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MAINTENANCEASSISTANCESYSTEMANDMAINTENANCEASSIFANCEMETHOD
FOR RAILROAD GROUND EQUIPMENT

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims a priority from Jap anese
Patent Application No. 2015-91477 filed on April 28 , 2015, the
content of which herein incorporated by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001]

The presentinventionrelatestoa maintenance ass istance
system and a maintenance assistance method for rail road ground
equipment.

2. Related Art
[0002]

Maintenance assistance systems for railroad ground
equipment are systems that assist maintenance work such as
monitoring, inspection, andreplacementofground e quipmentfor
smoothrailroad operation. There are varioustypes ofrailroad
ground equipment. For example, signal-related ralil road ground
equipment includes signals, switch machines, alarms , Crossing
barriers,andthelike, track-relatedrailroad grou ndequipment
includes rails, crossties, point blades, and the i ke, and
power-related railroad ground equipment includes fe eders,
trolleywires,andthelike. Suchequipmenthashe retoforebeen
maintained basically via operation involving replac ing the
equipmentaftertheelapseofacertainlengthoft ime(time-based
maintenance). Inrecentyears, however,the mainte nance method
has been changing to operation involving constantly monitoring
the condition of equipment and replacing the equipm entwhenits
condition exceeds oris predicted to exceed a certa inreference

level (condition-based maintenance).
[0003]
In this regard, Japanese Patent Application Laid-o pen
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PublicationNo.2007-263923, forexample, describes atechnique

of predicting the corrosion of a metal fitting for a power
transmission cable of a power company, or more spec ifically of
predictingtheremaininglife ofthe metalfitting byestimating
therateofthecorrosionthereofbasedontopograp hicinformation
such as the altitude and the distance to seashore a nd
environmental information such as the amount of tim e the metal

fitting stays wet.

[0004]

However, thetechnique describedinthe above publ ication
isacorrosionpredictionmethoddesignedforamet alfittingfor
apowertransmissioncable,withoutconsiderationo fhowtoapply
the method to the field of railroad. In particular , the above
publication does not involve anything for predictio n of the
deterioration of railroad ground equipment. Beside s the
installation environment, the conditions oftraint ravelaround
the equipment installation location are also consid ered to
influence the deterioration of railroad ground equi pment
similarly. However,theabovepublicationdoesnot considersuch

perspective at all, and still has a problem.

SUMMARY OF THE INVENTION

[0005]

The presentinventionhasbeenmadetosolvethea boveand
otherproblems,andanobjectthereofistoprovide amaintenance
assistance system, and a maintenance assistance met hod for
railroad ground equipment capable of properly predi cting the
deterioration of maintenance-target railroad ground equipment
with the influence of the installation environment of the

equipment and the like taken into account.

[0006]

To solve the above problems, an aspect of the pres ent
invention provides amaintenance assistance system forrailroad
ground equipment, comprising: an environmental-info rmation

storage part storing environmental information cont aining
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information on weather observed at a plurality of g
pointsandongeographicalconditionsatthegeogra
and an environmental-load estimation part holding a
formulaindicating arelationship betweenageddete
railroadgroundequipmentandtheenvironmentalinf
configured to, upon specification of railroad groun
for which to execute deterioration prediction, acqu
environmental information which is recorded at a po
installed position of the railroad ground equipment
target period of the deterioration prediction, and
degreeofageddeteriorationoftherailroadground
usingthe acquired environmentalinformationandth
formula.

[0007]

According to the present invention, the deteriorat
maintenance-target railroad ground equipment can be
predicted withthe influence ofthe installation en
the equipment and the like taken into account.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]
Fig.lisadiagramshowinganexampleoftheconf
ofamaintenanceassistancesystemforrailroadgro
according to an embodiment of the present invention
Fig. 2 is a diagram showing an example of the hard
configuration of the system in Fig. 1;
Fig.3showsanexampleoftheconfigurationofan
information table 112;

eographical
phicalpoints;
relational
rioration of
ormation,and
d equipment
ire the
int near an
, during a
predict a
equipmentby
erelational

ion of

properly
vironment of

iguration
undequipment

ware

inspection

Fig. 4 shows an example of the configuration of an

environmental information table 113;
Fig.5showsanexampleoftheconfigurationofa
information table 117;
Fig. 6 shows an example of the configuration of se
information data 110;
Fig.7isaflowchartfordescribinganexampleof

conversion

tting

aprocess
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flow in a first embodiment;
Fig.8isadiagramshowinganexampleoftheconf iguration

ofamaintenanceassistancesystemforrailroadgro undequipment

according to a second embodiment of the present inv ention;

Fig. 9 shows an example of the configuration of a

transportation information table 603;

Fig.10isaflowchartfordescribinganexampleo faprocess
flow in the second embodiment;

Fig.1lisanexampleofthe outputofaresultou tputpart
104andisanexemplarycharacteristicchartshowin gtheamounts
of loads on equipment related to the deterioration of the
equipment;

Fig.12isadiagramshowinganexampleofthecon figuration

ofamaintenanceassistancesystemforrailroadgro

undequipment

according to a third embodiment of the present inve ntion;
Fig.13isaflowchartfordescribinganexampleo faprocess
flow in the third embodiment;
Fig.14isadiagramshowinganexampleofthecon figuration

ofamaintenanceassistancesystemforrailroadgro

undequipment

according to a fourth embodiment of the present inv ention;

Fig.15showsanexampleoftheconfigurationofa noperation
information table 1103;

Fig.16isaflowchartfordescribinganexampleo faprocess
flow in the fourth embodiment;

Fig.17isadiagramshowinganexampleofthecon figuration

ofamaintenanceassistancesystemforrailroadgro
according to a fifth embodiment of the present inve

Fig. 18 shows an example of the configuration of a

nearby-equipment-information table 1304;

Fig. 19 shows an example of the configuration of a

environmental-deterioration-model table 1308; and
Fig.20isaflowchartfordescribinganexampleo
flow in the fifth embodiment.

DETAILED DESCRIPTION OF THE INVENTION

undequipment
ntion;

faprocess
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[0009]

The present invention will be described below thro
embodiments thereof with reference to the drawings.
following description, parts and units denoted by i
referencenumeralsrepresentidenticalelements,an
configurations and operation are similar.

[0010]
First Embodiment

A first embodiment of the present invention will b
describedfirst. Thisembodimentpredictsthe dete
maintenance-target railroad ground equipment based
information on the environmentaround the ground eq
the purpose of assisting a maintenance plan for the
equipment and the like.

