RAILROAD CAR CONDITION MONITORING/ANALYZING DEVICE AND METHOD

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates toa railroad car condition

monitoring/analyzing device and method.

2. Description of the Related Art

As a railroad car condition monitoring device and
condition monitoring method, for example, there is prior art
described in JP-A-2011-245917 (Patent Literature 1).

That is, by comparing an amplitude ratio of accelerations
measured by accelerometers respectively mounted on an axle box
and a car body of a car with a threshold value, it is possible
to separate factors of car-side abnormality and track-side
abnormality and improve an accuracy of abnormality detection.
Further, the threshold value of the amplitude ratio is
registered in advance in a database in which traveling data
in advance is organized based on a traveling position and a
traveling speed of the car, and by using the threshold value
recorded in the database, it is possible to improve the accuracy

of condition monitoring and abnormality detection.

SUMMARY OF THE INVENTION

In the method described in Patent Literature 1



(JP-A-2011-245917), an abnormal phenomenon is separated into
a car factor and a track factor from the data measured by sensors
(accelerometers) mounted on the car so as to be evaluated.
However, an abnormal phenomenon is affected not only by the
car and the track but also by infrastructure around the track,
and it is necessary to consider and evaluate infrastructure
factors as well in order to improve the accuracy of abnormality
analysis.

Further, in the method described in Patent Literature
1, by using a database in which past measurement data is
organized, evaluation is performed in consideration of an
influence of a traveling section. However, since the track
factor (infrastructure factors) changes everyday, it takes
time to investigate all the 1latest track conditions
(infrastructure conditions) and update the database.

Furthermore, although it is conceivable to install a
sensor that directly monitors the track condition
(infrastructure condition) and analyze the abnormal
phenomenon in consideration of data measured by the sensor,
high cost is required for installing sensors that monitor the
track condition (infrastructure condition) along the entire
track.

Therefore, the invention aims to provide a technique for
estimating infrastructure factors in addition to a car factor

and analyzing and diagnosing an abnormal factor based on data



measured by a sensor mounted on a car.

In order to solve the above-mentioned problem, one
representative railroad car condition monitoring/analyzing
device of the invention is configured to be connected to a data
detection device that measures car data and evaluation data
with a sensor mounted on a car, and an input device and an output
device that input and output data, and includes: a car factor
estimation unit configured to estimate car factor evaluation
data from the car data and the evaluation data; an
infrastructure factor extraction unit configured to extract
infrastructure factor evaluation data from the car data, the
evaluation data, and the car factor evaluation data; an
infrastructure factor estimation unit configured to estimate
individual infrastructure factor evaluation data from the
infrastructure factor evaluation data; an infrastructure
factor DB construction unit configured to store the individual
infrastructure factor evaluation data in an infrastructure
factor database; an infrastructure factor analysis unit
configured to monitor the individual infrastructure factor
evaluation data stored in the infrastructure factor database
so as to analyze infrastructure factors; and a car analysis
unit configured to analyze a car condition in consideration
of analysis information on the infrastructure factors.

According to the invention, it is possible to monitor

and analyze a condition of a rail road car in consideration



of infrastructure factors by monitoring and analyzing an
infrastructure condition with a sensor mounted on the railroad
car without directly arranging a sensor on the infrastructure
factors.

Problems, configurations and effects other than those
described above will be clarified by the description of the

following embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a configuration of a railroad
car condition monitoring/analyzing device of the first
embodiment of the invention.

FIG. 2 is a flowchart illustrating a processing procedure
of an infrastructure factor extraction unit of the first
embodiment.

FIG. 3 is a diagram showing an example of data obtained
by the processing of steps S210 to S260 of FIG. 2.

FIG. 4 is a flowchart illustrating a processing procedure
of an infrastructure factor estimation unit of the first
embodiment.

FIG. 5 is a diagram showing an example of data obtained
by the processing of steps S310 to S370 of FIG. 4.

FIG. 6 is a flowchart illustrating a processing procedure
of an infrastructure factor DB construction unit of the first

embodiment.



FIG. 7is a flowchart illustrating a processing procedure
of an infrastructure factor analysis unit of the first
embodiment.

FIG. 8is a flowchart illustrating a processing procedure

of a car analysis unit of the first embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, an embodiment of the railroad car condition
monitoring/analyzing device of the inventionwill be described
with reference to the drawings.
First Embodiment

The configuration of the railroad car condition
monitoring/analyzing device will be described with reference
to FIG. 1.

