order
IDs "ABC123", "EDF456" are carried in the torpedq car A, and pig irons of the order IDs "G123",
"X456" atSEtfidd htRe ITPedi &l BS 56645) Hhé treafion unit 23 creates a virtual representing the

status of the outsjde o/ nside, of the facility, basedonthe measwementiniorpation: mputted by the

measurement information’input unit 22. Further, the creation unit 23 creates a virtual image

representing: thesorderrmumbespitentified it the identification processing &nit 28, HMPhe display
control unit 24 performs control tg overlay and displa)é on the q%sepl?/tdetvtilce of %het MD 102 the
virtual imagé réptésenting e statlid 8fthd DRtsiie or indide Jf the facility Which is created in the

creation upit.23 and the imagedsimage of the fagility inpuited; hy the imaged-magednput unit 21.
Further, the display control unit 24 performs control to overlay and display on the display device of the
HMD 102the virtrakiriage représeriting analorelenuimibBérs Whichasd ereafed it the creation unit 23 and

e o D e e
the display,centrekunit24-onithe jmage efthe taspedoncars imaged by shereamerain the HMD 102.
to overlay and display on the digplay device of the
HMD 102 the vixrtual image représ@nting the order
nuﬁbers which is created in the creation unit 23 and
the imaged image of the facility inputted by the
imaged image input unit 23.
Fig. 20 illustrateg how the virtual image
representing the order numbers which is created in
the creation unit 23 is overlaid by the display
control unit 24 on the image of the torxpedo cars
imaged by the camera in the HMD 102.
Note that although Fig. 20 does not 1llustrate an
example of overlaying the virtual image representing
the status of the ocutside or inside of the facility,
it can be displaved 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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Note that although Fig. 20 does not illustrate an example of overlaying the virtual image representing
the status of the outside or inside of the facility, it can be displayed by switching display layers using
the structure of Embodiment 4, Further, in the example illustrated in Fig. 20, although the structure
using a marker for identifying a factory facility is described, a wireless IC tag or the like such as RFID
may be used for identifying a factory facility instead of the marker.Specifically, it may be structured
such that the HMD 102 includes a reader function for a wireless IC tag, a wireless IC tag storing a
facility IDti&addetlite esck faciity, RAd thefagility 4D ts:redd directlydherefrémiamd Bence it is not
limited in particular. [0046]Fig. 24 is a flowchart illustrating an example of roc,egsingirhthe operation

support sy&EMBFEnffoaiment Y. * 15T P 986, thé imabed Tidge infikt Thit 21 F&cetves an imaged
image of adfacjlity,ina fagtory, which isimaged by the-camesa prgyideglin thecHMBD2:and inputs the

imaged image.
reader function foxr a wirelegs IC tag, a wireless IC
tag storing a facility ID is added to each facility,
and the facility ID is read directly therefrom, and
hence it is not limited in particular.
{0046} Filg. 24 is a flowchart illustrating an
example of processing in the operation support system
of Embodiment 7.

In step 560, the imaged image input unit 21
receives an imaged image of a facility in a factory
which is imaged by the camera provided in the HMD 102
and inputs the imaged image.

In step S61, the measurement information input
unit 22 receives from the senscrs 3, to 35 measurement
information measured by the sensors 34 to 35 and
inputs the measurement information.

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

In step S63, the creation unit 23 creates a
three-dimensional virtual image representing the
status of the ocutside or inside of the facility based
onn the measurement informaticn inputted in step S6l1.

Further, the creation unit 23 creates a virtual image
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In step 961, the measurement information input unit 22 receives from the sensors 31 to 35
measurement information measured by the sensors 31 to 35 and inputs the measurement information.
In step S62, the identification processing unit 29 identifies the facility ID of each facility based on a
marker captured by the camera provided in the :-MD 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 963, the creation
unit 23 creates a three-dimensional virtual image representing the status of the outside or inside of the
facility baseg oaske:mbagurementifformatisranputiesin Step 861 NEuUrthe? ke creation unit 23
creates a virtual image representing an order n er based on the order number identified in ste
562. HSEs 364 ‘%ﬁé’l&%&é& éor?tpol ﬁr‘tii?% %g]r orms control to overlay and display on the disprl)ay
device 4 the thregrdimensionahvirtyal émageskepeesentbngtbe statirsiof theoutside orinside of the
facility which is created in step 563 and the imaged image of the facility inputted in step 560. Further,
the displayeeontroluriit2opertokme camrbl 16-6RIRY afd dispay dh ke 8¥pla§ Yevie 4 the virtual

mage represging e st JUNBSLSISA e LR 363 AN MpoLiDge e he fecily nputed

the status of the outside or inside of the facility
which is createsd in gtep 863 and the imaged image of
the facility inputted in step £60. Further, the
display control unit 24 performs control to overlay
and digplay on the display device 4 the virtual image
representing the order number created in step 3563 and
the imaged image of the facility inputted in step 560.

In step S65, for example, the display control
unit 24 determines whether to end the processing
illustrated in Fig. 24 or not based on whether
information of ending display or the like is received
or not from the display device 4 or the like. The
display control unit 24 ends the processing
illustrated in Fig. 24 when it determines to end the
processing, or returns the processing step to step
§60 when it determines not to end the processing,.

Note that this embodiment can be applied not only
to facilities in a factory but also to a product
itself waiting for shipment. In this case, it way be
structured such that $61 is skipped since it is
unnecessary to overlay-display a virtual image
representing the appearance of the inside or outside
of a facility, and the processing of generating a

virtual image representing the appearance of the
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In step 365, for example, the display control unit 24 determines whether to end the processing
illustrated in Fig. 24 or not based on whether information of ending display or the like is received or not
from the display device 4 or the like. The display control unit 24 ends the processing illustrated in Fig.
24 when it determines to end the processing, or returns the processing step to step 560 when it
determines not to end the processing. Note that this embodiment can be applied not only to
facilities in a factory but also to a product itself waiting for shipment. In this case, it may be structured
such that361sis Skipped dined il s unhetdssafate byvéittay-displ&P a vikaFimage representing the
appearance of the inside or qutside of a facility, and the processing.of generating. a virtual image
represenﬁﬁ& é%raﬁﬁ)%éara%%eg of 1ie “Sutside %)rlginlsllag' 09?51‘3#2%% y iLnnSgEJPBG is %ZCLJF %e%r?o%rhed, and hence
it is not limited i partigular. 94 71kigs 28 isa; diagram illusitating an example-aftheisystem structure
of the operation support system of Embodiment 7. In the example illustrated in Fig. 25, an example of
displaying brder fuRibEisSoh E0HE Walthing Forcshipnient fRIRIStratee IfthisRXAmple, markers 1051 to

1053 are added to the coils wajting for shipment, apd by captyrina these magkers with the HMD 102,

the order numbers of the respective coils can be obtained. However, details of processing contents are
similar toithe example slescribed-using Fg.20, andsthus therdescrigtion therebfds smitted. Further,
in the example illustrated in Fig. 25, not only the order numbers are displayed by AR, but also a

loading ofder lfstrtidtion & GishRed by RRE ththisTabe tHE bp&raftt registBrsiffbfimation related to
the order of lqading (infarmation defining the arger. ofloading:arthe fike ysiag aider gumbers) in

advance In the'server 101. Then, when the identification processing unit 29 identifies order numbers of
productsythé infergation related te: thie ,orderdf Ioadingiregistereyl inltifesserver 024§ read at the

same time, and the creation 1unit 23 creates advirtual img%e reprefseggrleg tpg SIoadcizncgic%?rger instruction.
Thus, jus‘f’b;ﬂ’bofii}ﬁa a?g?amﬁf(br §B%d8& it a félcttlcr)nry, a Worker can imme(ﬁaetely comprehend an

coils can be obtained. However, details of
processing contents are similar to the exanmple
described using Fig. 20, and thus the description
therecf is omitted.

Further, in the example iliustrated in Fig. 25,
not only the order numbers are displayed by AR, but
also a lecading order instructicon is displayed by AR.
In this case, the operator registers information
related to the order of loading (information defining
the order of lecading oxr 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 createsg a
virtual image representing the loading corder
instruction.

Thus, just by looking at a facility or a product

in a factory, a worker can immediately comprehend an
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assigned order number and the order of loading regarding products, half finished products, materials,
and/or the like stored in a facility, and thus operations such as preparation for shipment and
transportation to the next process can be performed smoothly, and mistakes in operation can be
prevented.  Note that also in this embodiment, although the case of using the non-transmissive
HMD 102 with camera has been described as an example, it may be of a structure including no
camera by applying the structure of Embodiment 5 and using a transmissive HMD. In this case, the

HMD do&$ RctdAdHethe fagedinfle Mt GHt2 2508 the dredfishUMt®23 performs control to
overlay and display fhe giegieddoiee-dinnsionalidilyal inagecpna agilividis agwaly seen

through the . “In‘the foregoing, preferred embodiments of the present invention have been
described fradetail, bhtthg Preseat inventiohris notfiavitedl 1 suchespécific 'embodiments. Various
variations and modifications may be made within the scope of the spirit of glgcpresent invention

describeBREFR CIARS. PIBES] ot RAMPRT the 2bBvé-désdibad Bmbodifents are described with
exampleg 9&%%&%@@ appearance.qf the ipsids.of a dagility, stclh as gshafs furaace or a converter

in a steel plant, the inside of which is difficult to be seen. However, the above-described embodiments
may alsoshesapplied to & fadilityienallingliduid erponrlet ira Ranspafent Tasing iethe case of food
manufacturing industry, chemical or pharmaceutical manufacturing industry, ot the like. When the
above-describeg%ﬁ%og%fe%tsa Oapf:')ﬁ)e&_‘allﬁlsﬁcﬁg aci ff)in eﬁaﬁid or ﬁ%%g/élr%%’hich is being charged

can be shown dirgetly, to: ansobsesver and-atiibytes {matesiakname, semperature, viscosity, acidity,
alcohol content, amount per charge, and so
camera hasg been described as an example, it may be of
a structure including no camera by appiying the
structure of Embodiment 5 and using a transmissive
HMD. i 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 wmodifications
may be made within the scope of the spirit of ths
present invention described in the c¢laims.

[0048] For example, the above-described ewbodiments
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 ©¢f which
ig difficult to be seen. However, the above-
described embodiments may also be applied to a

facility handling liguid or powder in a transparent
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on) of the liquid or powder can be overlay-displayed in the form of display like a tag. In this manner,
more specific information can be obtained from tag information while observing an operating status in '
real time, and thus more intelligible observation trip service can be provided to an observer.
[0049]Further, although the above-described embodiments are described taking examples of what is
called a non-transmissive display or a transmissive display, the present invention can also be applied
to a non-transmissive projector or a transmissive projector. For example, instead of the display device
4, a displag eievige having a displsy unkt if af yBGESSTRMT Whith % WBfitthtaY observer's head or

the like may be used. Furth rafor exangl%lgbvgg‘enm%vgggéigqa@q gigplgwggiggy{;qg.qujmage and a

virtual im%g%,mthga}l\ Servér éﬁ%ﬁgﬁﬂe coordinates of the Imagedmage and the virtual image. As a
method fgralighing=coordimaies, fer-example; thbre isra method md dispasera: fixeglraarker in advance
on a facility, and align the coordinates of the imaged image and the virtual image based on the fixed
marker ipRIMiFRGe iMagedBy the Eamérais Wote thatwhHerPtheRFSHRE deVite Faving the display

orestimes WRETo i Sbiemer & ooking Al batodtaf Besiuan ionsation: arecion hiormation. and so

on from tha display device,cand aligns=the £bordimates ta mmatchthe presumed pesitioht v . Note that

e o e SPOSMET S T3 28 SR AT A LR YN s
on) of the liguid or powder can be overlay-displayed
in the form of display like a tag. In this manner,
more specific information can be cbtained from tag
information while obsexving an operating status in

“ real time, and thus more intelligible obgervation

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

- B4 -



Note that the above-described AR server 1 is an example of a computer. [0050]<Embodiment 8>

Fig. 26 is a diagram illustrating an example of a structure of an information providing system according
to this embodiment. The information providing system has an AR providing apparatus 1000 and an
information processing apparatus 200. The AR providing apparatus 1000 and the information
processing apparatus 200 are connected communicably via a network. The AR providing
apparatus 1000 is an example of an information providing apparatus (computer), is an HMD (Head
Mounted Display) ion #geliképameprobides aggraemed eeality (ARP by displaying aftimage (computer

graphics image) generated jn the AR providin aratus 1000 at a pgsition which matches a real
space Whtrépheca%’mgkﬁ:’é3 &'geié&}r Vi ?helgﬁléf :‘lp%gi(%%gea%plasr’gt%g {04d" ll'oﬁejﬂk Sr%viding apparatus

1000 oveglays,and displays: o Grane BUGk-300 in A real space:ior examnple<a dargerous range
image 310 indicating a dangerous range due to the crane truck 300. Note that the information
processifigi&ppetatas 260 ssserveritdmplitet $t exEmplel A5E Haf&ges \RFiBus Bpes of

M B e e e T
includes a plase ©1 arspaee retaied toomdanges, sueh a8 afeadwhere adakge] ay

device, and aligns the coordinates to match the

presumed position.

