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7 ABSTRACT

A method of managing at least one maintenance work on a
medical equipment installed in a medical facility, starts by
collecting condition information of the medical equipment.
The method continues by determining the maintenance work
on the medical equipment based on the collected condition
information, and making it possible to provide a mainte-
nance staff with information of the determined maintenance
work.
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METHOD OF DETERMINING MAINTENANCE
SERVICE IN ACCORDANCE WITH MEDICAL
EQUIPMENT CONDITION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Applications
Nos. P2003-331397, filed on Sep. 24, 2003 and P2004-
264049, filed on Sep. 10, 2004, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a method of man-
aging a maintenance work on a medical equipment. The
present invention also relates to a maintenance system which
manages a maintenance work on a medical equipment.

[0004] 2. Discussion of the Background

[0005] When a medical equipment such as a medical
imaging apparatus or a laboratory equipment is installed in
a medical facility such as a hospital, a maintenance service
contract may be agreed between the hospital and a medical
equipment supplier such as, for example, a medical equip-
ment manufacturer, a medical equipment sales company, or
a maintenance service provider. The maintenance service
contract is typically agreed for the purpose of maintaining a
quality and a performance of the medical equipment at more
than a certain level, in consideration with a request from the
medical facility and presuming a future operation condition
of the medical equipment. In a typical maintenance service
contract, it is agreed to conduct predetermined maintenance
works at predetermined intervals as periodic services. In
practice, the periodic services may be conducted based on a
maintenance service instruction manual prepared in
advance. That is, maintenance works instructed in the main-
tenance service instruction manual may be conducted by a
maintenance staff.

[0006] It may be a recent trend that a guarantee according
to the maintenance service contract can be differentiated in
accordance with a contract fee. What is guaranteed includes,
for example, a maintained level of the quality or of the
performance of the medical equipment. For example, an
image quality is guaranteed at more than a specific quanti-
tative level. Also, for example, it maybe guaranteed to keep
an actual operating time (or an uptime) of the medical
equipment in a time period when the medical equipment
should be operated in the medical facility to be more than a
predetermined time period.

[0007] In some cases, it is difficult for a regular mainte-
nance staff to conduct the maintenance works to meet the
agreed guarantee level. In this case, an expert engineer may
be asked to travel to the medical facility. In another cases,
when a part, an accessory, a component, a unit, and/or the
like (hereinafter referred to as a part) used in the medical
equipment has become degraded or deteriorated so that the
agreed guarantee level cannot be met, it may be necessary to
replace the part with a new one. If such a new part is not in
stock in a local service office where the maintenance staff is
usually located, it may be necessary to send the part by air
s0 as to supply the maintenance staff with the part as soon

May 19, 2005

as possible. Therefore, it has largely cost to reduce time to
meet the agreed guarantee level in a prior art.

[0008] One of solutions for the above problem is a remote
maintenance system using a public communication network
such as a telephone line network or the Internet. According
to the improvement of information communication net-
works, the remote maintenance system is more often used to
analyze the status of the medical equipment. For example,
Japanese Patent Application Publication No. PH06-62130
describes that a log, a set-up file, image data, and the like
stored in a medical equipment installed in a medical facility
are read out from a remote maintenance computer through a
network in response to an error (or a failure) notice from the
medical facility. Based on the read-out information, the error
may be recreated and the reason of the error may be
determined. Accordingly, since it has become possible to
cope with the error in advance of a periodic service by using
the remote maintenance system, it may become possible to
reduce time in an actual periodic service. In addition, a cost
may also be reduced for the periodic service.

[0009] However, the maintenance works to be conducted
in the periodic service have been limited to those determined
in a maintenance service instruction manual prepared in
advance, as described above. In other words, the mainte-
nance works have not been conducted in light of actual
conditions of the medical equipment such as, for example,
the frequency of using the medical equipment, an environ-
mental condition change in the use of the medical equip-
ment, and/or a part replacement for improving a character-
istic of a part used in the medical equipment.

[0010] Each medical equipment is usually used in a dif-
ferent condition from others, particularly when it is installed
in a different place or in a different medical facility. There-
fore, as long as the maintenance works are conducted in
accordance with a conventional maintenance service
instruction manual, it is difficult to take an action for the
deterioration of functions and/or qualities caused due to the
individual condition of the medical equipment. Even if the
remote maintenance system is introduced, such an action
may be passed over or not considered sufficiently. Accord-
ingly, even if the conventional periodic service is conducted,
the medical equipment may be subject to an unexpected
problem such as, for example, an error occurrence and a
breakdown. This results again in requiring a large cost in
order to fix the problem.

[0011] Further, if it is a full-time maintenance staff for the
medical facility or a highly-experienced maintenance staff,
such a maintenance staff may manage to conduct mainte-
nance works in accordance with conditions of the medical
facility, using his or her skills based on experience and
information obtained individually. However, if it is not a
full-time maintenance staff for the medical facility, a less
experienced maintenance staff, or a maintenance staff for a
wide variety of medical equipments, it may be necessary for
the full-time maintenance staff for the medical facility or the
like to clearly instruct specific maintenance works or a
benchmark of conducting a specific maintenance work to the
less experienced maintenance staff or the like.

SUMMARY OF THE INVENTION

[0012] According to the first aspect of the present inven-
tion, there is provided a method of managing at least one
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maintenance work on a medical equipment installed in a
medical facility. The method begins by collecting condition
information of the medical equipment. The method contin-
ues by determining the maintenance work on the medical
equipment based on the collected condition information.
The method further continues by making it possible to
provide a maintenance staff with information of the deter-
mined maintenance work.

[0013] According to the second aspect of the present
invention, there is provided a method of managing a main-
tenance work on a medical equipment installed in a medical
facility. The method begins by designating equipment iden-
tification information identifying the medical equipment.
The method continues by collecting condition information
of the medical equipment identified by the designated equip-
ment identification information, and comparing the collected
condition information to reference information. The method
further continues by determining work identification infor-
mation identifying the maintenance work based on the
comparison, and making it possible to provide a mainte-
nance staff with information of the maintenance work iden-
tified by the determined work identification information.

[0014] According to the third aspect of the present inven-
tion, there is provided a maintenance system for managing
at least one maintenance work on a medical equipment
installed in a medical facility. The system includes a col-
lecting unit, a controller, and a provider. The collecting unit
is configured to collect condition information of the medical
equipment. The controller is coupled to the collecting unit
and is configured to determine the maintenance work on the
medical equipment based on the collected condition infor-
mation. The provider is coupled to the controller and is
configured to make it possible to provide a maintenance staff
with information of the determined maintenance work.

[0015] According to the fourth aspect of the present inven-
tion, there is provided a maintenance system for managing
a maintenance work on a medical equipment installed in a
medical facility. The system includes a designator, a
memory, a controller, and a provider. The designator is
configured to designate equipment identification informa-
tion identifying the medical equipment. The memory is
coupled to the designator and is configured to store the
equipment identification information, condition information
of the medical equipment identified by the equipment iden-
tification information, benchmark information for compar-
ing the condition information to reference information, and
work identification information identifying the maintenance
work resulting from a comparison based on the benchmark
information in a related manner. The controller is coupled to
the memory and is configured to determine the work iden-
tification information based on the designated equipment
identification information. The provider is coupled to the
controller and is configured to make it possible to provide a
maintenance staff with information of the maintenance work
identified by the determined work identification information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] A more complete appreciation of embodiments of
the present invention and many of its attendant advantages
will be readily obtained by reference to the following
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detailed description considered in connection with the
accompanying drawings, in which:

[0017] FIG. 1 is a block diagram showing an exemplary
configuration of a system for explaining a maintenance
system according to an embodiment;

[0018] FIG. 2 is an illustration showing an example of a
replacement part managing table of a medical equipment
condition database according to the embodiment,

[0019] FIG. 3 is an illustration showing an example of an
operating condition managing table of the medical equip-
ment condition database according to the embodiment;

[0020] FIG. 4 is an illustration showing an example of an
environmental condition managing table of the medical
equipment condition database according to the embodiment;

[0021] FIG. 5 is an illustration showing an example of a
quality managing table of the medical equipment condition
database according to the embodiment;

[0022] FIG. 6 is an illustration showing an example of a
benchmark table of a work procedure database according to
the embodiment;

[0023] FIG. 7 is an illustration showing an example of a
work procedure table of the work procedure database
according to the embodiment;

[0024] FIG. 8 is an illustration showing an example of a
failure record table of a failure record database according to
the embodiment;

[0025] FIG. 9 is a flowchart for explaining an example of
collecting various kinds of CONDITION information
according to the embodiment;

[0026] FIG. 10 s a flowchart for explaining an example of
an operation flow in the maintenance system according to
the embodiment;

[0027] FIG. 11 is a flowchart showing an example of an
updating flow of the benchmark table according to the
embodiment; and

[0028] FIG. 12 is a flowchart showing an example of an
updating flow of the procedure table according to the
embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] Embodiments of a maintenance system will be
described with reference to the accompanying drawings.

