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DESCRIPTION 

 

DEVICE STATE RECORDING SYSTEM AND DEVICE STATE 

RECORDING DEVICE 

 5 

Field 

[0001] 

 An embodiment of the present invention relates to a device 

state recording system and a device state recording device. 

 10 

Background 

[0002] 

 In railways, a train control and monitoring system (TCMS) 

is generally connected to devices mounted on a train such as a 

main converter (CI: Converter-Inverter), a brake system, an 15 

auxiliary power unit (SIV: Static Inverter), and an air-conditioning 

system (HVAC: Heating, Ventilation, and Air Conditioning) to 

transmit information (data) and a control command.  Further, 

due to recent development of technologies of IoT (Internet of 

Things), pieces of information of various devices and data of 20 

sensors have been utilized for analysis.  Therefore, pieces of data 

have been accumulated by connecting an on-board gateway 

device (on-board GW device) to the train control and monitoring 

system to transmit data to a ground server.  Various types of 

analysis have been performed based on the accumulated data.  25 

Accordingly, various services have been provided, and trials to 

perform preventive maintenance such as prehension of 

abnormality prediction have been performed.  Regarding the 

abnormality prediction, a method of detecting, for example, an 

abnormal state of a device or a function by analyzing the 30 

accumulated data has been used.  Accordingly, in order to 

analyze abnormality prediction and detailed phenomena of factors 

of abnormal operations, it is effective to analyze the accumulated 

data.  Further, a device may cause an abnormal operation such 

as a protective operation. 35 

[0003] 
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 For analysis of the protective operation, an output signal of 

the device is taken into a failure log of the device in some cases.  

In this case, a trigger condition of a recording trigger of the failure 

log may be changed to perform another test.  Similarly, in order 

to analyze abnormality prediction and detailed phenomena of 5 

factors of abnormal operations, it may be necessary to change a 

trigger condition for acquiring pieces of information, thereby 

requiring acquisition of data again.  This requires modification of 

software.  However, in order to modify the software, verification 

to guarantee the operation is required.  Further, when similar 10 

systems and devices are provided in large number in a train 

formation or a vehicle, it is difficult to install modified software for 

all the systems and devices in terms of workload.  In this manner, 

it has been conventionally difficult to change the trigger condition 

by modifying the software to take a prompt action. 15 

[0004] 

 Further, in the present mechanism of the railway IoT, data 

acquired from a device is transmitted to a ground server 

constantly.  Due to influences of the communication volume of 

data, the load on the ground server, the entire processing speed, 20 

and the like, the transmission speed to the ground server may be 

limited to, for example, a sampling order of about 100 

milliseconds.  Meanwhile, for example, in order to analyze the 

operation of an electric system of a main converter, data sampling 

is required in an order of several hundred microseconds.  In this 25 

manner, due to the limitation of the transmission speed to the 

ground server, the sampling order for clarifying a response 

phenomenon of the device may be restricted. 
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Summary 

Technical Problem 

[0006] 5 

 An object of the present invention is to provide a device 

state recording system and a device state recording device that 

can change a trigger condition to record a state quantity of a 

device by changing a parameter. 

 10 

Solution to Problem 

[0007] 

 A device state recording system comprises a ground 

system and an on-board system.  A state quantity of a device in 

the on-board system is recorded in response to an instruction 15 

from the ground system.  The on-board system includes a state 

recording device provided in the device.  The state recording 

device includes a device-side parameter setter and a state record 

storage.  The device-side parameter setter is configured to set at 

least a parameter related to generation of a trigger condition for 20 

instructing start of recording of the state quantity of the device, 

and a parameter related to the state quantity of the device.  The 

state record storage is configured to record therein the state 

quantity of the device based on the parameter related to 

generation of the trigger condition and the parameter related to 25 

the state quantity of the device. 

 

Brief Description of Drawings 

[0008] 

[FIG. 1] FIG. 1 is a block diagram illustrating a configuration of a 30 

device state recording system according to one embodiment. 

[FIG. 2] FIG. 2 is a block diagram illustrating a detailed 

configuration of the device state recording device. 

[FIG. 3] FIG. 3 is a diagram illustrating an example of addresses 

to be stored in a state-recording variable-address storage. 35 

[FIG. 4] FIG. 4 is a diagram for explaining an example of 
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addresses used by a trigger calculator. 

[FIG. 5] FIG. 5 is a diagram illustrating an example of adding an 

identification number for identifying a trigger condition and a 

variable. 

[FIG. 6] FIG. 6 is a flowchart illustrating an example of an 5 

acquisition process of a state quantity in the device. 

 

Description of Embodiments 

[0009] 

 A device state recording device and a device state recording 10 

system according to embodiments of the present invention will now 

be explained in detail with reference to the accompanying drawings.  