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

Note Ehat the above-described AR server 1 is an
example of a computer.

[0050] <«Embodiment 8>

Fig. 26 1is a diagram 1llustrating an example of a
structure of an information providing system
according to this embodiment. The information
providing system has an AR providing apparatus 1000
and an information processing apparatus 200. The AR
providing apparatus 1000 and the information
processing apparatus 200 are connected communicably
via a network.

The AR providing apparatus 1000 is an example of
an information providing apparatus (computer), is an
EMD (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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unspecified number of dangerous objects pass by frequently. [00511Fig. 27 is a diagram illustrating an
example of a hardware structure of the AR providing apparatus 1000. The AR providing apparatus
1000 has a control device 1005, a storage device 1010, a communication device 1015, a display
device 1020, a direction detection device 1025, a posture detection device 1030, and an imaging
device 1035. The control device 1005 is a CPU (Central Processing Unit) for example, and reads a
program from the storage device 1010 as necessary and executes the program. By the program being
executed. tHePe aresachisied FHELGHSSH 19¢ AR pPéviding Appetattiz 1080 whieh Wil Be described

later and processing related to flowcharts which Wi%g de ribleg er. [9191 AT% storage device
1010 s alplsg (‘?fegaa%nffﬁlercﬁ%?ﬁ%{ SAI\/F(R%% r%lfc%%ss Mé ory), ar%ZHD (Hard Disk), and/or
the like apd Stores varipus types ®f nfarmatiam feseriking in more detailhtheistarage device 1010
(ROM) stores a program and the like which are read first when the power of the AR providing

apparatu3 600 idtafediord Eurti?, the SRFIGEdSAcPToR B IRAMY Furk BB ds= fhain memory of

the AR proyiding,appaatils 1000, gﬁ{%ue_feahef%qrag%%@aeel,m&n@%M@%@umeric_data and the
like calculated by the control device 1005 other than the program. Note that the AR providing

apparatus 4900 may wptais various typesmod infarmatied to-keistoredan trergierage device 1010 from a
recording medium such as a CD-ROM, or may download them via a network or th? like. The

communieRAGH devicd 1B peffofits EorimEbriCatioh ia W& 8Fwitdi&sshyWitiF the information
processingappagatus Q0 fo.qhiain varieus types of infarmafien related t¢ g dangerous object. Further,

the communication device 1015 performs communication with a satellite, which is an example of a
position detection devicd Ao pbtairierbitinforimiationed to the dangerous

object itself but includes a place or a space related

to a danger, such as a road where a large,

unspecified number of dangerous objects pass by

frequently.

[0051] Fig. 27 is a diagram illustrating an example

of a hardware structure of the AR providing apparatus

1000.

The AR providing apparatus 1000 has a control
device 1005, a storage device 1010, a communication
device 1015, a display device 10290, a direction
detection device 1025, a posture detection device
1030, and an imaging device 103%5.

The control device 1005 is a CPU (Central
Procegsing Unit) for example, and reads a program
from the storage device 1010 as necegsary and
executes the program. By the program beling 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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The display device 1020 is an example of a display unit, is a transmissive liquid crystal display or the
like, and displays various types of images. [0053] The direction detection device 1025 is an electronic
compass for example, detects weak geomagnetism (for example, geomagnetism in a forward and
backward direction and geomagnetism in a leftward and rightward direction), and calculates the
direction (direction information) of the AR providing apparatus 1000 by calculating the direction of the
north from the intensity of the geomagnetism. The posture detection device 1030 is a gyro sensor
for examgle pdegécts THesargjutar ¥gleciteof ancobjett and saleul&ed an Anglé (asture of the AR

providing apparatus 1000 (posture information)) integrating the angular velocity, or.the like. The
imaging c?(é?/i{i%%hs p%rf%fghqs '#aagrlh%oé? ate Ies%gcgeﬁ%gﬁ Not& %a‘tqﬁe t%allérlgvf‘}are structure of the

AR proviging; apparatyg 1990 ishot iimjted tothem berexanple; awdireetionpostire detection device
having a function integrating the functions of the direction detection device 1025 and the posture
detectionideliee 1980 aiay belsrasioycdiingtedd:ofthd dliré@iba Heteclidit deEe 025 and the

[KBUHGQ§g§g%%d%%%%1q§%M) gtoreg a program and the like which
are read first when the power of the AR providing
apparatus 1000 is turned on. Further, the storage
device 1010 {RAM) functions as a main memory of the
AR providing apparatus 10006. Further, the storage
device 1010 {(HD) stores numeric data and the like
calculated by the control device 1005 other than the
program. Note that the AR providing apparatus 1000
may obtain various types of information to be stored
in the storage device 1010 from a recording medium
such as a CD-ROM, or may download them via a network
or the like.

The communication device 1015 performs
communication via wire or wirelessly with the
infeormation processging apparatus 200 to obtain
various types of information related to a dangerocus
ocbject. Further, the communication device 1015
performs communication with a satellite, which is an
example of a position detection device, to obtain
orbit information.

The display device 1020 is an example of a
display unit, is a transmissive liguid crystal
display or the like, and displays various types o©f
images.

foosz}d The direction detection device 1025 1s an
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[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, retrieval unit 1055, a visual
field determination unit 1060, a display control unit 1065, and a video obtaining unit 1070. The
measurement unit 1040 is an example of a position information obtaining unit and calculates
(calculates and obtains) information (AR position information as an example of apparatus position
informatien)sdicating the carrent podition efthaeARDproddilg apparatis 1000 from the orbit
information obtained from a s&tellite via the.communication d%tv,ice 1Q15. The dire§tion information
i

obtaining%ﬂﬁ%ﬁg%ﬁfa?ﬁ% re%ﬁonefﬁ%%%ﬁo’n SHicUisted' in thé Girection dfetoexé‘f\;gr? evice 1025.
Note thatthe direction infarmetion obtaining urit H45maprreceive detected irformatioa such as

geomagnetism from the direction detection device 1025 and calculate the direction information.
and rightward direction}, and calculates the
direction (directicn information) of the AR providing
apparatus 1000 by calculating the direction of the
north from the intensity of the geomagnetism.

The posture detection device 1030 is a gyro
sensor for example, detects the angular velgcity 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 ¢f 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,

[c055] Fig. 28 is a diagram illustrating an example
of a functional structure of the AR providing
apparatus 1000C.

The AR providing apparatus 1000 has a measurement
unit 1040, a direction information cbtaining unit
1045, a posture information obtaining unit 105C, =&

retrieval unit 1055, a visual field determination
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The posture information obtaining unit 1050 obtains posture information calculated in the posture
detection device 1030. Note that the posture information obtaining unit 1050 may receive detected
information such as angular velocity from the posture detection device 1030 and calculate posture
information. [0056] The retrieval unit 1055 retrieves (reads) necessary information from tables
(positionally fixed target table which will be described later, mobile target table which will be described
later, and so on) storing information, which is used when a dan%erous range ,!frg ecindicating the
dangerotigiiafhgd BI68 10 & dAigEdES oliER & Geheldtéd abansusyped of information related to
Qangeroy}%gt‘gﬁgﬁg m, g.Sterage fgvice 280 Wh‘iCh Wi!| be described .Iater qnd is included.in the
information processing apparatus 200. The visual field determination unit 1060 determines
(estimates) the vissaliields(ARevisust field). of the dSerweating §163AR pfovitngRapparatus 1000
based on the direction information obtained in the direction %nfogwgtio ' eugwit 1045, the

e drecton ot e decton ot Sbang
posture iRfofrh&tiontobtated tfe BostarRiRtbMaton obtaining tnit Z050, and S0 on. [0057] The

display contral upit 1065,9enesates an pugNented inaga-hased onrhe disection information obtained
in the direction information obtaining unit 1045, the posture information obtained in the posture

informatiam btamatgiumit 2080 athe #ifemiation Ptri@RRIAH fHeratrikV & Unit 2855, and so on and

displays the augmented image qn the display device 1020, At this.mament, the display control unit
1065 pertohhS AligHnieHt bf g@ogréiﬁgt%}é?& és%)?ay?n%l?hég %Bg%ented image matched with the

dangeroys:ohject in;the seal spacerenthe display device 102@. orFaaccurately perform alignment of
coordinates (geometric alignment) between the real space and the displa %d space (virtual space), it is
necessarynd artchiphramete (i@ alii AméteRPdritlextérfial pafantetérs) for generating an

auQmem%%%%%ﬁfggtion 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 cbtaining unit 1650
obtains posture information calculated in the posture
detection device 1030. Note that the posture
information obtaining unit 1050 may receive detected
information such as angular velocity from the posture
detection device 1030 and calculate posture
information.

00561 The retrieval unit 1055 retrieves (reads)
necessary information from tables (posgitionally fixed
target table which will be described later, mokile
target table which will be described later, and so

on) storing information, which is used when a
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virtual space with parameters of the display deVice 1020. Internal parameters of the display device
1020 are known, and thus the problem of geometric alignment eventuates in a problem to obtain
external parameters of the display device 1020 (that is, the position and posture of the AR providing
apparatus 1000). [0058] Here, to obtain the position and posture of the AR providing apparatus 1000,
it is possible to employ various methods by appropriately combining the direction detection device
1025 (magnetic sensor), the posture detection device 1030 (gyro sensor), the control device 1005
(GPS), afig naedispiay dARGEE10202 Frotheriisias 1Rey dhheRduERY catBgdiZedSnto methods

using measurement results b Isors (AR.Rositign infarmation sdirection;information, and posture
informatit%f)? mg%o%sct%“ ﬁge%r%?r[r]]agoe irﬁi‘%ed by théer%isplay device 1020, and methods to
complemepba displacemenrtdm alignmment by awerhbinatidm obthe displayltiewicé 1020 and sensors.
In this embodiment, on the assumption that the internal parameters (focal diggﬁgae, lens distortion,

aspect rafiBCENPsEEM) T Be diSHIAFevicP102BHrE clliibtated fn At/AREe: 1% description will be

given em?@t{lfg a,mathed in which thesdisplaygqntrol.unit- 4065 0btains the ARspesition information,
the direction information, and the posture information of the AR providing apparatus 1000 which are
measured psoeasatowobtaim & geometric transformation matrix between a virtual coordinate system

representing a virtual environment and. a refgrence cootrdinateus%gg %f {?aoreal space which is given in
advance (conver%i&n htsHhatior &&Peqatf?'@ conversion betiveen a virtual Coordinate system and a

referenceycaordipate systemy.« 1 nNete dhat @s desaribed rbeve; the display senteol unit 1065 may
obtain the geometric transformation matrix by estimating, for example, the external parameters

(position &ne bésturef okthe displiy deviee 1020 ihreaPdin@usiNg Somé kmBRA Eddriifates existing
in an imaged image, ALthis ime, s the index fof esirpating.the pasitignandpasturs of the AR
providing Op?)gr u 0,anIn entlonalﬁl added index such as a marker may be used, or natural
characterigties guGhsas:Gomtour infermadien Jaigbineas edgesand-feature paints mhay be used.
posture information obtained in the posture
information_obtainimg unit 1050, and so on.
(00571 The digplay control unit 1065 generates an
augmented image based on the direction information
obtained in the direction information obtaining unit
1045, the posture information obtained in the posture
information obtaining unit 1050, the information
retrieved in the retrieval unit 1055, and so on and
displays the augmented image on the display device
1020, 2t 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 ¢f coordinates
(geometric alignment) between the real space and the
displayed space (virtual space}, it is necessary Lo
match parameters {(internal parameters and external

parameters) for generating an augmented image of =
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The video obtaining unit 1070 obtains video data of the real space imaged in the imaging device 1035.
[0059] Fig. 29 is a diagram illustrating an example of a hardware structure of the information
processing apparatus 200.  The information processing apparatus 200 has a control device 275, a
storage device 280, a communication device 285, a display device 290, and an input device 295.

