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2

REMOTE MONITORING DIAGNOSTIC
SYSTEM

(1) Some remote monitoring diagnostic systems monitor and
diagnose tens of thousands of objects to be monitored.
HoWever, it is dif?cult to apply this form to a system in

CROSS REFERENCE TO RELATED
APPLICATIONS

Which a monitoring diagnostic program in a remote moni

toring point and a plant control program in a plant control
system cooperate With each other by maintaining a one-to

This is a Continuation Application of PCT Application No.
PCT/JP2008/050293, ?led Jan. 11, 2008, Which Was pub
lished under PCT Article 21 (2) in Japanese.
This application is based upon and claims the bene?t of

one relationship.

(2) Although objects to be monitored are required to have
various processing forms or performances, it is dif?cult to
monitor and diagnose these objects having a number of
processing forms or performances.
(3) As described above, the conventional remote monitoring
diagnostic systems mainly use data communication by

priority from prior Japanese Patent Application No. 2007
007246, ?led Jan. 16, 2007, the entire contents of Which are

incorporated herein by reference.

intranets. Therefore, it is dif?cult to apply these conven

BACKGROUND OF THE INVENTION

tional systems to systems using the Internet through public
lines.

1. Field of the Invention
The present invention relates to a remote monitoring diag

It is, therefore, an object of the present invention to provide
a remote monitoring diagnostic system that adopts an archi
tecture changeable in accordance With the states of a large

nostic system for monitoring and diagnosing a large number
of objects to be monitored having various processing forms or

performances.

20

number of objects to be monitored, and can use only a nec

2. Description of the Related Art

essary program by independently handling monitoring, diag

Conventionally, techniques adopting various remote moni

nostic, and operational programs, thereby solving the above

toring methods have been developed and proposed as remote

problems.

monitoring diagnostic systems for monitoring and control
ling objects to be monitored in remote places. Several con

ventional remote monitoring diagnostic systems Will be

25

explained beloW.

units each installed in an object to be monitored are connected

One remote monitoring diagnostic system is a poWer sys
tem protection control system for performing remote opera
tion and remote maintenance, and is a method in Which a
controller of an object to be monitored is connected to a

by a communication network, and Which monitors and diag
noses each object to be monitored, Wherein
30

remote monitoring center by an intranet and monitored by
using a Web page formed by HTML (e.g., non-patent refer

Another remote monitoring diagnostic system includes a
35

monitored, and has an arrangement in Which a monitoring

diagnostic program installed in the remote monitoring point
cooperates With a plant control program installed in the plant
control system, and monitors and diagnoses the plant on the
basis of data supplied from the plant control system (e.g.,

forming means, mobile program transmission means for
40

ing data transmitted from the monitoring diagnostic unit of
each object to be monitored, and generating an alarm or
45

Non-patent reference 1: “Innovative PoWer System Monitor

ing Control/Protection System”, Ryoichi Tsukui, Fumio
50

55

Sekiguchi, Shoji Takenaka, and Yoshihiro Sirota, Toshiba

data communication by intranets. Accordingly, the folloWing
problems are pointed out.

As the center, there may be provided, instead of the diag
nostic result reception means, prevention/maintenance sup
port information forming means for receiving monitoring
mitted from the transmission means of each monitoring diag

nostic unit, and forming maintenance support information of
60

each object to be monitored on the basis of the monitoring

data and the diagnostic result, and prevention/maintenance
plan optimiZation processing means for making an optimum
maintenance plan by using the prevention/maintenance sup

BRIEF SUMMARY OF THE INVENTION

The remote monitoring diagnostic systems as described
above monitor plants such as poWer systems, and mainly use

gram reception means for receiving the mobile program
transmitted from the center, mobile program execution pro
cessing means for executing the received mobile program on
a corresponding object to be monitored, and transmission
means for transmitting monitoring data of the object to be
monitored and a diagnostic result of the monitoring data to the

data and a diagnostic result of a object to be monitored trans

RevieW, Vol. 54, No. 6, pp. 34-37, 1999.
Patent reference 1: Japanese Patent No. 3621935
Patent reference 2: Jpn. Pat. Appln. KOKAI Publication No.
2003-1 14294

abnormality noti?cation if abnormality is found, and
each monitoring diagnostic unit comprises mobile pro

center across the communication netWork.

pp. 30-33, 1999.

