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BACKGROUND OF THE INVENTION
The present invention relates to a remote
maintenance system for aiding in determinations of
maintenance and 1its works at a remote location
10 when periodic plant inspection or plant

maintenance is performed.

Mobile equipment 1s capable o0of performing
information communications through a radio
communication or a local area network. On the

15 other hand, tags used in plant maintenance are on
their way to be applied in some systems, for
example, system for checking on the state of shaft
bearing, or system for management of entrance/exit
to rooms of controlled areas an atomic power

20 plant.

In the actual plant inspection or the actual
plant maintenance, when their works are done,
there are various works patterns. For example, in
one case, a manufacturer or a maintenance company

25 dispatches an inspection/maintenance instructor to



2 the site of inspection or maintenance. And, the actual works are carried

out in dependence on a judgnent by him In another case, a person in

charge of facility maintenance may directly carry 5 out works for

repl acenents or repairs of equipnent 2n the facility. However, in these

days of rationalization of man power due to the present business trend or

political disturbances in local areas, it is being 10 difficult to dispatch

an inspec%ﬁon/nainte ance instructor to the site, and to egplog skilled
ruct

wor ker s. EPSst 848E nBdds PGP T AL PECt Py pBAEEMH NG Wor k B Gns at a
renote | ocation being far away fromthe site is _increasing. 15 On the other
hand, mapémwégﬁ oR¥ Gar €amel Aag | aptovéd WOEPERR ABNCieh PEYi Bns of

af orenenti oned political disturbances in local areas and/or regions with
very fewjodymencat bgn husers, Ionl wrsmehercapaci¢y cemmpreimadnonisuch as 20
the satellite comunication can be perforned in nmany cases as before. The

af or enentingnege probl M @ Yesa Rkd ntobshaele hAyt heiwerke pyocessrior an
i nspection or maintenance work instruction. To put it 25 concretely, the

irwpggtig%é”wg?wgE@@Qm%gfﬁgcements or repairs of eqguipment

in the facility.

However, in these days of rationalization of
man power due to the present business trend or
political disturbances in local areas, 1t is being

10 difficult to dispatch an inspection/maintenance
instructor to the site, and to employ skilled
workers. Instead, needs for indirectly performing
work 1instructions at a remote location being far
away from the site is increasing.

15 On the other hand, while communications are
being improved worldwide, in regions of
aforementioned ©political disturbances in local
areas and/or regions with very few communication
users, only small-capacity communication such as

20 the satellite communication can be performed in
many cases as before.

The aforementioned problem gives a big
obstacle in the work process for an inspection or
maintenance work instruction. To put it

25 concretely, the inspection or maintenance work



3 instruction has a problemthat the procedure of

the instructed work

becones not clear, or a judgnment cannot be done imediately in the event
of an unexpected situation. 5 In addition, due to an insufficient

comuni cation capacity and/or a difference in

| anguage between both the

comuni cation parties, in some cases, it takes long time to communicate an
intention of one comunication party to the 10 other to nake t he ot her
understand the intention. As an ipprovenent, a renot e t enanc support
syst em ha8 SbeahC ha @& al § att e. prng %naﬂE@ PpbFt System

provides a technol ogy, by which the nalntenance worker in the 15 field can
obtai n pkbper insérmatted onvadiknt ehareded r oot naFAtSeance 9 oPnat i on

server

or froma support person working at a technical support center, and

recoveryjwiidmeéan beadone (feor dmie imfiediattichy risferthe Japanese Pat ent
Lai d-Open 20 No. 2002-91913). Actually however it is difficult to

correct | yradyh cgnkhe d@t alEenaNeq oltocah i on to be

needed on a nonitor

Screen

in performance of the maintenance instruction. 25 SUMVARY OF THE | NVENTI ON

5

10

15

20

25

In addition, due to an insufficient
communication <capacity and/or a difference in
language between both the communication parties,
in some cases, it takes long time to communicate
an intention of one communication party to the
other to make the other understand the intention.

As an improvement, a remote maintenance
support system has been made available. The
remote maintenance support system provides a
technology, by which the maintenance worker in the
field can obtain proper information on maintenance
from a maintenance information server or from a
support person working at a technical support
center, and recovery work can be done. (For more
information, refer to Japanese Patent Laid-Open
No. 2002-91913) .

Actually however it is difficult to
correctly advice the maintenance location to be
needed on a monitor screen in performance of the
maintenance instruction.

SUMMARY OF THE INVENTION



4 The nost inportant characteristic of the present invention is as foll ows.
In a renote nmaintenance system a image data of a facility nonitored at
site is sent to a nonitoring center 5 that is present in a renote |ocation.
In the center, the image data is proy ded with coordinates to forminmage
coordi nate data, and then the inmage coordinate data is conpared with CAD
coordinate data for CAD of the facility. So, 10 the needed mai ntenance spot
is located on the basis of a result of the conparison of those coordinate
data, and the mai nt eRBRcEAN@PBt iPRESAME t eheRa &f e& vt he n@itnt BR&nce
information. According to the present invention, it is 15 possible to
correct| pratvece theveedédn ndisnt enancéolldecats on onIa neni tregmeteeen from
the renote location to the site, in perfornmance of a maintenance

i NSt ruct @n.n 2OnBRIFF DESSRERT] ON OF: k5 DRAWINGS FEQ. al iF: @l expl anat ory
di agram showing a typical application of the present invention to a gas
turbine generaboty FLo. 2ite apsexplanatphy 4 ayam shando e éy outline

of a communication environnment of

5 that 1s present in a remote location. In the
center, the image data is provided with
coordinates to form image coordinate data, and

then the 1image coordinate data 1is compared with
CAD coordinate data for CAD of the facility. So,
10 the needed maintenance spot 1is located on the
basis of a result of the comparison of those
coordinate data, and the maintenance spot is known

to the site with maintenance information.
According to the present invention, 1t 1is
15 possible to correctly advice the needed
maintenance location on a monitor screen from the
remote location to the site, in performance of a

maintenance instruction.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 1s an explanatory diagram showing a
typical application of the present invention to a
gas turbine generator;
Fig. 2 1is an explanatory diagram showing an

25 outline of a communication environment of a



monitoring PC5; Fig. 3 is an explanatory di agram show ng

function 14; 10 Fig. 6 is an explanatory di agram show ng a

functions of a
network bay 23; Fig. 4 is an explanatory diagram showing a 5 typical

internal configuration of nobile equipnent 12; Fig. 5 is an explanatory
di agram showi ng a typical internal cenfiguration of a visual manual

typi cal

i nt er nal

configuration of an installation database 48; Fig. 7 is an explanatory

di agram showing a typical internal configuration of a trial-
dat abase™@®1 ¢ {ing iBCaf iexpl anat ory di agram showing a typical

15 operation
i nt er nal

configuration of a maintenance database 50; Fig. 9 is an explanatory

di agram showi njig. 203 t ypiscalannt expal agohirgur adiowdima S&MerNBC 9; Fig.
10 is an explanatory di agram showi ng a typical internal configuration of a
3D-CAD mircdd ngnkunet i annkx woic@. blaly i 83gn expl anat ory di agram showi ng a

25 typical internal configuration of a nenber 6

Fig. 4 1is an explanatory diagram showing a

5 typical internal configuration of mobile equipment

12;

Fig. 5 1s an explanatory diagram showing a

typical internal configuration of a visual manual
function 14;
10 Fig. 6 1s an explanatory diagram showing a

typical internal configuration of an installation

database 48;

Fig. 7 1s an explanatory diagram showing a

typical internal configuration of a

15 operation database 49;

trial-

Fig. 8 1is an explanatory diagram showing a

typical 1internal configuration of a maintenance

database 50;

Fig. 9 1s an explanatory diagram showing a

20 typical internal configuration of a center PC 9;

Fig. 10 1is an explanatory diagram showing a

typical internal configuration of a

matching function 19;

3D-CAD

Fig. 11 1is an explanatory diagram showing a

25 typical internal configuration of a

member



difference determnation function Si; Fig. 12 is an explanatory di agram
showing a typical structure of information output by the nenber difference
determ nation function 81; 5 Fig. 13 is an explanatory di agram showi ng a
typi cal internal configuration of a mg n-nenber tolerance difference

dat abase 82; Fig. 14 is an explanatory di agram showi ng a typical internal
configuration of a visual manual 10 function 14; Fig. 15 is an explanatory
di agram showi ng a configuration. in which the center PC 9 has a work- item

i nput f uAdthifGr OBCeride L5 M ah 1ok BRBFSAP i &dram showing a 15
configuration in which the nonitoring PC5 has the work-iteminput function
98; and Fig. 1Fipgs ah2expFanmanorgxHilagrathestHowl hgdaxarcorfiguiad oA in which
the nonitoring PC 5 has functions of the center PC 9 shown in Fig. 15. 20
DETAI LEDt HiESCR PTI O Qe Tl el NNENTI ONE AT rebodinmertu op utthe pr esehe i nventi on
perfornms a systemfor providing an instruction to install or maintain a

faci ity r@in e § @Al ZPe hRAtd OB ¥ 155 B9 SIPDE LA cRGW PIBAL; Or an I T 7
5 Fig. 13 1is an explanatory diagram showing a
typical internal configuration of a main-member
tolerance difference database 82;

Fig. 14 1is an explanatory diagram showing a

typical internal configuration of a wvisual manual
10 function 14;

Fig. 15 1is an explanatory diagram showing a
configuration in which the center PC 9 has a work-
item input function 98;

Fig. 16 is an explanatory diagram showing a

15 configuration in which the monitoring PC 5 has the
work-item input function 98; and

Fig. 17 1is an explanatory diagram showing a
configuration in which the monitoring PC 5 has
functions of the center PC 9 shown in Fig. 15.

20
DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the present invention
performs a system for providing an instruction to
install or maintain a facility at a remote

25 location by using mobile equipment or an IT



technology directly to a work site. Fig. 1 is a diagramshow ng typica
application of a renpte mai ntenance system provided by the present
invention for a gas 5 turbine generator 1. The system conprises a

nonitoring PC (Personal conputer) 5, & plurality of nobile equipnent 12, an
i mge-capture apparatus 13 and a center PC 9(Personal conputer). The
nmonitoring PC 5 takes in input/output process 10 value information and
control signal information _of an operation control apparatus of a facility
servi ng 8§ bpeLt BT eREPett FBn 2Pt faiSitiéhance. The operation control
apparatus and the nobile equipnment 12 conpose a |ocal network. 15 The

i mage- capture apparafug.13 Icanibe conrmdtégdam shewiobd | etedui paknt 12. The
center PC9 is installed in a nonitoring center 4 for nonitoring

i nf or mat hpp 1tioektiwand hel d ian t heem®Biet or i PCermibeoughlkyastpay station
line 7. 20 Next, flows of information of operation control and information

of maintgnanceysl thig erhodi gents vl be,exphaidied By refarriggsto Fig.
1. Input/output information of "a control 25 apparatus 2 for controlling the
gaStgnbkﬂ%g%ne generator 1. The system comprises a

monitoring PC (Personal computer) 5, a plurality
of mobile equipment 12, an image-capture apparatus
13 and a center PC 9 (Personal computer). The
monitoring PC 5 takes in input/output process

10 value information and control signal information
of an operation control apparatus of a facility
serving as an object of inspection and
maintenance. The operation control apparatus and
the mobile equipment 12 compose a local network.

15 The image-capture apparatus 13 can be connected to
the mobile equipment 12. The center PC 9 1is
installed in a monitoring center 4 for monitoring
information took in and held in the monitoring PC
5 through a pay station line 7.

20 Next, flows of information of operation
control and information of maintenance in this
embodiment will be explained by referring to Fig.
1.

Input/output information of a control

25 apparatus 2 for controlling the gas turbine



generator 1 is sent to the nonitoring PC5 via an external output term nal
of an HM (Human - Machine Interface) 3. The input/output information
typically includes a process value for 5 nonitoring or control, a control
digital signal or a trial-operation sgpecial nmeasurenent value. After
determ ni ng whether or not an input signal has a value outside a

trend/ warning range defined by a predeterm ned threshold value, the 10
input signal is transm.tted to the ¢ nter PG9 of th nqgitorin center 4
t hrough BREC%FBALT Ssitéh/ FELEPt T Bn jﬁiaFﬁ?ﬁgt%Flfﬁ% Egy st’dtd o™ i ne 7 and
a transm ssion/reception apparatus 8. 15 On the other hand, a worker doing
i nst al | aeXée@Rdlnai e bRatce FEFS idonhectast noBi e HM¥Gui phBHMAR to a
comuni cati on nodem 11, which is installed at each of a plurality of

| ocat i onMaidhaneLAN 16¢leochcAnea Net. wor k) s&hed n adwapcee./ckachul0 of the
nmobi | e equi pnent 12 includes a tag 15 with a read function (the read

functioniwdd-het idascriRed-apne asnallidanrcd | an epeked byanefereage nuner al
43 shown in Fig. 4). The nobil e equipnent 12 takes in information on the

tag 15 1 afal L 6d18lg 25 -earlhphosevesal. Jipcabhong; S chhe gag i bpe 9
a trial-operation special measurement value.
After determining whether or not an input
signal has a value outside a trend/warning range

defined by a predetermined threshold wvalue, the

10 input signal is transmitted to the center PC 9 of

the monitoring center 4 through the
transmission/reception apparatus 6, the pay
station line 7 and a transmission/reception

apparatus 8.