In FIG. 1, a railroad car 1 includes a car body 2 and
a bogie 3, and travels on a track (rail) 10. The car body 2
is equipped with a data detection device 20 including a car
data detection unit 21 that measures a car condition and an
evaluation data detectionunit 22 that measures evaluation data.
A condition monitoring/analyzing device 30 monitors and
analyzes the car condition based on the data acquired by the
data detection device 20 in consideration of infrastructure
factors. An input device 40 and an output device 50 input and
output data to/from the condition monitoring/analyzing device

30.



The data measured by the car data detection unit 21
includes, for example, a position, a speed, an acceleration,
and a weight of the car, a time, an operating state of car
components and mounted instruments, and the like, which are
represented by N variables {X;: 1 =1, 2, ..., N} in the present
embodiment. Further, the data measured by the evaluation data
detection unit 22 is data representing the comfort and safety
of the car and occupants, such as noise and vibration, which
are represented by M; variables {Yy: j =1, 2, ..., M} in the
present embodiment.

The data detection device 20 in FIG. 1 shows an example
of a device for one car, but may also be a device for measuring
the car data and the evaluation data for cars in formation (a
plurality of cars).

A car factor estimation wunit 100 of the condition
monitoring/analyzing device 30 estimates car factor
evaluation data based on the car data and evaluation data
measured by the data detection device 20.

In the present embodiment, the car factor evaluation data
is defined by M1 variables {¥Y¢y: j =1, 2, ..., M1}, and can
be expressed by a function (F¢) of the following equation using
the car data {X;} and the evaluation data {Yj}.

Yoy = Fe(Xy, Y3)
The function (F¢) can be obtained by, for example,

multivariate analysis of the car data {X;i} and the evaluation



data {Y;}, learning by deep learning, and the like.

An infrastructure factor extraction unit 200 of the
condition monitoring/analyzing device 30 extracts
infrastructure factor evaluation data based on the data (X;,
Yy) measured by the data detection device 20 and the car factor
evaluation data {Yc3} generated by the car factor estimation
unit 100.

In the present embodiment, the infrastructure factor
evaluation data is defined by M; variables {Y¥;y: j =1, 2, ...,
M;}, and can be expressed by a function (F:) for a difference
between the evaluation data {Y5} and the car factor evaluation
data {Ycs}.

YIj(p, t) = FI(Yj - ch)

Here, p and t are elements of the car data {X;} and
represent a position of an infrastructure factor and the time.
The position (p) 1s data indicating a location of the
infrastructure factor along the track, and includes, for
example, GPS position data, a traveling distance from a
reference position (station), and the like.

An infrastructure factor estimation unit 300 of the
condition monitoring/analyzing device 30 acquires individual
infrastructure factor evaluation data from the infrastructure
factor evaluation data extracted by the infrastructure factor
extraction unit 200.

In the present embodiment, the individual infrastructure



factor evaluation data is defined by L variables {Yi: k =1,
2, ..., L}, and can be expressed by the following equation using
the infrastructure factor evaluation data (Y:5(p, t)).
Y (P, t) = Yi5(p, t)
P U [Pxins Pxmax]

t D [tkMinr tkMax]

Here, [Pxminr Pxmax] and [txmin, Tkmax] are a position range
and a time range where individual infrastructure factors exist.

The range where the individual infrastructure factors
exist 1s a section in which the infrastructure factor
evaluation data (¥Y:5(p, t)) 1is equal to or greater than a
threshold value (Y:yuin) . Therefore, by converting a range less
than the threshold value (Y:j1in) to zero for the infrastructure
factor evaluation data (Y5 (ps t)) and dividing the
infrastructure factor evaluation data obtained after the
conversion with zero sections, the individual infrastructure
factor evaluation data can be acquired.

Further, from the extracted individual infrastructure
factors, feature quantities such as a representative position
(Px = (Pxmin * Pxmax) / 2), a representative time (tyx = (twmin +
timax) / 2), a size (Apx = Pxmax — Pxmin) , and a maximum value (Yrjkmax)
and an average value (Yrjxave) ©Of evaluation data of the
infrastructure factors are also calculated. In the present
embodiment, these feature quantities are also defined as the

individual infrastructure factor evaluation data by M2



variables {Yg: J =My + 1, My + 2, ..., My + My (= M)}.