Non-patent reference 3: “Application of Intranet Techniques
to PoWer System Protection Control System”, Katuhiko

transmitting the mobile program formed by the mobile pro
gram forming means to each monitoring diagnostic unit
across the communication network, and diagnostic result
reception means for receiving a diagnostic result or monitor

Still another remote monitoring diagnostic system is a

Masuda, and Kuniaki Suzuki, Toshiba RevieW, Vol. 54, No.
6, pp. 26-29, 1999.
Non-patent reference 2: “Intranet Applied PoWer System
Monitoring Control System”, Yoshiro HasegaWa, Yosio
Ebata, and Hideki Hayashi, Toshiba RevieW, Vol. 54, No. 6,

mobile program forming means for forming a mobile pro
gram for diagnosing each object to be monitored, on the basis

of the algorithm formed by the analysis/diagnostic algorithm

patent reference 1).
system for monitoring, diagnosing, and maintaining a plural
ity of poWer generation plants from a remote place (e.g.,
patent reference 2).

the center comprises analysis/diagnostic algorithm form
ing means for forming an algorithm for performing diagnosis
corresponding to a processing form or performance of each
object to be monitored, on the basis of a result of analysis
performed on data or speci?cations of the object beforehand,

ences 1 to 3).

remote monitoring point, plant control system, and plant to be

A remote monitoring diagnostic system according to an
aspect of the present invention is a remote monitoring diag
nostic system in Which a center and monitoring diagnostic

65

port information formed.
A remote monitoring diagnostic system according to the
second aspect of the present invention has an arrangement in
Which the analysis/diagnostic algorithm forming means of

US 8,255,187 B2
4

3
the center individually forms mobile algorithms for monitor

FIG. 7 is a block diagram of a remote monitoring diagnos

ing, diagnosing, and operating each object to be monitored,

tic system according to the sixth embodiment;
FIG. 8 is a block diagram of a remote monitoring diagnos

on the basis of a result of analysis performed on data or

speci?cations of the object beforehand, the mobile program

tic system according to the seventh embodiment;

forming means of the center forms a monitoring mobile pro
gram, a diagnostic mobile program, and an operational

tic system according to the eighth embodiment;

FIG. 9 is a block diagram of a remote monitoring diagnos

mobile program for monitoring, diagnosing, and operating

FIG. 10 is a block diagram of a remote monitoring diag

nostic system according to the ninth embodiment;

each object to be monitored, on the basis of the algorithms for
monitoring, diagnosis, and operation, and transmits one or
more of the monitoring mobile program, the diagnostic
mobile program, and the operational mobile program via the
mobile program transmission means to the monitoring diag
nostic unit of each object to be monitored via the mobile

FIG. 11 is a block diagram of a remote monitoring diag

nostic system according to the 10th embodiment; and
FIG. 12 is a block diagram of a remote monitoring diag
nostic system according to the 11th embodiment.
DETAILED DESCRIPTION OF THE INVENTION

program transmission means and the communication net

Work, in response to a request from the monitoring diagnostic

Embodiments of the present invention Will be explained
beloW With reference to the accompanying draWings.

unit, and
the mobile program execution processing means of each

monitoring diagnostic unit acquires monitoring data of a cor
responding object to be monitored on the basis of execution of
the monitoring mobile program received by the mobile pro
gram reception means, acquires a diagnostic result of moni
toring data of the object to be monitored on the basis of
execution of the diagnostic mobile program, and operates the
object to be monitored on the basis of execution of the opera
tional mobile program.

(First Embodiment)
20

FIG. 1 is a block diagram of a remote monitoring diagnos
tic system according to this embodiment.
This remote monitoring diagnostic system has an analysis

center 1, monitoring center 2, and monitoring diagnostic units
4-1, . . . installed in one-to -one correspondence With objects to

be monitored. The monitoring center 2 and the monitoring
25 diagnostic units 4-1, . . . of a large number of objects to be

A remote monitoring diagnostic system according to the

monitored are connected to a communication netWork 3.

third aspect of the present invention has an arrangement in
Which the center forms the monitoring mobile program, the

Also, the analysis center 1 and monitoring center 2 are con
nected by an intranet 5. Note that the analysis center 1 and
monitoring center 2 function as a center.

diagnostic mobile program, and the operational mobile pro
gram as a monitoring mobile agent, a diagnostic mobile

30

agent, and a operational mobile agent.