15 On the other hand, a worker doing
installation and maintenance jobs connects mobile
equipment 12 to a communication modem 11, which is
installed at each of a plurality of locations in a
LAN 10 (Local Area Net work) set in advance. Each

20 of the mobile equipment 12 includes a tag 15 with
a read function (the read function will be
described more as a function denoted by reference
numeral 43 shown in Fig. 4). The mobile equipment
12 takes in information on the tag 15 installed at

25 each of several 1locations 1in the gas turbine



generator, by the read function of the tagl5 of the nobile equipnent 12.
The nobil e equipnment 12 is also connected to an i nage-capture apparatus
13. The capture apparatus is for recording and 5 transferring i mage
(picture) and anbi ent sound of the gas turbine generator 1. The nobile
equi pnent 12 sends the information on the tag 15 to the nonitoring PC5

t hrough the conmmuni cati on nbdem 11 and the LAN 10 along with the
information (image 10 data etc.) received fromthe inmage-capture _apparatus
13. ThendehR& a7 6r maPYont s t K& a%hg fncha@™ he fi ntérdmatidehl Pecefved from
the i mage- capture apparatus 13 are sent to the center PC 9 through the

t ransm sshen/mebepts oaqappanantis 52 . 15 The pegbstlat i equipreentanti2t he
transm ssion/reception apparatus 8. The information on the tag 15 and the
informatign aneeei weshheemdde tsagencaphuie appptairs 1l3ppayathso be
stored in the nobile equipnment 12. 20 In the center PC 9, a 3D CAD matchi ng

function, 19 ”ﬁtﬁgés.és gl ved dai;g,iég%laed@gei@atfaollt? rdbbhdimge daga (CAD

data) froma 3D digital inage tabase 20. The matched image data is _
di spl gegr on %E%gﬁgftﬁé§5%§é éi%g ﬂréﬁn L eaE1Qﬂ§§£'QQO§%dTUQEt'O” 17 is

capa e
the gas turbine generator 1. The mobile equipment
12 sends the 1information on the tag 15 to the
monitoring PC 5 through the communication modem 11
and the LAN 10 along with the information (image

10 data etc.) received from the image-capture
apparatus 13. Then, the information on the tag 15
and the information received from the image-
capture apparatus 13 are sent to the center PC 9
through the transmission/reception apparatus 6,

15 the pay station line 7 and the
transmission/reception apparatus 8. The
information on the tag 15 and the information
received from the image-capture apparatus 13 may
also be stored in the mobile equipment 12.

20 In the center PC 9, a 3D-CAD matching
function 19 matches received digital image data 16
with image data (CAD data) from a 3D digital image
database 20. The matched image data is displayed
on an 1image display screen. An 1image-requesting

25 function 17 1is capable of requesting the image



di splay screen to obtain image data di splayed on the screen as information
necessary for naintenance. In addition, the i mge-requesting function 17
includes a real-tine inmage display 5 function 18 of a plant to be
maintained. It is thus possible to issue a request for inage data while
checking on the progress of maintenance works. Further, the

i mage-requesting function 17 also has a work-navi gation-requesting function
21 10 and an i nmage neasurenent function 22. The work- navi gati on-requesting
funct i ond 23 PiLc uGEEE € FAf oF Rat PBA agM prlodtfir 288 i s88dchhFe oM@  assenbi e
each nmenber of the naintained portion. The imge neasurenent function 22
typi cal | yhhas ast¥ damcti oascapabhd cofmaeliect i ng nenele sasur i ng faorcl ear ance
bet ween 2 pipes. The neasurenent can be carried out as a neasurenment of a
rati o tomaintenghfAcesed ast@ refarHentenin the saimagrages qukrftormgt i on
(Data) obtained by execution of the 20 various functions descri bed above and

informtifreﬂcttisc%ul 1501 1dpi pggeabs are displaygsd Witihgovepwddigg on the

screen of the image-requesting function 17. These information are sent to
Lhe, oDk SULBTIY L2 L ough B SO g0, 2 pans gyl o ned
thus possible to issue a request for image data
while checking on the progress of maintenance
works. Further, the image-requesting function 17
also has a work-navigation-requesting function 21
10 and an 1image measurement function 22. The work-
navigation-requesting function 21 includes
information on procedures to disassemble and
assemble each member of the maintained portion.
The image measurement function 22 typically has a
15 function capable o0of selecting and measuring a
clearance between 2 pipes. The measurement can
be carried out as a measurement of a ratio to a
length used as a reference in the same image.
Information (Data) obtained by execution of the
20 wvarious functions described above and information
useful for doing jobs are displayed with
overwriting on the screen of the image-requesting
function 17. These information are sent to the

mobile equipment 12 through the communication

25 means explained -earlier. The sent information



allow the tag 15 to execute a function of updating information sent to the
nobi | e equi pnent 12 at the tine of when mai ntenance such as peri odical

i nspection and repair is done. The above 5 nentioned information (updated
information) sent to the nobile equi pyrent are inspections and a repair

hi story. By executing such updating, it is possible to prevent inspections
and exam nations from being overl ooked due to human errors. 10 Wen
requesting the inage display screen to obtain information necessary for

mai nt enaﬁgé,o"f hehe nage- ridquest i FuRée idnfunqsieapsbi eupdat bedl i zi ng

pl aces each having a dinension difference beyond a tol erance range set in
15 advance,f carmlaobtoai nsrg tt hieoi riftoe nabibanl emeeegssiaryenftorl 2miart ebhrce. The

i nformati on necessary for naintenance includes nunerical data representing

a wall-thinkness degeased rhyi AxicdiAO8 | is@cW Nda8f pPegandichine, a
wal | -t hi ckness caused by wear in 20 a shaft bearing, and a wall-thickness by

hi gh- te orrasi on Ling iR a Righ: tenper re pon of a
bur ner. ?ﬁﬁg%%?F?Sﬁf d?@% angﬁﬁégﬁgnsl%f tﬁgg%%bile g%%?pnéﬂ?é%g, t he

g?gb}sg;l% nFi):Cigrl%%d tihnefgg%taetriOI%S I?Lcl:p%lahtaé/c(:? fy?l%tdrorrqgtg%rn)equgéhgg their

to the mobile eguipment are 1inspections and a
repair history. By executing such updating, it 1is
possible to prevent inspections and examinations
from being overlooked due to human errors.

10 When requesting the image display screen to
obtain information necessary for maintenance, the
image-requesting function 17 is capable of
localizing places each having a dimension
difference beyond a tolerance range set in

15 advance, and obtaining the information necessary
for maintenance. The information necessary for
maintenance includes numerical data representing a
wall-thickness decreased by oxidation in a wing of
a gas turbine, a wall-thickness caused by wear in

20 a shaft bearing, and a wall-thickness by high-
temperature corrosion occurring in a high-
temperature portion of a burner.

In addition, display functions of the mobile
equipment 12, the monitoring PC 5 and the center

25 PC 9 have functions for equating their display



screens nmutual ly, or functions allow ng respective display information to
be shared. Assune for exanple that information (cursor data) on a cursor
of one of them (the nobile equipnent 12, the 5 nonitoring PC 5 or the center
PC9) is varied. In this case, they (the nobile equi pnent 12, the
nmonitoring PC 5 and the center PC 9) have a function that allows
information (cursor data) on cursors of the others to be varied so that the
10 cursors all nove to the same coordi nates. Next, every conmponent shown in
Fig. 1 iscrsenai mstinldefai Proyfverédamg ©d RYsn® ¥6sPecriyge 2 is a

di agram show ng a comuni cati on environnment of the nonitoring PC 5. An

i nterfaceidibl af t hex M mbkumam- Machi e | Mleatack) 3 tRamsmeée s Aorsi gnal of
the control apparatus 2 to a network bay 23. In addition, a signal produced

by the mehidwplequipaenti nlfo i-fadl iS®n SRtu # Ko ey s Wordn bay Arsothe network
bay 23 processes a variety of signals 20 and sends a result of the

processi ng tooﬂge orfDnié}?éinng.(PCgcl:l%b @Bbtﬂ Sca(?ﬁélg‘é)rﬁé‘nitns'[laé | at.tﬂ%at or

mai nt enance wor the nonitorin sen data or voice a to the

pay station Jine.7 through of security apparatus 24. In the case 25 of a
tria|50p§}od}}5ﬂrm,P8nL§h%rott ﬁsﬁl&,glfhgelse% is varlecp. 2

this case, they (the mobile eguipment 12, the
monitoring PC 5 and the center PC 9) have a
function that allows information (cursor data) on
cursors of the others to be varied so that the
10 cursors all move to the same coordinates.
Next, every component shown 1in Fig. 1 1is
explained in detail by referring to Figs. 2 to 9.
Fig. 2 1is a diagram showing a communication
environment of the monitoring PC 5. An interface
15 of the HMI (Human-Machine Interface) 3 transmits a
signal of the control apparatus 2 to a network bay
23, In addition, a signal produced by the mobile
equipment 12 1is also sent to the network bay 23.
The network bay 23 processes a variety of signals
20 and sends a 1result of the processing to the
monitoring PC 5. In the case of an installation
or maintenance work, the monitoring PC 5 sends
image data or voice data to the pay station line 7
through of a security apparatus 24. In the case

25 of a trial operation work, on the other hand, the



nmonitoring PC 5 sends an operation data signal to the pay station line 7
through a security apparatus 24. On the other hand, the nonitoring center
4 sends a signal to the nonitoring PC 5 5 through the security apparatus 24,
after verifying that the signal is aisignal sent by an authenticated
sender. In accordance with an installation, maintenance or trial-operation
work, the signal conveying information required is 10 delivered to the
nobi | e equi prent 12 through the. network bay 23. In the case qf the trial
oper at | ORORGICT §BScrTBed aB6VELS t RE nBRPEGS hgPPEET fs S 882 lcablbl e of
sendi ng voice data to the pay station 15 line 7 through the security
appar at ush24 i pavaddisttianipo t heé igper at on tdet@uahgnak. FE§CWrisya di agram
showi ng functions of the network bay 23 shown in Fig. 2. Process data and
control dapawdeusentaf.romdhe tid Ehinen- Vechdne 20el nienfiaceyildgto the
data distributor 27 through a switch 25. In addition, inage data, voice

data andegimlls Aredraasnitted fiyomthe nobhl énogquidreny 18ctosthe data
distributor 27 through the swtch 25. The swtch 25 is provided with a 25
MDH(§ha%%f%&@§|t%%tgg%%gi fﬂ% Bg§%é&QaEJ§’a%%er verifying
that the signal is a signal sent by an
authenticated sender. In accordance with an
installation, maintenance or trial-operation work,
the signal conveying information required is
10 delivered to the mobile equipment 12 through the
network bay 23.

In the case of the trial operation work
described above, the monitoring PC 5 1is also
capable of sending voice data to the pay station

15 1line 7 through the security apparatus 24 1in
addition to the operation data signal.

Fig. 3 is a diagram showing functions of the
network bay 23 shown in Fig. 2. Process data and
control data are sent from the HMI (Human-Machine

20 Interface) 3 to the data distributor 27 through a
switch 25. In addition, image data, voice data
and emails are transmitted from the mobile
equipment 12 to the data distributor 27 through

the switch 25. The switch 25 1is provided with a

25 work phase signal 26 to be a work phase (that 1is,



an installation, maintenance or trial-operation work), by an external

sel ect function. Thereby, in the case of a trial-operation wirk, the
various data (the inage data, voice data and 5 emails) described above are
sent the first diagnosis function 28.14n the case of an installation or
mai nt enance work, on the other hand, the data are sent to an

i mge/ voice/ mail - history managenent function 31. 10 The first diagnosis
function 28 is proii ded with a process/control-data recordi ngC aggar atus 30
as an adBitiidral2dgedrhels f P2 SREANRF GGt adent tFo2 ki RPETate
process/control -data-recordi ng apparatus 30. On the basis of these data,

t he firsvodikdgnoBl's aI5 ¢BhEtonl 28 erlerxdgnifzéxct héNsoundness of the
operating condition of a plant and a difference between each operation
target val udearelbgn Ahat ushéy creasurefl wal veiedrraspoadiingnt ovdile, target
val ue. The operation target value is a 20 value determ ned for a set

condi tioppihat ;Reedsst Qa2 bg api Hst edndyld Ngad 4 fi alo aper ald en andla

determ ned for soundness of in object. "On the basis of the recognized

di fferences,. the first djggaosigpgq/n%ctio%g8 sgég%ts @%eitergitlospe 25
o the 15

adj us edegr‘?&lssé ds ?ﬁéscsre ec

ed rcem
diagnosis function 28. In the case of an
installation or maintenance work, on the other
hand, the data are sent to an image/voice/mail-

history management function 31.

10 The first diagnosis function 28 is provided with
a process/control-data recording apparatus 30 as
an additional apparatus for storing data sent to
the process/control-data-recording apparatus 30.
On the Dbasis of these data, the first diagnosis

15 function 28 recognizes the soundness of the
operating condition of a plant and a difference
between each operation target value and an
actually measured value corresponding to the
target wvalue. The operation target value 1is a

20 value determined for a set condition that needs to

be adjusted during a trial operation and
determined for soundness of 1in object. On the
basis o©0f the recognized differences, the first

diagnosis function 28 selects an 1item to Dbe

25 adjusted and sends the selected item to the



security apparatus 24 after displaying the itemon a display function 29.
On the other hand, the inmage/voice/mail history managenent function 31 for
recordi ng i nage data, voice data and emails is 5 provided with an

i mge/ voi ce/ mai |l -recording apparatusis33 as an addi ti onal apparatus for
actually storing input data conprising the image data, voice data and
emai |l s. The data received by the inmage/voice/nmail history managenent
function 10 31 is further sent _on to a server_function 32 to be eventually
sent to BREUSECHY| APRpPAFATUs2S4. 2T FRY. U FRIAYAIGr Aoy ¢he
configuration of the nobile equipnment 12. The voice-capture apparatus 34 is
a unit provdiedley Imndielmeobi P8 -.equi pfEntthe agtiuemcdessdry WRet of the

i mge-capture apparatus 13 or a unit separated fromthe inmage-capture

appar at usmi3re fVbocratnanl (iNbgeodat a,mynhgentaha) ffnom therd mage- capture
apparatus 13 and the voice-capture apparatus 34 20 are stored in a storage

35. The data siepedidy thfplonage appariatdisqadk 4 Sasentehgians i MBgYe-
fitting function 38 and the nonitoring PC 5. In addition, menorandum

| nformat fon andlar a request Lpformtion, yhich. arerecelued drog an 25
I mage- wr I'ng Tanction , are sent to mage
apparatus 33 as an additional apparatus for
actually storing input data comprising the image
data, voice data and emails. The data received by
the image/voice/mail history management function
10 31 is further sent on to a server function 32 to
be eventually sent to the security apparatus 24.
Fig. 4 is a diagram showing the
configuration of the mobile equipment 12. The
voice-capture apparatus 34 is a unit provided to
15 the mobile equipment 12 as an accessory unit of
the image-capture apparatus 13 or a unit separated
from the image-capture apparatus 13. Information
(image data, voice data) from the image-capture
apparatus 13 and the voice-capture apparatus 34
20 are stored in a storage 35. . The data stored in
the storage apparatus 35 1is sent to an image-
fitting function 38 and the monitoring PC 5.
In addition, memorandum information and/or a
request information, which are received from an

25 1image-writing function 36, are sent to an image



| ayer overwite function 37 and a processing history update function 45.
The data of the inage |ayer overwite function 37 is sent to the inmage-
fitting function 38. And the data is incorporated 5 in information fromthe
i mge-capture apparatus 13. Thereby,1énformation being overwitten on
various kinds of information already appearing on the screen is displayed
on the screen of a display function 39. At the sane tine, the data of the
10 image_|l ayer overwite function 37 is sent to the nonitoring PC 5. The
history 1AV&tat PERTHTiRe pFBEESSING hisst or §PGhdate fRMGEEST UBJis sent to
an tag fetch/overwite function 43 to be described later. 15 The updating

f uncti onhofttdiey t agdibt s faind uhemi ohSf or TUpdadiatyr | afortaei admayered in the
tag 15 itself into information sent to the nobile equipnment 12. For

exanpl e, 1 whenr aokeivik eNaecef unertkiesn havi ngst heenebid @ treran nalaggpr oaches
the 20 tag during a periodical maintenance of repair work and requests the

mobi | e tf&@m{?tg&p@d@'sn i dent i .04 itw{é)ragttiaonisth%éég bechl ¥gs the
i nformati on sen romthe nobile termnal and uses the |nFornat|on for

updati ng. exi st i nfarmatipn. 25 As an.alternatige, t he_received
i nfo nat%gni%yégrmatlon rom ~ tlle " imagé-CaptlUre apparatus

13. Thereby, information being overwritten on
various kinds of information already appearing on
the screen is displayed on the screen of a display
function 39. At the same time, the data of the

10 1image layer overwrite function 37 1is sent to the
monitoring PC 5. The history information of the
processing history update function 45 1is sent to
an tag fetch/overwrite function 43 to be described
later.