An infrastructure factor DB construction unit 400 of the
condition monitoring/analyzing device 30 stores the
individual infrastructure factors acquired by the
infrastructure factor estimation unit 300 in an infrastructure
factor database.

When an individual infrastructure factor is to be stored
in the infrastructure factor database, it is compared with
already stored infrastructure factors to determine whether the
same infrastructure factor exists. A method for determining
the same infrastructure factor is to compare the evaluation
data such as positions (px), speeds (vy), and sizes (QApyx) of
the infrastructure factors.

As a result of the comparison determination, when the
same infrastructure factor exists in the infrastructure factor
database, the acquired individual infrastructure factor
evaluation data is added to the time range [txmin, txmax] Of the
evaluation data of the same infrastructure factor (Y5 (p, t)),
and when no same infrastructure factor exists, the acquired
individual infrastructure factor is registered as a new
infrastructure factor.

Further, when an infrastructure factor stored in the
infrastructure factor database is not detected by the
infrastructure factor estimation unit 300, it is determined

that the infrastructure factor is improved by maintenance or



removal, and the value of the time range [timin, txmax] 1S set
to zero for the infrastructure factor evaluation data (Y4 (P,
t)) of the removed infrastructure factor in the infrastructure
factor database.

An infrastructure factor analysis unit 500 of the
condition monitoring/analyzing device 30 monitors the
individual infrastructure factor evaluation data stored in the
infrastructure factor database, so as to analyze the
infrastructure factors.

When a new infrastructure factor is detected by
monitoring the infrastructure factor, information (location,
scale, etc.) on the infrastructure factor is presented to the
output device 50. Thismakes it possible to knowan influential
infrastructure factor afterwards. Further, by specifying a
range of the new infrastructure factor, the infrastructure
factor can be investigated efficiently. When information on
the infrastructure factor at the site (presence/absence, type,
name, actual measurement data, etc.) can be collected from the
investigation result, the investigation result is added to the
infrastructure factor database from the input device 40. The
investigation of the infrastructure factor is implemented by
a system that stores external infrastructure information, an
investigator, etc., and investigation information thereof is
input/output online and offline.

When the individual infrastructure factor evaluation

10



data (Yrsx(p, t)) stored in the infrastructure factor database
increases with time change, it can be determined that the
infrastructure factor is deteriorated. Further, when the
evaluation data exceeds a deterioration threshold wvalue
(Y1s5xpim) » 1t can be determined that maintenance is necessary.
Further, a timing of maintenance can be predicted by
calculating individual infrastructure factor evaluation data
(Yrix (p, t + At)) at a future time (t + At) or a time (At) for
the individual infrastructure factor evaluation data (Yiy (P,
t + At)) in the future to reach the deterioration threshold
value. Information on a deterioration state and maintenance
of the infrastructure factor is presented to the output device
50, and information on the corresponding results can be added
to the infrastructure factor database from the input device
40. The investigation and maintenance of the deterioration
state of the infrastructure factor is implemented by an
external maintenance system or an infrastructure
administrator, and information on the implementation results
is input/output online and offline.

When the individual infrastructure factor evaluation
data (Yr5x(p, t)) stored in the infrastructure factor database
decreases or becomes zero with time change, it can be determined
that the infrastructure factor is improved or removed by
maintenance. Information on the improvement and removal of

the infrastructure factor is presented to the output device
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50, and the investigation results can be added to the
infrastructure factor database from the input device 40. The
investigation of the improvement and removal of the
infrastructure factor is implemented by a system that stores
external infrastructure information, an investigator, etc.,
and the investigation information is input/output online and
offline.

A car analysis unit 600 of the condition
monitoring/analyzing device 30 evaluates a railroad car with
respect to the analysis data (Xai, Yaj) measured by the data
detectiondevice 20 in consideration of past information stored
in the infrastructure factor database.

