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DESCRIPTION

ON-BOARD INSTRUMENT, SIGNAL OUTPUT DEVICE, ON-BOARD

INSTRUMENT SETTING SYSTEM, AND

SIGNAL VALUE INFORMATION ACQUISITION METHOD5

Field

[0001] The present invention relates to an on-board

instrument mounted on a train, a signal output device, an

on-board instrument setting system, and a signal value10

information acquisition method.

Background

[0002] In a conventional system that connects on-board

instruments to a network in railroad cars, identification15

numbers that are based on train numbers, car numbers, and

instrument numbers are assigned to on-board instruments

(Patent Literature 1). Thus, when a failure occurs in any

of the on-board instruments, the identification numbers can

be used to easily identify which on-board instrument is out20

of order.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Patent Application25

Laid-open No. 2006-148871

Summary

Technical Problem

[0004] Unfortunately, according to the above30

conventional technique, the number of bits that can be used

for instrument numbers is determined in advance. In recent

years, the number of on-board instruments mounted on cars
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such as display devices has been increasing. Therefore, if

the number of on-board instruments mounted on cars exceeds

the number representable by the number of bits that can be

used for instrument numbers, identification information

cannot be assigned to the on-board instruments, which is5

problematic. This problem can be addressed by increasing

the number of bits that can be used in an on-board

instrument as its instrument number. However, in order to

increase the number of bits for use in an on-board

instrument, it is necessary to increase the number of10

terminals of the on-board instrument that capture the value

of each bit. Increasing the number of terminals requires

large components such as connectors, resulting in an

increase in the mounting area and the size of the on-board

instrument, which is also problematic.15

[0005] The present invention has been made in view of

the above, and an object thereof is to provide an on-board

instrument capable of increasing the number of bits of

information to be used without increasing the number of

terminals that capture the value of each bit.20

Solution to Problem

[0006] To solve the problem and achieve the object, an

on-board instrument according to the present invention

comprises: a variable terminal group including one or more25

first terminals each usable as an input terminal or an

output terminal and one or more second terminals each

usable as an input terminal; a switching unit to switch the

first terminals to the input terminal or the output

terminal; a setting unit to control the switching unit on a30

basis of an instruction signal indicating the number of

first terminals to be used as the output terminal, and if

at least one of the first terminals is used as the output
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terminal, output a first signal to the first terminal that

is used as the output terminal via the switching unit; and

a storage unit capable of storing a second signal value and

a third signal value, the second signal value being a

signal value of a second signal input from the input5

terminal, the third signal value being a signal value

obtained by arraying a plurality of the second signal

values on the basis of a first signal value that is a

signal value of the first signal, wherein the setting unit

reads the second signal value or the third signal value10

from the storage unit on the basis of the instruction

signal, and acquires information on the signal value of the

second signal input.

Advantageous Effects of Invention15

[0007] According to the present invention, an on-board

instrument can achieve the effect of increasing the number

of bits of information to be used without increasing the

number of terminals that capture the value of each bit.

20

Brief Description of Drawings

[0008] FIG. 1 is a diagram illustrating an exemplary

configuration of an on-board instrument setting system.

FIG. 2 is a block diagram illustrating an exemplary

configuration of a display device.25

FIG. 3 is a block diagram illustrating an exemplary

configuration of a signal output device.

FIG. 4 is a flowchart illustrating an operation in

which a display device sets its instrument number.

FIG. 5 is a flowchart illustrating an operation in30

which a signal output device outputs a signal.

FIG. 6 is a diagram illustrating an exemplary case

where the processing circuit of a display device is
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configured with a processor and a memory.

FIG. 7 is a diagram illustrating an exemplary case

where the processing circuit of a display device is

configured with dedicated hardware.

5

Description of Embodiments

[0009] Hereinafter, an on-board instrument, a signal

output device, an on-board instrument setting system, and a

signal value information acquisition method according to an

embodiment of the present invention will be described in10

detail based on the drawings. The present invention is not

limited to the embodiment.

