1 TITLE OF THE | NVENTI ON REMOTE MAI NTENANCE SYSTEM MONI TORI NG CENTER
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FOR MAI NTENANCE 5 BACKGROUND OF THE I NVENTI ON The present invention relates
to a renote maintenance systemfor aiding in determ nations of naintenance
and its works at a renote |ocation 10 when periodic plant inspection or

pl ant mai ntenance is perforned. Mobile equi pnment is capable of performng
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there argrp/pirbpu® MOFEMPAY T €A RS oN-OFORXMHETENAN®RE case, a manufacturer
or a mai ntenance conpany 25 di spatches an inspection/ mai ntenance instructor
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BACKGROUND OF THE INVENTION

The present 1invention relates to a remote
maintenance system for aiding in determinations of
maintenance and its works at a remote location

10 when periodic plant inspection or plant
maintenance is performed.

Mobile eqguipment 1is capable of 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 1in the facility. However, in these
days of rationalization of man power due to the present business trend or
political disturbances in |ocal areas, it is being 10 difficult to dispatch
an i nspe&hieonfikiont etanéBSRGRE ARt 0P Lt ONERBtHRRNCENd t PRAPI oy&Ki | | ed
wor kers. Instead, needs for indirectly performn work instructions at a
renot e | ecatiah bednlsf apreawayp 17 badt heusi t enj sdepaedshsg 3 04 the ot her
hand, while comuni cations are being inproved worldw de, in regions of

af or emengu@irage pel i biycalh thst urthaneesot hekrocalasay eas apeé/razomegiaons with
very few comruni cation wusers, only snmall-capacity comruni cati on such as 20

the sat ebhid,gg£0RINicGAl] PRLGANMAS MefAgheRd hAy NBOY CASE asabefore. The
af orenenti oned problemgives a big obstacle in the work process for an

| NSPESL! B0 OF o IR PHANCE WOLY dShEUCId PNr e FU P 1e 220RANHERE! Y. the
I nspectl on or mal ntenance r
in the facility.

However, 1in 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 inspection/maintenance
ingtructor 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 c¢communications are
being improved worldwide, in regions of
aforementioned political disturbances in 1local
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

i ntention of one conmunication part

under st ah@ SttHeUF ROt | RS /A& Arohpesveirdrt FhenReCrgEiHiBRaneéd
system has been made avail able. The renpte maintenance support system

provi destae t echetlogyteby whorh t Heegaimstnancog workert n tleg 15afiel d can
obtain proper information on maintenance from a maintenance information
server ofjuldgmeAt SHRRSIdt Peresodomy Kiingnead ia ttedchniical thuppe@tencenter, and
recovery work can be done. (For nore information, refer to Japanese Patent

Lai d-Opegr 20, NQnedQ2-PL13: c AgkUald y however it is difficult to

correctly advice the nmaintenance | ocation to be

needed on a nonitor

to the 10 other to nake the other

support

Screen
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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.

Asg 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 1location 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 S54hat is present in a renote |ocation.
In the center, the inmage data is provided 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 bBBPsWIsh Aewertant hehagipsar#5d% tof <t Rdseth&oor di nat e
data, and the naintenance spot is known to the site with nmaintenance

i nf or mat poresgmtor dinveenoiphe presens | hoddivwomh, it Is 85 puusdbee to
correctly advice the needed naintenance |ocation on a nonitor screen from
the renmpaddtoeabinee t syBeesite,ai npegeor dance obfa anaEricenahece
instruction. 20 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an explanatory

di agram ghow figrad LYRi cal rappikcatiap Oof ot he RIASLEbAIYENdONLbe a gas
turbine generator; Fig. 2 is an explanatory diagram showng an 25 outline

of aSCOHW%.itcatiié)n §P¥isrewr§n0faa Pemote location. In the

center, the image data is provided with
coordinates to form image coordinate data, and
then the 1image coordinate data is compared with
CAD coordinate data for CAD of the facility. So,
10 the needed maintenance spot 1is located on the
basis o©f a result of the compariscn of those
coordinate data, and the maintenance spot is known

to the site with maintenance information.
According to the present invention, it 1is
15 pessible 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 DESCRIFTION OF THE DRAWINGS
Fig. 1 1is 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



noni tori

i nt er nal

di agram showi ng a typical internal configuration of a visual manual

ng PC5; Fig. 3 is an explanatory diagramshowi ng functions of a
network bay 23; Fig. 4 is an explanatory diagram showing a 5 typical
configuration of nobile equiprent 12; Fig. 5 is an explanatory

function 14; 10 Fig. 6 is an explanatory diagram showing a typical

configuration of an installation

i nt er nal

dat abase 48; Fig. 7 is an explanatory

di agr am ¥R FRT 40t yiBF c&lF i nternal configuration of a trial- 15 operation
dat abase 49; Fig. 8 is an explanatory diagram showing a typical interna
da

configuration B

med nt ésancen d&eabbaeabQr i gdigg®mamn &nshahagory

diagram showing a 20 typical internal configuration of a center PC9; Fig.
10 i s anfexpitahaher \ofli agnamwbew gay 2ypical internal configuration of a
mat ching function 19; Fig. 11 is an explanatory diagram show ng a

25 typical intgfigal Qonfiisgunati @xWfafafRyWer diagram showing a

3D- CAD
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typical internal configuration of mobile equipment
12;

Fig. 5 1is an explanatory diagram showing a
typical internal configuration of a wvisual manual
function 14;

Fig. 6 1s an explanatory diagram showing a
typical internal configuration of an installation
database 48;

Fig. 7 1is an explanatory diagram showing a
typical internal configuration of a trial-
operation database 49;

Fig. 8 1s an explanatory diagram showing a
typical internal configuration of a maintenance
database 50;

Fig. 9 1is an explanatory diagram showing a
typical internal configuration of a center PC 9;

Fig. 10 1is an explanatory diagram showing a
typical internal configuration of a 3D-CAD
matching function 19;

Fig. 11 1is an explanatory diagram =showing a

tvpical internal configuration of a member



difference determnation function 81; 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 ig an explanatory di agram showi ng a
typi cal internal configuration of a main-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 agr am SHdvi SR C & ohet R RB R LOT whitBR tHRP cBitier PC 9 has a work- item
input function 98; Fig. 16 is an explanatory diagram show ng a 15
configurati on FASwhi éR t & nBAI t BKPRG AL BrfasdERIT ®r IERPWANhpat functi on
98; and Fig. 17 is an explanatory diagram showi ng a configuration in which
t he nmoni topiga PC Sthasctiunet iofis ohfichenzener RGiOpsittowby n Fhg. 15. 20
DETAI LED DESCRI PTI ON OF THE | NVENTI ON An enbodi nment of the present invention

per f or N ma niysSteMiffof e peeid &li 8@ty NShEUEd ofuhe tidwt 8lil; or maintain a
facility at a renote 25 |ocation by using nobile equipnment or an IT 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 928; 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 generatgr 1. The system conprises a

nonitoring PC (Personal conputer) 5, a plurality of nobile equipnent 12, an
i mge-capture apparatus 13 and a center PC 9(Personal conputer). The
nonitoring PC 5 takes_in input/output process 10 val ue information and

control SPGRRICIABYr MkTBRtIF BR SpetXFofiddhtrol apparatus of a facility
serving as an object of inspection and naintenance. The operation control
apparatus and the rbb¥le dquibrent 1Zikaapese sshewdinget WyPdkcab The

i mage-capture apparatus 13 can be connected to the nobile equipnent 12. The
center P&pdliicatmstal | edfin a nonidrmetag cewtiort dnfaorcaoni sord hegm
information took in and held in the nonitoring PC 5 through a pay station

line 7. geoNexdedf!| oy otHenf opiRid et of iapesatiioh c@rty ol aandgaaf or mati on
of maintenance in this enbodinent wll be explained by referring to Fig.

1. Imput{qutpui.inferimiien of a contrgle 23.aRRanat UHpieesPntfolling the
gas turbine 8 .
monitoring PC (Personal computer) 5, a plurality
of mobile equipment 12, an image-capture apparatus
13 and a center PC 9{(Pexrsonal computer). The
monitoring PC 5 takes 1in input/output process

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

15 The image-capture apparatus 13 can be connected to
the mobile eqguipment 12. The center PC 9 is
installed in a monitoring center 4 for monitoring
information took in and held in the wmonitoring 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 fog 5 nonitoring or control, a control
digital signal or a trial-operation special neasurenent 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

i nput siYRBELAERF ardsni Bt HFRB e E&H SROPETP BF It e noni YORi it center 4

through the transm ssion/reception apparatus 6, the pay station line 7 and
a transngésseamdkcepitonutappgaeaindsasl 159f0n ahe dtHhEr hdRdmaa wor ker doi ng
installation and mai ntenance jobs connects nobile equipnment 12 to a

comuni ddbchi modem it ewtfiacde) s i Bstal |l ed atheach ahrartp) oudlbuty of

| ocations in a LAN 10(Local Area Net work) set in advance. Each 20 of the

nmobi | e egHEpFRMt 18nl r@ﬂr%%&lawagxﬂéwﬁtea 2 peastd yBChiHNukt o ¥ ead
function will be described nore as a function denoted by reference nuneral

{3,750 e A S GTR sy ool BBl bk ot gn o oo the
a trial-operation special measurement value.

