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5
BACKGROUND OF THE INVENTION
The present invention relates to a remote
maintenance system for aiding in determinations of
maintenance and its works at a remote 1location
10 when periodic plant inspection or plant

maintenance is performed.

Mobile equipment 1s capable of performing
information communications through a radio
communication or a 1local 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 equipment £n 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 nspegty on/Jmi gt %@na%sbe% 46 Olo O rdfifn SEh&m A0 1 026P! O 18ki 1| ed

wor kers. Tnstead, needs indirectly performng work instructions at a

renote Iocatlo belgg%far fram he site |s(incre§§|n 15 anthe ot her
hand, whid%t%8 Ef’or’?sr'?atre 2h&ited | Ritoved wStTRAFEE TR regl ons of

af or ement i oned political disturbances in |local areas and/or regions with
very few Dedameindatilyi hiers, onl yaBRiheXapaePfy cmPfEEAToN Such as 20
the satellite communication can be perforned in many cases as before. The
af or enentdlonedepr olfl efa giivest p hiaginodbkstaacdte imayheliwektgrocess ¥wor an
i nspection or maintenance work instruction. To put it 25 concretely, the
iere%“(%MQrWgﬁﬁée@HFerW§ﬂécements or repairs of equipment

in the facility.

However, in these days of rationalization of

man power due to the present business trend or

political disturbances in local areas, it is being

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

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

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

The aforementioned problem gives a big
obstacle in the work process for an inspection or

maintenance work instruction. To put it

25 concretely, the inspection or maintenance work



3 instruction has a problemthat the procedure of the instructed
becones not clear, or a judgnment cannot be done imediately in the event
of an unexpected situation. 5 In additjon, due to an insufficient

communi cation capacity and/or a di fference in

wor k

| anguage between both the

communi cation parties, in some cases, it takes long tinme to communicate an
i ntention of one conmunication party to the 10 other to nmake the ot her

under st ang, d e iRtENti Oz s A aprbBArayenaNtc ac hendpe Jwéatieraned support
system has been nmade avail abl e.” The renote maintenance support system

provi des

obtain pr

. %ﬁ ei%rr%{‘sgtlfﬁg%ét &y Wi gh t hBe@dénﬁ‘é?”a’}Poet"‘D.UieéaE” the, 15 f

ield can

i'on” on maAi ht enanc roma mai ntenance 1 nformation

server or froma support person working at .a technical gggport enter, and

recovery WAEMERT bEdHHRE (For dRFe IAPEARRTONY refer

Japs

Lai d-Open 20 No. 2002-91913). Actually however it is difficult to

correct | yfadehcentdwepraitrti@nanterd tocani-on to be
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In addition, due to an insufficient
communication capacity and/or a difference in
language between both the communication parties,
in some cases, 1t takes long time to communicate
an intention of one communication party to the
other to make the other understand the intention.

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

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

SUMMARY OF THE INVENTION

e Pat ent

needed on a nobnitor screen

NVENTI ON



4 The nost inportant characteristic of the present invention is as foll ows.
In a renote nmaintenance system a image data of a facility nonitored at
site is sent to a nonitoring center 5 that is present in a renote |ocation.
In the center, the imuge data is provéded with coordinates to forminage
coordi nate data, and then the inmage coordinate data is conpared with CAD
coordi nate data for CAD of the facility. So, 10 the needed nmi ntenance spot
is located on the b |es mos resg trtognﬁh% Of@ért'esrofs?&ct hoge . ycpor di nate
data, and the naintenance spot TS Known h[ mal ntenance
information. According to the present entlon it i.s 15 possihle to
correct | PHATPES t N heBH PR rra}ﬁt eﬁéncgqlo]c%‘ﬁ’ﬁon on & nohi t bF™r%®en from
the renote location to the site, in performance of a maintenance

i nst ruct inomin2@rBRIEE DESERI &} ONa.OF 1 sk ORAVE NES Bifg. a iGaanldxyy anatory
di agram showing a typical application of the present invention to a gas
turbi ne gregralored Fiaks 2iltSe an £xplanat @y di agbamtsdownegg aentZbrout|ine
of a comunication environnment of a 5

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

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

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

maintenance instruction.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 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



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

functions of a

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

configuration of nobile equipgent 12; Fig. 5 is an explanatory
di agram showi ng a typical internal configuration of a visual manual
function 14; 10 Fig. 6 is an explanatory diagram showing a typical

i nt er nal

configuration of an installation

i nt er nal

dat abase 48; Fig. 7 is an explanatory

di agr am stwowi ngrang ypCc&l; i nternal configuration of a trial- 15 operation
dat abase 49; Fig. 8 is an explanatory diagramshowing a typical interna
configuration efiga nmagnt aancen dab-ghasaa¥®Gryi gdi%dsaan edpbatatpory
di agram showing a 20 typical internal configuration of a center PC
10 i s an &xplat y. di agr. j typi cal internal configuration of a
3D-CAD nmatc ?gg%'uﬁ%?i%nI?g%§égggq%%9igﬁgn expl anat ory di agram show ng a
25 typi cal int%tnal confjguration 0
i1g. 4 1 an
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expia%ég%¥§r giagram showing a
typical internal configuration of mobile equipment
12;

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

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

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

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

Fig. 9 1s 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

typical internal configuration of a member

9; Fig.



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 is 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 showing a typical interna
configuration of a visual manual 10 function 14; Fig. 15 is an explanatory
di agr am shDf\f Bg etn c € ofdkeitginr @t nert 1 onWinetc t hencet er PC 9 has a work- item

i nput function 98; Fig. 16 is an explanatory diagram showing a 15

configuration igy i cip t hies My t @nd Fetohas diheg rwer Kshicemhgpws function
98; and Fig. 17 is an explanatory diagram showi ng a configuration in which
t he noni tori

ing RC 5 has .functigns qof ter P wn in Ei 15. 20
DETAI LED 'DERORERTI G PR CHE T NVE |dj\rr‘gA‘glng‘rél(r"%}t(;to@L hen u%fp%glﬁe B&esgn i nvent i on
perfornms a systemfor providing an instruction to install or maintain a
facility BeMReFerfbt £25 §REEt 96T Y &gyl FBbitiE ehiPpneht ior 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 is an explanatory diagram showing a
configuration in which the center PC 9 has a work-
item input function 98;

Fig. 16 1is an explanatory diagram showing a

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

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

20
DETAILED DESCRIPTION OF THE INVENTION

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

25 location by using mobile -equipment or an IT



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

nonitoring PC (Personal conputer) 5, a7plurality of nobile equi pnment 12, an
i mge-capture apparatus 13 and a center PC 9 (Personal conputer) . The
nmonitoring PC 5 takes in input/output process 10 value information and

cont rol Stg@ﬁlndlrggg,n‘@tllp@ctqf v ao0peraiiensgert rol apparatus of a facility
serving as an objecC inspection and naintenance. The operation control

apparatus and the | e eQU|p nent 12(£§£@9§ﬁ1a5ﬂ98al gé 1 &by The

i mage- capture apparatu§913 can be cénnec pnment 12. The
center PC9 is installed in a nonitoring center 4 for nDnltOH

i nf or mat i ®RPLISIAFHO8nd 1Bt d i R t h& ST orlm&#ﬁfegﬂﬂﬁ%ughsgﬁé%mstat|on
line 7. 20 Next, flows of information of operation control and information
of mai nt epanvd dedt hity etbedi npre s@nt b rexphailwed b oref eRri g2 $o0 Fig.

1. Input/output information of a control 25 apparatus 2 for controlling the
gas tuwrbipar®ine generator 1. The system comprises a

monitoring PC (Personal computer) 5, a plurality
of mobile equipment 12, an image-capture apparatus
13 and a center PC 9(Personal computer). The
monitoring PC 5 takes 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 control apparatus and
the mobile equipment 12 compose a local network.

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

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

Input/output information of a control

25 apparatus 2 for controlling the gas turbine



generator 1 is sent to the nonitoring PC5 via an external output term nal
of an HM (Human - Machine Interface) 3. The input/output information
typically includes a process value for,5 nonitoring or control, a control
digital signal or a trial-operation 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 si giaheratioransmiseddro t he ceheermdi8 oafinghe @rofi tofangrcenter 4
through the transm ssion/reception apparatus 6, the pay station line 7 and

a transmssi ophEacepbl@puaPPRAtHENd1 15:8n the other handimanworker doing
installation and mai ntenance jobs connects nobile equipnment 12 to a

communi caf i on.nmodem 11, which, i install ed at ch o ' of

| ocati ons ‘—i‘%ﬂéneLAN dtq_%géffa%,ﬁga Nenf'wor k) sejfﬁlgn ad\ilg élgé}déglgkf% of the
nmobi | e equi prent 12 includes a _tag.15 with a read functioqgéthe read
function WEPTHE L HeBc i WRYCADr e ad NE FifeFi 6h BERGSSE by F6ter&e  nurmeral

43 shown in Fig. 4). The nobile equipnent 12 takes in information on the
tag 15 i is¢nliked iatg 29 wachnefrskyeralcontatdlondiiol tde gasgnadbiar 9

a trial-operation special measurement value.

After determining whether or not an input
signal has a value outside a trend/warning range
defined by a predetermined threshold value, the

10 input signal is transmitted to the center PC 9 of

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

apparatus 8.