The embodiments described below are only examples of the 

embodiments of the present invention and it is not to be understood 

that the present invention is limited to these embodiments.  In the 15 

drawings referred to in the embodiments, same parts or parts having 

identical functions are denoted by like or similar reference characters 

and there is a case where redundant explanations thereof are 

omitted.  Further, for convenience of explanation, there are cases 

where dimensional ratios of the parts in the drawings are different 20 

from those of actual products and some part of configurations is 

omitted from the drawings. 

[0010] 

 FIG. 1 is a block diagram illustrating a configuration of a 

device state recording system 1 according to one embodiment.  25 

As illustrated in FIG. 1, the device state recording system 1 is a 

system that records a state quantity of a device that is mounted 

on, for example, a train, and is configured to include a ground 

system 10 and an on-board system 20 that can communicate with 

each other.  The device state recording system 1 records a state 30 

quantity of a device in the on-board system 20 in response to an 

instruction from the ground system 10.  The device state 

recording system 1 according to the embodiment is described in 

an example of recording a state quantity of a device mounted on 

a train.  However, the device state recording system 1 is not 35 

limited thereto and may be used to record a state quantity of a 
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device mounted on, for example, a bus, an aircraft, or general 

vehicles. 

[0011] 

 The ground system 10 is a system arranged in, for example, 

a central control room of a train, in order to monitor the state of 5 

devices mounted on a plurality of trains.  The ground system 10 

is configured to include a ground-side parameter setter 12, a 

ground communication controller 14, and a ground server 16. 

[0012] 

 The on-board system 20 is a system that records state 10 

quantities of respective devices according to a trigger condition 

set, for example, by the ground system 10.  The on-board 

system 20 is configured to include an information communicator 

22, an on-board gateway (on-board GW) 24, a plurality of devices 

26, a plurality of device state recording devices 28, and an 15 

internal communication network (network) NW2. 

[0013] 

 The ground-side parameter setter 12 sets a parameter to 

be used for generating a trigger condition that causes the device 

26 mounted on a train to record the state quantity.  More 20 

specifically, the ground-side parameter setter 12 sets at least one 

of a parameter related to generation of the trigger condition for 

instructing start of recording of the state quantity of the device 26, 

and a parameter related to the state quantity of the device 26.  

Further, the ground-side parameter setter 12 supplies the 25 

parameter to the ground communication controller 14. 

[0014] 

 The ground communication controller 14 is capable of 

communicating with a plurality of trains, and controls 

communication with the on-board system 20 of an intended train.  30 

That is, the ground communication controller 14 controls 

communication with the on-board system 20 including 

transmission of a parameter to the on-board system 20.  For 

example, the ground communication controller 14 performs 

processing such as encoding and compression transform with 35 

respect to the parameter, and transmits the parameter to the 
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on-board system 20 via an external communication network NW1.  

Further, the ground communication controller 14 performs 

processing such as decoding and decompression transform with 

respect to information received via the external communication 

network NW1, and accumulates the pieces of information in the 5 

ground server 16.  In this manner, the information of the device 

of the on-board system 20 is recorded by the ground server 16 of 

the ground system 10.  The external communication network 

NW1 may be wired or wireless, and may have any communication 

form.  Further, setting of information such as the parameter may 10 

be performed by a mobile storage medium, instead of using the 

external communication network NW1.  The ground 

communication controller 14 according to the present 

embodiment corresponds to a first communication controller. 

[0015] 15 

 The ground server 16 acquires and accumulates the state 

quantity of the device 26 recorded in the device state recording 

devices 28 of the on-board system 20 via the ground 

communication controller 14.  Further, the ground server 16 

analyzes the accumulated state quantities of the devices 26.  For 20 

example, the ground server 16 analyzes data to detect a device 26 

that behaves abnormally or detect abnormality prediction of the 

device 26.  Further, the ground server 16 accumulates the state 

quantity of the device 26 and the trigger condition that has been 

used to record the state quantity of the device 26 in association 25 

with each other.  That is, the ground server 16 analyzes the state 

quantity of the device 26 recorded in a state record storage 52 

based on the parameter related to generation of the trigger 

condition and a parameter related to the type of the state of the 

device 26.  Accordingly, abnormality prediction of the device and 30 

factor analysis of a failure can be performed in association with 

the trigger condition or the like.  The ground server 16 according 

to the present embodiment corresponds to an analyzer. 

[0016] 

 The information communicator 22 controls communication 35 

with the ground system 10, including reception of a parameter.  
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The information communicator 22 performs communication with 

the ground communication controller 14 of the ground system 10, 

for example, via the external communication network NW1.  The 

information communicator 22 according to the present 

embodiment corresponds to a second communication controller. 5 

[0017] 

 The on-board gateway 24 performs processing such as 

decoding and decompression transform with respect to 

information acquired via the information communicator 22 and 

the external communication network NW1, and sets a parameter 10 

for setting a trigger condition to each of the device state recording 

devices 28.  Further, the on-board gateway 24 performs 

processing such as encoding and compression transform with 

respect to pieces of information acquired from the devices 26, and 

transmits the information to the ground system 10 by the 15 

information communicator 22 via the external communication 

network NW1. 