[0011]

Fig. 1 is a block diagram showing an example of th
configuration of amaintenance assistance system 1
ground equipmentaccordingtothisembodiment. The
assistance system lincludesamaintenance assistan
100 which is a computer having a hardware configura
exemplarily shown in Fig. 2, for example. In Fig.
maintenance assistance apparatus 100 includes infor
processingresourcessuchas:aprocessorllsucha
(primarystoragedevice)12includingaRAM,aROM,
anauxiliarystoragedevice13includingaharddis
asolidstatedrive(SSD),orthelike;aninputde
akeyboard,amouse,atouchscreen,andthelike;a
15including a liquid crystal display, a printer, a
a communication interface 16 which is an interface
enabling coupling to other apparatuses viaacommun
such as alocal area network (LAN); and a bus 17 co
elements to each other.

[0012]
Data with which the maintenance assistance apparat

executes a deterioration prediction process may be

ugh
In the
dentical
dtheirbasic
e
rioration of
on
uipment, for
ground
e
forrailroad

maintenance

ceapparatus
tion

2, the
mation

saCPU;amemory
andthelike;
kdrive(HDD),
viceldincluding
noutputdevice

nd the like;
circuit

icationline

upling these

us 100
inputtedvia



10

15

20

25

30

35

the input device 14 or forwarded from an external a pparatus via
the communication interface 16. In this embodiment , several
typesofdatatobedescribedlater,e.g.inspectio ninformation
data 108, environmental information data 109, and s etting
information data 110 for defining the operation of calculation
management part 102 are inputted through a terminal apparatus

coupled to the communication interface 16.
[0013]
The processor 11 functions as a computation device

configuredtoexecuteasimulationprocessofthis embodimentin
accordance with a program stored in the memory 12. As shownin
Fig. 1, the memory 12 stores one or more computer p rograms for
implementing an inspection-information record part 106, an
environmental-information record part 107, and a
conversion-information record part 118 configured t o record
externallyinputtedinformationintotheauxiliary storagedevice
13, a setting input part 103 configured to receive the setting
informationdatall0fordefiningtheoperationof thecalculation
management part 102, an inspection-information extr action part
114 configured to extract information necessary for program
execution from the auxiliary storage device 13, an
environmental-information extraction part 115, a
position-conversion extraction part 116, an environ mental-load
estimationpart105configuredtoexecuteacalcula tionprocess,
and a calculation management part 102 configured to manage the
execution ofthe calculation process. Here,whent he processor
1limplementsthecalculationmanagementpart102, whichisstored
inthememory12,eachprogramstoredinthememory 12canbecalled
asappropriate,andthefunctiongiventoeach part (functionas
a program) can be exerted.
[0014]

Next, the function of each program will be describ ed with
referencetoFig.1. Theinspection-informationre cordpart106
hasafunctiontorecordtheinspectioninformation datal08into

theauxiliarystoragedevicel3asaninspectionin formationtable
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112 upon input of the inspection information data 1
terminal apparatus. Similarly, the environmental-i
record part 107 has a function to record the enviro
information data 109 into the auxiliary storage dev
environmental information table 113 upon
environmentalinformation data 109 fromthe termina
andtheconversion-informationrecordpart118has

record the conversion information data 119 into the
storagedevicel3asaconversioninformationtable
oftheconversioninformationdatal19fromtheter
Notethattheinspectioninformationdata 108, for
besimplyreferredtoastheinspectioninformation

The same appliesto eachtype ofinformationusedt
processesinthisembodimentandotherembodiments

later.

[0015]

The inspection-information extraction part 114 has
function to search the inspection information table
responseto aninstructionfromthe calculation man
102 and extract corresponding inspection informatio
therefrom. Similarly,theenvironmental-informatio
part 115 has a function to search the environmental
table 113 in response to an instruction from the ca
management part 102 and extract corresponding envir
information 109 therefrom, and the position-convers
extraction part 116 has a function to search the co
information table 117 in response to an instruction
calculation management part 102 and extract corresp
conversion information 119 therefrom.

[0016]

The environmental-load estimation part105hasaf
toestimatethedegreeofprogressionofdeteriorat
environmentoftheequipmentofinterestbasedont
information 108 on the equipment and the informatio

environment around the equipment. Inacase where

input of t

08 from the
nformation
nmental
icel3asan
he
lapparatus,
afunctionto
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117uponinput
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oftheequipmentismanagedintermsofkilometrage

line section to which the equipment belongs (the di

the start of the railroad line section), the positi
information is converted by referring to the conver
information table 117 to be described later, and en
information acquired at a point near the equipment

[0017]

The calculation management part 102 has a function
execute programs and perform a predetermined proces
flowchartexemplarilyshowninFig.7tobemention
calculationmanagementpart102 performsthe proces
theflowchartinFig.7basedoncontentssetbyth
part 103 and outputs the process result from the re
part 104.

[0018]

The setting input part 103 has a function to recei
content of the setting information 110, which isin
theinputdevice 14, forexample,and passittoth
management part 102. The setting input part 103 ca
ground equipmentforwhichto execute deterioration
Also, the setting input part 103 can command the ca
management part 102 to execute a deterioration pred
process.

[0019]

Next, the information to be used in the process in
embodimentwillbedescribed. Fig.3isachartsh
oftheconfigurationoftheinspectioninformation
inspection information table 112 (inspection-inform
storage part) stores the contents of inspections co
railroadgroundequipment. InFig.3,theinformat
theentriesoftheinspectioninformationtable112
ofequipmentlD201,typelD202,linesectionID2
204 inspectiondate205,andinspectionvalue206.