A remote monitoring diagnostic system according to the
fourth aspect of the present invention has an arrangement in
Which the center comprises a program/data transmitter-re
ceiver, or a security-sensitive program/data transmitter-re
ceiver including an authenticating function and an encrypting
function and sensitive to transmission security, obtained by
collecting, into one package, at least transmission means for

35

form depends on the contents or purpose of processing of the
40

toring data, and
each monitoring diagnostic unit comprises a program/data
transmitter-receiver, or a security-sensitive program/data
transmitter-receiver including an authenticating function and
an encrypting function and sensitive to transmission security,
obtained by collecting, into one package, at least reception
means for receiving the mobile program and transmission
means for transmitting the diagnostic result and the monitor

45

ing data.
BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

55

invention;
FIG. 2 is a block diagram of a remote monitoring diagnos

60

FIG. 4 is a block diagram of a remote monitoring diagnos

tic system according to the fourth embodiment;
FIG. 5 is a block diagram of a remote monitoring diagnos

tic system according to the ?fth embodiment;
FIGS. 6A and 6B are vieWs shoWing examples of hardWare

nostic system according to each embodiment;

sured value of the rotational speed, and the like. Examples of
the speci?cations obtained beforehand in relation to each
object to be monitored are the speci?cations of parts and the
like used in the object. For example, When a motor is used in
an object to be monitored, the speci?cations are, e. g., the
speci?cations of the motor.
Accordingly, the state of each object to be monitored is
estimated from the data or speci?cations of the object, and an
on the basis of monitoring data of the object.

FIG. 3 is a block diagram of a remote monitoring diagnos

con?gurations for implementing the remote monitoring diag

unit.
Examples of the data obtained in advance in relation to
each object to be monitored are the measured value and
command value of each sensor installed in the object. For
example, When a motor is used in an object to be monitored,

algorithm for diagnosis is formed. The diagnosis is performed

tic system according to the second embodiment;
tic system according to the third embodiment;

monitoring diagnostic unit of each object to be monitored.
The performance depends on the capability of the monitoring
diagnostic unit of each object to be monitored, e.g., the pro
ces sing speed or rotational speed of the monitoring diagnostic

the data are a command value given to the motor, the mea
50

FIG. 1 is a block diagram of a remote monitoring diagnos
tic system according to the ?rst embodiment of the present

tion unit 11 forms a diagnostic algorithm using a source code
that de?nes, e.g., a diagnostic procedure for solving a prob
lem corresponding to the processing form or performance of
each object to be monitored. For this purpose, data and speci
?cations concerning each object to be monitored are obtained

beforehand, and a diagnostic algorithm for estimating and
diagnosing the state of the object is formed. The processing

transmitting the mobile program (mobile agent) and recep
tion means for receiving the diagnostic result and the moni

The analysis center 1 has an analysis/ diagnostic algorithm
formation unit 11. The analysis/diagnostic algorithm forma

65

An example of the simplest diagnosis is an algorithm by
Which threshold values corresponding to monitoring data
(e. g., a sensor measured value and operation command value)
representing the state of an object to be monitored are preset,
and a diagnostic result representing an alarm or abnormality
noti?cation is output if one or a plurality of types of monitor

ing data exceed the threshold values. When using a plurality
of types of monitoring data, it is also possible to form an

US 8,255,187 B2
5

6

expression for evaluating the monitoring data by using each

munication network 3. These diagnostic results and
monitoring data are transmitted by using a protocol similar to
the communication protocol used by the mobile program

threshold value. For example, the diagnostic result is a low
level abnormality if a plurality of types of monitoring data
exceed one threshold value, a medium-level abnormality if
the plurality of types of monitoring data exceed two threshold

transmitter 13.
This embodiment as described above has the arrangement

values, and a high-level abnormality if the plurality of types

in which the analysis center 1 forms a diagnostic algorithm,
and the monitoring center 2 forms a diagnostic mobile pro
gram, transmits the program to the monitoring object units

of monitoring data exceed three or more threshold values.

Note that the diagnostic algorithm is formed by, e.g., an
algorithm describing method such as a source ?le or set ?le

4-1, . . . , and receives the diagnostic results and the like.

using a programming grammar, or a describing method such
as a ?owchart, by using a PC or the like.
The monitoring center 2 includes a mobile program forma

Therefore, necessary diagnostic mobile programs corre

sponding to the functions of individual special departments
such as the analysis center 1 and monitoring center 2 scattered
on, e. g., the Internet can be rapidly formed as optimum diag

tion unit 12, mobile program transmitter 13, and diagnostic
results receiver 14.
The mobile program formation unit 12 forms a diagnostic

nostic mobile programs by making the most of the past expe
riences and the like, and readily provided to the monitoring

mobile program that operates in the monitoring diagnostic
units 4-1, . . . of objects to be monitored, on the basis of the

diagnostic units 4-1, . . . ofa number of objects to be diag

diagnostic algorithm formed by the analysis/diagnostic algo

nosed.
It is also possible to form a diagnostic mobile program
corresponding to the processing form or performance of each

rithm formation unit 11. The diagnostic mobile program is
formed by adding, to a program for purely executing an
algorithm, a subroutine for referring to input data (e.g., a
mobile program), a subroutine for outputting a diagnostic
result and the like, a subroutine for exchanging data with
another program such as an OS, and the like. The output
format of the diagnostic mobile program can be any format as