[0018] 

 Each of the devices 26 is a device mounted on, for example, 

a train.  These devices 26 are, for example, a main converter (CI), 20 

a brake system, an auxiliary power unit (SIV), or an 

air-conditioning system (HVAC).  Further, the devices 26 can 

communicate with a device in the on-board system 20 via the 

internal communication network NW2 directly or indirectly. 

[0019] 25 

 Each of the device state recording devices 28 is provided in 

a corresponding device 26 to record the state quantity of the 

corresponding device 26.  For example, if the device 26 is a brake 

system, the device state recording devices 28 records air pressure 

or the like, and if the device 26 is an air-conditioning system, the 30 

device state recording devices 28 records temperature, voltage, 

current, power consumption, and the like. 

[0020] 

 FIG. 2 is a block diagram illustrating a detailed 

configuration of the device state recording device 28.  As 35 

illustrated in FIG. 2, the device state recording device 28 is 
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configured to include a recorder 42, a device-side parameter 

setter 44, a device-side state record transmitter 46, and a trigger 

condition generator 48. 

[0021] 

 An on-board parameter setter 30 in the on-board gateway 5 

24 sets the parameter received by control of the information 

communicator 22 in the device state recording devices 28.  The 

recorder 42 records the state quantity of the device 26.  Detailed 

configurations of the recorder 42 are described later. 

[0022] 10 

 The device-side parameter setter 44 sets at least one of a 

parameter related to generation of a trigger condition for 

instructing start of recording of the state quantity of the device 26, 

and a parameter related to the state quantity of the device 26.  

For example, the device-side parameter setter 44 sets a 15 

parameter related to the device 26, of the parameters set by the 

on-board parameter setter 30.  The device-side parameter setter 

44 is configured to include a processor, and acquires at least one 

of the parameter related to generation of a trigger condition and 

the parameter related to the state quantity of the device 26 from 20 

the ground-side parameter setter 12 (FIG. 1) via the external 

communication network NW1, the information communicator 22, 

and the on-board parameter setter 30.  The device-side 

parameter setter 44 sets at least one of the parameter related to 

generation of a trigger condition and the parameter related to the 25 

state quantity of the device 26 in the trigger condition generator 

48 and a state-recording variable-address storage 50 described 

later. These parameters may be supplied to the device-side 

parameter setter 44 from a man-machine IF device being present 

in the on-board system 20.  Here, the term "processor" means, 30 

for example, a circuit such as a CPU (Central Processing Unit) or a 

GPU (Graphics Processing Unit).  Details of the parameter are 

described later. 

[0023] 

 The device-side state record transmitter 46 communicates 35 

with each device in the on-board system 20 via the internal 
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communication network (network) NW2. 

[0024] 

 The trigger condition generator 48 generates a trigger 

condition based on the parameter set by the device-side 

parameter setter 44.  The trigger condition generator 48 is 5 

configured to include, for example, a processor and when the 

trigger condition is established with respect to the state quantity 

of the device acquired from the device 26, causes the recorder 42 

to record the state quantity of the device 26.  In this case, the 

trigger condition generator 48 may release establishment of the 10 

trigger condition when a predetermined time has passed from 

establishment of the trigger condition.  Accordingly, the trigger 

condition generator 48 can cause the recorder 42 to end recording 

of the state quantity of the device 26 after passage of the 

predetermined time since establishment of the trigger condition.  15 

For example, the trigger condition generator 48 outputs a state 

recording trigger signal to the recorder 42 in a period during which 

the recorder 42 is caused to record the state quantity of the device 

26.  In this manner, the trigger condition generator 48 causes the 

recorder 42 to record the state quantity of the device 26 in a 20 

period during which the trigger condition is established, and does 

not cause the recorder 42 to record the state quantity of the 

device 26 in other periods.  Therefore, an increase of the 

recording amount in the state record storage 52 can be 

suppressed.  Detailed configurations of the trigger condition 25 

generator 48 are described later. 

[0025] 

 Detailed configuration of the recorder 42 are described 

here.  The recorder 42 includes the state-recording 

variable-address storage 50, the state record storage 52, and a 30 

device-side state recording executor 54. 

[0026] 

 FIG. 3 is a diagram illustrating an example of addresses to 

be stored in the state-recording variable-address storage 50.  As 

illustrated in FIG. 3, the state-recording variable-address storage 35 

50 stores therein addresses, variables each corresponding to the 
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addresses, and values.  The state-recording variable-address 

storage 50 is realized by, for example, a semiconductor memory 

device such as a RAM (Random Access Memory) or a flash memory, 

a hard disk, an optical disk, or the like. 