ID 201 is an identification code for identifying

intherailroad
stance from
onal
sion
vironmental
is utilized.

to
s along a
edlater. The
sasshownin
esettinginput
sult output

ve the
putted from
e calculation
nselectthe
prediction.
Iculation
iction

this
owinganexample
tablel12. The
ation
nducted on
ionthatforms
includesitems
03,kilometrage
Theequipment

inspection-target equipment. The type ID 202 is an
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identification code indicating the type of the equi
linesectioniD203andthekilometrage204represe
where the equipmentisinstalled and, in this examp
thedistancefromthestartofthelinesectionwhe

is installed in terms of kilometrage. The inspecti
indicates the date of an inspection conducted on th
andtheinspectionvalue206indicatesthevalueof
onthatdate. Theinspectionvalue 206 may differ
of equipment to another. For example, in a case wh
ID202iscrossingbarrier,theinspectionvalue20
tosuchinformationcanbethetimetakenforthec
tocompleteitsoperation;onthe otherhand,ina
type ID 202 istrack, the inspection value 206 can
degreeofcorrosionoftherails. Here,thisembod
describedbasedontheinstancewhereonetypeofi
206is setfor one type ofinformation, buta plura

of inspection values 206 may be set for a plurality
information. Forexample,inacasewherethetype
two types of inspection values, namely, the degree
oftherailsandtheamountofwearoftherailsma
[0020]

Next, the environmental information table 113 will
described. Fig. 4 shows an example of the configur
environmental information table 113. The environme
information table 113 (environmental-information st
represents geographical conditions at various geogr
pointsandlongitudinalaccumulationofweatherdat
temperatures and the amounts of precipitation colle
geographical points. The entries of the environmen
information table 113 in Fig. 4 include items of ge
point ID 301, geographical point 302, altitude 303,
weather 305, highest temperature 306, lowest temper
amount of rainfall/snowfall 308, and amount of sola
309. ThegeographicalpointiD301lisanidentific
identifying the geographical point of past observat

pment. The
ntthelocation
le, indicate
retheequipment
on date 205
e equipment,
theinspection
fromonetype
ere the type
6corresponding
rossingbarrier
casewherethe
be setasthe
imenthasbeen
nspectionvalue
lity of types
of types of
ID202istrack,
of corrosion
yberecorded.

be
ation of the
ntal
orage part)
aphical
asuchasthe
cted at the
tal
ographical
date 304,
ature 307,
r radiation
ationcodefor
ion of the
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environmental information, and is used to uniquely
pieces of the environmental information 109. The g
point302isinformationindicating the positionon
geographical pointwhichis specified by the geogra
ID301. Inthisexample,thegeographicalpoint30

in latitude and longitude. The altitude 303 indica
altitude ofthegeographicalpointspecifiedbythe

point ID 301. The date 304 indicates the date of t
observationoftheenvironmentalinformation,andt

the highest temperature 306, the lowest temperature
amountofrainfall/snowfall308,andtheamountof

309 indicate the result of the observation on that

in the example in Fig. 4, the environmental informa
observedinthepasthasbeenmentioned,butfuture

information 109 at each geographical point is likew

accumulated for the purpose of predicting future de
of the ground equipment. The future environmental
109 can be predicted values that can be statistical
based on the past observation data.

[0021]

identify
eographical
earthofthe
phical point
2isexpressed
tes the
geographical
he past
heweather305,
307, the
solarradiation
date. Here,
tion 109
environmental
ise
terioration
information
ly obtained

Next, the conversion information table 117 will be

described. Fig. 5 shows an example of the configur
conversion information table 117. The conversion i
table 117 (conversion-information storage part) is
associatethepositionofthemaintenance-targetgr
expressedinkilometragewithoneofthepositions
geographicalobservationpointsintheenvironmenta
table 113. The entries of the conversion informati
inFig.5includeitemsoflinesectionID1801,ki
andposition1803. ThelinesectionID1801lisan
codeforuniquelyidentifyingarailroadlinesecti

in a case where the line section is managed separat
inboundandoutboundlines,thelinesectioniD180

with separate IDs for the inbound and outbound line
kilometrage1802indicatesthedistancefromthest

ation of the
nformation
used to
oundequipment
indicatingthe
linformation
ontable 117
lometrage1802,
identification
on. Notethat,
ely for the
1maybemanaged
s. The
artoftheline
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sectionspecifiedbythelinesectionID1801. The

Is a set of numerical values indicating the kilomet
absolutepositiononearthand,intheexampleinF
inlatitudeandlongitude. Byusingthisconversio
table 117, the kilometrage of the ground equipment
performthe deterioration prediction can be associa
absolutepositiononearth. Hence,itispossible
environmentalinformation109thatshouldbeapplie
equipment for which to perform the deterioration pr
[0022]

Next,thesettinginformation110willbedescribe
6showsanexampleoftheconfigurationofthesett
110. The setting information 110 contains the cont
deterioration prediction process to be executed by
maintenance assistance apparatus 100in this embodi
data inputted from the input device 14 or the like
viathesettinginputpartl03. InFig.6,theset
110includesitemsofpredictionperiod401,target
402,andtimeinterval403. The predictionperiod
thetargetperiodofthedeteriorationpredictiont
The target equipment ID 402 indicates the equipment
target equipment for which to perform the deteriora
prediction. Notethataplurality of piecesoftar
may be selected instead of only one piece of target
The time interval 403 indicates the time interval o
deterioration prediction (the time interval at whic
deterioration prediction process is executed).

[0023]

Next, description will be given of the deteriorati
prediction process on railroad ground equipment in
embodiment,whichisexecutedbasedontheinformat
above. Fig. 7 is a flowchart for describing an exa
process in the firstembodiment. The process flow
implemented by the calculation management part 102
maintenance assistance apparatus 100 by executinge

position1803
rage as an
ig.5,expressed
ninformation
forwhichto
tedwithits
toacquirethe
dtotheground
ediction.

d. Fig.
inginformation
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the
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tinginformation
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First, after the apparatus 100 is powered on, the c
managementpart102 startsthe processuponreceipt
execution command from the input device 14 or the |
The settinginputpart 103 thenreads outthe data
setting information 110, referstothe targetequip
andsetsthetargetequipment(S501). Thesetting
thenreferstotheinspectioninformationtable 112

the content of the inspection information 108 corre
the target equipment via the inspection-information
part 114 (S502). As aresult, the mostrecentinsp
onthetargetequipmentisacquired asareference
deterioration prediction. Then, basedonthe predi
recorded inthe setting information 110, the settin
103setsthetargetperiodofthedeteriorationpre
asadeteriorationcalculationperiod(S503). Also
inputpartl03acquiresthetimeintervalsettingf
information110(S504). Thecontentssetasdescri
passed from the setting input part 103 to the calcu
managementpart102,andthesubsequentprocessbel
[0024]

First, the calculation management part 102 acquire
environmental information 109 corresponding to the
starttimepoint,whichisspecifiedbythepredict
inthesettinginformation110,viatheenvironment
extraction part 115 (S505). In doing so, the calcu
managementpartl02utilizestheconversioninforma
sothattheenvironmentalinformation109recorded
geographical point to the process-target equipment
acquired. Specifically, the calculation management
acquires the kilometrage of the equipment from the
informationtable112,searchestheconversioninfo
117fortheclosestrecordtothekilometrage, sets
position as the position of the equipment, and acqu

corresponding environmental information 109 from

environmentalinformationtablel13basedonthatp

alculation
ofaprocess
ike (S500).
storedinthe
mentID 402,
inputpart103
andacquires
sponding to
extraction
ection value
valueforthe
ction period
ginputpart
dictionprocess
,thesetting
romthesetting
bedaboveare
lation
owisexecuted.

s the
prediction
ionperiod401
al-information
lation
tiontable117
atthenearest
can be
part 102
inspection
rmationtable
theacquired
ires the
th
osition. Then,



10

15

20

25

30

13

the environmental-load estimation part 105 performs

environmental load calculation based on the acquire

environmental information 109 (S506). An example
environmental load calculation is shown below.

