
 

 

 1 

TITLE OF THE INVENTION 

      MONITORING APPARATUS AND MONITORING METHOD 

 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based upon and claims 5 

priority to Japanese Patent Application No. 2021-052212, 

filed on March 25, 2021, the entire contents of which are 

incorporated herein by reference. 

 

BACKGROUND OF THE INVENTION 10 

 1.  Field of the Invention 

[0002] The present disclosure relates to monitoring 

apparatuses and monitoring methods. 

 

 2. Description of the Related Art 15 

[0003] For example, there is a known technique for 

determining an abnormality in a configuration related to 

door opening or closing operations of a railway vehicle 

(for example, refer to Japanese Laid-Open Patent 

Publication No. 2020-075633). 20 

[0004] Japanese Laid-Open Patent Publication No. 2020-

075633 describes a method for determining an abnormality 

in a sensing means based on an output of the sensing means, 

upon completion of a door closing operation, that is, in a 

fully closed state and a locked state of the door, or upon 25 

completion of a door opening operation, that is, in a 

fully open state and a released state of the door. 

[0005] However, in the method according to Japanese 

Laid-Open Patent Publication No. 2020-075633, even if the 

output of the sensing means for sensing a locked or 30 

released state of the door or an open or closed state of 

the door upon completion of the door closing operation, 

indicates the released state or the open state of the door, 
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for example, it may not be possible to determine whether 

or not the sensing means is stuck or locked, or whether or 

not the sensing means has deteriorated.  Similarly, in the 

method according to Japanese Laid-Open Patent Publication 

No. 2020-075633, even if the output of the detecting means 5 

for sensing the locked or released state of the door or 

the open or closed state of the door upon completion of 

the door opening operation, indicates the locked state or 

the closed state of the door, for example, it may not be 

possible to determine whether or not the sensing means is 10 

stuck or locked, or whether or not the sensing means has 

deteriorated.  In addition, in the method according to 

Japanese Laid-Open Patent Publication No. 2020-075633, it 

is not possible to know whether or not the sensing means 

itself is the cause of the inappropriate state indicated 15 

by the output of the sensing means, or whether or not a 

receiving side of the output of the door locking device or 

the sensing means is the cause of the inappropriate state 

indicated by the output of the sensing means, and thus, it 

may not be possible to determine a target which is 20 

abnormal. 

 

SUMMARY OF THE INVENTION 

[0006] Accordingly, in view of the problem described 

above, one object according to one aspect of the present 25 

disclosure is to provide a technique capable of more 

appropriately determining the abnormality in the 

configuration related to the door opening or closing 

operation of the railway vehicle. 

[0007] According to one aspect of the embodiments of 30 

the present disclosure, a monitoring apparatus includes a 

sensing circuitry configured to sense a locked or released 

state of a door of a railway vehicle, or sense an open or 
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closed state of the door; and a processor configured to 

perform a process including acquiring an output of the 

sensing circuitry, and position information in an opening 

or closing direction of the door, and determining an 

abnormality in a configuration related to an opening or 5 

closing operation of the door, based on a match between 

the acquired output of the sensing circuitry and the 

position information. 

[0008] According to another aspect of the embodiments 

of the present disclosure, a monitoring method to be 10 

implemented by a computer of a monitoring apparatus, 

includes acquiring an output of a sensing circuitry of the 

monitoring apparatus, configured to sense a locked or 

released state of a door of a railway vehicle, or an open 

or closed state of the door; acquiring position 15 

information in an opening or closing direction of the 

door; and determining an abnormality in a configuration 

related to an opening or closing operation of the door, 

based on a match between the acquired output of the 

sensing circuitry and the position information. 20 

[0009]    The object and advantages of the embodiments 

will be realized and attained by means of the elements and 

combinations particularly pointed out in the claims. 

[0010]    It is to be understood that both the foregoing 

general description and the following detailed description 25 

are exemplary and explanatory and not restrictive of the 

invention, as claimed. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a block diagram illustrating an 30 

example of a configuration related to a door opening or 

closing operation of a railway vehicle. 

[0012]    FIG. 2 is a schematic diagram illustrating an 
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example of arrangement and configuration of a door and a 

door drive mechanism of the railway vehicle. 

[0013]    FIG. 3 is a schematic diagram illustrating the 

example of the arrangement and configuration of the door 

and the door drive mechanism of the railway vehicle. 5 

[0014]    FIG. 4 is a schematic diagram illustrating the 

example of the arrangement and configuration of the door 

and the door drive mechanism of the railway vehicle. 

[0015]    FIG. 5 is a schematic diagram illustrating the 

example of the arrangement and configuration of the door 10 

and the door drive mechanism of the railway vehicle. 

[0016]    FIG. 6 is a schematic diagram illustrating the 

example of the arrangement and configuration of the door 

and the door drive mechanism of the railway vehicle. 

[0017]    FIG. 7 is a timing chart illustrating an example 15 

of a door opening operation when the configuration related 

to the door opening or closing operation is normal. 

[0018]    FIG. 8 is a timing chart illustrating the 

example of the door closing operation when the 

configuration related to the door opening or closing 20 

operation is normal. 

[0019]    FIG. 9 is a diagram for explaining an example of 

a method for determining an abnormality in the 

configuration related to the door opening or closing 

operation. 25 

[0020]    FIG. 10 is a diagram illustrating the example of 

the method for determining the abnormality in the 

configuration related to the door opening or closing 

operation. 

[0021]    FIG. 11 is a timing chart illustrating a first 30 

example of the door opening operation when the 

configuration related to the door opening or closing 

operation is abnormal. 
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[0022]    FIG. 12 is a timing chart illustrating a second 

example of the door opening operation when the 

configuration related to the door opening or closing 

operation is abnormal. 

[0023]    FIG. 13 is a timing chart illustrating a third 5 

example of the door opening operation when the 

configuration related to the door opening or closing 

operation is abnormal. 

[0024]    FIG. 14 is a timing chart illustrating a fourth 

example of the door opening operation when the 10 

configuration related to the door opening or closing 

operation is abnormal. 

[0025]    FIG. 15 is a timing chart illustrating a first 

example of the door closing operation when the 

configuration related to the door opening or closing 15 

operation is abnormal. 

[0026]    FIG. 16 is a timing chart illustrating a second 

example of the door closing operation when the 

configuration related to the door opening or closing 

operation is abnormal. 20 

[0027]    FIG. 17 is a timing chart illustrating a third 

example of the door closing operation when the 

configuration related to the door opening or closing 

operation is abnormal. 

[0028]    FIG. 18 is a timing chart illustrating a fourth 25 

example of the door closing operation when the 

configuration related to the door opening or closing 

operation is abnormal. 

[0029]    FIG. 19 is a block diagram illustrating another 

example of the configuration related to the door opening 30 

or closing operation of the railway vehicle. 

[0030]    FIG. 20 is a diagram for explaining another 

example of the method for determining the abnormality in 
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the configuration related to the door opening or closing 

operation. 

[0031]    FIG. 21 is a diagram for explaining the other 

example of the method for determining the abnormality in 

the configuration related to the door opening or closing 5 

operation. 

[0032]    FIG. 22 is a diagram for explaining a further 

example of the method for determining the abnormality in 

the configuration related to the door opening or closing 

operation. 10 

[0033]    FIG. 23 is a diagram for explaining the further 

example of the method for determining the abnormality in 

the configuration related to the door opening or closing 

operation. 

[0034]    FIG. 24 is a diagram for explaining the further 15 

example of the method for determining the abnormality in 

the configuration related to the door opening or closing 

operation. 

[0035]    FIG. 25 is a diagram for explaining the further 

example of the method for determining the abnormality in 20 

the configuration related to the door opening or closing 

operation. 

 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0036] Hereinafter, embodiments of the present 25 

disclosure will be described with reference to the 

accompanying drawings. 

[0037] [Example of Configuration Related to Door 

Opening or Closing Operation] 

[0038]    First, an example of a configuration related to 30 

the opening or closing operation of a door 80 of a railway 

vehicle 1 will be described, with reference to FIG. 1 

through FIG. 6. 
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[0039] FIG. 1 is a block diagram illustrating an 

example of the configuration related to the opening or 

closing operation of the door 80 of the railway vehicle 1.  

FIG. 2 through FIG. 6 are schematic diagrams illustrating 

an example of arrangement and configuration of the door 80 5 

and a door drive mechanism 200 of the railway vehicle 1.  

More particularly, FIG. 2 is a schematic diagram 

illustrating the door 80 and the door drive mechanism 200 

in a fully closed and locked state of the door 80.  FIG. 3 

is a schematic diagram illustrating the door 80 and the 10 

door drive mechanism 200 in a fully closed and released 

state.  FIG. 4 is a schematic diagram illustrating the 

door 80 and the door driving mechanism 200 during an 

opening operation (immediately after start of the opening 

operation) or a closing operation (immediately before the 15 

completion of the closing operation).  FIG. 5 is a 

schematic diagram illustrating the door 80 and the door 

driving mechanism 200 during an opening operation 

(immediately before completion of the opening operation) 

or a closing operation (immediately after start of the 20 

closing operation).  FIG. 6 is a schematic diagram 

illustrating the door 80 and the door drive mechanism 200 

in a fully open (or opened) state. 

[0040] As illustrated in FIG. 1 through FIG. 6, the 

railway vehicle 1 includes a vehicle controller 10, a door 25 

opening or closing device 20, a motor 30, an encoder 31, a 

current sensor 32, a locking device 50, a Door Close 

Switch (DCS) 60, a Door Lock Switch (DLS) 70, and the door 

80.  The railway vehicle 1 also includes a door controller 

100, a battery 150, an input contactor 151, a transmission 30 

device 160, and the door drive mechanism 200. 

[0041] The vehicle controller 10 controls the operation 

of the railway vehicle 1.  In the case of a multiple-car 
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train including multiple railway vehicles 1 that are 

coupled, for example, one vehicle controller 10 is 

provided in each of a driver's cab of the first railway 

vehicle 1, and a conductor's cab of the last railway 

vehicle 1.  In addition, in the case of a single-car train, 5 

for example, one vehicle controller 10 is provided in each 

of the driver’s cab and the conductor’s cab located at a 

front end and a rear end of the railway vehicle 1, 

respectively. 

[0042] The vehicle controller 10 outputs a stop signal 10 

indicating that the railway vehicle 1 is stopped at a 

station or the like, to the door controller 100.  Further, 

the vehicle controller 10 outputs an open command 

indicating the opening operation of the door 80, or a 

close command indicating the closing operation of the door 15 

80, which is input from the door opening or closing device 

20, to the door controller 100. 

[0043] The vehicle controller 10 is connected to a 

wiring 11 which transmits an interlock signal.  Both ends 

of the wiring 11 are connected to the vehicle controller 20 

10, and the DCS 60 and the DLS 70 are provided on the 

wiring 11.  When both the DCS 60 and the DLS 70 are in an 

on state, the wiring 11 is in a conduction state, and the 

interlock signal has a high (H) level.  The vehicle 

controller 10 determines that the railway vehicle 1 is in 25 

a state capable of running when the interlock signal has 

the H level.  In other words, the railway vehicle 1 

becomes capable of running, when the interlock signal 

makes a transition from a low (L) level to the H level. 

[0044] The door opening or closing device 20 is used by 30 

a train crew (for example, a conductor) of the railway 

vehicle 1, in order to perform the opening or closing 

operation of the door 80.  The door opening or closing 
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device 20 includes an open switch 21A, and a close switch 

21B.  For example, when the open switch 21A is operated 

while the railway vehicle 1 is stopped, the door opening 

or closing device 20 outputs an open command, which rises 

from the L level to the H level, to the vehicle controller 5 

10.  For example, when the close switch 21B is operated 

while the railway vehicle 1 is stopped, the door opening 

or closing device 20 outputs a close command, which falls 

from the H level to the L level, to the vehicle controller 

10. 10 

[0045] The motor 30 opens and closes the door 80 by 

driving the door 80.  The motor 30 is a rotor driven by 

three-phase AC driving power, for example. 

[0046] The door 80 may be driven by a linear motor 

driven by the three-phase AC driving power, or by a DC 15 

motor. 

[0047] The encoder 31 detects a rotational position 

(rotation angle) of a rotational shaft of the motor 30.  

The encoder 31 detects the rotational position (rotation 

angle) and a speed of rotation during one revolution of 20 

the rotational shaft of the motor 30, for example.  The 

encoder 31 outputs a detection signal including 

information related to the rotational position of the 

rotational shaft of the motor 30, and the detection signal 

is captured by the door controller 100.  Hence, the door 25 

controller 100 can acquire position information in an 

opening or closing direction of the door 80, based on the 

detection signal from the encoder 31.  In other words, the 

information included in the detection signal from the 

encoder 31, corresponds to the position information of the 30 

door 80. 

[0048] The current sensor 32 senses a current of the 

three-phase AC driving power supplied from the door 



 

 

 10 

controller 100 to the motor 30.  The current sensor 32 

includes current sensors 32A and 32B which sense currents 

in two of the three power lines of the U-phase, the V-

phase, and the W-phase connecting between the door 

controller 100 and the motor 30.  For example, the current 5 

sensor 32A senses the current of the power line of the U-

phase, and the current sensor 32B senses the current of 

the power line of the W-phase.  In addition, the current 

sensor 32 may include a current sensor which senses the 

current of the remaining power line.  For example, as 10 

illustrated in FIG. 1, the current sensor 32 may be built 

into the door controller 100, or may be provided 

externally to the door controller 100.  The sensed signals 

of the current sensor 32 (current sensors 32A and 32B) are 

captured by a regular system controller 110 and a standby 15 

system controller 120, which will be described later. 

[0049] The locking device 50 locks or releases the door 

80.  The locking device 50 includes a pin 51, and coils 52 

and 53, for example, and is implemented by a bi-

directional (or two-way) self holding solenoid.  The coils 20 

52 and 53 are connected to the door controller 100, 

respectively. 

[0050] The pin 51 of the locking device 50 protrudes 

from a housing of the locking device 50, when the coil 52 

is energized by the door controller 100.  In this case, a 25 

locking pin 230, which will be described later, moves in a 

releasing direction (or unlocking direction), to release 

(or unlock) the door 80.  In addition, because the locking 

device 50 is the self holding type, the pin 51 continues 

to protrude from the housing of the locking device 50 even 30 

after the energizing of the coil 52 is canceled.  Hence, 

it is possible to maintain the released state (or unlocked 

state) of the door 80. 
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[0051] The pin 51 of the locking device 50 is drawn 

into the housing of the locking device 50, when the coil 

53 is energized by the door controller 100.  In this case, 

the locking pin 230, which will be described later, moves 

in a locking direction, to lock the door 80.  Moreover, 5 

because the locking device 50 is the self holding type, 

the pin 51 of the locking device 50 continues to be drawn 

into the housing of the locking device 50 even after the 

energizing of the coil 53 is canceled.  Thus, it is 

possible to maintain the locked state of the door 80. 10 

[0052] The DCS 60 (an example of a sensing circuitry or 

means) senses the open (or opened) or closed state of the 

door 80 of the railway vehicle 1.  More particularly, the 

DCS 60 senses a fully closed state in which the door 80 of 

the railway vehicle 1 is fully closed.  The DCS 60 is 15 

implemented by a limit switch which is pressed by an 

action of the door 80, when the door 80 moved to the fully 

closed position, for example. 