When a railroad car is to be analyzed, infrastructure
factor analysis evaluation data (Yary) for the analysis data
(Xai, Yaj) measured by the data detection device 20 is created
from the individual infrastructure factor evaluation data
(Yr5x) stored in the infrastructure factor database. That is,
a position (pa) and a time (ta) corresponding to the analysis
data (Xai, Yaj) are extracted, and the individual infrastructure
factor evaluationdata (Yr5x) existing at the extractedposition
(pa) 1s acquired from the infrastructure factor database.
Based on the acquired individual infrastructure factor
evaluation data, the evaluation data (Yr5x(Pa, ta)) for the time
(ta) is calculated. By adding the individual infrastructure

factor evaluation data acquired at the position and the time
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for analysis (2ZYr15x (Pa, ta)), the infrastructure factor analysis
evaluation data (Yary) can be calculated with respect to the
analysis data. The calculated infrastructure factor analysis
evaluation data for (Yar3) 1is stored in the infrastructure
factor database and is displayed on the output device 50.

Car factor analysis evaluation data (Ya; — Yary) 1is
calculated based on the analysis data (Yay) and the
infrastructure factor analysis evaluation data (Yar;) stored
in the infrastructure factor database. By using the car factor
analysis evaluation data, it is possible to analyze the car
condition in consideration of the influence of the car factor
only. The analysis result is presented to the output device
50, and the evaluation result for the analysis can be added
from the input device 40 to the infrastructure factor database
and can be corrected by the input device 40.

When the railroad car is to be analyzed, based on a ratio
of the analysis data (Ya5) to the infrastructure factor analysis
evaluation data (Yar;) stored in the infrastructure factor
database, a degree of influence of the infrastructure factor
on the analysis data (|Yars| / |Ya3]) is calculated. The
calculated degree of influence of the infrastructure factor
is stored in the infrastructure factor database and is
displayed on the output device 50.

Since the influence of the infrastructure factor on the

track on the evaluation data can be known from the degree of
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influence of the infrastructure factor stored in the
infrastructure factor database, the operation management
(speed, acceleration, etc.) and the operating conditions of
the car instrument (air conditioning, ventilation, etc.) for
each traveling position are adjusted. This can improve the
comfort and safety of the car and passengers.

FIG. 2 is a flowchart illustrating a processing procedure
of the infrastructure factor extraction unit 200 of the first
embodiment.

In step S210, the car data (X;i) measured by the car data
detection unit 21 and the evaluation data (Y;) measured by the
evaluation data detection unit 22 are acquired.

In step S220, the car factor evaluation data (Ycj)
obtained by the car factor estimation unit 100 is acquired.

In step S$230, infrastructure factor evaluation data
(Yr5(X3) = Y5 — Ycy) is obtained based on a difference between
the evaluationdata (Y5) acquired in step S210 and the car factor
evaluation data (¥Y¢y) acquired in step S220.

In step S240, the infrastructure factor evaluation data
(Yr5(Xi)) is represented by the infrastructure factor
evaluation data (Y:5(p)) with respect to the position (p). The
position (p) 1is an element of the car data (X;) acquired in
step S210, and corresponds to a traveling distance from the
reference position on the track and the like.

In step S250, a position resolution (Ap) of the

14



infrastructure factor is set. The resolution is set to a value
smaller than possible sizes of the infrastructure factors.
Further, the analysis processing is set to be completed within
a practical time. Therefore, the sizes and calculation times
of the past infrastructure factors stored in the infrastructure
factor database can be used.

In step S260, a moving average processing (Fi5(Y:y)) is
performed on the infrastructure factor evaluation data (Y:5(p))
calculated in step S240 with the position resolution (Ap) set
in step S250.

With the processing of steps S$S210 to S260, in the
infrastructure factor extraction unit 200, the infrastructure
factor evaluation data obtained by the difference between the
evaluation data and the car factor evaluation data is expanded
into infrastructure factor evaluation data with respect to
positions on the track, and 1is averaged in categories
considering scales of the infrastructure factors.

FIG. 3 is a diagram showing an example of data obtained
by the processing of steps S210 to S260 shown in FIG. 2.

Data 211 is a two-dimensional graph showing a
relationship between the car data (X;) and the evaluation data
(Y;) obtained in S210. The horizontal axis of the graph
represents the position (p) on the track, which is an element
of the car data (Xi), and the vertical axis represents j—-th

evaluation data (Yj).
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Data 221 is the car factor evaluation data (Ycy) obtained
in S220, and represents a two—dimensional graph similar to the
data 211.