0]

Thi

mathematical formula shows an instance where load o

equipment's component is accumulated due to the tem
difference that occurs each day.

t=t;

E, =E_ +a ) |HTemp(t) - LTemp(t)|

t=tiy

E, : the environmental load at t i

HTemp(t): the highest temperature at t

LTemp(t): the lowest temperature at t

o: a coefficient indicating the relationship between
environmentalloadandaccumulationofthetemperat
[0025]

Here, specifically,inthecasewherethetargete
isatrack, the environmentalload isthe degree of
rails. Theenvironmental-loadestimationpart105
theinspectionvalue ofthe degree of corrosion of
fromthemostrecentinspectioninformation108in
informationtable112,andcalculatestheinspectio
start of the prediction period as aninitial value
the environmental information 109 up to the present
estimated values of the environmental information 1
present to the start of the prediction period.
environmental-loadestimationpart105thereafterc
environmental load per time interval, which is reco
settinginformation110,anditeratestheloadcalc
theendofthe predictioncalculation periodcomes
If determining that the end has come, the environme
estimation part 105 outputs the result of the deter
estimation and ends the process (Yesin S507, S508,
result of the deterioration estimation can be outpu

The

f the

n the
perature

the
uredifference

quipment
corrosion of
thenacquires
theequipment
theinspection
nvalueatthe
by utilizing
and the
09 from the

alculatesthe

rded in the
ulationuntil

(NoinS507).
ntal-load
ioration
S509). The
tted in any
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suitable form. For example, it is possible, for ex ample, to
present the predicted values of the environmental | oad in the
predictioncalculationperiodinatabularformor tographically
output the accumulated values of the environmental load in the
prediction calculation period in a histogram.
[0026]

Accordingtothisembodiment,thedeteriorationof railroad
ground equipment can be predicted with the influenc e of its

installation environment taken into consideration.
[0027]
Second Embodiment

Next,asecondembodimentofthe presentinvention willbe
described. In this embodiment, the deterioration o f target
ground equipment is predicted by utilizing informat ion on
transportation by the trains that are operated in t he railroad
line section to which the ground equipment belongs, inaddition
tothe environmentalinformationinthe firstembod iment. Note
that description of the same elements and the same parts of the
processasthoseinthefirstembodimentwillbeom ittedtoavoid
redundancy, and description will be given ofthe ch aracteristic
parts of the second embodiment.

[0028]

Fig.8isadiagramshowinganexampleoftheconf iguration
ofamaintenanceassistancesystemlforrailroadg roundequipment
according to this embodiment. A maintenance assist ance
apparatus 100, which is the core of the maintenance assistance
system 1, is a computer having the hardware configu ration
exemplarilyshowninFig.2. However,themaintena nceassistance
apparatus 100 differs from that in the first embodi mentin that
iincludes:atransportation-loadestimationpart 602configured
toestimatetransportationload;atotal-loadestim ationpart601
configuredtointegrallyestimatethetransportatio nloadandthe
environmentalload;andatransportation-informatio nrecordpart

604, a transportation information table 603, and a
transportation-information extraction part 606 conf igured to



10

15

20

25

30

35

15

manage input of transportation information 605, whi
information for the transportation load estimation.
[0029]

Thetransportation-loadestimationpart602hasa
toestimatethedeteriorationofrailroadgroundeq
onthetransportationinformation 605, whichisinp
input device 14 or the communication interface 16.
transportationloadreferstoweightloadortheli
the rails when a train travels thereon, for example
transportation-loadestimationpart602iscapable
the weight load or the like based on the transporta
information 605.

[0030]

The transportation-information record part 604 has

function to record the inputted transportation info
table 603.
transportation-informationextractionpart606has

into the transportation information
extractcorrespondingtransportationinformation60

to an instruction from the calculation management p
[0031]

Next, the transportation information table 603 wil
described. Fig. 9 shows an example of the configur
transportation information table 603. The transpor
informationtable603(transportation-informations
records conditions of travel of trains at various g
points, the trains being operated in particular rai
sections. The transportation information table 603
items of train ID 801, line section ID 802, inter-s
ID 803, date 804, time 805, kilometrage 806, speed
acceleration/decelerationrate808,andamountoft
809. The train ID 801 is an identification code fo
identifyingatrain. ThelinesectionID802isan
code for uniquely identifying the target line secti
inter-stationarealD803isanidentificationcode

the stations between which the train operates. For

ch is base

function
uipmentbased
uttedviathe
The
keappliedto
The
ofcalculating
tion

a
rmation 605

afunctionto
5inresponse
art 102.
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specifyingthelinesectionID802andthekilometr
transportationinformation603inFig.9,thetrain

train passing that geographical point can be acquir
as the date 804, the time 805, and the speed 807 of
and the acceleration/deceleration rate 808 and the

transportation 809 during the passage. The amount
transportation 809 may be any of the number of pass

transportedbythetrain,theweightofthetranspo
andthetotalweightincludingtheweightofthetr

the conditions of travel (speed and acceleration/de
rate) of a train at a specific line section at a sp
canbeacquiredbasedontheserviceplanningdiagr
curve of the train. For this reason, the condition
ofthosetrainsthatare plannedtobeoperatedin

be set in the transportation information table 603
based on the date 804 and the time 805. The speed

an index of the duration for which the weight of th
applied to the rails, for example.
acceleration/decelerationrate 808 providesaninde

the wear of the rails by the treads of the wheels o
Forthose trains operated in the past, the conditio

of those trains can be acquired from the actual ope
management record. Also, as the amount of transpor
theactualvalueoftransportationmaybeusedora

of transportation may be used.