After determining whether or not an input
signal has a wvalue 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 connectg 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 eguipment 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 geveral 1locations in 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 recogding and 5 transferring inmage
(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
through the comunication modem 11 and the LAN 10 along with the

i nf or matg enefiareye. 100dat ahet cradec&iwet: eom ehe thegeteaptur @f apparat us
13. Then, the information on the tag 15 and the information received from
t he irragehecanpihuiéeap@qua'm@eﬂe drz. serth¢o mdiei tentegquR@ment hridugh t he
transm ssion/reception apparatus 6, 15 the pay station line 7 and the

transm sgg ond 1 geepticiih @ppardt Uso 8.adheimhakordmpt ar On dhgatag ud and the
information received fromthe imge-capture apparatus 13 may also be

stored ipythe rmpbil 6 g9 Eldgrgan(t? argQulsn ke eenten RG2a1aPDGAP mat ching

function 19 matches recel ved i mage data 16 wth image data (CAD
data) froma ital e dat base 20. t.c hed | [
di sp%ayefdragﬁ grﬁ@e ﬁf“? hy (e %reAn h ge TRGTaki Lgr?sdfunctl on 17 is
CapaM(aéier%Lms%hg%fggIéghgré%or 1. The mobile equipment
12 sends the information 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

cen an image display screen. An image-requesting

25 function 17 is capable of reguesting 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 inmge display 5 fdnction 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- naV|gat|on requesting function
21 10 ardfanpliathge qeasor ehentobbadty ohmzEe T hidr kKA1 ABVYR € o} equest i ng
function 21 includes information on procedures to disassenble and assenble
each nenbiee of sheewintaiaed poitfoxmaThen nageereasarayent figwcti on 22
typically has a 15 function capable of selecting and neasuring a clearance

bet ween Raphpesiadbe .neasunenendidiéan obe cehei ed maheas egieasurregrent of a
ratio to a length used as a reference in the sane inmage. Information

(Data) ophaiLredhy executdon,@ket hg 20-¥a1i-Qusnd UNghia@fls desekilasg above and
information useful for doing jobs are displayed with overWW|t|ng on the

SCregn of .be [IROSd equesti ngy Lunctiong Ll p Ihese Ll mation arg sent to

the “nobiTe equi pnen e “Conmini Cati on means expl-al ned

earlier. The sent rmagion, 11
thus possfbfe 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 image measurement function 22. The work-
navigation-regquesting function 21 includes
information on procedures to disassemble and
assemble each member o¢f the maintained portion.
The image measurement function 22 typically has a
15 function capable o©of 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 1in the same image.
Information (Data) obtained by execution of the
20 various 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 equipnent 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
request i dgleMe FRagE &l spPayt 3crEEFYRE Sbt BRCILHOR il WP HEEISAry for

mai nt enance, the image-requesting function 17 is capable of |localizing

pl aces easfiorad mgoa dierhsiton tbhief freekhade begoadeenrbl drdangdé rtdge set in
15 advance, and obtaining the informati on necessary for naintenance. The

i nf or matt ppenecegsaryhker maiintte@AaGe d Nnclsudgs nuner i gad r latld axpr esent i ng
a wall-thickness decreased by oxidation in a wing of a gas turbine, a

wal | -t hi gkages-caysed Qyaveakdgh 2P a shaftabgaring, amdea Waldoddi ckness by
hi gh- tenperature corrosion occurring in a high- tenperature portion of a

bur ner . .%Qn%%@%ﬁ%ﬁg’ %gxiefsoglj.érﬁ%ﬁé:i '}g“@%ﬁg%é&‘e {@Pb!r?nategkihﬁ”e@er}@’ the

nmoni toring 5 have functions for equating their
di splay 12 . . .
£tc the mobile equipment are inspections and a
repair history. By executing such updating, it is

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 equi pnent , the 5 nonitoring PC5 or the center
PC9) is varied. In this case, they he nobil e equi prent 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 cursossrgdnspvatwal ey ,sane doondinates. alldawirgerne spepdricned shown in
Fig. 1is explained in detail by referring to Figs. 2 to 9. Fig. 2is a

di agram dhewlgy a tafmirhaaticon enwi r benmerthafetihe nomgsumeg AHDH. An
interface 15 of the HM (Human-Machine Interface) 3 transmts a signal of

the contsQhmpar s 21 hd ArRetWk bavirsr hawddi bons ausigpal produced
by the nobile equipnent 12 is also sent to the network bay 23. The network

bay 23 precesses a¥arkelam of (shanalmopiand sendsgesubb of the

processing to the nonitoring n e cas an instal’lation or
mai nt enance ,work, th itori PC 5 send i mage, data or voice_data to the
pay stat "SR e RS %#nggt?%f ggese%%’rllgﬁf ;%ﬁaggt u]sSZX.aane\Fllhe ch8e 25 of a
trial operation work, on the other hand, the 13
this case, they (the mobile equipment 12, the
moniteoring 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 is
explained in detail by referring to Figs. 2 to 9.
Fig. 2 is 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
eqguipment 12 is also sent to the network bay 23.
The network bay 23 processes a variety of signals
20 and sends a result of the processing to the
monitoring PC 5. In the case of an installation
or maintenance work, the monitoring PC 5 sgends
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 PGy 5 through the security apparatus 24,
after 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

mobi | e EnpwORing tBF oSghsehds netwsrke bay 1231 AR e sdaea df tthe trial
operation work described above, the nonitoring PC5 is also capable of
sendi ng Wbece pata t sttehiel pay sitanieon 15 | thectighrough thecwedhryty
apparatus 24 in addition to the operation data signal. Fig. 3 is a diagram

showi ng {ppatiaanssof24 he oet wonlk bayn23 shawd | nthi¢. mdnProedssgdata and
control data are sent fromthe HM (Human-Machine 20 Interface) 3 to the

data di stL}Pubor 27 St Pyoh a o suhbah 23 kheaddidd pPoriege slatas voice
data and enmamils are transmtted " fromthe nobile equipnment 12 to the data

TEE At L e
that the signal is a gsignal 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 ig,



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 image data, voice data and 5 emails) described above are
sent the first diagnosis function 28. In the case of an installation or

mai nt enance work, on the other hand, the data are sent to an
|nage/v0|ce/nall- hi story managenent function 31. 10 The first diagnosis
functi o228 i&sfraliasd rth M iPrbeBaIDNt PE| - daf HRAeQR YT AG 1Ppar at us 30
as an additional apparatus for storing data sent to the

pr ocess/wonkp ol -iat arr exot dirmg lappat &tals Bonct@rmhe basis of these data,
the first diagnosis 15 function 28 recogni zes the soundness of the

operati ng taedidhpn afnatplantaawl afdidf ercnse - oyat veed ceaclkoaper ati on
target value and an actually neasured val ue corresponding to the target
val ue. ThgeOpes At LA t agel V@lwe iinage0 yatde debardd nedidHr anset
condition that needs to be adjusted during a trial operation and

det egm negalar Sounness ofcan abbssl. Cadie dusts ofkhe besann zed

di f f ér ences, iagnosi s function 28 selects an itemto be 25

amtmtedemdﬁ%gyg t@aggk?gﬁdlten1U3tPe 1the

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.
Oon the basis 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 wvalue is a

20 value determined for a set condition that needs to

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

diagnosis function 28 sgelects an item to be

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
recording i mage data, voice data andgmils is 5 provided with an

i mge/ voi ce/ mai |l -recording apparatus 33 as an additional apparatus for
actually storing input data conprising the image data, voice data and
emai | s. The data received by the image/voice/ mail history nmanagenent

functi orfaOUZBL L% pRPETRRCYENt2 Hnatfd &r s8lvdr 1 #¥Aad ohh82 toeMp®Tevent ual | y
sent to the security apparatus 24. Fig. 4 is a diagram show ng the

conf i gurat iddre @l ayhef nolgit ¥orqud Prent 1Qn Thee voibexrcapemyd appgeg atus 34 is
a unit provided to 15 the nobile equipnent 12 as an accessory unit of the

i mage- caphage /apphcal/um 18 ohids bkl Sepatagederd s omiue: tt rage- Gapt ure
apparatus 13. Information (inmage data, voice data) fromthe inage-capture

appar at Uso 13 b £ A8 NPl SRaCAPTHAR APPRLALYS 34:20 A8 Hn £dsi i@ storage
35. The data stored in the storage apparatus 35 is sent to an i nage-

fitty N 38 h itoring_P : Lt .
| nf oPrRtTERUARIhr o TFSduest Thi or mabrae YAERT e ot VB o an 25

i mge-witing function 36, are sent t n.imge 16
g appa%atus 33 as an aéﬁftlona 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 eqguipment 12. The
voice-capture apparatus 34 1is 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 image-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 jigicorporated 5 in information fromthe
i mge-capture apparatus 13. Thereby, information 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 i magel 3BGE REERMEEEBunciyBRtIPR s 3dnt #B%% heé mMBFROFPAGIL 5. The
history information of the processing history update function 45 is sent to
an tag flet ehpaverwpitd ¢ uhemionm 48 td be Jéwerdbéd ¢ &t &he 15T e updati ng
function of the tag 15 is a function for updating information stored in the
tag 15 ilsekt ioveriwnfirentfiwncsénintd7t hes e tequtpreenimazie For

exanpl e, when a mai ntenance worker having the nobile term nal approaches

the 20 tegrddriqgfaneari 8di @a , maiAM®nanee Mdt Aedal r iweidepard tiefiuests the
nobile termnal to update identified information, the tag receives the

| nfogmaton SARGL AL PPLRE teld NAhagad disesu rhe g i arti on for
updating existing informati on. 25 As an a? ernative, the received
informﬂi?p s %Lereby, 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 image layer overwrite function 37 1is sent to the
monitoring PC 5. The history information of the
processing history update function 45 is sent to
an tag fetch/overwrite function 43 to be described
later.