20

object to be monitored, and improve the versatility and reli
ability of the remote monitoring diagnostic system. This
allows the system to well deal with the replacement or change
of an object to be monitored.
25

long as it can be executed by the monitoring diagnostic unit 4

Note that in this embodiment, the analysis center 1 and
monitoring center 2 are separately given their respective func

of an object to be monitored. Examples are a directly execut
able program ?le, and a ?le formed on the basis of a descrip

tions. If all necessary persons are in one place or need to be

tion language for forming a Web page or Soap (Simple object

analysis/diagnostic algorithm formation unit 11, mobile pro

access protocol).
The mobile program transmitter 13 transmits the diagnos

gathered in one place, however, the center may also have the
30

gram formation unit 12, mobile program transmitter 13, and
diagnostic results receiver 14.

tic mobile program formed by the mobile program formation

(Second Embodiment)

unit 12 to the monitoring diagnostic unit, e.g., 4-1, of a cor
responding object to be monitored. The mobile program is

FIG. 2 is a block diagram of a remote monitoring diagnos
tic system according to the second embodiment.
In this remote monitoring diagnostic system, a center 6 and

transmitted across the communication network 3.
An intranet or the lntemet is used as the communication

35

monitoring diagnostic units 4, . . . of a number of objects to be

network 3. The simplest example of the transmission using

monitored are connected by a communication network 3.
The center 6 has a prevention/maintenance support infor

the communication network 3 is the use of the TCP/IP pro

mitted from the monitoring diagnostic units 4-1, . . . of objects

mation formation unit 15 and prevention/maintenance plan
optimization processor 16, in addition to an analysis/diagnos
tic algorithm formation unit 11, mobile program formation
unit 12, and mobile program transmitter 13 explained in the

to be monitored, and generating an alarm or abnormality
noti?cation on the basis of, e.g., the monitoring data or the

?rst embodiment and shown in FIG. 1.
Note that the arrangements and processing contents of the

tocol or SNMP.

The diagnostic results receiver 14 has functions of receiv

40

ing the diagnostic result, monitoring data, and the like trans

diagnostic result indicating abnormality.

45

analysis/diagnostic algorithm formation unit 11, the mobile

The monitoring diagnostic units 4-1, . . . of objects to be

program formation unit 12, the mobile program transmitter

monitored each have a mobile program receiver 31, mobile

13, and monitoring diagnostic units 4-1, . . . of the objects to
be monitored are the same as those of the ?rst embodiment, so

program execution processor 32, diagnostic result transmitter
33, and data transmitter 34.
The mobile program receiver 31 receives a diagnostic
mobile program transmitted from the mobile program trans
mitter 13 if identi?cation data attached to the diagnostic
mobile program indicates the address of the mobile program
receiver 31, and stores the received program in an appropriate

50

storage means (not shown).

55

a repetitive explanation will be omitted.
The prevention/maintenance support information forma
tion unit 15 forms information for supporting prevention/
maintenance on the basis of diagnostic results from diagnos
tic result transmitters 33 of the monitoring diagnostic units
4-1, . . . of the objects to be monitored, and monitoring data

from a data transmitter 34. As the support for prevention/

maintenance, information indicating inspection and replace

The mobile program execution processor 32 executes the

received diagnostic mobile program, performs diagnosis cor

ment times of parts is formed from the diagnostic results. For

responding to the processing form or performance of an
object to be monitored on the basis of the monitoring data of

example, a predicted inspection/replacement time for

the object, and outputs the diagnostic result and monitoring

60

data.

inspecting or replacing a part is determined in accordance
with whether the abnormality is on a low, medium, or high
level, on the basis of the diagnostic results, and output as

The diagnostic result transmitter 33 transmits the diagnos
tic result obtained by the mobile program execution processor

prevention/maintenance support information together with

32 to the monitoring center 2 across the network 3. The data

basis of the diagnostic results and monitoring data, the dete

transmitter 34 similarly transmits the monitoring data indi
cating the result of execution by the mobile program execu
tion processor 32 to the monitoring center 2 across the com

the name of the part to be inspected or replaced. Also, on the
65

rioration of the constituent part of an object to be monitored or

the decrease in capability of the object is detected, and pre
vention/maintenance support information representing the

US 8,255,187 B2
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state of the deterioration of the constituent part of the object or

state, and the types of data to be transmitted in accordance
With each level, i.e., the types of data to be transmitted on an
alarm level, and the types of data to be transmitted on an
abnormal level.
This monitoring algorithm is formed by, e. g., an algorithm

the state of the decrease in capability of the object is output
together With the part name.