Data 241 is a two-dimensional graph of the difference
between the evaluation data (Y;) and the car factor evaluation
data (Ycy) obtained in S230 and S240, and represents the
infrastructure factor evaluation data (Y:y) with respect to the
position (p).

Data 261 1is a two-dimensional graph representing
infrastructure factor evaluation data (F(¥Y:y)) obtained by the
moving average processing of S250 and S260. In this graph,
the infrastructure factors exist at positions where the values
of the evaluation data are high.

FIG. 4 shows a flowchart illustrating a processing
procedure of the infrastructure factor estimation unit 300 in
the first embodiment. Hereinafter, the infrastructure factor
evaluation data (F(Y:y)) obtained by the moving average
processing of S250 and S260 will be treated as "infrastructure
factor evaluation data Yis".

In step S310, the infrastructure factor evaluation data
(Yr5) extracted by the processing in S260 of the infrastructure
factor extraction unit 200 is acquired.

In step S320, a threshold value (Y141im) Oof evaluation data
for extracting individual infrastructure factors is input.

In step S330, it is determined whether the infrastructure

16



factor evaluation data (¥Yr3) is less than the threshold value
(Yr5zim) - If the evaluation data is less than the threshold
value, the processing proceeds to step S340, and if not, the
processing proceeds to step S350.

In step S340, the infrastructure factor evaluation data
(Yr5) that is less than the threshold value is set to zero. This
processing allows individual infrastructure factors to be
separated from the infrastructure factor evaluation data.

In step S350, a position range [Pxmins PxMax] €Xceeding zero
is extracted from the evaluation data obtained in step S340.
The evaluation data of this position range Dbecomes the
individual infrastructure factor evaluation data.

In step S360, the evaluation data of the position range
[PxMins Pxmax] acquired in step S350 is extracted from the
evaluation data obtained in step S340 and is set as the
individual infrastructure factor evaluation data (Yrjx) .

In step S370, feature quantities of the individual
infrastructure factors are calculated. The feature
quantities include the representative positions (px = (Pxumin *
Pxmax) / 2), the sizes (Apx = Pxmax — Pxumin) » and the maximum values
(Yr5xmax) and the average values (Yijkave) Of evaluation data.
These feature quantities are added as elements of the
individual infrastructure factor evaluation data (Yrjx) .

With the processing of steps S310 to S370, in the

infrastructure factor estimation unit 300, the individual
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infrastructure factor evaluation data separated by the
threshold value input from the input device is acquired, the
feature quantities including the representative positions,
the sizes, the maximum values, and the average values of the
individual infrastructure factor evaluation data is
calculated, and the feature quantities are added as elements
of the individual infrastructure factor evaluation data.

FIG. 5 is a diagram showing an example of data obtained
by the processing of steps S310 to S370 of FIG. 4.

Data 311 is a two—-dimensional graph of the infrastructure
factor evaluation data obtained by the processing in S260 of
the infrastructure factor extraction unit 200. In the graph,
the horizontal axis shows the position (p) of the
infrastructure factor and the wvertical axis shows the
infrastructure factor evaluation data.

Data 341 is a two-dimensional graph of the evaluation
data obtained in steps S310 to S340. From this graph, it can
be seen that four individual infrastructure factors exist.
Data 361 shows the evaluation data of a third infrastructure
factor among the four infrastructure factors.

Data 371 shows evaluation data (¥Y:y3) of the third
infrastructure factor obtained by steps S350 to S370 and
feature quantities thereof. The feature quantities include
the representative position (px = (Pxmin + Pruax) / 2), the size

(Apx = Pxmax — Pxuin) s, and the maximum value (Yrixmax) » and the
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average value (Yrjkave) Of evaluation data of the infrastructure
factor.

FIG. 6 shows a flowchart illustrating a processing
procedure of the infrastructure factor DB construction unit
in the first embodiment.

In step S410, data of an individual infrastructure factor
calculated by the infrastructure factor estimation unit 300
is acquired. The data to be acquired includes the position
(px) , the time (tyx), and the evaluation data (Y:5x) . Further,
if multiple infrastructure factors exist, the following steps
are repeated in order.

In step S420, data of infrastructure factors stored in
the infrastructure factor database is acquired. The data to
be acquired is positions (pg), times (ty), and evaluation data
(Yr5¢) , as in step S410.