[0030] FIG. 1 is a block diagram showing an exemplary
configuration of a system for explaining a maintenance
system according to an embodiment. As shown in FIG. 1, a
hospital 10 is connected to a service center 30 through a
communication network. The hospital 10 is an example of a
medical facility. Any place where a medical practice is
conducted may be included in the medical facility whether
it is small or large. For example, the medical facility maybe
a clinic, a medical practitioner, and an emergency medical
center, besides the hospital. The communication network 20
is an example of communication lines. The hospital 10 may
be connected to the service center 30 through any type or
purpose of lines such as, for example, optical communica-
tion lines, radio communication lines, wired lines, the Inter-
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net, telephone lines, public lines, or private lines. The
service center 30 may be provided, for example, in a medical
equipment manufacturer, a sales company, a maintenance
service provider, a subsidiary or an affiliate of one or more
of these companies, or a company under the control of one
or more of these companies.

[0031] The service center 30 may also be connected to a
maintenance work terminal 40 through the communication
network 20. The maintenance work terminal 40 may be
used, for example, in the hospital 10 by a maintenance staff
who conducts periodic services on a medical equipment 11.
The maintenance work terminal 40 may be, for example, a
portable personal computer (PC) and may include a trans-
mission feature of requesting information of maintenance
works to the service center 30 through the communication
network 20, a feature of receiving information of the main-
tenance works from the service center 30, a feature of
storing information, and a feature of displaying information.

[0032] The maintenance work terminal 40 may alterna-
tively be connected to the service center 30 through a
communication line which is a different type of a commu-
nication line connecting between the hospital 10 and the
service center 30. Further alternatively, all or part of the
information to be provided from the service center 30 to the
maintenance work terminal 40 may be stored by a driver (as
a provider) in a portable memory medium such as, for
example, a DVD, a CD, or a floppy disk (FD). After the
storage, the portable memory medium may be sent to the
maintenance staff by mail or directly handed over through a
person. In response that the maintenance staff sets the
portable memory medium in the maintenance work terminal
40, the stored information is read out and displayed in the
maintenance work terminal 40. Accordingly, all or part of
the information to be provided from the service center 30 to
the maintenance work terminal 40 can be supplied to the
maintenance staff.

[0033] Furthermore, the third terminal may obtain the
information of the maintenance works through the commu-
nication network 20 or the portable memory medium. The
received information may be supplied to the maintenance
work terminal 40 by downloading, copying, or any other
possible means.

[0034] The hospital 10 may include the medical equip-
ment 11, a monitoring unit 12, a connection unit 13, and a
bus 14 connecting these equipment and units. The bus 14
may be a part of a local area network (LAN) provided in the
hospital 10. The medical equipment 11 is typically used for
the purpose of a medical examination, a medical treatment,
or the like in the medical facility and may be, for example,
a medical imaging apparatus or a laboratory equipment. The
medical imaging apparatus may be, for example, an X-ray
diagnosis apparatus, an X-ray computed tomography (CT)
apparatus, a magnetic resonance imaging (MRI) apparatus,
a nuclear medicine diagnosis apparatus, an ultrasound diag-
nosis apparatus, an endoscope apparatus, or the like.

[0035] The monitoring unit 12 monitors conditions of the
medical equipment 11. For example, the monitoring unit 12
may monitor use frequency of the medical equipment, which
may be represented by its operating time and/or the like. The
monitoring unit 12 may also monitor an environmental
condition in the use of the medical equipment 11, which may
be represented by the temperature and/or the humidity at a

May 19, 2005

predetermined part of the medical equipment 11 or at a
nearby place of the medical equipment 11. The monitoring
unit 12 may further monitor a quality of the medical equip-
ment 11, which may be represented by a power voltage or an
image quality. The monitored conditions are collected as
CONDITION information of the medical equipment 11 or
fundamental information of the CONDITION information
(hereinafter simply referred to as CONDITION informa-
tion). The connection unit 13 may transmit the CONDITION
information to the service center 30 through the communi-
cation network 20. The connection unit 13 may be chosen to
be suitable for the communication with the communication
network 20.

[0036] The service center 30 may include a system control
unit 31, a medical equipment condition database 32, a work
procedure database 33, a failure record database 34, a work
procedure instruction unit 35, a work management WEB
server 36, a connection unit 37, and a bus 38 connecting
these units, databases, and server.

[0037] The system control unit 31 controls and manages
all or part of the units, the databases, and the server included
in the service center 30. The system control unit 31 may also
control a maintenance management (to be described later).
The medical equipment condition database 32 receives the
CONDITION information collected in the monitoring unit
12 through the condition unit 13, the communication net-
work 20, and the connection unit 37. The received CON-
DITION information may be stored and managed in table
forms in every equipment ID (equipment identification
information), for example, as shown in an operating condi-
tion managing table 322 of FIG. 3, an environmental
condition managing table 323 of FIG. 4, and a quality
managing table 324 of FIG. 5.

[0038] The work procedure database 33 is a database
storing information of the maintenance works. The work
procedure database 33 may store and manage, for example,
benchmarks of conducting specific maintenance works and
information which is useful, helpful, and/or valuable for the
maintenance staff (work procedures) in table forms, as
shown in a benchmark table 331 of FIG. 6 and a work
procedure table 332 of FIG. 7. The failure record database
34 may store and manage, for example, all or part of the
information of conducting periodic services in the past in

table forms, as shown in a failure record table 341 of FIG.
8.

[0039] The work procedure instruction unit 35 may store
and manage, for example, a maintenance work list extracted
from the work management WEB server 36 and work
procedures extracted from the work procedure table 332 in
order to provide the maintenance staff with the list and the
procedures. The work management WEB server 36 may
store and manage as a provider, for example, the mainte-
nance work list determined based on, information stored in
the tables of the medical equipment condition database 32
and information stored in the tables of the work procedure
database 33. The maintenance work list may include main-
tenance works which the maintenance staff should conduct.
The maintenance work list may be prepared in every equip-
ment [D.

[0040] The connection unit 37 may transmit as a provider
to the maintenance work terminal 40 through the commu-
nication network 20, for example, information of the work
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procedures stored in the work procedure instruction unit 35
as a part of information of maintenance works. The connec-
tion unit 37 maybe chosen to be suitable for the communi-
cation with the communication network 20.

[0041] Each table mentioned above will be described
below.
[0042] FIG. 2 is an illustration showing an example of a

replacement part managing table 321 of the medical equip-
ment condition database 32. As shown in FIG. 2, the
replacement part managing table 321 includes replacement/
installation date 3211, part numbers 3212, replacement
reasons 3213, manufacture serial numbers 3214, and the like
in a related manner. The above date, numbers, reasons, and
the like may be related to one another in every equipment
ID. According to the replacement part managing table 321,
the system control unit 31 which has accessed to the
replacement part managing table 321 may obtain informa-
tion of when and in what reason a part identified by a specific
part number was provided in the medical equipment 11
identified by a specific equipment ID. In this embodiment,
each of the part numbers 3212 includes a number and a
revision mark (e.g., /A). The revision mark may indicate a
revision version and be updated to A, B, C, . . . as a part with
the same number is updated. Therefore, the system control
unit 31 may be able to realize which revision version of a
specific number in the part numbers 3212 had a problem.
Hereinafter, a ‘part number’ means to include a number and
a revision mark unless specifically described.

[0043] FIG. 3 is an illustration showing an example of the
operating condition managing table 322 of the medical
equipment condition database 32. As shown in FIG. 3, the
operating condition managing table 322 includes date 3221,
an accumulated powered time 3222 showing accumulated
hours of time when the medical equipment 11 is supplied
power, an accumulated X-ray radiation time 3223 expressed
in seconds, accumulated rotation numbers 3224 showing
accumulated numbers of gantry rotation in the medical
equipment 11, and the like in a related manner. The above
date, time, numbers, and the like may be related to one
another in every equipment ID. Information stored in this
operating condition managing table 322 may be the CON-
DITION information. According to the operating condition
managing table 322, the system control unit 31 which has
accessed to the operating condition managing table 322 may
obtain information of what an accumulated powered time
until a specific date is in hours. The system control unit 31
may also obtain information of what an accumulated X-ray
radiation time in the accumulated powered time is in sec-
onds. Further, the system control unit 31 may obtain infor-
mation of how many times a gantry of the medical equip-
ment 11 has been rotated in the accumulated powered time.

[0044] FIG. 4 is an illustration showing an example of the
environmental condition managing table 323 of the medical
equipment condition database 32. As shown in FIG. 4, the
environmental condition managing table 323 includes date
3231, temperature 3232, humidity 3233, and the like in a
related manner. The above date, temperature, humidity, and
the like may be related to one another in every equipment
ID. The temperature 3232 and the humidity 3233 may
include further detailed information.

[0045] For example, the temperature 3232 may include
maximum and minimum temperatures of each date 3231
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which were recorded where the medical equipment 11 is
installed and the recorded time. The temperature 3232 may
also include an average temperature of each date 3231. The
temperature 3232 may further include a name of a file
recording all the temperature and time information recorded
in each date 3231 which is a basis of the maximum,
minimum, and average temperatures and their recorded
time. The file may be linked to in order to refer to the
recorded temperature and time information.