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

20 of the mobile equipment 12 includes a tag 15 with
a 7read function (the read function will be
described more as a function denoted by reference
numeral 43 shown in Fig. 4). The mobile equipment
12 takes in information on the tag 15 installed at

25 each of several 1locations 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 recorging and 5 transferring i mage
(picture) and anbi ent sound of the gasS turbine generator 1. The nobile
equi pnent 12 sends the information on the tag 15 to the nonitoring PC5

t hrough the conmmuni cati on nbdem 11 and the LAN 10 along with the

i nf or mat igynhdé ram@e 10 Wat a 1ed c.)esacef vad tfireom tde itage-captil e ofappar at us
13. Then, the information on the tag 15 and the information received from

the img%m&a&blﬂﬂép@a%@wﬁé& ang sentrO 1 CEB &g PCpthe A qygh the

transm ssion/reception apparatus 6, 15 the pay station line 7 and the

transnission/rﬁception %Qﬁgrﬁ;u 8. The . information an thﬁ% ag.1p and the
i nformati'dh 3Et8i vEdFYont Bfle SfagéitaptiPecassit alas 135RY" %51 be
stored in the nobile equiprment 12. 20 In the center PC 9, a 3D CAD mat chi ng

function 1. nat Fhes Cadel vEE dPFIRETatHEgelfat BOT6 TRANEAaGe 1 (CAD
data) froma 3D digital inage database 20. The matched i mage data is
di spl ayedt ransdernmbgeg dispbay $phiesmrdh iamde-amiguesit ng2mdunction 17 is
capabl e of requesting the inmage 10
the gas turbine generator 1. The mobile eqguipment
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

on an 1image display screen. An image-requesting

25 function 17 1is capable of requesting the image



di splay screen to obtain image data di splayed on the screen as information
necessary for naintenance. In addition, the i mge-requesting function 17

includes a real-tine image display 5 §§nction 18 of a plant
mai ntained. It is thus possible to

to be

ue a request for inage data while
checking on the progress of maintenance works. Further, the

i mage-requesting function 17 also has a work-navi gation-requesting function
21 10 andiigp 1 Bggesarasit engint diingihoni @dgeThdawnr kd ingwl gatddn-orequest i ng
function 21 includes information on procedures to disassenble and assenble

each memgf of the,maintai nad porth p8rmaktloh Mgen BRASIM §FEHN

t fypgtion 22

typically has a 15 function capable of selecting and neasuring a clearance

bet 2 pi . _Ih t . b ied.out - t of
Catio to i NERGAITSed astd r T encSTn tHeSsatt 1%ag8 I AForint ion

(Data) obtained by execution of the 20 various functions descri bed above and

i nf or mat ifonchdenul ¥dr a8 E8Bs &r e Thxhr & wi tR2I& erdt

#Pirdd on the

screen of the imge-requesting function 17. These information are sent to
the Bobifleneguicqpments 12 ft haoughatlte tommiai ced i o 25nedans ekipl dished

earlier. The sent information 11

thus possible to issue a request for image data

while checking on the progress of maintenance

works. Further, the image-requesting function 17

also has a work-navigation-requesting function 21

10 and an 1image measurement function 22. The work-

navigation-requesting function 21 includes

information on procedures to disassemble and

assemble each member of the maintained portion.

The image measurement function 22 typically has a

15 function capable 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

Information (Data) obtained by execution

image.

of the

20 various functions described above and information

useful for doing jobs are displayed

with

overwriting on the screen of the image-regquesting

function 17. These information are sent to the

mobile eguipment 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 abqgve 5 nentioned information (updated
information) sent to the nobile equiﬁﬁent 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

requesti ngl1Be iTmge td$phay 6T eeR dior e Obt af inkrfiasMbifonupaeesisegy for
mai nt enance, the image-requesting function 17 is capable of |localizing

pl aces e | g; apdidepsi LEf erepce beyond A d QL erancger ange set in

15 advangﬁgfggﬁkgg%gpning ?thfn?g%nal?%n ﬁicegsafé1 for mai ntenance. The

i nformati opn _necessary mai nt enance i ncludes nunerical dat .rg$£esenting
§°Pth St ne, a

a wall-thi@RnesS dec‘f’%%&led B¢ 18 QREPGT i nSE S ng B ¥ YR

wal | -t hi ckness caused by wear in 20 a shaft bearing, and a wall-thickness by
hi gh- tenbeeREWtel @Brrod3fen oteaing ihSa MYRE tenperdhire PHATON of a
burner. In addition, display functions of the nobile equipnment 12, the
noni t ori ngeRE€ idraed t he feemmmat ic2b RQiPdbhawd f uief bams f bondquatdmyg t heir
di splay 12
to the mobile equipment are inspections and a
repalir history. By executing such updating, it 1is
possible to prevent inspections and examinations
from being overlooked due to human errors.

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

15 advance, and obtaining the information necessary
for maintenance. The 1information 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 equipnment 1 the 5 nonitoring PC 5 or the center
PC9) is varied. In this case, they (% e nobil e equi prent 12, the
monitoring PC 5 and the center PC 9) have a function that al | ows
information (cursor data) on cursors of the others to be varied so that the

10 cursorgcakle n@Vvauk& d heysanercaais pabes AellowENgr W £OPBRENEe Shown in
Fig. 1 is explained in detail by referring to Figs. 2to 9. Fig. 2is a

di agram @9%&%{1 ﬁgﬁﬁ‘é’}'rf UELB% ﬁ/gc‘é roggents O%réﬁe monif oL pg PGSy AN

interface i ne nte ace) 3 transmts a signal of
t he control % S 2 to_a network b§¥ H gt ition, a si naI pr oduced
by the mUBKREE dtuF Btnt L 35 G AF S8 S UES I hedAGtor 7 T3 She' net wor K
bay 23 processes a variety of signals 20 and sends a result of the
processi gt ooctife wbni EdEithg PERS  MEPhé ecadwiraethst ARl-at itdke or
mai nt enance work, the nonitoring PC 5 sends inage data or voice data to the
pay stsatimﬁnliittteffngt lrough cof aheecthty rappar atusi 24valmi ¢e cabe 25 of a
trial operation work, on the other hand, the 13
this case, they (the mobile equipment 12, the
monitoring PC 5 and the center PC 9) have a
function that allows information (cursor data) on
cursors of the others to be varied so that the
10 cursors all move to the same coordinates.
Next, every component shown in Fig. 1 1is
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
equipment 12 1is 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 sends
image data or voice data to the pay station line 7

through of a security apparatus 24. In the case

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



nmonitoring PC 5 sends an operation data signal to the pay station line 7
through a security apparatus 24. On the other hand, the nonitoring center
4 sends a signal to the nonitoring PC.5 5 t hrough 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

nobi | e eaqudpiresdtr il2gt lPrOugh dderdsnedmordpdayt2dn | datthee sdsmal tthe tri al
operation work described above, the nonitoring PC5 is also capable of

sending vigige data tosthe ey Stethen 15 |ipRrbudwoudd theesaeurdgy
apparatus 24 in addition to the operation data signal. Fig. 3 is a diagram

showi ng functions. of e ngtwo b sh in Ei ata and
control aaa?éa§rae us%nt2t Fom ?he % ( ugrrér]f- I\g\éﬁﬁdn’e 5(59? n%‘e%‘f%g%;ﬁ%l?o t he
data distributor 27 through a switch 25. In_addition kgﬁ?e %g%a, voi ce
data andcCeREPTs 4reSEMHEnid t i IPEm t R mbBiY e "WytiF BrEMI 122 %0 The data

distributor 27 through the switch 25. The switch 25 is provided with a 25
wor k phasehspgedi R28&et osbeua Moy kapireseatulsat24s, afdter verifying

that the signal is a signal sent by an
authenticated sender. In accordance with an
installation, maintenance or trial-operation work,
the signal conveying information required is

10 delivered to the mobile equipment 12 through the
network bay 23.

In the case of the trial operation work
described above, the monitoring PC 5 is 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 265. The switch 25 is provided with a

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



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

sel ect function. Thereby, in the case of a trial-operation wirk, the
various data (the inage data, voice d%ta and 5 emnils) described above are
sent the first diagnosis function 28. fn the case of an installation or

mai nt enance work, on the other hand, the data are sent to an

i mge/ voice/ mail - history managenent function 31. 10 The first diagnosis

functiona28 isnpeevidediwiih @RapnecassSheent r®f - datd 4 Beopd Mgt appar at us 30
as an additional apparatus for storing data sent to the

process/ Pl - daf aﬁﬁegg(rtdé']pgaquagﬁégg Y ncM Jhe basis of these data,
) L .

the first diaghosi's unction 28 recogni zes the soundness of the

ti di ti f. t d i ff bet . h ti
CBr oot val GRGRE Sy 4L UBPEy $8SuI BN Vol be ok BESOR hG L 0" RE " 1 ar get

val ue. The operation target value is a 20 value determ ned for a set
condi t i ot thatvatekdy st odake adfdist ed"@He ndatdri afCbper alpd andd
determ ned for soundness of in object. On the basis of the recognized
diffesencasailbe fi dutscdibgabsi aldaweti onra8 selkedt s ammetenfiashe 25
adj usted and sends the selected itemto the 15
diagnosis function 28. In the case of an
installation or maintenance work, on the other
hand, the data are sent to an image/voice/mail-
history management function 31.
10 The first diagnosis function 28 is provided with
a process/control-data recording apparatus 30 as
an additional apparatus for storing data sent to
the process/control-data-recording apparatus 30.
On the 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 1is a

20 value determined for a set condition that needs to

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

diagnosis function 28 selects an item to Dbe

25 adjusted and sends the selected item to the



security apparatus 24 after displaying the itemon a display function 29.
On the other hand, the inmage/voice/mail history managenent function 31 for
recordi ng i nage data, voice data and ﬁgails 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 |l s. The data received by the inmage/voice/nmail history managenent
functionskk3#ity fappheratsest 20n adtsedvep fapchigort 3@ ticebeceventual |y
sent to the security apparatus 24. Fig. 4 is a diagram show ng the

configurafi 8@5351596 fRALLE Sguipgent 12, Thehe VQiCRe ¢aPEHKG APRYATUS 34 i's
a unit provided to" 15 the nobile equipnent 12 as an accessory unit of the

i mage- capture aratuys 13 or.a unit separated from the jmge-capture
amxuatu&qﬁﬁe?%aﬁ%%?m&éﬁ(iﬂé& ?ﬁ%a,%ﬁﬂ%%eﬁﬁﬂa f%%%ﬁ %ﬁﬁna@icaphxe
apparatus 13 and the voice-capture apparatus 34 20 are _stored in a storage
35. The dRB SEGTVICLAI tHeageordykaapps? 4EGs BBt s adeht oM bhsi ddye-
fitting function 38 and the nmonitoring PC 5. In addition, nenmorandum
i nf or fat ipmoandieat a wetghest ianf or mat meg,e Avhd chreamea i éceiaedrflioy an 25
i mage-witing function 36, are sent to an inmage 16

apparatus 33 as an additional apparatus for

actually storing input data comprising the image

data, voice data and emails. The data received by

the image/voice/mail history management function

10 31 1is 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 is a unit provided to

15 the mobile equipment 12 as an accessory unit of
the image-capture apparatus 13 or a unit separated
from the image-capture apparatus 13. Information
(image data, voice data) from the image-capture
apparatus 13 and the voice-capture apparatus 34

20 are stored in a storage 35. . The data stored in
the storage apparatus 35 1is sent to an image-
fitting function 38 and the monitoring PC 5.