[0010] Embodiment

FIG. 1 is a diagram illustrating an exemplary

configuration of an on-board instrument setting system 415

according to an embodiment of the present invention. The

on-board instrument setting system 4 includes display

devices 1-1 to 1-3 and a signal output device 3. The

display devices 1-1 to 1-3 are on-board instruments mounted

on a train (not illustrated). The display devices 1-1 to20

1-3 belong to a display system in the train. The display

devices 1-1 to 1-3 are connected to one another via cables

2. The display system in the train is a system that

transmits data such as display data from a terminal device

(not illustrated) mounted on each car to the display25

devices 1-1 to 1-3 using Ethernet (registered trademark)

communication, for example. The display devices 1-1 to 1-3

may be referred to as the display device(s) 1 when they not

distinguished. In FIG. 1, the number of display devices 1

is three, which is only an example. The number of display30

devices 1 may be two or may be four or more. In the on-

board instrument setting system 4 illustrated in FIG. 1,

the display devices 1 are connected in the form of a daisy
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chain, which is only an example. The method of connecting

the display devices 1 is not limited to this. In the on-

board instrument setting system 4, the display devices 1

may be connected to one another via a relay device (not

illustrated).5

[0011] The display device 1 is connected to the cables 2

by a connector 30 and a connector 50 and is connected to

the adjacent display devices 1 via the cables 2. The

display device 1 is connected to the signal output device 3

by a connector 40. The signal output device 3 outputs a10

second digital signal (hereinafter referred to as a second

signal) to the display device 1. In response to receiving

a first digital signal (hereinafter referred to as a first

signal) from the display device 1, the signal output device

3 generates a second signal on the basis of the number of15

streams of the first signal input and the signal value of

the first signal, and outputs the second signal to the

display device 1. The display device 1 can receive a

second signal from the signal output device 3 and output a

first signal to the signal output device 3. Using the20

second signal input from the signal output device 3, the

display device 1 sets identification information for

identifying the display device 1. As described above,

identification information is information including a train

number, a car number, and an instrument number.25

Hereinafter, an exemplary case in which the display device

1 sets its instrument number, using a second signal from

the signal output device 3 will be described in detail.

Note that the display device 1 can also set a train number

and a car number in the same manner as the display device 130

sets its instrument number. The description of the present

embodiment is based on the assumption that the display

device 1 includes eight terminals that can be used as
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Digital-In (DI), and that the number of bits to be used for

the instrument number may be more than eight. When the

number of bits to be used for the instrument number is

eight or less, the display device 1 can also set the

instrument number with a conventional method without using5

the signal output device 3.

[0012] Although FIG. 1 is a simplified diagram, second

signals of up to 8 bits from the signal output device 3 are

received in parallel by the display devices 1. The display

device 1 includes eight terminals that can be used as DI,10

and one or more of the eight terminals can be used as

Digital-Out (DO). DI is an input terminal of the display

device 1, and DO is an output terminal of the display

device 1. In other words, the display device 1 can

allocate, to DO, one or more of the eight bits that can be15

used as DI. On the basis of an instruction signal from a

setting method instruction unit 20, a control unit 10 of

the display device 1 determines the terminal(s) to be used

as DO and the terminals to be used as DI from the eight

terminals. An instruction signal indicates the number of20

terminals to be used as DO out of the eight terminals. The

setting method instruction unit 20 may accept settings from

a user through a switch or the like to generate and output

an instruction signal, or may output the instruction signal

designated in the manufacturing stage of the display device25

1. The setting method instruction unit 20 may be a small

instrument that is removably attached to the display device

1, and may be configured such that upon attachment to the

display device 1, the setting method instruction unit 20

outputs the instruction signal set by a user.30

[0013] The configuration of the display device 1 will be

described. FIG. 2 is a block diagram illustrating an

exemplary configuration of the display device 1 according
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to the present embodiment. The display device 1 includes