15 The updating function of the tag 15 1is a
function for wupdating information stored in the
tag 15 itself into information sent to the mobile
equipment 12. For example, when a maintenance
worker having the mobile terminal approaches the

20 tag during a periodical maintenance of repair work
and requests the mobile terminal to update
identified information, the tag receives the
information sent from the mobile terminal and uses
the information for updating existing information.

25 As an alternative, the received information 1is



added to the existing information on a history of inspections or repairs in
order to update the existing information. As for an el ectronic-nai
information, 5 after its creation by using a mail-witing function 40, the
mail is sent to a mail-saving function 41. A mail sent fromthe nonitoring
center 4 is stored to the mail-saving function 41 through the nonitoring PC
S. The mail received 10 fromthe nonitoring center 4 can be displayed on a
di splay functjon 39 if necessary. In additigon, a work instruction_.signal

from tha3REA t bR Nyl Berft®t Sk IMitked " FEBAELCT oP Par® SPUPTSF AL vi sual
manual database 42 through the 15 nonitoring PC 5. The output signal is

sel ect edibygpestfoppinen ofra Kedifodr 8eséhi ber @8 f oltlowsiPRRAE i%shi®t he out put
signal is transfer to the manual nmarker function 44, after the tag

fetch/ ovexwsit engf unct o ona43d det ches plant information fromthe tag 20 15.
Exanpl es of the plant information fromthe tag 15 are information on an

installation | ocati onfsaf the tagildcarerdind onEaL 0N iG1f Sr MBS n Of
interest or a work history. The manual marker function 44 selects
| nf ot ,9n NIecesALY 1oL L 28 WOpls frQEyLAPSe Stoked in,the yhgual manual
function 40, the mail 1is sent to a mail-saving
function 41. A mail sent from the monitoring
center 4 is stored to the mail-saving function 41
through the monitoring PC 5. The mail received
10 from the monitoring center 4 can be displayed on a
display function 39 if necessary.

In addition, a work instruction signal from
the monitoring center 4 makes a request for an
output of a visual manual database 42 through the

15 monitoring PC 5. The output signal is selected by
adoption of a method described as follows. That
is, the output signal is transfer to the manual
marker function 44, after the tag fetch/overwrite
function 43 fetches plant information from the tag

20 15. Examples of the plant information from the
tag 15 are information on an installation location
of the tag 15 and information on a member of
interest or a work history. The manual marker

function 44 selects information necessary for the

25 work from those stored in the visual manual



dat abase 42 and retrieves the selected information fromthe visual manual
dat abase 42. The retrieved information is then displayed on the display

function 39. 5 Fig. 5 is a diagramshowi ng a content sel ect

function of the

vi sual manual function 14. A select sggnal 46 indicating a work phase

drives a select function 47 to select information from one

of a

installation database 48, a trial-operation 10 database 49 and a mai nt enance
dat abase 50, which have peen gpe ared in adv?nce. Asag$fcribed. earlier,
[

the wor kIBRERAFE thte PRt af RALISNY € Ehé NorafRt&fangd

R&™MF5 hP oper at i on.

Typically, a manual input or a work-phase signal 26 of the 15 network bay
23 can bérgsedths thesyalechaBiugdal dagebamr A@t-put T t Aetdel¥Eedf uncti on
47 is sent to the screen select function 51. The screen select function 51
i s capabliefairsekecii ngia 20t hiegnal dieplieaypeifiputort o tehee di slplsgyl dyncti on 39
in accordance wth signals of an external select function 52 and the
manual guhge-{ upetizon 44, which are used for manual selection. In

accordance with information fromthe 25 control apparatus 2,

funcgﬁon includgqg;Q

function of the visual manual function 14.

a di agnosi s

5 i1s a diagram showing a content select

A

select signal 46 indicating a work phase drives a

select function 47 to select information from one

of a installation database 48, a trial-operation

10 database 49 and a maintenance database 50,

which

have Dbeen prepared 1in advance. As described

earlier, the work phase is the installation,

the

maintenance or the trial operation. Typically, a

manual 1input or a work-phase signal 26
15 network bay 23 can be used as the select
46 .

The output of the select function

the

signal

47 1s

sent to the screen select function 51. The screen

select function 651 1is capable of selecting a

20 signal to be output to the display function 39 in

accordance with signals of an external

function 52 and the manual guide function

which are used for manual selection.

In accordance with information from

select

44,

the

25 control apparatus 2, a diagnosis function included



in the nonitoring PC 5 identifies nenber (part; conponent) causing a

probl em A process neasuring signal, nanely a signal representing a result
of measuring a process condition of a generator being 5 inspected,
indicates a trend of the process congytion of the nonitored object.
Therefore, the diagnosis function can identify the nenber having problem
of the object by nonitoring trend of the process neasuring signal. For
exanple, if the 10 tenperature of a high-tenperature nenber netal is

i ncreasi hg afb®g Worhi & A inehp &Gt r e iste vk hadaied Meaker t (PRMF ghly
possi bl e that a conbustion abnormality is being occurred; in addition to
that, ifcbmpdreapelataaesampressurebdéma 15Ac@moresssr mERsuLsnaor mal ,
that it is highly possible that a problem has been raised in the nozzle of
a burner sQgdE, el yoNasyst gMal Theseré sendsi ige Lar eukpowetby the
measuring process signal. In this case, the diagnosis 20 function nakes
such tre di-ndi e L ectign ms and its
routine.H%%ghgfggﬁog?spkgﬁkﬁ?%n%ggg$gﬁggﬁfdgf ?hé??h%?%gﬁgéomﬁggésmjth t he

probl ens. For exanple, checking control |logic set value of _.a 25 fuel
cont rol %ﬁ%ﬁ?%ﬁﬂga con C%bﬁ%rat&a BhE" 200% Bhe® Obrd &2t

condition of the monitored object. Therefore, the
diagnosis function can identify the member having
problem of the object by monitoring trend of the
process measuring signal. For example, 1if the
10 temperature of a high-temperature member metal 1is
increasing along with the temperature of exhausted

gas, it 1s highly possible that a combustion

abnormality 1is being occurred; in addition to
that, if the temperature or pressure of a
15 compressor exist is normal, that it 1is highly

possible that a problem has been raised in the
nozzle of a burner or the combustion system.
These trends are can be known by the measuring
process signal. In this case, the diagnosis
20 function makes such trends known, and indicates

the inspection method for problems and its

routine. The diagnosis function searches for
instruction to cope with the problems. For
example, checking control 1logic set wvalue of a

25 fuel control wvalve and a control apparatus; and a



checking of an internal cylinder of the burner, a transition piece, an
expansi on turbine nozzle or a basket, and the instruction and nethod of the
checking, are searched for froma storage and they 5 are displayed. Exanpl es
of the menber in object are. The center PC 9 also has a diagnosis function
for carrying out the sanme diagnosis. If a nore detailed study is required,
design engineers and/or quality assurance engineers can 10 evaluate data in
order to directl i nstruc ransnlttln result of the

eval uati 6 Qé% éh‘% ea65e18fgﬁpéa |qyf%ﬂ Ofadﬁ%% fﬂg Tcenfer PC 9.
Typi cal contents of databases are expl ai ned 15 as folloms Fig. 6is a

di agr am EBeW Shigt Aoy P 8 € «coAR FUFRTPER Ui RUFRHAE PRZ%RASI 5% afl ati on

dat abase 48. A first screen shows a noving picture of an installation
procedur basXeaif , a 2@ chenbee i nnderobitectin orand expansPdn difagrahe If  an
installation portion of one of elenents shown in the expansion diagramis

sel ect edcha GOMNEGt iDRe Hacedued Sfoof Aidphng At kbigey aadditpéayed. In
addition, a variety of usage fittings and tools 55 25 such as one MLO

spannger g@%c@§5@¥@§5&§ Smﬂ@mp%gs of the member in object

are. The center PC 9 also has a diagnosis
function for carrying out the same diagnosis. If
a more detailed study is required, design

engineers and/or gquality assurance engineers can
10 evaluate data in order to directly issue a
instruction Dby transmitting a result of the
evaluation through the wuse of an email function
added to the center PC 9.
Typical contents of databases are explained
15 as follows.

Fig. 6 is a diagram showing a typical
configuration of a manual for an installation
database 48. A first screen shows a moving
picture of an installation procedure 53 of a

20 member in the object or an expansion diagram. If
an installation portion of one of elements shown
in the expansion diagram is selected, a connection
procedure 54 of piping or wiring is displayed. In
addition, a variety of usage fittings and tools 55

25 such as one M10 spanner and one hammer is shown.



In addition, a variety of usage conmponents and tools 56 is also displayed
as well. A displayed exanple of the conponents and tools 56 is 4
conponent/tool sets each including an MO bolt, a 5 washer and a nut.

Mor eover, clearance/control nunericativalues 57 such as a shift and a

cl earance, which serve as a determnation criteria indicating conpletion of
an assenbly, are also displayed. 10 The pieces of information are displ ayed
on the basis of work priority levels. For exanple, a high priority |evel

i s assi ghBd £8%He! PArge 2 nl]’r%]éjreﬁfy i st alt3E¥6n ﬁr?ﬁrl%%{}fag’,t%naa? an
installation work requiring cautions w_thout 15 regard to whether the nunber
of i nst atPgatlison5&ani shout §0i sdsmRiliaved] &HeWall addi i ohi srdEeS are

di splayed in turn for avoiding a repeat operation such as a renoval of a
menber aékempple i pndt althei orohpbhercosrpoaent . tbodms i nE6rreact 20 nenber or
a wong operation has been selected, a warning nessage is presented. As an
al ternat b¥eypo@dnt NG & EClsdeBba O & Y DA iGRET atki om1ios et ¢ di gpl ayed
fromthe beginning to avoid such a selection mstake. 25 Fig. 7 is a

diag%@”‘%%@ﬁé@ aa%ﬁpi%@ &@t. Moreover, clearance/control

numerical values 57 such as a shift and a

clearance, which serve as a determination criteria

indicating completion of an assembly, are also
displayed.

10 The pieces of information are displayed on
the basis of work priority levels. For example, a

high priority 1level 1is assigned to the large
number of installation man-hours, and to an
installation work requiring cautions without

15 regard to whether the number of installation man-
hours is small or large. In addition, numbers are
displayed in turn for avoiding a repeat operation
such as a removal of a member after an
installation of the component. If an incorrect

20 member or a wrong operation has been selected, a
warning message 1is presented. As an alternative,
an 1incorrect member or a wrong operation 1s not
displayed from the Dbeginning to avoid such a
selection mistake.

25 Fig. 7 is a diagram showing a typical



configuration of a manual for a trial-operation database 49. First of all,
an operation-phase select function 58 is used for setting typically
starting up, rotational speed up, generator 5 parallel in, |load up, |oad
down, rated |oad, load cutoff, run-bagk abruptly decreasing the |oad or a
trip of an instantaneous | oss of the |load. The setting signal is sent to a
setting guidance database 59. The setting gui dance database 59 10 outputs
adj ustnent-guiding information of a hardware-setting val ue such as a

cont r ol - §6015 hgurgd ke orod f el "¢RAURL sek 98 gai ntEd ! cBREFHF SHAT function
60 for each operation phase. Typical setting itens for the operations
phases adetadbaerpl ghed aF fvbtowsf | mlihe case obeartwtsoartimgseap, the
setting signal represents a purge operation to exhaust residual gas

remai ni ngdinegas fedtes dm the planusdd tther outesi tlenaf theiptably and a
warm ng up 20 adjustnment or an ignition adjustnent for warm ng apparatus in

Lo LodEieEns ISRl 0L Sl ) sebuar ol sghd R tion. 10
accel gr atpiaornal %gladig§t r‘ﬁ?gédt Oug\,/Oildoa{gs%’noavpr(f,e Orfa'geéOtchagr, 2I’}'oad
cutoff, run-back abruptly decreasing the load or a
trip of an instantaneous loss of the 1load. The
setting signal 1s sent to a setting guidance
database 59. The setting guidance database 59
10 outputs adjustment-guiding information of a
hardware-setting wvalue such as a control-setting
value or a fuel wvalve servo gain to a comparison
function 60 for each operation phase. Typical
setting items for the operations phases are
15 explained as follows.