[0027] 5 

 The state-recording variable-address storage 50 is a 

memory space accessible by the device-side parameter setter 44, 

and the addresses to be stored in the state-recording 

variable-address storage 50 are divided into a state quantity 

address being a memory area to record the state quantity of the 10 

device, a storage address being a memory area to record an 

address of the state quantity address, a trigger condition address 

being a memory area to record the trigger condition, and an 

operator address being a memory area to record the type of an 

operator. 15 

[0028] 

 For example, addresses from 0000h to 0FFFh are the state 

quantity addresses, addresses from 1000h to 0DFFFh are the 

storage addresses, and addresses after an address 0F000h are 

the trigger condition addresses and the operator addresses 20 

described later.  Values set in the storage addresses from 1000h 

to 1FFFh correspond to recording parameters.  For example, a 

value "0001h" of a recording variable 1 at the storage address 

"1000h" corresponds to a recording parameter. 

[0029] 25 

 Accordingly, the device-side parameter setter 44 sets 

recording parameters at a plurality of addresses from 1000h to 

1FFFh in the memory space accessible by the device-side 

parameter setter 44, and the state quantity of the device 26 in 

which the recording parameter is set is recorded in a plurality of 30 

addresses from 0000h to 0FFFFh. 

[0030] 

 As illustrated in FIG. 2, the state record storage 52 records 

therein the state quantity and the like of the device 26.  The state 

record storage 52 is realized by, for example, a semiconductor 35 

memory device such as a RAM (Random Access Memory) or a flash 
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memory, a hard disk, an optical disk, or the like.  That is, the 

state record storage 52 records therein the state quantity of the 

device 26 based on the parameter related to generation of the 

trigger condition and the parameter related to the state quantity 

of the device 26.  The state record storage 52 records therein 5 

data, for example, in a log file-like format.  Further, upon 

reception of a read request of the state records via the information 

communicator 22, the state record storage 52 transmits the state 

quantity of the device 26 recorded in the state record storage 52 

to a request sender by the information communicator 22.  For 10 

example, when there is a read request of the state records from 

the ground server 16 of the ground system 10, the information 

communicator 22 transmits the state quantity of the device 26 

recorded in the state record storage 52 to the ground server 16. 

[0031] 15 

 The device-side state recording executor 54 is configured 

to include a processor, and executes control to record the state 

quantity of the device 26 in the state record storage 52 based on 

the trigger condition generated by the trigger condition generator 

48.  For example, the device-side state recording executor 54 20 

uses information included in a state recording trigger signal 

output from the trigger condition generator 48 to record the state 

quantity of the device 26 in the state record storage 52.  Further, 

the device-side state recording executor 54 executes control to 

record the state quantity of the device 26 in the state record 25 

storage 52 without affecting the operation of the on-board system 

20.  The device-side state recording executor 54 includes a 

(variable) state recorder A 56 and a (fixed) state recorder A 58. 

[0032] 

 The (variable) state recorder A 56 is realized by, for 30 

example, a semiconductor memory device such as a RAM 

(Random Access Memory) or a flash memory, a hard disk, an 

optical disk, or the like.  The (variable) state recorder A 56 has a 

memory area corresponding to addresses from 0000h to 0FFFh 

(FIG. 3) stored in the state-recording variable-address storage 35 

50. 



 

 

12 

[0033] 

 Further, in the (variable) state recorder A 56, a memory 

area is set in which data is output from the state-recording 

variable-address storage 50 to the state record storage 52.  That 

is, memory areas corresponding to values of the storage 5 

addresses from 1000h to 0DFFF1 (FIG. 3) stored in the 

state-recording variable-address storage 50 are set in the 

(variable) state recorder A 56.  For example, an address "0001h" 

being a recording parameter of a recording variable 1, that is, a 

memory area corresponding to a variable "AAAA" is set in the 10 

(variable) state recorder A 56.  That is, recording variables 1 to N 

are variables to be set in the state record storage 52.  

Accordingly, for example, when an output of the recording 

variable 1 is instructed by the device-side state recording 

executor 54, a value of the memory area corresponding to the 15 

variable "AAAA" in the (variable) state recorder A 56 is output. 

[0034] 

 The (fixed) state recorder A 58 has a similar configuration 

to that of the (variable) state recorder A 56, and is realized by a 

semiconductor memory device such as a RAM (Random Access 20 

Memory) or a flash memory, a hard disk, an optical disk, or the 

like.  The state quantity acquired from the device 26 is recorded 

in real time in a predetermined memory area in the (fixed) state 

recorder A 58 based on a fixed trigger condition described by 

software. 25 

[0035] 

 As described above, the state-recording variable-address 

storage 50 supplies storage address information to the 

device-side state recording executor 54.  Accordingly, for 

example, when the ground-side parameter setter 12 (FIG. 1) sets 30 

a value of an address "1000h" to a recording parameter "0001h" 

as a recording variable 1, and sets a value of an address 1001h to 

a recording parameter "0003h" as a recording variable 2 in the 

state-recording variable-address storage 50 via the device-side 

parameter setter 44, pieces of information in the (variable) state 35 

recorder A 56 corresponding to the addresses 1000h and 0003h 
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are recorded in the state record storage 52. 