The control device 275 is a CPU (Central Processing Unit) for example, and reads a program from the
storage device 280 as necessary and executes the program. By the program being executed, there
are achievéd funeliorsia @ive infobMatipR peocessing apparatus 260 ahichvilibe described later and
processing, related to flowcharts which will be described latet..[00 %ﬁ'fl’h storage device 280 is an
exampler%f'a aS gt‘orag%nutn?t"arﬁ% i|s 5 W?ﬁggdg Oﬁﬁ/ I&gr%oré)% Saﬁg ( gr?dlocr%A%geéscs? Memory), an

HD (HardiRisk): apdigr thedike ane storesvasiobs typas ofintosmatian: Describing in more detail, the
storage device 1010 (ROM) stores a program and the like which are read first when the power of the
informatiért pIoEBSsig &Fparfatis 260G s tirned B SRurier, tRe Stofaetetice 2BBFRAM) functions

as a mair;l)@gg}ﬁ)&%fxtge ' OF%QO% ?g}gg%yl%gppﬂ%tug 899} 'Z%t‘tfg% thLeSstor ge device 280 (HD)

stores numeric data and the like calcu he control device otherthan the program. Note that
the informationiprecessing apparatus200 Mayhebtain vateusitypessof infernation o be stored in the
storage device 280 from a recording medium such as a CD-ROM, or may download them via a
network drtRélike.  The communication device 283 communicates with an operating state

 detection sensqridetqeting a state that a dangerous, ghiectis aperating,(perating state) and obtains

information (dangerous object position information which is an example of dangerous target position

informatiar) ®or &t likeandicating trecguarent pesitiohtdf thel dangergusobjdet rornthe
employ various methods by appropriately combining the
direction detection device 1025 (magnetic sensor),
the posture detection device 1030 {(gyro senscr), the
control device 1005 {(GPS), and the display device
1020, In other words, they can be roughily
categorized into methods using measurement results by
sensorg (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 10620 and sensors.

In this embodiment, on the assumption that the

internal parameters {(focal distance, lensg distortion,
agpect ratio, and so on} of the_display device 1020
are calibrated in advance, the descripticen will be
given employing a method in which the display control
unit 1065 cbtains the AR pogition informatien, the
direction information, and the posture information of
the AR providing apparatus 1000 which are measured,

so as to obtain a geometric transformation matrix
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operating state detection sensor. The display device 290 is a liquid crystal display or the like and
displays various types of information. The input device 295 is a keyboard and a mouse or the like
operated by the user, and inputs various types of information to the information processing apparatus
200, [0061) Fig. 30 is a diagram illustrating an example of a table (positionally fixed target table 210)
storing information related to dangerous objects. The positionally fixed target table 210 is
structured to include information of dangerous object ID, dangerous object name, type of danger,
referenceéopdsitonnsatey Hangerdussrange biddch STate tad corerEstans. vdriods types of
information, excludi'ngethe information of c%rr%ntgga;usxaerg set \g%thgdjn%lg[gevige 293 ar the like by an
administratof TI‘*ol"‘r‘F"'examl"ijffe}.’ The Ié‘gtﬁng 8 the Thfdrmation of Current stafus will bé dascribed later.

The informatign eldangeris Objest lExis idengfieatian iHormatiam fos identityingrasdangerous object.
The information of dangerous object name is information indicating the name of a dangerous object.

The inforiafieF BRPE Bf FMGEERS HdrTatioR Hitcatihg theitgpe’sfdangel dide-id3-dangerous

object. coordinate system and a reference coordinate system) .

Note that as described above, the display control
unit 1065 may obtain the geometric transformation
matrix by estimating, for example, the external
parameters (position and posture) of the display
device 1020 in real time using some kind of
coordinates existing in an imaged image. At this
time, ag the index for estimating the position and
pesture of the AR providing apparatus 1000, an
intentionally added index such as & marker may be
used, or natural characteristics such as contour
informaticn, brightness edge and feature points may
be used.

The video cbktaining unift 1070 obtainsg video data
of the real space imaged in the imaging device 1035.
[c059] Fig. 29 is a diagram illustrating an example
of a hardware structure of the information processing
apparatus 200.

The information processing apparatus 200 has =
control device 275, a storage device 280, a
communication device 2835, a display device 280, and
an input device 285,

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

from the storage device 280 as necessary and executes
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The information of reference position is information indicating the position (latitude and longitude)
where the dangerous object is installed (installation position information). Note that the installation
position information is information indicating the position of a fixed dangerous object and indicates the
current position of the dangerous object, and hence is equivalent to dangerous object position
information. Further, the installation position information can also be used as information identifying a
position where a dangerous range image is displayed (display position information). Here, for example,
in the casénef position dnformaipn With therlagtode ob 4353544 k2 'candahte lohgitude of "139.867623", it

is represented ag)zposition information "35.35441& 139.8]?7623".@ this embodimgntﬁfor the
conveniehEE o EXptanation, tHe Sitithids B & Hadetods st 10 bE Rardisd R H3slMed as "0". [0062]

The informatign- gt stateds infermation fer identifyingdhe eperatingisiate of aklangerous object (state
identification information). In Fig. 30, two types of state identification information are presented. The
first is state idehtfication TEératation '9:00161708T bpelalidg hots L6r the like) for identifying
whether the dggg%rg?s Jijegtris in operation or not based on the current time. The second is state
identification information Wthen'fully operating, when only east side is operating, and so on) for

identifying whabmode the dangerouis objectis #pemting in based earthe mode okthe dangerous

object when it operates (or is operating).
storage unit and is a ROM (Rsad Only Memoxry), a RAM
(Random Access Memory), an HD (Hard Disk), and/or the
like and stores various types of information.
Degcribing in more detail, the storage device 1010
(ROM} stores a program and the like which are read
first when the power of the information processing
apparatus 200 is turned on. Further, the storage
device 280 (RAM) functions as a main memory of the
information procesgsing apparatus 200. Further, the
storage device 280 (HD) stores numeric data and the
like calculated by the controcl device 275 other than
the program. Note that the infeormation 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, r may download
them via a network or the like.

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

the current position of the dangerous obkject from the
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The information of dangerous range of each state is an example of dangerous range information and
is information indicating the dangerous range corresponding to the state of a dangerous object. The
information of current status is information indicating whether a dangerous object is in operation or not.
In this embodiment, when a dangerous object is in operation, "0" is set by the information processing
apparatus 200, and nothing is set (or it is cleared) when the dangerous object is not in operation.
[0063] Fig. 31 is a diagram illustrating an example of a table (mobile target table 220) storing
informatior reteded togdanige roeisdbjeetst 1 oril heemebile target table 220 is structured to include
information of dangerous object ID, dangerous object name, type of danger, Bositioning reference,

state, dangerous R ot RARH sffe” tifertt 3thtds afid tdrféit poSitisn, Various types of information

eXC'UdinQitbsﬂﬂ‘%@%@n of gurrent statysangthe informatian- obeusrept pasifionare set via the input
device 295 or the like by an administrator for example. The setting of the information of current status
and the infordvetioa of current position will be described later. The information of positioning

reference is information indicatipng the position where a dangerous range image is disp&yed (display
position informﬁ%%).ﬁ%%foé%ﬁ%ﬁ%f%%ﬁenjt Spog“lt?(]){r? %gn %ﬁrrr%‘at%tr?(?ndﬁca%%g fhe current position

of a dangerpus pbjest (dangearous objgctpositiar iformatian): Neterthatihe deseriptions of the same
items as those illustrated in Fig. 30 are omitted. ,

tyvpes of information to the information processing

apparatus 200,

[0061] Fig. 30 is a diagram illustrating an example

of a table {positionally fixed target table 210)

storing information related to dangerous objects.

The positionally fixed target takle 210 is
structured to include informatiocn of dangerous object
ID, dangerocus object name, type of danger, reference
position, state, dangerous range of each state, and
current status. Variousg types of information
excluding the information of current status are set
via the input device 295 oxr the like by an
adminigtratocr for example. The setting of the
information of current status will be described later.

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

The information of reference position is

informaticon indicating the position (latitude and
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Here, in this embodiment, although the information related to dangerous objects are stored in the form
of table and in plural tables according to the types of dangerous objects (whether it is a fixed
dangerous object, whether it is a moving dangerous object, or the like), it is not limited to this structure.
For example, a structure to store information related to dangerous objects as one or plural files may be
employed. Further, for example, a structure to store information related to dangerous objects as one
table may be employed. [0064]Fig. 32 is a diagram illustrating an example of a flowchart related to
processirngrofsetting¢he Wuseat states'd@perating statdsetting pkdcessingpwhiel is performed by an

operating state setting unit, which is an example of the functjon of the infarmation processing
apparatus ﬁﬁﬁﬁé{g %’ltai% Bro8essinglof ﬁﬁ%ﬁ?oﬁ%l&%ﬁtﬁﬁ tfate(l}S ﬁl%lﬁgotg]éai% p?éﬁ&med at certain

intervals (far.example; exerygnindie).on kst the opemiing state-sedtingaunitabtains the current time

(step S105). Next, the operating state setting unit reads information related to a dangerous object

from the indicating the position of a fixed dangerous object
and indicates the current position of the dangerous
object, and hence is eguivalent to dangerous object
position information. Further, the installation
position information can also be used as information
identifying a position where a dangerous range image
ig displayed (display position information). Here,
for example, in the case of position information with
the latitude of “235.354417” and the longitude of
“133.8676237, it is represented as position
information “235.354417, 13%.867623”. In this
ambodiment, for the convenience of explanation, the
altitude of a dangerous object to be handled is
asgumed ags 07,
[0062] The information of state is information for
identifying the operating state of a dangerous object
{(state identification information). In Fig. 30, two
types of gstate identification information are
presented. The first is state identification
information (“9:00 to 17:00”, operating hours, or the
like} for identifying whether the dangerous object is
in operation or not based on the current time. The
second is state identification information {(when
fully operating, when only east side is operating,
and so on) for identifving what mode the dangerous

object is operating in based on the mode of the
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storage device 280 (step S110). Next, the operating state setting unit sets a "current status” based
on the current time and the information related to the dangerous object (step 3115) and finishes the
operating state setting processing. More specifically, the operating state setting unit reads the
information related to the dangerous object sequentially, and when the information of state is the state
identification information (time period) for identifying whether the dangerous object is in operation or
not based on the current time, the operating state setting unit determines whether the current time is
included #uthisdimreyzerioid or not. A this mbmentk theteperating state setting bt gets "0" to the
"current status" when it determines that the current time is included inihis tin}(la pseliog. On the other

|

hand, the operafing stafe SEETRYTUMCEIEHrs R EGTeht Statfs™ Wheh it detetminestiat the current
time is not inclyded.in this time, periad, {0651 Here, ar example shaeriosmingr-he peocessing of the
flowchart of Fig. 32 when the current time is "15:00" will be described. First, in step 3105, the
operatingistéte we#ing enit bbainsathd earrémein@a 12598 0us NExdia step 5110, the operating state
setting unit reads the information of state from the positionally fixed target table 210 and the mobile
target tabie 22 .sPongelxl%?in% epéﬁS?t%%r%%e%%ﬁ]g sfgl?erygeett}fr?guljsnitoéé%set%t_é “current status"

correspordiag tothe infermatian et staie:anerhy aneakkarexample; Mhen adime:period "9:00 to 17:00"
is read as the information of state, the operating state setting unit determines whether the current time
"15:00" istindlbded-ihtie tiMe peAGd ;00 T-00% Br A TRén, He opkeraftfyFstate3Btiting unit

the "ourent SEtE corfeuponaiag b 12 B mmation of SN e poriod 6000 LAy,
is in operation, """ is set by the information
processing apraratus 205, and nothing is set {(or it
is clearedﬁ when the dangerousg object is not in
operation.
[coe3] Fig. 31 ig 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 mame, type of dangex, poeitioning 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 forx
example. The setting of the information of current
status and the information of current position will
be described later.