In the case of the starting up, the setting
signal represents a purge operation to exhaust
residual gas remaining in gas routes in the plant
to the outside of the plant, and a warming up

20 adjustment or an ignition adjustment for warming
apparatus in order to reduce a thermal load after
injection of fuel and the ignition.

In the case of the speed-up, the setting
signal represents a rotational acceleration

25 adjustment to avoid <resonance of a rotor or



surging of a conpressor after starting up, and an adjustnent of a setting
val ue of a torque converter for adjustnentling the rotational speed of an
el ectric notor or a notive power till a 5 turbine reaches a self-operation
state. In the case of the parallel ing3the setting signal represents a
synchroni zed adjustnment of matching speed for synchronization with a power
systemafter the rotational speed reaches a 10 target, and a switch

adj ustment of a breaker at the sane tinme as the synchronization. In the
case of BHEAiE @F of tFRUPFEFHOWN AL ERE SEERT ARG gH&l r8pPesdiits a bias
adj ustment such as fuel or an atnospheric condition to 15 achieve a stable
oper at i onduhid emendr easifng and seddreagi ngvehelcanowft ofa f uélorand a f uel -
switching timng adjustnent and a gas-burner setting for controlling the

rotationgbrspeeder! Nnfbhe gasaNiméhe riaigd droad, rdhet setid ng spdedi gnal
represents a bias adjustnment such as fuel or an atnospheric condition, an

adj ust mept: of, @ J@AlLPQfc AR HMBES 1 Q anfdiel BS54 R r1@f1@ gontrolling
stability of conbustion and a i1 ne adjustnment of eXhausted-gas tenperature

25 aqjustiEnt, 8N e 1822500 91 £ N5, exNus pds pag &4

In the case of the parallel in, the setting
signal represents a synchronized adjustment of
matching speed for synchronization with a power
system after the rotational speed reaches a

10 target, and a switch adjustment of a breaker at
the same time as the synchronization.

In the case of the load up or the load down,
the setting signal represents a bias adjustment
such as fuel or an atmospheric condition to

15 achieve a stable operation while increasing and
decreasing the amount of fuel, and a fuel-
switching timing adjustment and a gas-burner
setting for controlling the rotational speed.

In the case of the rated load, the setting

20 signal represents a bias adjustment such as fuel
or an atmospheric condition, an adjustment of a
ratio of an air mass to a fuel mass as a ratio
controlling stability of combustion and a 1line
adjustment of exhausted-gas temperature

25 adjustment, which 1s based on the exhausted-gas



tenperature and adopted as recomended adjustnment of the conbustion
tenperature. In the case of the |oad cutoff, the setting signal represents
a fuel changeover adjustnent for 5 stabilizing a flame for fuel narrowed
down abruptly or an adjustnment of a maqinmum fuel anmpbunt serving as a
flame-failure limt. In the case of the run-back, the setting signal
represents an adjustnent of an air-fuel 10 ratio for maintaining stability
of conbustion in a process tq abruptly reduce a | oad._and the aforenentioned
amLwtm#@m@ﬁ%P%PﬁﬁnﬁﬁﬁmﬁdQQﬁﬁgLaﬁnqﬁﬂ9%8§€Qﬁdtﬁ§1PFﬁPqW% setting
signal 15 represents an adjustnment of a fuel valve to suppress a

r ot at i onaf- $peedcondrensecacdomprayiatgiran abrupt decrease in | oad, an

adj ustment of the tenperature of exhausted gas in order to suppress an
abrupt increasernn taxhausiesd- gas traper abdr ecRPofdr, anhabr spt tiincgease in
conbustion tenperature) due to an excessively |arge anount of introduced

fuel accgrding tee Jegnid ude Qe 1 h@hlaqgjjeQ{/e ranpihers ek Het ek . The
control apparatus supplies a process- 25 val ue neasurenent signal to the

Conp%yisgga%%lizing a flame for fuel narrowed down
abruptly or an adjustment of a minimum fuel amount
serving as a flame-failure limit.

In the case of the run-back, the setting
signal represents an adjustment of an air-fuel

10 ratio for maintaining stability of combustion in a
process to abruptly reduce a load and the
aforementioned adjustment of a minimum fuel
amount.

In the case of the trip, the setting signal

15 represents an adjustment of a fuel valve to
suppress a rotational-speed increase accompanying
an abrupt decrease in load, an adjustment of the
temperature of exhausted gas in order to suppress
an abrupt increase 1in exhausted-gas temperature

20 (or an abrupt increase 1in combustion temperature)
due to an excessively large amount of introduced
fuel according to the magnitude of the 1load or
another adjustment.

The control apparatus 2 supplies a process-

25 wvalue measurement signal to the comparison



function 60, which outputs a conparison signal to a discrimnator 62. If a
difference fromany one of nunerical values set in advance is large, the
processing is returned to the setting guidance 5 database 59 to repeat the
adjustnment of the setting value. If 2he difference falls within a range of
tol erance, on the other hand, the display function displays a result of the
adjustnents. In addition, if the trial-operation support 10 is selected, an
operation to record voice data in the nobile egggfnent 12 is

set
aut omat i CHMGE SO t9ht VO teRda At PUresentT RGPS Tdi $ 9Bt iDhIBE 1t hE© onsite is
recorded. Fig. 8 is a diagramshowi ng a typical 15 configuration of a
manual feér dhecrdiiteabrde 6dat abd§e H0diHifa¥enraal Froqm neRberCBel ect
function 63 selects a nenber to be maintained. Typically, nmenbers can be
classified intadmirgel cabeégerd eseti . ia , admiam@pparat Usraexi |they 20
apparatus and utility apparatus. The main apparatus, auxiliary apparatus
and util bt appanat usi ganreacirbeqaf urtherc1ed assktiteth §nt gu inkghem

categories. That iS to say, exanples of the nain apparatus are a turbine, a
boi I &1 and, 3, 25 genes gt oo BXaTY £ OF 1e aWH | SLWIRPAT BlEUS 2fie
setting wvalue. If the difference falls within a
range of tolerance, on the other hand, the display
function displays a result of the adjustments.
In addition, if the trial-operation support
10 is selected, an operation to record voice data in
the mobile equipment 12 1is set automatically so
that voice data representing a situation at the
onsite is recorded.
Fig. 8 1s a diagram showing a typical
15 configuration of a manual for the maintenance
database 50. First of all, a member select

function 63 gselects a member to be maintained.

Typically, members can be classified into large

categories, i. e., main apparatus, auxiliary
20 apparatus and utility apparatus. The main
apparatus, auxiliary apparatus and utility

apparatus can each be further <classified into
medium categories. That 1is to say, examples of
the main apparatus are a turbine, a boiler and a

25 generator. Examples of the auxiliary apparatus



are a torque converter, a lubrication oil punp and a water supply punp.
Exanpl es of the utility apparatus are a water-processing apparatus and a
cooling tower. The apparatus can also be 5 classified into smaller
categories such as a burner, a turbimne and a conpressor. As an exanpl e,
the figure shows flows in main apparatus, which are a turbine and a burner
in this case. Information is sent fromthe nenber select 10 function 63 to
a mai nt enance gui dance dat abase 64. mal nt enance 3ﬁtdance datgbase 64

|ndtmbsa5ecﬁs&&ﬁﬂ&ﬁyF&ﬂ%ﬁﬁFf?ﬁﬂ3biﬁ?%§ca S<EbPy-t | RB™P

cl earance/ tol erance devi ation control values 66, conponent-repl acenent
criteri a367warkE R cORPEISNt ASMPepl ac EMEHIPLeGuestt ggthgheutility

di sassenbl y/ assenbly database 65 includes information on the nanme and

| ocat i onapfpaawat wsneatter as weltle mspiroteramt ngn appaconf iigur ahidonael enent s
or the like. The assenbly- time clearance/tol erance deviation control val ues

20 66 |n@kMgplﬁQIer@aQ@&-and cI3@ﬂ§ncegn;ghgt1ﬂplekﬁn@es(ﬁpgocleaéances each
serve as a reference taken in a process to assenbl e each of nenbers. The

conpqpen q;@gﬁgggp ghlterl % %%9: 8%35H§g|0%1h$%lc%# ng,a usage
limt 5 each of deteriorated and/ or dama states. e
burner, a turbine and compressor. As an
example, the figure shows flows in main apparatus,
which are a turbine and a burner in this case.
Information is sent from the member select
10 function 63 to a maintenance guidance database 64.
The maintenance guidance database 64 includes a
disassembly/assembly database 65, assembly-time
clearance/tolerance deviation control wvalues 66,
component-replacement criteria 67 and a component-
15 replacement request 68. The disassembly/assembly
database 65 includes information on the name and
location of every member as well as information on
configuration elements or the like. The assembly-
time clearance/tolerance deviation control values
20 66 include tolerances and clearances. The
tolerances and clearances each serve as a
reference taken in a process to assemble each of
members. The component-replacement criteria 67
include information indicating a usage 1limit of

25 each of deteriorated and/or damaged states. The



conponent -repl acenent request 68 includes information indicating actual
menbers to be replaced. Infornmation selected fromthose stored in the

mai nt enance gui dance dat abase 64 is 5 displayed on the display function 39.
Fig. 9 is a diagramshowi ng a typicala7internal configuration of the center
PC 9. Image and voice data fromthe transm ssion/reception apparatus 8 is
sent to an inmage conbination 10 function 69 and a real -tinme conmuni cation
function 71. The output of the image conbi nation function SrQ i[Ss sent to

t he 3D CADTRRAAThg FAMERFETADBE The BBIEAS rat chi®h® functP6H U Fs provi ded
with the 3D digital inmge database 20 nentioned 15 earlier as an additi onal
dat abasein&famva vépirf yi ngrdhaetdara f ragtiisd 3D eSS | mdge database 20
is mtches with information (imge data) fromthe i mage conbi nation

functi onre®l dded .dat drifSfosrat: iten t kel emge dreasvrenrenb fanatticane@2 20 and a
signal -switching function 70. The inmage conbination function 69 includes a
function;for (guperpesi NgRifHCES OfghTags data ghtainadeas @y resylt of
taking inages in a plurality of diTections for a nenber of interest in

or der5 toleSSpslet vi,rt ual t%%oréili Qgtleasy opuBD coor dg gates to i mge 28

ayed on nction
Fig. 9 1s a diagram showing a typical
internal configuration of the center PC 9. Image

and voice data from the transmission/reception
apparatus 8 is sent to an 1image combination
10 function 69 and a real-time communication function
71. The output of the image combination function

69 is sent to the 3D-CAD matching function 19.
The 3D-CAD matching function 19 is provided
with the 3D digital image database 20 mentioned
15 earlierx as an additional database. After
verifying that data from the 3D digital image
database 20 1is matches with information (image
data) from the image combination function 69, the
data is sent to the image measurement function 22
20 and a signal-switching function 70. The image
combination function 69 includes a function for
superposing pieces of 1image data obtained as a
result of taking images in a plurality of
directions for a member of interest in order to

25 set virtual coordinates on 3D coordinates to image



end faces so as to add and conbine attributes of |ines, faces or corners.
The 3D-CAD matching function 19 includes a function for superposing

i nformation(i mage data) of the nenber on portions 5 in the same coordi nates
fromthe i mage conbination function £9 on the basis of reference
coordinates or line, face or corner information fromdata recorded in the
3D digital inmge database 20 in advance. 10 The i nage neasurenent function
22 is a function for nmeasuring dinensions of the nenber.  appearing on a

di spl ay SBFecha8RE o8CPUREi P a 2Fs@Nd of AHe! RBastlk BieMutEgsa OF

measur enent -data savi ng/ managenent function 72 and the signal 15 sw tching
functi onlifesOn tihecesheprhagdrndes .voi ce Thta BD <P twatigd¥ral -ti me
comuni cation function 71 along with the inmage data, and the real-tine
comuni catin@t fepction Thqiasges oa tiendeat ant ofbthe gnakps 1s8i ng
function 70. 20 The signal-swtching function 70 sends the data to the

real -ti iqggﬁ I cti 8 o&Ndrget r iett eds nfgratda process
functiogg9;. T'%g?gg{e%Fégg ﬁggga isgﬁaytgﬁné??§%b18 ggis%?ays i nformation

(realstige ispge data) . 25 sehected by the, slonal;sw tohhBgfLaneshon 70. For

function 69 on the basis of reference coordinates
or line, face or corner information from data
recorded in the 3D digital image database 20 in
advance.

10 The image measurement function 22 is a
function for measuring dimensions of the member
appearing on a display screen and outputting a
result of the measurement to a measurement-data
saving/management function 72 and the signal-

15 switching function 70. On the other hand, the
voice data is sent to the real-time communication
function 71 along with the 1image data, and the
real-time communication function 71 passes on the
data to the signal-switching function 70.

20 The signal-switching function 70 sends the
data to the real-time image display function 18
and a transmitted-information process function 77.

The real-time image display function 18
displays information (real-time image data)

25 selected by the signal-switching function 70. For



exanple, if information output by the 3D-CAD matching function 19 is

sel ected, a inmages conbined with 3D CAD data al ready prepared is displayed
in order to indicate differences between 5 an actual site screen and design
information as well as conponent attg4butes. If information output by the
i mge neasurenment function 22 is selected, information fromthe

measur enent -data savi ng/ managenent function 72 is displayed to show 10
positional information attributes of an actual apparatus installed at the
site. |fexkam@rlmation f outiBACHPaLHOR eaP G RiRE coiini &4t on3AnfedPon 71 s
sel ected, the present situation of the site can be verified. The real-tine
conmuni cahitarh fugct i HSnnt¥ 7dni s tapablie of sedragiad,out anot iodges

conmmruni cations in one direction, but also comunications in tw directions.