[0053] The DCS 60 includes fixed contacts 61A1 and 61A2, 

fixed contacts 61B1 and 61B2, and a movable contact 62. 20 

[0054] The fixed contacts 61A1 and 61A2 are arranged in 

series with the wiring 11, in a manner that segments the 

wiring 11.  Hereinafter, the fixed contacts 61A1 and 61A2 

may also be referred to as “A-contacts” of the DCS 60, for 

the sake of convenience. 25 

[0055] The fixed contacts 61B1 and 61B2 are arranged in 

series with a wiring 101, in a manner that segments the 

wiring 101 having both ends thereof connected to the door 

controller 100.  Hence, the door controller 100 can 

recognize an on or off state of the DCS 60, according to a 30 

H-level signal or a L-level signal indicating a conducting 

or non-conducting state of the fixed contacts 61B1 and 

61B2, respectively.  Hereinafter, the fixed contacts 61B1 
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and 61B2 may also be referred to as “B-contacts” of the 

DCS 60, for the sake of convenience. 

[0056] The movable contact 62 moves in an axial 

direction (up-down direction in FIG. 1), to put either the 

fixed contacts 61A1 and 61A2 or the fixed contacts 61B1 5 

and 61B2 to a conducting state.  In a state where no 

external force is applied to the movable contact 62 of the 

DCS 60, the movable contact 62 puts the fixed contacts 

61B1 and 61B2 in the conducting state, that is, the B-

contacts are put into the on state, and the A-contacts are 10 

put into the off state.  On the other hand, when the 

movable contact 62 of the DCS 60 is pressed by the action 

of the door 80, as will be described later, the movable 

contact 62 puts the fixed contacts 61A1 and 61A2 in the 

conducting state, that is, the A-contacts are put into the 15 

on state, and the B-contacts are put into the off state.  

Then, when the DCS 60 returns to the state where the 

movable contact 62 is not pressed by the action of the 

door 80, the movable contact 62 puts the fixed contacts 

61B1 and 61B2 in the conducting state, that is, the B-20 

contacts are put into the on state, and the A-contacts are 

put into the off state. 

[0057] For example, the door controller 100 can 

recognize the on or off state of the B-contacts of the DCS 

60, based on the signal input via the wiring 101.  Further 25 

for example, the door controller 100 can recognize the on 

or off state of the A-contacts of the DCS 60, by inverting 

the signal input via the wiring 101. 

[0058] Hereinafter, an on state of the DCS 60 refers to 

the on state of the A-contacts of the DCS 60 (that is, the 30 

off state of the B-contacts), and an off state of the DCS 

60 refers to the off state of the A-contacts of the DCS 60 

(that is, the on state of the B-contacts).  In other words, 
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the on state of the DCS 60 indicates a fully closed state 

where the door 80 is fully closed, and the off state of 

the DCS 60 indicates an open state where the door 80 is 

open. 

[0059] The DLS 70 (an example of a sensing circuitry or 5 

means) senses whether or not the door 80 is locked.  More 

particularly, the DLS 70 senses the locked state of the 

door 80.  The DLS 70 is implemented by a limit switch 

which is pressed by the action of the locking pin 230, 

when the locking pin 230 of the door 80 moves to a locked 10 

position, for example. 

[0060] The DLS 70 includes fixed contacts 71A1 and 71A2, 

fixed contacts 71B1 and 71B2, and a movable contact 72. 

[0061] The fixed contacts 71A1 and 71A2 are arranged in 

series with the wiring 11, in a manner that segments the 15 

wiring 11.  Hereinafter, the fixed contacts 71A1 and 71A2 

may also be referred to as “A-contacts” of the DLS 70, for 

the sake of convenience. 

[0062] The fixed contacts 71B1 and 71B2 are arranged in 

series with a wiring 102, in a manner that segments the 20 

wiring 102 having both ends thereof connected to the door 

controller 100.  Hence, the door controller 100 can 

recognize an on or off state of the DLS 70, according to a 

H-level signal or a L-level signal indicating a conducting 

or non-conducting state of the fixed contacts 71B1 and 25 

71B2, respectively.  Hereinafter, the fixed contacts 71B1 

and 71B2 may also be referred to as “B-contacts” of the 

DLS 70, for the sake of convenience. 

[0063] The movable contact 72 moves in the axial 

direction (up-down direction in FIG. 1), to put either the 30 

fixed contacts 71A1 and 71A2 or the fixed contacts 71B1 

and 71B2 to a conducting state.  In a state where no 

external force is applied to the movable contact 72 of the 
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DLS 70, the movable contact 72 puts the fixed contacts 

71B1 and 71B2 in the conducting state, that is, the B-

contacts are put into the on state, and the A-contacts are 

put into the off state.  On the other hand, when the 

movable contact 72 of the DLS 70 is pressed by the action 5 

of the locking pin 230, the movable contact 72 puts the 

fixed contacts 71A1 and 71A2 in the conducting state, that 

is, the A-contacts are put into the on state, and the B-

contacts are put into the off state.  Then, when the DLS 

70 returns to the state where the movable contact 72 is 10 

not pressed by the action of the locking pin 230, the 

movable contact 72 puts the fixed contacts 71B1 and 71B2 

in the conducting state, that is, the B-contacts are put 

into the on state, and the A-contacts are put into the off 

state. 15 

[0064] For example, the door controller 100 can 

recognize the on or off state of the B-contacts of the DLS 

70, based on the signal input via the wiring 102.  Further 

for example, the door controller 100 can recognize the on 

or off state of the A-contacts of the DLS 70, by inverting 20 

the signal input via the wiring 102. 

[0065] Hereinafter, an on state of the DLS 70 refers to 

the on state of the A-contacts of the DLS 70 (that is, the 

off state of the B-contacts), and an off state of the DLS 

70 refers to the off state of the A-contacts of the DLS 70 25 

(that is, the on state of the B-contacts).  In other words, 

the on state of the DLS 70 indicates a locked state where 

the door 80 is locked, and the off state of the DLS 70 

indicates a released state (or unlocked state) where the 

door 80 is released (or unlocked). 30 

[0066] When the door 80 is fully open and released, 

both the A-contacts of the DCS 60 and the A-contacts of 

the DLS 70 are put into the open state, the wiring 11 
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assumes the conducting state, and the interlock signal 

assumes the H level. 

[0067] The door 80 is a bi-parting sliding door 

provided at an opening 1A located on the left and right 

sides of the railway vehicle 1.  The door 80 includes 5 

doors 80A and 80B. 

[0068] Door stop rubbers 81A and 81B are provided at 

portions of the doors 80A and 80B respectively abutting 

each other in the fully closed state of the door 80.  The 

door stop rubbers 81A and 81B are provided in a range 10 

extending from a top end to a bottom end, respectively, at 

mating portions of the doors 80A and 80B. 

[0069] The door controller 100 (an example of a 

monitoring apparatus) controls the opening or closing 

operation of the door 80.  The door controller 100 is 15 

provided for each of a plurality of doors 80 provided in 

railway vehicle 1. 

[0070] Functions of the door controller 100 may be 

realized by arbitrary hardware or an arbitrary combination 

of hardware and software.  The door controller 100 may be 20 

generally formed by a computer including a processor such 

as a Central Processing Unit (CPU) or the like, a memory 

device such as a Random Access Memory (RAM) or the like, 

an auxiliary storage device such as a Read Only Memory 

(ROM) or the like, and an interface device configured to 25 

input and output signals, data, and commands between the 

computer and an external device. 

[0071] The door controller 100 includes the regular 

system controller 110, the standby system controller 120, 

a switching circuitry 130, and a switching circuitry 140. 30 

[0072] The regular system controller 110 controls the 

opening or closing operation of the door 80. The regular 

system controller 110 includes a power supply circuit 111, 
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a communication device 112, an input signal detecting 

circuit 113, a sequence controller 114, a motor controller 

115, a motor drive circuit 116, and a lock or release 

drive circuit 117. 

[0073] The power supply circuit 111 functions as a 5 

driving power source for various devices of the regular 

system controller 110.  The power supply circuit 111 uses 

the power of a relatively high voltage (for example, 100 

V) supplied from the battery 150 to the door controller 

100, to generate power of a relatively low voltage (for 10 

example, 5 V or lower) for driving devices of the regular 

system controller 110. 

[0074] The communication device 112 performs two-way 

communication with the transmission device 160 which is 

provided externally to the door controller 100. 15 

[0075] The input signal detecting circuit 113 (an 

example of a signal detecting circuit) detects various 

input signals input from the outside of the door 

controller 100. 

[0076] In addition, the input signal detecting circuit 20 

113 performs various signal processing based on the 

detected input signals. 

[0077] For example, when the input signal detecting 

circuit 113 detects predetermined signals from the input 

signals, the input signal detecting circuit 113 transmits 25 

the predetermined signals to the sequence controller 114 

and the motor controller 115.  In other words, the input 

signal detecting circuit 113 extracts (or selects) the 

signals required for the control of the sequence 

controller 114 and the motor controller 115, from the 30 

plurality of kinds of input signals, and transmits the 

extracted (or selected) signals to the sequence controller 

114 and the motor controller 115.  Accordingly, the 
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sequence controller 114 can appropriately perform a 

sequence control which will be described later, and the 

motor controller 115 can appropriately drive and control 

the motor 30, based on the signals input from the input 

signal detecting circuit 113. 5 

[0078] For example, the input signal detecting circuit 

113 determines an abnormality in the configuration related 

to the opening or closing operation of the door 80, based 

on the detected signals (refer to FIG. 9, FIG. 10, FIG. 20, 

and FIG. 21, which will be described later).  An input 10 

signal detecting circuit 123, which will be described 

later, may similarly determine the abnormality in the 

configuration related to the opening or closing operation 

of the door 80. 

[0079] The determination related to the abnormality 15 

includes determination of the presence or absence of the 

abnormality, determination (or identification) of a 

constituent element having the abnormality, determination 

of the extent of the abnormality, determination of the 

content (or type) of the abnormality, or the like. 20 

[0080] The sequence controller 114 performs the 

sequence control related to the opening or closing 

operation of the door 80, based on the signals input from 

the input signal detecting circuit 113.  More particularly, 

the sequence controller 114 performs the sequence control 25 

related to the opening or closing operation of the door 80, 

according to a stop signal, an open command, a close 

command, or the like from the vehicle controller 10.  In 

addition, the sequence controller 114 performs the 

sequence control related to the opening or closing 30 

operation of the door 80, while determining the open or 

closed state of the door 80, the position of the door 80 

in the opening or closing direction, the locked or 
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released (or unlocked) state of the door 80, or the like, 

using the signals from the encoder 31, the DCS 60, the DLS 

70, or the like. 

[0081] The motor controller 115 drives and controls the 

motor 30 to perform an opening or closing operation of the 5 

door 80 corresponding to a control command, according to 

the control command, related to the opening or closing 

operation of the door 80, received from the sequence 

controller 114.  The motor controller 115 generates a 

Pulse Width Modulation (PWM) signal which drives the motor 10 

30, based on a velocity command and a thrust command for 

the motor 30, for example, which are input from the 

sequence controller 114, and outputs the PWM signal to the 

motor drive circuit 116.  More particularly, the motor 

controller 115 may generate the PWM signal which is in 15 

conformance with the velocity command and the thrust 

command, while ascertaining the current, the rotational 

position of the rotational shaft, or the like of the motor 

30, using the detection signals from the encoder 31, the 

current sensor 32, or the like which are input from the 20 

input signal detecting circuit 113. 

[0082] The motor drive circuit 116 generates and 

outputs three-phase AC power for driving the motor 30, 

using the DC power input from the battery 150.  The motor 

drive circuit 116 is configured to include an inverter 25 

circuit, for example.  In the motor drive circuit 116, two 

DC power lines at an input side thereof are connected to 

the battery 150 via the input contactor 151, and three 

power lines at an output side thereof are connected to the 

motor 30 via the switching circuitry 130. 30 

[0083] The lock or release drive circuit 117 energizes 

the coils 52 and 53 of the locking device 50 according to 

a lock command or an release (or unlock) command input 
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from the sequence controller 114, to drive the locking 

device 50 (pin 51) in the locking direction or the 

releasing direction of the door 80.  A pair of DC power 

lines including a positive line and a negative line, at an 

input side of the lock or release drive circuit 117, is 5 

connected to the battery 150 via the input contactor 151.  

Further, one of two pairs of DC power lines, respectively 

including a positive line and a negative line, at an 

output side of the lock or release drive circuit 117, is 

connected to the coil 52 via the switching circuitry 140, 10 

while the other of the two pairs of DC power lines at the 

output side of the lock or release drive circuit 117 is 

connected to the coil 53 via the switching circuitry 140.  

For example, the lock or release drive circuit 117 

includes a semiconductor switch which can switch between 15 

electrically connecting and electrically disconnecting 

between the pair of DC power lines at the input side, and 

each of one of the pairs of DC power lines at the output 

side, and the other of the pairs of DC power lines at the 

output side thereof, and switches the semiconductor device 20 

between on and off states.  More particularly, when the 

lock command is input from the sequence controller 114, 

the lock or release drive circuit 117 may switch to the 

state electrically connecting between the pair of DC power 

lines at the input side and one of the pairs of DC power 25 

lines at the output side, and energize the coil 52 of the 

locking device 50 via the switching circuitry 140.  In 

addition, when the release command is input from the 

sequence controller 114, the lock or release drive circuit 

117 may switch to the state electrically connecting 30 

between the pair of DC power lines at the input side and 

the other of the pairs of DC power lines at the output 

side, and energize the coil 53 of the locking device 50 
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via the switching circuitry 140. 

[0084] The standby system controller 120 is configured 

to control the opening or closing operation of the door 80, 

and can perform a backup function of the regular system 

controller 110.  Accordingly, because the door controller 5 

100 is provided with the standby system controller 120 in 

addition to the regular system controller 110, redundancy 

of the control system related to the opening or closing 

operation of the door 80 can be achieved.  More 

particularly, when an abnormality is generated in the 10 

regular system controller 110, the standby system 

controller 120 controls the opening or closing operation 

of the door 80 in place of the regular system controller 

110. 

[0085] The standby system controller 120 includes 15 

constituent elements similar to those of the regular 

system controller 110.  More particularly, the standby 

system controller 120 includes a power supply circuit 121, 

a communication device 122, an input signal detecting 

circuit 123 (an example of a signal detecting circuit), a 20 

sequence controller 124, a motor controller 125, a motor 

drive circuit 126, and a lock or release drive circuit 127. 

[0086] The hardware configuration and functions of the 

power supply circuit 121, the communication device 122, 

the input signal detecting circuit 123, the sequence 25 

controller 124, the motor controller 125, the motor drive 

circuit 126, and the lock or release drive circuit 127 of 

the standby system controller 120 are similar to those of 

the power supply circuit 111, the communication device 112, 

the input signal detecting circuit 113, the sequence 30 

controller 114, the motor controller 115, the motor drive 

circuit 116, and the lock or release drive circuit 117 of 

the regular system controller 110, respectively.  For this 
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reason, a detailed description of the hardware 

configuration and functions of the standby system 

controller 120 will be omitted. 