In addition, memorandum information and/or a

request information, which are received from an

25 1image-writing function 36, are sent to an image
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| 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 ionrporated 5 in information fromthe
i mge-capture apparatus 13. Thereby,linfornation bei ng 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 mage layer oweyaritrel fanctimcB8iors sent tandhe a nopitaréngikg 5. The
history information of the processing history update function 45 is sent to

an tag f%g@égw%gg@n%h@w&ntq5b.e dess i hgda | @t erhd5:fagdipdating

function o e’'tag is a function for updating information stored in the

tag 15 itself_into informti 1t_to,the nobjl i t.12. F
exampl o, WhERTR FEP RPAnnEe TS kaP hadi gt e Sobi £ t B naN=g8pr oaches

the 20 tag during a periodical maintenance of repair work and requests the
nobi | e t erhf RARS of PGS PN dnt i f PEE | Bh6r AR TBN1 T héRCRFPREENRSE t he
information sent fromthe nobile term nal and uses the information for
updat bng Exi sinfigrmd biwet | dro®5 Ahean iaghdgeratdavelrehe aprairagdis
information is 17
13. Thereby, information being overwritten on
various kinds of information already appearing on
the screen is displayed on the screen of a display
function 39. At the same time, the data of the

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

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

the information for updating existing information.

25 As an alternative, the received information 1is



added to the existing information on a history of inspections or repairs in
order to update the existing information. As for an el ectronic-nai
information, 5 after its creation by q;ing a mail-witing function 40, the
mail is sent to a mail-saving function 41. A mail sent fromthe nmoni t ori ng
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 faagkigont 89 tHe Nnegessaing | In@ddintd ©Nona ¥Ar ka | AStgtietiyorosi gnal
from the nonitoring center 4 nakes a request for an output of a visual

manual a%ﬁ@§%§b4§oﬁgr°QQh tpg gglggnriﬂrr ZheLHH%QE% sqgg al is

sel ected pt1ron of scrlbe i's, the output
signal is transfer to the nual mar ker functlon 44, after the tag
f et ch/ oveR&rPie R uhBEic™a3 1% ches plant information fromthe tag 20 15.
Exanpl es of the plant information fromthe tag 15 are information on an
installation | ocadfon £of thant agels amacnafcormaiilon &R &P RBATEOBS
interest or a work history. The manual marker function 44 selects
ilgf or 3at i afiteecesdary farréhe iz workky f r ans 1 hgse sat or e i - whe bd sgal nanual
function 40, the mail 1is sent to a mail-saving
function 41. A mail sent from the monitoring
center 4 1is stored to the mail-saving function 41
through the monitoring PC 5. The mail received
10 from the monitoring center 4 can be displayed on a
display function 39 if necessary.
In addition, a work instruction signal from
the monitoring center 4 makes a request for an
output of a visual manual database 42 through the
15 monitoring PC 5. The output signal is selected by
adoption of a method described as follows. That
is, the output signal 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 manual
dat abase 42. The retrieved information is then displayed on the display

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

function of the

vi sual manual function 14. A sel ect é@gnal 46 indicating a work phase

drives a select function 47 to select information from one

of a

instal lation database 48, a trial-operation 10 database 49 and a mai ntenance
dat abase ;2 WRisE 4 bavm deenr fF £p3kR0 t HeadvENeB L A5 doFibedicgarlier,
the work phase is the installation, the maintenance or the trial operation.

Typi cal | v, Gy WL AR G A 40T e hASE S anal 26rpl Lha I5apetyiork bay

23 can be ‘used as the select signal

e out put of the select function

47 is sent _to the screen sel ect fugftiog 51.. The screen s lecH function 51

i s capabl’@bPTEAR P ng 1° 20 FiGhal HFH

ag&hut °Po thBCdi sHEP

hcti on 39

in accordance with signals of an external select function 52 and the
manual guiwectdiedtidh .44, which are used for manual selection. In

accordance with information fromthe 25 control apparatus 2,

a di agnosi s

functeon includeid9 5 is a diagram showing a content select

function of the wvisual manual function 14.

A

select signal 46 indicating a work phase drives a

select function 47 to select information from one

of a installation database 48, a trial-operation

10 database 49 and a maintenance database 50,

which

have been prepared in advance. As described

earlier, the work phase is the installation, the

maintenance or the trial operation. Typically, a

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

46.

The output of the select function

the

signal

47 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 signals of an external

function 52 and the manual guide function

which are used for manual selection.

In accordance with information from

select

44,

the

25 control apparatus 2, a diagnosis function included



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

probl em A process neasuring signal, nanely a signal representing a result
of rmeasuring a process condition of g generator being 5 inspected,
indicates a trend of the process con Ption of the nonitored obj ect.
Therefore, the diagnosis function can identify the nenber having problem
of the object by nonitoring trend of the process neasuring signal. For
exanpl e, iid the 1Ghdemperainge of as hi phehenper asur@emyder (paak ;i s
increasing along with the tenperature of exhausted gas, it is highly

possi bl & dhgl o Ae GYPUS LN n §PROTIRbLYh S Dl NGrBeGH & edie d Sl addit i ON tO
‘that, if the tenperature or pressure of a 15 conpressor exist is normal

that it is.hi% |y ﬂgos ible that a 9rob|en1has Pfgn rgisgd EQiFh%f nozzl e of
a bur ner ot Ae ‘ coltBlstion Sy Sréfie * THeSR Erends  dPe Can” B8 “known by t he
measuring process signal. In this case, the diagnosis 20 function makes
such treMEAKABEMAT add BERIFE&CesCORRAd HiRkpebtli o ASMRERFST PPBBFGs and its
routi ne. The diagnosis function searches for instruction to cope with the
probl ens.irapecexahpl e,icheckitregs cort rokb deagdc seff valhe ofprol8sfauel

control valve and a control apparatus; and a 20

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

increasing along with the temperature of exhaustec

gas, 1t 1s highly possible that a combustion

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

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

the inspection method for problems and its

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

25 fuel control wvalve and a control apparatus; and a



checking of an internal cylinder of the burner, a transition piece, an
expansi on turbine nozzle or a basket, and the instruction and nethod of the
checki ng, are searched for froma sto%gge and they 5 are displayed. Exanpl es
of the menber in object are. The cen 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 engi neers can 10 evaluate data in
order toc@id@eihy issuam intsdruglli oy by ndeanseift t thg abueswdt, ok the

eval uation through the use of an email function added to the center PC 9.
Typi cal gont.eqt ¢ ;Qfn dg&@laaées r & £xRhaiingd t3a5f@§nteoldc9»@1eﬁar 6 is a

di agram show ng a typic con |gurat| on of a manual for an installation

dat abase 48.. A first_ sc n shows movi N | tureo i nstallation
procedur@as%’k%F a fdlcfs‘re §F |rJrIﬁ11ér851 étcfrg Q eﬂ)% ao grgkﬁ
installation portion of one of elenents shown in the expan5| on_di agr am i s
sel ect edcheebhnsot i dFe prorEAtNes 5808f I PMngG of EREAFRy PI i BprYyed. In
addition, a variety of usage fittings and tools 55 25 such as one MLO
spanngr mnbo@aépmﬁged:sshaamgMes of the member in object

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

engineers and/or dguality 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 o0f 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.
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In addition, a variety of usage conmponents and tools 56 is also displayed
as well. A displayed exanple of the conponents and tools 56 is 4
conponent/tool sets each including an MO bolt, a 5 washer and a nut.

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

cl earance, which serve as a determnation criteria indicating conpletion of
an assenbly, are also displayed. 10 The pieces of information are displ ayed

on the Si s .Work priori I, s._For I i rigrity |leve
IS assigﬁgb fﬁﬂiﬁgqu}ge gnu‘9 é%%ﬁﬁLiﬁ%fa|P§??§£ 3%%- ggﬁg?tgndgﬁg an
installation work requiring caqutions without 15 regard tq .whether the nunber
of instaldeR}®n Hand hoals9 s%slrﬁaﬂ’faﬁﬁdl aﬁ"‘ae.w‘F#’laddi t oﬁ,l ¥eS are

di splayed in turn for avoiding a repeat operation such as a renoval of a
menber afeceamphe i st al kotd oncofmpidreesbaporsard. toahsi nédr ret® 2@ nmenber or
a wong operation has been selected, a warning nessage is presented. As an
al t er nat ictempoaeridicobbact sgerbes aeh ai weQr@ opgr adnomic wetl t di gpl ayed
fromthe beginning to avoid such a selection mstake. 25 Fig. 7 is a

diagr§”1§nﬂ¥ﬁ59 aéﬂﬁﬂcél 8at. Moreover, clearance/control

numerical values 57 such as a shift and a
clearance, which serve as a determination criteria
indicating completion of an assembly, are also
displayed.