The real sbini n€@MMyi €At i g famst | Ak /d abse &papl eprPepateer K i geeting
allowing information to be shared by the 20 nonitoring center 4 and the site

inthe o Jl%g)t]t lgdadl | tio(‘:*’:Qie tt% tﬂlali'c éaﬁii% 4:@?1 é@ebe\ﬁ%tggndata
representin He-Condi tion of the site s autona |caﬁy received. If a
voi ce having a_ frequency different frgm %oi ce dat.a stored in the 25
measur enht - a5td Fhvi fgFRandgefdit fAmcti ORS s ormation as

well as component attributes. If information
output by the 1image measurement function 22 1is
selected, information from the measurement-data
saving/management function 72 is displayed to show
10 positional information attributes of an actual
apparatus installed at the site. If information
output by the real-time communication function 71
is selected, the present situation of the site can
be verified. The real-time communication function
15 71 is capable of carrying out not only
communications in one direction, but also
communications 1in two directions. The real-time
communication function 71 also enables a network
meeting allowing information to be shared by the

20 monitoring center 4 and the site in the object.
In addition, at a trial-operation time, the
voice data representing the condition of the site
is automatically received. If a voice having a
frequency different from voice data stored in the

25 measurement-data saving/management function 72 as



voi ce data representing a normal condition of the site is generated, a

warning is automatically issued. The transmtted-information process

function 5 77 sends data displayed on the real-tine inmage display function
18 to the nonitoring PC5 of the nobide equi pnent 12 through the

transm ssi on/reception apparatus 8. An inmage of a
is conbined with CAD 10 data, and an i mage data obtained as a result of

facility being nonitored

t he

conbination is sent in order to issue a grop r instruction éoiﬂqmorker by
r.

i ndi cat i W§1& &di $RELenEEP GG DR ESIHn i it
the tag data is sent to a work

FRati ofiofd 4 hiéOhor ®

% addition,
15 select function 74 and information from

t he worksihavi gasi ogeremaseichg fancwagmPngseti s n agnvaneat iics lsky ect ed or
retrieved to be transmtted to a data attachnent function 75. An

i mage-w i kisigd unction 76 is added to the
a function for witing informati on necessary for the work over existing

20 data attachnent function 75 as

i nformation. Thepdatar ahtachneal - fi6HHaR i/5n SeXdsc eBly Pasidd opal data of

the information on a screen to the transmtted 25 information process

func%ion7;7. The

10

15

20

25

sendér%9§ggtt%%§%layed on the real-time image
display function 18 to the monitoring PC 5 of the
mobile egquipment 12 through : the
transmission/reception apparatus 8. An image of a
facility being monitored is combined with CAD
data, and an 1image data obtained as a result of
the combination is sent in order to 1issue a proper
instruction to a worker by indicating a difference
from design information to the worker.

In addition, the tag data is sent to a work
select function 74 and information from the work-
navigation-requesting function 21 set in advance
is selected or retrieved to be transmitted to a
data attachment function 75.

An image-writing function 76 is added to the
data attachment function 75 as a function for
writing information necessary for the work over
existing information. The data attachment
function 75 sends only positional data of the
information on a screen to the transmitted-

information process function 77. The transmitted-



information process function 77 sends work- supporting information to the
site being nmaintained through the transm ssion/reception apparatus 8. 5 It
is to be noted that, in addition to information fromthe

wor k- navi gati on-requesting function 21, maintenance information necessary
for the work can also be retrieved as information to be sent by using the
tag information. The 10 mai ntenance information necessary for the work
includes information fromthe i mage neasurenent _function 22. The

i nf or mat i 5% MR bé Ot r iRKRESEP adsBRFRLPAY t W i nfORRES on W dvance or
associating the information by using typically 15 information on a

moni t or edupgrdohngri g. 1@ dmsmatdicagr amtshowi hea typiica i fteerngl
configuration of the 3D-CAD matching function 19. The inage data sent by

t he i magga icaidi Aad on fHReliPn 69tanrd t herEARBs 8isentr by ezt 1be 3D
digital image database 20 are matched by a coordinate recognition function
79 so th%&J they, ,goigici de with each other on the same coordinates. After
the matc 'r?g process, a superposition function 80 superposes those inages.

The ?55 super poskg oqsl‘ungél Op)e80 r{oetg,:glilvesc}'1daa§fjl 3:2Ln addition to

information from the work-navigation-requesting
function 21, maintenance information necessary for
the work can also be retrieved as information to
be sent by using the tag information. The
10 maintenance information necessary for the work
includes information from the image measurement
function 22. The information can be retrieved by
assoclating the information in advance or
associating the information by using typically
15 information on a monitored portion.

Fig. 10 1is a diagram showing a typical
internal configuration of the 3D-CAD matching
function 19. The 1image data sent by the image
combination function 69 and the CAD data sent by

20 the 3D digital image database 20 are matched by a
coordinate recognition function 79 so that they
coincide with each other on the same coordinates.
After the matching process, a superposition
function 80 superposes those images. The

25 superposition function 80 receives data



representing a photographing direction, a photographing distance and a

phot ographing contraction as information on a photographing nethod adopted
by the i mge-capture apparatus 13. 5 The superposition function 80 nakes
phot ogr aphi ng- poi nt coordi nates coi ngpbde with coordinates in a virtual
space in the 3D digital inmage database 20 in order to carry out a
superposition process on a surface of a nenber of interest on the 3D CAD.
10 The superposed information is_then sent to a nenber djfference

det er ni n&ERGP FERCI™H 81. @The PROHRITAPHHdt®nce ¥eF&SH haliron fénction 81
also receives information froma mai n-nenber tol erance difference database
82 at thelsanegriaphidTge 15dissarceli f f exefice det er Mmat PaY ARMENGON 81
sends information on a nenber determined as a nenber to be subjected to a
mai nt enareh yws k ttiod he ad raasfidtediirfiror methi ona pr gtessobuwaph dng77 as
information with a difference going beyond a range 20 of tolerance. Fig. 11

is a di agam SHOVY Mgpa ¥ Phsal £ hieNt £188le -C@Q{;jtg&r@t Lo P athe merber ,
difference determ nation fdnction 81. "An entire-imge recognition function

r82c];io$/eg%§'§_9nisﬁipnegr5gsiir{%ggn2% uor];cyi]%nené b r ?naq‘pé. gCtpﬁgt 881:%%}?5 %igrled

point coordinates coincide with coordinates 1in a
virtual space in the 3D digital image database 20
in order to carry out a superposition process on a
surface of a member of interest on the 3D-CAD.
10 The superposed information 1is then sent to a
member difference determination function 81. The
member difference determination function 81 also
receives information from a main-member tolerance
difference database 82 at the same time. The
15 member difference determination function 81 sends
information on a member determined as a member to
be subjected to a maintenance work to the
transmitted-information process function 77 as
information with a difference going beyond a range

20 of tolerance.
Fig. 11 1is a diagram showing a typical
internal configuration of the member difference
determination function 81. An entire-image

recognition function 83 for recognizing an image

25 of the entire object to be maintained receives



information fromthe superposition function 80. |In the case of a gas
turbi ne generator, for exanple, the entire-imge recognition function 83
creates 3D data by superposing 3D-CAD data as the 5 whole of the gas turbine
and its real inmage data, and the supgrposed inmage data 3Dis sent to a
function 84 for recognizing whether the inmage data(object)3D is beyond a
tol erabl e coordinate. The function 84 also receives information fromthe 10
mai n- menber tol erance difference database 82. On the basis of the 3D data
and t he }InfermRSt HAN r E&&Vedt PRomStURe FaPS-Ifeh®Br o ahed di%% erence

dat abase 82, the intol erable apparatus coordinate recognition function 84
recogni zes atmenbecawtosecf5 appeand ance whahge va ereregresent ifigr a
deterioration and/or a deformation exceeds a tolerance value, and sets the
recogni zedafpihe; @het heh 8Drdatiana fesigwabgeuttplibnbyf the dindwl eyzabl e
apparatus coordinate recognition function 84 is 20 sent to a nenber

coor di nat £, LecagNL O@afclén%yorguéér pHie; Ehet - 6Rer digake fecqgnition

function 85 generates a sighal representlng the menber and supplies the

d I I I f 86. Th
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and the superposed 1image data 3D 1s sent to a
function 84 for recognizing whether the image
data (object)3D 1s beyond a tolerable coordinate.
The function 84 also receives information from the
10 main-member tolerance difference database 82. On
the basis of the 3D data and the information
received from the main-member tolerance difference
database 82, the intolerable apparatus coordinate
recognition function 84 recognizes a member whose
15 appearance change value representing a
deterioration and/or a deformation exceeds a
tolerance value, and sets the recognized member on
the 3D data. A signal output by the intolerable
apparatus coordinate recognition function 84 is
20 sent to a member coordinate recognition function
85. The member coordinate recognition function 85
generates a signal representing the member and
supplies the generated signal to a 1local member
enlargement request function 86. The local member

25 enlargement request function 86 generates



information of the nenber enlarged on the imge and supplies the generated

information to a photographi ng procedure control function 87. If the

i mge-capture apparatus 13 includes a 5 photographi ng-direction adjustnment

apparatus, the photographing procedwyg control function 87 supplies a

direction-instruction control signal of the apparatus to the

transmtted-information process function 77. If the imge-capture 10

apparatus 13 includes no photographi ng-direction adjustnent apparatus, on

t he ot hetnhanmhat hen phdt oghaphimgmipe vcedonle xaadr obnf upbei odmBBe supplies a

signal indicating a nmethod of photographing the nmenber on the screen of the

15 nobi | gnaqui pueptl l@st o the t rasaEirtdwesdi nfion ekt 1 phrocess fuaction 77.

Fig. 12 is a diagram showi ng typical information output by the nenber

di 7 er enggo cdel.ex ghnald OpfdiBekhamk Skof¥ran akhraRpacal us720 displ ay

function 88 serving as a first typical screen, an all object apparatus

i mge dl€§| ay function 89 and an ob ect agp d%JS CAD disgl ay function 90
t

are disp ?ed 1R EEdiTTBR " the a?P app spl aycfuncfel on 88 al so

di spI ays an 25 i rrage |/ CAD conbi nation display function includi ng 35
photographing-direction adjustment apparatus, the

photographing procedure control function 87
supplies a direction-instruction control signal of
the apparatus to the transmitted-information
process function 77. If the image-capture

10 apparatus 13 includes no photographing-direction

adjustment apparatus, on the other hand, the
photographing procedure control function 87
supplies a signal indicating a method of

photographing the member on the screen of the
15 mobile equipment 12 to the transmitted-information
process function 77.

Fig. 12 is a diagram showing typical
information output by the member difference
determination function 81. On an all apparatus

20 display function 88 serving as a first typical
screen, an all object apparatus image display
function 89 and an object apparatus CAD display
function 90 are displayed. In addition, the all
apparatus display function 88 also displays an

25 1image / CAD combination display function including



di fference position disclosure information 91 obtained as a result of
superposition of the all object apparatus inmge display function 89 and the
obj ect apparatus CAD display function 90. The 5 inmage / CAD conbi nati on

di splay function including differencssposition disclosure information 91
enphasi zes differences between the all object apparatus inage display
function 89 and the object apparatus CAD display function 90. On a |ocal 10
i mge phot ographi ng control information disclosure function 92 serving as a
second t?bﬁ%&lr%%izéen, PEF 1t helot her SirafiS UaSdet efrfi e aferfer 21

enl arged-i mage display function 93 representing a signal output by the

| ocal nmepbtelgrtdr gesredt reguest fafhcsivare 15086 4 5odi spf ayede Tnkl

det er m ned- menber enl arged- inmage display function 93 is information on a
phot ogr apbijrg tpr epediy £t adopidgky dhepilmBgefunaptive afpasatustid. An
exanple of the information is a photographing position 20 represented by an

angle O ; d 8s f¢98 acphor iz ak<l i re J&f epgnce gpassi ngn s hrough the
menber aﬁ%j%org%ﬁt ala di sta%ée of %PY m}% If the i mge-capture apparatus

13 el udia (ot Tl LUOEL AN, g1 80 SITRL o ST RSl Al 25 15
difference position disclosure information 91
emphasizes differences Dbetween the all object
apparatus image display function 89 and the object
apparatus CAD display function 90. On a local

10 1image photographing control information disclosure
function 92 serving as a second typical screen, on
the other hand, a determined-member enlarged-image
display function 93 representing a signal output
by the local member enlargement request function

15 86 1is displayed. The determined-member enlarged-
image display function 93 is information on a
photographing procedure adopted by the image-
capture apparatus 13. An example of the
information is a photographing position

20 represented by an angle ¢ of XXX degrees from a
horizontal-line reference passing through the
member and a horizontal distance of XXY mm. If
the image-capture apparatus 13 includes an

adjustment function, for example, a control signal

25 1s sent. The control signal conveys information



such as a horizontal direction of a degrees, a vertical direction of (3
degrees and a focus of y Fig. 13 is a diagramshow ng a typical structure
of the mai n-nenber tol erance difference 5 database 82. Typically, a
shaft-bearing tol erance wear thicknesss 94 has a function for indicating a
shaft-beari ng-si de wear tolerance value of any rotational shaft bearing and
a rotational -shaft- side wear tolerance value. A wng tolerance 10
reduced-wal | thickness 95 typically has a function for indicating an

oxi dat i oRUGA | aBedact heF 1 3oNErdncE WB GE LIPSy 2Twal? ré88a9 DR catised by

hi gh-tenperature gas that can be generated wwth ease at a wing end in a

t ur bi ne. v&ypiicad 1 ydiaredt ipansi £ i dhd pgacee ¢ ohedarcef damegeo £hickness 96 for
i ntroduci ng gas-turbine burned gas to a turbine has a function for

i ndicati ng a datgge toierance avaldieagfaan daphge icagsedh bythwrinedl gas. A
sensor broken wire 97 typically includes information on 20 |ayouts of al

signal wspes Qfyfel EIPENAL Y n O nd mISE UM €0 BRI c @S {H\PrdalehcOn the
basis of these pieces of information, the nmenber difference determ nation
et onBE FPLFE1 8.2, ISR LU TR0 APhe 20 b 96 sl gt and the
wear thickness 94 has a function for indicating a
shaft-bearing-side wear tolerance value of any
rotational shaft bearing and a rotational-shaft-
side wear tolerance value. A wing tolerance
10 reduced-wall thickness 95 typically has a function
for indicating an oxidation wall reduction
tolerance value for a wall reduction caused by
high-temperature gas that can be generated with
ease at a wing end in a turbine. Typically, a
15 transition peace tolerance damage thickness 96 for
introducing gas-turbine burned gas to a turbine
has a function for indicating a damage tolerance
value of a damage caused by burned gas. A sensor
broken wire 97 typically includes information on
20 layouts of all signal wires of a temperature or a
pressure sensor as CAD data. On the Dbasis of
these pieces of information, the member difference
determination function 81 selects a member that

needs to be repaired or replaced, and the member

25 difference determination function 81 is thus



capable of including information on the selected nenber in information to
be transmtted to the center PC9. Fig. 14 is a diagram show ng a typi cal
5 internal configuration of the visual manual function 14 and a
procedure-error-providing function. Eyvery database can be provided on the
center side, the facility side or both the sides. The nobile equipnent 12
conprises the select 10 function 47, the screen select function 51, a

wor k-item i nput function 38 and the display. function 39. The center PC 9
conpri se§3@ Dt Gcedtir el VELYT tREI oh £ GFCt3 0hC89, OB dbhér nPReC B8, a
work-site identification function 101 and a 15 procedure-error work

i nf or mat emIser ect nf uActi @AmMat@nn Thepe hee Arpingraltty df tepbodheents in
which the work-iteminput function 98 receives information fromthe nobile
equi pmentcekethec center PC 9 and the nonitoring PC 5. 20 A sel ect signal
46 indicating a work phase (which can be an installation work, a

mai nt enance M@&%Bor §4tri§g-ogpraggg@ﬁﬂgﬁk)S@gh@ghg ipf orRpy i epifromthe
instal |l ati on database 48, the trial-operation database 49 and the
naintgnangZZS dﬁtab%§§h§0 which haveogeentgﬂgpaggd i.n adv%ﬁggua§8

€trna Iguration Isual
function 14 and a procedure-error-providing
function. Every database can be provided on the

center side, the facility side or both the sides.
The mobile equipment 12 comprises the select

10 function 47, the screen select function 51, a
work-item input function 98 and the display
function 39. The center PC 9 comprises a
procedure verification function 99, a determiner
100, a work-site identification function 101 and a

15 procedure-error work information select function
102. There are a plurality of embodiments in
which the work-item input function 98 receives
information from the mobile equipment 12, the
center PC 9 and the monitoring PC 5.