15 The updating function of the tag 15 is a
function for updating 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 is



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;qsing 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
5. The mail received 10 fromthe nonitoring center 4 can be displayed on a
di spl ay fdded oho3Ehe moekssamg infsooraréen aCRork st aEdi onfsi gnal
from the nonitoring center 4 nakes a request for an output of a visual
manual datalpeset 4@ntshr eugh rhealiS-sronihor iongd €€ S5t oTheapdape dilgmal is
sel ected by adoption of a nethod described as follows. That 1is, the output
signal igxticansigr inEdPRakaal marker function 44, after the tag
fetch/overwite function 43 fetches plant information fromthe tag 20 15.
Exanpl es of the pLanteppforgntio fdombhe c 18115 ang ¢ HEpLFRI4QEN on an
installation |ocation of the tag 15 and infornation on a nenber of
i nterest_qr a work history,. The manual r. functiqn 44 l.ec

5 after 1‘%5 c{;gtatt%_.% r‘b r@éll(?‘ﬁos Y '}'ngc'agﬁ.lf—nw %tlﬁ

he Vi gual manual

i nformati necessary for work from e sto

18 , , . .
function 40, the mail is 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 wvisual manual database 42 through the

15 monitoring PC 5. The output signal 1is selected by
adoption of a method described as follows. That
is, the output signal 1is 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 1in the wvisual manual



dat abase 42 and retrieves the selected information fromthe visual nanual
dat abase 42. The retrieved information is then displayed on the display
function 39. 5 Fig. 5is a diagrams ing a content select function of the
vi sual manual function 14. A select signal 46 indicating a work phase
drives a select function 47 to select information fromone of a
installation database 48, a trial-operation 10 database 49 and a mai ntenance
dat abased&babgid e h4 2havedbemt piepaedthe agvdncd. eds iddsernpéd orarl i er,
the work phase is the installation, the maintenance or the trial operation.
Typi cal | froa treauali duplit mEnaawwrda phhsaesi ghal 28hef nderiewesd wor k bay
23 can be used as the select signal 46. The output of the select function

47 is  seREohmdtecncrees saliesh funcépoavald The sceeen gekeatayunction 51
is capable of selecting a 20 signal to be output to the display function 39

in accoEggg%gimﬁtgggignals of an external select function 52 and the
manual gurde function 44, which are used for manual selection. In

accordance wi tfy | of omat Lon fgom the, 25 control, apparalys 2.3 &l agnosi s

function of the wvisual manual function 14. A
select signal 46 indicating a work phase drives a
gselect 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 been prepared in advance, As described
earlier, the work phase 1s the installation, the
maintenance or the trial operation. Typically, a
manual input or a work-phase signal 26 of the

15 network bay 23 can be used as the select signal
46,

The output of the select function 47 1is
sent to the screen select function 51. The screen
select function 51 is capable of selecting a

20 signal to be output to the display function 39 in
accordance with =gignals of an external select
function 52 and the manual guide function 44,
which are used for manual selection.

In accordance with information £from 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 rmeasuring a process condition of generator being 5 inspected,
indicates a trend of the process condition of the nonitored object.
Therefore, the diagnosis function can identify the nenber having problem
of the object by monitoring trend of the process neasuring signal. For
exanpl e, 1nf the 10cwehpering e Bt & hilgleneipdrea umeneaer (PEl ;i s
increasing along with the tenperature of exhausted gas, it is highly

possi bl ecbhatoree xonbusd e nabaopedhi gmi.s bai processr edeasmmaidugti on to
that, if the tenperature or pressure of a 15 conpressor exist is normal,
that it ssghiaah) Yy nPassibl @ thagna lpr ekiere bas theed rai setshdtt het nozzl e of
a burner or the conbustion system These trends are can be known by the

measur | ”ﬂga@rﬂcfﬁé s gBi?"o d st Rich P8¢ orl Nor 20008 ES A0t UNL 1 9§ Makes

such trends known icates the inspection method for problens and its
routlne The dla 0si s Ct ] en sear ches for |n trugction C with the
problenslnfg %ggﬁpleln ]é%% ﬁ& cofitro r?oglc sgt vgﬁue obgénggg?uel
contr ol valve and a Pntr ggaratus and a 20

condition o 1tored 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 is
increasing along with the temperature of exhausted

gas, it 1is highly possible that a combustion

abnormality is being occurred; in addition to
that, if the temperature or pressure of a
15 compressor exist 1s 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 ingpection method for problems and its

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

25 fuel control valve 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 stojage and they 5 are displayed. Exanples
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 tochpedding icssuana inastmati 67 bindeansaft thilhy PUYEBEFY ot the

eval uation through the use of an email function added to the center PC 9.
Typi cal toenenttsioh daiabasesanr expaphaired tdsbdnd ohbawleFiog: & is a

di agram showi ng a typical configuration of a manual for an installation

dat abasepb48keik firahdscresn shaws mudbviory Hhdt umetHoan oiEst alhati on
procedure 53 of a 20 nmenber in the object or an expansion diagram If an
install athaePokgl O 0f QR& 0EhERENEAE S F3RMWNa Igt d PEgRXPaRE! Ahei,agram i s
sel ected, a connection procedure 54 of piping or wiring is displayed. In

addi tion, .4 V&&gﬁg%;desag%ﬂ%;%%s and {gal s 2333 SYGh ag,ne MO

spanner and one iI's shown.
are. The center PC 9 also has a diagnosis
function for carrying out the same diagnosis. If
a more detailed study is reguired, design

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

Fig. 6 1is 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
conmponent/tool sets each including ag1MLO bolt, a 5 washer and a nut.

Mor eover, cl earance/control nunerical values 57 such as a shift and a

cl earance, which serve as a determ nation criteria

i ndi cating conpl etion of

an assenbly, are also displayed. 10 The pieces of information are displayed
t he asi3d8£ B % pr for VY § @48l sO fror sagfpl €0MR e Jk Spr 2
is assigned to the large nunber of installation man-hours, and to an

instal | dtdohswob k ricquialisg chiepbdayeadt houtwed Iregard 1o sée@d t he nunber

on

of

ty level

installation man- hours is small or large. In addition, nunbers are

di spl ayesixamptler n 66r avo: di g sepaats opendti oovoKs suEeh assa renoval of a
menber after an installation of the conponent. If an incorrect

OF a W angmppelatit pRoRAS Beers sekeat edn A eI AgNda ABIsRge Sl presented. As

an alternati ve,

f romst he, begigni ng, §

diagram showng aty

15

numerical values 57 such as a shift and

an incorrect nenber or a wong operation is not

gi %‘éfh%tspoh o3l AR EON Th 2KEnce EbBe b1 S @

20 nenber

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

regard to whether the number of installation man-

hours is small or large. In addition, numbers are

displayed in turn for aveoiding a repeat operation

such asg 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 1s presented. As an alternative,

an incorrect member or a wrong operation is not

displayed from the beginning to avoid such

selection mistake.

a

25 Fig. 7 1s a diagram showing a typical

di spl ayed



22 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, gengyator 5 parallel in, load up, |oad
down, rated |oad, load cutoff, run-back abruptly decreasing the |oad or a
trip of an instantaneous | oss of the |load. The setting signal is sent to a
setting gui dance database 59. The setting gui dance database 59 10 outputs
adj ust mepengdicH patiwior ek i o oharvaHar Fel e-ett T hglvaPREr&icH s a
control-setting value or a fuel valve servo gain to a conparison function
60 for edshadpesatidh.phas€irMypi caf seéflt,i ngant empefrert 1he -yt i ons
phases are 15 explained as follows. In the case of the starting up, the

setting seilgral EeMESEBLS 88pUige Qpedat Eor t se@tiaugt typsicdlldlygas
remaining in gas routes in the plant to the outside of the plant, and a

var mng 4p,2Q g ustapnt Ok Akt 98iHd 10N adhushMent,d or VEEALAG t #Pparatus in
order to reduce a thernmal |load after injection of fuel and the ignition. In

the case,of Jhhg fpgfi\'gqu’o tcﬁ‘euspe“hg%d Sha0A r%grteesc?“tl%aadroﬁaéé&“a'
acceler aPI on adjustnment to avoi resonance of a rofor of
cutoff, run-back abruptly decreasing the load or a
trip of an instantaneous loss of the load. The
setting signal 1g =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 valve 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 o©f 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 1in order to reduce a thermal lcad 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



23 surging of a conpressor after starting up, and an adjustnent of a
setting value of a torque converter for adjustnentling the rotational speed
of an electric nmotor or a notive powes, till a S turbine reaches a
self-operation state. In the case of t3he parallel in, the 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 sl ugtiment o8f @& ISFUERREESHOT t Ad tsdifre StHatet 459t h@psyrmhdomr;zatl on. In
the case of the load up or the load down, the setting signal represents a
bi as adjadfoentmestich as f ual osearuiatgmspfmelhe confliti en tootsechi eve a
stabl e operation while increasing and decreasing the amount of fuel, and a

fuel - swdgliens d+mMigrad dstBRMe @0Uiagdashbur pelk a Spbhiallg Eple ecdnt rolling
the rotational speed. In the case of the rated |oad, the setting 20 signal

represenyg g, hi aél%@ﬂ%igenho%&h asrfugl mQEign atmggerltqlcpnddu on, ~an

adj ust nent of ratio of an air mass to a fuel nmass as a ratio controlllng

st abj |Itt%/ %l%onbustl . and a ellhfl st ment f gxhausted gas tenperature
25 a j ust ERE M wnf €A S5 DaBed tﬁg hatZled g

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 masgs as a ratio
controlling stability of combustion and a 1line
adjustment of exhausted-gas temperature

25 adjustment, which is based on the exhausted-gas



24 tenperature and adopted as recommended adjustnent of the conbustion
tenperature. In the case of the |oad cutoff, the setting signal represents
a fuel changeover adjustnment for 5 stabilizing a flame for fuel narrowed
down abruptly or an adjustnment of a mninmmfuel ambunt 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 conbus¢mprriatwrer oteds adoatapht by r sgdconme hded! and 1het vgfrdr enent i oned
adjustnent of a mninumfuel amount. In the case of the trip, the setting
signal df tapresenbssan afj tenpataafuree fuel valve to suppress a
rotational -speed i ncrease acconpanying an abrupt decrease in |oad, an

adj ustment of tihe chenperatdir grofrgghausi@d GascEm ,0r Bk tOeSHAM LSS an
abrupt increase in exhausted-gas tenperature 20 (or an abrupt increase in

combust | O hePes ahueHen U 4 0 AR 1EXERABIMAYE LAILIEs BURHIA OF £l roduced

fuel according to nmagni't ude of 't he or —another adjustnent. The

cont Lol 8PpAT3US, 2,UPRIT €313 OOy 25 Y2hue IRARMLGTRM Wl to the
abruptly or an adjustment of a minimum fuel amount
serving as a flame-failure limit.