[0087] The switching circuitry 130 switches between a 

state where the motor drive circuit 116 and the motor 30 5 

are electrically connected, and a state where the motor 

drive circuit 126 and the motor 30 are electrically 

connected.  More particularly, three-phase AC output power 

lines of the motor drive circuit 116 and the motor drive 

circuit 126, are connected to the input side of the 10 

switching circuitry 130, respectively, and a three-phase 

AC input power line extending from the motor 30 is 

connected to the output side of the switching circuitry 

130.  The switching circuitry 130 switches between a state 

where the output power line of the motor drive circuit 116 15 

and the input power line of the motor 30 are electrically 

connected, and a state where the output power line of the 

motor drive circuit 126 and the input power line of the 

motor 30 are electrically connected. 

[0088] The switching circuitry 130 maintains the state 20 

where the motor drive circuit 116 and the motor 30 are 

electrically connected, when the control related to the 

opening or closing operation of the door 80 is performed 

by the regular system controller 110.  On the other hand, 

the switching circuitry 130 switches to the state where 25 

the motor drive circuit 126 and the motor 30 are 

electrically connected, when the abnormality is generated 

in the regular system controller 110, and the control 

related to the opening or closing operation of the door 80 

is performed by the standby system controller 120. 30 

[0089] The switching circuitry 140 switches between a 

state where the lock or release drive circuit 117 and the 

locking device 50 (coils 52 and 53) are connected, and a 
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state where the lock or release drive circuit 127 and the 

locking device 50 (coils 52 and 53) are connected.  More 

particularly, two pairs of output power lines of the lock 

or release drive circuit 117 and the lock or release drive 

circuit 127, respectively, are connected to an input side 5 

of the switching circuitry 140, and two pairs of input 

power lines extending from the locking device (coils 52 

and 53) are connected to an output side of the switching 

circuitry 140.  The switching circuitry 140 switches 

between a state where the two pairs of output power lines 10 

of the lock or release drive circuit 117 and the two pairs 

of input power lines of the locking device 50 are 

connected, a state where the two pairs of output power 

lines of the lock or release drive circuit 127 and the two 

pairs of input power lines of the locking device 50 are 15 

connected. 

[0090] The switching circuitry 140 maintains the state 

where the lock or release drive circuit 117 and the 

locking device 50 (coils 52 and 53) are electrically 

connected, when the control related to the opening or 20 

closing operation of the door 80 is performed by the 

regular system controller 110.  On the other hand, the 

switching circuitry 140 switches to the state where the 

lock or release drive circuit 127 is electrically 

connected to the locking device 50 (coils 52 and 53), when 25 

the abnormality is generated in the regular system 

controller 110, and a transition is made to the state 

where the control related to the opening or closing 

operation of the door 80 is performed by the standby 

system controller 120. 30 

[0091] The battery 150 is a condenser mounted in the 

railway vehicle 1.  The battery 150 supplies DC power of a 

predetermined voltage (for example, 100 volts) to various 
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devices (or components) of the railway vehicle 1, 

including the motor 30, locking device 50, and the door 

controller 100. 

[0092] The input contactor 151 is provided in a power 

circuit between the battery 150 and the various devices 5 

including the door controller 100, to switch the power 

supply to the various devices of the railway vehicle 1 

between on and off states by opening or closing (that is, 

turning on or off) the power circuit.  The input contactor 

151 is closed according to a predetermined operation 10 

corresponding to a power on in the driver's cab of the 

railway vehicle 1, for example.  In this case, the power 

supply to the various devices of the railway vehicle 1, 

including the door controller 100, is started, to start 

the railway vehicle 1.  In addition, the input contactor 15 

151 is opened according to a predetermined operation 

corresponding to a power off in the driver's cab of the 

railway vehicle 1, for example.  In this case, the power 

supply to the various devices of the railway vehicle 1, 

including the door controller 100, is stopped (cut off), 20 

to stop the railway vehicle 1. 

[0093] The transmission device 160 provides a signal 

relay function between the door controller 100 of each of 

the plurality of doors 80 of the railway vehicle 1, and 

the vehicle controller 10. 25 

[0094] The transmission device 160 receives various 

signals transmitted from the vehicle controller 10 toward 

the door controller 100, and transmits the various signals 

(input signal SDR) to each of the door controllers 100.  

In addition, the transmission device 160 receives various 30 

signals (output signal SD) transmitted from each of the 

door controllers 100, and transmits the various signals to 

the vehicle controller 10. 
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[0095] The door drive mechanism 200 transmits power of 

the motor 30 to the door 80, and causes the door 80 to 

perform the opening or closing operation.  Further, the 

door drive mechanism 200 also provides a locked state and 

a released (or unlocked) state of the door 80, according 5 

to the operation of the locking device 50 (pin 51). 

[0096] The door drive mechanism 200 includes racks 210 

and 220, and the locking pin 230. 

[0097] The rack 210 is mounted on a top end of the door 

80A.  The rack 210 includes a rack portion 211, and a 10 

connecting portion 212. 

[0098] The rack portion 211 is a member that extends in 

a horizontal direction, more particularly, in a front-back 

direction of the railway vehicle 1.  A rack gear 211A is 

provided on a lower surface of the rack portion 211.  A 15 

rotational shaft of the rack portion 211 is arranged above 

an opening 1A of the railway vehicle 1, at a position 

slightly above the rotational shaft of the motor 30 

arranged in a width direction (left-right direction) of 

the railway vehicle 1.  Hence, a pinion gear, arranged 20 

coaxially with the rotational shaft of the motor 30, can 

engage the rack gear 211A on the lower surface of the rack 

portion 211.  For this reason, it is possible to move the 

rack portion 211 the front-back direction of the railway 

vehicle 1, according to the rotation of the motor 30. 25 

[0099] The connecting portion 212 connects the door 80A 

and the rack portion 211.  The connecting portion 212 

extends upward from the upper end of the door 80A, and the 

rack portion 211 is connected to an upper end of the 

connecting portion 212.  Accordingly, the door 80A moves 30 

in the front-back direction of the railway vehicle 1, 

linked with a movement of the rack portion 211 according 

to the rotation of the motor 30, thereby performing the 
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opening or closing operation of the door 80. 

[0100] The connecting portion 212 includes a DCS 

abutting portion 212A on the center side of the opening 1A 

in the front-back direction of the railway vehicle 1.  As 

illustrated in FIG. 2 and FIG. 3, when the door 80A makes 5 

a transition to the fully closed state, the DCS abutting 

portion 212A abuts the movable contact 62 of the DCS 60 

and the movable contact 62 presses against the movable 

contact 62.  As a result, the movable contact 62 is 

pressed inward, thereby turning on the DCS 60.  On the 10 

other hand, as illustrated in FIG. 4 through FIG. 6, when 

the door 80A makes a transition to a state other than the 

fully closed state, the DCS abutting portion 212A makes a 

transition to a state not abutting the movable contact 62, 

thereby turning off the DCS 60. 15 

[0101] The rack 220 is mounted on the upper end of the 

door 80B.  The rack 220 includes the rack portion 221, the 

connecting portion 212, and a locking pin abutting portion 

223. 

[0102] The rack portion 221 is a member that extends in 20 

the horizontal direction, more particularly, in the front-

back direction of the railway vehicle 1.  A rack gear 221A 

is provided on an upper surface of the rack portion 221.  

The rack portion 221 is arranged above the opening 1A of 

the railway vehicle 1, at a position slightly below the 25 

rotational shaft of the motor 30.  Accordingly, it is 

possible to engage a pinion gear arranged coaxially with 

the rotational shaft of the motor 30, with the rack gear 

211A on the upper surface of the rack portion 221.  For 

this reason, the rack portion 221 can be moved in the 30 

front-back direction of the railway vehicle 1 according to 

the rotation of the motor 30. 

[0103] A connecting portion 222 connects the door 80B 
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and the rack portion 221.  The connecting portion 222 is 

provided to extend upward from the upper end of the door 

80B, and the rack portion 221 is connected to an upper end 

of the connecting portion 222.  Accordingly, the door 80B 

moves in the front-back direction of the railway vehicle 1, 5 

linked with a movement of the rack portion 221 according 

to the rotation of the motor 30, thereby performing the 

opening or closing operation of the door 80.  In addition, 

when the rack gear 211A engages the pinion gear coaxial 

with the motor 30 from above, and the rack gear 221A 10 

engages the pinion gear coaxial with the motor 30 from 

below, it is possible to move the racks 210 and 220 in 

opposite directions according to the rotation of the motor 

30.  For this reason, the opening operation and the 

closing operation of the two doors 80A and 80B can be 15 

performed using a single motor 30. 

[0104] Moreover, a ramp 222A, which slopes downward 

toward the center side of the opening 1A in the front-back 

direction of the railway vehicle 1, is provided on an 

upper end of the connecting portion 222. 20 

[0105] The locking pin abutting portion 223 abuts the 

locking pin 230 in the locked state of the door 80.  With 

respect to the connecting portion 222, the locking pin 

abutting portion 223 protrudes in a direction opposite to 

the direction in which the rack portion 221 extends.  The 25 

locking pin abutting portion 223 is provided with a 

locking hole 223A. 

[0106] The locking hole 223A is a recess provided in an 

upper surface of the locking pin abutting portion 223.  A 

lower end of the locking pin 230 (a pin portion 231 30 

described below) is inserted into the locking hole 223A 

when the door 80 is locked. 

[0107] The locking pin 230 is provided above the 
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locking pin abutting portion 223 of the rack 220.  The 

locking pin 230 includes the pin portion 231, and a 

locking device abutting portion 232. 

[0108] The pin portion 231 is provided to extend in the 

up-down direction. 5 

[0109] The locking device abutting portion 232 is 

mounted on an upper end of the pin portion 231, and is 

provided to extend horizontally from a connection portion 

thereof connecting to the pin portion 231, more 

particularly, in a direction opposite to the opening 1A in 10 

the front-back direction of the railway vehicle 1.  The 

locking device 50 is fixedly arranged below the locking 

device abutting portion 232, and an upper end of the pin 

51 of the locking device 50 abuts a lower surface of the 

locking device abutting portion 232.  As a result, the 15 

locking device abutting portion 232 is raised in the 

upward direction, when the pin 51 of the locking device 50 

protrudes in the upward direction, and the locking device 

abutting portion 232 is lowered in the downward direction 

due to the weight of the locking pin 230 itself, when the 20 

pin 51 of the locking device 50 is drawn inward in the 

downward direction. 

[0110] As illustrated in FIG. 4 through FIG. 6, in a 

state where the pin 51 of the locking device 50 protrudes, 

the lower end of the pin portion 231, connected to the 25 

locking device abutting portion 232, is positioned above 

the ramp 222A of the rack 220, and the pin portion 231 

does not engage the locking hole 223A.  For this reason, 

the door 80 (doors 80A and 80B) is in a state moveable in 

the opening or closing direction, because the rack 220 is 30 

movable without being affected by the arrangement of the 

locking pin 230. 

[0111] In contrast, as illustrated in FIG. 2 and FIG. 3, 
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in a state where the pin 51 of the locking device 50 is 

drawn inward, the lower end of the pin portion 231 is 

positioned below the ramp 222A of the rack 220.  In 

addition, in the fully closed state of the door 80, the 

pin portion 231 is positioned on the side of the locking 5 

pin abutting portion 223 than the ramp 222A, in the front-

back direction of the railway vehicle 1.  For this reason, 

when the pin 51 of the locking device 50 is drawn inward 

in the fully closed state of the door 80, the locking 

device abutting portion 232 moves downward, and the pin 10 

portion 231 engages the locking hole (or recess) 223A of 

the rack 220.  Hence, the movement of the rack 220 is 

restricted, and the rotation of the pinion gear engaging 

the rack gear of the rack 220 is also restricted, thereby 

restricting the movement of the rack 210 having the rack 15 

gear 211A engaging the pinion gear.  Accordingly, the 

movement of the doors 80A and 80B connected to the racks 

210 and 220 is restricted, and the locked state of the 

doors 80A and 80B is realized. 

[0112] [General Outline of Door Opening and Closing 20 

Operations] 

[0113]    Next, a general outline of the opening and 

closing operations of the door 80 will be described, with 

reference to FIG. 7 and FIG. 8, in addition to FIG. 2 

through FIG. 6. 25 

[0114] <Door Opening Operation> 

[0115]    FIG. 7 is a timing chart illustrating an example 

of the opening operation of the door 80 in a normal state 

of the configuration related to the opening or closing 

operation of the door 80.  More particularly, FIG. 7 is a 30 

diagram illustrating the timing chart of an open command, 

a close command, an open signal, a during opening 

operation signal, a DCS signal, a DLS signal, a releasing 
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(or unlocking) drive signal, a velocity command, and a 

thrust command during the opening operation of the door 80, 

including before and after the opening operation of the 

door 80. 

[0116] The open command and the close command are 5 

command signals instructing the opening operation and the 

closing operation of the door 80, respectively, and are 

transmitted from the vehicle controller 10 to the door 

controller 100, as described above. 

[0117] The during opening operation signal indicates 10 

whether or not the opening operation of the door 80 is 

being performed.  The during opening operation signal has 

the H level during the opening operation of the door 80, 

and has the L level when the door 80 is not performing the 

door opening operation.  For example, the during opening 15 

operation signal is generated by the input signal 

detecting circuit 113 or the input signal detecting 

circuit 123, and is transmitted to the sequence controller 

114 and the motor controller 115. 

[0118] The DCS signal and the DLS signal indicate the 20 

on or off state of the DCS 60 and the DLS 70, respectively. 

The DCS signal has the H level when the DCS 60 is in the 

on state, and the DLS signal has the H level when the DLS 

70 is in the on state (more particularly, when the 

respective A-contact is on and the respective B-contact is 25 

off), and the DCS signal has the L level when the DCS 60 

is in the off state, and the DLS signal has the L level 

when the DLS 70 is in the off state (more particularly, 

when the respective A-contact is off and the respective B-

contact is on). 30 

[0119] The releasing drive signal is a signal for 

driving the locking device 50 to release the lock.  The 

releasing drive signal has the H level when not driving 
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the locking device 50 to release the lock, and has the L 

level when driving the locking device 50 to release the 

lock.  The releasing drive signal is generated by the 

sequence controllers 114 and 124, for example, and is 

transmitted to the lock or release drive circuits 117 and 5 

127. 

[0120] The velocity command and the thrust command are 

command values indicating the velocity and the thrust of 

the motor 30, respectively.  The velocity command and the 

thrust command are generated by the motor controllers 115 10 

and 125.  In this example, the drive command and the 

thrust command for the motor 30 indicate a positive value 

for the rotational direction corresponding to the opening 

operation of the door 80, and indicate a negative value 

for the rotational direction corresponding to the closing 15 

operation of the door 80.  The same applies to the 

examples illustrated in FIG. 8 and FIG. 11 through FIG. 18, 

which will be described later. 