[0046] The humidity 3233 may include maximum and
minimum humidities of each date 3231 which were recorded
where the medical equipment 11 is installed and the
recorded time. The humidity 3233 may also include an
average humidity of each date 3231 (not shown in FIG. 4).
The humidity 3233 may further include a name of a file
recording all the humidity and time information recorded in
each date 3231 which is a basis of the maximum, minimum,
and average humidities and their recorded time (not shown
in FIG. 4). The file may be linked to in order to refer to the
recorded humidity and time information.

[0047] The temperature information and humidity infor-
mation may be recorded in the same file. The file(s) may be
data file(s) recording environmental condition information
such as the temperature and the humidity sampled (or
measured) at predetermined intervals in every day. The
recorded environmental information may be distinguished
by calendar day.

[0048] The above-mentioned recording place where the
medical equipment 11 is installed may be, for example, a
predetermined part of the medical equipment 11 or a nearby
place of the medical equipment 11. Sampling the tempera-
ture and the humidity at the nearby place may include
sampling the room temperature and the room humidity in a
room or place where the medical equipment 11 is installed.
Sampled and recorded environmental condition information
is not limited to the temperature and the humidity. The
maximum, minimum, and average temperatures and humidi-
ties may be based on the temperatures and humidities
sampled in twenty-four (24) hours of each date 3231, in a
predetermined time period of each date 3231, or in a time
period while the medical equipment 11 is supplied power.

[0049] TInformation stored in this environmental condition
managing table 323 may be the CONDITION information.
According to the environmental condition managing table
323, the system control unit 31 which has accessed to the
environmental condition managing table 323 may obtain
information of the environmental condition information
regarding a specific date or a specific period.

[0050] FIG. 5 is an illustration showing an example of the
quality managing table 324 of the medical equipment con-
dition database 32. As shown in FIG. 5, the quality man-
aging table 324 includes date 3241, image quality param-
eters A 3242, image quality parameters B 3243, and the like
in a related manner. The above date, parameters, and the like
may be related to one another in every equipment ID. The
image quality parameter may mean, for example, resolution
MTF (Modulation Transfer Function), low-contrast resolu-
tion, CT value, slice width, and/or the like. Parameters
recorded in the quality managing table 324 are not limited to
the image quality parameters, but may be any type of
parameters which can indicate quality evaluation of the
medical equipment 11. Information stored in this quality
managing table 324 may be the CONDITION information.
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[0051] InFIG. 5, the image quality parameters A 3242 and
B 3243 may be divided into further different types of
parameter information. According to the quality managing
table 324, the system control unit 31 which has accessed to
the quality managing table 324 may obtain information of
various types of parameter values on specific date and/or
relationship among these parameter values.

[0052] FIG. 6 is an illustration showing an example of the
benchmark table 331 of the work procedure database 33. As
shown in FIG. 6, the benchmark table 331 includes part
numbers 3311, benchmark information 3312, work IDs
3313, and the like in a related manner. The benchmark
information 3312 is a standard for determining whether the
maintenance work should be conducted or not. The CON-
DITION information is applied to the left side of the
benchmark information 3312 and is compared to reference
information in the right side of the benchmark information
3312 by the system control unit 31. When the relationship
between the left and the right sides of the benchmark
information is satisfied, corresponding work ID 3313 in the
benchmark table 331 is determined by the system control
unit 31 so that the maintenance work identified by the work
ID 3313 can be conducted by the maintenance staff.

[0053] For example, in the first row of the benchmark
table 331 shown in FIG. 6, the left side of the benchmark
information 3312 showing ‘(3222)” indicates that the accu-
mulated powered time 3222 shown in the operating condi-
tion managing table 322 is applied to the left side. For
example, the accumulated powered time ‘2390.1 hours’ on
Jan. 27, 2003 is compared to the reference information
‘3600 hours’. Since the accumulated powered time ‘2390.1
hours’ is smaller than the reference information ‘3600
hours’, the benchmark information 3312 in the first row of
the benchmark table 331 is not satisfied. If, however, the
benchmark information 3312 in the first row was satisfied,
the work ID ‘10 01 00’ recorded also in the first row of the
benchmark table 331 would be determined so that the
maintenance work identified by the work ID ‘10 01 00’ can
be conducted by the maintenance staff. The maintenance
work identified by the work ID ‘10 01 00’ may be conducted
in relation to a part identified by the part number ABC-
001255/A also recorded in the first row of the benchmark
table 331. In other word, the comparison result of the
benchmark information 3312 may be originated from failure
of the part identified by the part number ABC-001255/A.

[0054] Further in FIG. 6, there is recorded benchmark
information 3312 which does not have corresponding part
numbers 3311 in rows 3314. This is a case that the bench-
mark information 3312 may not relate to specific parts
identified by the part numbers 3311. (Overall) features such
as, for example, the image quality parameter, the tempera-
ture, and the humidity may be applied to the left side of the
benchmark information 3312 and is compared to the refer-
ence information in the right side of the benchmark infor-
mation 3312 by the system control unit 31. When the
relationship between the left and the right sides of the
benchmark information 3312 is satisfied, corresponding
work ID 3313 in the benchmark table 331 is determined by
the system control unit 31 so that the maintenance work
identified by the work ID 3313 can be conducted by the
maintenance staff.

[0055] For example, in the third row from the bottom of
the benchmark table 331 shown in FIG. 6, the left side of the
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benchmark information 3312 showing ‘MAX.: (3233)’ indi-
cates that the maximum humidity of the humidity 3233
shown in the environmental condition managing table 323 is
applied to the left side. For example, the maximum humidity
37.0%’ on Jan. 27, 2003 is compared to the reference
information ‘60%’. Since the maximum humidity ‘37.0%’ is
smaller than the reference information ‘60%’, the bench-
mark information 3312 in the third row from the bottom of
the benchmark table 331 is not satisfied. If, however, the
benchmark information 3312 in the third row from the
bottom was satisfied, the work ID 10 02 01° recorded also
in the third row from the bottom of the benchmark table 331
would be determined so that the maintenance work identi-
fied by the work ID ‘10 02 01’ can be conducted by the
maintenance staff. The maintenance work identified by the
work ID ‘10 02 01° may not be conducted in relation to any
specific parts. In other word, the comparison result of the
benchmark 3312 may not be originated from failure of any
specific parts.

[0056] FIG. 7 is an illustration showing an example of the
work procedure table 332 of the work procedure database
33. As shown in FIG. 7, the work procedure table 332
includes work IDs 3321, work procedure references 3322,
part replacement 3323, part numbers 3324, standard work
time 3325, concurrent work IDs 3326, and the like in a
related manner.

[0057] The work procedure references 3322 are identified
by the work IDs 3321 and show references to be referred by
the maintenance staff in order to conduct the maintenance
work. Each of the work procedure references 3322 instructs
a document number, a section number, and a page number.
For example, in the first row of the work procedure table 332
shown in FIG. 7, the work procedure reference 3322 iden-
tified by the work ID 10 01 00’ instructs to refer to page 3
in the section 10 of the document No. 98990.

[0058] The part replacement 3323 indicates whether part
replacement is required or not when the maintenance work
identified by the work ID 3321 is conducted by the main-
tenance staff. When the part replacement is required, that is,
the part replacement 3323 shows ‘yes’, a part identified by
the part number 3324 is required to be replaced. The
standard work time 3325 indicates an approximate time
required for the maintenance staff to complete the mainte-
nance work identified by the work ID 3321. According to a
type of the maintenance work, two or more maintenance
works may be concurrently conducted by the maintenance
staff. The concurrent work ID 3326 indicates one or more
work IDs identifying the maintenance works which can be
concurrently conducted when the maintenance work identi-
fied by the work ID 3321 is conducted.

[0059] FIG. 8 is an illustration showing an example of the
failure record table 341 of the failure record database 34. As
shown in FIG. 8, the failure record table 341 includes failure
date 3411, failure part numbers 3412, quality deteriorated
subjects 3413, equipment IDs 3414, and the like in a related
manner. The failure record table 341 shows all or part of the
information of maintenance services conducted in the past
by the maintenance staff.

[0060] Part numbers shown in the failure part numbers
3412 indicate information identifying parts on which the
maintenance works were conducted by the maintenance
staff. The system control unit 31 can recognize an equipment
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ID in the equipment IDs 3414 recorded in correspondence
with a specific part number in the failure part numbers 3412.
Also regarding a quality deteriorated parameter or the like
which may not result from specific parts, the system control
unit 31 can recognize an equipment ID recorded in corre-
spondence with such a deteriorated parameter in the failure
record table 341. The system control unit 31 can collect
CONDITION information of the recognized equipment ID
or parameters which was collected at the time indicated in
the failure date 3441 from the operating condition managing
table 322, the environmental condition managing table 323,
the quality managing table 324, and/or the like. The system
control unit 31 may then update the reference information
recorded in the benchmark information 3312 of the bench-
mark table 331 based on the collected CONDITION infor-
mation. This update will be described in detail later.

[0061] Although each table has been described in detail
with reference to FIGS. 2 to 8, each table may be constructed
in more detail or may be divided into two or more tables.
Contrary, two or more of the above-described tables may be
formed in a single table. Table format and/or construction
can be changed freely in accordance with, for example,
types of information to be stored, control algorithm by the
system control unit 31 or others, and/or a system design of
the maintenance system. One or more of the databases 32 to
34 may construct a memory.

[0062] Operations of the maintenance system configured
as explained above will be described below. First, informa-
tion collecting procedures will be described as a basis of the
maintenance management operations.