In the case of the run-back, the setting

gsignal 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 wvalve 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 in 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 c¢ontrol apparatus 2 supplies a procesgs-

25 value measurement gsignal to the comparison



25 function 60, which outputs a conparison signal to a discrimnator 62.
If a difference fromany one of nunerical values set in advance is |arge,
the processing is returned to the sefting guidance 5 database 59 to repeat
the adjustnent of the setting value. If the difference falls within a
range of tolerance, on the other hand, the display function displays a
result of the adjustnents. In addition, if the trial-operation support 10
i s sel ecfeactarropdrtiti othtohr ccorBLES ce RRBPRA1gMe fob¥nalequPprent 12
is set automatically so that voice data representing a situation at the
onsite i3 recprdéthirRgor8 62.a dI Agraandshdw ngnaet yproal ang coméi guration

of a manual for the nmi ntenance database 50. First of all, a nenmber sel ect
functi ono63 wehectisc A1 mTenbetiet=0 betnaiat ahdedncdypiscalllaggaenbelis can be
classified into large categories, i. e., main apparatus, auxiliary 20

appar at ugraRd 4k | higt Y 1aPparatusndle BRI NtaPpagat¥s n@uxgliidanapparat us
and utili1ty apparatus can each be further classified 1nto nedium

Eaft e%origéta%ei sdo sy exa Iae.'_s oftthhet hea%idg@,(ggﬁrtat ugcare geturbine, a
oil é&r anda generator.” Exanples  of e auxi’l1ary apparatus
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, i1if the trial-operation support
10 is selected, an operation to record voice data in
the mobile equipment 12 is set automatically so
that voice data representing a situation at the
onsite is recorded.
Fig. 8 1is a diagram showing a typical
15 configuration of a manual for the maintenance

database 50. First of all, a member select

function 63 selects 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 classgified 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



26 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 alsobe 5 classified into snaller
categories such as a burner, a turbine and a conpressor. As an exanpl e,
the figure shows flows in main apparatus, which are a turbine and a burner
inthis case. Information is sent fromthe nenber select 10 function 63 to
a mai nt enBfic@ guPyave aaratreess. a Thabil deEARTteC §di FHHER @dthbase 64

i ncludes a disassenbly/assenbly dat abase 65, assenbly-tine

cl ear ance/ tehk eeanceswiepilat i gumpnt r ol Exammebe 86, o fcordomentt Adpltacenent
criteria 67 and a conponent 15 replacenent request 68. The

di sassendpyphassendl yardat abasgt 63 -ipiedvdes iimd orambhem tons t hendane and
| ocation of every nenber as well as information on configuration elenments

or the likgythe assepbly- tinmergkear gper{A ot geancedevi aiiagm capdrol val ues
20 66 include tol erances and cl earances. The tol erances and cl earances each

serve as.a,JLefefgce {aken |a R1q0ess . asaeutl e eqgh, of 4 grenpers. The

conponent - FEpl acenent ¢rrter ncl dde 1hfof mati on |nd|caP|ng a usage

limt of 25 each of deterkprated an/or dana ed states. The
burner, compressoxr. As

example, the figure shows flows in main apparatus,
which are a turbine and & 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 reguest 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 limit of

25 each of deteriorated and/or damaged states. The



27 conponent -repl acenent request 68 includes information indicating actual
replaced. Infornation selected fromthose stored in the

mai nt enance gui dance database 64 is 54isplayed on the display function 39.
Fig. 9 is a diagramshowing a typical internal configuration of the center

| mrage and voice data fromthe transm ssion/reception apparatus 8 is
sent to an inmage conbination 10 function 69 and a real-time conmuni cation

f unct i oncOMPOTRRE ofiteFk aBEMEHEE | nager €BHEIStat i on §&inct i ohcd®4®Ssent to

t he 3D- CAD mat chi ng function 19. The 3D CAD matchi ng function 19 is provided
with t heigbodimg t abni nagediat abdges 20 aehtadned membexs i et aas dre addi ti onal

menber

PC 9.

dat abase.

s to be

After verifying that data fromthe 3D digital inage database 20

i s mat chespWatde d nf or maticrmétinge sddtergt&gont tbe | AgE ccoshiadwadd on
on 69, the
si gnal - syht chi Ag f UpGliPNe ABncde iJRPgancDI Rad i QRafgNCt igh 69 gncl udes a
on for superposing pieces of inage data obtained as a result of

functi

functi

t aki Aty
or der

10

15

20

25

data is sent to the inage neasurenent function 22 20 and a

[ ' | ural Lty.0 i,r ' f or menber of interest in
toggggéeétyn%?r fgﬁlalé%%oﬁdign%%gg gﬁl}%‘%ggc%lrd%%ét es to image
Fig. 9 18 a diagram showing a typical
internal configuration of the center PC 9. Image

and voice data from the transmigsion/reception

apparatus 8 is sent to an 1image combination

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

earlie

r

as an additional database. After

verifying that data from the 3D digital image

database

data)

20 1s matches with information (image

from the image combination function 69, the

data 1is sent to the image measurement function 22

and a

signal-switching function 70. The image

combination function 69 includes a function for

superposing pieces of image data obtained as a

result

of taking images in a plurality of

directions for a member of interest in order to

set virtual coordinates on 3D coordinateg to image



28 end faces so as to add and conmbine attributes of I|ines, faces or
corners. The 3D-CAD matching function 19 includes a function for
superposing infornmation(inage data) of the nmember on portions 5 in the sane
coordinates fromthe image conbi nation function 69 on the basis of
reference coordinates or line, face or corner information from data
recorded in the 3D digital imge database 20 in advance. 10 The i nage
measur enepgd fliackions22 &8 aof wrtdi emd ocarasue nyt8imenst eas of t he
menber appearing on a display screen and outputting a result of the

nmeasur entiines, a heaser ement <datme rsavi ng/ nB@haged@rtCADncrpamrlynand t he
signal 15 switching function 70. On the other hand, the voice data is sent

to the reahdd MBncomuniigatl @de sf UAC iEQh Jdiahongon t hsuperipmgendat a, and
the real-time conmunication function 71 passes on the data to the

s gnal - SYLIeeli g A WREL] AGE0- a20 alheot gpAk: SHbkel #10okinghi Y dssends the

data to e real-tinme 1 mage display function 18 and
tran%gitted- nf ormation process.func

Funct on 5o U SEIAVe CARBRRERRGT 1 EACH | T nipeS ety B ER Rl 26 by (he
signal _S\J‘,Emutllcchizl{]gnf u6n§t Io%n Z%e Fggsis of reference coordinates

or line, face or corner information from data

recorded in the 3D digital image database 20 in

édvance.

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 image data, and the
real-time communication function 71 passes on the
data to the signal-switching function 70.

20 The signal-switching function 70 sendsg 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



29 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 betwgen 5 an actual site screen and design
information as well as conmponent attributes. 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
positi osamplermatién atnfrhmasioh arcatpud Bpparthgs ihRt&ACed at the
site. If information output by the real-tinme conmunication function 71 is
sel ect ethattdbipreseftusec taati on 16f t hies si tsseLantegk, verafi etmaee real -tine
comuni cation function 15 71 is capable of carrying out not only

conmuni GmPNaeld Opetdi reshi enp buda8hso a TPEHURI Caprepadadt wa sdi rections.
The real -time conmmunication function 71 al so enables a network neeting

al | ow n %é%%tdo tOQP&&haﬁ@dl%f@gf;@ JPPELYdGesC SE wheadnd the site

in the obj dition, at a trial-operation time, the voice data

h d f.th II | f
Vor co h nd G SPEcqndms dIqTEPE “FPom hefaat AL e ek EFN (RS 25

measur enent - dat a savi ng/ rranagerrent function 72 as ) .
well as componen attributes. If information

output by the image 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 informaticn
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 directioeon, but also
communications in two directions. The real-time
communication function 71 also enables a network
meeting allowing information te 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
fregquency different from voice data stored in the