The information of positioning reference is
infoyrmation indicating the positicn where a dangerous

range image is displayed {(display position
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[0066) Note that the processing of setting the "current status” is not limited to the above-described
processing. For example, instead of the processing of step S105 to step 5115, the operating state
setting unit may perform processing to receive information indicating the presence/absence of
operation of the dangerous object from the operating state detection sensor, determine whether the
dangerous object is actually operating or not, and set "0- to the "current status" when it determines that
the dangerous object is operating or clear the "current status” when it determines that the dangerous
object is natfoperating o[0067]Fiyh83 s diagmbiidiustrafing am example ©f a flowcharerelated to
processing of setting the "current status” (oEerating state setting ,roc,essinfgﬁ) which is performed by

the operating 3tie EdBiry 1M ATRiEH an~&@nie §fhé fhtidn ¢ftfe mforfhation processing

apparatug 20 -M@@%M@@%M%@%ﬁ&ﬂ@%@t% in Eig. 33 is performed upon
reception of dangerous object state information from the operating state detection sensor. [00683 First,
the operating state satting unit Feeeives Harigerdus cbjett statetinformatioh fEome theaoperating state
detection sensor (step %1120). Th fangero%s 8bject sit:ate inf%rpatign incIu:(LJIgEa éhc? information of
dangerodstoeofigct T afdnforma |oﬁlfopre?a i%g mj‘opde iﬁf%r‘matlon?rh%icgﬁng the mode of operation of

a dangerous objegt- £or example.-asthe sperating mode ifermation,n@" is set when the dangerous
object is not operating, "1" is set when the dangerous object is operating in a first mode, "2" is set

when theldahgerous dbjectis bpeating ih AlsetdHhd AioteCMIESo-6n.2 ¥ eNEkCHdbperating state
setting unit regds informatior;related Lo @ danderoys,qhiect fremyhe storaae deyice 280 (step
S125).More specmca?ly,
to the types of dangerocus objects (whether it is =z
fixed dangerous object, whether it is a moving
dangerous object, or the like), 1t is not limited to
this structure. For example, a structure to store
information related to dangerous objects as one o
plural files may be employed. Further, fcr example,
a structure to store information related to dangerous
objects as one table may be employed.
[0064] Fig. 32 is a diagram illustrating an example
of a flowchart related to processing of setting the
“current status” {operating state setting processing)
which is performed by an operating state setting unit,
which is an example of the function of the
information processing apparatus 200. Note that the
processing of the flowchart illustrated in Fig. 32 is
performed at certain intervals (for example, every
minute) .
First, the operating state setting unit obtains
the current time (step £105).
Next, the operating state setting unit reads

information related to a dangerous object from the
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the operating state setting unit reads information related to the dangerous object corresponding to the
information of dangerous object ID included in the dangerous object state information. Next, the
operating state setting unit sets the "current status" based on the received dangerous object state
information and the information related to the dangerous object (step S130), and finishes the operating
state setting processing. More specifically, when the "state" corresponding to the operating mode
information included in the dangerous object state information can be determined from the read
informatien tetatge taithe dangersas disjeetpthelopelating state setting unit sets "0" to the "current
status" corresponding to the identified "state". On the other hand, when it cannot be determined (the

case where the Bp&rating Hod8 RffomTatoA imtficatés thtthé B8ndtdds 65i&& i€not in operation),

the operating state setting uniteleays all gheread heurant-statuses's {0069Hderenan example of
performing the processing of the flowchart of Fig 33 when the dangerous object state information

(dangerous: bbjetElDi'001 " operatny modé Inforfationr t20)is redeivedifrohs thekoperating state
detection sens?r daetectin% an Soggratig% sta;t)e oefra (%ainxgerosus Q%Lecg IeD %99111 will be described.
First, in s§€p19:’120, e o Pajting state seettinépuni feceives tha angerous ogject state information
from the gpeyatingsstate detection sensor detecting the operating state of a dangerous object "crane”
of the dangerous object ID "001". Next, in step 9125, the operating state setting unit reads states
"when fully opef&tifig sl whén BRlY eHst Sideeis DPBRiRG T cOrespdTRlintftb ié dangerous object ID
001" from,{he positionally fixed tgragt{able; 210 and;the mpblle,target 1ahle 220 4 fhis embodiment, it
is assuméd that as the state

object sequentially, and when the information of

state is the state identification informaticon (time

period) for identifying whether the dangerous object

isg in.opération or not based on the current Time, the

operating state setting unit determines whether the

current time ig included in this time period or not.

At this moment, the operating state setting unit sets

"7 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

¢lears the “current status” when it determines that

the current time is not included in this time period.

[0065] Here, an example of performing the processing

of the flowchart of Fig. 32 when the current time is

“15:00” will be described.

Firegt, in step 5105, the operating state setting
unit obtains the current time “15:007.
Next, in step 8110, 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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"when fully operating”, "1" is defined as an operation in the first mode, and as the state "when only
east side is operating”, "2" is defined as an operation in the second mode.  Next, in step S130, the
operating state setting unit determines the state "when only east side is operating” corresponding to
the operating mode information "2" included in the dangerous object state information from the read
state "when fully operating: 1" and 'when only east side is operating: 2", and sets "0" to the "current
status"” corresponding to the determined state "when only east side is operating”. [00701 Fig. 34 is a
diagram illustrafitigpan exXample efoa fidvicharttrelaterte processing bksedtingethe turgent position
information of a dangerous object osition information settin processmgé which is erformed by a

position iHformatfon settnyunit “WhiER i ar &antte of the T %ﬁ&ﬁlgﬁ mtféjrmgfi n processing

apparatug§ £0@rmation of state one by one. For example, when a
time period “2:00 to 17:00" ig read as the
information of state, the operating state setting
unit determines whether the current time “15:007 ig
included in the time periocd “9:00 to 17:00" or not.
Then, the operating state setting unit determines
that the current time “15:00” is included in the time
period “9:00 to 17:00” and sets “0” to the “current
status” corresponding to the information cf state
(time period “9:00 to 17:007).

[0068] Note that the processing of setting the
“current statusg” is not limited to the above-
described procesgsing. For example, instead of the
procegsing of step 5105 toc step 5115, 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 1t determines
that the dangerous obiect is operating or clear the
“current status” when it determines that the
dangerous object is not operating.

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

which is performed by the operating state setting
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In the beginning, the position information setting unit receives dangerous object determination
information from a measuring instrument measuring the position of a dangerous object (or a
dangerous object having a measuring instrument) (step S135). The dangerous object determination
information includes current position information of a dangerous object (dangerous object position
information) and information of a dangerous object ID. Note that it is also possible to employ a
structure such that, instead of the dangerous object position information, orbit information or the like
for calculatiig-thewtahgérous objectepositiph inforfnatiba isfreseived; and fhetpasition information
setting unit calculates the dangerous pbject position inforr(%agign. Néaé(t, Egg %osil__ti%] information

setting uritSets {iibuatdd) e BEsiton ifformation” base 5 Agerol

on the received dangerous object position

informatign-and informatien related toithe eangeroys ohject fstep 8140), andsfinishesthe position
information setting processing. For example, in step 5140, when the position information setting
unit receives therlemgeramis bbjeerdaérhfimatioh itfemIativa EIuigss darfgefdu’ object ID "010"

and dangerqus object position information "35.355187, 139,874618", the,position information setting
unit refe?% ?(%i%g%%e%&igﬁalléo%iaéﬂd t%?lgeet f}a%?erfl%‘gn% t]ﬁ?e: %%gile%%thge]t tajble 220, and sets the
dangerousgabiect positiansinformation{35:35618% 1898746184 ta thed' current position” corresponding
to the dangerous object ID "010". [0071] Fig. 35 is a diagram illustrating an example of a flowchart

related to*diSRaY BrocBSSHIEFEIOPmMEH b FespBifeFurdtibRE Mhd AR proviiing Apparatus 1000. It
's assumeg, UL e diselay procensingds petiormegagpealediphan g gnode fasidentifying the

presence? sence of usage of the AR function (AR mode) is ON. Note that the user switches ON/OFF
of the ARIaade:=by pressing down atswiteh {mof dlustated)yfori swifchihgshe AR mode First, in step

5145, the retrieval unit 1055 retrieves (extractsg kt)arget data of wrgch, cu rept stgtus is "0" from the
posMona%P%@ﬂ%&@éPn of dangerous Jject ID an information

(operating mode information) indicating the mode of
operation of a dangerocus cbject. For example, as the
operating mode information, “0” is set when the
dangerous object is not operating, “1” 1s get when
the dangerocus object is coperating in a first mode,
w27 ia get when the dangerous object is operating in
& second mode, and so on.

Next, the operating state setting unit reads
information related to a dangevrous object £rom the
storage device 280 {step 3125). More specifically,
the operating state setting unit reads information
related to the dangerous object corresponding to the
information of dangerous obiject ID included in the
dangerous object state information.

Next, the operating state setting unit sets the
“ourrent status” based on the received dangerous
object state information and the information related
to the dangercus object (step S130), and finishes the

operating state setting processing.
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table 210 and the mobile target table 220 from the information processing apparatus 200. Note that the
target data extracted from the positionally fixed target table 210 includes information of dangerous
object ID, reference position, and dangerous range of each state. Further, the target data extracted
from the mobile target table 220 includes information of dangerous object ID, positioning reference,
dangerous range of each state, and current position. In this embodiment, as illustrated in Fig. 30
and Fig. 31, four pieces of data are read as the target data of which the current status is "0". For
example, the taifet datapleteimhined by the sthterd'2 {bely Badtasite"is operating)bofithe glangerous

object ID "001" is read, and this target data include the dangerous opject |D "001", reference position
35954417, 136367859 AR Farerbus 1RAGE TAAIGS T5 AT AUGRESD e on 00 o 1800 o

each statgs[9922iNext, mysfer-8150; thewvideorohtaining dmit 1940 ghtains widee datasof a real space

imaged in the imaging device 1035. Next, in step 9155, the measurement unit 1040 measures
informatidir GRR pésitionsiafdrrdationy adidating Isel edreeht pesitidreof IR BR PPOVIdIng apparatus
1000 frorp orbit information obtaingd, from a,satellite via the commynication deyigs, 1Q15.

the “current gtatus” corresponding to the identified

“state”. On the other hand, when it cannot be

determined (the case where the operating mode

information indicateg that the dangerous object is

not in operation), the operating state setting unit

clears all the read “current statuses”.

[0069] Here, an example of performing the processing

of the flowchart of Fig. 33 when the dangerous cbiect

state information (dangerous obijiect ID “0017,

operating mode information “2”) is received from the

operating state detection gensor detecting an

operating state of a dangerous cbkject ID “001” will

be described.

First, in step 8120, the operating state setting
unit receives the dangerocous object state information
from the operating state detection sensor detecting
the operating state of a dangerous obiject “crane” of
the dangerous object ID %0017,

Next, in step 2125, the operating state setting
unit reads states “when fully operating” and “when
only east side is operating” corresponding to the
dangerous object ID “001” from the popitionally fixed
target table 210 and the mobile target table 220. In

this embodiment, it is asgsumed that as the state
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Next, in step 3160, direction determination units (the direction information obtaining unit 1045 and the
posture information obtaining unit 1050) determines the direction (direction and posture) of the AR
providing apparatus 1000. That is, the direction information obtaining unit 1045 obtains direction
information calculated in the direction detection device 1025, and the posture information obtaining
unit 1050 obtains posture information calculated in the posture detection device 1030. [0073] Next, in
step 3165, the visual field determination unit 1060 determines the AR visual field of the user wearing

the display @&#cel1bobiba’BE b7t readlirement resilts GriforTatioR dbfiihed in step 5150 and step
3155) ands0.00- 1 ogt e/ Anapls of AR Visualfieukl oh8 LserALD is dikstiated n Fig. 36. In

this embodiment, since the altitude of the dangerous object is set to "0", the AR visual field is
determinec inva plasar ferx ¢or two direensiohally) . HOWévet swiisnithe alitide i§added to the
dangerous object position information, the AR visual field may be determined in a stereoscopic form

(or three SRFSrRIohaRY) T FuRth&F oM ydiment, as the visual field of the user 400, for
example, informagign (visual fieldinfermation} gatthe sange:of 160Q: inea: leftwargangyightward
direction (and 120 in an upward and downward direction for example when the altitude is added) is set
in advaneendrid stered imthesstorage devies 8010V he rEstekimprsthe Vistial fiefd determination unit
1060 determines _as the AR visual field U. a visggl fiﬂg in a Q(e%q_} rzq%n%doré\gge (having a radius of
100 m foP@ﬁﬂ?p‘ré)nc%nte(r:éjf &1y direction imormation 420 With reference to AR position information

410. [0074} Nexty nstemS170; the display gontiol unit 1065rgenetates addrgerous range image
(augmented image) of a dangerous object included in the AR visual field based on the video data, the
measuremeRtresdltsf aFt e targefdaR ENRMGFE dFediicalif first tiienttHe d8ngerous object

position information inc,luc%e,d inthe t ata js inc in.tk \AS I the display control unit
1065 detgr%ﬁ?ﬁé%%tﬁgﬁhe an&er?%sag%%g I(t)(?:rfiisite% a%l%lgg dr;sn%%ﬁ\)i}s\gotﬁ%‘%:tgglggt?o%%nformation is a
dangerous-objegtiaclyded inthieAR yisualdield: Eerexampie; at kig” 36, dangerous object position
information 430 is included in the AR visual field U, and hence the dangerous objects located at the
dangerousWbeet pesitibhrffofRatioh® 30%r& titeffimed 58 ifr?clud‘@ﬁ%ﬁlth%r# vi?tﬁ%ield Ti. Note
that dangggocgg opjgecg{g%&}‘iappiigf rmation 440 is not included in the AR visual field U, and thus the
dangerous object located in the dangerous

[0070] Pig. 34 is a diagram illustrating an exauwple

of a flowchart related to processing of setting the
current position information of a dangerous object
(position information setting processing) which isg
performed by a position information setting unit,
which is an example of the function cf the
information processing apparatus 200.