[0063] FIG. 9 is a flowchart for explaining an example of
collecting various kinds of CONDITION information. This
flowchart shows a case of collecting powered time, X-ray
radiation time, and information of the numbers of gantry
rotation which can be fundamental of the accumulated
powered time 3222, the accumulated X-ray radiation time
3223, and the accumulated rotation numbers 3224, respec-
tively. This flowchart also shows a case of collecting tem-
perature information and humidity information. Kinds of
information to be collected and collecting procedures are not
limited to those shown in FIG. 9.

[0064] When the medical equipment 11 is switched to
power on (step $90), the monitoring unit 12 is notified of the
power-on through the bus 14. In response to the notification,
the monitoring unit 12 starts measuring powered time of the
medical equipment 11 (step S91). Simultancously, the moni-
toring unit 12 starts measuring the temperature and the
humidity at a predetermined part of the medical equipment
11 or at a nearby place of the medical equipment 11. To be
precise, the monitoring unit 12 starts collecting results
measured by a thermometer and a hygrometer provided at a
predetermined part of the medical equipment 11 or at a
nearby place of the medical equipment 11 (step S92).

[0065] For example, the monitoring unit 12 may collect
the measured results at predetermined intervals. The moni-
toring unit 12 may collect the measured results with time
information of the measurement or the collection. Alterna-
tively, the monitoring unit 12 may add time information of
the collection based on a timer provided in the monitoring
unit 12 to the collected measured results.

[0066] When the image equipment 11 is an X-ray CT
apparatus, an operator switches to instruct rotation of a
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gantry provided in the medical equipment 11 so as to prepare
for imaging. In response to the instruction (step S93), the
gantry starts rotating. The numbers of gantry rotation may be
counted in the medical equipment 11. When the operator
switches to start imaging, the medical equipment 11 (i.c.,
X-ray tube) starts radiating X-ray so that imaging is con-
ducted. This switching may be notified to the monitoring
unit 12 through the bus 14. In response to the notification,
the monitoring unit 12 starts measuring X-ray radiation time
of the medical equipment 11 (step S94).

[0067] When the operator switches to terminate the imag-
ing, the medical equipment 11 stops the X-ray radiation. The
switching may be notified to the monitoring unit 12 through
the bus 14. In response to the notification, the monitoring
unit 12 stops measuring X-ray radiation time of the medical
equipment 11. Also when the operator switches to terminate
the rotation of the gantry, the gantry stops its rotation. In
response to the stop of rotation, the medical equipment 11
stops counting the number of rotation. The counted number
of rotation is sent to the monitoring unit 12 through the bus
14 (step S95).

[0068] Unless the medical equipment 11 is switched to
power off (step S96), in every imaging (step S93) the
measurement of the X-ray radiation time (step S94) and the
collection of the number of rotation (step S95) are repeated.

[0069] When the medical equipment 11 is switched to
power off (step S96), the monitoring unit 12 is notified of the
power-off through the bus 14. In response to the notification,
the monitoring unit 12 stops collecting the measured results
of the temperature and the humidity (step S$97). Simulta-
neously, the monitoring unit 12 stops measuring powered
time of the medical equipment 11 (step S98).

[0070] According to the above measurement and collec-
tion in the monitoring unit 12, information of the measured
or collected powered time, X-ray radiation time, number of
gantry rotation, temperature, and humidity may be sent to
the service center 30 through the connection unit 13 and the
communication network 20 (step S99).

[0071] The transmission to the service center 30 may not
be necessary to be implemented in every power-off of the
medical equipment 11, but may be implemented once a day
or once in a predetermined period such as, for example, once
in a few days or once a week, however many times the
power-on and off is repeated in one day. In this case,
transmission in a time when the communication network 20
is not busy, for example, in the midnight, may help to reduce
a load in the communication network 20 and accordingly
other communications through the communication network
20 can not be so affected by the transmission.

[0072] Similarly, if the medical equipment 11 includes a
feature of measuring and storing the measured results, the
communication between the medical equipment 11 and the
monitoring unit 12 may be implemented in a time when the
bus 14 is not busy, for example, in the midnight. Further, if
the medical equipment 11 includes a measuring and collect-
ing feature required in the monitoring unit 12 or if the
service center 30 includes such a feature, the medical
equipment 11 can transmit the information directly to the
service center 30 through the communication unit 13 and the
communication network 20.

[0073] Furthermore, the communication between the
medical equipment 11 and the monitoring unit 12, between
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the medical equipment 11 and the service center 30, and/or
between the monitoring unit 12 and the service center 30
may be achieved without the bus 14 or the communication
network 20. For example, all or part of the information to be
provided may be stored in a portable memory medium such
as, for example, a DVD, a CD, or a floppy disk (FD). After
the storage, the portable memory medium may be sent by
mail or directly handed over through a person.

[0074] In the service center 30, the CONDITION infor-
mation is collected by any collecting unit, such as, for
example, the connection unit 37 or a memory medium
driver. The collected CONDITION information is stored in
the medical equipment condition database 32 by the system
control unit 31. Prior to the storage, the system control unit
31 may process some of the collected CONDITION infor-
mation. For example, the system control unit 31 accumulates
the powered time or adds the newly collected powered time
to the already accumulated powered time recorded in the
operating condition managing table 322. Also the system
control unit 31 specifies the maximum and minimum tem-
peratures, recognizes the time when the maximum and
minimum temperatures are recorded, calculates the average
temperature, and the like. The result of the processing is
stored in the medical equipment condition database 32 as
CONDITION information.

[0075] Whether the service center 30 collects the CON-
DITION information or the like from the hospital 20 in
every power-off of the medical equipment 11, in every one
day, or once in a predetermined period, the CONDITION
information in the medical equipment condition database 32
may, not be limited to, but preferably be stored in a unit of
one day or any other constant interval.

[0076] FIG.10is a flowchart for explaining an example of
an operation flow in the maintenance system according to
the embodiment.

[0077] The system control unit 31 may extract one or more
work IDs based on the information stored in the medical
equipment condition database 32 and the work procedure
database 33, that is, based on the installed condition of the
medical equipment 11. The extraction may be conducted at
predetermined periodic service intervals, for example, every
three months or every four months. The extracted work IDs
or information of the maintenance works identified by the
extracted work IDs are provided as maintenance work
instruction or part of the instruction of the medical equip-
ment 11 from the work procedure instruction unit 35 (as a
provider) to the maintenance work terminal 40 held by the
maintenance staff through the connection unit 37 and the
communication network 20. In providing to the maintenance
work terminal 40, only a number uniquely identifiable of a
group including one or more maintenance works may be
provided, instead of the work IDs or the information. The
uniquely identifiable number may be, for example, a peri-
odic service ID. In this case, the maintenance staff operates
the maintenance work terminal 40 so that the maintenance
work terminal 40 accesses to the work management WEB
server 36 (as a provider) and obtains information of the work
IDs based on the provided uniquely identifiable number.

[0078] A flow from work ID designation to conducting the
maintenance work will be explained with reference to FIG.
10 below.

[0079] At a predetermined or scheduled periodic service
time, the operator may input a periodic service ID and an
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equipment ID identifying the medical equipment 11 from an
input terminal (as a designator) provided in the service
center 30. The equipment ID is input to the system control
unit 31 as designation of the equipment ID identifying the
medical equipment 11 to conduct the maintenance works
(step s100).

[0080] Alternatively, if the system control unit 31 includes
a feature of determining the periodic service time, the
system control unit 31 may determine the periodic service
time of the medical equipment 11 and designate the equip-
ment ID for the maintenance works (as a designator).
Further alternatively, the system control unit 31 may receive
the designation of the equipment ID from other unit or
apparatus which manages the periodic service time through
the connection unit 37 (as a designator).

[0081] When the equipment ID is designated, the system
control unit 31 accesses to the medical equipment condition
database 32 and further accesses to the replacement part
managing table 321 in FIG. 2 stored in the medical equip-
ment condition database 32. In the replacement part man-
aging table 321, the system control unit 31 accesses to a
table identified by the designated equipment ID (e.g., the
designated equipment ID:002523) The system control unit
31 extracts part numbers which are being used in the medical
equipment 11 at the time of access and stores the extracted
part numbers (step S101)

[0082] In the part numbers 3212, each of all or some of
part numbers include a revision mark. Therefore, since the
revision mark is updated, for example, from A to B when the
part is replaced at the time of a periodic service, different
revision marks may be given even to the same number.
Therefore, the system control unit 31 extracts part numbers
given the revision mark which have been most recently
updated if there are stored more than one same numbers in
the part numbers 3212. When some parts have not been
replaced, part numbers identifying such parts provided at the
installation of the medical equipment 11 are extracted by the
system control unit 31. In the part number extraction, the
manufacture serial numbers may also be considered. For
example, a condition extracting part numbers given a pre-
determined manufacture serial number or less may be con-
sidered for the extraction.

[0083] When the part numbers are extracted, the system
control unit 31 accesses to the work procedure database 33.
The system control unit 31 refers to the part number 3311 in
the benchmark table 331 and determines whether the
extracted part numbers are included in the part numbers
3311 (step S102). This determination is conducted with
respect to each of the extracted part numbers.