[0121] As illustrated in FIG. 7, when the open command 

is received after the railway vehicle 1 stops, the door 20 

controller 100 lowers the releasing drive signal to the L 

level, and raises the during opening operation signal to 

the H level, at a time t01.  As a result, the locking 

device 50 is driven to be released (or unlocked), and the 

locking of the door 80 is released (refer to FIG. 2 and 25 

FIG. 3). 

[0122] When the locking of the door 80 is released, the 

DLS signal falls from the H level indicating the locked 

state to the L level indicating the released (or unlocked) 

state, at a time t02. 30 

[0123] After the locking of the door 80 is released, 

the door controller 100 relatively increases the velocity 

command and the thrust command for the motor 30, to start 
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the opening operation of the door 80 (refer to FIG. 4).  

As a result, the DCS signal falls from the H level 

indicating the fully closed state, to the L level 

indicating the state other than the fully closed state, at 

a time t03. 5 

[0124] The door controller 100 drives the motor 30 

until the door 80 reaches the fully open state (refer to 

FIG. 5).  When the door 80 reaches the fully open state 

(refer to FIG. 6), the door controller 100 sets the 

velocity command to zero, and lowers the during opening 10 

operation signal from the H level indicating during the 

opening operation, to the L level indicating other than 

during the opening operation, at a time t04. 

[0125] <Door Closing Operation> 

[0126]    FIG. 8 is a timing chart illustrating an example 15 

of the closing operation of the door 80 in the normal 

state of the configuration related to the opening or 

closing operation of the door 80.  More particularly, FIG. 

8 is a diagram illustrating the timing chart of the open 

command, the close command, the open signal, a during 20 

closing operation signal, the DCS signal, the DLS signal, 

the locking drive signal, the velocity command, and the 

thrust command during the closing operation of the door 80, 

including before and after the closing operation of the 

door 80. 25 

[0127] The during closing operation signal indicates 

whether or not the closing operation of the door 80 is 

being performed.  The during closing operation has the H 

level during the closing operation of the door 80, and has 

the L level when the door 80 is not performing the closing 30 

operation.  For example, the during closing operation 

signal is generated by the input signal detecting circuit 

113 or the input signal detecting circuit 123, similar to 
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the during opening operation signal, and is transmitted to 

the sequence controller 114 and the motor controller 115. 

[0128] The locking drive signal is a signal for driving 

the locking device 50 to lock.  The locking drive signal 

has the L level when not driving the locking device 50 to 5 

lock, and has the H level when driving the locking device 

50 to lock.  The locking drive signal is generated by the 

sequence controllers 114 and 124, for example, similar to 

the releasing drive signal, and is transmitted to the lock 

or release drive circuits 117 and 127. 10 

[0129] As illustrated in FIG. 8, when the close command 

is received in the fully open state of door 80 of the 

railway vehicle 1, the door controller 100 raises the 

during opening operation signal to the H level, at a time 

t11.  Then, the door controller 100 relatively increases 15 

the velocity command and the thrust command (absolute 

values) of the motor 30, to start the closing operation of 

the door 80 (refer to FIG. 5 and FIG. 6). 

[0130] The door controller 100 drives the motor 30 

until the door 80 reaches the fully closed state (refer to 20 

FIG. 4).  Then, when the door 80 reaches the fully closed 

state (refer to FIG. 3), the DCS signal rises from the L 

level to the H level, at a time t12. 

[0131] When the DCS signal rises to the H level, the 

door controller 100 sets the velocity command to zero, at 25 

a time t13. 

[0132] When the DCS signal rises to the H level, and 

the velocity command is set to zero, the door controller 

100 raises the locking drive signal from the L level to 

the H level, at a time t14.  As a result, the locking 30 

device 50 is driven to be locked, and the door 80 is 

locked (refer to FIG. 2 and FIG. 3). 

[0133] When the locking device 50 is locked, the DLS 
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signal rises from the L level to the H level, at a time 

t15.  Then, the door controller 100 lowers the during 

closing operation signal from the H level to the L level. 

[0134] In the fully closed state, the thrust command 

for the door 80 may be other than zero, and a relatively 5 

small thrust command, capable of pressing the door 80 in 

the closing direction to a certain extent, may be output 

at the time t13 or thereafter.  In this case, even if some 

external force is applied to the door 80 before the door 

80 is locked, the door controller 100 can restore the door 10 

80 to the fully closed state, or cause the door 80 to 

maintain the fully closed state, for example. 

[0135] [General Outline of Method for Determining 

Abnormality in Configuration Related to Door Opening or 

Closing Operation] 15 

[0136]    Next, a general outline of a method for 

determining an abnormality in the configuration related to 

the opening or closing operation of the door 80 will be 

described. 

[0137] When the regular system controller 110 controls 20 

the opening or closing operation of the door 80, the 

regular system controller 110 determines an abnormality in 

the configuration related to the opening or closing 

operation of the door 80 while the railway vehicle 1 is 

running.  For example, the determination of the 25 

abnormality may be performed by the input signal detecting 

circuit 113, as described above.  In other words, the 

regular system controller 110 may function as a 

“monitoring apparatus”, and in particular, the functions 

of the monitoring apparatus may be provided in the input 30 

signal detecting circuit 113. 

[0138] Further, when the abnormality is generated in 

the regular system controller 110, and the standby system 
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controller 120 controls the opening or closing operation 

of the door 80, in place of the regular system controller 

110, the standby system controller 120 determines the 

abnormality in the configuration related to the opening or 

closing operation of the door 80, while the railway 5 

vehicle 1 is running.  For example, the determination of 

the abnormality may be performed by the input signal 

detecting circuit 123, similar to the case of the regular 

system controller 110.  In other words, the standby system 

controller 120 may also function as the “monitoring 10 

apparatus”.  More particularly, the functions of the 

monitoring apparatus may be provided in the input signal 

detecting circuit 123. 

[0139] The method for determining the abnormality in 

the configuration related to the opening or closing 15 

operation of the door 80 is the same for when the opening 

or closing operation of the door 80 is controlled by the 

regular system controller 110, and for when the opening or 

closing operation of the door 80 is controlled by the 

standby system controller 120.  Hereinafter, the method 20 

for determining the abnormality in the configuration 

related to the opening or closing operation of the door 80 

will be described, mainly with reference to the case where 

the opening or closing operation of the door 80 is 

controlled by the regular system controller 110. 25 

[0140] The regular system controller 110 (the input 

signal detecting circuit 113) determines the presence or 

absence of the abnormality in the configuration related to 

the opening or closing operation of the door 80, based on 

whether or not the signals input from the DCS 60 and the 30 

DLS 70 match the signals from the encoder 31. 

[0141] For example, when the open or closed state of 

the door 80 indicated by the signal from the DCS 60 does 
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not match an open or closed state of the door 80 

anticipated at the position of the door 80 corresponding 

to the signals from the encoder 31, the input signal 

detecting circuit 113 determines that an abnormality is 

generated in the configuration related to the opening or 5 

closing operation of the door 80.  More particularly, in 

this case, the input signal detecting circuit 113 may 

determine that the abnormality is generated in either the 

DCS 60 or the door controller 100. 

[0142] This is because, when the abnormality is 10 

generated in the DCS 60, there is a possibility of 

outputting the signal indicating the open or closed state 

of the door 80 not anticipated at the position of the door 

80 indicated by the signals from the encoder 31 (for 

example, the signal indicating the fully closed state of 15 

the door 80 even though the door 80 is at a position 

during the opening operation).  Further, when the 

abnormality is generated in an input circuit or the like 

of the door controller 100 for receiving the signal from 

the DCS 60, there is a possibility of sensing the signal 20 

from the regular DCS 60, which is normal, as a different 

signal (for example, a H-level signal may be sensed as a 

L-level signal). 

[0143] Similarly, when the locked or released state of 

the door 80 indicated by the signal from the DLS 70 does 25 

not match a locked or released state of the door 80 

anticipated at the position of the door 80 corresponding 

to the signals from the encoder 31, the input signal 

detecting circuit 113 determines that an abnormality is 

generated in the configuration related to the opening or 30 

closing operation of the door 80.  More particularly, in 

this case, the input signal detecting circuit 113 may 

determine that the abnormality is generated in any one of 
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the locking device 50, the DLS 70, and the door controller 

100. 

[0144] This is because, when the abnormality is 

generated in the locking device 50, there is a possibility 

of outputting the signal indicating the locked or released 5 

state of the door 80 not anticipated at the position of 

the door 80 indicated by the signals from the encoder 31 

(for example, the signal indicating the locked state of 

the door 80 even though the door 80 is at a position 

during the opening operation).  In addition, when the 10 

abnormality is generated in the DLS 70, there is a 

possibility of outputting the signal indicating the locked 

or released state of the door 80 not anticipated at the 

position of the door 80 indicated by the signals from the 

encoder 31 (for example, the signal indicating the locked 15 

state of the door 80 even through the door 80 is at the 

position during the opening operation).  Moreover, when 

the abnormality is generated in the input circuit or the 

like of the door controller 100 for receiving the signal 

from the DLS 70, for example, there is a possibility of 20 

sensing the signal from the regular DLS 70, which is 

normal, as a different signal. 

[0145] Further, the input signal detecting circuit 113 

may identify the constituent element including the 

abnormality, or determine the contents (or type) of the 25 

abnormality, based on results of determining the 

abnormality multiple times when performing the opening 

operation or closing operation of the door 80, including 

during the opening operation or the closing operation of 

the door 80. 30 

[0146] For example, among abnormalities in the DCS 60 

and DLS 70, abnormalities caused by deterioration  

are likely generated singly or intermittently, while fixed 
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abnormalities in the DCS 60 and DLS 70 are likely to 

continue.  For this reason, the input signal detecting 

circuit 113 may identify the contents (or type) of the 

abnormality in the DCS 60 and the DLS 70, based on the 

results of determining the abnormality multiple times 5 

using the property of the abnormality. 

[0147] Further, between the abnormality in the DCS 60 

and the abnormality in the door controller 100 

(abnormality in the input circuit for receiving the signal 

from the DCS 60), for example, tendencies of the 10 

abnormalities, such as abnormality appearing patterns or 

the like, may be mutually different when the generation of 

the abnormalities are determined.  Similarly, among the 

abnormality in the locking device 50, the abnormality in 

the DLS 70, and the abnormality in the door controller 100, 15 

for example, the tendencies of the abnormalities, such as 

the abnormality appearing patterns or the like, may be 

different from one another when the generation of the 

abnormalities are determined.  For this reason, the input 

signal detecting circuit 113 may determine (or identify) 20 

the constituent element including the abnormality, from 

results of determining the abnormality multiple times, 

based on the tendencies or the like of the appearing 

abnormalities recognized in advance. 

[0148] [Example of Method for Determining Abnormality 25 

in Configuration Related to Opening or Closing Operation 

of Door] 

[0149]    Next, an example of a method for determining the 

abnormality in the configuration related to the opening or 

closing operation of the door 80 will be described, with 30 

reference to FIG. 9 and FIG. 10.  More particularly, a 

specific example of the method for determining the 

abnormality in the configuration related to the opening or 
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closing operation of the door 80 will be described on a 

precondition that the configuration illustrated in FIG. 1 

is employed. 

[0150] FIG. 9 and FIG. 10 are diagrams illustrating the 

example of the method for determining the abnormality in 5 

the configuration related to the door opening or closing 

operation of the door 80.  More particularly, FIG. 9 and 

FIG. 10 illustrate the example of the method for 

determining the abnormality in the configuration related 

to the opening or closing operation of the door 80, when 10 

opening the door 80 (during opening of the door 80) and 

when closing the door 80 (during closing of the door 80). 

[0151] Five states of the door 80, namely, “fully 

closed & locked”, “fully closed & released”, “start 

opening operation”, “during opening operation”, and “fully 15 

open” illustrated in FIG. 9, correspond to the states of 

the door 80 illustrated in FIG. 2, FIG. 3, FIG. 4, FIG. 5, 

and FIG. 6, respectively.  Similarly, the five states of 

the door 80, namely, “fully open”, “start closing 

operation”, “during closing operation”, “fully closed & 20 

released”, and “fully closed & locked” illustrated in FIG. 

10, correspond to the states of the door 80 illustrated in 

FIG. 6, FIG. 5, FIG. 4, FIG. 3, and FIG. 2, respectively. 

[0152] As illustrated in FIG. 9, during opening of the 

door 80, the input signal detecting circuit 113 determines 25 

the presence or absence of the abnormality in the 

configuration related to the opening or closing operation 

of the door 80, during a time from the start of the 

opening operation of the door 80 until the fully open 

state of the door 80 is reached.  More particularly, when 30 

opening the door 80, the input signal detecting circuit 

113 determines the presence or absence of the abnormality 

in the configuration related to the opening or closing 
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operation of the door 80, based on the signals from the 

DCS 60 and the DLS 70, when the signals from the encoder 

31 indicate a position of the door 80 other than the fully 

closed state of the door 80. 

[0153] During the opening of the door 80, the input 5 

signal detecting circuit 113 determines that the 

abnormality is generated in either the DCS 60 or the door 

controller 100, when the signal from the DCS 60 is in the 

on state (the A-contact is on, and the B-contact is off) 

in a state where the signals from the encoder 31 indicate 10 

a position other than the position in the fully closed 

position of the door 80.  In addition, the input signal 

detecting circuit 113 may simply determine that the 

abnormality is generated in the DCS 60. 

[0154] Similarly, during the opening of the door 80, 15 

the input signal detecting circuit 113 determines that the 

abnormality is generated in one of the locking device 50, 

the DLS 70, and the door controller 100, when the signal 

from the DLS 70 is in the on state (the A-contact is on, 

and the B-contact is off in a state where the signals from 20 

the encoder 31 indicates a position other than the 

position in the fully closed and locked state of the door 

80.  Further, the input signal detecting circuit 113 may 

simply determine that the abnormality is generated in 

either the locking device 50 or the DLS 70. 25 

[0155] During the opening of the door 80, the input 

signal detecting circuit 113 does not determine the 

presence or absence of the abnormality in the 

configuration related to the opening or closing operation 

of the door 80 in the fully closed state of the door 80, 30 

for the following reasons.  That is, even if the DCS 60 is 

in the off state indicating the open state of the door 80 

in the fully closed state of the door 80, the interlock 
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signal of the wiring 11 is at the L level, and thus, the 

railway vehicle 1 will not start running, and no problem 

occurs from the viewpoint of fail-safe.  Similarly, even 

if the DLS 70 is in off state indicating the released 

state of the door 80 in the fully closed and locked state 5 

of the door 80, the interlock signal of the wiring 11 is 

at the L level, and thus, the railway vehicle 1 will not 

start running, and no problem occurs from the viewpoint of 

fail safe. 