The prevention/maintenance plan optimization processor
16 displays the prevention/maintenance support information
formed by the prevention/maintenance support information

describing method such as a source ?le or set ?le using a

formation unit 15. A human system, for example, makes an

programming grammar by using a PC or the like. It is also
possible to form an algorithm that requests the center 6 to
transmit data necessary for monitoring as needed.
The operational algorithm is formed by a source code that

optimum prevention/maintenance plan in accordance With a
predetermined message, and transfers the plan to a mainte
nance management room, part delivery center, and the like.
For example, adjustment is performed on the basis of the

de?nes, e.g., an operational procedure of solving a problem
corresponding to the performance and processing form of
each object to be monitored. To this end, data concerning the

predicted inspection/replacement time to avoid repetition of
sites in different places already Written in a schedule or the

like of each month, the inspection period is shortened on the
basis of the deterioration of constituent parts or the decrease
in performance of an object to be monitored, and a message

operation of an object to be monitored is obtained in advance,

prompting replacement of a part is output if it is detected from
the past experiences or the like that a fatal abnormality may

formed.

and an operational algorithm for operating the object is

occur in the part.

The state of an object to be monitored normally changes in

20

many cases as monitoring and diagnosis are continued, so the

As the operational algorithm, an algorithm for outputting a
command for testing a function to be diagnosed of an object
to be monitored is added to a general operational procedure of
the object. Since objects to be monitored have different opera

initial plan may become unable to perform optimum inspec
tion/maintenance and part replacement. Since, hoWever, the

tional procedures, different operational algorithms are often

embodiment as described above monitors and diagnoses an

vidual objects to be monitored. Also, When monitoring an
object to be monitored by using a parameter or threshold
value, an algorithm for outputting a command for adjusting

ever-changing status, the tendency of deterioration becomes
clear, or the decrease in performance signi?cantly appears.

formed for the monitoring diagnostic units 4-1, . . . of indi
25

Accordingly, an optimum plan of inspection/maintenance

the parameter or threshold value is added. In this case, the

and part replacement can be made.
It is also possible to make an optimum plan of inspection/
maintenance and part replacement on the basis of the preven
tion/maintenance support information obtained from the

a parameter or threshold value at a certain predetermined loW

simplest algorithm is an algorithm that increases or decreases
30

The algorithm is formed by, e.g., an algorithm describing

diagnostic results of a number of objects to be monitored,
While the geographical status, location, maintenance persons,

method such as a source ?le or set ?le using a programming

and the like are taken into consideration.

(Third Embodiment)

ratio.

35

grammar, or a describing method such as a ?owchart, by
using a PC or the like.

The analysis/diagnostic algorithm formation unit 1111 indi

FIG. 3 is a block diagram of a remote monitoring diagnos
tic system according to the third embodiment.
In this remote monitoring diagnostic system, a center 6 and

vidually forms the monitoring algorithm, diagnostic algo

monitoring diagnostic units 4-1, . . . of a number of objects to

mobile program group formation unit 1211.

be monitored are connected by a communication netWork 3 as

rithm, and operational algorithm, and sends them to the
40

in the second embodiment.
The center 6 has an analysis/diagnostic algorithm forma
tion unit 1111, mobile program group formation unit 12a,

mobile program group transmitter 13a, prevention/mainte
nance support information formation unit 15, and prevention/
maintenance plan optimization processor 16.

diagnostic algorithm formation unit 1111, the mobile program
group formation unit 1211 forms mobile programs executable
by the monitoring diagnostic units 4-1, . . . of the objects to be
45

monitored.

50

Each of the mobile programs for monitoring, diagnosis,
and operation is formed by adding, to a program for purely
executing an algorithm, a subroutine for referring to input
data (e.g., a mobile program), a subroutine for outputting,
e.g., the monitoring data and diagnostic result, a subroutine

The analysis/ diagnostic algorithm formation unit 1111
forms not only a diagnostic algorithm as described previ

ously, but also a monitoring algorithm and operational algo
rithm. The diagnostic algorithm is as described previously.
The monitoring algorithm is formed by a source code that
de?nes, e.g., a monitoring procedure of solving a problem
corresponding to the performance and processing form of
each object to be monitored. For this purpose, data, speci?
cations, and the like to be monitored concerning each object

On the basis of the monitoring algorithm, diagnostic algo
rithm, and operational algorithm formed by the analysis/

for exchanging data With another program such as an OS, and
the like. The output format of the program can be any format
as long as it can be executed by the monitoring diagnostic
units 4-1, . . . of objects to be monitored. Examples are a

to be monitored are obtained beforehand, and a monitoring

directly executable program ?le, and a ?le formed on the basis
of a description language for forming a Web page or Soap

algorithm is formed by collecting necessary data of the

(Simple object access protocol).

object.