[0084] If the extracted part number is included in the part
numbers 3311, the system control unit 31 extracts the
benchmark information 3312 recorded in correspondence
with the part number 3311 identical to the extracted part
number (step S103). The benchmark information 3312
includes the reference information and information of the
medical equipment 11 (CONDITION information) to be
compared to the reference information Therefore, the system
control unit 31 accesses to the medical equipment condition
database 32 and further accesses to the operating condition
managing table 322, the environmental condition managing
table 323, or the quality managing table 324, which stores
the CONDITION information regarding the extracted
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benchmark information 3312. Accordingly, the system con-
trol unit 31 extracts the CONDITION information regarding
the extracted benchmark information 3312 (step S104).

[0085] The system control unit 31 compares the extracted
CONDITION information to the reference information in
the benchmark information 3312 (step S105). As a result of
the comparison, the system control unit 31 determines
whether the condition of the benchmark information is
satisfied or not (step S106). When it is satisfied, the system
control unit 31 extracts the work ID 3313 recorded in
correspondence with at least one of the part numbers 3311
or the benchmark information 3312. The extracted work ID
is written in a maintenance work list (step S107). This
maintenance work list is what is provided to the mainte-
nance staff and may be prepared in the work management
WEB server 36.

[0086] When the work ID has been written in the main-
tenance work list, the system control unit 31 determines
whether steps S102 to S107 have been done for all the part
numbers extracted in step S101 (step S108). Also when it is
determined that the condition is not satisfied in step S106 or
when it is determined that the extracted part numbers are not
included in the part numbers 3311 in step S102, the system
control unit 31 determines whether steps S102 to S107 have
been done for all the part numbers extracted in step S101.

[0087] 1If it is not completed yet for all the part numbers
extracted in step S101, the flow goes back to step S102 and
steps S102 to S107 may be repeated. In the event of the
completion, the system control unit 31 accesses to the work
procedure database 33 and refers to the benchmark table 331
again. The system control unit 31 determines whether there
is stored benchmark information 3312 which does not have
corresponding part numbers 3311 in rows 3314 or not (step
S109).

[0088] If the benchmark information 3312 is recorded in
the rows 3314, the system control unit 31 extracts the
benchmark information 3312 recorded in the rows 3314
(step S110). The system control unit 31 accesses to the
medical equipment condition database 32 and further
accesses to the environmental condition managing table 323,
the quality managing table 324, or the like which records the
CONDITION information regarding the extracted bench-
mark information 3312. Accordingly, the system control unit
31 extracts the CONDITION information regarding the
extracted benchmark information 3312 (step S111).

[0089] The system control unit 31 compares the extracted
CONDITION information to the reference information in
the benchmark information 3312 (step S112). As a result of
the comparison, the system control unit 31 determines
whether the condition of the benchmark information is
satisfied or not (step S113). When it is satisfied, the system
control unit 31 extracts the work ID 3313 recorded in
correspondence with the benchmark information 3312. The
extracted work ID is written in the maintenance work list
(step S114).

[0090] When the work ID has been written in the main-
tenance work list, the system control unit 31 determines
whether steps S110 to S114 have been done for all the
benchmark information in the rows 3314 (step S115). Also
when it is determined that the condition is not satisfied in
step S113, the system control unit 31 determines whether
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steps S110 to S114 have been done for all the benchmark
information in the rows 3314. If it is not completed yet for
all the benchmark information in the rows 3314, the flow
goes back to step S110 and steps S110 to S114 may be
repeated.

[0091] In the event of the completion, the system control
unit 31 accesses to the work management WEB server 36 so
as to obtain the work IDs written in the maintenance work
list in step S107 and/or step S114. The system control unit
31 then accesses to the work procedure database 33 and
refers to the work procedure table 332. The system control
unit 31 extracts the work procedure references 3322, the part
replacement 3323, the part numbers 3324, the standard work
time 3325, the concurrent work IDs 3326, and the like which
correspond to the work IDs 3321 identical to the listed work
IDs as the information of the maintenance work (step S116).

[0092] Also when it is determined that the benchmark
information 3312 is not stored in the rows 3314 in step S109,
step S116 is conducted.

[0093] The information of the maintenance work extracted
instep S116 is stored in the work procedure instruction unit
35 50 as to be ready to be provided as the maintenance work
instruction (step 117). In the event that the periodic service
ID is sent to the maintenance work terminal 40, the infor-
mation of the maintenance work may be stored in the work
procedure instruction unit 35 as information to be obtained
through the identification by the periodic service ID.

[0094] When the maintenance work instruction is stored in
the work procedure instruction unit 35, the system control
unit 31 accesses to the work procedure instruction unit 35
and extracts (the part replacement information and) the part
numbers included in the maintenance work instruction. The
system control unit 31 prepares a part arrangement list
identifiable by the equipment ID with respect to the
extracted part numbers. The part arrangement list is sent to
a part procurement department in the service center 30 in
order to request an arrangement and procurement of replace-
ment parts and/or particular materials (step S118). If the
system control unit 31 manages or can obtain stock infor-
mation of the parts or the like, the system control unit 31
may be allowed to automatically order parts identified by the
part numbers included in the part arrangement list which are
not in stock.

[0095] Also when the maintenance work instruction is
stored in the work procedure instruction unit 35, an instruc-
tion is transmitted to the maintenance work terminal 40 from
the work procedure instruction unit 35 through the connec-
tion unit 37 and the communication network 20 by, for
example, electronic mail (email) so that the maintenance
staff can be instructed to conduct the periodic service (step
S119). This transmitted instruction may include the periodic
service ID or the maintenance work instruction. The trans-
mitted instruction may also include information of when the
replacement parts or the like are expected to be available
Further on the basis of this expected date, the transmitted
instruction may also include information of when the main-
tenance staff may actually be able to start the maintenance
work.

[0096] The transmitted instruction is received by the main-
tenance work terminal 40 so that the maintenance staff can
obtain the work procedure references, the part replacement
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information, the part numbers, the standard work time, the
concurrent work IDs, the expected arrival date of the
replacement parts, the possible starting date the maintenance
work, and the like, with respect to the maintenance work of
the medical equipment 11 identified by the equipment ID
(step S120).

[0097] The maintenance staff may discuss the periodic
service with a staff of the hospital 10 and determines the date
and time for the periodic service based on the received
instruction. In the discussion, the maintenance staff may
present the starting time and the finishing time of the
maintenance works of the periodic service based on esti-
mated required time calculated, for example, by subtracting
the standard work time for maintenance works identified by
the concurrent work IDs from a sum of the standard work
time for the maintenance works included in the maintenance
work instruction. The maintenance staff will conduct the
instructed maintenance works as the periodic service at the
determined time of the determined date (step S121).

[0098] According to the above flow, the maintenance
works may be conducted in accordance with the configura-
tion of the medical equipment 11 at the time of the main-
tenance service. That is, the maintenance works may be
conducted in accordance with an actual configuration of the
medical equipment at the time of the maintenance service,
which may be different from at the time of the installation
since some parts and/or units may have been replaced in
response to the failure occurrence or in the updating. Fur-
ther, the maintenance works are determined in consideration
of operating conditions or the like of the medical equipment
11. Therefore, it may be possible to conduct individual or a
sort of custom-made maintenance works for the medical
equipment 11.

[0099] In addition to the maintenance works described
above, ordinary maintenance works instructed in the main-
tenance service instruction manual may also be conducted.
In this case, it may happen that one maintenance work
determined according to the embodiment and one ordinary
maintenance work pertain to the same one or more work
subjects. If concrete works in their maintenance works are
different for the common subject(s), the maintenance work
determined according to the embodiment may be provided
to the maintenance staff in preference to the ordinary main-
tenance work. Alternatively, the maintenance work deter-
mined according to the embodiment may be instructed to be
conducted by priority while the maintenance staff is pro-
vided with both the maintenance work determined according
to the embodiment and the ordinary maintenance work.

[0100] The maintenance work terminal 40 can display the
work procedure references, work procedure documents or
service instruction manuals, the part replacement informa-
tion, the part numbers, the standard work time, the concur-
rent work IDs, and the like through the communication
network 20. Therefore, the maintenance staff can easily refer
to such information at the place of the maintenance works,
for example, where the medical equipment 11 is installed.

[0101] The maintenance staff may be allowed to inquire
additional reference data of the medical equipment 11,
information of different part of the work procedure docu-
ment, and the like, in addition to the provided work proce-
dure document and the like, to databases in the service
center 30, by operating the maintenance work terminal 40
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even at the place of the maintenance works. Accordingly,
even if it is a maintenance staff who is not a full-time
maintenance staff of the medical equipment 11 and not
familiar with medical equipment 11, the maintenance staff
may be able to obtain as much information of the medical
equipment 11 as the full-time maintenance staff and to
conduct the maintenance works.

[0102] The maintenance staff may sometimes need to or
be asked by the staff of the hospital 10 to explain the
necessity of the periodic service or why a particular main-
tenance work is needed. In these cases, the maintenance staff
may be able to explain the necessity by presenting the
CONDITION information as numerical data of the medical
equipment 11.

[0103] Next, updating tables stored in the medical equip-
ment condition database 32 will be described with reference
to FIGS. 11 and 12.