[0036] 

 That is, as a variable name "recording variable 1" at the 

address "1000h", a value of the recording parameter "0001h" (a 

variable AAAA) is recorded, and as a variable name "recording 5 

variable 2" at the address "1001h", a value of the recording 

parameter "0003h" (a variable CCCC) is recorded.  For example, 

when it is assumed that an output voltage of the power converter 

is stored at the address "0001h", an output current of the power 

converter is stored at the address "0002h", an input voltage of the 10 

power converter is stored at the address "0003h", an input current 

of the power converter is stored at the address "0004h", and an 

ambient temperature of the power converter is stored at the 

address "0005h", a required state quantity can be recorded by 

setting the address where the state quantity, which is desired to 15 

record, is stored. 

[0037] 

 In this manner, the ground-side parameter setter 12 (FIG. 

1) can set or change an address, being a recording parameter to 

be stored at a storage address in the state-recording 20 

variable-address storage 50, via the device-side parameter setter 

44.  Accordingly, by setting or changing the recording parameter 

to be stored at the storage address, a value of an arbitrary 

variable recorded at the state quantity address can be recorded in 

the state record storage 52. 25 

[0038] 

 Detailed configuration of the trigger condition generator 48 

are described here.  The trigger condition generator 48 includes a 

(fixed) trigger condition-A generator 60, a (variable) trigger 

condition-B generator 62, and a transmission circuit 64. 30 

[0039] 

 The (fixed) trigger condition-A generator 60 determines 

whether a fixed trigger condition is established by using the state 

quantity of the device acquired from the device 26.  When the 

fixed trigger condition is established, the (fixed) trigger 35 

condition-A generator 60 instructs the device-side state recording 
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executor 54 to record the state quantity of the device acquired 

from the device 26.  More specifically, the (fixed) trigger 

condition-A generator 60 outputs a state recording trigger signal 

for outputting the state quantity in the (fixed) state recorder A 58 

to the device-side state recording executor 54.  Accordingly, the 5 

device-side state recording executor 54 outputs the state quantity, 

to be input in real time to the fixed memory area in the (fixed) 

state recorder A 58, to the state record storage 52.  The fixed 

trigger condition can be described by the software. 

[0040] 10 

 Upon establishment of the trigger condition set by using 

the information acquired by the device-side parameter setter 44, 

the (variable) trigger condition-B generator 62 instructs the 

device-side state recording executor 54 to record the state 

quantity of the device acquired from the device 26.  More 15 

specifically, the (variable) trigger condition-B generator 62 

outputs a state recording trigger signal including information of 

recording variables that causes outputs at the storage addresses 

1000h to 1FFFh (FIG. 3) in the (variable) state recorder A 56 to 

the device-side state recording executor 54.  For example, the 20 

(variable) trigger condition-B generator 62 outputs a state 

recording trigger signal including the information of the recording 

variables 1 to 3 corresponding to the storage address 1000h to the 

storage address 1002h (FIG. 4) to the device-side state recording 

executor 54.  Accordingly, the device-side state recording 25 

executor 54 performs a process to output the state quantity 

corresponding to the recording variables 1 to 3 included in the 

state recording trigger signal in the (variable) state recorder A 56 

to the state record storage 52. 

[0041] 30 

 The transmission circuit 64 transmits output signals from 

the (fixed) trigger condition-A generator 60 and the (variable) 

trigger condition-B generator 62 to the recorder 42. 

[0042] 

 A configuration of the (variable) trigger condition-B 35 

generator 62 is described here more specifically.  The (variable) 
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trigger condition-B generator 62 includes a trigger-signal 

parameter storage 66 and a trigger calculator 68. 

[0043] 

 The trigger-signal parameter storage 66 stores therein a 

parameter for generating a trigger condition, which is acquired by 5 

the device-side parameter setter 44.  The trigger-signal 

parameter storage 66 is realized by, for example, a semiconductor 

memory device such as a RAM (Random Access Memory) or a flash 

memory, a hard disk, an optical disk, or the like. 

[0044] 10 

 For example, the trigger calculator 68 generates a state 

recording trigger signal as bit information having H/L states.  In 

this case, the trigger calculator 68 shifts the state recording 

trigger signal from L to H at a timing at which the trigger condition 

is established.  The generation condition of the trigger signal can 15 

be described, for example, as described below. 