The mobile program group transmitter 13a attaches iden
ti?cation data to the individual monitoring mobile program,

55

The simplest example is to monitor outputs from all sen
sors installed in objects to be monitored. Also, as an algorithm

60

for transmission of monitoring data, an algorithm is formed
by Which only main monitoring data is transmitted to the

diagnostic mobile program, and operational mobile program
formed by the mobile program group formation unit 12a, and
transmits these programs to the monitoring diagnostic units

center 6 in a normal state, other monitoring data is transmitted

4-1, . . . of the corresponding objects to be monitored across

for every predetermined period, and the number of types of

the communication netWork 3.

transmission data is increased as needed. This embodiment

assumes, for example, that an algorithm is formed by taking
account of the types of data to be transmitted in the normal

65

On the other hand, the monitoring diagnostic units 4-1, . . .

of the objects to be monitored each have a diagnostic result
transmitter 33 and data transmitter 34 similar to those of the

US 8,255,187 B2
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are transmitted by using, e.g., a protocol similar to the com

?rst and second embodiments, in addition to a mobile pro
gram group receiver 31a and mobile program group execu
tion processor 32a.
If the identi?cation data attached to the mobile programs is

munication protocol of the mobile program group transmitter

self-identi?cation data, the mobile program group receiver

13a of the center 6.
Accordingly, the embodiment as described above achieves
the same effects as in the second embodiment. In addition, the

31a receives the individually transmitted monitoring mobile
program, diagnostic mobile program, and operational mobile

monitoring mobile program, diagnostic mobile program, and
operational mobile program are individually formed and

program, and stores them in a program memory or an appro

transmitted to the monitoring diagnostic units 4-1, . . . of

priate storage means. The mobile program group receiver 3 111
receives these programs in accordance With the communica
tion protocol used in the mobile program group transmitter
1311.
When executing each mobile program, if the mobile pro

necessary objects to be monitored. When changing only
monitoring, diagnosis, or operation of each of the monitoring

gram is an executable ?le such as an EXE ?le, the mobile
program group execution processor 32a executes the ?le.

tic units 4-1, . . . This makes it possible to relatively easily and

diagnostic units 4-1, . . . , therefore, it is only necessary to

form a mobile program for the change, and transmit the

program to the corresponding one of the monitoring diagnos
rapidly provide an individual mobile program in accordance
With a request from each monitoring diagnostic unit 4.

The mobile program group execution processor 32a

executes the monitoring mobile program, diagnostic mobile
program, and operational mobile program. These mobile pro

(Fourth Embodiment)

(Monitoring Mobile Program)

FIG. 4 is a block diagram of a remote monitoring diagnos
tic system according to the fourth embodiment.
In this remote monitoring diagnostic system, a center 6 and

The monitoring mobile program monitors monitoring data
of an object to be monitored, and transmits monitoring data

be monitored are connected by a communication netWork 3 as

grams have, e.g., the folloWing functions.

20

monitoring diagnostic units 4-1, . . . of a number of objects to

25

in the second and third embodiments.
The center 6 is obtained by adding a monitoring data trans

30

that of the third embodiment. Note that an analysis/diagnostic
algorithm formation unit 11a, mobile program group forma
tion unit 12a, mobile program group transmitter 13a, preven
tion/maintenance support information formation unit 15, and

necessary for the center 6 to the center 6 via the data trans

mitter 34. On the basis of the received monitoring data, the
prevention/maintenance support information formation unit
15 of the center 6 converts the change in deterioration and the
state of performance deterioration of the object to be moni

mission command output unit 17 to the same arrangement as

tored into numerical values, thereby forming prevention/
maintenance support information.

prevention/maintenance plan optimiZation processor 16 are

(Diagnostic Mobile Program)

the same as those of the second and third embodiments, so a

The diagnostic mobile program diagnoses the state of an

repetitive explanation Will be omitted.

object to be monitored from monitoring data of a sensor or the

like. That is, on the basis of monitoring data of an object to be

35

monitored, the diagnostic mobile program diagnoses the cur
rent status of the object, and diagnoses a loW-, medium-, or

high-level abnormality from the diagnostic result.
The diagnostic result is transmitted to the center 6 via the

diagnostic result transmitter 33. The prevention/maintenance

On the other hand, the monitoring diagnostic units 4-1, . . .
40

support information formation unit 15 of the center 6 grasps

the status of the object from the received diagnostic result,
re?ects the status on prevention/maintenance support infor

mation, and sends the information to the prevention/mainte
nance plan optimiZation processor 16. The prevention/main
tenance plan optimiZation processor 16 makes an optimum

45

prevention/maintenance plan as described previously by
interacting With a human system.