[0156] As illustrated in FIG. 10, during the closing of 10 

the door 80, the input signal detecting circuit 113 

determines the presence or absence of the abnormality in 

the configuration related to the opening or closing 

operation of the door 80, during a time from the fully 

open state of the door 80 until the fully closed state of 15 

the door 80.  In other words, when closing the door 80, 

the input signal detecting circuit 113 determines the 

presence or absence of the abnormality in the 

configuration related to the opening or closing operation 

of the door 80, based on the signals from the DCS 60 and 20 

the DLS 70, when the signals from the encoder 31 indicates 

the position other than the position in the fully closed 

state of the door 80. 

[0157] More particularly, during the closing of the 

door 80, the input signal detecting circuit 113 determines 25 

that the abnormality is generated in either the DCS 60 or 

the door controller 100, when the signals from the encoder 

31 indicate the position other than the position in the 

fully closed position of the door 80 and the signal from 

the DCS 60 is in the on state (the A-contact is on, and 30 

the B-contact is off).  In addition, the input signal 

detecting circuit 113 may simply determine that the 

abnormality is generated in the DCS 60. 
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[0158] Similarly, during the closing of the door 80, 

the input signal detecting circuit 113 determines that the 

abnormality is generated in one of the locking device 50, 

the DLS 70, and the door controller 100, when the signal 

from the DLS 70 is the on state (the A-contact is on, and 5 

the B-contact is off) in a state where the signals from 

the encoder 31 indicate the position other than the 

position in the fully closed and locked state of the door 

80.  Moreover, the input signal detecting circuit 113 may 

simply determine that the abnormality is generated in 10 

either the locking device 50 or the DLS 70. 

[0159] Similar to the case during the closing of the 

door 80 (FIG. 9), the input signal detecting circuit 113 

does not determine the presence or absence of the 

abnormality in the configuration related to the opening or 15 

closing operation of the door 80 in the fully closed state 

of the door 80. 

[0160] Accordingly, in this example, the door 

controller 100 can determine the presence or absence of 

the abnormality in the configuration related to the 20 

opening or closing operation of the door 80, based on the 

signals from the DCS 60 and the DLS 70, and the signals 

from the encoder 31. 

[0161] The door controller 100 may acquire position 

information in the opening or closing direction of the 25 

door 80 from other devices capable of outputting position 

information in the opening or closing direction of the 

door 80, instead of from the encoder 31.  For example, the 

door controller 100 may recognize position information in 

the opening or closing direction of the door 80, from 30 

image information of a cabin camera of the railway vehicle 

1, capable of imaging the open or closed state of the door 

80.  Further, the encoder 31 may be omitted, and the motor 
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controllers 115 and 125 may perform sensorless control of 

the motor 30.  In this case, the motor controllers 115 and 

125 may compute the position information in the opening or 

closing direction of the door 80 by estimation, and the 

door controller 100 may use the estimated position 5 

information in the opening or closing direction of the 

door 80, to determine the presence or absence of the 

abnormality in the configuration related to the opening or 

closing operation of the door 80.  Moreover, the sequence 

controllers 114 and 124 may compute an elapsed time during 10 

the opening of the door 80 or during the closing of the 

door 80, and simply recognize the position information in 

the opening or closing direction of the door 80 from the 

computed elapsed time.  In this case, the door controller 

100 may use the position information in the opening or 15 

closing direction of the door 80, recognized from the 

computed elapsed time, to determine the presence or 

absence of the abnormality in the configuration related to 

the opening or closing operation of the door 80. 

[0162] [Coping Strategy For Abnormality Generated in 20 

Configuration Related to Door Opening or Closing 

Operation] 

[0163]    Next, a coping strategy of the door controller 

100 for the abnormality generated in the configuration 

related to the opening or closing operation of the door 80, 25 

will be described with reference to FIG. 11 through FIG. 

18. 

[0164] The coping strategy for the abnormality 

generated in the configuration related to the opening or 

closing operation of the door 80 is the same for when the 30 

control related to the opening or closing operation of the 

door 80 is performed by the regular system controller 110, 

and for when the control related to the opening or closing 
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operation of the door 80 is performed by the standby 

system controller 120.  Hereinafter, a description will be 

made on a precondition that the control of the door 80 is 

performed by the regular system controller 110. 

[0165] <General Outline> 5 

[0166]    The door controller 100 may employ different 

coping strategies, based on frequency and continuity of 

the determination (abnormality detection) to determine the 

presence or absence of the abnormality in the 

configuration related to the opening or closing operation 10 

of the door 80. 

[0167] In a case where the abnormality is detected in 

the configuration related to the opening or closing 

operation of the door 80, and the frequency of the 

abnormality detection is relatively low, for example, the 15 

regular system controller 110 causes a state where the 

doors 80A and 80B press against each other by the thrust 

of the motor 30 in the fully closed state (including the 

locked state) of the door 80, to continue.  The frequency 

of the abnormality detection is regarded as being 20 

relatively low, when the number of times the abnormality 

is detected during a predetermined time, or within a 

predetermined number of abnormality detection attempts, is 

less than or equal to a predetermined reference, for 

example.  The predetermined period and the predetermined 25 

number of abnormality detection attempts may be prescribed 

within a period of one opening and closing operation of 

the door 80, or may be prescribed within a period of 

multiple opening and closing operations of the door 80. 

[0168] Similarly, in a case where the abnormality is 30 

detected in the configuration related to the opening or 

closing operation of the door 80, and the continuity of 

the state of the abnormality detection is relatively low, 
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the regular system controller 110 causes a state where the 

doors 80A and 80B press against each other by the thrust 

of the motor 30 in the fully closed state of the door 80, 

to continue.  The continuity of the state of the 

abnormality detection is regarded as being relatively low, 5 

when the state of the abnormality detection does not 

continue and exceed a predetermined time, or does not 

continue and exceed a predetermined number of times, for 

example.  The predetermined time and the predetermined 

number of times may be prescribed within the period of one 10 

opening and closing operation of the door 80, or may be 

prescribed within the period of multiple opening and 

closing operations of the door 80. 

[0169] Accordingly, when the frequency of the 

abnormality detection is relatively low, or the continuity 15 

of the state of the abnormality detection is relatively 

low, that is, in the case of a minor abnormality, the door 

controller 100 causes the state where the doors 80A and 

80B press against each other in the fully closed state of 

the door 80, to continue, thereby ensuring safety of the 20 

door 80 while continuing the operation of the door 80. 

[0170] On the other hand, in a case where the 

abnormality is detected in the configuration related to 

the opening or closing operation of the door 80, and the 

frequency of the abnormality detection is relatively high, 25 

for example, the regular system controller 110 switches 

the control entity related to the opening or closing 

operation of the door 80 to the standby system controller 

120.  The control related to the opening or closing 

operation of the door 80 is thereafter continued by the 30 

standby system controller 120.  The frequency of the 

abnormality detection is regarded as being relatively high, 

when the number of times the abnormality is detected 
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during the predetermined time, or within the predetermined 

number of abnormality detection attempts, exceeds the 

predetermined reference, for example. 

[0171] Similarly, in a case where the abnormality is 

detected in the configuration related to the opening or 5 

closing operation of the door 80, and the continuity of 

the state of the abnormality detection is relatively high, 

the regular system controller 110 switches the control 

entity related to the opening or closing operation of the 

door 80 to the standby system controller 120.  The 10 

continuity of the state of the abnormality detection is 

regarded as being relatively high, when the state of the 

abnormality detection continues and exceeds a 

predetermined time, or continues and exceeds a 

predetermined number of times, for example. 15 

[0172] Accordingly, when the frequency of the 

abnormality detection (abnormality generation) is 

relatively high, or the continuity of the state of the 

abnormality detection is relatively high, that is, in the 

case of a major abnormality, the door controller 100 20 

causes the regular system controller 110 to switch the 

control entity related to the opening or closing operation 

of the door 80 to the standby system controller 120, 

thereby ensuring safety of the door 80 while continuing 

the operation of the door 80. 25 

[0173] In addition, the door controller 100 transmits 

an alert including a state of determining the presence of 

the abnormality of the door 80 (abnormality detection 

state) to the vehicle controller 10, via the transmission 

device 160, regardless of whether the abnormality is the 30 

minor abnormality or the major abnormality, for example. 

[0174] Hence, the vehicle controller 10 can notify the 

state of the abnormality detection of the configuration 



 

 

 46 

related to the opening or closing operation of the door 80, 

via a predetermined output device in the driver's cab, the 

conductor's cab, or the like, for example, thereby urging 

early maintenance. 

[0175] <First Example of Abnormality Generation State 5 

During Door Opening Operation> 

[0176]    FIG. 11 is a timing chart illustrating a first 

example of the opening operation of the door 80 when the 

configuration related to the opening or closing operation 

of the door 80 is abnormal.  More particularly, FIG. 11 is 10 

a diagram illustrating the timing chart of the open 

command, the close command, the during opening operation 

signal, the DCS signal, the DLS signal, the releasing 

drive signal, the velocity command, and the thrust command 

for a case where the abnormality is generated during the 15 

opening operation of the door 80, including before and 

after the opening operation of the door 80. 

[0177] As illustrated in FIG. 11, the timing chart of 

FIG. 11 is the same as that of FIG. 7 except for the DLS 

signal, and times t21, t22, t23, and t26 correspond to the 20 

times t01, t02, t03, and t04 in FIG. 7, respectively.  

Hereinafter, a description will mainly be given with 

respect to the timing chart of the DLS signal. 

[0178] The DLS signal rises from the L level (off state 

of the DLS 70) to the H level (on state of the DLS 70) at 25 

the open position of the door 80 at a time t24 after the 

opening operation of the door 80 is started.  Accordingly, 

the door controller 100 can determine that the abnormality 

is generated in one of the locking device 50, the DLS 70, 

and the door controller 100 itself (more particularly, the 30 

input signal detecting circuit 113).  In addition, the 

door controller 100 may determine that the abnormality is 

generated in either the locking device 50 or the DLS 70. 
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[0179] After rising to the H level, the DLS signal 

maintains the H-level state for a relatively short time, 

and falls to the L level at a time t25. 

[0180] Thereafter, the door 80 reaches the fully open 

state, and the opening operation ends at the time t26. 5 

[0181] In this example, the door controller 100 can 

determine that the frequency of the abnormality detection, 

or the continuity of the state of the abnormality 

detection, is relatively low.  For this reason, when the 

door 80 thereafter reaches the fully closed state by the 10 

closing operation of the door 80, the door controller 100 

may maintain the state where the doors 80A and 80B press 

against each other in the fully closed state of the door 

80.  Hence, the door controller 100 can ensure the safety 

of the door 80, while continuing the operation of the door 15 

80, according to the state of the abnormality detection. 

[0182] In addition, the door controller 100 may record, 

in an internal memory, such as the auxiliary storage 

device or the like, an abnormality log indicating that the 

abnormality related to the locking device 50, the DLS 70, 20 

the input signal detecting circuit 113, or the like, 

having the relatively low frequency or continuity, 

occurred.  Hence, a person in charge of the maintenance of 

the railway vehicle 1 can utilize the abnormality log for 

maintenance of the railway vehicle 1 by checking the 25 

abnormality log ex post facto. 

[0183] Further, the door controller 100 may transmit 

the abnormality log to the vehicle controller 10, via the 

transmission device 160.  Hence, the vehicle controller 10 

can notify the abnormality having the relatively low 30 

frequency or continuity, that is, the minor abnormality, 

to the crew of the train including the railway vehicle 1, 

via the predetermined output device, for example, and urge 
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early maintenance. 

[0184] <Second Example of Abnormality Generation State 

During Door Opening Operation> 

[0185]    FIG. 12 is a timing chart illustrating a second 

example of the opening operation of the door 80 when the 5 

configuration related to the opening or closing operation 

of the door 80 is abnormal.  More particularly, FIG. 12 is 

a diagram illustrating the timing chart of the open 

command, the close command, the during opening operation 

signal, the DCS signal, the DLS signal, the releasing 10 

drive signal, the velocity command, and the thrust command 

for the case where the abnormality is generated during the 

opening operation of the door 80, including before and 

after the opening operation of the door 80. 

[0186] As illustrated in FIG. 12, the timing chart of 15 

FIG. 12 is the same as that of FIG. 7 except for the DLS 

signal, and times t31, t32, t33, and t35 correspond to the 

times t01, t02, t03, and t04 in FIG. 7, respectively.  

Hereinafter, a description will mainly be given with 

respect to the timing chart of the DLS signal. 20 

[0187] The DLS signal rises from the L level (off state 

of the DLS 70) to the H level (on state of the DLS 70) at 

the position during the opening operation of the door 80 

at a time t34 after the opening operation of the door 80 

is started.  Accordingly, the door controller 100 can 25 

determine that the abnormality is generated in one of the 

locking device 50, the DLS 70, and the door controller 100 

itself (more particularly, the input signal detecting 

circuit 113).  In addition, the door controller 100 may 

determine that the abnormality is generated in either the 30 

locking device 50 or the DLS 70. 

[0188] Thereafter, the door 80 reaches the fully open 

state, and the opening operation ends at the time t35. 
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[0189] The DLS signal maintains the H-level state after 

the door 80 reaches the fully closed state, that is, after 

the opening operation ends. 

[0190] In this example, the door controller 100 can 

determine that the frequency of the abnormality detection, 5 

or the continuity of the state of the abnormality 

detection, is relatively high.  For this reason, the door 

controller 100 may switch the control entity of the 

opening or closing operation of the door 80 from the 

regular system controller 110 to the standby system 10 

controller 120 as soon as the door controller 100 

determines that the frequency of the abnormality detection, 

or the continuity of the state of the abnormality 

detection, is relatively high, after completion of the 

opening operation of the door 80, or after completion of 15 

the closing operation of the door 80 performed thereafter.  

Accordingly, the door controller 100 can ensure the safety 

of the door 80, while continuing the operation of the door 

80, according to the state of the abnormality detection. 

[0191] In addition, the door controller 100 may 20 

transmit, to the vehicle controller 10 via the 

transmission device 160, an alert indicating that the 

frequency of the abnormality detection, or the continuity 

of the state of the abnormality detection in the locking 

device 50, the DLS 70, or the like, is relatively high.  25 

In this case, the vehicle controller 10 can notify the 

abnormality having the relatively high frequency or 

continuity, that is, the major abnormality, to the crew of 

the train including the railway vehicle 1, via the 

predetermined output device, for example, and strongly 30 

urge early maintenance. 

[0192] <Third Example of Abnormality Generation State 

During Door Opening Operation> 



 

 

 50 

[0193]    FIG. 13 is a timing chart illustrating a third 

example of the opening operation of the door 80 when the 

configuration related to the opening or closing operation 

of the door 80 is abnormal.  More particularly, FIG. 13 is 

a diagram illustrating the timing chart of the open 5 

command, the close command, the during opening operation 

signal, the DCS signal, the DLS signal, the releasing 

drive signal, the velocity command, and the thrust command 

for the case where the abnormality is generated during the 

opening operation of the door 80, including before and 10 

after the opening operation of the door 80. 

[0194] As illustrated in FIG. 13, the timing chart of 

FIG. 13 is the same as that of FIG. 7 except for the DCS 

signal, and times t41, t42, t43, and t46 correspond to the 

times t01, t02, t03, and t04 in FIG. 7, respectively.  15 

Hereinafter, a description will mainly be given with 

respect to the timing chart of the DCS signal. 