[0104] Updating the benchmark information 3312 of the
benchmark table 331 will be first explained with reference to
FIG. 11. FIG. 11 is a flowchart showing an example of an
updating flow of the benchmark table 331 according to the
embodiment.

[0105] The reference information of the benchmark infor-
mation 3312 is compared to the CONDITION information
of the medical equipment as described in the above embodi-
ment. Whether the maintenance work should be conducted
or not is determined as a result of the comparison. The
reference information may typically be determined to be a
safe value with a certain margin in order to avoid a risk of
frequent occurrence of failures. This means that the bench-
mark information may not be so practical. Therefore, it
maybe preferable to prepare the benchmark information
including the reference information which is more based on
practical conditions of the medical equipment.

[0106] The following description is an example of updat-
ing the benchmark information 3312, more concretely, the
reference information of the benchmark information 3312,
based on the CONDITION information of the medical
equipment 11 and other medical equipments in the same
series or type of the medical equipment 11 (or other medical
equipments similar to the medical equipment 11).

[0107] The following operation may be initiated when the
operator in the service center 30 inputs to designate a
specific part number or to update the benchmark informa-
tion. The system control unit 31 determines the designation.
The following operation may alternatively be initiated in
response to the determination of the system control unit 31
that a predetermined date (and time) has come.

[0108] The system control unit 31 accesses to the work
procedure database 33 and designates the part number 3311
identical to the input specific part number or selects any one
of the part numbers 3311 (step S130). Instead of designating
the part number 3311, the benchmark 3312 or the work ID
3312 may be designated and accordingly the corresponding
part number 3311 may be designated.

[0109] In the event of the benchmark information 3312 in
the row 3314, the system control unit 31 may designate any
one of the benchmark information 3312. The system control
unit 31 extracts information type or subject (c.g., image
quality parameter B: Type 1) to be compared to the reference
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information included in the designated benchmark informa-
tion 3312. Also in this case, the operator may input to
designate specific one of the benchmark information 3312.

[0110] In response to the designation of the part number,
the system control unit 31 accesses to the failure record
database 34 and extracts, for example, all the equipment [Ds
recorded in correspondence with the failure part numbers
3412 identical to the designated part number from the failure
record table 341 (step S131). At the same time, information
of the failure date 3411 recorded in correspondence with the
extracted equipment IDs 3414 is also extracted.

[0111] In the event that the information type or a subject
to be compared to the reference information is extracted
with respect to the benchmark information in the row 3314,
the system control unit 31 extracts, for example, all the
equipment IDs recorded in correspondence with the quality
deteriorated subjects 3413 identical to the extracted infor-
mation type or subject. At the same time, information of the
failure date 3411 recorded in correspondence with the
extracted equipment IDs 3414 is also extracted.

[0112] After the extraction of one or more equipment IDs,
the system control unit 31 accesses to the medical equipment
condition database 32 and extracts CONDITION informa-
tion of medical equipments identified by the extracted
equipment IDs from the operating condition managing table
322, the environmental condition managing table 323, the
quality managing table, and the like (step S132). The CON-
DITION information to be extracted with respect to one
medical equipment is one on the date identical to the
extracted failure date of the one medical equipment. In the
case there is no CONDITION information on the identical
date, CONDITION information on the date just before the
extracted failure date may be extracted.

[0113] The system control unit 31 obtains the CONDI-
TION information of the medical equipments identified by
the equipment IDs in step S132. The system control unit 31
calculates an average value (and a dispersion value) of the
obtained CONDITION information for each CONDITION
information type (step S133). That is, the average values are
calculated for the accumulated powered time, the accumu-
lated X-ray radiation time, the accumulated rotation num-
bers, the temperature, the humidity, the image quality
parameters, and the like, respectively.

[0114] The system control unit 31 compares each of the
calculated values to the benchmark information 3312
recorded in the benchmark table 331 at the time of the
calculation (i.e., current benchmark information) (step
S134). If the calculated CONDITION information satisfies
the current benchmark information (step S135), the system
control unit 31 replaces the current reference information
with the calculated CONDITION information (calculated
value). Since the result of the comparison in step S135
indicates that the current benchmark information has been
set with too much margin for safety, the replaced benchmark
information can be more practical. The comparison in step
S135 and the replacement (if necessary) are conducted on
every calculated CONDITION information. After the
replacement, updating the reference information (or the
benchmark information) is completed (step S136).

[0115] As an alternative example, the comparison result in
step S135 may lead to the opposite action. That is, if the

May 19, 2005

calculated CONDITION information satisfies the current
benchmark information in step S138, the system control unit
31 does not replace the current reference information with
the calculated CONDITION information (calculated value).
When the benchmark information is not satisfied, the current
reference information may be replaced with the calculated
CONDITION information. This is based on the reason that
the current benchmark information does not appropriately
cover all the necessary range of replacement in practice. In
other words, if actual CONDITION information falls in
between the current reference information and the calculated
CONDITION information, it results in that the maintenance
work is not conducted on the part although the calculated
CONDITION information shows that there is possibility that
such a condition may be likely to cause a problem.

[0116] Also alternatively, steps S134 and S135 may be
removed so as to always replace the current reference
information with the calculated CONDITION information
whatever the current benchmark information is.

[0117] The updating of the benchmark information may be
conducted once in predetermined months in which the
predetermined number of failure data may be collected with
respect of one part number. For example, when the bench-
mark information is updated every three months or four
months, it may be possible to match the period with a
typically determined interval of periodic services.

[0118] When the extracted CONDITION information
includes a piece of information showing a peculiar value
with respect to one information type or subject (e.g., the
temperature), such peculiar value may be removed from the
average calculation. Also in this case, the system control unit
31 may treat exceptionally or inspect other extracted CON-
DITION information originated from a medical equipment
which presented the peculiar value. The system control unit
31 may also control that information of such a medical
equipment, its equipment ID, a part, and/or part number can
be provided to the maintenance work terminal 40 so as to
draw an attention of the maintenance staff.

[0119] According to the updating of the benchmark infor-
mation, it may be avoidable of unnecessarily replacing parts
or failing to conduct necessary part replacement. This results
in conducting the maintenance works in the periodic service
more practically and efficiently. The flowchart shown in
FIG. 11 may be terminated for each part number or may
sequentially be executed for all the subject part numbers.

[0120] Updating the standard work time 3325 of the work
procedure table 332 will be explained with reference to FIG.
12. FIG. 12 is a flowchart showing an example of an
updating flow of the procedure table 332 according to the
embodiment.

[0121] The standard work time may be considered when
the maintenance staff estimates and determines a whole time
required for the periodic service. In other words, the periodic
service includes a plurality of maintenance works and a
whole estimated time of the periodic service may be an
accumulated time of standard work time of the plurality of
maintenance works. If each standard work time is so dif-
ferent from an actual required time, a whole time actually
spent for the periodic service may happen to be very
different from the estimated time. This means that the
periodic service can not be completed as scheduled, which
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may trouble the hospital 10. The maintenance staff, the
service center 30, the medical equipment manufacturer,
and/or the like may lose trust of the hospital 10. Therefore,
it is preferable that the standard work time is close to the
time to be actually spent in the maintenance work.

[0122] The following description is an example of updat-
ing the standard work time 3325 based on the actual time
which the maintenance staff spent in the maintenance works.

[0123] The maintenance staff gets to the medical equip-
ment 11 for the periodic service at the time of the date
determined in the discussion with the staff of the hospital 10.
The maintenance staff operates the maintenance work ter-
minal 40 before starting the maintenance works. In response
to the operation, the maintenance work instruction, for
example, identified by the periodic service ID received in
advance is displayed in the maintenance work terminal 40
(step S140) Alternatively, the maintenance work instruction,
for example, identified by the periodic service ID and
updated with respect to information of the replacement parts
may be transmitted from the work procedure instruction unit
35 to the maintenance work terminal 40 through the con-
nection unit 37 and the communication network 20 in
accordance with a request from the maintenance work
terminal 40. Accordingly, the transmitted maintenance work
instruction may be displayed in the maintenance work
terminal 40.

[0124] The maintenance staff looks at the displayed main-
tenance work instruction and confirms the equipment [Ds
identifying maintenance works to conduct. The concurrent
work IDs may also be considered at the same time. The
maintenance staff then selects one of the work IDs to
conduct first and inputs to determine the selected work ID,
using an input device such as a mouse or a keyboard of the
maintenance work terminal 40. In response that a control
section of the maintenance work terminal 40 recognizes the
determination input (step S141), the control section deter-
mines whether an input is made to start the maintenance
work or not (step S142) When, for example, the maintenance
staff operates to click on an icon of ‘start’ displayed in a
display of the maintenance work terminal 40, the control
section recognizes the input. In response to the recognition,
information of start time of the maintenance work is trans-
mitted with the determined work ID (step S143). When the
maintenance work instruction is related to the periodic
service ID, information of the periodic service ID may also
be transmitted simultaneously.