20 A select signal 46 1indicating a work phase
(which can be an installation work, a maintenance
work or a trial-operation work) selects
information from the installation database 48, the
trial-operation database 49 and the maintenance

25 database 50, which have been prepared in advance,



as the output of the select function 47. The out put of the select function
47 is sent to the screen select function 51 and the procedure verification
function 99. Information output by 5 the screen select function 51 is sent
to the work- iteminput function 98 apg the display function 39. Wth the
wor k-iteminput function 98, a person actually doing works or a supervisor
verifies a work process along a work item before 10 supplying the process to

the mobil e equi prent 12. The work-iteminput function 98 is provided in the
cent er PéSQﬁﬂ?% 98ﬁé”&%s€§,‘§%% ﬁﬁpﬁ%??eﬁPﬁﬁﬂhionfé§gtion 98 has a function
for verifying an operation carried out by a person doing works on 15 the
basi s of infor&he caubdput oy the ismbectcaptBFé idppartat usS1F deFore
inputting the verified information. Mre details will be explained |ater

by refertionche EHagredh. dafermatiwncadtqut Shy arh@ wohrek - ptremddwpue 20
function 98 is sent to the procedure verification function 99. The

procedur g ver §{ Leati O fARgtkAn 99 @l SO reee Mestiirfor patd gAtoubput by the
select function 47. The procedure verification function 99 collates the

| nforyat i.on, ouLRUL, bY LAS YT k3R 18I TPUL of WKL OR P8 Wt hud g
i nformati-on ot putlég

item input function 98 and the display function
39. With the work-item input function 98, a
person actually doing works or a supervisor
verifies a work process along a work item before
10 supplying the process to the mobile equipment 12.
The work-item input function 98 is provided in the
center PC 9. In some cases, the work-item input
function 98 has a function for verifying an
operation carried out by a person doing works on
15 the Dbasis of information output by the image-
capture apparatus 13 before inputting the verified
information. More details will be explained later

by referring to Fig. 15.
Information output by the work-item input
20 function 98 is sent to the procedure verification
function 99. The procedure verification function
99 also receives information output by the select
function 47. The procedure verification function

99 collates the information output by the work-

25 item input function 98 with the information output



by the select function 47 to conpare the progress of the actual work with a
procedure described in a manual and supplies a result of the collation to
the determiner 100. If the result of the 5 collation indicates that the work
has been carried forward in progressz@according to the nmanual procedure,
the determ ner 100 produces a 'good’ result of determnation. In this case,
the determ ner 100 supplies confirmation information 10 to the displ ay
function 39. If the result of the <collation indicates that the work was not
carried PPorwafd S5 @E&or HAREE WF R h 4 'het Br dcRBERAE Sf Ltife PRRARTSSr the work
has given an inproper work result, on the other hand, the determ ner 100 15
producesod 'triee gesd ua bswarlf wdditer & patdoadune dasswhged tive det er i ner
100 inforns a work-site identification function 101 of the result of

det er m naimik 1l Thewdr egress iefs t ke actudlt wertk tae compdrediwint ht bhe:
procedure described in the 20 manual by conparing a work item of the manua

With a peeognhbic@y-pigdeal representingethework idemicn  bthe cepter PC 9
receiving the recognition signal transmtted on the basis of an input

receiyed from. {Be nobhle SaULPIRL, 12,25 F0-ANAKL T AULAT g 2 gOmPl etion
forward in progress according to the manual
procedure, the determiner 100 produces a ‘good’
result of determination. In this case, the
determiner 100 supplies confirmation information
10 to the display function 39. If the result of the
collation indicates that the work was not carried
forward in accordance with the procedure of the
manual or the work has given an improper work
result, on the other hand, the determiner 100
15 produces a ‘mo good’ result of determination. In
this case, the determiner 100 informs a work-site
identification function 101 of the result of
determination. The progress of the actual work is
compared with the procedure described in the
20 manual by comparing a work item of the manual with
a recognition signal representing the work item in
the center PC 9 receiving the recognition signal
transmitted on the basis of an input received from
the mobile equipment 12 as an input indicating

25 completion of the work item. In the case of a



continuous work procedure, agreenent with a reception order is examned. |If
the recognition signal of the work item has been received not in

accordance with the procedure described in the 5 nanual,
the reception order is

no agreenment wth
determ ned. Sygce the conparison process is

carried

out at a renote location, tinme information can be attached to a recognition
transmtted by the nobile equipnment 12 as the 10 recognition signal

si gnal

representing the work itemin

i nf or mat rer dmt 1 bdend rfyEmg itshe epnl wedqui priieht tlPe sere¢ agnas i be
of the received information. A signal output by the work-site

identifigalgro f Wt ke 3@k K S igeth had pleeedula-&1 rerd wabk i nhor mati on
20 select function 102. If only one nobile equipnment 12 is used, that is,
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cation function 101 can be elimnated. There are a plurality of
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determined. Since the comparison process 1is
carried out at a remote location, time information
can be attached to a recognition signal
transmitted by the mobile equipment 12 as the
recognition signal representing the work item in
order to enhance the precision of the comparison
process.

The work-site identification function 101
also receives the address of the mobile equipment
12. The address 1is used as information for
identifying the mobile equipment 12 serving as the
source of the received information. A signal
output by the work-site identification function
101 is sent to a procedure-error work information
select function 102. If only one mobile equipment
12 is wused, that 1is, 1f a plurality of mobile
equipment 12 are not used, the work-site
identification function 101 can be eliminated.
There are a plurality of methods for determining a

work site. In acccrdance with one of the methods

. order to enhance the precision of the
conpar i s6RNpIBEeES. THONKr k- BFoE q Heheif i caIREPEaR¢ti oV 1B  afso
receives the address of the nobil e equi pnent

15 12. The address is used as

source

8ne of the
er 1S



for determining a work site, received data with an error retrieved by the
procedure-error work information select function 102 as will be described
| ater is assuned to be data transmitted 5 froma site with the error
retrieved, and the address of the regeived data is identified. In
accordance wth another one of the nethods for determning a work site,
work-site data is provided as data associating the address of every 10
nobi | e equi nt 12 with a work site.and a work (iflr;alsretrlevedfroma

resul t pfOoductathy THe1Tgr dtellre ef F6F '\Aojfﬁceﬁf rP s¥Edt Flincti on
102 as will be described later to be used for identifying an address

recor dedeifir Athe woekrsigaweds dhva asleh adilf@Ssde¥re h8TRsHT | e ¥Qhipnent 12
associated with the work site. The procedure-error work information sel ect
functi onibh»ahaa ircecei vesl ehe | nfformat iom fr am2 t hepr ooedlte veeification
function 99 as 20 information used for selecting a problem generation item

gener ati g@ & PipllEeM bt diheigous s untfd atwrkest®pe aTher pheeedyt eder ror work
i nformati on sel ect function 102 supplies the selected itemto the display

funCté On om Th§ Zglltr(l,f Oerlontﬁ%nt tIOr(BPe gg%ml@véaqm 'aq'pd?’gtﬁ%

address of the received data 1s identified. In
accordance with another one o0of the methods for
determining a work site, work-site data is
provided as data associating the address of every

10 mobile equipment 12 with a work site and a work
site 1s retrieved from a result produced by the
procedure-error work information select function
102 as will be described 1later to be used for
identifying an address recorded in the work-site

15 data as an address of the mobile equipment 12
associated with the work site.

The procedure-error work information select
function 102 also receives the information from
the procedure verification function 99 as

20 information used for selecting a problem
generation item generating a problem in the course
of a work step. The procedure-error work
information select function 102 supplies the
selected item to the display function 39. The

25 information sent to the display function 39



typically includes a warning (Warning!), a problem generation step (Step
00x) and error recovery information (See Manual No. 1.1.1) as shown in
typi cal procedure error information 103 of the 5 figure. The procedure
error information is information used2for a process of recovery froma
procedure error. A manual showi ng a procedure for a process of recovery
froman error as a procedure 10 different froma work manual procedure is
prepared_in, arate abase. trans tting the error _re ery

i nf or mat |té’rPJaCF%ig Hﬁcerur‘% Slﬁfor t'ior, ( renrl?% grocedé)reogﬁg%an error
| ocation can be identified sg%t hat the er son doi n% a work 15 (gener ating

the procd@terRFLGM caftB® prb¥F88d Qith adWik BrEur ESSHY A Brocess of
recovery fromthe error. In addition, a plurality of pieces of error
recovery iimformatiiom cahSee ¥elreca &d. None 4f- X he) pi eses sdfoenr ot Nr ecovery
20 information is error recovery information prepared in advance for a
manual progettsae Ccausdidgdarepr ocedoie dnfsrmAtatdwer ooe ofof hethieces of
error recovery information is error recovery information prepared in
iczivig§e frarg@-Rrocedure, 25 which was transmtted fromthe nobile equi pnent

The procedure error information is
information used for a process of recovery from a
procedure error. A manual showing a procedure for
a process of recovery from an error as a procedure

10 different from a work manual procedure is prepared
in a separate database. By transmitting the error
recovery information along with error information,
an error procedure and an error location can be
identified SO that the person doing a work

15 generating the procedure error can Dbe provided
with a work procedure for a process of recovery
from the error. In addition, a plurality of
pieces of error recovery information can be
selected. One of the pieces of error recovery

20 information is error recovery information prepared
in advance for a manual procedure causing a
procedure error. Another one of the pieces of
error recovery information is error recovery
information prepared in advance for a procedure,

25 which was transmitted from the mobile equipment 12



when a procedure error was generated. Upon a request for a display of the
error recovery information on the display function 39, the error recovery
information is displayed 5 nanually or automatically and an input of a
return work itemis accepted by the work-iteminput function 98. Then, the
procedure verification function 99 verifies a procedure of the error
recovery procedure and an i nput procedure. The 10 processes are repeated
till the determ ner 100 produces a good' result of determ nation. Assune
for exandleER hat PISie AURGT IC X 5Oke Waf r PERSHACLPA - the order of steps A 4 B
4 C4 D, the work is actually carried out in the order of steps A4 B 15 3
D. In this casBporhe adetrerqriaeit 1@ pr sdudessml avynoodood'h e estit ¥ ouf

determ nation and the procedure error information 103 shows Manual No.

1.1. 2. | reaanseedanceniddimdBiaval N thlk 24itdel afl ofuefc ¢ henprosedure shal |

go back to immediately 20 preceding step B and a work shal

to restorgd hegélgﬁgt_»t of- & d-PBrgone iafr StRRtR-on The; procgdy

informati on 10 . . \ . |
good; 1 gsul f, pf deter Mnath ot 1 {1 Torq 108 2% ¥0EkJé e

enter

ows a correct work and, if the determ ner

be
"
ﬁ%

Irnéat‘yu r

carri ed out
Egr

00 produces a

t function 98
n

work ditem 1is accepted by the work-item input
function 98. Then, the procedure verification
function 99 verifies a procedure of the error
recovery procedure and an 1input procedure. The
10 processes are repeated till the determiner 100
produces a ‘good’ result of determination. Assume
for example that, for a work to be carried out in

the order of steps A 2> B > C =2 D, the work

is

actually carried out in the order of steps A 2> B

15 2> D. In this case, the determiner 100 produces a

‘no good’ result of determination and

the

procedure error information 103 shows Manual No.

1.1.2. In accordance with Manual No. 1.1

.2,

the

flow of the procedure shall go back to immediately

20 preceding step B and a work shall be carried out

to restore the result of a job done at step D.