10 The pieces of information are displayed on
the basis of work priority levels. For example, a
high priority 1level 1is assigned to the large
number of installation man-hours, and to an
installation work requiring cautions without

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

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

25 Fig. 7 is a diagram showing a typical



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

adj ust ment - guj di n\%é:: nformation of a hf\rd))':/vare-set ingaailgl ue such as a
cont rol - S&THE hgU T iR or 8 f el "FAWR set 98 g&i ntfd & cORFErT 56R™ functi on

60 for each operation phase. Typical setting itens for the operations
phases adataBaggpl 4ihed aF F6Ftowe L | mlhe caBe ePaTRtICHTRPRESEp, the
setting signal represents a purge operation to exhaust residual gas

remai ni ngdlegas fontesdm tde plantusdd tier owtssi dénof thwiptahily and a
warm ng up 20 adjustnment or an ignition adjustnent for warm ng apparatus in

order todJwducend thegml |oadaafi@hali nj gpldan ofupuel archdhgtbgnition. In
the case of the Speed-up, the setting signal represents a rotational
accel gr atpiaolnalggladil"{?t n?cggdt Ous\,/Oildoégs%&pﬁ? Oga@eﬁ()t PBaQir, 2f’oad
cutoff, run-back abruptly decreasing the load or a
trip of an instantaneous loss of the 1load. The
setting signal 1s sent to a setting guidance
database ©59. The setting guidance database 59
10 outputs adjustment-guiding information of a
hardware-setting wvalue such as a control-setting
value or a fuel 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 of the starting up, the setting
signal represents a purge operation to exhaust
residual gas remaining in gas routes in the plant
to the outside of the plant, and a warming up

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

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

25 adjustment to avoid resonance of a rotor or



surging of a conpressor after starting up, and an adjustnent of a setting
val ue of a torque converter for adjustnentling the rotational speed of an
el ectric notor or a notive power till a 5 turbine reaches a self-operation
state. In the case of the parallel i n23t he setting signal represents a
synchroni zed adjustnment of matching speed for synchronization with a power
systemafter the rotational speed reaches a 10 target, and a switch

adj ust ”E@ufg;iﬁ breake abmdhesgane 5tﬁ%rassefa§»tsyﬂ§hnpﬁmZ@tﬂ&nanl n the
case of the oag up or the lI'oad down, the setting signal represents a bias

adj ust _rrergd.grgggleaﬁtf ueéfor an g §9p1 icconditi ocgfto 15 afgkgxﬁg a stable
operation Whi T e I'ncr easi ng and ecreasi ng the anount of fuel, and a fuel-
swi t chi ng tinin% adj ust ment_ and a gas-burner. setting fo trolljng the

r_con
rotati ondlORpeEFLY n hHe CaLEUBF }2P8d ¥B&d, TPRE ‘?FF‘ﬁrg SP§ e gnal

represents a bias adjustnment such as fuel or an atnospheric condition, an
adj ust nemf ofam e aeick wicanmato TS t & a ekl vieasP e s radild Gntrol ling
stability of conbustion and a |line adjustnment of exhausted-gas tenperature
25 adpustd@nbinehi €daich dasedsen t hepexhausstrdsgast 24
In the case of the parallel in, the setting
signal represents a synchronized adjustment of
matching speed for synchronization with a power
system after the rotational speed reaches a
10 target, and a switch adjustment of a breaker at
the same time as the synchronization.
In the case of the load up or the load down,
the setting signal represents a bias adjustment
such as fuel or an atmospheric condition to
15 achieve a stable operation while increasing and
decreasing the amount of fuel, and a fuel-
switching timing adjustment and a gas-burner
setting for controlling the rotational speed.
In the case of the rated load, the setting
20 signal represents a bias adjustment such as fuel
or an atmospheric condition, an adjustment of a
ratio of an air mass to a fuel mass as a ratio
controlling stability of combustion and a 1line

adjustment of exhausted-gas temperature

25 adjustment, which is based on the exhausted-gas



tenperature and adopted as recomended adjustnment of the conbustion
tenperature. In the case of the |oad cutoff, the setting signal represents
a fuel changeover adjustnent for 5 stabilizing a flame for fuel narrowed
down abruptiy or an adjustnent of a nfhi numfuel anbunt 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 combustdye At AU 0GESS LAAPF AL | y¥sT adbigemtd n@ddangddthes c méatenent i oned
adjustnent of a mninumfuel amount. In the case of the trip, the setting

si gnal 13 Qﬁpée%%ﬂhﬁuggi%gluééﬂg@h:?éugetUE| valve to suppress a

rotati onal-spéed i ncrease acconpanyi hg an abrupt decrease in |oad, an
adj ustment of the tenperature of exhauste as in_order to suppress an
abrupt increaselfn %&ﬁad%?%@-dﬁg Fgﬁbergﬁﬁfegﬁéci 'aﬁﬁgﬁrﬁﬁ?tgﬁgﬁéase in
conbustion tenperature) due to an excessively |arge amunt of introduced
fuel acceridimglt aameesegis ude el hehaadeow eanatiers hajeust néRE. The

control apparatus 2 supplies a process- 25 val ue neasurenent signal to the
conpag i st a5ilizing a flame for fuel narrowed down

abruptly or an adjustment of a minimum fuel amount
serving as a flame-failure limit.
In the case of the run-back, the setting
signal represents an adjustment of an air-fuel
10 ratio for maintaining stability of combustion in a
process to abruptly reduce a load and the
aforementioned adjustment of a minimum fuel
amount.
In the case of the trip, the setting signal
15 represents an adjustment of a fuel 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 in combustion temperature)
due to an excessively large amount of introduced
fuel according to the magnitude of the 1load or
another adjustment.
The control apparatus 2 supplies a process-

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

operatio Q..recaqr Oi ain e bi i 4 t .S 1s€e
aEtorrati (E‘;éilltnlcyg%c(g)8 t (th \Q/@?ggkda[%%tpté%rseggnt%ﬁgggwsllpﬁgti%%ggt%lt h%o onsite is

recorded. Fig. 8.is a diagramshowng a typical 15 configuration of a
manual f8r 4 heCHdiMteAhRde ©dat abade %O.Clll'—qoﬁ'%{:e&fceal %,roé“ nBfBer °8&l ect

function 63 selects a nenber to be maintained. Typically, nmenbers can be
classified i nuodrigel cetdy®s eseli . i@ | agaianapparat AT @6xi | Faey 20
apparatus and utility apparatus. The main apparatus, auxiliary apparatus
and uti | pipbcappamnal usi €anreacirbedf utihertled asseftitetngnt gu inkath arm
categories. That is to say, exanples of the main apparatus are a turbine, a
boi | &5 apd & BRs@eNes gt orp. o Exaugy st of e awd{h dkweanpar atfus 2fe
setting value. If the difference falls within a
range of tolerance, on the other hand, the display
function displays a result of the adjustments.
In addition, 1if the trial-operation support
10 1is selected, an operation to record voice data in
the mobile equipment 12 1s 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 «classified into
medium categories. That 1is to say, examples of
the main apparatus are a turbine, a boiler and a

25 generator. Examples of the auxiliary apparatus



A ——— -

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

i ncl udes®3® dars§§§eqn‘b?y/:é3§’s‘é%gf?rd'at Ahad B5c 2 sls%%Pgﬂn%mp an

cl earance/ tol erance devi_ation control values 66, conponent-repl acenent
criteri a267vakE R cOHBEIaNt RBMPepl ac &P L 6Gueif 68t hgheutility

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

| ocat i onapfpaavet ysneatter as weltle msproterswmt ngn appaconf igur anidonael enent s
or the like. The assenbly- time clearance/tol erance deviation control val ues

20 66 i neldéde hgl erapees and cl eanceppdhat udl erances andocl epeances each
serve as a reference taken in a process to assenble each of nenbers. The

e of 3 TR ER T ool By aPnn el or iaded Har B IqRc Zp M0a7 o0
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burner, a turbine and a compressor. A

an
example, the figure shows flows in main apparatus,
which are a turbine and a burner in this case.
Information is sent from the member select
10 function 63 to a maintenance guidance database 64.
The maintenance guidance database 64 includes a
disassembly/assembly database 65, assembly-time
clearance/tolerance deviation control values 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 wvalues
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 wusage 1limit of

25 each of deteriorated and/or damaged states. The



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

mai nt enance gui dance dat abase 64 is 5 displayed on the display function 39.
Fig. 9 is a diagramshowing a typical27internal configuration of the center
PC 9. Image and voice data fromthe transm ssion/reception apparatus 8 is
sent to an inmage conbination 10 function 69 and a real -tinme conmuni cation

functionqopl o dbgcQUIDYE afeddgti MRge e Sati on gynctionnBPubigssent to
t he 3D- CAD matching function 19. The 3D-CAD matchi ng function 19 is provided

with the.3D digital imge datahase 20 i_.oned ier_as ap_.additional
dat abase ™" q]%‘?a eri't yi glgnaﬁgtabcdlaxf?% fr%%m't agF3D “c‘i%élb%g‘{él rratg_jg dgteabase 20
is matches with information (inmge data) from_the imge conbi nation

functi onT6®13eed -dat & BEOEBRT 1PNt e | REGE hreds G enERCFBnciFORe2 20 and a

signal -switching function 70. The inmage conbination function 69 includes a
functionifror tdper posingepiaces of gunapndat a dbtaibedeas 4 resd t of
taking inmages in a plurality of directions for a nenber of interest in
ordersto &% Sehyeld terl teeordi ppties, opudltciapndenat es to i nage 28
Fig. 9 1is a diagram showing a typical
internal configuration of the center PC 9. Image
and voice data from the transmission/reception
apparatus 8 1is sent to an 1mage combination
10 function 69 and a real-time communication function
71. The output of the image combination function
69 is sent to the 3D-CAD matching function 19.
The 3D-CAD matching function 19 1is provided
with the 3D digital image database 20 mentioned
15 earlier as an additional database. After
verifying that data from the 3D digital image
database 20 1is matches with information (image
data) from the image combination function 69, the
data 1is sent to the image measurement function 22
20 and a signal-switching function 70. The image
combination function 69 includes a function for
superposing pieces of image data obtained as a
result of taking images in a plurality of

directions for a member of interest 1in order to

25 set virtual coordinates on 3D coordinates to image



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

i nformation(i mage data) of the nenber on portions 5 in the same coordi nates
fromthe i mage conbination function289 on the basis of reference
coordinates or line, face or corner information fromdata recorded in the
3D digital inmge database 20 in advance. 10 The i nage neasurenent function