(Operational Mobile Program)
The operational mobile program outputs a command for
obtaining an output from each sensor of an object to be
monitored for each predetermined period, conducts a test on
the function of an object to be monitored as needed in order to

50

a necessary diagnostic result obtained by execution of the
diagnostic mobile program to the diagnostic result transmitter
33, and sends monitoring data required for the center 6 to the
data transmitter 34.
The diagnostic result transmitter 33 transmits the diagnos
tic result obtained by execution of the diagnostic mobile

55
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those of the third embodiment, a repetitive explanation Will be
omitted.
The monitoring data transmission command receiver 35
receives the monitoring data request command transmitted
from the monitoring data transmission command output unit
17 of the monitoring center 6, and inputs the command to a
mobile program group execution processor 3211. If the mobile
program group execution processor 3211 interrupts the moni

ence/ absence determination de?ned in the processing routine
of the monitoring mobile program, the mobile program group
execution processor 3211 collects all necessary monitoring
data, and transmits the data from the data transmitter 34 to the
center 6. The center 6 receives the collected monitoring data

by the prevention/maintenance support information forma
tion unit 15, and forms and outputs prevention/maintenance
support information as described earlier.
Accordingly, the embodiment as described above achieves
the same functions and effects as those of the second and third

program to the center 6 across the communication netWork 3.

The data transmitter 34 transmits the monitoring data

of objects to be monitored each have a monitoring data trans
mission command receiver 35 in addition to constituent ele
ments 31a, 32a, 33, 34 similar to those shoWn in FIG. 3. Since
the constituent elements 31a, 32a, 33, 34 are the same as

toring mobile program or determines that there is a data
request command on the basis of data request command pres

perform diagnosis or improve the operation of the object, and
outputs a command for changing a parameter or threshold
value.
The mobile program group execution processor 3211 sends

The monitoring data transmission command output unit 17
outputs, as needed, a monitoring data request command for
acquiring necessary monitoring data of an object to be moni
tored from a monitoring diagnostic unit, e.g., 4-1, of the
object across the communication netWork 3.

65

embodiments. In addition, on the basis of arbitrary determi
nation by the center 6, it is possible to obtain necessary

required for the center 6 to the center 6 across the communi

monitoring data from the monitoring diagnostic units

cation netWork 3. The diagnostic result and monitoring data

4-1, . . . of necessary objects to be monitored as needed.

US 8,255,187 B2
11

12

Consequently, each of the monitoring diagnostic units

agent executes an operation of executing diagnosis and trans

4-1, . . . of the objects to be monitored can transmit minimum

mitting the diagnostic result, and the operational mobile agent

necessary monitoring data to the center 6 under normal con

executes an operation of, e.g., outputting a command for
testing the function of an object to be monitored or updating

ditions, and can transmit necessary monitoring data in
response to a transmission request form the center 6. There
fore, even When a large number of obj ects to be monitored are
connected to increase the load on the communication netWork
3, the load on the communication netWork 3 under the normal
conditions can be minimized.

a parameter or threshold value as needed.

The operations of constituent elements 33 and 34 of each of
the monitoring diagnostic units 4-1, . . . of objects to be
monitored are the same as those described above, so a repeti

tive explanation Will be omitted.

(Fifth Embodiment)

Accordingly, the embodiment as described above achieves
the functions and effects as those of the second to fourth

FIG. 5 is a block diagram of a remote monitoring diagnos
tic system according to the ?fth embodiment.
This remote monitoring diagnostic system has an arrange

embodiments. In addition, the monitoring mobile agent, diag
nostic mobile agent, and operational mobile agent corre

ment in Which a mobile program group formation unit 1211 of

the third and fourth embodiments forms a monitoring mobile

sponding to, e.g., the processing form and performance of

program, diagnostic mobile program, and operational mobile

each object to be monitored are formed in the center 6 and

program as a monitoring mobile agent, diagnostic mobile

provided to the corresponding one of the monitoring diagnos

agent, and operational mobile agent, respectively, and trans

tic units 4-1, . . . of the objects to be monitored. Therefore,
each of the monitoring diagnostic units 4-1, . . . of the objects

mits these agents to monitoring diagnostic units 4-1, . . . of

objects to be monitored via a mobile program group trans
mitter 13a and netWork 3.