[0032]

Next, the process executed in this embodiment will

described. Fig.10showsanexemplaryflowchartfo

the process inthis embodiment. The basic configur
flowchartin Fig. 10is similartothatinthe firs

except a part of the process utilizing the transpor
information 605. The following description will be

of this part related to the transportation informat
Referring to Fig. 10, after the environmental load

in S506, the calculation management part 102 acquir

age806inthe
ID801ofeach
ed, as well
the passage
amount of
of
engers
rted content,
ain. Notethat
celeration
ecific time
amandtherun
s of travel
thefuturecan
in advance
807 provides
e train is
The
xrelatedto
fthe train.
ns of travel
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plannedvalue

be

rimplementing
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calculation
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information 605 via
transportation-information extraction part 606 (S70

transportation

thetransportation-informationextractionpart606
andacquiresthetransportationinformation605by

sections passing near the targetequipmentwith the

In this embodiment,
transportation-information extraction part 606 spec

associated with the equipment.

line section ID and the kilometrage corresponding t
equipmentfromtheinspectioninformationtable112

line section ID, the kilometrage, and all the train

during a period having the length of the time inter

the transportation load estimation is executed, fro
transportation information table 603, and calculate
transportation load by adding up the amounts of tra
ofthetrains(S702). Thetransportationloadcan

by the following formula, for example.

]
Tti :Tti—l +'BA[i—1 iTr (t)

1=t

T, : the transportation load at t i

Tr(t): the amount of transportation at t

A: the total load at t i

B: a coefficient indicating the relationship between
transportation load and accumulation of the amount
transportation

Thecoefficient
actualpastinfluenceoftheamountoftransportati
ground equipment.
calculates the total load by adding this transporta
the environmental load, which is already calculated
Assume for example that the ground equipmentisar
thedeteriorationpredictiontargetisthewearof

the predictedenvironmentload andthe predictedtr

The calculation management part

the
1). Here,
searchesfor
comparingline
kilometrage
the
ifies the
othetarget
,extractsthe
s that pass
val atwhich
m the
s the
nsportation
becalculated

the
of

pcanbeoptionallydeterminedbasedonthe

ononspecific
102
tionloadto
(S703).
ailroad and
railsandthat
ansportation
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load in a given period are 0.5 mm and 0.7 mm, respe
this case, the total load is calculated to be 1.2 m
ofthetwo. The calculationofthetotalloadisi
thepredictioncalculationperiodisdeterminedto

the determination step S507.

[0033]

Next, an example of the output of the result outpu
104inthisembodimentwillbedescribed. Fig.11
characteristic chart showing the amounts of loads o
relatedtothedeteriorationoftheequipment,whic
bytheresultoutputpart104,inthisembodiment.
in the case where the result of the prediction calc
relatedtothewearofrails,agraph 80showsthe
bytransportationload8landtheamountofwearby
load 82, the sum of which is shown as the total amo
Note that, in the example in Fig. 11, in order that
of load obtained by the prediction calculation can
compared with the amounts of load on other pieces o
ofthe sametype,anaverage degree of deterioratio
other pieces of equipmentofthe same type, whichi
oftheresultsofpredictioncalculationthereon,i
and displayed. The average degree of deterioration
otherpiecesofequipmentofthesametypecanbec
the results of the past prediction calculation exec
recordedbythecalculationmanagementpart102. A
showninFig. 11, by showing the breakdown ofthea
ateachtime pointofthe predictioncalculation, i
to easily determine what factors contribute to the
of the deterioration. Also, the degree of progress
deteriorationcanbe comparedwiththe otherpieces
of the same type, and therefore the influence of th
installation location on the deterioration and the
analyzed as well.

[0034]

Accordingtothisembodiment,thedeteriorationof

ctively. In

m as the sum
terated until
haveendedin

t part
isanexemplary
n equipment
hisoutputted
Forexample,
ulation is
amountofwear
environmental
unt of load.
this amount
be easily
f equipment
n83ofthose
stheaverage
ssuperimposed
83 on the
alculatedfrom
uted and
sexemplarily
mount of load
tispossible
progression
ion of the
ofequipment
e equipment
like can be
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ground equipmentcanbe predictedwith boththe inf
environment and the influence of the transportation
consideration.
[0035]
Third Embodiment

Next, a third embodiment of the presentinvention
described. Thisembodimentaimstofurtherimprove
of the prediction in the second embodiment, in whic
environmentalinformationandthetransportationin
combined, by taking into account the influence of b
trains on the deterioration of the prediction targe
equipment, the trains passing the geographical poin
equipmentisinstalled. Inthefollowing,descript
elements andthe same parts of the process asthose
and second embodiments will be omitted to avoid red
description will be given of the characteristic par
embodiment.
[0036]

Fig.12isadiagramshowinganexampleofthecon
ofamaintenanceassistancesystemlforrailroadg
according to the third embodiment. The configurati
maintenanceassistance apparatus 100includedinth
Fig.12issubstantiallythesameasthatinthese
except that it includes a train-behavior estimation
Thistrain-behaviorestimationpart90lhasafunct
behavior of a train passing the target equipment by
environmentalinformation109andthetransportatio
605 and estimate the influence of that behavior on
deteriorationoftheequipment. Forexample,ther
cars of a train in a strong wind influences the tra
slip or skid of a train on a slope influences the r
901,
calculation can take factors such as these influenc
Note that additional
estimating suchtrainbehaviorisrecordedinthee

the train-behavior estimation part the predict

account. information necessar

luenceofthe
taken into

will be
theaccuracy
h the
formationare
ehavior of
t ground
twhere the
ionofthesame
inthe first
undancy, and
ts of this

figuration
roundequipment
on of a
esystem1lin
condembodiment,
part 901.
iontosimulate
using the
ninformation
the
ockingofthe
ck, and the
ails. With
ion
es into
y for
nvironmental
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information 109 and the transportation information
advance. For example, an item of wind speed (m/s)
inthe environmentalinformation 109inthe casewh
behaviorinstrongwindsisadditionallytakeninto

an item of track slope (%o) is provided in the trans
information 605 in the case where the influence of

of a train is additionally taken into account.

[0037]

Next, the process executedinthethirdembodiment
described. Fig.13showsanexemplaryflowchartfo
theprocessinthethirdembodiment. Thebasiccon
theflowchartinFig. 13issimilartothatinseco
exceptapartrelatedtoastepofcalculatingthe
(S1001). Thefollowingdescriptionwillbegiveno
related to this train-behavior calculation step S10
Referring to Fig. 13, the train-behavior estimation
executes train-behavior estimation calculation by u
environmentalinformation109,whichisacquiredin
transportationinformation 605, whichisacquiredi
the slip or skid of each train, for example, an exp
of slip or skid is calculated for each train as the
of occurrence of slip or skid from a probability fo
exemplarily shown below.