[0195] The DCS signal rises from the L level (off state 

of the DCS 60) to the H level (on state of the DCS 60) at 

the position during the opening operation of the door 80 20 

at a time t44 after the opening operation of the door 80 

is started.  Accordingly, the door controller 100 can 

determine that the abnormality is generated in either the 

DCS 60 or the door controller 100 itself (more 

particularly, the input signal detecting circuit 113).  In 25 

addition, the door controller 100 may determine that the 

abnormality is generated in the DCS 60. 

[0196] After rising to the H level, the DCS signal 

maintains the H-level state for a relatively short time, 

and falls to the L level at a time t45. 30 

[0197] Thereafter, the door 80 reaches the fully open 

state, and the opening operation ends at the time t46. 

[0198] In this example, similar to the first example 
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during the opening of the door 80 described above, the 

door controller 100 can determine that the frequency of 

the abnormality detection, or the continuity of the state 

of the abnormality detection, is relatively low.  For this 

reason, when the door 80 thereafter reaches the fully 5 

closed state by the closing operation of the door 80, the 

door controller 100 may maintain the state where the doors 

80A and 80B press against each other in the fully closed 

state of the door 80.  Hence, the door controller 100 can 

ensure the safety of the door 80, while continuing the 10 

operation of the door 80, according to the state of the 

abnormality detection. 

[0199] In addition, similar to the first example during 

the opening of the door 80 described above, the door 

controller 100 may record, in the internal memory, such as 15 

the auxiliary storage device or the like, the abnormality 

log indicating that the abnormality related to the DCS 60 

or the like, having the relatively low frequency or 

continuity, occurred.  Hence, the person in charge of the 

maintenance of the railway vehicle 1 can utilize the 20 

abnormality log for maintenance of the railway vehicle 1 

by checking the abnormality log ex post facto. 

[0200] Further, similar to the first example during the 

opening of the door 80 described above, the door 

controller 100 may transmit the abnormality log to the 25 

vehicle controller 10, via the transmission device 160.  

Hence, the vehicle controller 10 can notify the 

abnormality having the relatively low frequency or 

continuity, that is, the minor abnormality, to the crew of 

the train including the railway vehicle 1, via the 30 

predetermined output device, for example, and urge early 

maintenance. 

[0201] <Fourth Example of Abnormality Generation State 
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During Door Opening Operation> 

[0202]    FIG. 14 is a timing chart illustrating a fourth 

example of the opening operation of the door 80 when the 

configuration related to the opening or closing operation 

of the door 80 is abnormal.  More particularly, FIG. 14 is 5 

a diagram illustrating the timing chart of the open 

command, the close command, the during opening operation 

signal, the DCS signal, the DLS signal, the releasing 

drive signal, the velocity command, and the thrust command 

for the case where the abnormality is generated during the 10 

opening operation of the door 80, including before and 

after the opening operation of the door 80. 

[0203] As illustrated in FIG. 14, the timing chart of 

FIG. 14 is the same as that of FIG. 7 except for the DCS 

signal, and times t51, t52, t53, and t55 correspond to the 15 

times t01, t02, t03, and t04 in FIG. 7, respectively.  

Hereinafter, a description will mainly be given with 

respect to the timing chart of the DCS signal. 

[0204] The DCS signal rises from the L level (off state 

of the DCS 60) to the H level (on state of the DCS 60) at 20 

the open position of the door 80 after the opening 

operation of the door 80 is started at a time t54.  

Accordingly, the door controller 100 can determine that 

the abnormality is generated in either the DCS 60 or the 

door controller 100 itself (more particularly, the input 25 

signal detecting circuit 113).  The door controller 100 

may determine that the abnormality is generated in the DCS 

60. 

[0205] Thereafter, the door 80 reaches the fully open 

state, and the opening operation ends at the time t55. 30 

[0206] The DCS signal maintains the H-level state after 

the door 80 reaches the fully closed state, that is, after 

the opening operation ends. 
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[0207] In this example, the door controller 100 can 

determine that the frequency of the abnormality detection, 

or the continuity of the state of the abnormality 

detection, is relatively high.  For this reason, similar 

to the second example during the opening of the door 80 5 

described above, the door controller 100 may switch the 

control entity of the opening or closing operation of the 

door 80 from the regular system controller 110 to the 

standby system controller 120 after completion of the 

opening operation of the door 80, or after completion of 10 

the closing operation of the door 80 performed thereafter, 

as soon as the door controller 100 determines that the 

frequency of the abnormality detection, or the continuity 

of the state of the abnormality detection, is relatively 

high.  Accordingly, the door controller 100 can ensure the 15 

safety of the door 80, while continuing the operation of 

the door 80, according to the state of the abnormality 

detection. 

[0208] In addition, similar to the second example 

during the opening of the door 80 described above, the 20 

door controller 100 may transmit, to the vehicle 

controller 10 via the transmission device 160, the alert 

indicating that the frequency of the abnormality detection, 

or the continuity of the state of the abnormality 

detection in the DCS 60 or the like, is relatively high.  25 

In this case, the vehicle controller 10 can notify the 

abnormality having the relatively high frequency or 

continuity, that is, the major abnormality, to the crew of 

the train including the railway vehicle 1, via the 

predetermined output device, for example, and strongly 30 

urge early maintenance. 

[0209] <First Example of Abnormality Generation State 

During Door Closing Operation> 
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[0210]    FIG. 15 is a timing chart illustrating a first 

example of the closing operation of the door 80 when the 

configuration related to the opening or closing operation 

of the door 80 is abnormal.  More particularly, FIG. 14 is 

a diagram illustrating the timing chart of the open 5 

command, the close command, the during closing operation 

signal, the DCS signal, the DLS signal, the locking drive 

signal, the velocity command, and the thrust command for a 

case where the abnormality is generated during the closing 

operation of the door 80, including before and after the 10 

closing operation of the door 80. 

[0211] As illustrated in FIG. 15, the timing chart of 

FIG. 15 is the same as that of FIG. 8 except for the DLS 

signal, and times t63, t64, t65, t66, and t67 correspond 

to the times t11, t12, t13, t14, and t15 in FIG. 8, 15 

respectively.  Hereinafter, a description will mainly be 

given with respect to the timing chart of the DLS signal. 

[0212] The DLS signal rises from the L level (off state 

of the DLS 70) to the H level (on state of the DLS 70) at 

the fully open position of the door 80 at the time t63 20 

which is a timing before the door controller 100 receives 

the close command for the door 80.  Accordingly, the door 

controller 100 can determine that the abnormality is 

generated in one of the locking device 50, the DLS 70, and 

the door controller 100 itself (more particularly, the 25 

input signal detecting circuit 113).  In addition, the 

door controller 100 may determine that the abnormality is 

generated in either the locking device 50 or the DLS 70. 

[0213] After rising to the H level, the DLS signal 

maintains the H-level state for a relatively short time, 30 

and falls to the L level at a time t62 before the door 

controller 100 receives the close command for the door 80. 

[0214] In this example, the door controller 100 can 
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determine that the frequency of the abnormality detection, 

or the continuity of the state of the abnormality 

detection, is relatively low.  For this reason, when the 

door 80 reaches the fully closed state at the time t64 by 

the closing operation of the door 80, the door controller 5 

100 may maintain the state where the doors 80A and 80B 

press against each other in the fully closed state of the 

door 80.  Hence, the door controller 100 can ensure the 

safety of the door 80, while continuing the operation of 

the door 80, according to the state of the abnormality 10 

detection. 

[0215] In addition, the door controller 100 may record, 

in the internal memory, such as the auxiliary storage 

device or the like, the abnormality log indicating that 

the abnormality related to the locking device 50, the DLS 15 

70, or the like, having the relatively low frequency or 

continuity, occurred.  Hence, the person in charge of the 

maintenance of the railway vehicle 1 can utilize the 

abnormality log for maintenance of the railway vehicle 1 

by checking the abnormality log ex post facto. 20 

[0216] Further, the door controller 100 may transmit 

the abnormality log to the vehicle controller 10, via the 

transmission device 160.  Hence, the vehicle controller 10 

can notify the abnormality having the relatively low 

frequency or continuity, that is, the minor abnormality, 25 

to the crew of the train including the railway vehicle 1, 

via the predetermined output device, for example, and urge 

early maintenance. 

[0217] <Second Example of Abnormality Generation State 

During Door Closing Operation> 30 

[0218]    FIG. 16 is a timing chart illustrating a second 

example of the closing operation of the door 80 when the 

configuration related to the opening or closing operation 
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of the door 80 is abnormal.  More particularly, FIG. 16 is 

a diagram illustrating the timing chart of the open 

command, the close command, the during closing operation 

signal, the DCS signal, the DLS signal, the locking drive 

signal, the velocity command, and the thrust command for 5 

the case where the abnormality is generated during the 

closing operation of the door 80, including before and 

after the closing operation of the door 80. 

[0219] As illustrated in FIG. 16, the timing chart of 

FIG. 16 is the same as that of FIG. 8 except for the DLS 10 

signal, and times t71, t73, t74, t75, and t76 correspond 

to the times t11, t12, t13, t14, and t15 in FIG. 8, 

respectively.  Hereinafter, a description will mainly be 

given with respect to the timing chart of the DLS signal. 

[0220] The DLS signal rises from the L level (off state 15 

of the DLS 70) to the H level (on state of the DLS 70) at 

the position during the closing operation of the door 80 

at a time t72 after the closing operation of the door 80 

is started.  Accordingly, the door controller 100 can 

determine that the abnormality is generated in one of the 20 

locking device 50, the DLS 70, and the door controller 100 

itself (more particularly, the input signal detecting 

circuit 113).  In addition, the door controller 100 may 

determine that the abnormality is generated in either the 

locking device 50 or the DLS 70. 25 

[0221] When the door 80 reaches the fully closed state, 

the DCS signal rises from the L level to the H level at 

the time t73. 

[0222] When the DCS signal rises to the H level at the 

time t73, and makes the velocity command zero at the time 30 

t74, the door controller 100 raises the release drive 

signal from the L level to the H level at the time t75.  

Hence, the locking device 50 is driven and locked, thereby 
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locking the door 80. 

[0223] The DLS signal maintains the H-level state at 

the time t74, without falling to the L level, until the 

timing when the door 80 is locked. 

[0224] In this example, the door controller 100 can 5 

determine that the frequency of the abnormality detection, 

or the continuity of the state of the abnormality 

detection, is relatively high.  For this reason, the door 

controller 100 may switch the control entity of the 

opening or closing operation of the door 80 from the 10 

regular system controller 110 to the standby system 

controller 120 as soon as the door controller 100 

determines that the frequency of the abnormality detection, 

or the continuity of the state of the abnormality 

detection, is relatively high, or after completion of the 15 

closing operation of the door 80.  Accordingly, the door 

controller 100 can ensure the safety of the door 80, while 

continuing the operation of the door 80, according to the 

state of the abnormality detection. 

[0225] In addition, the door controller 100 may 20 

transmit, to the vehicle controller 10 via the 

transmission device 160, the alert indicating that the 

frequency of the abnormality detection, or the continuity 

of the state of the abnormality detection in the locking 

device 50, the DLS 70, or the like, is relatively high.  25 

In this case, the vehicle controller 10 can notify the 

abnormality having the relatively high frequency or 

continuity, that is, the major abnormality, to the crew of 

the train including the railway vehicle 1, via the 

predetermined output device, for example, and strongly 30 

urge early maintenance. 

[0226] <Third Example of Abnormality Generation State 

During Door Closing Operation> 
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[0227]    FIG. 17 is a timing chart illustrating a third 

example of the closing operation of the door 80 when the 

configuration related to the opening or closing operation 

of the door 80 is abnormal.  More particularly, FIG. 17 is 

a diagram illustrating the timing chart of the open 5 

command, the close command, the during closing operation 

signal, the DCS signal, the DLS signal, the locking drive 

signal, the velocity command, and the thrust command for 

the case where the abnormality is generated during the 

closing operation of the door 80, including before and 10 

after the closing operation of the door 80. 

[0228] As illustrated in FIG. 17, the timing chart of 

FIG. 17 is the same as that of FIG. 8 except for the DCS 

signal, and times t83, t84, t85, t86, and t87 correspond 

to the times t11, t12, t13, t14, and t15 in FIG. 8, 15 

respectively.  Hereinafter, a description will mainly be 

given with respect to the timing chart of the DCS signal. 

[0229] The DCS signal rises from the L level (off state 

of the DCS 60) to the H level (on state of the DCS 60) in 

the fully open state of the door 80 before the time t83 20 

which is a timing when the door controller 100 receives 

the close command for the door 80.  Accordingly, the door 

controller 100 can determine that the abnormality is 

generated in either the DCS 60 or the door controller 100 

itself (more particularly, the input signal detecting 25 

circuit 113).  In addition, the door controller 100 may 

determine that the abnormality is generated in the DCS 60. 

[0230] After rising to the H level, the DCS signal 

maintains the H-level state for a relatively short time, 

and falls to the L level at a time t82 before the door 30 

controller 100 receives the close command for the door 80. 

[0231] In this example, the door controller 100 can 

determine that the frequency of the abnormality detection, 
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or the continuity of the state of the abnormality 

detection, is relatively low.  For this reason, when the 

door 80 thereafter reaches the fully closed state at the 

time t84 by the closing operation of the door 80, the door 

controller 100 may maintain the state where the doors 80A 5 

and 80B press against each other in the fully closed state 

of the door 80.  Hence, the door controller 100 can ensure 

the safety of the door 80, while continuing the operation 

of the door 80, according to the state of the abnormality 

detection. 10 

[0232] In addition, the door controller 100 may record, 

in the internal memory, such as the auxiliary storage 

device or the like, the abnormality log indicating that 

the abnormality related to the DCS 60 or the like, having 

the relatively low frequency or continuity, occurred.  15 

Hence, the person in charge of the maintenance of the 

railway vehicle 1 can utilize the abnormality log for 

maintenance of the railway vehicle 1 by checking the 

abnormality log ex post facto. 

[0233] Further, the door controller 100 may transmit 20 

the abnormality log to the vehicle controller 10, via the 

transmission device 160.  Hence, the vehicle controller 10 

can notify the abnormality having the relatively low 

frequency or continuity, that is, the minor abnormality, 

to the crew of the train including the railway vehicle 1, 25 

via the predetermined output device, for example, and urge 

early maintenance. 

[0234] <Fourth Example of Abnormality Generation State 

During Door Closing Operation> 

[0235]    FIG. 18 is a timing chart illustrating a fourth 30 

example of the closing operation of the door 80 when the 

configuration related to the opening or closing operation 

of the door 80 is abnormal.  More particularly, FIG. 18 is 
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a diagram illustrating the timing chart of the open 

command, the close command, the during closing operation 

signal, the DCS signal, the DLS signal, the locking drive 

signal, the velocity command, and the thrust command for 

the case where the abnormality is generated during the 5 

closing operation of the door 80, including before and 

after the closing operation of the door 80. 