[0045] 

 (Variable BBBB > Variable DDDD)  Expression 

(1) 

 That is, when a variable BBBB is larger than a variable 20 

DDDD (FIG. 4), the trigger calculator 68 sets the state recording 

trigger signal to H, and performs a process to output a recording 

variable 2 (FIG. 4) corresponding to the variable DDDD to the 

state record storage 52.  On the other hand, when the variable 

BBBB is equal to or smaller than the variable DDDD, the trigger 25 

calculator 68 sets the state recording trigger signal to L, and ends 

the process to output the recording variable 2 (FIG. 4) to the state 

record storage 52. 

[0046] 

 A detailed processing example of the (variable) trigger 30 

condition-B generator 62 is described based on FIG. 4.  FIG. 4 is 

a diagram illustrating an example of parameters for a trigger 

condition to be stored in the state-recording variable-address 

storage 50.  Pieces of information similar to those at addresses 

from 0E000h to 0FFFFh in FIG. 4 are also memorized in the 35 

trigger-signal parameter storage 66, and used for the calculation 
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by the trigger calculator 68.  Since the state quantity address 

and the storage address are identical to those in FIG. 3, 

explanations thereof are omitted. 

[0047] 

 As illustrated in FIG. 4, the trigger condition addresses 5 

from 0E000h to 0EFFFh are used for generation of the trigger 

condition in the trigger calculator 68.  That is, variables set to 

0E000h to 0EFFFh correspond to the parameters related to the 

generation of the trigger condition. 

[0048] 10 

 More specifically, the trigger calculator 68 according to the 

present embodiment uses Reverse Polish Notation.  The Reverse 

Polish Notation is a notation in which operators follow their 

operands.  For example, when it is described as 34+ by the 

Reverse Polish Notation, it means 3+4.  When an arithmetic 15 

expression described by the Reverse Polish Notation is to be 

calculated, signs are first read by the trigger calculator 68 in order 

from the top of the described arithmetic expression.  

Subsequently, if the sign is other than the operators, the trigger 

calculator 68 accumulates values in a stack.  If the sign is the 20 

operator, the trigger calculator 68 extracts a value from the stack 

to perform calculation, and repeats an operation to accumulate 

the calculation results in the stack.  In this manner, since the 

calculation process in the trigger calculator 68 is simplified, the 

calculation process can be performed at a high speed. 25 

[0049] 

 In the example of FIG. 4, the trigger parameters for the 

generation condition of the trigger signal are a variable at an 

address "0001h", a variable at an address "0003h", and an 

operator "0F000h".  That is, the generation condition of the 30 

trigger signal is defined as (variable 0001h), (variable 0003h), 

and (operator 0F000h) according to the Reverse Polish Notation.  

Here, since the operator 0F000h is associated with ">" 

beforehand, the generation condition of the trigger signal 

becomes as follows. 35 

 (Variable 0001h) > (Variable 0003h) Expression (2) 
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 This is equivalent to process the expression (1).  That is, if 

the ground-side parameter setter 12 sets variables in areas of the 

trigger condition addresses from 0E000h to 0EFFFh as the trigger 

parameters for the generation conditions via the device-side 

parameter setter 44, the trigger calculator 68 can be caused to 5 

generate an arbitrary trigger condition. 

[0050] 

 Further, an initial value of the parameter for generating the 

trigger condition is set beforehand in the trigger condition 

generator 48 and the state-recording variable-address storage 50.  10 

Each of the ground-side parameter setter 12 (FIG. 1), the 

on-board parameter setter 30 (FIG. 1), and the device-side 

parameter setter 44 can perform a process to initialize the 

parameter setting in the trigger condition generator 48 and the 

state-recording variable-address storage 50.  For example, the 15 

ground-side parameter setter 12 in the ground system 10 (FIG. 1) 

initializes the parameters set by the device-side parameter setter 

44 to an initial value.  Accordingly, even if the operation becomes 

unstable at the time of changing the parameter, the parameter 

can be returned to the initial value, for which the operation is 20 

guaranteed, and thus the reliability of the system can be ensured.  

The device-side parameter setter 44 according to the present 

embodiment corresponds to a parameter initializer. 

[0051] 

 Changes of the trigger condition and the recording state 25 

are performed to change data to be used for data analysis.  

However, when the trigger condition can be changed arbitrarily, 

correspondence between the trigger condition and the recorded 

state quantity of the device may not be ensured.  Therefore, in 

the present embodiment, an identification number for identifying 30 

a trigger condition and a variable can be added to one of the 

parameters to be set. 

[0052] 

 FIG. 5 is a diagram illustrating an example of adding an 

identification number for identifying a trigger condition and a 35 

variable.  As described above, addresses from 0000h to 0DFFFh 
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indicate the state quantity addresses, addresses from 1000h to 

1FFFh indicate the storage addresses, addresses from 0E000h to 

0EFFFh indicate parameters to be used for generating the trigger 

condition, and addresses after an address 0F000h indicate 

identification of the operator.  Recording variables 1 to N in the 5 

storage address are variables to be recorded in the state record 

storage 52 as state quantities by the device-side state recording 

executor 54. 