In the beginning, the position information
setting unit receives dangerous cbject determination
information from a measuring instrument measuring the
position of a dangerocus object (or a dangerous obhiject
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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object position information 440 is determined as not included in the AR visual field U. [0075] Then, the
display control unit 1065 obtains a geometric transformation matrix based on the AR position
information, the direction information, and the posture information. At this moment, when the
dangerous object is fixed, the display control unit 1065 calculates coordinates (range coordinates)
corresponding to the dangerous range of each state corresponding to the determined dangerous
object based on the coordinates of the dangerous object position information in a reference coordinate
system, anel appkes the geodimbtrictransfoprhationamatrix ta-the calcalatdd rangd coordinates to

generate a dangerous ran%eéaima eéau mente iméég). [0076] On the other har%d, when the
dangerousthiett hofes, the digpiRy EomsT uRit 1665 aalzes #ieVidéb Gats inags tata

constitutipg- the.videoata)te determinedhe caorgdinates of a maeker indicating mgositioning reference
added to the determined dangerous object in the reference coordinate system, calculates the range
coordinat@s saeaspeading i the dangertols ranige fof sael-state vwith the defevidfhed coordinates
being the origin, and applies the geometric transformation matrix to the calculated range coordinates
SO as to gaerﬁ(gra eiéll ﬁ1epa%sgnmte3ﬁ?e% i%n%rggg.r[‘a@%] Noté ﬁ%t:tjl’\%%[ne"fﬁgd: for agﬁégﬁﬁgei augmented
image is potdimiled 4@ the.above-flesaribed structdre. Farexampte; &ie. display control unit 1065 may
calculate the point corresponding to the dangerous object position information and the p corresponding
to the AR positidfeiformétich iBaviriue? Bodrifhate Ssfefibasell bhitHe vided dal 8nd may
calculate

i %]1 rén% g%rc}gi?cgsior;:g%m\ g%giftgpg% bg;bté(ivieggmegsg Jhoints (relative djstapce) and the distance

etween thé dangerous object position information and the AR position information
in the refereneei ecanfdinate systems selas t-generate thecaughreitethiatagen axd this moment, when
the dangerous object s fixed, the display control unit 1065 multiplies the dangerous range of each

state corre8fcHamRytd Bie détemtiiéd GanhderSusThREE b the rhdgHifthtior $BRs to generate the

aumnmﬂ%{@gw?.and finishes the pesition information setting
processing.

For example, in step 8140, when the pogition
information setting unit receives the dangerous
obdact determination information including a
dangerous object ID “010” and dangerous object
pogition information “35.355187, 139.874618", the
position information setting unit refers to the
positionally fixed target table 210 and the mobile
target table 220, and sets the dangerous object
position information “35.355187, 132.874618" to the
“current poesition” corresponding to the dangesrous
object ID “C107.

10071] 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

identifving the presence/absence of usage of the AR
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On the other hand, when the dangerous object moves, the display control unit 1065 analyzes the video
data (image data constituting the video data) to determine the coordinates of the marker indicating a
positioning reference added to the determined dangerous object in the reference coordinate system,
applies the geometric transformation matrix to the determined coordinates to calculate coordinates
(display coordinates) in the virtual coordinate system, and multiplies the dangerous range of each
state corresponding to the determined dangerous object by the magnification with the calculated
display cdardimatesrbeii®gRhe odgih, scca$td .genratethelaugmehtedumage. [0078]In step S175, the

display control unit 1065 controls transmittance of the %i%sgla device 102Q so that the augmented
image is BYerlafd 61 the Han§éroBs objett ifi theYRaFspade %ﬁﬁaﬁéqge d88Geréus object visually

recognizahle), ard digplaysithe augmented imags. = wH-addition, whan the display control unit 1065
determines plural dangerous objects included in the AR visual field, the display control unit generates

and displays an@igmentetiimage for @4é1F of the plural'dangeteds vbjédéts INGté that the display
control unit %065 may ov, rlag the %esr'l)ergztgd au m%rg[gd ir% X nithg vlgggrdghatand display overlaid
images orrf‘;thé:61%&‘)’]33“7J devide 160" urﬁ‘%r, he method Tor |sptfaying an augmented image is not

limited to the abavesdesaribed strugturenkorexamples; infarmatien (feature;guaatity or the

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

In this embodiment, as illustrated in Fig. 30 and
Fig. 31, four pieces of data are read as the target
data of which the current status is “0O7. For example,
the target data determined by the state “2 (only east
side is operating)” of the dangercus object ID “001°
is read, and this target data include the dangerous
obiect ID “001”, reference position “35.354417,
1392.8676237, and dangerous range “radius 15 m, height
20 m, directiocn ¢ to 180° ” of each state.
(00721 Next, in step 8150, the video cbtaining unit
1070 obtains video data of a real space imaged in the
imaging device I035.

Next, in step 8155, the measurement unit 1040

measures information (AR position information)

- 74 -



like) for determining a dangerous object which is registered in advance may be obtained based on a
dangerous object ID from the information processing apparatus 200, and the display control unit 1065
may perform recognition processing for video data using the feature quantity or the like to determine a
dangerous object, and display a dangerous range image (augmented image) at the coordinates of the
determined dangerous object. With this structure, the position for displaying the augmented image can
be corrected to a position more suitable to the real space. [0079] Fig. 37A illustrates an example when
an augmentéd image® Otis evertaid amd-displayedioma efane fdargeraes objett i5"001", state

"when only east side is %peg%tin_g" 500 as a %ispla% examr%le of thekg:ase Whgre,a dangerous object is
fixed. In t %%%5%1}5]%? the height is°bt 1020 M the H‘aa“ng:‘é‘:r)cjrhsc?artfgﬂel&eeacﬁ sfilfe, And thus a

stereoscapig dhree-dimensional) augnented image §40 isdisplayed gNate that when the height is set
to "0 m", a planar (two-dimensional) augmented image 520 is displayed. Fig. 37B illustrates an

example when tHé Bio-diniensional dighienteliinmge 520 iSl@issiayetna t impthen Figg 37C displays

an exampdgfv%he an aug@gnted irggg%Gl_O IS ove%%ig1 and disp@@% on gisgana(?ﬁtg.lck (dangerous
S

object ID afxée'FnOV|na")36% {6 WhICh & marker éfolllﬁgicatlng a positioning reference is added,

as a display €xampleof thei case wherd the daingearons sbjeat-maeveso $@080]In this embodiment, the
structure to generate and display the dangerous range image has been described, but it is not limited
to this. FEYExample? & fnddesforidEmtHing the (Sré<&icb aBBeritedf Bedge-dta) satdty display function

(sa_lfety display H}gdﬁyg@x he HEPVQ »and when @@Os_afe.z%ﬂig@ax g]pdgglséON, the display control
unit 1065 may display an image related to safety (evacuation route image or safety zone image) on the
display denice=t@2(bin additonte of imsteat of theidangemis rangeéimage.ains |

dirvection information calculated in the direction

detection device 1025, and the posture information

cbtaining unit 1050 obtains posture information

calculated in the posture detection device 1030.

[0073] Next, in step S16%, the visual field

determination unit 1060 determines the AR wvisual

field of the user wearing the display device 1020

based on measurement results {(information obtained in

step 8150 and step 5155 and so on.

Here, an example of an AR visual field U of a
uger 400 is illustrated in Fig. 35. In this
ambodiment, since the altitude of the dangesrous
ocbject is set to “07, the AR visual field is
determined in a planar form (or two dimensionally).
However, when the altitude is added to the dangerous
object position information, the AR visual field may
be determined in a sterecoscopic form {(or three
dimensicnally}.

Furthey, in this embodiment, as the wvisual field

of the user 400, for example, information {(visual
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For example, the display control unit 1065 analyzes the dangerous range image to determine a part
which is not the dangerous range image (a range which is not designated as the dangerous range) as
a safety range, and generates an image (safety zone image) indicating the safety range. Further, for
example, the display control unit 1065 calculates an evacuation route based on position information
indicating the position of an exit of the factory which is set in advance and the AR position information,
and generates an image (evacuation route image) indicating the calculated evacuation route. Fig. 37D
illustrates ar 2xamplé svhea ehdmage felatbe torsafety isdispléyed (evacaatiba foute idage 700).
Note that the user switches ON/OFF of the safety_display mode b%/ égrgassingrdown switch (not

illustrated®6r SHEERINGARE sy Hidptaymdda  fo0gitin stég s T80, TR disflay BShtrol unit 1065
determings whethertaston the display-or nok Al ghis mement, yehenihe AByaedeiis ON, the display
control unit 1065 determines not to stop the display, and subsequently, the processing of step 5145 is
performeddOadie dthesRdand: Wher ielAR nfodeé i OFF ethe HisplaycofftGHMmEA065 determines to
stop the (Ciiisgjlayé anflg?% display processing is stopped. [0082]Fig. 38 is a diagram illustrating an
e . . . : .

example of & flowchart refated to display processing performed by respective functions in the AR
providing appagais :800mFhis displey pracessing fs parformed fotlewingithe processing of step 5175
or performed instead of the processing of step 8170 and step 8175. .

1060 determines as the AR visual field U a visual

field in a predetermined range {having & radius oI

100 m for example) centered on direction information

420 with reference Lo AR positicn information 410.

[0074] Next, in step 8170, the display control unit

1065 generates a dangercus range image {augmented

image) of a dangerous object included in the AR

visual field based on the videc data, the measurement

regults, and the target data.

More specifically, first, when the dangerous

cbiect position information included in the target

data is inciuded in the AR wvisual field, the display

contrel unit 1065 determines that the dangerous

object located at the dangerous object position

infermation is a dangerous cobiject included in the AR

visual field. For example, in Fig. 36, dangerous

object position information 430 is included in the AR

visual field U, and hence the dangerous objects

located at the dangerous object position information

430 are determined as incliuded in the AR visual field

U. Note that dangerocus obiect position information

449 is not included in the AR visual field U, and

thus the dangerous oblject located in the dangerous
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First, the retrieval unit 1055 retrieves traveling plan information, which is an example of movement
schedule information indicating a schedule of movement of a dangerous object, from the information
processing apparatus 200 (step 3185). The traveling plan information includes traveling position
information indicating a position of traveling schedule of a dangerous object and traveling time
information indicating a time thereof. Next, in step 3190, the display control unit 1065 determines a
scheduled dangerous range. More specifically, the display control unit 1065 determines as the
scheduledthngéarons fange Apréddiemiiadd rihgé 4for &xaniid ai& hsrIé ok & citelE with a diameter
of 50 m) with hedda geroughobjeﬁkinformati(ln %eiiréglgt i{icenter. [0083]Next, in step 5195, the

display cOntrot Uit 1065 detérmines Whether a angerous object enters the scheduled dangerous

range or notsbased onthke:obtained &ravelingplandnformation-aned the eurrens timenMoee specifically,
the display control unit 1065 obtains from the traveling plan information the traveling position
informati6ie &Ik Bicerthinttinge darexanle, Bithinfive Difftes)FFont e difrent time, and

determings, whelhelihe pplaineitiayeing positnlufomialion fs,pglad indhe seheguled dangerous

range or hot. At this moment, when the display control unit 1065 determines that it is included (the

dangerousrabject entersthe schedutedidangerous range), processing of step 5200 is

At this moment, when the dangerous obiject is

fixed, the display control unit 1065 calculates
coordinates {range coordinates) corresponding to the
dangerous range of each state corresponding to the
determined dangerous object based on the coordinates
of the dangerous object position information in a
reference coordinate system, and applies the
geometric transformation matrix to the calculated
range coordinates to generate a dangerous randge image
(augmented image) .
10076] ©On the other hand, when the dangerous object
movesg, the display contreol unit 1065 analyzes the
video data (image data constituting the video data)
to determine the coordinates ©f a marker indicating a
positioning reference added to the determined
dangercus object in the reference coordinate systen,
calculates the range coordinates corresponding to the
dangerous range of each state with the determined
coordinates being the crigin, and applies the
geometric transformation matrix to the calculated
range coordinates so as to generate the augmented
image.