22 15 8eddiNGH AN, T Ol MBASUE NG, dhTRNSL O R e TRIEE p,2RAPARING on 2
di spl ay "scr een and 5t putting a resu of thé measurenment to a
measur enent -data_ savi ng/ managenment function 72 a”dgé?f Si nallé.15 swi t chi ng

functi ort XSS on £RESHT hétT hand PERE - voi ce [0t a 1%~ heltP&al -time
comuni cation function 71 along with the inmage data, and the real-tine
comuni datnonibanctli%n i7ic pasdsss en thenclatn t Fehe SHFEHPSHLNENI ng
function 70. 20 The signal-swtching function 70 sends the data to the
real -ti nmf oage tdi spl aywafgancidatn 18 o and hae t mamsse tt el | faar trhbinen process
function 77. The real-tinme image display function 18 displays information
(deaé-t'ma L RIS Haba)co SPa3el£CL 89 M6k Ne nYl IRk Eehivihdunetd on 70. For
function 69 on the basis of reference coordinates
or line, face or corner information from data
recorded in the 3D digital image database 20 1in
advance.

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

15 switching function 70. On the other hand, the
voice data 1is 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 sends the
data to the real-time image display function 18
and a transmitted-information process function 77.

The 1real-time 1image display function 18

displays information (real-time image data)

25 selected by the signal-switching function 70. For



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

sel ected, a inmages conbined with 3D CAD data al ready prepared is displayed
in order to indicate differences between 5 an actual site screen and design
information as well as conponent att49butes. 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

pOS'tloneJc 10 mat i;gn a&hrf'é);gﬁqs%ﬁn ancAGA  @ppargtys i Aplaiied at the

site. rmation  oufput the real -ti'me comiuni cation function 71 is

selected prese si tuation t he S|te an ver|f|ed The real -tine
connunlcg %Qﬁmtl%ﬂ DES AN o ﬁépab?g of Earfvi § "out ®not oﬁ%ﬁs

connunlcatlons in one direction, but also conmunications in two directions.
The real CoMbE nedmiiditdat | 3R TiARt i 6R AL afd& SHABI ed HERBERGT k 1 Feeti ng
allowing information to be shared by the 20 nonitoring center 4 and the site
in the ofjeptlayedaddi t benlenat ta tindhiceper atiidif e rencaheberoieendat a
representing the condition of the site is automatically received. If a

voi cg hayhngaacudequency dibierant éﬂ@ma@gqgrﬁatiaqﬁéemeetwnt hgs 25

measur enent - dat a savi ng/ managenent function 72 as 30

well as component 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 information
output by the real-time communication function 71
is selected, the present situation of the site can
be verified. The real-time communication function
15 71 is capable of carrying out not only
communications in one direction, but also
communications in two directions. The real-time
communication function 71 also enables a network
meeting allowing information to be shared by the

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

frequency different from voice data stored in the

25 measurement-data saving/management function 72 as



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

warning is automatically issued. The transmtted-information process

functi on

18 to the nonitoring PC 5 of the nob
transm ssi on/reception apparatus 8. An inmage of a
is conbined with CAD 10 data, and an i mage data obtained as a result of

5 77 sends data di spl ayed OQ?the real -tinme inmage display function

e equi pment 12 through the

facility being nonitored

t he

conbi nat velides deida i feptesen® disgua anprapel ciorsd t tdbironotfo ahwor ker by
indicating a difference fromdesign information to the worker. In addition,
the tag datq isjgenigd9ed W&, 13 seleehibynction hwddainfosmati on from
the work- navigation-requesting function 21 set in advance is selected or
retrieved to be transmitted to a data attachment function 75. An

i mage- wr itiy" function 76 is added to the
a function for witing informatjion necessary for the work over K existing

20 data attachnent function 75 as

i nformati on. ThéD@at RrattsehhEsE - ¥RRSEMGT Y8R NS COHAS pHATFORA data of

the information on a screen to the transmtted 25 information process

f unct9 on

10

15

20

25

777. SEHmderadsimidteti 8played on the real-time image
display function 18 to the monitoring PC 5 of the
mobile equipment 12 through the
transmission/reception apparatus 8. An image of a
facility being monitored 1is 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 1is added to the
data attachment function 75 as a function for
writing information necessary for the work over
existing information. The data attachment
function 75 sends only positional data of the
information on a screen to the transmitted-

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

wor k- navi gati on-requesting function 21, mmintenance information necessary
for the work can also be retrieved as information to be sent by using the
tag information. The 10 mai ntenance information necessary for the work

includes.i%Qana i,on framthe inag§ipeg§urenent77fungéhg@;ZZWNJPQ
Cc

i nf or mat 8 €A™ écF%trﬁEV%aeﬁf associ a Fﬁb the' i nformation In advance or

associating the information by using typicall 15 informatiqn pn a
moni t or e@YBHAT BALTFI g. 1DF QEMAtdicdhr amtshowi Gt S tyFilda® | MetREl
configuration of the 3D-CAD matching function 19. The image data sent by
t he i mageaicondined on thmonidn 69tdwdl t hereAB Whes isenf rer et ihe 3D
digital image database 20 are matched by a coordinate recognition function
79 so thapddeytueoigicide with each other on the sane coordinates. After
the matching process, a superposition function 80 superposes those inages.
The 2p superposition Junchioge80 fecelveslata 33,  aqdition to
information from the work-navigation-requesting
function 21, maintenance information necessary for
the work can also be retrieved as information to
be sent by using the tag information. The
10 maintenance information necessary for the work
includes information from the image measurement
function 22. The information can be retrieved by
associating the information in advance or
associating the information by wusing typically
15 information on a monitored portion.

Fig. 10 1is a diagram showing a typical
internal <configuration of the 3D-CAD matching
function 19. The 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 79 so that they
coincide with each other on the same coordinates.
After the matching process, a superposition

function 80 superposes those images. The

25 superposition function 80 receives data
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representing a photographing direction, a photographing distance and a

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

determ n%felé)]ﬁ %gglctt]in%ﬁ 81. laThe fjrkrléD (gle §§%ﬁler?%ncen§g?%rcrr?%éhon fﬁdncti on 81
also receives information froma mai n-nemher tol erance,  difference database
82 at t h@RAnBIFERI 1 e 15AEHANCAI f f eFBAAce det er BAFCHT FRAHI DN 81
sends information on a nenber determ ned as a nenber to be subjected to a
mai Nt enarcEnWwoek tticonhe ag r adgyieredLtildor metri onapr delee§ ofdreP hémI77 as
information with a difference going beyond a range 20 of tolerance. Fig. 11
is a di agtethshovwk Agpa g pisal thient emaale coabicgirat iapp ot atthes nersber
difference determ nation function 81. An entire-imge recognition function
83 705 Tegogni,zidir 885106 2F Pl ERS NG b ¢ PPEECH K Ot BY FBH AL Aigned

recei ves 33

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

Fig. 11 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
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information fromthe superposition function 80. |In the case of a gas
turbi ne generator, for exanple, the entire-imge recognition function 83
creates 3D data by superposing 3D-CAD data as the 5 whole of the gas turbine
and its real inage data, and the supgBposed inmage data 3Dis sent to a
function 84 for recognizing whether the inmage data(object)3D is beyond a
tol erabl e coordinate. The function 84 also receives information fromthe 10

mai n- menber. tol erance difference database 82..On_t asi.s_of e 3D data
and t he ?ﬁ%ﬂﬁ%?%&ﬁnre EPWed%r%nn?%Be%ﬁ?ﬁﬁ%%ﬁﬁ'tcﬁ%?%ﬁﬁﬁhi%pérence

dat abase 82, the intol erabl e apparatus coordi nate recognition function 84
recogni z&& a tefberCa®dsefs appededncet BRRAGE vaPG&SEpt8Lent i h§Ta
deterioration and/or a deformation exceeds a tolerance value, and sets the

recogni zeckamgmber, onhet hen8D wat amagesi gralogui patorby fiurec t aval eBabl e
apparatus coordinate recognition function 84 is 20 sent to a nenber

coor di nate d£€68Ni 31D 0 £ ClHyoNs ude rgoe i pRyTHeD -Coy dirati£ Becoghiet i on
function 85 generates a signal representing the nmenber and supplies the

general equsl 00l d Oc A 0885 NEUIPBY n LNAAROCIEAL J SaYeSndyACtdQRat0. The
| ocal  menber 25 enl argenent request function 86 generates 34
and the superposed image data 3D 1is sent to a
function 84 for recognizing whether the image
data{(object)3D 1is beyond a tolerable coordinate.
The function 84 also receives information from the
10 main-member tolerance difference database 82. On
the basis of the 3D data and the information
received from the main-member tolerance difference
database 82, the intolerable apparatus coordinate
recognition function 84 recognizes a member whose
15 appearance change value representing a
deterioration and/or a deformation exceeds a
tolerance value, and sets the recognized member on
the 3D data. A signal output by the intolerable
apparatus coordinate recognition function 84 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 request function 86 generates



information of the nenber enlarged on the imge and supplies the generated
information to a photographi ng procedure control function 87. If the
i mge-capture apparatus 13 includes a_5 photographi ng-direction adjustnment

apparatus, the photographing procedu?é control function

87

supplies a

direction-instruction control signal of the apparatus to the
transmtted-information process function 77. If the imge-capture 10

appar at us plid +Rgkudas nor Phohegr arhivedr dideci ke q adistyeat apRglat us, on
the other hand, the photographing procedure control function 87  supplies a

signal i noH&at isﬁrﬁl r.irgtsthgdtt fo Ph%tnog%gggidng gg%%n%g‘ggri Sp the screen of the

15 nnbilg'equip e transm =i nform

Fig. 12 is a diagram show ng typical information output
di f f er en®C HREERAMBEFonP F BT BRS81C0B Tt alfiuBppadR u

i)

i Ooh ~"process function 77.

t he nenber
0 di i ay

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

i mage di splay fioegde ona®rwnd an agipechtappar alds CADndilsplay  function 90
are displayed. In addition, the all apparatus display function 88 al so

di spl ays o 26grmge hgCAR £oakiinat | o flasphn f ungppen-4 figkydi BGe35

photographing procedure control function 87

supplies a direction-instruction control signal of

the apparatus to the transmitted-information

process function 77. If the image-capture

10 apparatus 13 includes no photographing-direction

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

15 mobile equipment 12 to the transmitted-information

process function 77.