[0038]

Expected amount of slip or skid =
vehicle type))

Pr(weather, slope, vehicle type): a probability fo
based on previous observation

Inanexample ofthe calculation, foreachtraine
from the transportation information table 603, the
probability formula is applied to find the probabil
occurrence of slip or skid; then, anincreasein tr
loadwhichisobtainedbymultiplyingtheamountof
of the train by the probability of occurrence of sl
ismultipliedbyanempiricalamountofloadincrea

605 in
Is provided
erethetrain
account,and
portation
skid or slip

willbe
rimplementing
figurationof
ndembodiment,
trainbehavior
nlyofthepart
01.
part 901
sing the
S505,andthe
nS701. For
ected amount
probability
rmula

s(Pr(weather, slope,

rmula

xtracted
above
ity of
ansportation
transportation
ip or skid,
seduringslip
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or skid (e.g. increase in amount of rail wear by sl
In this way, the deterioration prediction can take
skid of each train into account. Note that the ite

type isin the above formulato reflect the situati

probability of occurrence of slip or skid generally

accordance with the proportion of the power car(s)

the train.
[0039]

Asdescribedabove,accordingtothethirdembodim

prediction calculation of the amount of load on rai

equipmentcanbe performedwiththeinfluence ofth

each train taken into account as well.

[0040]
Fourth Embodiment

Next,afourthembodimentofthe presentinvention

described. In this embodiment, the deterioration o

ground equipment is predicted by further utilizing

on track maintenance, signal maintenance, and vario

operations for safe train operation conducted on th

equipment, in addition to the environmental informa

firstembodiment. Notethatdescriptionofthesam

the same parts of the process as those in the first

willbeomittedtoavoidredundancy,anddescriptio
of the characteristic parts of the fourth embodimen

[0041]

Fig.l4isadiagramshowinganexampleofthecon

ofamaintenanceassistancesystemlforrailroadg

according to this embodiment.

A maintenance assist

apparatus 100, which is the core of the maintenance

system 1, is a computer having the hardware configu

exemplarilyshowninFig.2. However,themaintena
apparatus 100 differs from that in the firstembodi
itincludes: an operation-informationrecord part 1

function to record, into an operation information t

operation information 1105 in which the contents of

ip or skid).
the slip or

m of vehicle

onwhere the
changesin
included in

ent,the
Iroad ground
ebehaviorof

willbe
f target
information
us kinds of
e ground
tion in the
eelementsand
embodiment
nwillbegiven
L.
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conducted on ground equipment  are recorded; an

operation-information extractionpart 1102 havinga functionto
extract the operation information 1105 necessary fo r the
deterioration prediction from the operation informa tion table
1103;andanoperation-loadestimationpartl106ha vingafunction
tocalculateoperationloadappliedtothetargetg roundequipment
byusingtheextractedoperationinformation1105. Theoperation
information 1105 extracted from the operation-infor mation
extractionpartl102ispassedtothecalculationm anagementpart
102.

[0042]

Next, the operation information 1105 will be descr ibed.
Fig. 15 shows an example of the configuration of th e operation
information table 1103 (operation-information stora ge part),
which stores the operation information 1105. In th e operation
information 1105, there are recorded items of line section ID
1601, kilometrage 1602, date 1603, time 1604, and o peration
content 1605 indicating the content of the operatio n conducted
at a particular location of a particular line secti on on a
particulardataandtimewhichare specified by the line section
ID 1601, the kilometrage 1602, the date 1603, the t ime 1604.
[0043]

Next, the process executed in this embodiment will be
described. Fig.16showsanexemplaryflowchartfo rimplementing
the process in thisembodiment. The basic configur ation ofthe
flowchartinFig. 16is similartothatinthefirs tembodiment,
exceptapartofthe processutilizingthe operatio ninformation
1105. Thefollowingdescriptionwillbe givenonly ofthis part
related to the operation information 1105. After t he
environmental load is calculated in S506, the
operation-informationextractionpartl102extracts thecontents
of the operations conducted around the position of the target
equipment within the prediction period, from the op eration
information table 1103 based on the line section ID 1601, the

kilometrage 1602, the date 1603, andthetime 1604 (S1201). The
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operation-loadestimationpartl106calculatesoper ationloadfor
each piece of the extracted operation information 1 105thatis
related to the deterioration prediction calculation (51202).
Forexample,fortheinfluenceofsprayofanti-fre ezeagent,the
influence is quantified from the following formula.

[0044]

Corrosionloadbyoperation= v 2(theaverageamountofspray
of the anti-freeze agent)

v: a coefficient indicating the correlation between the
corrosion of rails and the average amount of spray of the
anti-freeze agent

Thereafter,thetotal-loadestimationpart601add supthe
calculated environmentalload andthe calculated op erationload
toobtainatotalload, andtheniteratesthe calcu lation ofthe
total load until the prediction calculation period ends (the
determination step in S507).

[0045]

As described above, according to this embodiment, the
deterioration of railroad ground equipment resultin g from
operations conducted due to the environmental condi tion around
the ground equipment can be reflected on the deteri oration
prediction.

[0046]
Fifth Embodiment

Next, a fitth embodiment of the presentinvention will be
described. When the condition of deterioration of railroad
ground equipment is to be estimated, it may be impo ssible to
utilize the environmentalinformationonthattarge tequipment.
Thisembodimentshowsaninstancewhere,intheabo vesituation,
the environmental load on the railroad ground equip ment is
calculatedbyestimatingtheenvironmentalinformat ionaroundthe
geographical point of adjacent railroad ground equi pment based
on how the adjacent railroad ground equipment has b een
deteriorated. Notethatdescriptionofthesameel ementsandthe

same parts of the process as those in the firstemb odiment will



10

15

20

25

30

35

24

be omittedtoavoid redundancy, and descriptionwil
the characteristic parts of the fifth embodiment.
[0047]

Fig.17isadiagramshowinganexampleofthecon
ofamaintenanceassistancesystemlforrailroadg
according to the fifth embodiment. A maintenance a
apparatus 100, which is the core of the maintenance
system 1, is a computer having the hardware configu
exemplarilyshowninFig.2. However,themaintena
apparatus 100 differs from that in the firstembodi
itincludes anearby-equipment-information setting
nearby-equipment-information table 1304, a nearby-e
detection part 1303, an environmental-deterioration
setting part 1309, an environmental-deterioration-m
1308, an environmental-deterioration-model acquisit
1307,and anenvironmental-information estimation p
place ofthefunctional partsand dataforexecutin
relatedtotheenvironmentalinformationinthefir
Thenearby-equipment-informationsettingpart1305
torecordlater-describednearbyequipmentinformat
the nearby-equipment-information table 1304 upon in
nearbyequipmentinformation1306fromthesetting
Thenearby-equipmentdetectionpart1303isconfigu
fromthenearby-equipment-informationtable1304,i
differentground equipmentaround ground equipment
execute the deterioration prediction calculation ba
On the other hand,
environmental-deterioration-model setting part 1309

installed location thereof. the
function to set environmental deterioration models
environmental-deterioration-model acquisition part
configured to acquire one of the environmental dete