[6077} Note that the method for generating an
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performed subsequently. On the other hand, when the display control unit determines that it is not
included (the dangerous object does not enter the scheduled dangerous range), the display
processing is ended. Note that the display control unit 1065 determines that it is not included when the
dangerous object position information is included in the AR visual field. In step S200, the display
control unit 1065 displays on the display device 1020 an image indicating that the dangerous object is
approaching. More specifically, the display control unit 1065 determines the direction in which the
dangerouswbjech issappioachmgfromthe obiamedetfaveling-schedlile peositierr and bredsurement
results, and displays on the display device 1020 an image notifying that the dangerous object is

approachiHgrsnt tHeSdeteMifie FdifetRor Fid: 38 iftsHREE An SREMPR of display when a dangerous

object (AGYsAutomatic Guided.Mehiclg)ds gma%cf@r&grfm the-laft side of theruser (warning display
image 800). [00841 Note that although the display control unit 1065 determines that the dangerous
object enttrs: thersecheduwléed darigerousirangerorimof drisabt imitetitd this stroctdret For example,

whether the dan eroua pb'éec'%: is aggréoagg‘ina%/thei@% g{lovi.drilnfgoe%pnpagai:[usn 1(%%0 or not may be
determinéd’ based on the Carrert time, thetr céﬁng 6Ian informalio: and easufement results. [0085)

<Embodirpent 91 JnEmbodiment §;the skueturedn whichdhe ARipreviding agparatus 1000 has
the imaging device 1035 is employed. An AR providing apparatus 1000 according to Embodiment 9 is

characterized imfHat € dé6sAactHave thiesifragihg debice 1035 Meréingfte} & T structure which is
trn e RS2 vl b de0ed . i 40 magaganisialgo ovcran i
same referepeesmidaerabis edded to the samAce) between the dangerous

object peosgition information and the AR position

information in the reference coordinate system, S0 asg

to generate the augmented image.

At this moment, when the dangerous obiject is
fixed, the disgplay contrel unrit 1065 multipliies the
dangerous range of each state corresponding to the
determined dangsrcus object by the magnification, so
as to generate the augmented image.

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

object by the magnification with the calculated
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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 9150 illustrated in Fig. 35 is not performed. [0086]In step 9305, the display control unit 1065
generates a dangerous range image (augmented image) of a dangerous object included in the AR
visual field based on measurement results and target data. More specifically, first, when the
dangerous object position information included in target data is included in the AR visual field, the
display centrep Grity1 @65 dedenmtassthitethe darigerous: bhject.located at the dangerous object
position information is a dangerous object included in the AR visual field. Then the display control

unit 1065BHIAShE g%gr%e it Hransformatioh matrix based on AR position information, direction
informatior, ang postyre igfoEpatioNy s, the display control unit 1065

controls transmittance of the display device 1020 =z0
that the augmented image is overiaid on the dangerous
object in the real space {to make the dangerocus
object visually recognizable), and displays the
augmented image.

In addition, when the display control unit 1063
determines plural dangerous obiects included in the
AR wvigual field, the digplay control unit generates
and displays an augmented image for each of the
plural dangerous objects. Note that the display
control unit 1065 may éverlay 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 mnot limited to the above-described structure.
For example, information (feature quantity or the
like) for determining a dangerocus object which is
registered in advance may be obtained based on a
dangerous object ID from the information processing
apparatus 200, and the display contrcel unit 1063 may
perform recognition processing for video data using
the feature guantity or the like to determine &
dangerous obiect, and display a dangerous range image
{augmented image] at the cocrdinates of the
determined dangerous object. With thig structure,

the pesition for displaying the augmented image can
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Then the display control unit 1065 calculates the range coordinates corresponding to the dangerous
range of each state corresponding to the determined dangerous object based on the coordinates of
the dangerous object position information in the reference coordinate system, and applies the
geometric transformation matrix to the calculated range coordinates so as to generate the augmented
image. Note that although the method for generating a different augmented image depending on
whether the dangerous object is fixed or not is employed in Embodiment 8, the augmented image is
generated by therabovée-désdribed npethdd regardtassof swhetheik-the dangeéroes okjedt is fixed or not
in Embodiment 9 since it is not possible to image a marker. [0087] <Other embodiments> The
above-deg&ifbed AR providing apparatus obtains information and so on related to a dangerous object
S0 as to geperate an aygmended image fram theinfogmatian-prpaessipd apparatus, but it is not limited
to this. For example, the AR providing apparatus may store information for determining dangerous
objects (featgrecqiiapitties) iy e>dala dEdarigerols objed ad s é@)4E thecstorage device 1010,
analyze video data,imaged in the imaging device 1 tp determine a dangeraus.qbject included in the
video datd bj;/‘ féco crg: o7 %ﬁ)%éléc’sir?ggjr? ,%Nh\feﬁ it igeg%tefmiﬁ%g ﬁ%t th%%deg%er?nrllnle% dangerous object
is in repetitive ingiidarotatiopgldnation, tecjprecad mosion, of theslike): generate a damgerous range
image (augmented image) assuming the dangerous range due to the determined dangerous object.
Further, asithe ARSFoVIdiRG ppardRiSHHES HEvaBUS Forms FnayiBecéhployed. FBf-Example, a

P et AR o onares prybeaniaved. I Discess dadeadal e

transmissive liquid cryst isp?al , a hon-transmissive liquid crystal display may e employed. Further,
for exampte,regkeasifup=display type AR profidirigwapparatussmay be employéd hrmwhlieh an augmented
image is combined and displayed with a target object in a real space which is projected optically

transmissiveRE 5 Miréover, BBGEIH fifictidhd $Fe stidted BetibaR HYAR provitfitfapparatus 1000
and the informatign prpcessing,apparatus 20Q inthe aboeye-described,emhgdiments, they may be
performed in one apparatus, or an apparatus different from that described in the embodiments may
have a similarsforction asuch zas geaeratidg anaggménted imagtiisprthe yrifdrmatiBa processing
apmﬂmu%%%)T%?g%g;@géﬁ?ggvggghple when the two-dimensional

augmented image 520 is displaved.

Further, Fig. 37C displayvs an example when an

augmented image 610 15 overlald and displayed on a

crane truck (dangerous object ID “011”, state

“moving®! 600 to which a marker 620 indicating =a

positioning reference is added, as a display example

of the casge where the dangerous object moves.

foocao] In thig embodiment, the structure Lo generate

and display the dangerous range image has been

described, but it is not limited to this. For

example, a mode for identifying the presence/absence

of usage of a safety display function (safety display

mode} may be provided, and when the safety display

mode is ON, the display contrel unit 1065 may display

an image related to safety (evacuation rcute image or

safety zone image) on the display device 10620 in
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apparatus 1000. [0088] Further, although a crane, a gas pipe, and a lathe are illustrated as the fixed
dangerous object in the above-described embodiments, but it is not limited to them. For example, a
power-transmission line for transmitting electric power may be employed as the dangerous object. At
this time, the operating state detection sensor detects that it is in operation (it is dangerous) when the
voltage reaches a prescribed value (prescribed volts). Further, for example, piping for delivering fluid
may be employed as the dangerous object. At this time, the operating state detection sensor detects
that it is ia @peratiemwhen the temperatuie of thelfkliddeadgwesaprescribed valoedprescribed
temperature). Further, for example, a grinding machine (grinder) for finish-grinding the surface of a

workpiece whilefrtatifig 2 BRnding WhteMayPbé EmpRYEd 8 thetiahgérdlig object. At this time, the
operating state Eé%ti%ée@%gg%t%té thatitis in opesation by dgtecting,am eperating status signal

or operating schedule signal. [0089] Further, in the above-described embodiments, when a dangerous
object is regagnizédilynthe ARproviding abppamptusoL000T the Serudtiifedis tof gengratgsand display an

augmented image -of the dangerous rangaedof this +ggngeéous ob]:Leqt, buj} it is ré%t aévgays necessary to
generate 4Rd Gisptay thE fughiéntéd hrage &t the dangerots Tange fof all dangeérous objects

recognizeg-tyethe AR providing appa@tis-1000s 2ol @xayaple salrencpiurabgangerous objects are
captured in the visual field of the AR providing apparatus 1000, and if dangerous ranges are presented
simultanebusly $or alltHed darigercustdbiects {9$ Possiilel that thBWsERGets cdiftised about where to

pay attention. Mare specifically, it is not necessary to generate a d present.an. usgrréerpted image of a
dangerou%bfg”r;f‘é)glf%f a%%ﬁge%&f?gba}gct%vﬁlc “i$ Tocated so far that it is ot so %angerous yet for the

user at the-psesent mement By presentiag am apgmenied imagefevendarisieh a dangerous object
which is not so dangerous, it is rather possible that the user overlooks an agrgmented image for a
dangerous BBjeetwARH isHBEat®® Elbse 8Rd RV Reddsits b pafdidtehficit o §0090] Accordingly, it

o o

the user. Paseribingcmote, speaificallynthissstrestusenisiasgllowse vacuation route
image) indicating the calculated evacuation route.
Fig. 37D illustrates an example when an image related
to safety is displayed (evacuation route image 700} .

Note that the user switches ON/OFF of the safety

display mode by pressing down a switch (not
illustrated) for switching the safety display mode.
[GG81} In step S180, the display control unit 1065
determines whether to stop the display or not. AL
this moment, when the AR mcede is ON, the display
control unit 1065 determines not to stop the display,
and subseguently, the processing of step S145 is
performed. on the other hand, when the AR mode is
OFF, the display control unit 1065 determines to gtop
the display, and the display processing i1s stopped.
[0082] Fig. 38 is a diagram illustrating an exanple
of a flowchart related to display processing

performed by respective functioms in the AR providing
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In this structure, the AR providing apparatus 1000 generates an augmented image of the dangerous
range of a dangerous object for the user only when, for example, the position of the user is located at
a predetermined distance or closer (at a predetermined threshold or closer) from the dangerous object.
Fig. 41 is a diagram illustrating an example of a table storing information related to dangerous objects
(positionally fixed target table 910). Note that in the table illustrated in Fig. 41, items of display
conditions are added compared to the table illustrated in Fig. 30. In the structure using the
positionadly fixecktarget tabien910, Tor examplep diage thecdispiayicondition bethéxraredof the

dangerous oﬂect ID "001" is to be within, 30 m, the AR Ié)rovild%rs%; agéjaratu% 1000 %enerates an
augment&® im&JE- & priSerkd T HE 1REr Ghty RhER thedistande ke EraRE Bf the dangerous

object ID w0012 isswithin 3@ ;. The othes itgmys ake thesamerasdhasesin dhestableifiustrated 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 peocessing. dotrd tHanihtthé fiGwchagttifuistrased in Fig. 42, step S405 for

determining a distance between the AR providing apparatus 1000 and a dangerous object is added,
compare& %‘ the I%)I\}\/%hg‘r%f ﬁﬁjlstrlanfé;e f‘ﬁ”l‘—%%n W‘I}r?lsfep 5"4?)5,8”\?vheeﬁc ﬁ‘lnelp&gseplé)ﬁontrol unit 1065

determings,a Sangerous akiget includeddn therAR visualdielts i Dbtains the Wistarre to the dangerous
object of movement ©f a dangerous objeck, from the
information processing apparatus 200 (step S5185}.
The traveling plan information includes traveling
position information indicating a position of
traveling schedule of a dangerous object and
traveling time information indicating & time thereof.
Next, in step S190, the display control unit 1065
determines a scheduled dangerous range. More
specifically, the display control unit 1065
determines as the scheduled dangercus8 range a
predetermined range {for example, the inside of a
circie with a diameter of 50 m) with the dangerocus
object information being at its center.
[0083] Next, in step 8195, the display control unit
1065 determines whether a dangerocus chiect enters the
scheduled dangerous range or ncot based on the
obtained traveling plan information and the current
time. More specifically, the display control unit
1065 obtains from the traveling plan informatiocn the
traveling position informaticon within a certain time
{(for example, within five minutes) from the current
time, and determines whether the obtained traveling