In step S430, the position (px) of the infrastructure
factor acquired in step S410 and the position (pgq) of the
infrastructure factor acquired in step S420 are compared with
each other. If the positions of the infrastructure factors
match with each other, the infrastructure factor is determined
as the same infrastructure factor (px = pg), and if not, the
infrastructure factor is determined as a new infrastructure
factor (pk # pd). Further, when an infrastructure factor at
the same position as the infrastructure factor existing in the

infrastructure factor database cannot be acquired in step S410,
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it is determined that the infrastructure factor is a removed
infrastructure factor (Yrsx(pa) = 0).

In step S440, the infrastructure factor acquired in step
S410 is added to the infrastructure factor database as a new
infrastructure factor.

In step S450, the infrastructure factor acquired in step
S410 is added to the same infrastructure factor stored in the
infrastructure factor database as the same infrastructure
factor.

In step S460, the evaluation data corresponding to the
time (tx) of the infrastructure factor acquired in step S410
is set to zero for the removed infrastructure factor in the
infrastructure factor database.

With the processing of steps S410 to S460, in the
infrastructure factor DB construction unit 400, by comparing
the individual infrastructure factor evaluation data acquired
by the infrastructure factor estimation wunit with the
individual infrastructure factor evaluation data stored in the
infrastructure factor database, new infrastructure factor
evaluation data that does not exist in the infrastructure
factor database is added to the infrastructure factor database,
evaluation data of an infrastructure factor the same as an
infrastructure factor existing in the infrastructure factor
database is added as the evaluation data of the infrastructure

factor existing in the infrastructure factor database, and
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removed infrastructure factor evaluation data that exists in
the infrastructure factor database but is not acquired by the
infrastructure factor estimation unit is set to =zero.

FIG. 7is a flowchart illustrating a processing procedure
of the infrastructure factor analysis unit 500.

In step S510, all the data of the infrastructure factors
stored in the infrastructure factor database is acquired.

In step S520, it is determined whether the infrastructure
factor acquired in step S510 is a new infrastructure factor.
If the infrastructure factor is a new infrastructure factor,
the processing proceeds to step S530, and if not, the processing
proceeds to step S550.

In step S$530, information (position, size, evaluation
data, etc.) on the new infrastructure factor acquired in step
S510 is displayed on the output device 50. With this processing,
the infrastructure factors subject to the problem to be solved
are extracted and the range of the infrastructure factors to
be investigated is specified.

In step S540, an investigation result of the new
infrastructure factor presented in step S530 is input from the
input device 40, and the information on the infrastructure
factors in the infrastructure factor database 1is added or
corrected.

In step S550, a time change of the infrastructure factor

evaluation data acquired in step S510 is calculated. If the
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evaluation data increases over time, the infrastructure factor
is regarded as a deterioration infrastructure factor, and the
processing proceeds to step S560, and if the evaluation data
decreases, the infrastructure factor is regarded as a removed
infrastructure factor, and the processing proceeds to step
S580.

In step S560, the information on the deterioration
infrastructure factor (position, size, evaluation data,
deterioration information, maintenance information, etc.)
acquired in step S510 is displayed on the output device 50.
This process predicts the deterioration of the infrastructure
factors and presents the timing of maintenance.

In step S570, a corresponding result for the information
on the deteriorated infrastructure factor presented in step
S560 is input from the input device 40, and the information
on the deteriorated infrastructure factors in the
infrastructure factor database is added or corrected.

In step S580, the information (position, time, size,
evaluation data, etc.) on the removed infrastructure factor
acquired in step S510 is displayed on the output device 50.
With this processing, infrastructure factors whose
infrastructure environment is changed are extracted, and the
range of the infrastructure factors to be investigated 1is
specified.

In step S590, an investigation result for the information
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on the removed infrastructure factor presented in step S580
is input from the input device 40, and the information on the
removed infrastructure factors in the infrastructure factor
database is added or corrected.

With the processing of steps S510 to S590, in the
infrastructure factor analysis wunit 500, the individual
infrastructure factor evaluation data stored in the
infrastructure factor database is analyzed to determine new
infrastructure factors, deteriorated infrastructure factors,
and removed infrastructure factors, so that information on the
new infrastructure factors including locations and scales is
output to the output device, and an investigation result of
the new infrastructure factors including presence/absence,
types, names, and actual measurement data is input from the
input device and is registered in the infrastructure factor
database; information on the deteriorated infrastructure
factors including deterioration state and maintenance
diagnosis is output to the output device, and an investigation
result for the deteriorated infrastructure factors is input
from the input device and is registered in the infrastructure
factor database; and information on the removed infrastructure
factors including infrastructure environment and maintenance
is output to the output device, and an investigation result
of the removed infrastructure factors is input from the input

device and is registered in the infrastructure factor database.
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FIG. 8 shows a flowchart illustrating a processing
procedure of the car analysis unit 600 in the first embodiment.