25 measurement-data saving/management function 72 asg



30 voice data representing a normal condition of the site is generated, a

warning is automatically

i ssued. The transmtted-information process

function 5 77 sends data displayed oy the real-tinme inmage display function
18 to the nonitoring PC 5 of the nobile equipnment 12 through the

transm ssion/reception apparatus B. An inmage of a

facility being nonitored

is conbined with CAD 10 data, and an inage data obtained as a result of the
conbi natT®hCces $BRE | REBFESCRBiNE LR £PFBPer CPRSLUEPTorP T o t%wr ker by
indicating a difference fromdesign information to the worker. In addition,

the tag slate i s Sengene zawek

1% s@R&st: t@nctison FALSMR G hEediati on from

the work- navigation-requesting function 21 set in advance is selected or
retrieveflskaelke transmtted to a data attachment function 75. An

i mage-witing function 76 is added to the

20 data attachnent function 75 as

a function for rwei ttirgnkRfiarved i om Meeassaoh f prddes workuaveri ogXi sting
information. The data attachnent function 75 sends only positional

t he

functlon

10

15

20

25

|nf

transmtte
display function 18 to the monitering PC 5 of the

mobile equipment 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 issue 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 procesg function 77. The transmitted-

dat a of

m ;L?&@son & 88" eagslpolwsdt ransmidited 2o hnfof Bt i g ocess



31 information process function 77 sends work- supporting information to
the site being maintained through the transm ssion/reception apparatus 8.
51t is to be noted that, in additionaﬁo information fromthe

wor k- navi gati on-requesting function , mai ntenance 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

i ncl udesindfcormatiiom f r e de sismagd ureat deement? 7 f ureehd® 22 worhle-
information can be retrieved by associating the information in advance or
associ at ngpdret i nhor mat ndrohyatdiorg t ypiccal | yhel5 | sfiarerat | dre iomga

noni tored portion. Fig. 10 is a diagram showing a typical internal

confi gurakiien £ nthe 30 KABURL chi R e fUNetbokds sThe j FRgR At @nsent by
the i mage conbination function 69 and the CAD data sent by 20 the 3D

digital | databgse 20 are matched by a coordinate recognition function
79 so thgg%t%h%y %oi ncide with each other on the sane coordinates. After

(fie JRChing prpgess.. 2 SupeLeosL ot (G on 89 SUpRKReSes, hege | mmaes
information from the work-navigation-regquesting
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
associating the information in advance or
associating the information by wusing typically

15 information on a monitored portion.

Fig. 10 1s a diagram showing a typical
internal configuration of the 3D-CAD matching
function 19. The image 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 792 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



32 representing a photographing direction, a photographing distance and a
phot ographing contraction as information on a photographing nethod adopted
by the inmage-capture apparatus 13. 5 TBe superposition function 80 makes
phot ogr aphi ng- point coordi nates coincide 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 nmenber of interest on the 3D CAD.
10 The s#sRPOSEALIHSr mat fon | PhiHerosaphinga nRHBEC ©l PPRer encé

determ nation function 81. The nenber difference determ nation function 81
al so repdiotesgiradrimgi on fismaneai n- memder tal er aricet odifdrhénge dat abase
82 at the sane tine. The 15 nenber difference determ nation function 81
sends i kfcrtebced on aadenben fleteakiinatd asm neRnberhéoodreaashbpected to a
mai nt enance work to the transmtted-information process function 77 as

i nf or mat i Wb Eh Aadbkias erge gakengi hayend-apkange FpLEakelerance. Fig. 11
is a diagramshow ng a typical internal con?lguratlon of the nmenber

diff d - i on : O mef f y
83 1 of redbant Eng Basnset o€ BeE REner oy Belffa  BSe gl hbns et e

recei ves . . : . . . .
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
gurface of a member of interest on the 3D-CAD.
10 The superposed information is 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 is 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 o0f the entire object to be maintained receives



33 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-CADgata as the 5 whole of the gas turbine
and its real inmage data, and the superposed 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- nenbBE optat 4Rde diHPBrehBE dRHDRAEECSA L TRD t K&IHakL&Tof §he 3D data
and the information received fromthe main-nmenber tol erance difference

dat abasel82, tthee i neslier abfe @payatus tovobdnsat egeneasgn®i-on femcti on 84
recogni zes a nenber whose 15 appearance change val ue representing a

deteri orakbaepland/ artha deiol ret-iionagrceedsocgnini enanfenvad Len a3l sets the
recogni zed menber on the 3D data. A signal output by the intolerable

appar at Usr el nate ag%@gnbyl %%é%@tdé)ﬂn§4 A5- 2Arsedh ko AsMIWer
coordi nate recognition function he nenber coordi nate recognl tion

funcl on, 881 08 s %51 0B PRECSHNA] 1G4 eI AN aaipplles the

generated si to a argenment request ction 86 The

| | r 2 nl ar n f uncti.on ner
ocal member 25 enlargement request function 8fpgenerates, (o 4

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. Oon
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 1is
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 local member
enlargement request function 86. The local member

25 enlargement regquest function 86 generates



34 information of the nenber enlarged on the inmage and supplies
generated information to a photographi ng procedure control functi

t he i mage-capture apparatus 13 inclu

t he
on 87. If

a 5 phot ographi ng-direction

adj ust rent apparatus, the photographi ng procedure control function 87

supplies
transmt

15 nobi |

i mage di

are gis

di splrays

10

15

20

25

a direction-instruction control signal of the apparatus

to the

ted-information process function 77. |If the inmage-capture 10
appar at usnfnnrt baes Ad pldtogmenbPag- derdaidnd adpustment 1838
t he other hand, the photographing procedure control function 87
signal iaddcatsngpd reshodcloé phehegredphdlng ithEomerdieicon the scaeen of the
e equi pnent 12 to the transmtted-informati on process function 77.
Fig. 12 pRo@ ot 2gpamrshow Mgc b¥pirtal cdmf pemat Eam i put By .t he menber
difference determ nation function 81. On an all apparatus 20 display

function. g8 Seri’ﬁgge@%a?%f;h&%} tYEb‘E)%'raé&éeen,lﬁn aliln oPj, 86l appar at us

splay funcCtion 89 and an ©

I hat ay function i ncluding

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

apparatus 13 1includes 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
mebile 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
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

image / CAD combination digplay function including

atus, on
supplies a

j ect apparatus CAD display function 90

PhRkediod fofddid LgR-he bl aRparatus oo silay, Lunct ! on £8 al so



35 difference 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 image / CAD conbi nation

di splay function including difference position 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 mage phdiédgeaphiag copersdlt i ahor ndtisonl @sveleosud@ £ dumetiiom 92 Skrving as a
second typical screen, on the other hand, a determ ned-nenber

enl ar gedebrageedi g3 ay f uechilon XX r epreseptisng Bosi gnl Wuepwtll by the

| ocal member enl argenent request function 15 86 is displayed. The

det er m ngg5eRithesppdlad g8d- imBge SPban UpGhican O3 is® i ahar r@iéon on a
photographlng procedur e adopted by the image- capture apparatus 13. An

exanpl e a%ﬁegriggg Pl 00 | 628 PHALAOT PN 80,051 BN 520, T eDragent ed by an

angle of rom a orlzont ne reference passing through the

d h d Y h
T3 | Rel UbRa S ¥ b RO TAREL B, Of S AmSIC B BEnCT B TOIBHIF 25 16

sent. The control signal conveys |nfornat|on _ _
difference position disclosure information 91

emphasizes differences between the all object
apparatus image display function 89 and the object
apparatus CAD display function 90. On a 1local
10 image 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 1local member enlargement request function
15 86 1s displavyed. The determined-member enlarged-
image display function 93 1is 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 is sent. The control signal conveys information



36 such as a horizontal direction of a degrees, a vertical direction of
3degrees and a focus of y. Fig. 13 is a diagram show ng a typical structure
of the main-menber tolerance differenge 5 database 82. Typically, a
shaft-bearing tol erance wear thickness 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-stath téeckaeskogs zgmtadl | dikecaidonceifone f ctegndiedt i iy an
oxidation wall reduction tolerance value for a wall reduction caused by

hi gh-t enper atiareel gds richat i can die fehegaeed bl =eaSecats oM ng.end in a
turbine. Typically, a 15 transition peace tol erance damage thickness 96 for
i ntroduci ng gastd ur bize busnedagasiidgaatur kihewihss aaf uncypamralor

i ndi cati ng a damage tol erance value of a danmage caused by burned gas. A

sensor  byrpkenr Wde O Ol cald ynlpehiiies ok paLIQN e RPekayeud s of all

signal wires of a tenperature or a pressure sensor as CAD data. On the

et S, clogtUBRRE, 5% ShyAILIIY ony L0 FETRL Sl e sdeler 1 on
member Zv?egirf fte}rlz?gﬁ%edseéegg nﬁtaisonaf ufnucrtlci:ggo%l if(sirt hfrsldicat ing a
shaft-bearing-side wear tolerance value of any
rotational shaft bearing and a rotational-shaft-
gide 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. Cn the basisgs 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



37 capable of including information on the selected nenber in information
to be transmtted to the center PC 9. Fig. 14 is a diagramshow ng a
typical 5 internal configuration of ghe visual manual 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 nobile equipnent 12
conprises the select 10 function 47, the screen select function 51, a

wor k- i t e@aRfRE ef Ut | BACIR EHYTIt B §rEmalyt oPuneli ohSo. Stie tkRtler PC 9
conprises a procedure verification function 99, a determner 100, a

wor k- si t eemdeari f i sat iiof Jumatileom 1000 andea 15 amrveblted ertor Woek
information select function 102. There are a plurality of enbodi nents in
whi ch theeatr&ri Pe€m3 nput function 98 receives information fromthe nobile
equi pnent 12, the center PC 9 and the nonitoring PC 5. 20 A sel ect signal
46 indicating giwrk phasejs(wa chgear hemansimsyahbat i®n warkical

mai nt enance work or a trial-operation work) selects information fromthe

instaf | a&innggﬁg%ba%o%%gn%aé# | - oger at i@, databasg 149 angd,the

mai nt'enance at abase whi ¢ ave been prepared I n advance,
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 eqguipment 12, the
center PC 9 and the monitoring PC 5.