20

individual mobile agents, and transmit necessary data to the
center 6 as needed, thereby re?ecting the data on prevention/
maintenance support information.

In each of the monitoring diagnostic units 4-1, . . . of the

objects to be monitored, the individual monitoring mobile
agent, diagnostic mobile agent, and operational mobile agent
are received, and a mobile program group execution proces

25

agents.
Each mobile agent is given a function of executing neces
sary processing on the basis of autonomous determination
30

objects to be monitored are connected to a communication
netWork 3 such as the Internet. An analysis center 1 is con
nected to the monitoring center 2 via an intranet 5.

autonomously move and operate, (b) cooperate With another

agent, (c) adapt itself to changes in the surroundings, and (d)
35

The mobile program group execution processor 3211 has an

agent execution environment, and executes the monitoring,

diagnostic, and operational mobile agents.

(Mobile Agents)
Processing pertaining to the mobile agents Will be

tem shoWn in FIG. 1. That is, a monitoring center 2 and
monitoring diagnostic units 4-1, 4-2, 4-3, . . . ofa number of

communication language (ACL). The mobile agent can (a)

spontaneously perform Work.

(HardWare Con?guration)
FIG. 6 is a vieW shoWing hardWare con?gurations for
implementing each embodiment described above.
FIG. 6(A) shoWs a hardWare con?guration corresponding
to the arrangement of the remote monitoring diagnostic sys

sor 3211 performs execution in accordance With these mobile

While understanding the user’s intention, and formed by
using, e.g., Java (registered trademark), XML, or an agent

to be monitored can perform monitoring, diagnosis, and
operation on the basis of autonomous determination by the

40

explained beloW.
Step 1: The mobile program group formation unit 1211

An analysis center computer 41 is installed in the analysis
center 1, and has an analysis/ diagnostic algorithm formation
unit 11 shoWn in FIG. 1.
A monitoring center computer 42 is installed in the moni
toring center 2, and functionally has a mobile program for
mation unit 12 and mobile program transmitter 13 shoWn in
FIG. 1.
A computer such as a general PC or a board microcomputer

forms a monitoring mobile agent, diagnostic mobile agent,

43 is installed in each of the monitoring diagnostic units 4-1,

and operational mobile agent from monitoring, diagnostic,
and operational algorithms, respectively, and sends these

4-2, 4-3, . . . of the objects to be monitored.
45

mobile agents to the mobile program group transmitter 1311
on the basis of an output command. Note that each mobile

program execution results and the like, a storage medium for

agent is formed by using, e.g., an agent describing source
code.

Step 2: Upon receiving the mobile agents (monitoring
mobile agent, diagnostic mobile agent, and operational

storing mobile programs, and a console having a man-ma
50

transmits these mobile agents across the netWork 3 to the

be monitored. When an object to be monitored has a computer

monitoring diagnostic units 4-1, . . . of objects to be moni
55

monitoring diagnostic units 4-1, . . . receives the mobile

agents transmitted from the mobile program group transmit
ter 13a of the center 6, and stores the mobile agents in an

appropriate storage means. Each mobile agent is received by,

60

e.g., an agent describing source ?le.

function, this computer function of the object itself is some
times used.
The computer such as a PC or the board microcomputer 43
is almost the same as the monitoring center computer 32,
except that necessary instruction data is input from the con
sole and data is checked on the console instead of using input
means such as a keyboard and mouse.

FIG. 6(B) shoWs a hardWare con?guration corresponding
to the arrangement of the remote monitoring diagnostic sys

Step 4: In the agent execution environment, the mobile
program group execution processor 3211 executes the mobile

agents received by the mobile program group receiver 3111. In
this case, each agent being executed is executing an operation.
That is, the monitoring mobile agent executes an operation
such as monitoring data transmission, the diagnostic mobile

chine interface function.
The computer such as a PC is connected to objects to be
monitored by, e. g., RS-232C, and can communicate With

these objects. When the board microcomputer is used, this
board microcomputer is incorporated into, e.g., an object to

mobile agent), the mobile program group transmitter 13a
tored.
Step 3: A mobile program group receiver 31a of each of the

The computer or board microcomputer 43 comprises, e. g.,
a communication means, a CPU, a memory for storing data of

tem shoWn in any of FIGS. 2 to 5 described above. That is, a
65

center 6 and monitoring diagnostic units 4-1, 4-2, 4-3, . . . of
a number of objects to be monitored are connected to a com

munication netWork 3 such as the Internet.