[0236] As illustrated in FIG. 18, the timing chart of 

FIG. 18 is the same as that of FIG. 8 except for the DCS 

signal, and times t91, t93, t94, t95, and t96 correspond 10 

to the times t11, t12, t13, t14, and t15 in FIG. 8, 

respectively.  Hereinafter, a description will mainly be 

given with respect to the timing chart of the DCS signal. 

[0237] The DCS signal rises from the L level (off state 

of the DCS 60) to the H level (on state of the DCS 60) at 15 

the closed position of the door 80 after the closing 

operation of the door 80 is started at a time t92.  

Accordingly, the door controller 100 can determine that 

the abnormality is generated in one of the locking device 

50, the DCS 60, and the door controller 100 itself (more 20 

particularly, the input signal detecting circuit 113).  

The door controller 100 may determine that the abnormality 

is generated in the locking device 50 or the DCS 60. 

[0238] The DCS signal maintains the H-level state at 

the time 93, without falling to the L level, until the 25 

timing when the door 80 reaches the fully closed state. 

[0239] In this example, the door controller 100 can 

determine that the frequency of the abnormality detection, 

or the continuity of the state of the abnormality 

detection, is relatively high.  For this reason, the door 30 

controller 100 may switch the control entity of the 

opening or closing operation of the door 80 from the 

regular system controller 110 to the standby system 
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controller 120 as soon as the door controller 100 

determines that the frequency of the abnormality detection, 

or the continuity of the state of the abnormality 

detection, is relatively high, or after completion of the 

closing operation of the door 80.  Accordingly, the door 5 

controller 100 can ensure the safety of the door 80, while 

continuing the operation of the door 80, according to the 

state of the abnormality detection. 

[0240] In addition, the door controller 100 may 

transmit, to the vehicle controller 10 via the 10 

transmission device 160, the alert indicating that the 

frequency of the abnormality detection, or the continuity 

of the state of the abnormality detection in the DCS 60 or 

the like, is relatively high.  In this case, the vehicle 

controller 10 can notify the abnormality having the 15 

relatively high frequency or continuity, that is, the 

major abnormality, to the crew of the train including the 

railway vehicle 1, via the predetermined output device, 

for example, and strongly urge early maintenance. 

[0241] [Another Example of Configuration Related to 20 

Door Opening or Closing Operation] 

[0242]    Next, another example of the configuration 

related to the opening or closing operation of the door 80 

of the railway vehicle 1 will be described, by referring 

to FIG. 19. 25 

[0243] FIG. 19 is a block diagram illustrating another 

example of the configuration related to the opening or 

closing operation of the door 80 of the railway vehicle 1. 

[0244] In this example, the configurations of the door 

80 and the door drive mechanism 200 are the same as those 30 

of the example described above in conjunction with FIG. 2 

through FIG. 6, and thus, the configurations in this 

example will be described with the aid of FIG. 2 through 
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FIG. 6.  Further, in this example, a description will 

mainly be given with respect constituent elements 

different from those of the example described above in 

conjunction with FIG. 1, and the description of the same 

or corresponding constituent elements may be simplified or 5 

omitted. 

[0245] The configuration related to the opening or 

closing operation of the door 80 according to this other 

example differs from the that of the example described 

above in that two DLSs 70 are provided to form a redundant 10 

configuration. 

[0246] The DCS 60 and the two DLSs 70 have the A-

contacts thereof respectively inserted in series with 

respect to the wiring 11.  Thus, when the DCS 60 and the 

two DLSs 70 are all in the on state, the interlock signal 15 

assumes the H level, and the vehicle controller 10 can 

cause the railway vehicle 1 to run. 

[0247] In addition, the two DLSs 70 have the B-contacts 

(fixed contacts 71B1 and 71B2) thereof connected to the 

door controller 100 (input signal detecting circuits 113 20 

and 123) via the wiring 102, similar to the example 

described above in conjunction with FIG. 1.  Hence, the 

door controller 100 can independently recognize the on or 

off state of the two DLSs 70. 

[0248] Further, three or more DLSs 70 may be provided.  25 

A plurality of DCSs 60 may be provided in place or in 

addition to the DLS 70. 

[0249] [Another Example of Coping Strategy For 

Abnormality Generated in Configuration Related to Door 

Opening or Closing Operation] 30 

[0250]    Next, another example of the coping strategy for 

the abnormality generated in the configuration related to 

the opening or closing operation of the door 80 will be 
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described, by referring to FIG. 20 and 21.  More 

particularly, a specific example of the coping strategy 

for the abnormality generated in the configuration related 

to the opening or closing operation of the door 80, on a 

precondition that a configuration illustrated in FIG. 19 5 

is employed. 

[0251] FIG. 20 and FIG. 21 are diagrams illustrating 

another example of the coping strategy for the abnormality 

generated in the configuration related to the opening or 

closing operation of the door 80.  More particularly, FIG. 10 

20 and FIG. 21 illustrate another example of the coping 

strategy for the abnormality generated in the 

configuration related to the opening or closing operation 

of the door 80, when opening the door 80 (during opening 

of the door 80), and when closing the door 80 (during 15 

closing of the door 80), respectively. 

[0252] Five states of the door 80, namely, “fully 

closed & locked”, “fully closed & released”, “start 

opening operation”, “during opening operation”, and “fully 

open” illustrated in FIG. 20, correspond to the states of 20 

the door 80 illustrated in FIG. 2, FIG. 3, FIG. 4, FIG. 5, 

and FIG. 6 for the example described above in conjunction 

with FIG. 9, respectively.  Similarly, the five states of 

the door 80, namely, “fully open”, “start closing 

operation”, “during closing operation”, “fully closed & 25 

released”, and “fully closed & locked” illustrated in FIG. 

21, correspond to the states of the door 80 illustrated in 

FIG. 6, FIG. 5, FIG. 4, FIG. 3, and FIG. 2 for the example 

described above in conjunction with FIG. 10, respectively. 

[0253] In this example, the method for determining the 30 

abnormality utilizing the signal from the DLS 70 is 

different from that of the examples described above in 

conjunction with FIG. 9 and FIG. 10, while the method for 
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determining the abnormality utilizing the signal from the 

DCS 60 is the same as that of the examples described above 

in conjunction with FIG. 9 and FIG. 10.  For this reason, 

a description of the method for determining the 

abnormality utilizing the signal from the DCS 60 will be 5 

omitted. 

[0254] As illustrated in FIG. 20, during opening of the 

door 80, the input signal detecting circuit 113 determines 

the presence or absence of the abnormality in the 

configuration related to the opening or closing operation 10 

of the door 80, when the door 80 is in the fully closed 

and locked state.  More particularly, when opening the 

door 80, the input signal detecting circuit 113 determines 

the presence or absence of the abnormality in the locking 

device 50, the DLS 70, or the like, based on the signal 15 

from the DLS 70, when the signals from the encoder 31 

indicate the fully closed state of the door 80 and the 

locking device 50 is locked by the lock or release drive 

circuit 117. 

[0255] During the opening of the door 80, in the case 20 

where the signals from the encoder 31 indicate the fully 

closed state of the door 80, and the locking device 50 is 

in the locked state, the input signal detecting circuit 

113 determines that the abnormality is generated in some 

of the plurality of DLSs 70, which are targets, when the 25 

signals from some of the plurality of DLSs 70 are in the 

off state (A-contact is off, and B-contact is on).  This 

is because it is very unlikely for only some of the 

plurality of DLSs 70 to output erroneous signals due to 

the abnormality generated in the locking device 50, or to 30 

erroneously accept the signals from only some of the DLSs 

70 due to the abnormality generated in the door controller 

100. 
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[0256] On the other hand, during the opening of the 

door 80, in a case where the signals from the encoder 31 

indicate the fully closed state, and the locking device 50 

is in the locked state, the input signal detecting circuit 

113 determines that the abnormality is generated in the 5 

locking device 50 when all of the signals from the 

plurality of DLSs 70 are in the off state (A-contact off, 

and B-contact on).  In this case, the input signal 

detecting circuit 113 may determine that the abnormality 

is generated in either the locking device 50 or the door 10 

controller 100.  This is because it is very unlikely for 

the abnormalities to be generated simultaneously in the 

plurality of DLSs 70. 

[0257] In addition, during the opening of the door 80, 

the input signal detecting circuit 113 determines the 15 

presence or absence of the abnormality in the 

configuration related to the opening or closing operation 

of the door 80, when the door 80 is in a state other than 

the fully closed state.  More particularly, when opening 

the door 80, the input signal detecting circuit 113 20 

determines the presence or absence of the abnormality in 

the locking device 50 and the DLS 70, based on the signal 

from the DLS 70, when the signals from the encoder 31 

indicate the position other than the position in the fully 

closed state of the door 80. 25 

[0258] During the opening of the door 80, the input 

signal detecting circuit 113 determines that the 

abnormality is generated in some of the plurality of DLSs 

70, which are targets, when the signals of the encoder 31 

indicates the state other than the fully closed state of 30 

the door 80, and the signals from some of the plurality of 

DLSs 70 is in the on state (A-contact on, and B-contact 

off). 
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[0259] On the other hand, during the opening of the 

door 80, the input signal detecting circuit 113 determines 

that the abnormality is generated in the locking device 50, 

when the signals from the encoder 31 indicate the position 

other than the position in the fully closed state of the 5 

door 80, and all of the signals from the plurality of DLSs 

70 are in the on state (A-contact on and B-contact off).  

In this case, the input signal detecting circuit 113 may 

determine that the abnormality is generated in either the 

locking device 50 or the door controller 100. 10 

[0260] Similarly, as illustrated in FIG. 21, during the 

closing of the door 80, the input signal detecting circuit 

113 determines the presence or absence of the abnormality 

in the configuration related to the opening or closing 

operation of the door 80, in the state other than the 15 

fully closed state of the door 80.  More particularly, 

when closing the door 80, the input signal detecting 

circuit 113 determines the presence or absence of the 

abnormality in the locking device 50, the DLS 70, or the 

like, based on the signal from the DLS 70, when the 20 

signals from the encoder 31 indicate the position other 

than the position in the fully closed state of the door 80. 

[0261] During the closing of the door 80, the input 

signal detecting circuit 113 determines that the 

abnormality is generated in some of the plurality of DLSs 25 

70, which are targets, when the signals from the encoder 

31 indicate the state other than the fully closed state of 

the door 80, and the signals from some of the plurality of 

DLSs 70 is in the on state (A-contact is on, and B-contact 

is off). 30 

[0262] On the other hand, during the closing of the 

door 80, the input signal detecting circuit 113 determines 

that the abnormality is generated in the locking device 50, 
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when the signals from the encoder 31 indicate the position 

other than the position in the fully closed state of the 

door 80, and all of the signals from the plurality of DLSs 

70 are in the on state (A-contact is on, and B-contact is 

off).  In this case, the input signal detecting circuit 5 

113 may determine that the abnormality is generated in 

either the locking device 50 or the door controller 100. 

[0263] Further, during the closing of the door 80, the 

input signal detecting circuit 113 determines the presence 

or absence of the abnormality in the configuration related 10 

to the opening or closing operation of the door 80, when 

the door 80 is in the fully closed and locked state.  More 

particularly, when closing the door 80, the input signal 

detecting circuit 113 determines the presence or absence 

of the abnormality in the locking device 50 and the DLS 70, 15 

based on the signal from the DLS 70, when the signals from 

the encoder 31 indicate the fully closed state of the door 

80 and the locking device 50 is locked by the lock or 

release drive circuit 117. 

[0264] During the closing of the door 80, the input 20 

signal detecting circuit 113 determines that the 

abnormality is generated in some of the plurality of DLSs 

70, which are targets, when the signals from the encoder 

31 indicate the fully closed state of the door 80, the 

locking device 50 is in the locked state, and the signals 25 

from some of the plurality of DLSs 70 are in the off state 

(A-contact off, and B-contact on). 

[0265] On the other hand, during the closing of the 

door 80, the input signal detecting circuit 113 determines 

that the abnormality is generated in the locking device 50, 30 

when the signals from the encoder 31 indicate the fully 

closed state of the door 80, the locking device 50 is in 

the locked state, and all of the signals from the 
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plurality of DLSs 70 are in the off state (A-contact is 

off, and B-contact is on).  In this case, the input signal 

detecting circuit 113 may determine that the abnormality 

is generated in either the locking device 50 or the door 

controller 100. 5 

[0266] When a plurality of DCSs 60 are provided as 

described above, the input signal detecting circuit 113 

may determine the presence or absence of the abnormality 

while distinguishing the abnormality in the DCSs 60 from 

the abnormality in the door controller 100, in a manner 10 

similar to using the signals from the plurality of DLSs 70. 

[0267] Hence, in this example, the door controller 100 

can determine the abnormality in the configuration related 

to the opening or closing operation of the door 80, while 

distinguishing the target of the abnormality detection, 15 

based on the signals from the plurality of DLSs 70, the 

signals from the plurality of DCSs 60, and the signals 

from the encoder 31. 

[0268] [Functions] 

[0269]    Next, functions of the door controller 100 20 

according to this embodiment will be described. 

[0270] For example, the abnormality in the 

configuration abnormality related to the opening or 

closing operation of the door 80 may be determined, using 

only the outputs of the DCS 60 and the DLS 70. 25 

[0271] However, according to such a method, the 

presence or absence of the abnormality in the 

configuration related to the opening or closing operation 

of the door 80 can only be determined in a state where the 

position of the door 80 is known in advance, such as the 30 

position upon completion of the opening operation, the 

position upon completion of the closing operation, or the 

like of the door 80.  For this reason, the following 
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problems may occur. 

[0272] For example, even if the output of the DCS 60 or 

the DLS 70 indicates the open state other than the fully 

closed state of the door 80, or the unlocked state of the 

door 80, upon completion of the door closing operation, it 5 

may not be possible to determine whether the abnormality 

is the stuck or locked DCS 60 or DLS 70, or the 

deteriorated DCS 60 or DLS 70.  Similarly, for example, 

even if the output of the DCS 60 or the DLS 70 indicates 

the closed state of the door 80 or the locked state of the 10 

door 80, upon completion of the opening operation of the 

door 80, it may not be possible to determine whether the 

abnormality is the stuck or locked DCS 60 or DLS 70, or 

the deteriorated DCS 60 or DLS 70.  Further, in the above 

described method, it is not possible to know whether the 15 

DCS 60 or the DLS 70 itself is the cause of an 

inappropriate state indicated by the output of the DCS 60 

or the DLS 70, or whether the locking device 50 or the 

signal receiving side (door controller 100) is the cause 

of the inappropriate state, and for this reason, there is 20 

a possibility that it will be impossible to determine the 

target having the abnormality. 

[0273] In contrast, in this embodiment, the door 

controller 100 acquires the output signals of the DCS 60 

and the DLS 70, and the position information (output 25 

signals of the encoder 31) in the opening or closing 

direction of the door 80.  Further, the door controller 

100 determines the abnormality in the configuration 

related to the opening or closing operation of the door 80, 

based on the acquired output signals of the DCS 60 and the 30 

DLS 70, and the acquired position information in the 

opening or closing direction of the door 80. 