[0053] 

 As illustrated in FIG. 5, for example, an address "0E000h" 10 

corresponding to the recording variable 1 corresponds to an 

address at which an identification number "402h" that identifies 

the trigger condition is stored.  Accordingly, the ground system 

10 (FIG. 1) can acquire the address "0E000h" in the 

state-recording variable-address storage 50 by referring to the 15 

"recording variable 1" in the state quantities acquired from the 

state record storage 52.  That is, the state quantity stored at the 

address "0E000h" is the identification number "402h".  More 

specifically, the device-side parameter setter 44 sets a plurality of 

parameter groups whose trigger conditions are different from 20 

each other at a plurality of address groups from 0E000h to 0FFFFh 

in the memory space accessible by the device-side parameter 

setter 44, and sets the identification number "402h" and the like 

that identify each of the parameter groups as one of the 

parameters. 25 

[0054] 

 Further, the variables indicated by the addresses after the 

address at which the identification number "402h" is stored are 

the trigger parameters to be used for generating the trigger 

methods.  That is, an address "0002h" stored at an address 30 

"0E001h" corresponds to a trigger parameter 1, an address 

"0004h" corresponds to a trigger parameter 2, and an address 

"0F001h" corresponds to a trigger parameter 3.  Recording 

parameters are stored sequentially from an address "1000h" 

where the address "0E000h" is stored.  "0E000h" is a recording 35 

parameter 1, "0002h" is a recording parameter 2, and "0004h" is 
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a recording parameter 3.  In this manner, based on the address 

"0E001h" where the identification number "402h" is stored, the 

storage conditions of the trigger parameters and the recording 

parameters are regularized.  In this manner, the state quantity 

corresponding to the identification number "402h" or the like that 5 

identifies each of the parameter groups is memorized in a part of 

addresses from 0000h to 0FFFh in the memory space. 

[0055] 

 Accordingly, the ground system 10 can acquire the trigger 

parameter for the trigger condition and the recording parameter 10 

corresponding to the identification number "402h" by referring to 

the address "0E000h" in the state-recording variable-address 

storage 50, at which the state quantity is stored as the "recording 

variable 1".  In this manner, the ground system 10 (FIG. 1) can 

associate the acquired state quantity and the parameter for the 15 

trigger condition with each other by acquiring the trigger 

parameter for the trigger condition and the recording parameter 

corresponding to the identification number "402h" and managing 

the parameter for the trigger condition associated with the 

identification number "402h". 20 

[0056] 

 FIG. 6 is a flowchart illustrating an example of an 

acquisition process of the state quantity in the device 26.  As 

illustrated in FIG. 6, the ground-side parameter setter 12 first sets 

a parameter for the trigger condition to start recording by the 25 

recorder 42.  The device-side parameter setter 44 acquires the 

parameter via the external communication network NW1 (Step 

S100).  Next, the trigger condition generator 48 and the 

state-recording variable-address storage 50 store the parameter 

therein.  Subsequently, the trigger calculator 68 of the trigger 30 

condition generator 48 generates a trigger condition by using the 

parameter (Step S102). 

[0057] 

 The trigger calculator 68 acquires the state quantity of the 

device 26 to be used for determination of the trigger condition 35 

(Step S104), and determines whether the trigger condition is 
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established with respect to the state quantity acquired from the 

device 26 (Step S106).  When the trigger condition is established 

(YES at Step S106), the trigger calculator 68 causes the 

device-side state recording executor 54 of the recorder 42 to 

record the state quantity of the device 26 (Step S108).  The 5 

device-side state recording executor 54 performs a process to 

record the state quantity of the device 26 in the state record 

storage 52.  On the other hand, when the trigger condition is not 

established, (NO at Step S106), the trigger calculator 68 repeats 

the processes from Step S104. 10 

[0058] 

 Next, the trigger calculator 68 determines whether a 

predetermined time has passed since establishment of the trigger 

condition (Step S106).  When the predetermined time has not 

passed (NO at Step S110), the trigger calculator 68 causes the 15 

recorder 42 to continue recording of the state quantity of the 

device 26.  On the other hand, when the predetermined time has 

passed (YES at Step S110), the trigger calculator 68 causes the 

recorder 42 to end recording of the state quantity of the device 26 

(Step S112). 20 

[0059] 

 Next, the device-side state record transmitter 46 

determines whether there is a request of data transmission from 

the ground system 10 (Step S114).  When there is no request 

(NO at Step S114), the device-side state record transmitter 46 25 

continues determination of whether there is a request of data 

transmission from the ground system 10. 

[0060] 

 On the other hand, when there is a request (YES at Step 

S114), the device-side state record transmitter 46 causes the 30 

state record storage 52 to transmit the state quantity (Step S112) 

to end the entire process. 