Fig. 12 is a diagram showing

typical

information output by the member difference

determination function 81. On an all apparatus

20 display function 88 serving as a first

screen, an all object apparatus image

typical

display

function 89 and an object apparatus CAD display

function 90 are displayed. In addition,

the all

apparatus display function 88 also displays an

25 image / CAD combination display function including



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

di splay function including differenc& 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 rage phqt aqr aphi ng control_informtion disclosur.e _function 92 rving as a
secgndptgbggﬁ %I&Fgen,P(?rFltEh8not ﬂgrl QS U et érhi ALY AtenDRr SF )

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

| ocal nefbBER ISR Ar getret KEFUESE fUhctSWREIBOSE § 508 spfayleld® mhk!

det er m ned- menber enl arged- inmage display function 93 is information on a
phot ogr apbijrg: tpr epedur 2t adopt edgky d hepilmagefuoaptiioe &@fpharatdusti8. An
exanple of the information is a photographing position 20 represented by an

angl e 0 ghX0¢ degppas £¥ @8 acalhor izions akyl | Fadef eoence passi nghehrough the
menber and a hori zontal distance of nm |If the inage-capture apparatus

13 TR (SN, MR, ol AT AT LA Slaral 25 13
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 local

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 local member enlargement request function

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

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

adjustment function, for example, a control signal

25 1is sent. The control signal conveys information



such as a horizontal direction of a degrees, a vertical direction of
8degrees and a focus of y. Fig. 13 is a diagram show ng a typical structure
of the mai n-nenber tol erance di fferegg(se 5 database 82. Typically, a
shaft-bearing tol erance wear thickne 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-ygbh thiscknesso 95 $ypteal | wihascaibwnctison o fogeighdi€at i ng an
oxidation wall reduction tolerance value for a wall reddction caused by

hi gh-t enper at.ure, g hat .can perated w e f.a_ W end in a

t ur bi ne@?§%ilcca&f]ry%§artel(g£ %glns(lg)fi ndg %ceee?\g%élraan%gfgg%n%sgeo?nh?gkness 96 for
i ntroducing g :turbigg burned gas,to a turbjﬁge has a fungtio.n f?r

i ndi cating a dahge tbferarte 2valdt28f 3 dafdge ‘Thdsed by "BErrEdlgas. A
sensor broken wire 97 typically includes information on 20 | ayouts of all

si gnal wWBEEsR funet epperizh@r endi ngmegrlessurec seasdICas Tabfgateancen the
basis of these pieces of information, the nmenber difference determ nation
functs ond8t axed €6t 8 . nerbesi thdtl y headshaf be beepai hed oo lee@mced, and the
menber 25 difference determ nation function 81 is thus 37

wear thickness 94 has a function for indicating a

shaft-bearing-side wear tolerance value of any
rotational shaft bearing and a rotational-shaft-
side wear tolerance value. A wing tolerance
10 reduced-wall thickness 95 typically has a function
for indicating an oxidation wall reduction
tolerance wvalue for a wall reduction caused by
high-temperature gas that can be generated with
ease at a wing end in a turbine. Typically, a
15 transition peace tolerance damage thickness 96 for
introducing gas-turbine burned gas to a turbine
has a function for indicating a damage tolerance
value of a damage caused by burned gas. A sensor
broken wire 97 typically includes information on
20 layouts of all signal wires of a temperature or a
pressure sensor as CAD data. On the Dbasis of
these pieces of information, the member difference
determination function 81 selects a member that
needs to be repaired or replaced, and the member

25 difference determination function 81 is thus



capable of including information on the selected nenber in information to
be transmtted to the center PC9. Fig. 14 is a diagram show ng a typi cal
5 internal configuration of the visual _/manual function 14 and a
procedure-error-providing function. Ig'very dat abase 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 temrapabtl & undt | amdBudhtd he rdisphay i Fnunetri ot 189, ddkecerer PC 9
conprises a procedure verification function 99, a determ ner 100, a

wor k- si t endfgatd fiiGat i oNFbWREd 010t canthed ko PROGANE 88T kY WHK _
information select function 102. There are a plurality of enbodi nents in

whi ch theC WOUé‘ri tem 'bnput function 98 receives information fromthe nobile
equi pnent 92 %the ~cérter PC 9 and the nonitori ng PC 5. 20 A select signal
46 indicating a work phase, (which can be an installation work, a

mai ntenance wdri@or a4ri &S operattiAIREIK) SBRPEARE i ff or MAPILSGP¥ rom t he
instal |l ati on database 48, the trial-operation database 49 and the

mai nt &nantet 25 rdal abasensd,gwhath drave deen phepar ¥d sy hdvanesu s

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

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

20 A select signal 46 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,



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

the nobi lgs egHep@RMNEpd2. ofTheheordel éem iMputthiwictdon 98 is provided in the
center PC 9. In sonme cases, the work-iteminput function 98 has a function

for verifying ame 0Bgralion Garthed oUL ok ArbESONod0iNg way kgean 15 the

basis of information output by the image- capture apparatus 13 before
by ref er HihgtPE FGESES TREGAIR FORA DO Ty THE voPR- EOMPABIE. 20 -
function 98 is sent to the procedure verification function 99. The
procedur & &t fficcdtion f fHeAohon99? Ak so etk yEs § HeBr nauEeoutPut by t he
select function 47. The procedure verification function 99 collates the
i nf or pat i toie ogiqre e hy steiee wor KK Wbcttiem i Aiputi f usehitont 88 twe hwohrds -
i nformation output 39
item input function 98 and the display function
39. With the work-item input function 98, a
person actually doing works or a supervisor
verifies a work process along a work item before
10 supplying the process to the mobile eguipment 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 also receives information output by the select
function 47. The procedure verification function

99 collates the information output by the work-

25 item input function 98 with the information output



by the select function 47 to conpare the progress of the actual work with a
procedure described in a manual and supplies a result of the collation to
the determner 100. If the result of the 5 collation indicates that the work
has been carried forward in progress3§ccording to the manual procedure,
the determ ner 100 produces a "good' result of determ nation. In this case,
the determ ner 100 supplies confirmation information 10 to the displ ay

functionp3®. t ht thereesul Fuefct hen cot | &ld oBohnpl £at @ d hatrddeewar k was not
carried orward in accordance with the procedure of the manual or the work

h [ j | h - t ' 100 15
prodbces oF - HAEpGRHr LAdeul 1T e, B PR B £ARS Y R 0  or m ner

100 inforns a work-site identification functjon 101 of ihe,result of
det er mi ngﬁrbthalﬂ?en%ro@veg ISt Re 26 Cwdtk T€ c6itplat 88 1A% h Ehe
procedure described in the 20 manual by conparing a work item of the manua
with a rtdoognidatonrwiigreat rdfr@sentingft hetherk reemlitn w©fe cémeer PC 9
receiving the recognition signal transmtted on the basis of an input
receiyved doomttike nohidie ggeeprEmitl2as abdkpuksi sk eat idgr 23 econpl eti on

of the work item In the case of a 40
forward in progress according to the manual
procedure, the determiner 100 produces a ‘good’
result of determination. In this case, the
determiner 100 supplies confirmation information
10 to the display function 39. If the result of the
collation indicates that the work was not carried
forward in accordance with the procedure of the
manual or the work has given an 1mproper 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 signal
transmitted on the basis of an input received from
the mobile equipment 12 as an input indicating

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



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

accordance with the procedure described in the 5 nanual,

the reception order is determ ned. Sifige the conparison process is
out at a renote location, tinme information can be attached to a recognition

si gnal

representing the work itemin order to enhance the precision of the
conpar i SOROHrigte8y S Th& Al k- SPT e Ciediht £ i cafidgie ¢ A&t on Wibah al 3o

recei ves the address of the nobile equi pnent

no agreenment wth

carried

transmtted by the nobile equipnment 12 as the 10 recognition signal

15 12. The address is used as

i nformati sacleptidentobydieng tilke subidiEnedui pmenf Yheseme aggasithen source
of the received information. A signal output by the work-site

identificati@hfurati@he 105416 $@mt B ad PHAEEIURREL I Gk QWOHKt Nfarmation

20 select function 102. If only one nobile equipnment 12 is used, that is,

R L R L o

identification Tunction can
met hods for determning a 25 work site.

here are a plura

met hods 4Tanual, no agreement with the reception order 1is

10

15

20

25

determined. Since the comparison process 1is
carried out at a remote location, time information
can be attached to a recognition signal
transmitted by the mobile equipment 12 as the
recognition signal representing the work item 1in
order to enhance the precision of the comparison
process.