The procedure errorxr information 103 shows

a

correct work and, 1if the determiner 100 produces a

‘good’ result of determination this time,

25 work-item input function 98 enters a state

the

of



waiting for an input of an order of steps C4 D since the flow of the
procedure has gone back to step B. By the sane token, the nobile equi pnment
12 5 conprises the display function 39 and the work- iteminput function
98. The display function 39 is a neapg for show ng nmanual work data of a
dat abase. On the other hand, the work-iteminput function 98 is a function
for inputting work 10 condition data show ng the condition of a work done
by a worker. The nmonitoring PC 5 conprises a reception nmeans for_receiving
wor k condptitdmdato T radin AP 0F fobi P& eqlifSienP fanBt8RF afsnPssPon  neans
for transmtting the work condition data to 15 a conmputer enployed in the
noni t or i B¢ et éhie THd owemifer tPE 9piro qrdfivenddags goreniPackngt dystemin
order to sinplify an operation to nake a request for a procedure error. The
monitori Bgegyseem conprises the procedure verification function 99, 20 the
work-site identification function 101 and a transm ssion neans. The

procedur e Veriﬁycakh%n et ivom 89 i s a J upedd phef 0k qeamREhRg Yor k
condition data fnput fromone of a plurality of nobil'e équi pment with

manugl -work data of 2,25 dplapass N workysihe 1dendi figation, function 45
item input function 98. The display function 39
is a means for showing manual work data of a
database. On the other hand, the work-item input
function 98 1s a function for inputting work
10 condition data showing the condition of a work
done by a worker. The monitoring PC 5 comprises a
reception means for receiving work condition data
from one of mobile equipment and a transmission
means for transmitting the work condition data to
15 a computer employed in the monitoring center. The
center PC 9 is performed as a monitoring system in
order to simplify an operation to make a request
for a procedure error. The monitoring system
comprises the procedure verification function 99,
20 the work-site 1identification function 101 and a
transmission means. The procedure verification
function 99 1s a function for comparing work
condition data 1input from one of a plurality of
mobile equipment with manual-work data of a

25 database. The work-site identification function



101 is a function for identifying a specific nobile equipnent corresponding
to a work site represented by the m snmatching work condition data in case
a conparison result produced by the 5 procedure verification function 99
indicates that the pieces of work copdition data do not match each other.
The transmi ssion neans is a neans for transmtting procedure error
information to the specific nobile equipnment in case the conparison 10
result produced by the procedure verification function 99 indicates that
the pi ecédof ¥erka cohdpncitoirdat & o ndbeemdtichy é8¢h i hefPa®ifaddition, if
there are a plurality of nobile equipnment and the conparison result

pr oduced mayb ilbet he qur dpeeurte vepirfriccapondimganst bndiaxat esrtkhatsitke pi eces
of work condition data do not match each other, by identifying a specific

nobil e  eQyi PUBBL GO 8SPONHENG { Smat W kn§i kR iepEesa edorbydbbe
m smat chi ng work condition data, the 20 conputer enployed in the nonitoring

center is_ ca | e of pr i ce L nf i o] th arty
requiri nglq ha?gger eq%estcecflgggg?%r%%edalf%yllg nggdggﬁﬁ%%\m%ysi tgh%f a broad
range. In addition, since the procedure is not input by a 25 supervisor
sumy@isﬁﬁf?ﬁ@“ﬁﬁkYQ?%féCP§%RPn£ﬁFﬁélon b "Praidafes® ThAT

the pieces of work condition data do not match
each other. The transmission means is a means for
transmitting procedure error information to the
specific mobile equipment in case the comparison
10 result produced by the procedure verification
function 99 indicates that the ©pieces of work
condition data do not match each other. In
addition, if there are a plurality of mobile
equipment and the comparison result produced by
15 the procedure verification means indicates that
the pieces of work condition data do not match
each other, by identifying a specific mobile
equipment corresponding to a work site represented
by the mismatching work —condition data, the
20 computer employed 1in the monitoring center is
capable of presenting necessary information to a
the party requiring that a request for a procedure
is made in a work site of a broad range. In
addition, since the procedure 1is not input by a

25 supervisor supervising the work, there is no need



for grasping the entire work so that it is possible to elimnate an error
caused by a supervision leak. Fig. 15 is a diagramshowng a typical 5
internal configuration of a systemin which the center PC 9 has the
work-iteminput function 98. Explanagion of elements shown in the figure as
el ements identical wth those showmm in Fig. 14 is omtted. In the system
each of a plurality of 10 nobile equi pnent 12 includes the display function
39 for displaying manual work data of a database. The nonitoring PC 5 has

t he i magéczapt gre s mppdr attuse 13 o1 et chiagkan $emgéhft a fidei | 18y  being
nonitored. The imge-capture apparatus 13 15 transmts the fetched inmage to
the cent @oRiBle Theocend bl MRGIOt eonpah Seemrovanschasadceiby ngaan | mage
fromthe inage-capture apparatus 13 and the work-iteminput function 98 for
inputting Wk igangditianidata representing the condition of a 20 work done
by a worker. The inmage received fromthe inage-capture apparatus 13 is

exam ned to veri.fy an,q@peratio carri ut .ywor ker o cility
side. Work coﬁ&ﬁ{ionlgataﬁéntg?edggﬁgh Wﬁrké&xgﬁlﬁ%e 2 cgﬁhgfcé?de is

accepted by the work-iteminput, 47
l% iggernal configur%tion. of a system in which the

center PC 9 has the work-item input function 98.
Explanation of elements shown in the figure as
elements identical with those shown in Fig. 14 1is
omitted. In the system, each of a plurality of
10 mobile equipment 12 includes the display function
39 for displaying manual work data of a database.
The monitoring pC 5 has the image-capture
apparatus 13 for fetching an image of a facility
being monitored. The image-capture apparatus 13
15 transmits the fetched image to the center PC 9.
The center PC 9 comprises a means for receiving an
image from the image-capture apparatus 13 and the
work-item input function 98 for inputting work
condition data representing the condition of a
20 work done by a worker.

The 1image received from the image-capture
apparatus 13 1s examined to verify an operatior
carried out by a worker on the facility side.
Work condition data entered by a worker on the

25 center side 1is accepted by the work-item input



function 98. As such, since there is no need for entering work condition
data fromnobile equi pnent 12 at the site, it is possible to get rid of a
procedure error caused by an input m stake made by 5 the worker working at
the site and possible to present necggssary information to a the party
requiring that a request for a procedure be made at a work site of a broad
range. Fig. 16 is a diagramshowng a typical 10 internal configuration of
a systemin which the nonitoring PC5 has the work-iteminput function 98.
Expl anat oM @1 eRentht s shewfYdit he ¥R glr £ hakeelichents PEERtIiEAF with

t hose showmn in Fig. 14 is omtted. A supervisor on the facility side 15
veri fi eseart agpengt ivonr kargdrd igutomyda twor kKepmormobhé ssaggudimdeenhd ent ers
the verified operation. Wrk condition data is accepted by the work-item
input functigr 98nenpkayed, i it he SIORPIHEiBYIePCLD. Fed. +4d SoF daagram
showing a typical 20 internal configuration of a systemin which the

o 011 B3 R 600 Lbedunchlanlpeenier BOS plowis R 1oy
(hosey U Lo EL 10 0LLLEg, LA 0B 495138 sypber of
present necessary information to a the party
requiring that a request for a procedure be made
at a work site of a broad range.
Fig. 16 1is a diagram showing a typical
10 internal configuration of a system in which the
monitoring PC 5 has the work-item input function
98. Explanation of elements shown in the figure
as elements identical with those shown in Fig. 14
is omitted. A supervisor on the facility side
15 wverifies an operation carried out by a worker on
the same side and enters the verified operation.
Work condition data is accepted by the work-item
input function 98 employed in the monitoring PC 5.
Fig. 17 1s a diagram showing a typical
20 internal configuration of a system in which the
monitoring PC 5 has the function of center PC 9
shown in Fig. 15. Explanation of elements shown
in the figure as elements identical with those
shown in Fig. 14 1is omitted. In this monitoring

25 system, a procedure error can be confirmed even at



the site. By virtue of the enbodi nents descri bed above, a work to install a
facility at an electric-power generation plant, a trial operation at the
plant 5 and a mai ntenance work at the plant can be supported by using an

i mage, a voice, an email and design data, which are transmtted froma
nmonitoring systeminstalled at a |ocation renote fromthe plant. 10 Thus,
even if the | anguage spoken by a worker is different fromthe | anguage of

t he supporter, . intentions of the worker and the supporter can be exchanged
bet ween tHefn SAd¢ Snderstood by themin both directions smoothly. 15 In
addition, a work instruction can be given in a real-tine manner in a system
conprising a ﬁMﬂYéﬁQEFaQ&N%@ﬁsQé%oéémﬁﬁﬁ%aﬂﬁFQ@lb@Qi@@OWﬁm
recordi ng i nput/output process values of an operation control apparatus

enpl oyed a nwarfkactbi tyn2@ adf1 i at ef @6t las weblt asnperiedieald ypealdrecti ng and
recording control signals of the operation control apparatus, a plurality

of mobi | &;equi-RENSL GODRASI NJad t9cal nepwark: t gget her whth phendonitoring
apparatus, inmage/voice input/output 25 apparatus connectable to the nobile
equipgemﬁﬁﬁd %9 maintenance work at the plant can be
supported by using an image, a voice, an email and
design data, which are transmitted from a
monitoring system installed at a location remote
from the plant.

10 Thus, even if the language spoken by a worker
is different from the language of the supporter,
intentions of the worker and the supporter can be
exchanged between them and understood by them in
both directions smoothly.

15 In addition, a work instruction can be given
in a real-time manner in a system comprising a
monitoring apparatus for periodically collecting
and recording input/output process values of an
operation control apparatus employed in a facility

20 of interest as well as periodically collecting and
recording control signals of the operation control
apparatus, a plurality of mobile eguipment
composing a local network together with the
monitoring apparatus, image/voice input/output

25 apparatus connectable to the mobile equipment and



a nonitoring server for nonitoring the information, which are collected and
recorded in the nonitoring apparatus, through a pay station

top of that, by using any one of the follow ng functions,

informati on on 10 mai ntenance of a nenber to be inspected,

line. 5 On the

necessary
information on a work can be obtai nedow thout a departure froma work
site. The functions include a function for automatically displaying

a

function for

di splaying i nformon gssenbly of the nepber and a ,coggonent or égpl acenent

tol eranc@ valMus! tridi%r anc@Srdfge di spPay f uffttoh

dm9 di spt

ing

process val ues used for evaluating the 15 normalcy of the nenber, a

di gi t al - iimlgervaptinre, fhEéEhonaded goflurketeA f 8RS e&&rth AgeaddiBi onal
information in the informati on acquired by the other functions. (The

i nf or mat itGie ool bbenange appaaaeuber thrawgsuak npawal sstwowdi ag, anong 20
ot hers, draw ngs of conponents, a repair history and disassenbly/assenbly
procedur @s.n£Exanpl es of the replacenment values are a clearance and a wear
amount. The additional information includes a witten nenorandum and a

sket Cg]') 25 FUE)E,lhe{ng etoibheof_amt%i,qu}sels%ynéu%%}ogn%o of the

following functions, necessary information

work can be obtained without a departure

on a

from a

work site. The functions include a function for

automatically displaying information

on

10 maintenance of a member to be inspected, a

15

20

25

function for displaying inform on assembly of the
member and a component or replacement tolerance
values, a tolerance-range display function for
displaying process values used for evaluating the
normalcy of the member, a digital-image-capture
function and a function for recording additional
information in the information acqguired by the
other functions. (The information on maintenance
of a member 1is a wvisual manual showing, among
others, drawings of components, a repair history
and disassembly/assembly procedures. Examples of
the replacement values are a clearance and a wear
amount. The additional information includes a
written memorandum and a sketch.)

Furthermore, the automatic display function



for automatically displaying informati on on maintenance of a nenber
receives a signal transmtted by radio conmunication froman tag installed
in advance at a necessary location of a 5 facility of interest as an tag
having a recording function and, by egecution of a function to select and
di scl ose corresponding information, work information necessary for an
apparatus of interest can be obtained wthout the need to search for the

10 work i_nformation. Mreover, by execution of a.fuynctiop.for wupdating an

i nspecti &P%or rap&dmhF SEGYY npuf TP ?Héqaﬂﬂlénéﬂﬁ%ﬁgﬁﬁnthe flag is
capabl e of preventing inspections and exam nations from being 15 _over| ooked
due to hiwdmeenRens g or @kanphe afMemeR¥odi ESICHHEPECti n arfdt$8PAIr ti nes.
In addition, the display functions of each nobile equipnment, the nonitoring
server amnddmemiceder PC eadddiocl| udenaurd lnetiiom t of diogpl aynt heag0 sane
information on the screens or a function to nutually share the sane

di spl ayed ¥ 91 MRld 0Dn A$SHAR & Ok teXxanpled:- & Hah riynf pbeERld DHnok @ gur sor  of
any specific one of the nobile equipnent, the nonitoring server and the
conter Phds; FIRY0ege 318 LS G8%Cnt &IOS £9UIPMERLo I fEREON tOrT NG
function and, by execution of a function to select
and disclose corresponding information, work
information necessary for an apparatus of interest
can be obtained without the need to search for the
10 work information.

Moreover, by execution of a function for
updating an inspection or repair history input to
the mobile eqgquipment, the tag 1is capable of
preventing inspections and examinations from being

15 overlooked due to human errors for example at
periodical inspection and repair times.

In addition, the display functions of each
mobile equipment, the monitoring server and the
center PC each include a function to display the

20 same 1information on the screens or a function to
mutually share the same displayed information.
Assume for example that information on a cursor of
any specific one of the mobile eqguipment, the

monitoring server and the center PC 1is changed.

25 In this case, the mobile equipment, the monitoring



server and the center PC each have a function that allows information on
cursors of the nobile equipnent, the nonitoring server and the center PC
ot her than the specific one to be changed so that 5 the cursors all nove to
t he same coordinates. In this way, netual understanding of intentions can
be assured. On the top of that, a function for comunicating only a change
in cursor position 10 increases the comunication speed even if a
transm ssion line having a small comrunication capacity i.s use In the
Tod t 8o

enbodi meftS&E Hescd VeSntRE  Rbbiad  Roliepient 1217 mcsﬁeg with the
center 15 PC 9 enployed in the nonitoring center 4 through the nonitoring
PC 5. It dlslewsbe hofedmabhever, ont hat uUEF® T®bi | eqditprrentmabidgy al so
comunicate with the center PC 9 enployed in the nonitoring center 4

di rect| y.eq®fi puetiter noihe mbdniis it Sngpesst bee tan@r analecantoonf iPgur ati on in
whi ch the function of the nonitoring PCSis included in the nobile

equi prent, (iZe 30 diah tthee maBid @i eqei BBt tl? be ERBRAR/E] Ok LOFRYR cating

with the center PC9 25 enployed in the nonitoring center 4 directly. 52
5 the cursors all move to the same coordinates. In
this way, mutual understanding of intentions can
be assured.
On the top of that, a function for
communicating only a change in cursor position

10 increases the communication speed even if a
transmission line having a small communication
capacity is used.