20 A select signal 46 indicating 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,



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

t he proca8stte thetpnti | ef e§lionepl et LTRELAGK- Afem i nput function 98 is
provided in the center PC 9. In sone cases, the work-iteminput function
98 has a functTha fortwpeti fgfnglen segeaeti dnrcarioed it by &9k son doi ng
wor ks on 15 the basis of information output by the i mge- capture apparatus
13 bef oreci rd t sag ddie wenidded £fumd ©i oat iON. aMd et Het gt sceidurde
explained later by referring to Fig. 15. Information output by the

wor K- i t eghi-ARUlc 4 29 chungtid: 98ni So8ent tPn ERG- U OEBAUr 8uMeghht | GFi on
function 99. The procedure verification function 99 also receives

i nf t] b I funct | A7. jficati
Funct ont 280 Hot FPeld hEcTnr o8 RO oftput® b Sthe. vt & 06 G nput |

funCtloni%gm\M t:erllptuhte IP&SE%%I?” 908ljtpau15.d 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 basis 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 alsoc 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



39 by the select function 47 to conpare the progress of the actual work
with a procedure described in a nanual and supplies a result of the
collation to the determ ner 100. If 4he result of the 5 collation indicates
that the work has been carried forward in progress according to the manual
procedure, the determ ner 100 produces a good' result of determination. In
this case, the determner 100 supplies confirmation information 10 to the
di spl ay BYinéthonssde¢t thHenesd@n 6f the COIParFontNRJiREPES STt the work
was not carried forward in accordance with the procedure of the nanual or
t he wor kohashgi vaatara l npoager wibitk arpswiagdonet ke sthdrbddndn tahe

determ ner 100 15 produces a no good' result of determination. In this
case, theadeaiarmaner QGphiesnsaa veskisi tef ileatidbtataimiofiuncdi on 101 of
the result of determ nation. The progress of the actual work is conpared

Wi th the.peocegdur g qeseei-bed; pg .t he 20 fmanydle by rePREI N A WaHke | t em of
the manual with a recognition signal representing the work itemin the

cent g1 PG, 911l i 09 4 NetecouphLion ALORAL i LANSTLELG 0. the basis of an

i npuf’ r et ved From e equi pnent as an i nput icating 25

| i on of rk i m |In th
conpl et gor%agye %ﬁl ﬁﬁ%gresé ea%%%% 1ng to the manual

procedure, the determiner 100 produces a ‘good’
regult 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 ‘no 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 sgignal
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



40 continuous work procedure, agreenment with a reception order is

exam ned. If the recognition signal of the work item has been received not
in accordance with the procedure desgribed in the 5 nanual, no agreenent
with the reception order is determned. Since the conparison process is
carried out at a renote location, tinme information can be attached to a
recognition signal transmtted by the nobile equipnent 12 as the 10
recogni t fomtsimnalisr eprmaseht | ngrokedwr ki t emdinreeneddr t owiehhance the
preci sion of the conparison process. The work-site identification function
101 al seekenet Yoa thedaddr dss ekanhenadbi | e EfuiginentredSghd t Tibe addr ess
is used as information for identifying the nobile equipnent 12 serving as
the souggerdlther recri veddf o i aRvs Absicdnah-e cui Pl biottheiwork-site
identification function 101 is sent to a procedure-error work information

20 sel ect, JuncaLARIOZ, 5 Lh ORI Oy fBIdEr EAURBIRN 1 0] | S isep et hat s,

if aplurality o i equi pne are not u e work-site
ident'ficatioq{function 101 caq}be.eliniqﬁted. Th%Le are a Eluragity of
met hods PER4et er fiRi P RCE8SAT k "1 1R, §1AC accor ARACE Wi (9 OR& of St he
met hods

determined. Since the comparison process is

carried out at a remote location, time information

can be attached to a recognition signal

transmitted by the mobile equipment 12 as the

10 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

15 12. The address 1is used as information for

identifying the mobile equipment 12 serving as the

gsource of the received information. A signal

output by the work-site identification function

101 is sent to a procedure-error work information

20 select function 102. If only one mobile equipment

12 is used, that 1is, 1if 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

25 work gite. In accordance with one of the methods



41 for determining a work site, received data with an error retrieved by
the procedure-error work information select function 102 as wll be
described later is assunmed to be datagyfransmtted 5 froma site with the
error retrieved, and the address of the received 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 e§OEpriEMETNif 1 R%a VRS tel hfid &£ SoPRVad 13t rEEtF e\ from a
result produced by the procedure-error work information select function
102 as weklrcse desztrbedddterbyo behgsedpirrcefyantieyireg an widkess
recorded in the work-site 15 data as an address of the nobile equipnment 12
associ at edfwidnat henwor lsesi ¢ et Théuprcockdnr e- oRor war k iwif ot matbhen sel ect
function 102 al so receives the information from the procedure verification

functiongQQ asi B84 Nf QrEBL i 08 useduheld sebedtd NGt BT abk gALEANEsat i on item
generating a problemin the course of a work step. The procedure-error work

onCE SRSl VB L % aunplsd e st ed | e o the o <ol 2y

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

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

15 data ag an address of the mobile egquipment 12
associated with the work site.

The procedure-error work information select
function 102 also zreceives the information £from
the procedure verification function g9 as

20 information used for selecting a prcblem
generation item generating a problem in the course
of a work step. The procedure-error Wwork
information select funection 102 supplies the

gelected item to the display function 39. The

25 information sent to the display function 39



42 typically includes a warning (Warning!), a problem generation step
(Step 00x) and error recovery information (See Manual No. 1.1.1) as shown
in typical procedure error informatign 103 of the 5 figure. The procedure
error information is information used for 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
pr epar edt YPA c2 kkpartdt ¢! Hdeshade v RAnsH R ENAGT he- e oP Y Obd&bery
information along with error information, an error procedure and an error
| ocat i ongeas e 1dtentdtiépd dEtemt K per 888 dot Agox wo¥ RSOy ggeier at i ng
the procedure error can be provided wth a work procedure for a process of
recover yintwamd heoer r drsed n Mdditalon,Na. pl ural.ity ods pseeces ofimrror
recovery information can be selected. One of the pieces of error recovery

20 inforgpplidinl S BEBAe dELBYERY & Or MAHMmPteRA edLoBN advangesfor a
manual procedure causing a procedure error. Another one of the pieces of
error refgégrrye_i nformation is error recovery information prepared in
advance tor a procedure, 25 which was transmtted fromthe nobil e equi pnent

12 . . .
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 erxror can be provided
with a work procedure for a process of recovery
from the error. In addition, a plurality of
pieces of error recovery information can Dbe
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



43 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 mppual |y or automatically and an input
of areturn 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

r epeat edwhiell a herogstseiwirgere 10T precdugesexatgopdd result of determination.
Assune for exanple that, for a work to be carried out in the order of
steps A 4 B 3 @8nD, at heawr«sis factual | dicar¥aed oft the hemrder of steps
A3 B15 3 D In this case, the determ ner 100 produces a no good' result

of det er gkaatjoPyantn Ebempt eedusa ether HAlP @Y ofuddd isdhwws: ¢pnual  No.
1.1.2. In accordance with Manual No. 1.1.2, the | ow of the procedure shal

go back tgl mmediately ?Qc .\ﬁ%fgi Ng; §lrRP- B #RdA_Work shalkohe ragried out
to restore the result of a jo one at step D. The procedure error
information 1 shows correct r k an%j if the detg&nine&e%po roduces a

a
“good rBEHME ot Y d&ter AT DR PRI ¥ i REY tHR 2L RIOF kSt e Fiput Function 98

enters a state of . , .
work item 1s accepted by the work-item input

function 98. Then, the procedure verification
function 99 verifies a procedure of the error
recovery procedure and an input 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 =2 C 2> D, the work is
actually carried out in the order of steps A = B
15 -2 D. In this case, the determiner 100 produces a
‘no good’ result of determination and the
procedure error information 103 ghows 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 error information 103 shows a
correct work and, if the determiner 100 produces a
‘good’ result of determination this time, the

25 work-item input function 98 enters a state of



44 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 neans 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 showi ng the condition of a work done
by a worKeitiTHe ot 65 n§NPC S ednprisear@err e Epts BAPHeaRs Porlrecei vi ng
work condition data fromone of nobile equipnment and a transm ssion neans
for transinets nghiehef ok oéndt heorpdargdwrds hagorgrer eapkoyed in the
nonitoring center. The center PC 9 is perforned as a nonitoring systemin
order tossemplBfy an operation to make a request for a procedure error. The
nmoni toring system conprises the procedure verification function 99, 20 the

work-site idengyfi€gki oO8akénClicied0l @R amobriansmsghoprEeans.1Jhe
procedure verification function 99 is a function for conparing work

condicti 00 gt 4 oput  LEOMane, phya PLUCAIILY Of s MPRly epaqul gL wi th
manual - wor ata of a 25 dat abase. e work-site identification function
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 is 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 1s performed as a monitoring system in
order to simplify an operation to make a reguest
for a procedure error. The monitoring system
comprises the procedure verification function 929,
20 the work-site identification function 101 and a
transmission means. The procedure verification
function 99 1is a function for comparing work
condition data input from one of a plurality of
meobile equipment with manual-work data of a