[0125] The information of start time may indicate, for
example, a concrete hour when the maintenance work ter-
minal 40 includes a clocking feature. Also, for example,
when the maintenance work terminal 40 does not include the
clocking feature but a timer feature, the information of start
time may indicate zero (0). In this case, the maintenance
work terminal 40 starts to measure time in response to the
recognition by the control section. If the maintenance work
terminal 40 includes neither the clocking feature nor the
timer feature, information indicating the start (e.g., flag
information indicating one (1)) may be transmitted with the
determined work ID. In this case, information of hour when
the flag information was received or information of time
zero (0) maybe added to the received information in the
service center 30. When the information of time zero (0) is
added, time measurement is required in the service center
30.
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[0126] The transmitted information of the start time and
the work ID in step S143 is received by the connection unit
37 through the communication unit 20 (here, for example,
the Internet) (step S150). The received information is input
to the work management WEB server 36. In the work
management WEB server 36, the information of the start
time and the work ID is stored in a work time table prepared
in the work management WEB server 36 (step S151).

[0127] If the maintenance staff inputs another work ID
which can be conducted concurrently with the determined
work ID based on the concurrent work IDs 3326, the
operation for another work ID will follow steps S141 to
$143, S150, and S151 as described above.

[0128] When the maintenance staff has finished the main-
tenance work identified by the determined work ID, for
example, the maintenance staff operates to click on an icon
of “finish’ displayed in the display of the maintenance work
terminal 40. The control section of the maintenance work
terminal 40 recognizes the input (step S144). In response to
the recognition, information of finish time of the mainte-
nance work is transmitted with the determined work ID (step
$145).

[0129] The information of finish time may indicate, for
example, a concrete hour when the maintenance work ter-
minal 40 includes a clocking feature. Also, for example,
when the maintenance work terminal 40 does not include the
clocking feature but a timer feature, the information of finish
time may indicate an elapsed time measured by the timer
feature from the time of the recognition of the input ‘start’.
If the maintenance work terminal 40 includes neither the
clocking feature nor the timer feature, information indicat-
ing the finish (e.g., flag information indicating zero (0)) may
be transmitted with the determined work ID. In this case,
information of hour when the flag information was received
or information of an elapsed time from the reception of the
information indicating time zero (0) in step S150 may be
added to the received information in the service center 30.

[0130] The transmitted information of the finish time and
the work ID in step S145 is received by the connection unit
37 through the communication unit 20 (here, for example,
the Internet) (step S152). The received information is input
to the work management WEB server 36. In the work
management WEB server 36, the information of the finish
time is stored in the work time table in correspondence with
the information of the start time and/or the determined work
ID (step S153).

[0131] According to the above flow, the maintenance work
for one of the work IDs (i.c., the determined work ID) is
completed. If the maintenance works (or steps S141 to S145
and S150 to S153) have not been completed for all the work
IDs in the maintenance work instruction (step S146), steps
S141 10 S145 and S150 to S153 may be repeated for the next
work ID.

[0132] When steps S141 to S145 and S150 to S153 have
been completed for all the work IDs in the maintenance
work instruction, the maintenance staff inputs to indicate the
completion, for example, using the input device such as a
mouse or a keyboard of the maintenance work terminal 40.
The input information is recognized by the control section of
the maintenance work terminal 40 and is transmitted (step
S147).
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[0133] The transmitted information of the completion in
step S147 is received by the connection unit 37 through the
communication unit 20 (here, for example, the Internet)
(step S154). The received information is input to the work
management WEB server 36. In the work management
WERB server 36, the work time table storing the work 1D, the
start time, and the finish time is stored (step S155).

[0134] Steps S140 to S147 and S150 to S155 may be
repeated in periodic services for only the medical equipment
11 or both the medical equipment 11 and other medical
equipments in the same series or type of the medical
equipment 11 (other medical equipments similar to the
medical equipment 11). Accordingly, similar information is
accumulated with respect to a plurality of maintenance
works identified by each work ID.

[0135] In the service center 30, the system control unit 31
accesses to the work management WEB server 36 and
obtains the information of the start time and the finish time
with respect to a work ID. Based on the obtained informa-
tion, the system control unit 31 calculates work time of each
of the plurality of the maintenance works with respect to the
work ID. Further, the system control unit 31 statistically
processes the work time calculated for the plurality of the
maintenance works (step S156). The result of the statistical
processing can be used as an updated standard work time.
The statistical processing is, for example, an average pro-
cessing.

[0136] The statistical processing may be executed at pre-
determined intervals or every time when the information of
the start time and the finish time for the predetermined times
of the maintenance works is accumulated with respect to one
work ID. After such information is accumulated for the
predetermined times of the maintenance works, information
of the oldest maintenance work stored in the work time table
may be removed from the statistical processing while infor-
mation of the latest maintenance work is used, instead. Or
information of the oldest maintenance work stored in the
work time table and to be used for the statistical processing
may be removed from the statistical processing while infor-
mation of the latest maintenance work is used, instead.

[0137] When the updated standard work time is obtained
in the above manner, the system control unit 31 accesses to
the work procedure database 33 and further to the work
procedure table 332. The system control unit 31 completes
the updating processing by replacing the current standard
work time recorded in correspondence with the work ID
with the updated standard work time (step S157).

[0138] By updating the standard work time, it may be
possible to estimate standard work time for the maintenance
work or a whole time of the periodic service which the
maintenance staff will actually conduct. Therefore, the
maintenance staff may be able to explain adequately to the
staff of the hospital 10 how much the periodic service will
influence clinical service or examination service in the
hospital 10. This may result in improving relationship of
trust with the hospital 10.

[0139] According to the embodiment described above, the
maintenance works to be provided to the maintenance staff
can be determined based on the benchmark information in
line with configuration condition, operating condition, per-
formance condition, installation condition, environmental
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condition, and the like of the medical equipment 11. The
instructed maintenance works can be provided to and be
conducted by the maintenance staff. Therefore, it can reduce
failures and deterioration of features and quality before they
happen.

[0140] Also the maintenance staff can be provided with
concrete work information and can accordingly conduct the
maintenance staff appropriately, irrespective of skills of the
maintenance staff. Therefore, it may be possible to stably
maintain the quality of the maintenance service.

[0141] In the above embodiment, the CONDITION infor-
mation to be stored in the medical equipment condition
database 32 has been described by taking an example of the
information of the X-ray CT apparatus as shown in the
operating condition managing table 322, the environmental
condition managing table 323, and the quality managing
table 324. The CONDITION information may alternatively
or additionally include the following information.

[0142] When the medical equipment 11 is an X-ray CT
apparatus, operating condition information to be stored, for
example, in the operating condition managing table 322 may
include information of at least one of the powered time, the
X-ray radiation time, the number of rotation, X-ray tube
voltage, and X-ray tube current. The environmental condi-
tion information to be stored, for example, in the environ-
mental condition managing table 323 may include informa-
tion of at least one of temperature and humidity of an
operation room, temperature of a scan room, and tempera-
ture in an inlet of the gantry. Performance information to be
stored, for example, in the quality managing table 324 may
include information of at least one of slice thickness and
positioning, CT number accuracy, low-contrast resolution,
high-contrast (spatial) resolution, and image uniformity.

[0143] When the medical equipment 11 is an MRI appa-
ratus, the operating condition information may include
information of powered time. The environmental condition
information may include information of at least one of
temperature and humidity of an operation room, temperature
of a scan room, and temperature in an inlet of the gantry. The
performance information may include information of at least
one of technologist’s weekly QC test, center frequency, table
positioning, setup and scanning, geometric accuracy, high-
contrast resolution, and low-contrast resolution.

[0144] When the medical equipment 11 is an X-ray diag-
nosis apparatus (e.g., an X-ray angiography apparatus), the
operating condition information may include information of
at least one of powered time, X-ray radiation time, X-ray
tube voltage, and X-ray tube current. The environmental
condition information may include information of at least
one of temperature and humidity of an operation room,
temperature of a scan room, and temperature in an inlet of
the gantry. The performance information may include infor-
mation of at least one of minimum detectable contrast (%),
low-contrast resolution (contrast-detail), optical density,
high-contrast resolution, and entrance skin dose.

[0145] When the medical equipment 11 is an ultrasound
diagnosis apparatus, the operating condition information
may include information of at least one of powered time and
using time of an ultrasonic probe (i.c., ultrasound generating
time). The environmental condition information may
include information of at least one of temperature and
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humidity of an operation room, temperature of a scan room,
and temperature in an inlet of the gantry. The performance
information may include information of at least one image
quality parameter of system sensitivity and/or penetration
capability, image uniformity, and low-contrast object detect-
ability (optional).

[0146] The embodiments described above are examples
described only for making it easier to understand the present
invention, and are not described for the limitation of the
present invention. Consequently, each component and ele-
ment disclosed in the embodiments of the present invention
may be redesigned or modified to its equivalent within a
scope of the present invention Furthermore, any possible
combination of such components and elements may be
included in a scope of the present invention as long as an
advantage similar to those obtained according to the above
disclosure in the embodiments of the present invention is
obtained.

[0147] Numerous modifications and variations of the
present invention are possible in light of the above teach-
ings. It is therefore to be understood that within the scope of
the appended claims, the invention may be practiced other-
wise than as specifically described herein.

1. A method of managing at least one maintenance work
on a medical equipment installed in a medical facility, the
method comprising:

collecting condition information of the medical equip-
ment;

determining the maintenance work on the medical equip-
ment based on the collected condition information;

making it possible to provide a maintenance staff with

information of the determined maintenance work.