In step S610, the data detection device 20 acquires
analysis data (Xai,Ya;) for car analysis.

In step S620, all the individual infrastructure factor
evaluation data (Yrsx(pa)) existing at the position (pa) of the
analysis data acquired in step S610 is acquired from the
infrastructure factor database.

In step S630, the individual infrastructure factor
evaluation data (Yrsx(pa, ta)) at the time (ta) of the analysis
data is calculated from the individual infrastructure factor
evaluation data acquired in step S620.

In step S640, by adding all the individual infrastructure
factor evaluation data calculated in step S630 (2Y1ix (Pa, ta)),
the infrastructure factor analysis evaluation data (Yarj) 1is
calculated. Car analysis (step S650) and management (step
S660) are performed using the infrastructure factor analysis
evaluation data (Yarj) .

In step S651, in the car analysis processing, car factor
analysis evaluation data (Yaj; — Yarj) is calculated based on the
analysis data (Yay) acquired in step S610 and the infrastructure
factor analysis evaluation data (¥Yary) calculated in step S640.
With this processing, the evaluation data that affects the car
factor only excluding the infrastructure factors can be

obtained.

24



In step S652, the car condition is analyzed and
deterioration and maintenance are evaluated using the
evaluation data for analysis of the car factor calculated in
step S651.

In step S661, in the car management processing, the
degree of influence of the infrastructure factors on analysis
data (|Yars| / |Yaj|) is calculated based on the analysis data
(Yas) acquired in step S610 and the infrastructure factor
analysis evaluation data (Yarj) calculated in step S640. This
processing reveals where the infrastructure factors have a
large influence.

In step S662, the degree of influence of the
infrastructure factors calculated in step S661 is used to
adjust the operation management of the car (speed, acceleration,
etc.) and the operating conditions of the car instruments (air
conditioning, ventilation, etc.) according to the conditions
of the track. This improves the comfort and safety of the car
and the passengers.

With the processing of steps 5610 to S660, in the car
analysis wunit 600, the infrastructure factor analysis
evaluation data is calculated based on the past infrastructure
factor evaluation data stored in the infrastructure factor
database, the car condition is analyzed based on the analysis
data measured by the data detection device and the

infrastructure factor analysis evaluation data in
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consideration of the influence of the car factor only, and the
degree of influence of the infrastructure factors on the
analysis data is calculated based on the analysis data and the
infrastructure factor analysis evaluation data so as to adjust
the operation management for each traveling position including
the speed the and acceleration and the operating conditions
of the car instruments including the air conditioning and the
ventilation.

The invention is not limited to the above-mentioned
embodiment, and includes various modifications. For example,
the above-mentioned embodiment has been described in detail
for easy understanding of the invention, and is not necessarily
limited to those having all the described configurations.
Further, a part of the configuration of the embodiment may be

added, deleted, or replaced with another configuration.
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What is claimed is:

1. A railroad car condition monitoring/analyzing device
configured to be connected to a data detection device that
measures car data and evaluation data with a sensor mounted
on a car, and an input device and an output device that input
and output data, the railroad car condition
monitoring/analyzing device comprising:

a car factor estimation unit configured to estimate car
factor evaluation data from the car data and the evaluation
data;

an infrastructure factor extraction unit configured to
extract infrastructure factor evaluation data fromthe car data,
the evaluation data, and the car factor evaluation data;

an infrastructure factor estimation unit configured to
estimate individual infrastructure factor evaluation data
from the infrastructure factor evaluation data;

an infrastructure factor DB constructionunit configured
to store the individual infrastructure factor evaluation data
in an infrastructure factor database;

an infrastructure factor analysis unit configured to
monitor the individual infrastructure factor evaluation data
stored in the infrastructure factor database so as to analyze
infrastructure factors; and

a car analysis unit configured to analyze a car condition
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in consideration of analysis information on the infrastructure

factors.