pogition information is included in the scheduled
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Regarding the distance between the AR providing apparatus 1000 and the dangerous object, it can be
structured such that the display control unit 1065 calculates this distance based on the information
indicating the current position of the AR providing apparatus 1000 (AR position information) and the
reference position of the dangerous object indicated in Fig. 41. Alternatively, it may be structured such
that a measurement unit is provided in the AR providing apparatus 1000, the measurement unit emits
a laser to the target dangerous object, and the measurement unit measures the distance from the time
the emittéd RSEFI3 &fletstiat tive-darfjerous’object-afd FRtiRs fo thE Rfdastfefnent unit. Note that

ihe steps atjer 1 sieh 5405 arg sivlacio dheseda i oehes Justated i . 35, and thus te

descriptionlsstﬁer%%f are omitted. [0092] Further, the display control unit 1065 reads the distance stored
as a display<pudiian fremehe pasiianadly fixetitarget table<d1, ahe cemparés itavith the
measurement result of the distance from the dangerous object. Then, when the measurement result of

the distarcGe¥icH feSddriyBRcts obREPSHRféd e %fspﬁa?%%n&iﬁ&? stdfed in the positionally fixed
target tatg% 9%3Q, the grogg%%%%rgﬁ to step SK70. o+ oL example, iithe,casgof the crane of

the dangerous object ID "001", when it determines a crane included in the AR visual field, the display
control uwit. x@65:gbtains thecdistamcerto dse: erame rfaatheh alie display cormttol unit 1065 reads the
display condition "within 30 m" corresponding.tq the cr%ne of the dan erous %&e@ct ID "001" from the

positionay*fixedtEihet tabfe ST FRERT T ARPIST EortfoT tinit T065 determines whether the obtained

distance todhe graneds Jwithin. 30,9 of Belguhich isxke display sgndition: As arrasultiof the
determination, when it is within 30 m, the processing proceeds to step S170, the display control unit
1065 generatesian atigrhented fagarepresentipa daryersus ramge-fot theédangerous object, and

overlays and displays the image. .On the other hand,.when it is,over 3Q.m, ing returns to
step s145°¢ ﬁ%ﬁ%f ote t%%?? a th}()%ugﬁgn %)?zcmﬁllé ?nl\L/lv %ﬁ itgr%g%f a%gﬁ%&%%%%%%re added to
the positienally fixed target table ilustrated inidg. 30sis tescribed in the abawe-described examples, it
may be structured to add items of display conditions to the mobile target table illustrated in Fig. 31 and
apply the¥lbdehart fléiStieted in Fig. 42 to a moving dangerous object, and hence it is not limited in

particular. Tn step 5200, the display control unit 1065

displays on the display device 1020 an 1image
indicating that the dangerous object is approaching.
More specifically, the display control unit 1065
determines the directicn in which the dangerous
obiect 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. 3% illustrates
an example of display when a dangerous object (AGV:
Automatic Guided Vehicle) is approaching from the
left side of the user {warning display image 800).
[0084] Note that although the display contrcl unit
106% determines that the dangerous object enters the
scheduled dangercus range or not, it is not limited

to this structure. For example, whether the
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Further, although the structure in the above-described embodiments is to present information or the
like related to a dangerous object to a worker, it may be a structure to provide information related to a
dangerous object to a guard who patrols a work site instead of the worker, and hence it is not limited in
particular. With the structures of the above-described embodiments, a dangerous spot can be notified
more appropriately in a scene where the dangerous spot changes temporally. [0094]In the foregoing,
the preferred embodiments of the present invention have been described in detail, but the present
inysptig}rﬁiiigiﬁs;iﬁ thY?srﬁ{[@(t)qf: ?ﬁ;ﬁeﬁn é@?é@%ﬁi%ﬁ?aﬁé_@f gﬁanm%ﬁcaﬂons are possible
e aa R e e P b el s o M L
APPLICABILYnt time, the traveling plan information, and
mezsurement results.
[0085] <Embodiment %>
In Embodiment 8, the structure in which the AR
providing apparatus 1000 has the imaging device 1035
is emploved. An AR providing apparatus 1000
according to Embodiment 9 is characterized in that it
does not have the imaging device 1035. Hereinafter,
s main structure which is different from Embodiment 8
will be described.
Fig. 40 is a diagram illustrating & flowchart
related to display pfocessing performed by respective
functions in the AR providing apparatus 1000. The
same reference numeral l1s 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 $£150 illustrated in Fig. 35 i1s not pexrformed.
{cose] In step £305, the display control unit 1065
generates a dangerous range image (augmented image)
of a dangerous object included in the AR visual field
based on measurement results and target data.
More specifically, first, when the dangerous
object position information included in target data

ig included in the AR visual field, the display

control unit 1065 determines that the dangerous
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[0095] The present invention is applied to a technology of AR displaying the operating status of a
facility or the like for an observer in an installation or a factory. Further, the present invention is applied
to a technology of AR displaying a dangerous spot in a scene where the dangerous spot changes
temporally. CLAIMS: Claim 1. An information processing apparatus, comprising: an imaged image
input unit inputting an imaged image of a facility imaged in an imaging device; a measurement
information input unit inputting measurement information measured by a sensor provided in the facility

from the SBASEL 1 8%r:Rion Thit ERRALIAG & IRTAHMagE 165 Esetifd 558Htus of an outside or
inside of the. f@% %?ﬁéﬁd o the measurenent '@Bg@@'@” inpLAted by the;meagurgment information

input unit; isplay controL unit overlaying and displaying the virtual image created in the creation

unit and theEtmagedfmmgé inputted by the imaged image input unit on a display device; and a control

information input unit inputtin control information
Then the display control unit 1065 obtains the

geometric transformation matrix based on AR position
information, direction information, and posture
information.

Then the display control unit 1065 calculates the
range coordinates corresponding to the dangerous
range of each state corresponding tc the determined
dangerous object based on the coordinates of the
dangerous object position informaticn in the
reference coordinate system, and appliesg the
geometric transformation matrix to the calculated
range coordinates so as to generate the augmented
image. Note that although the method for generating
a2 different augmented image depending on whether the
dangerous cbject ig fixed or not is employed in
Embodiment 8, the augmented image 18 génerat@d by the
above-described method regardliess of whether the
dangerous object is fixed or not in Embodiment 9
since it is not possible to image a marker.

[0087] =<Other embodimentss>

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

apparatus may store information for determining
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transmitted to the facility from a control device controlling the facility, wherein the creation unit
creates the virtual image representing the status of the outside or inside of the facility based on the
control information inputted by the control information input unit and the measurement information
inputted by the measurement information input unit, the facility is a facility in a steel plant, the
sensor is a plurality of temperature sensors, an air pressure sensor, or a pressure sensor inside or
outside the facility, and the control information is blowing of oxygen or gas into the facility, or
charging atkmateriakintodhe facility. Claimi2: Aa information peccesding gppatatus, ecoimprising: a
measurement information input unit inputting measurement information measured by a sensor
movMedﬁﬁ%S%ﬁﬁﬁfﬁ&%1ﬁ§tsf and 80 on) in the storage device

1010, analyze video data imaged in the imaging device
1035 to determine a dangerous object included in the
video data by recognition processing and, when it is
determined that the determined dangerocus object is in
repetitive motion (rotational mction, reciprocal
motion, or the like), generate a dangerous range
image (augmented image) assuming the dangerous range
due to the determined dangerocus obiject.

Furthey, as the AR providing apparatus, ones in
various forms may be employed. For exanmple, a
portable terminal type AR providing apparatus'may be
employed. In this case, instead of the transmissive
liguid crystal display, a non-transmissive liguid
crystal display may be employed. Further, for
example, a head-up display type AR providing
apparatusg may be emploved in which an augmented image
ig combined and displayed with a tTarget obiect in a
real space which is projected optically
transmissively.

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

processing apparatus 200 instead of the AR providing
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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;
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; and a control information input unit inputting control
information transmitted to the facility from a control device controlling the facility, wherein the
creation unit creates the virtual image representing the status of the outside or inside of the facility
based orethe £oatral infariigdion inputted by the control information input unit and the measurement
s} O e s R R T e
outside thefagllityzaRd i 11ustrated as the fixed dangerous object

in the above-described embodiments, but it i1s not

limited to them. For example, a power-trangmission

line for transmitting electric power may be employed

as the dangerous object. At this time, the cperating

state detection sensor detects that it is in

operation (it is dangerous) when the veltage reaches

a prescribed value {prescribed volts). Further, for

example, piping for delivering fluid may be employed

as the dangerous object. At this time, the coperating

state destection sensor detects that it is in

operation when the temperature of the fluid reachesg a

prescribed value (prescribed temperature). Further,

fcr example, a grinding machine (grinder) for finish-

grinding the surface of a workpiece while rotating a

grinding wheel may be employed as the dangerous

obiect. At this time, the operating state detection

sensor detecte that it isg in operaticn by detecting

an operating status signal ox coperating schedule

signal.

(00891 Fuarther, in the above-described embodiments,

when a dangerous object is recognized by the AR

providing apparatus 1080, the structure is to

generate and display an augmented image of the

dangerousg range of this dangerous object, but it is

not alwavysg necessary to generate and display the

augmented image of the dangerous range for all
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the control information is blowing of oxygen or gas into the facility, or charging of material into the
facility. Claim 3. The information processing apparatus according to claim 1 or 2, further
comprising: a control schedule information input unit inputting control schedule information
representing contents of control scheduled to be performed on the facility; and a simulation unit
performing simulation to estimate the status of the outside or inside of the facility when control
represented by the control schedule information is performed based on the control schedule
informatidrz inpatted:sy thie Central schedide informhabtion inhat R anddlve. meagurement information
inputted by the measurement information input unit, wherein the creation unit creates from
numeric G&t8 feptesenting Pésults of the simulation a three-dimensional virtual image representing the

results of the siraulatiQn, 5 mp&laim gn Lhe information; progessingsappasaties. accprding to claim 1 or 2,
further comprising:

captured in the visual field of the AR providing
apparatusg 1000, and if dangerous ranges are presented
simultaneously for all the dangerous objects, it 1is
possible that the user gets confused about where to
pay attention. More specifically, it is not
necessary to generate and present an augmented image
of a dangerous range Ior a'dangerous obhiject which is
located so far that it is not so dangerous yet for
the user at the present mcment. By presenting an
augmented image even ﬁbr guch a dangerous cbischt
which is not so dangerous, it ig rather possible that
the uger overlooks an augmented image for a dangerous
object which is located close and really needs to be
paid attention to.
feeo90] Accordingly, it 1s possible to employ a
structure to present an augmented image illustrating
a dangerous range only for a dangerous obiect for
which it 1s 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 obiject 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 c¢loser) from the dangerous obiject. Fig.
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a determination unit determining an order number corresponding to a product in the facility,
wherein the creation unit creates a virtual image representing the order number determined by the
determination unit. Claim 5. The information processing apparatus according to claim 1, wherein
the creation unit creates the virtual image representing the status of the outside or inside of the facility
based on the measurement information inputted by the measurement information input unit when the
facility is in operation, and the display control unit overlays and displays on the display device the
virtual image treatedin dherereationlunttargthe inagedemageibputted lay thelimhaged image input
unit when the facility is in operation, or overlays and diSﬁlaﬁg on the dis%Iay device a virtual image

t

created iff BAVaricd anB the Maged Indde-mpitedtsy hE HagedMage MpGt Gnit when the facility is
not in operatian. « 1 o &laim $. Fhe information proggssing apparatus acserdintipClaim 2, wherein

the creation unit creates the virtual image representing the status of the outside or inside of the facility

based ontthe nedsiirenieht informatiestinputtétiby: thé Imeastrnient ihfekingm @ ihput unit when the

facility is in operation, and the display,conrol unitoyegays and displays the virtual image
illustrated in Fig. 30.

In the structure using the positicnally fixed
target table 910, for example, since the display
condition of the crane of the dangerous object ID
%0017 is to be within 30 m, the AR providing
apparatus 1000 generates an augmented image and
presents it to the user only when the distance to the
crane of the dangerous object ID “001” is within 30 m.
The other items are the same as those in the table
illustrated in Fig. 30, and thus the descriptions
thereof are omitted.

[0021] Fig. 42 is a diagram illustrating an exanmple
of a flowchart related to display proceaessing. Note
that in the flowchart illiustrated in Fig. 42, step
5405 for determining a distance between the AR
providing apparatus 1000 and a danger@us obiject 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 obtaines the distance to the
dangsroug object.