The work-site identification function 101
also receives the address of the mobile equipment
12. The address 1is wused as information for
identifying the mobile equipment 12 serving as the
source of the received information. A signal
output by the work-site identification function
101 is sent to a procedure-error work information
select function 102. If only one mobile equipment
12 is wused, that 1is, 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

work site. In accordance with one of the methods

I n accordance with one of .the



for determining a work site, received data with an error retrieved by the
procedure-error work information select function 102 as will be described

|ater is assuned to be data transnitt% 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
mobi | e edfib prerit d2mintim@ worko skt & ianel, a rer ki veid edasaretttaveth from a
result produced by the procedure-error work information select function

102 as wid} Be desqribedyleater 4 berysed foibcddgnrtifanngran aadness
recorded in the work-site 15 data as an address of the nobile equipnment 12

associated with the work_siite.. The.p edur e- r rk i pf.grymati sel ect

function ﬁ%goamsaot}%gei vsse]*[%%ti nf%\rl{:n’%t%lloohﬁf r g{rré3 Bt hgggr ocgﬁ:}rle veb%lfi cation
function 99 as 20 information used for selecting a problem genera ion item
gener at i NEEECFIGE @mliat ehe LHurREUBEda Wor RSt 8t ahé HARBERd e %rror work

i nformation select function 102 supplies the selected itemto the display
funct Bon BRonmThe 2%iitnéd or wattilon tsemt ée¢oriche dispragvfadcti end39 e

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

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

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

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

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

25 information sent to the display function 39
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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
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
generating the procedure error 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 be
selected. One of the pieces of error recovery
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 erroxr recovery
information prepared in advance for a procedure,

which was transmitted from the mobile equipment 12

in
qui prment



when a procedure error was generated. Upon a request for a display of the
error recovery information on the display function 39, the error
information is displayed 5 nanually or automatically and an input of a
return work itemis accepted by the wbfk-iteminput function 98.

procedure
recovery
till the

for example t

verification function 99 verifies a procedure of the err
procedure and an input procedure. The 10 processes are rep
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state of

work item 1is accepted by the work-item input
function 98. Then, the procedure wverification
function 99 verifies a procedure of the error
recovery procedure and an 1input procedure. The
processes are repeated till the determiner 100
produces a ‘good’ result of determination. Assume
for example that, for a work to be carried out 1in
the order of steps A > B > C > D, the work is
actually carried out in the order of steps A > B
2> D. In this case, the determiner 100 produces a
‘no good’ result of determination and the
procedure error 1information 103 shows Manual No.
1.1.2. In accordance with Manual No. 1.1.2, the
flow of the procedure shall go back to immediately
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, 1if the determiner 100 produces a
‘good’ result of determination this time, the

work-item input function 98 enters a state of



wai ting Tor an 1nput or an order of steps C- 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*ttemi nput function 98 is a function
for inputting work 10 condition data show ng the condition of a work done
by a worker. The nonitoring PC 5 conprises a reception neans for receiving

wor k congitiicamhglatra r f 5em o0 bi he equipreng randc a gfd apsmiysshon  means
for transmtting the work condition data to 15 a conmputér enployed in the

moni t or | an%eﬁ”.t ?'i're T@?Lovpeg.tfertgg %k%e%%ﬁ?é”ﬁ?aésﬁof{%mﬁQEg”gtéySt emin
order to Sinplity an operation to € a reques f a procedure error. The
nonitori ng system conprises the procedure verification function 99, 20 the
wor k- si t 85F&erfti fication function 101 and a transnission means. The
procedure verification function 99 is a function for conparing work
condi ti on dat aB¥npuhef r mene tofkanpl urhkei t podfi 1 eobe e igquephrent 2wi t h
manual -wor k data of a 25 database. The work-site identification function 45
5 comprises the display function 39 and the work-
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 eguipment and a transmission
means for transmitting the work condition data to

15 a computer employed in the monitoring center. The
center PC 9 is performed as a monitoring system in
order to simplify an operation to make a request
for a procedure erxrror. The monitoring system
comprises the procedure verification function 99,

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

mobile equipment with manual-work data of a

25 database. The work-site identification function



101 is a function for identifying a specific nobile equipnent corresponding
to a work site represented by the m snmatching work condition data in case
a conparison result produced by the 5 procedure verification function 99
indicates that the pieces of work conglition data do not match each other.
The transmi ssion neans is a neans for transmtting procedure error
information to the specific nobile equipnment in case the conparison 10
result produced by the procedure verification function 99 indicates that

t he pi ece30df wosk acorfdinfon odat afde notdentdH whtd otherspesifddition, if
there are a plurality of nobile equipnment and the conparison result
produced hypbld ¢ heeprunigedene verofreatp ondieans todi cat esokftat site pieces
of work condition data do not match each other, by identifying a specific

mobi | e eguiRNENL neQd e5PONdL B0 % s WBHK 54 t Goh8PT eseniedioky ddea
m smat chi ng"work condition data, the 20 conputer enployed in the nonitoring

center is,_capable of presenting necessar‘ligforqggéggekp a,..the party
s a

requiringlphatc%SFeqd%stCfﬁ?p%rpf%gédufg made in workbgiteto a broad

range. In addition, since the procedure is not input by a 25 supervisor
super Vi si RE AHRAWEEK, VERdriel FatAOheddtyst 1on 99 'indicates that

the pieces of work condition data do not match
each other. The transmission means is a means for
transmitting procedure error information to the
specific mobile equipment in case the comparison
10 result produced by the procedure verification
function 99 indicates that the pieces of work
condition data do not match each other. In
addition, if there are a plurality of mobile
equipment and the comparison result produced by
15 the procedure verification means indicates that
the pieces of work condition data do not match
each other, by identifying a specific mobile
equipment corresponding to a work site represented
by the mismatching work condition data, the
20 computer employed 1in the monitoring center 1is
capable of presenting necessary information to a
the party requiring that a request for a procedure
i1s made in a work site of a broad range. In
addition, since the procedure 1is not input by a

25 supervisor supervising the work, there is no need



SR i
for grasping the entire work so that it is possible to elimnate an error
caused by a supervision leak. Fig. 15 is a diagramshowng a typical 5
internal configuration of a systemin which the center PC 9 has the
wor k-iteminput function 98. Explanatijen of el enents shown in the figure as
el ements identical wth those showmm in Fig. 14 is omtted. In the system
each of a plurality of 10 nobile equi pnent 12 includes the display function
39 for displaying manual work data of a database. The nonitoring PC 5 has
the i magefedpt WEasappu at Fh a3 ot Feechiwrirlan iStagetdrta fadilit§ being
nonitored. The imge-capture apparatus 13 15 transmts the fetched inmage to
the centepoRGibleTheccentel iRCAtconprases exr means dauseetei biyng an | nage
fromthe inage-capture apparatus 13 and the work-iteminput function 98 for

i nput tings\Wydev £9RdIH ipaafiat a representing the condition of a 20 work done
by a worker. The inmage received fromthe inmage-capture apparatus 13 is

exam ned to verify an eratjon_ cageli t ker_ on . ility
side. Work conglggyi'on ggt aaleér'lteraed %{ngg(lm%q?ke?%gﬁm\fl\ﬁ o5 ceﬁyﬁlé?ge is

accepted by the work-iteminput 47
p5 i%ternal configugation of a system in which the

center PC 9 has the work-item input function 98.
Explanation of elements shown in the figure as
elements identical with those shown in Fig. 14 is
omitted. In the system, each of a plurality of
10 mobile equipment 12 includes the display function
39 for displaying manual work data of a database.
The monitoring PC 5 has the image-capture
apparatus 13 for fetching an image of a facility
being monitored. The 1image-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 1is 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 1s accepted by the work-item input



function

98. As such, since there is no need for entering work condition

data fromnobile equi pnent 12 at the site, it is possible to get rid of a
procedure error caused by an input nigégke made by 5 the worker working at

the site
requiring
range. Fi
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present necessary information to a the party
requiring that a request for a procedure be made
at a work site of a broad range.

Fig. 16 1s a diagram showing a typical
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
verifies an operation carried out by a worker on
the same side and enters the verified operation.
Work condition data 1is accepted by the work-item
input function 98 employed in the monitoring PC 5.

Fig. 17 1is a diagram showing a typical
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 sghown
in the figure as elements identical with those

shown in Fig. 14 1is omitted. In this monitoring

system, a procedure error can be confirmed even at

he



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

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

t he suppogther,.gitatentions of the worker and the supporter can be exchanged
bet ween them and understood by themin both directions snoothly. 15 In

addition, a worky ! RstLuGH ol CaRbe: AbYelt mbRed I@ELLU e FRAARLyLY & system
conprising a ORI tOF I ng appar at'us T or periodically Col'ecti ng and
recordi ng i nput oungut prociis val_ues, of an operati&n contr ol qﬁgaratus

[

enpl oyed Pn “P¥5citict ¢ ot Li it efEGE B3t ¥el 3T adhefilfi TRl Fy ROYFECt i ng and
recording control signals of the operation control apparatus, a plurality
of nobi | eSeqspuehtn cPAPEOE ng & Itadiar 1 n@merk ttioget ey iter ttheankoni tori ng
apparatus, inmage/voice input/output 25 apparatus connectable to the nobile
equi prent aaydd 49 maintenance work at the plant can be

supported by using an image, a voice, an email and
design data, which are transmitted from a
monitoring system installed at a location remote
from the plant.

10 Thus, even 1if the language spoken by a worker
is different from the language of the supporter,
intentions of the worker and the supporter can be
exchanged between them and understood by them in
both directions smoothly.