2. The method according to claim 1, wherein the infor-
mation of the determined maintenance work includes at least
one of information of a part on which the determined
maintenance work is conducted and information of a work
procedure.

3. The method according to claim 1, wherein, when a
plurality of the maintenance work is determined, the infor-
mation of the determined maintenance work includes infor-
mation identifying another determined maintenance work
which can be concurrently conducted with the determined
maintenance work.

4. The method according to claim 1, wherein the infor-
mation of the determined maintenance work includes infor-
mation of standard work time required for the maintenance
work.

5. The method according to claim 4, wherein the infor-
mation of standard work time is updated based on past actual
work time spent on conducting the maintenance work.

6. The method according to claim 1, wherein the condition
information includes at least one of operating condition
information, environmental condition information, and per-
formance information of the medical equipment.

7. The method according to claim 6, wherein, when the
medical equipment is an X-ray CT apparatus, the operating
condition information includes information of at least one of
powered time, X-ray radiation time, X-ray tube voltage,
X-ray tube current, and a number of gantry rotation of the
X-ray CT apparatus.
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8. The method according to claim 6, wherein, when the
medical equipment is an MRI apparatus, the operating
condition information includes information of powered time
of the MRI apparatus.

9. The method according to claim 6, wherein, when the
medical equipment is an X-ray diagnosis apparatus, the
operating condition information includes information of at
least one of powered time, X-ray radiation time, X-ray tube
voltage, and X-ray tube current of the X-ray diagnosis
apparatus.

10. The method according to claim 6, wherein, when the
medical equipment is an ultrasound diagnosis apparatus, the
operating condition information includes information of at
least one of powered time and ultrasound generating time of
the ultrasound diagnosis apparatus.

11. The method according to claim 6, wherein the envi-
ronmental condition information includes information of at
least one of temperature and humidity.

12. The method according to claim 6, wherein the per-
formance information includes information of an image
quality parameter of the medical equipment.

13. The method according to claim 1, wherein the making
it possible to provide is storing the information of the
determined maintenance work in a WEB server in an acces-
sible manner for the maintenance staff.

14. The method according to claim 1, wherein the making
it possible to provide is transmitting the information of the
determined maintenance work to an terminal of the main-
tenance staff through a communication line.

15. The method according to claim 1, wherein the making
it possible to provide is storing the information of the
determined maintenance work in a portable memory
medium.

16. A method of managing a maintenance work on a
medical equipment installed in a medical facility, the method
comprising,

designating equipment identification information identi-
fying the medical equipment;

collecting condition information of the medical equip-
ment identified by the designated equipment identifi-
cation information;

comparing the collected condition information to refer-
ence information;

determining work identification information identifying
the maintenance work based on the comparison; and

making it possible to provide a maintenance staff with
information of the maintenance work identified by the
determined work identification information.

17. The method according to claim 16, wherein the
collecting condition information is collecting condition
information of a part included in the medical equipment
identified by the designated equipment identification infor-
mation.

18. The method according to claim 17, wherein the
information of the maintenance work includes part identi-
fication information identifying apart relating to the col-
lected condition information compared to the reference
information when the work identification information is
determined based on the comparison.

19. The method according to claim 17, wherein listed is
part identification information identifying a part relating to
the collected condition information compared to the refer-
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ence information when the work identification information
is determined based on the comparison.

20. The method according to claim 19, wherein the listed
part identification information is compared to information of
in-stock part and the part identified by the listed-part iden-
tification information which is not included in the informa-
tion of in-stock part is automatically ordered.

21. The method according to claim 16, wherein the
information of the maintenance work is made it possible to
be provided for the maintenance work to be conducted
periodically.

22. The method according to claim 16, wherein the
information of the maintenance work identified by the
determined work identification information is made it pos-
sible to be provided in preference to information of an
ordinary maintenance work in the event that the mainte-
nance work identified by the determined work identification
information and the ordinary maintenance work pertain to a
same subject.

23. The method according to claim 16, wherein the
reference information is updated based on the condition
information at a time of failure of the medical equipment and
condition information of other medical equipment similar to
the medical equipment.

24. A maintenance system for managing at least one
maintenance work on a medical equipment installed in a
medical facility, the system comprising:

a collecting unit configured to collect condition informa-
tion of the medical equipment;

a controller coupled to the collecting unit and configured
to determine the maintenance work on the medical
equipment based on the collected condition informa-
tion; and

a provider coupled to the controller and configured to
make it possible to provide a maintenance staff with
information of the determined maintenance work.

25. The system according to claim 24, wherein the infor-
mation of the determined maintenance work includes at least
one of information of a part on which the determined
maintenance work is conducted and information of a work
procedure.

26. The system according to claim 24, wherein, when a
plurality of the maintenance work is determined, the infor-
mation of the determined maintenance work includes infor-
mation identifying another determined maintenance work
which can be concurrently conducted with the determined
maintenance work.

27. The system according to claim 24, wherein the infor-
mation of the determined maintenance work includes infor-
mation of standard work time required for the maintenance
work.

28. The system according to claim 27, wherein the infor-
mation of standard work time is updated based on past actual
work time spent on conducting the maintenance work.

29. The system according to claim 24, wherein the con-
dition information includes at least one of operating condi-
tion information, environmental condition information, and
performance information of the medical equipment.

30. The system according to claim 29, wherein, when the
medical equipment is an X-ray CT apparatus, the operating
condition information includes information of at least one of
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powered time, X-ray radiation time, X-ray tube voltage,
X-ray tube current, and a number of gantry rotation of the
X-ray CT apparatus.

31. The system according to claim 29, wherein, when the
medical equipment is an MRI apparatus, the operating
condition information includes information of powered time
of the MRI apparatus.

32. The system according to claim 29, wherein, when the
medical equipment is an X-ray diagnosis apparatus, the
operating condition information includes information of at
least one of powered time, X-ray radiation time, X-ray tube
voltage, and X-ray tube current of the X-ray diagnosis
apparatus.

33. The system according to claim 29, wherein, when the
medical equipment is an ultrasound diagnosis apparatus, the
operating condition information includes information of at
least one of powered time and ultrasound generating time of
the ultrasound diagnosis apparatus.

34. The system according to claim 29, wherein the envi-
ronmental condition information includes information of at
least one of temperature and humidity.

35. The system according to claim 29, wherein the per-
formance information includes information of an image
quality parameter of the medical equipment.

36. The system according to claim 24, wherein the pro-
vider stores the information of the determined maintenance
work in a WEB server in an accessible manner for the
maintenance staff.

37. The system according to claim 24, wherein the pro-
vider transmits the information of the determined mainte-
nance work to an terminal of the maintenance staff through
a communication line.

38. The system according to claim 24, wherein the pro-
vider stores the information of the determined maintenance
work in a portable memory medium.

39. A maintenance system for managing a maintenance
work on a medical equipment installed in a medical facility,
the system comprising:

a designator configured to designate equipment identifi-
cation information identifying the medical equipment;

a memory coupled to the designator and configured to
store the equipment identification information, condi-
tion information of the medical equipment identified by
the equipment identification information, benchmark
information for comparing the condition information to
reference information, and work identification infor-
mation identifying the maintenance work resulting
from a comparison based on the benchmark informa-
tion in a related manner;

a controller coupled to the memory and configured to
determine the work identification information based on
the designated equipment identification information;
and

a provider coupled to the controller and configured to
make it possible to provide a maintenance staff with
information of the maintenance work identified by the
determined work identification information.

40. The system according to claim 39, wherein the

memory further stores part identification information iden-
tifying a part included in the medical equipment identified



US 2005/0103354 Al

by the equipment identification information, and the bench-
mark information relates to the part identification informa-
tion.

41. The system according to claim 39, wherein the
memory further stores part identification information in
relationship to at least one of the benchmark information and
the work identification information, the part identification
information identifying a part included in the medical equip-
ment identified by the equipment identification information,
the part being associated with a result of the comparison
based on the benchmark information, and the information of
the maintenance work includes the part identification infor-
mation related to at least one of the work identification
information and the benchmark information resulting in the
work identification information.

42. The system according to claim 39, wherein the
memory further stores part identification information in
relationship to at least one of the benchmark information and
the work identification information, the part identification
information identifying a part included in the medical equip-
ment identified by the equipment identification information,
the part being associated with a result of the comparison
based on the benchmark information, and listed is the part
identification information related to at least one of the work
identification information and the benchmark information
resulting in the work identification information.
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43. The system according to claim 42, wherein the listed
part identification information is compared to information of
in-stock part and the part identified by the listed part
identification information which is not included in the
information of in-stock part is automatically ordered.

44. The system according to claim 39, wherein the infor-
mation of the maintenance work is made it possible to be
provided for the maintenance work to be conducted peri-
odically.

45. The system according to claim 39, wherein the infor-
mation of the maintenance work identified by the deter-
mined work identification information is made it possible to
be provided in preference to information of an ordinary
maintenance work in the event that the maintenance work
identified by the determined work identification information
and the ordinary maintenance work pertain to a same
subject.

46. The system according to claim 39, wherein the ref-
erence information is updated based on the condition infor-
mation at a time of failure of the medical equipment and
condition information of other medical equipment similar to
the medical equipment.
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