1310, which are accumulated in

environmental-deterioration-modeltable 1308 and pa

models

calculation management part 102.
[0048]
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Fig. 18 shows an example of the configuration of t he
nearby-equipment-information table 1304
(nearby-equipment-information storage part). The
nearby-equipment-information table 1304 includes it ems of
equipmentID1701,linesectionID1702,installati onkilometrage
1703, and type ID 1704. The equipment ID 1701 indi cates an
identification code for identifying nearby equipmen t, and the
linesectionID 1702indicatestheline sectionwhe rethenearby
equipment specified by the equipment ID 1701 isins talled. The
installation kilometrage 1703 indicates the install ed location
ofthenearbyequipmentinthelinesection,andth etypelD1704
is the type of the nearby equipment.

[0049]

Fig. 19 shows an example of the configuration of t he
environmental-deterioration-model table 1308. Each
environmental deterioration model 1310 as an entry recorded in
the environmental-deterioration-model table 1308
(environmental-deterioration-modelstoragepart)in cludesitems
of model ID 1901 as an identification code, type ID 1902 for
specifying target equipment, explanatory variable 1 903, and
functionform1904. Theexplanatoryvariable1903 isrelatedto
the type of equipment and is a list of a main facto r(s) that
influences its environmental deterioration. In the examplein
Fig.19,inacasewherethetypelD1902is"overh eadwire,"wind
speed and temperature difference are listed as the main factors
thatinfluence its deterioration. Intheitem of f unction form
1904 therelationshipbetweenthedeteriorationof theequipment
andthefactor(s)listedintheexplanatoryvariabl e1903isshown
in the form of a function. In the example in Fig. 19, that the
deterioration of an overhead wire progressesinacc ordance with
accumulationoftheproductofthewindspeedandt hetemperature
difference to which the overhead wire is exposed, i srecorded.
[0050]

Next, the process executed in this embodiment will be

described. Fig.20showsanexemplaryflowchartfo rimplementing
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thisembodiment. Thebasicconfigurationofthefl owchartinFig.
20 is similar to that in the first embodiment, exce pt a part of
the process utilizing the nearby equipmentinformat ion 1306 and
the environmental deterioration model 1310. The fo llowing
descriptionwillbegivenonlyofthisdifference. Notethatthis
embodiment assumes a situation where the
environmental-information extraction part 115 attem pts to
acquiretheenvironmentalinformation109ontheta rgetequipment
inthe processinthefirstembodimentbutfailsto acquirethat
environmental information 109.

[0051]

ReferringtoFig.20,afterthetimeintervaliss etinS504,
thecalculationmanagementpartl02extractstheeq uipmentiD1701
and the type ID 1704 of the closest nearby ground e guipment to
the prediction-calculation-target ground equipment from the
nearby-equipment-informationtable1304basedonth elinesection
ID and the kilometrage of the target ground equipme nt via the
nearby-equipment detection part 1303 (S1401). Then , the
environmental-deterioration-model  acquisition  part 1307
acquires the environmental deterioration model 1310 for
estimatingthe environmentalinformationonthe acq uired nearby
equipmentfromtheenvironmental-deterioration-mode Itable 1308
(S1402). Assume for example that an attemptis mad e to predict
the deterioration of the track in a line section at a specific
location,butthecorrespondingenvironmentalinfor mationcannot
be acquired. Inthis case, the nearby-equipmentde tection part
1303 searches the nearby-equipment-information tabl e 1304 for
different ground equipment around the track. If, f or example,
anoverheadwireisconsequentlyextractedasthat equipment,the
environmental-deterioration-model  acquisition  part 1307
acquirestheenvironmentaldeteriorationmodelfor overheadwire
fromtheenvironmental-deterioration-modeltablel13 08(themodel
ID "MO1" in Fig. 19).

[0052]

Then, in S1403, which is an environmental-informat ion
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estimation step, the environmental-information esti mation part
1302usestheacquiredenvironmentaldeterioration model1310to
estimate the deterioration of the
deterioration-prediction-target ground equipment by an
environmental component(s) based on the condition o f
deteriorationofthenearbyequipment. Specificall y,first,the
explanatoryvariable(s) withwhichto predictthed eterioration
isspecified by referringthe type ID ofthe equipm entforwhich
toexecutethedeteriorationprediction. Intheex ampleinFig.
19, if the target equipment is a track, temperature difference

is its explanatory variable. Onthe other hand, in Fig. 19, if

the nearbyequipmentthathasbeenacquiredisano verheadwire,
wind speed and temperature difference are its expla natory
variables. Ifthedeteriorationpredictioncalcula tionhasbeen
performed on the overhead wire, which is the differ ent ground
equipment,theoutputvaluethereofshouldthenbe theaccumulated
value of the product of wind speed and temperature difference,

as defined by the function form 1904 in Fig. 19. T hus, if the
wind-speed component is excluded from the value of the
deteriorationpredictioncalculationthathasbeen obtained,the
remaining part represents the amount of contributio n by the
temperature difference. Then, since the relationsh ip between
temperaturedifferenceandthedegreeofdeteriorat ionisalready
known for overhead wire, the temperature difference , or
environmentalinformation, thatis necessaryfor pr edictingthe
deterioration of the track can be obtained through back
calculation. This can be easily understood by repl acing the
deterioration prediction result using the total loa d of the
environmental load and the transportation load, whi ch is
exemplarilyshowninFig.11,withthetotalofthe environmental
deteriorationfactors. Intheexampleoftheproce ssflowinFig.

20, the prediction calculation can be completedin asubsequent
step by using this environmental information to cal culate the

environmental load on the target equipment.
[0053]
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As described above, according to thisembodiment,

it is impossible to directly acquire the environmen

information on deterioration-prediction-calculation

ground equipment, necessary environmental informati

estimated through back calculation utilizing the de
deterioration calculated from adjacent different eq
therebyenablingthedeteriorationpredictioncalcu
desired equipment.