In the embodiments described above, the
mobile equipment 12 communicates with the center

15 PC 9 employed in the monitoring center 4 through
the monitoring PC 5. It is to be noted, however,
that the mobile equipment 12 may also communicate
with the center PC 9 employed in the monitoring
center 4 directly.

20 Furthermore, it is also possible to provide a
configuration in which the function of the
monitoring PC 5 is included in the mobile
equipment 12 so that the mobile equipment 12 is
capable of communicating with the center PC 9

25 employed in the monitoring center 4 directly.



Moreover, it is also possible to provide a configuration in which an inmage
of a facility being nonitored is stored in not only the nonitoring PC 5
but al so a database provided in 5 the nobile equi pmrent 12 as a dat abase for
allowing the image to be stored in the nobile equipnent 12 as well. The
functions of apparatus such as the nonitoring PC5, the center PC 9 and the
nobil e 10 equi pnment 12 can each be perforned as a program executed by a
conputer. The programs for perform.ng the func&ions can be stored on a

recordi ng nedi URTES HeTr ead tout Sby L& cHRRT P LS o exEARTYOAE 18 The
present invention has been proposed a systemfor supporting works done at a
renot e sicoaf byugsitnigennagds, Wl els, aghmilBagad @i ga dae£il ThE systemi s
al so applicable to work support for not only an el ectric-power generation
facilitypedthdut mbrotethed facslitsesradch das a mwwfacdmiing theant and a
chem cal plant in which an installation work, a trial operation and a daily

Mai Nt enanee, MO5K 1 AE BRCESSARY.: 531 MHAT, | 5 Gl VER | 543 phimal] 1A remote
mal nt enance system
5 the mobile equipment 12 as a database for allowing
the image to be stored in the mobile eguipment 12
as well.
The functions of apparatus such as the
monitoring PC 5, the center PC 9 and the mobile

10 eqgquipment 12 can each be performed as a program
executed by a computer. The programs for
performing the functions can be stored on a
recording medium to be read out by the computer
for execution.

15 The present invention has been proposed a
system for supporting works done at a remote site
by using images, voices, emails and design data.
The system is also applicable to work support for
not only an electric-power generation facility,

20 but also other facilities such as a manufacturing
plant and a chemical plant in which an
installation work, a trial operation and a daily

maintenance work are necessary.



conpri si

hel d wit

a database for storing image data of said nonitored facility,

noni tori
sai d

i mge data sent fromthe nonitoring conputer to
20 a functF3R¥®r sdperposi n§ sai BEMPede

data for

The renote mai ntenance system accordi ng

further

5

10

15

20

25

ng: a nonitoring conputer for nonitoring a 5 facility to be

mai nt ai ned; and a nonitoring center conputer for nonitoring information

h said nonitoring conputer and sending maintenance information to
said nonitoring conputer, through pa3station |ine, 10 wherein said renpte
mai nt enance systemis characterized in that: said nonitoring conputer has

and sai d

nnﬁﬁﬁﬁfgﬁfgg&ﬁﬁﬂﬁ§§eisinc'UdeS: 15 a database for storing CAD data for

unction for providing coordinates to said

form i mage coordi nate data;
cBrdi Rt e dd a afd S8 coor di nat e

said CAD;, and a function for |locating a needed mai nt enance spot
on the basmgrafs angesult of said 25 superposition processing. 54

a monitoring computer for monitoring a
facility to be maintained; and

a monitoring center computer for monitoring
information held with said monitoring computer and
sending maintenance information to said monitoring
computer, through pay station line,

wherein said remote maintenance system 1is
characterized in that: said monitoring computer
has a database for storing image data of said
monitored facility, and said monitoring center
computer includes:

a database for storing CAD data for said
monitored facility;

a function for providing coordinates to said
image data sent from the monitoring computer to
form image coordinate data;

a function for superposing said image
coordinate data and CAD coordinate data for said
CAD; and

a function for locating a needed maintenance
spot on the basis of a result of said

superposition processing.

[Claim?21

to claim1, wherein said systemis



conprised of: 5 a tag having a storage and being installed in said
nonitored facility; and nobile equi pnent being connected with said
nonitoring conputer through pay station line, wherein said nobile equipnent
has: 10 a function for receiving sai ®Pdag-stored information (hereinafter
it's referred as "tag information") via radio communication; and a function
for sending the received tag information to said nonitoring center
conputer, 15 wherein said nonitoring center conputer further has: a

dat abase for storing said maintenance information for said nonitored
facilityscd fynchion £AL NeCRLYING, 2ahd sk 020 I 0l pLpmtd oposenipdrom the
nmobi | e eaU|pnent, a function Tor retrieving sai d ‘malnt enance i Or mat i on
fromsai d dat abase on_the basis of said._tag information; and function for
sending §8i d Fefiieved  25WRAELRERancR 1 Af orFEFFEM t 01&i t hEH LA YE nobi | e 55
equi pnment or said nonitoring conputer, or both. [Caim3] The renote

mai nt enancapsyissech adcording to claim2, wherein said tag has a function
for

5 a tag having a storage and being installed
in said monitored facility; and
mobile equipment being connected with said
monitoring computer through pay station line,

wherein said mobile equipment has:

10 a function for receiving said tag-stored
information (hereinafter it’s referred as “tag
information”) via radio communication; and

a function for sending the received tag
information to said monitoring center computer,

15 wherein said monitoring center computer
further has:

a database for storing said maintenance
information for said monitored facility;

a function for receiving said tag

20 information sent from the mobile equipment;

a function for retrieving said maintenance
information from said database on the basis of
said tag information; and

a function for sending said retrieved

25 maintenance information to either said mobile



5 updating said tag-information in said tag through the use of information
inputted to the nobile equipnment. [Caim4l The renpte nmai nt enance system
10 according to claim1, wherein said nonitoring center conputer or said
nmoni toring conputer has a function fdr varying cursor data on a display
screen of the party at the other end when cursor data on a display screen
of its own is varied. 15 [Caimb5] The renote mai ntenance system accordi ng
to claim4, .wherejn _said_cur - i.ng. f ' varj.es hd cursor data on
sai d ai opi LN oF e L TR Y e R el e “oniy 20
cursor-position-varying information of said nonitoring center conputer or
said nonitoring conputer to said party. [Caim®6] A nonitoring center
computer for 25 sending maintenance information to a nonitoring 56

conput er [G3edi ™ 0B I nonTher irgmatfacnd i endneage Y pagrstAEFOFdinE, wherein
said nonitoring center conputer characterized by conprising: 5 a database
for stortag €ARidat a ,usetheloxinaigaidont bor edakacal ifynction for

5 updating said tag-information in said tag through

the use of information inputted to the mobile

equipment.
[Claim 4] The remote maintenance system
10 according to claim 1, wherein said monitoring

center computer or said monitoring computer has a
function for varying cursor data on a display
screen of the party at the other end when cursor

data on a display screen of its own is varied.

15
[Claim 5] The remote maintenance system according
to claim 4, wherein said cursor-varying function
varies said cursor data on said display screen of
said party at the other end by sending only
20 cursor-position-varying information of said

monitoring center computer or said monitoring

computer to said party.

[Claim 6] A monitoring center computer for

25 sending maintenance information to a monitoring



a function for providing coordinates to an inage data sent from a dat abase
of said nonitoring conputer that stores said i mage data of said 10
nonitored facility, and thereby form ng image coordinate data; a function
for perform ng superposing said inadge coordinate data and CAD coordi nate
data for said CAD, and 15 a function for |ocating a needed mai ntenance
spot on the basis of a result of said superposition processing. [Caim7]

The nonitoring center computer_ 20 .according t I i ai d
noni t or i A" PEENt er %Sfﬁgu{g?rf ur?ﬁlelrt%%%rp i sgnggag m“’Zés rr%l& oring said

mai nt enance information for used in maintenance-work for said nonitored
facilityPa¥s5sEFuhefi dnt®8r receiving tag i nformation 57 from said
nonitoring conputer or nobile equi pnent being connected with said
monitoring conpuweeeivi a satdo covomuniecatiingh, whengiar sai domag Ye¥ or mat i on
is one stored in a storage of a tag being 5 installed in said nonitored
facilitygharbwcétorddrbyeidrgyt ngisag d mai ntenance information from said

dat abase on the basis of
5 a database for storing CAD data used for said
monitored facility;

a function for providing coordinates to an
image data sent from a database of said monitoring
computer that stores said image data of said

10 monitored facility, and thereby forming image
coordinate data;

a function for performing superposing said
image coordinate data and CAD coordinate data for
said CAD; and

15 a function for locating a needed maintenance

spot on the basis of a result of said

superposition processing.

[Claim 71 The monitoring center computer
20 according to <claim 6, wherein said monitoring
center computer further comprising:
a database for storing said maintenance
information for used in maintenance-work for said
monitored facility;

25 a function for receiving tag information



said tag information; and a function for sending said retrieved 10

mai nt enance i nformation to either said nobile equipnment or said nonitoring
conputer, or both. [Caim®8] The nonitoring center conputer according to
claim6, wherein said conputer has aSI5 function for varying cursor data on
a display screen of the party at the other end when cursor data on a

di splay screen of its own is varied. [Caim9] The nonitoring center

conmput er_ 20 according to.claim38, wherein said FSOf -Vvaryir function
varies safd%cuidd dg?glotr?rs%ﬁlg df gP él%er%sc?)eren%%fblg%?daep lrl?gmélet he ot her
end by sending only cur sor-poii tion-varying information of said nonitoring

center COPHABercPBISL uefart{t2ss838d [BPEAMCIOI RA CORMEM &Y i It Fret hod of a

nmonitoring center conputer for maintenance nmanagement in which maintenance
i nstruct¥adiios cemotuhyceértonfr omheaied moARtich i g TeAdroEOAPULT? to a 5
nonitoring conputer for nonitoring a facility, through pay station |ine,
sai d nonj origige cesteyr eanputier perfotovaigre 6Hdl | o ng =4 epbe istgri ng CAD
data of said nonitored facility
5 installed in said monitored facility,
a function for retrieving said maintenance
information from said database on the Dbasis of
said tag information; and
a function for sending said retrieved

10 maintenance information to either said mobile

equipment or said monitoring computer, or both.

[Claim 8] The monitoring center computer
according to claim 6, wherein said computer has a
15 function for wvarying cursor data on a display
screen of the party at the other end when cursor

data on a display screen of its own is wvaried.

[Claim 9] The monitoring center computer
20 according to claim 8, wherein said cursor-varying
function varies said cursor data on said display
screen of said party at the other end by sending
only cursor-position-varying information of said
monitoring center computer to said party.

25



10 in a database; receiving an image data of said nonitored facility stored
in a database of said nonitoring conputer as the party at the other end;
provi ding coordinates to said inage data 15 received fromsaid nonitoring
conputer to form imge coordi nate daf; superposing said i mage coordi nate
data and CAD coordinate data witch is formed by providing coordinates to
said CAD data; and 20 | ocating a needed nmai ntenance spot for said facility

on the basis .of esult of said superposition processing. %CI aim11] The
conmuni cg?hé‘r}“hefﬂid 5O%u%ﬁiattof?ﬂgmceeﬁﬁ%a é”ofﬂpﬁt érPorgt‘:E Fdi'hg to claim
10, 59 wherein said nonitoring center conputer perfornms further the
fol | owi ngesteds: SPAHWgeKai nfeRande2 i REGMARTON ST2BAPEMeDAI t ofed
facility; 5 receiving information stored in a storage of said nonitoring
conput erwhi cé t aga beitrgnanost ald edt irmcsai dnnonis oredmiodct 1 vt y semat nobi | e
equi prent, which is connected with said nonitoring conputer by a
communi catban |igeid 10 mehriteyrnagmi rianaaee i diipatiean necessasy
5 monitoring computer for monitoring a facility,
through pay station line,
sald monitoring center computer performs the
following steps:
storing CAD data of said monitored facility
10 in a database;
receiving an 1image data of said monitored
facility stored in a database of said monitoring
computer as the party at the other end;
providing coordinates to said image data
15 received from said monitoring computer to form
image coordinate data;
superposing said 1image coordinate data and
CAD coordinate data witch 1is formed by providing
coordinates to said CAD data; and
20 locating a needed maintenance spot for said

facility on the basis of a result of said

superposition processing.

[Claim 11] The communication method of a

25 monitoring center computer according to claim 10,



for a work from said nmai ntenance information on the basis of said received
information of said storage; and sending said retrieved nmaintenance 15
information to either said nobile equipment or said nonitoring conputer, or
both. [Claim 12] The comrunication nmeihod of a nonitoring center conputer
according to claim10, 20 wherein said nonitoring center conputer perforns
further the followng step: sending infornmation to a party at the other end
for varyi cursor_dat.a on_a display screen_of sai arty at. the other end
when cur ¥BETERE GiR AT 28O SHT By "Gbr S& o7 1 { SOBR TSI vaPPEEOR0° [ Ol ai m
131 The communi cation nethod of a nonitoring center conputer according to
cl ai m 12fuppdresr nthien Sail d oMirSr SE&BF hg step, said 5 nonitoring center
sends only its own cursor- position-varying information to said party at the
ot her end. storing maintenance information of said

monitored facility;

5 receiving information stored 1in a storage
of said monitoring computer or a tag Dbeing
installed in said monitored facility via mobile
equipment, which is connected with said monitoring
computer by a communication line;

10 retrieving maintenance information necessary
for a work from said maintenance information on
the basis of said received information of said
storage; and

sending said retrieved maintenance
15 information to either said mobile equipment or

said monitoring computer, or both.

[Claim 12] The communication method of a

monitoring center computer according to claim 10,

20 wherein said monitoring center computer performs
further the following step:

sending information to a party at the other

end for varying cursor data on a display screen of

salid party at the other end when cursor data on a

25 display screen of its own is varied.



60

[Claim 13] The communication method of a
monitoring center computer according to claim 12,
Wherein, in said cursor-varying step, said
monitoring center sends only 1its own —cursor-
position-varying information to said party at the

other end.