25 database. The work-gite ididentification function



45 101 is a function for identifying a specific nobile equipnent

corresponding to a work site

dat a

error

t he pi eces of work

nobi | e

in case a conparison result progly
function 99 indicates that

equi pnent corresponding to a work site represented by the

the pieces

represented by the m smatching work condition
ced by the 5 procedure verification
t he pieces of work condition data do not match
each other. The transm ssion neans is a neans for transmtting procedure
information to the specific nobile equipnent in case the conparison
10 resul £ 0pr oduzedaby fwecprisveduierveridpoati
condition data do not match each other. In addition,
t here areodidlar akiguwi mhemibi | ecrequspmedti nand tbe eonpacirkon sisal t
produced by 15 the procedure verification neans indicates that
of work eepdidé@nt@da abgo d1é Malha teach®t hemk by oindent i by ngaaspeci fic

ingunct i oAPeT i h#lfcat es t hat

i f

m smat chipg workecondi ticQindatasdde 2@ Horput o sanbawed Ly thepgoni toring

center

requi
r angeg

is capable of presenting necessary information to a” the party

g2 8la R LeYERY 008 RLOCGUNE (LS, TBYS [ 003 M KaSTUL T a broad

5 Supérvi sor

procéadt 'S |npu

supervi sing the work, there i no ne
P L B %

10

15

20

25

e pleces wor congltlon data do mnot match
each other. The transmission means is a means for
transmitting procedure error information to the
specific mobile equipment in case the comparison
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
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
computer employed in the wonitoring center is
capable of presenting necessary information to a
the party requiring that a request for a procedure
is made 1in a work site of a broad range. In

addition, since the procedure is not input by a

supervisor supervising the work, there is no need



46 for grasping the entire work so that it is possible to elimnate an
error caused by a supervision leak. Fig. 15 is a diagramshow ng a typical
5 internal configuration of a systemjg which the center PC 9 has the

wor k-iteminput function 98. Explanation of elements shown in the figure as
el ements identical wwth those showmm in Fig. 14 is omtted. In the system
each of a plurality of 10 nobile equi pnment 12 includes the display function
39 for df&p aydrgSMEREl WOtk d&td b¥ea FABbasEC ThEdPoni £6ri n§SPC 5 has
the i mage-capture apparatus 13 for fetching an inmage of a facility being
nmoni t or ed 0o ]l emget @aptalt emappeiat uRn3 BXneunsmiayselse f 8ched i nage to
the center PC 9. The center PC 9 conprises a neans for receiving an i nage
from t hesuprger Capbur €l @appar atus 13 and the work-iteminput function 98 for
inputting work condition data representing the condition of a 20 work done

by a worker. Thegi.nmagesreceived fr@mibheid Mgerkabhyr € a appaiataig113 is
exam ned to veri?y an operation carried out by a worker on the facility

sideg VeESNdhtlopdala, pakarad Byea 2OTIPLAR he 2onfrOhercpde 1
pt ed by e worKk-itenti nput

center PC 9 hasg 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 includegs 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 image received from the image-capture
apparatus 13 is examined to verify an operation
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



47 function 98. As such, since there is no need for entering work
condition data from nobile equipnent 12 at the site, it is possible to get
rid of a procedure error caused by ag;input mstake made by 5 the worker
working at the site and possible to present necessary information to a the
party requiring that a request for a procedure be nade at a work site of a
broad range. Fig. 16 is a diagramshowing a typical 10 interna

conf i gur BHPGT BPNa X st e s nSWHilth FHECPoENSFE nd PCS Hageehef Ybr k-it em

i nput function 98. Explanation of elements shown in the figure as elenments
i dent i cabnwietti ngosw showeridi Fign 1datias ondmt eebbAlsupegvilgoredh t he
facility side 15 verifies an operation carried out by a worker on the sane
si de andienters the vetdifd ediaperiat i pdpss Vbl k coadigean dada bEf aacepted by
the work-item input function 98 enployed in the nmonitoring PC5. Fig. 17 is

a di agr ag-shainged dypbealcadeldntigy nalh conblLgurat senxad Aagkstepn in which
the nonitoring PC5 has the function of center PC 9 shown in Fig. 15.

Expl ti t ; in.th i . i [ ith
R S S R S R e R S T G
t

procedure error can be confirned even a%.
present necessary information

toe a he 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 1in 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 1is 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 is omitted. In this monitoring

25 system, a procedure error can be confirmed even at



48 the
i nstall

site. By virtue of the enbodi nents descri bed above, a work to

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
i mage, a voice, an ermail and “design data, which are transmtted

using an
froma

Thus, ev
| anguage
be exch

snoot hl y.

manner i

contr ol
periodic
control
net wor k
apparatu

10

15

20

25

monitoring systeminstalled at a |ocation renote fromthe

plant. 10

en if the I anguage spoken by a worker is different fromthe
tdfe thetsupporter, intentions of the worker and the supporter can
anged between them and understood by themin both directions

15 | Byadditiary afwirbe i astrati menteandbe aqpviead iabaveeal -ti ne

n a systemconprising a nonitoring apparatus for periodically
col l ecting wars regorich 8gailnpus/ GH UL iRROCESS drl wase ©f rak - PpRERt i ON

apparatus enployed in a facility 20 of interest as well as

Ydye £aLliCAL EQL%@Q recardi gy C@BE&%Jt:?bﬂnaé% of nEhe, ppgkat i on

apparatus, a"plurality of nobile equi pnent conposing a |oca
t.oget her mnth % nDnltorlng aQParaEH§ i e/v0|ce |npg%/output 25
to qU|p

can

ETnn8ct abT ™5 THe  imobi ¥ 8

gsupported by using an image, a voice, an email and

nt and

desgign data, which are transmitted from a
monitoring system installed at a location remote
from the plant.

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.

In addition, a work imnstruction can be given
in a real-time manner 1in a system comprising a
monitoring apparatus for periodically <collecting
and recording input/output process values of an
operation control apparatus employed in a facility
of interest as well as periodically collecting and
recording control signals of the operation control
apparatus, a plurality of mobile equipment
composing a local network together with the
monitoring  apparatus, image/voice input/output

apparatus connectable to the mobile equipment and



49 a nonitoring server for nonitoring the information, which are collected
and recorded in the nonitoring apparatus, through a pay station line. 5 On
the top of that, by using any one of %@e foll owi ng functions, necessary

wi t

information on a work can be obtaine

site.

The functions include a function for

hout a departure froma work
automati cal ly displ aying

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

di spl ayi &g i nferh tohr a8senbl ys of VElfe

mdrer an@os idompadnent ortRepl acenent

tol erance values, a tolerance-range display function for displaying

process vafwasnasidnf,or wéviat iatang thelle goedal aydofrebeombederina

digital -image-capture function and a function for recordi ng additi onal
i nformatipa i morhie: bpfiergatd Ppaaequis ed b roheyh otderpdynckcansiof The

i nformati on on mai ntenance of a nmenber is a visual manual show ng,
others, ¢taw ngs of conponents, a repair history and disassenbly/assenbly
procedures. Exanples of the replacenent values are a clearance and a wear

SKeten) 25 R thdithar & OH e BubBRR T o SpPayd LAY oRiE bE"RAnd @

sketch.) 25 Further

10
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25

ic n

following functions, necessary information on a

work can be obtained without a departure from a

work site. The functions include a functiomn for
automatically displaying information on
maintenance of a member to be inspected, a

function for displaying inform on assembly of the
member and a component or replacement tolerance
values, a tolerance-range display function for
displaying process wvalues used for evaluating the
normalcy of the member, a digital-image-capture
function and a function for recording additional
information in the information acguired 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

among 20



50 for automatically displaying information on maintenance of a nenber
receives a signal transmtted by radio conmunication froman tag installed
in advance at a necessary location ofcga 5 facility of interest as an tag
having a recording function and, by execution 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 Epfor megiioemabi eevary bydéeariaydndof alffeamadbifér upBating an

i nspection or repair history input to the nobile equipnment, the tag is
capabl e mbinﬁemanﬁem]imﬁpecaionmamhbexantaa@ﬂxssfroalbmaugdaloveﬂcxmed
due to human errors for exanple at periodical inspection and repair tines.

In addi t terndhetdiesp! ayyf upaldions ebmeashi caehide efidbpmenin thgghoni toring
server and the center PC each include a function to display the 20 sane

| nf or mat oy Ofn B8 SERCENSy Oh R T HBCL] Ofel o AMEYA ] YR on' i SaNe

di spl ayed informati on. Assune for exanple that information on a cursor of
any eci.fic

R a A R R W TR L e
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 egquipment, the tag 1s 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 information on the screens or a function to
mutually share the same displayed information.
Agsume for example that information on a cursor of
any specific one o©of the mobile equipment, the

monitoring server and the center PC 1is changed.

25 In this case, the mobile equipment, the monitoring



51 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

other than the specific one to be chagged so that 5 the cursors al

nove to

the sanme coordinates. In this way, nutual understanding of intentions can
be assured. On the top of that, a function for comunicating only a change
in cursor position 10 increases the communjcation speed even if a
transm sSiegiver nanshvi hg £anber Rdfmedidat hve capacingtionusedatin the
enbodi ments descri bed above, the nobile equipnent 12 conmunicates with the
33 IR 9 enphdpethatniohe nonit occingogent ec ™ t tozigh mdtei keni t ori ng
is to be noted, however, that the nobile equipnment 12 nay al so
conmuni Calge: i pvnéAtt,het hentnesn PEST il epasyén t&hed nohid oceng excenter 4
directly. 20 Furthernore, it is also possible to provide a configuration in

center
PC 5

whi ch the JHINEt ke f e s@ \
equi pnent 12 so that the nobile equipnent 12 is

It

RILPLENGHC B d Sbendudaddd the vehEl e
capabl e of communi cating

with the genter RGO. 23 £MRlyedein e MPRhLord N9 -G8 LL4 direqtly.

10
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this way, mutual understanding of intentions can
be assured.

on the top of that, a function for
communicating only a change in cursor position
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
PC 9 employed in the monitoring center 4 through
the monitoring PC 5. It 1is to be noted, however,
that the mobile eqguipment 12 may also communicate
with the center PC 9 employed in the monitoring
center 4 directly.

Furthermore, it 1is 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 1is
capable of c¢ommunicating with the <c¢enter PC 9

employed in the monitoring center 4 directly.