Regarding the distance between the AR providing

apparatus 1000 and the dangerous ckject, it can be
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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 7. An information processing
method executed by an information processing apparatus, the information processing method
comprising: an imaged image input step of inputting an imaged image of a facility imaged in an
imaging device; a measurement information input step of inputting measurement information
measured by acsenserdprevided intthe fachity fioms theasensor t x cal creatidh stépg 6f creating a virtual
image representing a status of an outside or inside of the facé[g;/ bas%d on thceimeasurement

informati6R Mptitted Mthé FedstremeRTinformatsiPinpt stépr 5

a 8i§&%y Shtrol step of overlaying

and displayigg the vityal image.created in theLreation sigp anddhe imageshimage inputted in the
imaged image input step on a display device; and a control information input step of inputting
control irdgrowatiert transmitt@d toARe fariibtfiorn alcohbbibeviceebnRSIFNgG-hE facility,

reference position of the dangerous cbject indicated
in Fig. 41. Alternatively, it may be structured such
that a measurement unit is provided in the AR
providing apparatus 1000, the measurement unit emits
a laser to the target dangerous obiject, and the
measurement unit measureg the distance from the time
the emitted laser ig reflected at the dangerous
object and returns to the measurement unit. Note
that the steps other than step $405 are similar to
those in the flowchart illustrated in Fig. 35, anad
thus the descriptionsg therecf are omitted.

fooszl Further, the display contrel unit 1065 reads
the distance stored as a display condition from the
positionally fixed target table 310, and compares it
with the measurement result of the distance from the
dangerous cbiject. Then, when the measurement result
of the distance from the dangerous cbiect satisfies
the display condition stored in the positionally
fixed target table %10, the processing proceeds to
step §1760.

For example, in the case of the crane of the
dangerous object ID “0017, when it determines a cramne
included in the AR visual field, the display control
uni® 1065 obtains the distance to the crane. Further,

the display control unit 1065 reads the display
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wherein, in the creation step, the virtual image representing the status of the outside or inside of the
facility is created based on the control information inputted in the control information input step and the
measurement information inputted in the measurement information input step, the facility is a facility in
a steel plant, the sensor is a plurality of temperature sensors, an air pressure sensor, or a
pressure sensor inside or outside the facility, and the control information is blowing of oxygen or gas
into the facility, or charging of material into the facility. Claim 8. An information processing method
executedmrahiinformation protessiy appararus; #RripfoRhatbnTotessing eatRod Eomprising:

a measurement information input, step of inputting measurement information measured by a sensor
providedtf'n t%e%gé?lﬁﬁﬁSﬁ]sthég% r?s%@r; fIB B%% 2o Ehe poss lonaa}f‘fy

fixed target table 910. Then, the display control
unit 1065 determines whether the obtained distance to
the crane ig “within 3230 m” or not which is the
display condition. As a result of the determination,
when it is within 30 m, the procesgsing proceeds to
gstep 8170, the display control unit 1065 generates an
augmented image representing a dangerous range for
the dangerous obiject, and coverlays 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 digplay conditions are added to the posgitionally
fixed target table illustrated in Fig. 30 is
described in the above-described examples, it may be
structured to add items of display conditiong to the
mobile target table illustrated in Fig. 31 and apply
the Fflowchart illustrated in Fig. 42 to a moving
dangerous object, and hence it is not limited in
particular.

Further, although the gtructure in the above-
degcribed embodiments is to present information or
the like related to a dangerocus 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 cf the worker, and hence it is not
limited in particular.

With the structures of the above-described
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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; 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; and a control information input step of inputting
control information transmitted to the facility from a control device controlling the facility, wherein,
in the creation step, the virtual image representing the status of the outside or inside of the facility is
created bemséd dii therdoniroldnfdrmatoncrsutted I theagonk 6l informdtiohdngiR Skep and the
measurement informatjcon inputted in the measug;}ement i@{ormciation in]put ste%, th%facility is a facility in

aﬁ)tpro’:%ﬁla el?'P in a ?CEI}&G{: whnere the ange JaNb Y t15)0
a steel planty © “he sensor isa plurality of temperattire Sensors, an air presstré sensor, or a pressure
sensor ingide 9f eutsigde the-fagiityy and the control information is blowing of oxygen or gas into the
facility, or charging of material into the facility. Claim 9. A program causing a computer to function as:

[0094] In the foregoing, the preferred embodiments

of the present invention have been described in

detail, but the present invention is not Iimited to

such certain embodiments. Various changes and

modifications are possiblie 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

[G095] The present invention is applied to a
technology of AR displaying the operating status cof a
facility ér the like for an observer in an
installation or a factory. Further, the present
invention ig applied to a technology of AR displaving
a dangerous spot in a scene where the dangerous spot

changes temporally.



an imaged image input unit inputting an imaged image of a facility imaged in an imaging device; a
measurement information input unit inputting measurement information measured by a sensor
provided in the facility from the sensor to a creation unit; a creation unit creating a virtual image
representing a status of an outside or inside of the facility based on the measurement information
inputted by the measurement information input unit; 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 digpidyi8evice; and a control information input unit inputting control information transmitted to
the facility from a control device controlling the facility,
Claim 1. An information processing apparatus, comprising:
an imaged _image input unit inputting an imaged image of 3
facility imaged in an imaging device;
a measurement information input unit inputting measurement
information measured by a sensor provided in the facility from the
sensor;
a creation unit creating a virtual image representing a status of
an outside or inside of the facility based on the measurement
information inputted by the measuremeht information input unit;
a dispiay 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; and
a control information input unit inputting contro! information
transmitted to the facility from a control device controﬂing 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,
the facility is a facility in a steel plant,
the sensor is a pturality of temperature sensors, an air pressure
sensor, or a pressure sensor inside or outside the facility, and
the control information is blowing of oxygen or gas into the
facility, or charging of material into the facility.
Claim 2. An information processing apparatus,'comprismgi
a measurement information input unit inputting measurement

information measured by a sensor provided in the facility from the
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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, the facility is a facility in
a steel plant, the sensor is a plurality of temperature sensors, an air pressure sensor, or a pressure
sensor inside or outside the facility, and the control information is blowing of oxygen or gas into the
facility, or charging of material into the facility. Claim 10. A program causing a computer to function as:
a measuresagabmformation input unit inputting measured measurement information by a sensor
provided in the facili;gy from the sensor; a creatiorl unit creating? a virtyal imat?e representing a

status of an outsfié& GrAHGae B the BRHRPHAEEtYR tHE R BEsIFE hioPhfattéRtpRted by the
measuremantjniQiaation; adUBK the AisRRHEQAHOLNIRVeHaxIg-aprkdisplaying the virtual

image created in the creation unit on the facility which is seen
information inputted by the measurement information input unit;

a dispiay control unit overlaying and displaying the virtual
image created in the crezation unit on the facility which is seen
through a display device; and

a control information input unit inputting control information
transmitted to the facility from a contro! device controlliing 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, _

the facility is a facility in a steel plant,

the sensor is a plurality of temperature sensors, an alr pressure
sensot, or a pressure sensor inside or outside the facility, and

the control information is blowing of oxygen or gas into the
facility, or charging of material into the facility.

Claim 3. The information processing apparatus according to
claim 1 or 2, further comprising:

a control schedule information input unit inputting control
schedule information representing contents of control scheduled to be
performed on the facility; and

a simulation unit performing simulation to estimate the status
of the outside or inside of the facility when control represented by
the control schedule information is performed based on the control
schedule information inputted by the control schedule information

input unit and the measurement information inputted by the
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~ through a display device; and a control information input unit inputting control information transmitted
to the facility from a control device controlling the facility, wherein the creation unit creates the
virtual image representing the status of the outside or inside of the facility based on the control
information inputted by the control information input unit and the measurement information inputted by
the measurement information input unit, the facility is a facility in a steel plant, the sensor is a
plurality of temperature sensors, an air pressure sensor, or a pressure sensor inside or outside the
facility, anch e astiveecomtiiol aifformatiom isriganiving iof oxygen or gas into the facility, or charging of
material into the %ﬁg%m the creation unit creates from numeric data
representing results of the simulation a three-dimensional virtual
image representing the results of the simulation.
Claim 4. The information processing apparatus according to
claim 1 or 2, further comprising:
a2 determination unit determining an order number
corresponding to a product in the facility,
wherein the creation unit creates a virtual image representing
the order number determined by the determination unit.
Claim 5. The information processing apparatus according to
“claim 1, wherein
the creation unit creates the virtual image representing the
status of the outside or inside of the facility based on the
measurement information inputted by the measurement information
input unit when the facility is in operation, and
the display control unit overlays and displays on the display
device the virtual image created in the creation unit and the imaged
image inputted by the imaged image input unit when the facility is in
operation, or overiays and displays on the display device a virtual'
image created in advance and the imaged image inputted by the
imaged image input unit when the facility is not in operation.
Claim 6. -The information processing apparatus according to
claim 2, wherein
the creation unit creates the virtual image representing the
status of the outside or inside of the facitity based on the
measurement information inputted by the measurement information

input unit when the faciiity is in operation, and

the display control unit overlays and displays the virtual image
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created in the creation unit on the facility whi.ch is seen through the
display device when the facility is in operation, or overiays and
displays a virtual image created in advance on the facility which is
seen through the display device when the facitity is not in operation.

Claim 7. An information processing method executed by an
information processing apparatus, the information processing method
comprising: '

an imaged image input step of inputting an imaged image of a
facility imaged in an imaging device;

a measurement information input step of inputting measurement
information meaéured by a sensor provided in the facility from the
sSensor; |

a creation step of creating a virtual image representing a status
of an ouftside or inside of the facility based on the measurement
information inputted in the measurement information input step;

& display control step of overlaying and dispiaying the virtual
image created in the creation step and the imaged image inputted in
the imaged image input step on a display device; and

a conftrol information input step of inputting control information
transmitted to the facility from a control device controlling the facility,

wherein, in the creation step, the virtual image representing the
status of the outside or inside of the facility is created based on the
control information inputted in the control information input step and
the measurement information inputted in the measurement
information input step,

the facility is a facility in a steel plant,

the sensor is a plurality of temperature sensors, an air pressure
sensor, Or a pressure sensor inside or outside the facility, and

the control information is biowing of oxygen or gas into the
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facility, or charging of material into the facility.

Claim 8. An information processing method executed by an
information processing apparatus, the information processing method
comprising:

a measurement information input step of inputting measurement
information measured by a sensor provided in the facility from the
sensor;

a creation step of creating a virtual image representing a status
of an outside or inside of the facility based on the measurement
information inputted in the measurement information input step;

a display control step of overlaying and déspléying the virtual
image created in the creaticn step on the facility which is seen
through a display device; and

a control information input step of inputting control information
transmitted to the facility from a control device controtling the facility,

wherein, in the creation step, the virtual image representing the
status of the outside or inside of the facility is created based on the
control information inputted in the control information input step and
the measurement information inputted in the measurement
information input step,

the facility is a facility in a steel plant,

the sensor is a plurality of temperature Sensors, an air pressure
SEnsor, Or a pressure sensor insidé or outside the facility, and

the control information is biowing of oxygen or gas into the
facility, or charging of material into the facility.

Claim 9. A program causing a computer to function as:

an imaged image input unit inputting an imaged image of a
factlity imaged in an imaging device;

a measurement information input unit inputting measurement
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information measured by a sensor provided in the facility from the
sensor to a creation unit;

a creation unit creating a virtual image representing a status of
an outside or inside of the facility based on the measurement
information inputted by the measurement information input unit;

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; and

a control information input uait inputting control information
transmitted to the fécility from a control device controlling the facility,

wherein the creation unit creates the virtual image representing
the status of the outside or inside of the facility based on the controt
“information inputted by the control information input unit and fhe
measurement information inputted by the mea'surement information
input unit,

the facility is a facility in a steel plant,

the sensor js a plurality of temperature sensors, an air pressure
sensor, or a8 pressure sensor inside or outside the facility, and

the control information is blowing of oxygen or gas into the
facility, or charging of material into the faciiity.

Claim 10. 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
§eNnsor;

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;

a display control unit overlaying and displaying the virtual

image created in the creation unit on the facility which is seen
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through a display device; and
| a control Enfornﬁation input unit inputting control information
transmitted to the faciiity from a control device controliing 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,

the facility is a faciiity in a steel plant,

the sensor is a plurality of temperature sensors, an air pressure
Sensor, Or a pressure sensor inside or outside the facility, and

the control information is blowing of oxygen or gas into the

facility, or charging of material into the facility.
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