[0061] 

 In this manner, the trigger calculator 68 generates a trigger 

condition by using a parameter to be used for setting the trigger 35 

condition, which is acquired via the external communication 
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network NW1.  Next, the trigger calculator 68 causes the 

recorder 42 to start recording of the state quantity of the device 

26, when the trigger condition is established with respect to the 

state quantity acquired from the device 26.  After passage of the 

predetermined time, the trigger calculator 68 ends recording of 5 

the state quantity of the device 26. 

[0062] 

 As described above, according to the present embodiment, 

the trigger condition generator 48 causes the recorder 42 to 

record a state quantity of the device 26, upon establishment of a 10 

trigger condition set by using a parameter acquired by the 

device-side parameter setter 44.  Accordingly, the trigger 

condition can be changed without modifying the software. 

[0063] 

 While certain embodiments have been described, these 15 

embodiments have been presented by way of example only, and 

are not intended to limit the scope of the inventions.  Indeed, the 

novel embodiments described herein may be embodied in a 

variety of other forms and various omissions, substitutions, and 

changes may be made without departing from the spirit of the 20 

inventions.  The embodiments and their modifications are 

intended to be included in the scope and the spirit of the invention 

and also in the scope of the invention and their equivalents 

described in the claims. 

25 
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CLAIMS 

1. A device state recording system comprising a ground system

and an on-board system, the system recording a state quantity of a 

device in the on-board system in response to an instruction from the 5 

ground system, wherein 

the on-board system includes a state recording device provided 

in the device, and 

the state recording device includes 

a device-side parameter setter configured to set at least a 10 

parameter related to generation of a trigger condition for instructing 

start of recording of a state quantity of the device, and a parameter 

related to the state quantity of the device, and 

a state record storage configured to record therein the state 

quantity of the device based on the parameter related to generation 15 

of the trigger condition, an identification number for identifying the 

trigger condition, and the parameter related to the state quantity of 

the device, wherein 

the ground system includes an analyzer configured to analyze 

the state quantity of the device recorded in the state record storage, 20 

based on the parameter related to generation of the trigger condition, 

the identification number for identifying the trigger condition, and the 

parameter related to a state type of the device. 

2. The system of Claim 1, wherein25 

the ground system includes

a ground-side parameter setter configured to set at least a

parameter related to generation of the trigger condition for 

instructing start of recording of the state quantity of the device, and a 

parameter related to the state quantity of the device, and 30 
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a first communication controller configured to control 

communication with the on-board system, including transmission of 

the parameter to the on-board system, 

the on-board system includes 

a second communication controller configured to control 5 

communication with the ground system, including reception of the 

parameter, and 

an on-board parameter setter configured to set the parameter 

received under control of the second communication controller to the 

state recording device, 10 

the state recording device further includes 

a trigger condition generator configured to generate the trigger 

condition based on the parameter set by the device-side parameter 

setter, and 

a state recording executor configured to control recording of the 15 

state quantity of the device in the state record storage, based on the 

trigger condition generated by the trigger condition generator, and 

the device-side parameter setter sets the parameter related to 

the device, of the parameters set by the on-board parameter setter. 

20 

3. The system of Claim 2, wherein the state recording executor

executes control to record the state quantity of the device in the state 

record storage, without affecting an operation of the on-board system. 

4. The system of any one of Claims 1 to 3, wherein the on-board25 

system includes a parameter initializer configured to initialize the 

parameter set by the device-side parameter setter to an initial value. 

5. The system of any one of Claims 1 to 4, wherein the device-

side parameter setter sets the parameters at a plurality of addresses 30 

in a memory space accessible by the device-side parameter setter, 
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and the state quantity of the device is memorized in a part of the 

addresses. 

6. The system of Claim 5, wherein the device-side parameter

setter sets a plurality of parameter groups having the trigger 5 

condition different from each other at a plurality of address groups in 

the memory space accessible by the device-side parameter setter, 

and sets an identification number that identifies each of the 

parameter groups as one of the parameters. 

10 

7. The system of Claim 6, wherein a state quantity corresponding

to the identification number that identifies each of the parameter 

groups is memorized in a part of the addresses in the memory space. 

8. The system of Claim 1, wherein a sampling cycle of the state15 

quantity of the device is shorter than a data recording cycle of the 

analyzer. 

9. A device state recording device comprising:

a communication controller configured to control 20 

communication with a ground system, including reception of a 

parameter; 

a device-side parameter setter configured to a parameter 

related to generation of a trigger condition for instructing start of 

recording of a state quantity of a device, an identification number for 25 

identifying the trigger condition, and a parameter related to the state 

quantity of the device, based on information received under control of 

the communication controller; and 

a state record storage configured to record therein the state 

quantity of the device based on the parameter related to generation 30 
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of the trigger condition and the parameter related to the state 

quantity of the device. 
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