[0274] Accordingly, the door controller 100 can 
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recognize the position information in the opening or 

closing direction of the door 80.  For this reason, the 

door controller 100 can determine whether or not the 

output signal of the DCS 60 or the DLS 70 is appropriate 

with respect to the position information in the opening or 5 

closing direction of the door 80, even at the opening or 

closing position of the door 80 other than a starting 

position or an ending position of the opening or closing 

operation of the door 80, and can determine the 

abnormality in the configuration related to the opening or 10 

closing operation of the door 80.  As a result, the door 

controller 100 can determine the contents of the 

abnormality, the configuration having the abnormality, or 

the like, by determining the abnormality multiple times 

during the opening or closing operation of the door 80, 15 

analyzing the results of determining the abnormality 

multiple times, or the like, for example.  Accordingly, 

the door controller 100 can more appropriately determine 

the abnormality in the configuration related to the 

opening or closing operation of the door 80 of the railway 20 

vehicle 1. 

[0275] Further, in this embodiment, the door controller 

100 may determine the abnormality in the configuration 

related to the opening or closing operation of the door 80, 

during the closing operation of the door 80 or during the 25 

opening operation of the door 80. 

[0276] Hence, the door controller 100 can increase the 

opportunities of determining the abnormality in the 

configuration related to the opening or closing operation 

of the door 80, and in particular, more appropriately 30 

determine the abnormality in the configuration related to 

the opening or closing operation of the door 80 of the 

railway vehicle 1. 
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[0277] In addition, in this embodiment, the door 

controller 100 determines the presence or absence of the 

abnormality in the configuration related to the opening or 

closing operation of the door 80, multiple times, based on 

the position information in the opening or closing 5 

direction of the door 80, and the output signal of the DCS 

60 or the DLS 70.  In addition, the door controller 100 

may determine the content of the abnormality or the 

configuration having the abnormality, based on the results 

of performing the determining multiple times. 10 

[0278] Accordingly, the door controller 100 can more 

appropriately determine the abnormality in the 

configuration related to the opening or closing operation 

of the door 80 of the railway vehicle 1, utilizing the 

increased opportunities of determining the abnormality in 15 

the configuration related to the opening or closing 

operation of the door 80. 

[0279] Moreover, in this embodiment, the door 

controller 100 may determine the presence or absence of 

the abnormality in the configuration related to the 20 

opening or closing operation of the door 80, based on the 

presence or absence of the matching between the position 

information in the opening or closing direction of the 

door 80, and the output signal of the DCS 60 or the DLS 70. 

[0280] The door controller 100 can thus determine the 25 

presence or absence of the abnormality in the 

configuration related to the opening or closing operation 

of the door 80. 

[0281] Furthermore, in this embodiment, the door 

controller 100 may determine that the abnormality is 30 

generated in the door controller 100 (the input signal 

detecting circuit 113 or the input signal detecting 

circuit 123) which receives the output signal of the 
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locking device 50, the DLS 70, or the DLS 70, in a case 

where the position information in the opening or closing 

direction of the door 80 indicates a state different from 

the locked state of the door 80, and the output signal of 

the DLS 70 indicates the locked state of the door 80. 5 

[0282] Accordingly, the door controller 100 can 

determine the presence or absence of the abnormality in 

the configuration related to the opening or closing 

operation of the door 80. 

[0283] In this embodiment, the door controller 100 may 10 

determine the abnormality generated in the DCS 60 or the 

door controller 100 which receives the output signal of 

the DCS 60, in a case where the position information in 

the opening or closing direction of the door 80 indicates 

a state different from the fully closed state of the door 15 

80, and the output signal of the DCS 60 indicates the 

fully closed state of the door 80. 

[0284] Accordingly, the door controller 100 can 

determine the presence or absence of the abnormality in 

the configuration related to the opening or closing 20 

operation of the door 80. 

[0285] In this embodiment, the door controller 100 may 

determine the abnormality generated in the configuration 

related to the opening or closing operation of the door 80, 

based on the output signals of the plurality of DCSs 60 or 25 

the plurality of DLSs 70, and the position information in 

the opening or closing direction of the door 80. 

[0286] Hence, the door controller 100 can identify the 

configuration having the abnormality from among the 

configurations related to the opening or closing operation 30 

of the door 80. 

[0287] In this embodiment, the door controller 100 may 

determine that the abnormality is generated in some of the 
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plurality of DLSs 70, which are targets, in a case where 

the position information in the opening or closing 

direction of the door 80 indicates a state different from 

the locked state of the door 80, and the output signals of 

some of the plurality of DLSs 70 indicate the locked state 5 

of the door 80. 

[0288] Accordingly, the door controller 100 can 

identify the configuration having the abnormality from 

among the configurations related to the opening or closing 

operation of the door 80. 10 

[0289] In this embodiment, the door controller 100 may 

determine that the abnormality is generated in the locking 

device 50 of the door 80 or the door controller 100 which 

receives the output signals of the plurality of DLSs 70, 

in a case where the position information in the opening or 15 

closing direction of the door indicates a state different 

from the locked state of the door 80, and all of the 

output signals of the plurality of DLSs 70 indicate the 

locked state of the door 80. 

[0290] The door controller 100 can thus identify the 20 

configuration having the abnormality from among the 

configurations related to the opening or closing operation 

of the door 80. 

[0291] Further, in this embodiment, the door controller 

100 may determine that the abnormality is generated in 25 

some of the plurality of DCSs 60, which are targets, in a 

case where the position information in the opening or 

closing direction of the door 80 indicates a state 

different from the fully closed state of the door 80, and 

the output signals of some of the plurality of DCSs 60 of 30 

the plurality of DCS 60 indicate the fully closed state of 

the door 80. 

[0292] Accordingly, the door controller 100 can 
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identify the configuration having the abnormality from 

among the configurations related to the opening or closing 

operation of the door 80. 

[0293] Moreover, in this embodiment, the door 

controller 100 may determine that the abnormality is 5 

generated in the door controller 100 which receives the 

output signals of the plurality of DCSs 60, in a case 

where the position information in the opening or closing 

direction of the door 80 indicates a state different from 

the fully closed state of the door 80, and all of the 10 

output signals of the plurality of DCSs 60 indicate the 

fully closed state of the door 80. 

[0294] The door controller 100 can thus identify the 

configuration having the abnormality from among the 

configurations related to the opening or closing operation 15 

of the door 80. 

[0295] [Variations and Modifications] 

[0296]    While the embodiments have been described in 

detail above, the present disclosure is not limited to the 

specific embodiments, and various variations and 20 

modifications may be made within the scope of the present 

invention recited in the claims, for example. 

[0297] For example, in the embodiments described above, 

the functions of the “monitoring apparatus” are described 

as being provided in the input signal detecting circuits 25 

113 and 123 of the regular system controller 110 and the 

standby system controller 120, respectively, but the 

configuration or arrangement is not limited to such.  In 

addition, the functions of the “monitoring apparatus” may 

be provided in the regular system controller 110 and the 30 

standby system controller 120, as functional units 

independent of the input signal detecting circuits 113 and 

123, for example.  The functions of the “monitoring 
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apparatus” may be provided in one of the door controllers 

100, to determine the abnormality in both the regular 

system controller 110 and the standby system controller 

120.  Moreover, the functions of the “monitoring apparatus” 

may be provided externally to the door controller 100. 5 

[0298] Further, in the embodiments described above, the 

position (fully closed position) indicating the fully 

closed state of the door 80, and a position (locked 

position) indicating the locked state of the door 80 are 

described as being the same, but the configuration or 10 

arrangement is not limited to such.  In other words, the 

fully closed position of the door 80 may be more open than 

the locked position. 

[0299] For example, FIG. 22 and FIG. 23 are diagrams 

for explaining a further example of the method for 15 

determining the abnormality in the configuration related 

to the opening or closing operation of the door 80.  More 

particularly, FIG. 22 and FIG. 23 correspond to FIG. 9 and 

FIG. 10 described above, respectively, and the “fully 

closed & locked position” indicated by the signals from 20 

the encoder 31 is replaced by the “locked position”. 

[0300] Moreover, for example, FIG. 24 and FIG. 25 are 

diagrams for explaining a further example of the method 

for determining the abnormality in the configuration 

related to the opening or closing operation of the door 80.  25 

More particularly, FIG. 24 and FIG. 25 correspond to FIG. 

20 and FIG. 21 described above, respectively, and the 

“fully closed & locked position” indicated by the signals 

from the encoder 31 is replaced by the “locked position”. 

[0301] In this case, the monitoring apparatus may 30 

determine that the abnormality is generated in one of the 

locking device 50, the DLS 70, and the door controller 100 

(refer to FIG. 22 and FIG. 23), in a case where the 
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signals from the encoder 31 indicate the full closed 

position of the door 80, and the signal from the DLS 70 is 

in the on state (A-contact is on, and B-contact is off).  

Similarly, the monitoring apparatus may determine that the 

abnormality is generated in some of the plurality of DLSs 5 

70, which are targets (refer to FIG. 24 and FIG. 25), in a 

case where the signals from the encoder 31 indicate the 

fully closed position of the door 80, and the signals from 

some of the plurality of DLSs 70 are in the on state (A-

contact is on, and B-contact is off).  On the other hand, 10 

the monitoring apparatus may determine that the 

abnormality is generated in the locking device 50, in a 

case where the signals from the encoder 31 indicate the 

fully closed position of the door 80, and all of the 

signals from the plurality of DLSs 70 are in the on state 15 

(A-contact is on, and B-contact is off).  Hence, it is 

possible to determine the abnormality in the configuration 

related to the opening or closing operation of the door 80, 

even in the fully closed state of the door 80. 

[0302] According to each of the embodiments described 20 

above, it is possible to provide a technique capable of 

more appropriately determining the abnormality in the 

configuration related to the door opening or closing 

operation of the railway vehicle. 

[0303]    The description above use terms such as 25 

"determine", "identify", or the like to describe the 

embodiments, however, such terms are abstractions of the 

actual operations that are performed.  Hence, the actual 

operations that correspond to such terms may vary 

depending on the implementation, as is obvious to those 30 

skilled in the art. 

[0304]    All examples and conditional language recited 

herein are intended for pedagogical purposes to aid the 
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reader in understanding the invention and the concepts 

contributed by the inventor to furthering the art, and are 

to be construed as being without limitation to such.  More 

particularly, recited examples and conditions, nor does 

the organization of such examples in the specification 5 

relate to a showing of the superiority and inferiority of 

the invention.  Although the embodiments of the present 

invention have been described in detail, it should be 

understood that the various changes, substitutions, and 

alterations could be made hereto without departing from 10 

the spirit and scope of the invention. 
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CLAIMS 

What is claimed is: 

 

 

  1.  A monitoring apparatus comprising: 5 

 a sensing circuitry configured to sense a locked or 

released state of a door of a railway vehicle, or sense an 

open or closed state of the door; and 

 a processor configured to perform a process including 

  acquiring an output of the sensing circuitry, 10 

and position information in an opening or closing 

direction of the door, and 

  determining an abnormality in a configuration 

related to an opening or closing operation of the door, 

based on a match between the acquired output of the 15 

sensing circuitry and the position information. 

 

 

  2.  The monitoring apparatus as claimed in claim 

1, wherein the determining determines the abnormality 20 

during the closing operation or the opening operation of 

the door. 

 

 

  3.  The monitoring apparatus as claimed in claim 25 

1 or 2, wherein the processor is configured to perform the 

process further including 

 performing, multiple times, the determining the 

abnormality in the configuration related to the opening or 

closing operation of the door, and 30 

 determining contents of the abnormality, or the 

configuration including the abnormality, based on results 

of the performing the determining the multiple times. 
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  4.  The monitoring apparatus as claimed in any 

one of claims 1 to 3, wherein the processor is configured 

to perform the process further including 

 determining the abnormality in the sensing circuitry, 

a locking device of the door, or a signal detecting 5 

circuit which captures the output of the sensing circuitry, 

when the position information indicates a state different 

from a locked state of the door, while the output of the 

sensing circuitry indicates the locked state of the door. 

 10 

 

  5.  The monitoring apparatus as claimed in any 

one of claims 1 to 3, wherein the processor is configured 

to perform the process further including 

 determining the abnormality in the sensing circuitry, 15 

or a signal detecting circuit which captures the output of 

the sensing circuitry, when the position information 

indicates a state different from a fully closed state of 

the door, while the output of the sensing circuitry 

indicates the fully closed state of the door. 20 

 

 

  6.  The monitoring apparatus as claimed in any 

one of claims 1 to 3, wherein the processor is configured 

to perform the process further including 25 

 determining the configuration including the 

abnormality, based on outputs of a plurality of sensing 

circuitries, and the position information. 

 

 30 

  7.  The monitoring apparatus as claimed in claim 

6, wherein the processor is configured to perform the 

process further including 
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 determining the abnormality in one sensing circuitry 

of the plurality of sensing circuitries, when the position 

information indicates a state different from the locked 

state of the door, while the output of the one sensing 

circuitry of the plurality of sensing circuitries 5 

indicates the locked state of the door. 

 

 

  8.  The monitoring apparatus as claimed in claim 

6 or 7, wherein the processor is configured to perform the 10 

process further including 

 determining the abnormality in a locking device of 

the door, or a signal detecting circuit which captures the 

outputs of the plurality of sensing circuitries, when the 

position information indicates a state different from the 15 

locked state of the door, while all of the outputs of the 

plurality of sensing circuitries indicate the locked state 

of the door. 

 

 20 

  9.  The monitoring apparatus as claimed in claim 

6, wherein the processor is configured to perform the 

process further including 

 determining the abnormality in one sensing circuitry 

of the plurality of sensing circuitries, when the position 25 

information indicates a state different from a fully 

closed state of the door, while the output of the one 

sensing circuitry of the plurality of sensing circuitries 

indicates the fully closed state of the door. 

 30 

 

  10.  The monitoring apparatus as claimed in 

claim 6 or 9, wherein the processor is configured to 
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perform the process further including 

 determining the abnormality in the monitoring 

apparatus which captures the outputs of the plurality of 

sensing circuitries, when the position information 

indicates a state different from a fully closed state of 5 

the door, while all of the outputs of the plurality of 

sensing circuitries indicate the fully closed state of the 

door. 

 

 10 

  11.  A monitoring method to be implemented by a 

computer of a monitoring apparatus, comprising: 

 acquiring an output of a sensing circuitry of the 

monitoring apparatus, configured to sense a locked or 

released state of a door of a railway vehicle, or an open 15 

or closed state of the door; 

 acquiring position information in an opening or 

closing direction of the door; and 

 determining an abnormality in a configuration related 

to an opening or closing operation of the door, based on a 20 

match between the acquired output of the sensing circuitry 

and the position information. 

 

 

  12.  The monitoring method as claimed in claim 25 

11, wherein the determining determines the abnormality 

during the closing operation or the opening operation of 

the door. 

 

 30 

  13.  The monitoring method as claimed in claim 

11 or 12, further comprising: 

 performing, multiple times, the determining the 
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abnormality in the configuration related to the opening or 

closing operation of the door; and 

 determining contents of the abnormality, or the 

configuration including the abnormality, based on results 

of the performing the determining the multiple times. 5 

 