15 In addition, a work instruction can be given
in a real-time manner 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

20 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

25 apparatus connectable to the mobile eguipment and
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a nonitoring server for nmonitoring the information, which are coll
recorded in the nonitoring apparatus, through a pay station |Iine.
top of that, by using any one of the follow ng functions, necessary

information on a work can be obtainedow thout a departure froma work

site. The functions include a function for

ected and
5 On the

automati cal ly displ aying

informati on on 10 mai ntenance of a nenber to be inspected, a function for
di spl ayi ng i nformon assenbly of the megger and a conponent or _repl acenent
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the repl acenent values are a clearance and a wear

The additional information i _ncI u_des a wi tten menor andum and a
sket CQ.) 25 Furotnhegg%re t he ?Utt%WQE',C lg1|}|/s|%ISa%/ngunaclgﬁll_on 50

top © one of the
following functions, necessary information on a

work can be obtained without a departure from a

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

Furthermore, the automatic display function



for automatically displaying informati on on maintenance of a nenber
receives a signal transmtted by radio conmunication froman tag installed
in advance at a necessary location of _a 5 facility of interest as an tag
having a recording function and, by ?%ecution 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 wor k 'EBROT B4 {10 WL eQYary bYdQ_)s‘i&}'é%QBgOf_aiﬁ@wtﬁ&ﬂiw uggating an
i nspection or repair history input to the nobile equipnment, the tag is

capabl e mairpcrgxgglté g ifnigpection eqr[bdegxani.g?tejiqpésfrp@ bei -g%ljrgloverl ooked

due to hurman errors for exanple a per1 odi cal i nspection an epair tines.

In addition, the display functjons of each, nohile equipnment, the nonitoring
| B! une g
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server ahd3HIE&f C e387 i Nl GARTEFLARELGT t of BPpI &7 t 290 sane
information on the screens or a function to nutually share the sane
di spl ayednistffol hed ohn ¥&same e ot texanpes ahad riynf beaatti oo fa eursor of
any specific one of the nobile equipnent, the nonitoring server and the
centey PEacsi thaggesf 2mt arthits gaseant e dgrohihe eguispnesicortdéngoni t ori ng

51
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 repailr history input to
the mobile equipment, the tag 1is capable of
preventing inspections and examinations from being

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

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

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

monitoring server and the center PC 1is changed.

25 In this case, the mobile equipment, the monitoring



server and the center PC each have a function that allows information on
cursors of the nobile equipnent, the nonitoring server and the center PC
ot her than the specific one to be chﬁgged so that 5 the cursors all nove to
the sanme coordinates. In this way, ual understanding of intentions can
be assured. a On the top of that, a function for comunicating only a
change in cursor position 10 increases the comunication speed even if a

transni sgeaf;étnavi Rg acsAtklr cpoMeni Cat hawe capaaidytiisriseHatl n the
enbodi ments descri bed above, the nobile equipnent 12 conmunicates with the

center P e [n:the i toL] ter t hnough - Rni t ori ng
PC 5. It%?gigggbenﬁ%?égﬁwhgﬁgger?Bﬂtha%h?%éﬁﬁ%bifggquﬁgﬁen{&gglgg} al so
conmuni cate ,with the ﬁenter PC 9 englo ed in the ngnitorin%' center 4
di rect | y SBH BUPAer nbPE, TORHE H KDIp ST BEE (3 Pr SiHeCE 2ot FGuration in
whi ch the function of the nonitoring PC5 is included in the nobile
equi prentotizeso tthr  tHe nebid @l Egai pnieat t12 bs ¢hpalied of Tobhafki cati ng
with the center PC 9 25 enployed in the nonitoring center 4 directly.

5 the cursors all move to the same coordinates. In

this way, mutual understanding of intentions can
be assured.

On the tép of that, a function for
communicating only a change in cursor position

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

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

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

20 Furthermore, it is also possible to provide a
configuration in which the function of the
monitoring PC 5 is included in the mobile
equipment 12 so that the mobile eguipment 12 1is
capable of communicating with the center PC 9

25 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 5 the nobile equi pnent 12 as a dat abase
for allowing the inmage to be stored PA the nobile equipnent 12 as well.
The functions of apparatus such as the nonitoring PC5, the center PC 9 and
the nobile 10 equi pnent 12 can each be perfornmed as a program executed by a

conputer. The pt for ., perform t 16841 0oNn a ed on a
R r ét 1%){'%1%(3&%)5&9%1?0%& PSVgtdQJ qz\

recordi ng nedi umto bé read out uter r execution. 15 The

pr esent inveption as been proposed a _systemfor sgpportieg m?rks done at a
remote siGF L bYUEA P madds, YRGS, Fhmi 1938% debigh dar®c ke systemis
al so applicable to work support for not only an el ectric-power generation
facilitybengut apsdtarhed fathlitfborakh dsta mMuf ac?Btiyng tHeant and a
chem cal plant in which an installation work, a trial operation and a daily
mai nt enamgen Wobk iate rmecessamut 531 MWATa | SLLADMER | Provided in

5 the mobile equipment 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 1invention has been proposed a
system for supporting works done at a remote site
by using images, voices, emails and design data.
The system 1is 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 nonitoring conmputer through a pay station
line and transmtting information to53said 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 LEPAT far r o be done by a worker, said nonitoring system
charact@ilzedfgncﬁﬁgﬁgﬁgeggi of said nobile equipnent has: a display nmeans
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 done by said worker; said nonitoring conputer has: a reception nmeans

;g(rj recgicdiidgma Woik 5S4 £ORditldomEr Yy dakmoNecofa sakdeobide agpi pnent;
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
said monitoring gomputer;

a plurality of mobile equipment 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 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



a condition transm ssion neans for transmtting said work condition to said
nonitoring center conputer; and said nonitoring center conputer has: a
procedure verification means for comsaring 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 pment  corresponding to a work site of a work indicated by a conparison

resul t p&gﬂ%ecdléx spi-daPr 9ggdubg e Verd fikeatd ORIBANS a8 g MWknWi;th said
work condition thereof not matching said manual work data; and an error

transn155|8p means for transmtting information on a procedure error to

sai d spe nobi | e equi pnent corresponding to a work site of said work

with said work condltlon t hereof not matching said manual work _data. [C aim

2] A nonitoring systeRdékdraRt eri ZERBF M Rsi ng:M&2RGNi t or FRE conput er

for nonitoring a 55 facility; a nonitoring center conputer for nonitoring
transmitting said work condition to said

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 equipment with said manual work data stored

in said databasef

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 said specific

mobile equipment 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
transmtting information to said no '%oring conputer; a plurality of nobile
equi pnent each connected to said nonftoring 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 wpgkidatweystored in said database; said nonitoring conputer has: an
i mge-capture apparatus for fetching an inage of said nonitored facility;

and a transmi ssiqn,eans {95 tEaRTMLAtidsatdy | FRge freigphed byngai d

i mage-capture apparatus to “saird nonitoring center conputer; said nonitoring
center conputer has: a reception _neans for recejvi saiﬂ}ina ) fromsaid
moni t or | h§EOFRRT 2P aRb asgbpk-??ﬁﬁltionlbb?grre%%@pf‘lor ¥ ngt Y?H% a Wor k
condition as a condition of said work done by said 56 worker.

pay station 1line and transmitting information to

said monitoring computer;

a plurality of mobile equipment each
connected to said monitoring computer 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;

said monitoring computer has:

an 1image-capture apparatus for fetching an

image of said monitored facility; and

a transmission means for transmitting said
image fetched by said image-capture apparatus to
said 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



[Claim3] A nonitoring systemconprising: a nonitoring conputer for
nmonitoring a facility; a plurality of nobile equi pnent each connected to
said nonitoring conputer by a comuffcation line; 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 said‘ﬂgggggse; and a work-iteminput nmeans 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
work condition entered fromany one of said nobile equipnent with said
manual wpCkadat a3$t or &d monisainf nat slyssteema ogorRr sistingeri fi cati on neans
for 57 identifying a specific nobile equi pnent
a monitoring computer for monitoring a
facility;
a plurality of mobile equipment 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 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-site 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 work
condition thereof not matching said ual work data; and an error

transm ssion neans for transmtting information on a procedure error to

said specific nobile equipnment corresponding to a work site of said work

with said work condition thereof not matching said manual work data.

[Caim

ared $BR1@M®Rk to be

41 A nonitoring center conputer, characterized bi conprising: a database
B

used foridestiingy MBGual wWBrk daiReCéff i manudIohk
done by a worker;

data stored in said database; a work-site verification neans for
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result produced by said procedure verification
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i ndi cated by a conparison
nmeans as,a

manual

wor
condition thereof not matching said manual work
data; and

an error transmission means for transmitting
information on a procedure error to said specific
mobile eguipment corresponding to a work site of
said work with qsaid work condition thereof 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 means 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 eguipment 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

a procedure verification neans for conmparing a work
condi ti oncagempondiiidntaf a wookkdoaetly od wer kerrhi thndaicth hadual

wor k



<A
an error transm ssion nmeans for transmtting information on a procedure
error to said nobile equipnment corresponding to a work site of said work
with said work condition thereof not n?%ching said manual work data. [C aim
5] A nonitoring center conputer accordihg to claim4 , characterized by
further including: a reception neans for receiving information representing
an image of said nonitored facility; and a work-iteminput neans for
inputting a work condition as a condition of said work done by said
wor ker . [ @Qf ninelt A #BAi 1R 1 Ag "Eenial ¥oHput R taccorBlng to claim 4
characterized by further including a reception neans for receiving a work
condition to bemrospared Byraastipgstedureenears f foat i bmraresms t tfiwm one of
said nobile equipnment. [Claim7] A nonitoring center conmputer according to
claim4 , ichppaaieridad bh tBat pSAILELERr ekRIWBMEST Ay MBANGIS: Pe
transm ssi on neans for transnl?tlng information to be used for a process

of recovery, ££0M A, PrOGEIWEEE Y ing to a work site of said

work with said work condition thereof not matching

said manual work data.

[Claim 5] A monitoring center computer according
to claim 4 , 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 claim 4 , 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 equipment.

[Claim 7] A monitoring center computer according
to claim 4 , characterized in that said error
transmission means 1s a transmission means for
transmitting information to be used for a process

of recovery from a procedure error.