[0054]

As described above, according to the embodiments o

present invention, the deterioration of maintenance

railroad ground equipment can be properly predicted
influence of the installation environment of the eq
the like taken into account. Also, evenifitisi

acquire the environmental information

deterioration-prediction-target equipment,
environmental information can be estimated from the
deteriorationpredictiononnearbydifferentequipm
enabling the deterioration prediction process.
[0055]

The scope of the present invention is not limited
aboveembodiments,andothermodifications,applica
like are included within the scope of the matters d
the claims.
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What is claimed is:

1. A maintenance assistance system for railroad gro

equipment, comprising:

an environmental-information storage part
environmental information containing information on
observedatapluralityofgeographicalpointsand
conditions at the geographical points; and

anenvironmental-loadestimationpartholdingare
formulaindicatingarelationship betweenageddete
railroadgroundequipmentandtheenvironmentalinf
configured to, upon specification of railroad groun
for which to execute deterioration prediction, acqu
environmental information which is recorded at a po
installed position of the railroad ground equipment
target period of the deterioration prediction, and

degreeofageddeteriorationoftherailroadground

und
storing
weather
ongeographical
lational

rioration of

ormation,and
d equipment
ire the

int near an

, during a
predict a
equipmentby

usingthe acquired environmentalinformationandth erelational
formula.
2. The maintenance assistance system for railroad g round
equipment according to claim 1, further comprising:

a transportation-information storage part storing
transportation information containing conditions of travel and
amounts of transportation of a train at a plurality of
geographical points within line sections of a railr oad within
which the train is operated,;

atransportation-loadestimationpartholdingare lational
formulaindicating arelationship betweenageddete rioration of
railroadgroundequipmentandthetransportationin formation,and
configured to, upon specification of the railroad ¢ round
equipment for which to execute the deterioration pr ediction,
acquirethetransportationinformationonalinese ctiontowhich
therailroad ground equipmentbelongs, duringthet arget period
of the deterioration prediction, and predict a degr ee of aged

deterioration of the railroad ground equipment by u

sing the
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acquiredtransportationinformationandtherelatio
and

a total-load estimation part configured to add up
degrees of aged deterioration of the railroad groun
which are obtained from the environmental informati
transportation information.

3. The maintenance assistance system for railroad g
equipment according to claim 2, further comprising:

a train-behavior estimation part configured to cal
influence ofthe environmental informationonthe c
travelofthetrain,theenvironmentalinformation
at the point near the specified railroad ground equ
which to execute the deterioration prediction, wher

the transportation-load estimation part predicts t
degreeofageddeteriorationoftherailroadground
theinfluenceoftheenvironmentalinformationont
of travel of the train taken into account, the infl
calculated by the train-behavior estimation part.

4. The maintenance assistance system for railroad g
equipment according to claim 1, further comprising:

an operation-information storage part storing oper
information containing timings and contents of oper
conducted on railroad ground equipment in line sect
railroad,;

an operation-load estimation part holding a relati
formulaindicating arelationship betweenageddete
railroad ground equipment and the operation informa
configured to, upon specification of the railroad ¢
equipment for which to execute the deterioration pr
acquirethe operationinformationonaline section
railroad ground equipment belongs, during the targe
the deterioration prediction, and predict a degree
deterioration of the railroad ground equipment by u

nalformula;

the
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acquired operation information and the relational f

a total-load estimation part configured to add up
degrees of aged deterioration of the railroad groun
which are obtained from the environmental informati
operation information.

5. The maintenance assistance system for railroad g
equipment according to claim 1, further comprising:
an equipment-information storage part storing inst

positionsofpiecesofrailroadgroundequipmentin
sections of a railroad, and type information being
indicating types of the pieces of equipment;

anenvironmental-deterioration-modelstoragepart
for each of the types of the pieces of ground equip
moreenvironmentalfactorsintheenvironmentalinf
influence aged deterioration of the piece of ground
and a relational formula indicating a relationship
environmental factors and the aged deterioration; a

anenvironmental-informationestimationpartconfi
in a case where it is impossible to acquire the env
informationonthespecifiedrailroadgroundequipm
toexecutethedeteriorationprediction,acquiregr
of a different type located near the specified rail
equipment from the equipment-information storage pa
the relational formula indicating the relationship
environmental factors and the aged deteriorationfo
type
environmental-deterioration-model storage part, and

equipment of the different from
environmentalfactorirrelevanttothespecifiedgr
from the acquired relational formula to thereby est

environmental information on the specified ground e

6. The maintenance assistance system for railroad g
equipment according to any one of claims 1 to 5, fu
comprising:

ormula; and
the

d equipment,

on and the

round
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between the
nd
guredto,
ironmental
ent,forwhich
oundequipment
road ground
rt, acquire
between the
rthe ground
the
exclude an
oundequipment
imate the
guipment.

round
rther



10

15

20

25

30

35

32

a conversion-information storage part  storing

correspondences between kilometrages in line sectio
railroad and ground absolute positions, wherein

ns of a

the environmental-load estimation part converts a

kilometrageatwhichthespecifiedrailroadground
whichtoexecutethedeteriorationprediction,isi

a ground absolute position by referring the convers
information storage part, and acquires the environm
information based on the absolute position obtained
conversion.

7. The maintenance assistance system for railroad g
equipment according to any one of claims 1 to 5, fu
comprising:

equipment,for
nstalled,into
ion
ental
by the

round
rther

an inspection-information storage part storing a

determination value and a determination timing whic
referencetodeterminethedegreeofdeterioration
ground equipment, wherein

the environmental-load estimation part calculates
determinationvalue for determiningthe degree ofd
atastartofadeterioration-prediction-calculatio
the relational formula from the determination timin
calculates the degree of deterioration in a deterio
prediction period based on the calculated determina

8. A maintenance assistance method for railroad gro
equipment,whereinacomputerincludingaprocessor
storesenvironmentalinformationcontaininginform
weather observed at a plurality of geographical poi
geographical conditions at the geographical points;
holds a relational formula indicating a relationsh
between aged deterioration of railroad ground equip
environmental information, and, upon specification
ground equipmentforwhichto execute deterioration
acquires the environmental information which is rec

hserveasa
oftherailroad

eterioration
nperiodwith
g, and
ration
tion value.

und
andamemory:
ationon
nts and on
and
ip
mentandthe
of railroad
prediction,
orded at a
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pointnearaninstalledpositionoftherailroadgr

during a target period of the deterioration predict
predicts a degree of aged deterioration of the ralil
equipmentbyusingtheacquiredenvironmentalinfor
relational formula.

oundequipment,
ion, and
road ground
mationandthe