2. The railroad car condition monitoring/analyzing
device according to Claim 1, wherein

the infrastructure factor extraction unit is configured
to expand the infrastructure factor evaluation data obtained
by determining a difference between the evaluation data and
the car factor evaluation data into infrastructure factor
evaluation data with respect to positions on a track, and
perform averaging processing in categories considering scales

of infrastructure factors.

3. The railroad car condition monitoring/analyzing
device according to Claim 1, wherein

the infrastructure factor estimation unit is configured
to acquire the individual infrastructure factor evaluation
data separated by a threshold value input from the input device,
calculate feature quantities including a representative
position, a size, a maximum value, and an average value of the
individual infrastructure factor evaluation data, and add the
feature quantities as elements of the individual

infrastructure factor evaluation data.

4. The railroad car condition monitoring/analyzing
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device according to Claim 1, wherein

the infrastructure factor DB construction unit is
configured to compare the individual infrastructure factor
evaluation data acquired by the infrastructure factor
estimation unit with individual infrastructure factor
evaluation data stored in the infrastructure factor database,
so as to add new infrastructure factor evaluation data that
does not exist in the infrastructure factor database to the
infrastructure factor database, add infrastructure factor
evaluation data of infrastructure factors the same as
infrastructure factors existing in the infrastructure factor
database as the infrastructure factor evaluation data existing
in the infrastructure factor database, and set removed
infrastructure factor evaluation data that exists in the
infrastructure factor database but is not acquired by the

infrastructure factor estimation unit to =zero.

5. The railroad car condition monitoring/analyzing
device according to Claim 1, wherein

the infrastructure factor analysis unit is configured
to analyze the individual infrastructure factor evaluation
data stored in the infrastructure factor database to determine
new infrastructure factors, deteriorated infrastructure
factors, and removed infrastructure factors, thereby

outputting information on the new infrastructure factors
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including locations and scales to the output device, and
receiving an investigation result of the new infrastructure
factors including presence/absence, types, names, and actual
measurement data from the input device so as to register the
investigation result in the infrastructure factor database;
outputting information on the deteriorated infrastructure
factors including deterioration states and maintenance
diagnosis to the output device, and receiving an investigation
result of the deteriorated infrastructure factors from the
input device so as to register the investigation result in the
infrastructure factor database; and outputting information on
the removed infrastructure factors including infrastructure
environment andmaintenance to the output device, and receiving
an investigation result of the removed infrastructure factors
fromthe input device so as to register the investigation result

in the infrastructure factor database.

6. The railroad car condition monitoring/analyzing
device according to Claim 1, wherein

the car analysis unit is configured to calculate
infrastructure factor analysis evaluation data based on past
infrastructure factor evaluation data stored in the
infrastructure factor database, analyze a car condition based
on analysis data measured by the data detection device and the

infrastructure factor analysis evaluation data in
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consideration of an influence of a car factor only, and
calculate a degree of influence of the infrastructure factors
on the analysis data based on the analysis data and the
infrastructure factor analysis evaluation data, soas to adjust
an operation management for each traveling position including
a speed and an acceleration and operating conditions of car

instruments including air conditioning and ventilation.

7. A railroad car condition monitoring/analyzing system
comprising:

the railroad car condition monitoring/analyzing device
according to any one of Claims 1 to 6;

the data detection device;

the input device; and

the output device.

8. A railroad car equipped with the railroad car

condition monitoring/analyzing system according to Claim 7.

9. A railroad car condition monitoring/analyzing method
using the railroad car condition monitoring/analyzing device
according to Claim 1, comprising:

a car factor estimation step of estimating the car factor
evaluation data from the car data and the evaluation data;

an infrastructure factor extraction step of extracting
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the infrastructure factor evaluation data from the car data,
the evaluation data, and the car factor evaluation data;
an infrastructure factor estimation step of estimating the
individual infrastructure factor evaluation data from the
infrastructure factor evaluation data;
an infrastructure factor DB construction step of storing the
individual infrastructure factor evaluation data in the
infrastructure factor database;

an infrastructure factor analysis step of monitoring the
individual infrastructure factor evaluation data stored in the
infrastructure factor database so as to analyze infrastructure
factors; and

a car analysis step of analyzing a car condition in
consideration of analysis information on the infrastructure

factors.
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