52 Moreover, it is also possible to provide a configuration in which an
image of a facility being nonitored is stored in not only the nonitoring
PC 5 but also a database provided in 5the nobile equipment 12 as a dat abase
for allowng the imge to be stored in the nobile equipnment 12 as well.
The functions of apparatus such as the nonitoring PC5, the center PC 9 and
the nobile 10 equipnent 12 can each be perforned as a program executed by a
conput er. The BP8§RIMHRLF or 1 Epet for ALFG t Be FhELEoNS Ccak e 86red on a
recording nmediumto be read out by the conputer for execution. 15 The
present cpwnditdonatdobeehnpr oposeld aansysitreageor ofupport £A§ WMok k¥ done at a
renote site by using inmages, voices, enails and design data. The systemis
al so appbedalt e tmombdtlbradporisforstastdonl ynan elogct ricxrJppwertigener ati on
facility, 20 but also other facilities such as a manufacturing plant and a

chem cal pRlantof Anwhi el aB  Hoast abhald on wWakk aBa bkl abreper@bioniand a daily
mai nt enance work are necessary. 53 WHAT IS CLAI MED |
5 the mobile egquipment 12 as a database for allowing
the image to be stored in the mobile equipment 12
as well.
The functions of apparatus such as the
monitoring PC 5, the center PC 9 and the mobile

10 equipment 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 sgite
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.



[Claim1l] A nonitoring system characterized by conprising: a nonitoring
conputer for nonitoring a facility; a nonitoring center conputer for
nonitoring information of said noni%gring conputer through a pay station
line and transmitting information to~"said nonitoring conputer; a plurality
of nobile equi pment each connected to said nonitoring conputer by a

communi cation line; and a database used for storing manual work data of a
manual pPEPAréd fOLAZMBIY kKISo be done by a worker, said nonitoring system
characterized in that: each of said nobile equi pnment has: a display neans
for displaying said manual work data stored in said database; and a

wor k-iteminput nmeans for inputting a work condition as a condition of said

wor k don .sai d rker; said nmpnitoring conputer has: a. reception means
f or receFQ/f%éma word 55‘ BERI%? Bh e o’?ﬁ’ﬁ%ﬁ"@)he C&}a’éa.c%%b?ﬁ@ gﬁ’ﬁi prent ;
and o
comprising:
a monitoring computer for monitoring a
facility;
a monitoring center computer for monitoring
information of said monitoring computer through a
pay station line and transmitting information to
gaid monitoring éomputer;
a plurality of mobile eguipment each
connected to said monitoring computer by a
communication line; and
a database used for storing manual work data
of a manual prepared for a work to be done by a
worker,
said monitoring system characterized in that:

each of said mobile eguipment has:

a display means for displaying said manual

work data stored in said database; and

a work-item input means for inputting a work
condition as a condition of said work done by said
worker;

said monitoring computer has:

a reception means for receiving a work



a condition transm ssion neans for transmtting said work condition to said
nonitoring center conputer; and said _nonitoring center conputer has: a
procedure verification nmeans for conﬁéring a work condition entered from
any one of said nobile equipnment with said manual work data stored in said
dat abase; a work-site verification nmeans for identifying a specific nobile
equi pnent corresponding to a work site of a work indicated by a conparison
result pFoBdded ®y dLaratprar¥dupBe verli f Fedd ofofdant RIWIRISEWith said
work condition thereof not matching said manual work data; and an error
transm ssndn neans for transmtting information on a procedure error to
said specific nobile equipnment corresponding to a work site of said work
wi th said wor ka condicidrodi t Aerreof natramsmdbisnigsai d mermmk workfdata. [Claim
2] A nonitoring system characterized by conprising: a nonitoring conputer
for noniteenRGn: €2nd aci kislivd a RRMLOri NG RBREIokOMPUW ST ffap@Nitoring
monitoring center computer; and

said monitoring center computer has:

a procedure verification means for comparing
a work condition entered from any one of said
mobile eqguipment with said manual work data stored
in said database;

a work-site verification means for
identifying a specific mobile equipment
corresponding to a work site of a work indicated
by a comparison result produced by said procedure
verification means as a work with said work
condition thereof not matching said manual work
data; and

an error transmission means for transmitting

information on a procedure error to sSaid sgpecific

mobile eguipment corresponding to a work site of
said work with said work condition thereof not

matching said manual work data.

[Claim 2] A monitoring system, characterized by
comprising:

a monitoring computer for monitoring a



information of said nonitoring conputer through a pay station |line and
transmitting information to said nonigoring conputer; a plurality of nobile
equi pnent each connected to said nonitoring conputer by a conmunication

| ine; and a database used for storing manual work data of a manual prepared
for a work to be done by a worker, said nonitoring systemcharacterized in
that: each of ,said nobile equi pnment has a display neans for displaying said
manual Wé??l dtt?¥ stored in said database; said nmonitoring conputer has: an
i mge-capture apparatus for fetching an image of said nonitored facility;
and a transmi $si GIPHERRY ¥Y tFAREMT t CRPRAFET | Mde MARMERTHY Sai d

i mage-capture apparatus to said nonitoring center conputer; said nonitoring
center compaterathtsn aofecepi domepato figrgr exenpitg satdidomgl 4rom sai d
nonitoring conputer; and a work-iteminput nmeans for inputting a work
conditi ghaps @t 8@AdA | A 9éE sahd workndonet by nepi d ffformatkiesn to

gaid monitoring computer;

a plurality of mobile equipment each
connected to said monitoring computerx by a
communication line; and

a database used for storing manual work data
of a manual preﬁared for a work to be done by a
worker,
said monitoring system characterized in that:

each of said mobile equipment has a display
means for displaying said manual work data stored
in said database;

gaid monitoring computer has:

an image-capture apparatus for fetching an

image of gaid monitored facility; and

a transmission means for transmitting said
image fetched by said image-capture apparatus to
sald monitoring center computer;

said monitoring center computer has:

a reception means for receiving said image
from said monitoring computer; and

a work-item input means for inputting a work

condition as a condition of said work done by said



[Claim31 A nonitoring systemconprising: a nonitoring conputer for
monitoring a facility; a plurality f; nobile equi pnment each connected to
said nonitoring conputer by a comunication |ine; and a database used for
storing manual work data of a manual prepared for a work to be done by a
wor ker, said nonitoring systemcharacterized in that: each of said nobile
equi pnent has: a display neans for displaying said manual work data stored
in sai d datr&lzase; and a work-iteminput neans for inputting a work

condition as a condition of said work done by said worker; said nonitoring
conputer has: a reception neans for receiving a work condition from any one
of said nobile equipnent; a procedure verification neans for conparing a

manual wo e HaTa Sror el oAt A% SpRaEet, Somerd FEHURTTTI cati on means
for 57 idmﬂiéyiqgo%f%§¥££EF mygéﬁhgggipm¥gr monitoring a
facility;
a plurality of mobile eqguipment each
connected to said monitoring computer by a
communication line; and
a database used for storing manual work data
of a wmanual prep;red for a work to be done by a
worker,
sald monitoring system characterized in that:
each of said mobile equipment has:
a display means for displaying said manual
work data stored in said database; and

a work-item input means for inputting a work

condition as a condition of said work done by said

worker;

said monitoring computer has:

a reception means for receiving a work
condition from any one of said mobile equipment;

a procedure verification means for comparing
a work condition entered from any one of said
mobile equipment with said manual work data stored
in said database;

a work-gsite verification means for



corresponding to a work site of a work indicated by a conparison result
produced by said procedure verification neans as a work with said
condition thereof not matching said n&vwal work data; and an erro
transm ssion nmeans for transmtting information on a procedure er
said specific nobile equipnent corresponding to a work site of s
with said work condition thereof not matching said manual work da
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manual

work data; and
condition thereof not matching said wmanual work

data; and
an error transmission means for transmitting
information on a procedure error to said specific
mobile equipment corresponding to a work site of
,

gsaid work with said work condition thereocf not

matching said manual work data.

[Claim 4] A monitoring center computer,
characterized by comprising:

a database used for storing manual work data
of a manual prepared for a work to be done by a
worker;

a procedure verification meaﬁs for comparing
a work condition as a condition of a work done by
a worker with said manual work data stored in said
database;

a work-site verification means for
identifying mobile equipment corresponding to a
work site of a work indicated by a comparison
result produced by said procedure verification

meansg as a work with said work condition thereof
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an error transm ssion neans for transmtting
error to said nobile

information on a procedure
equi pnent corresponding to a work site of said work
with said work condition thereof not 38atching said nmanual work data.

[Claim

5] A nonitoring center conputer according to claim117, characterized by

further including: a reception neans for receiving information
an image of said nonitored facility;
i nput ti ngo& wortkchdorgli tadd asanuedndrerbndeft mai dnwbrk done by said

[Claim61 A nonitoring center conputer according to claim17,

wor ker .

representing
and a work-iteminput nmeans for
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condition to be conpared by said procedure verification nmeans from one of

sai d mobi he o5awd PR - drfd @ Mphlo AeBBRId O, £ENEST SQARUL @loeearding to
claim 17, characterized in that said error transmssion neans IS a

transmi sshan fpans o, LLaRANA100 LBf 0L {05 P stk fof, gqPr ocess

of recove

roma proceaur

work with said work condition thereof not wmatching

said manual work data.

[Claim 5] A monitoring center computer according
to claim 17, characterized by further including:

a reception’ means for receiving information
representing an image of said monitored facility;
and

a work-item input means for inputting a work
condition as a condition of said work done by said
worker.

[Claim 6] A monitoring center computer according
to c¢laim 17, characterized by further including a
reception means for receiving a work condition to
be compared by said procedure verification means

from one of said mobile eqguipment.

[Claim 7] A monitoring center computer according
to claim 17, characterized in that said error
transmission means 18 a transmission means for
transmitting information to be used for a process

of recovery from a procedure error.