the control unit 10 and the setting method instruction unit

20. The control unit 10 includes a setting unit 12, a

switching unit 13, a storage unit 15, and a variable

terminal group 17.5

[0014] The variable terminal group 17 includes a total

of eight terminals: terminals 18-1 to 18-3; and terminals

19-1 to 19-5. The terminals 18-1 to 18-3 are first

terminals that can be used as DI or DO. The terminals 19-1

to 19-5 are second terminals that can be used as DI. Here,10

out of the eight terminals of the variable terminal group

17, the three terminals 18-1 to 18-3 corresponding to the

upper three bits are first terminals, and the five

terminals 19-1 to 19-5 corresponding to the lower five bits

are second terminals. Specifically, the terminal 18-115

corresponds to the most significant, or uppermost bit (b7),

the terminal 18-2 corresponds to the bit (b6), and the

terminal 18-3 corresponds to the bit (b5). The terminal

19-1 corresponds to the bit (b4), the terminal 19-2

corresponds to the bit (b3), the terminal 19-3 corresponds20

to the bit (b2), the terminal 19-4 corresponds to the bit

(b1), and the terminal 19-5 corresponds to the least

significant, or lowermost bit (b0). The terminals 18-1 to

18-3 are referred to as the terminal(s) 18 when they are

not distinguished, and the terminals 19-1 to 19-5 are25

referred to as the terminal(s) 19 when they are not

distinguished. The number of first terminals and second

terminals is not limited to that of the example of FIG. 2

as long as one or more first terminals and one or more

second terminals are provided. However, if the variable30

terminal group 17 includes two terminals one of which is

used as DO, its effect is equivalent to the effect of using

the two terminals as DI, and no advantage can be obtained.
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Therefore, the number of terminals of the variable terminal

group 17 is preferably three or more. The number of

terminals of the variable terminal group 17 is not limited

to eight. Note that the number of terminals of the

variable terminal group 17 is also referred to as the5

number of contacts. In this case, the number of contacts

of the variable terminal group 17 is eight.

[0015] Under the control of the setting unit 12, the

switching unit 13 switches the terminals 18-1 to 18-3,

namely the first terminals, of the variable terminal group10

17 to DI or DO. The switching unit 13 includes switches

14-1 to 14-3. The switch 14-1 switches the use of the

terminal 18-1 to the use as DI or DO under the control of

the setting unit 12. The setting unit 12 closes the switch

14-1 when the terminal 18-1 is used as DO. The switch 14-215

switches the use of the terminal 18-2 to use as DI or DO

under the control of the setting unit 12. The setting unit

12 closes the switch 14-2 when the terminal 18-2 is used as

DO. The switch 14-3 switches the use of the terminal 18-3

to use as DI or DO under the control of the setting unit 12.20

The setting unit 12 closes the switch 14-3 when the

terminal 18-3 is used as DO. The switches 14-1 to 14-3 are

referred to as the switch(es) 14 when they are not

distinguished. The switching unit 13 outputs the first

signal input from the setting unit 12 to the terminal(s) 1825

and the storage unit 15.

[0016] The storage unit 15 includes a first storage unit

16-1 and a second storage unit 16-2. The first storage

unit 16-1 is an 8-bit register that can store the signal

value of a signal of eight bits equal to the total number30

(eight) of first and second terminals of the variable

terminal group 17. The signal value of an 8-bit signal is

a combination of the signal value of a first signal and the
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signal value of a second signal or consists of only the

signal value of a second signal. Hereinafter, the signal

value of a first signal may be referred to as a first

signal value. The signal value of a second signal may be

referred to as a second signal value. When a first signal5

is not input from the switching unit 13, the first storage

unit 16-1 stores the signal value of the second signal

input from the signal output device 3 to the DI of the

variable terminal group 17 of the display device 1. In

contrast, when a first signal is input from the switching10

unit 13, the first storage unit 16-1 stores the signal

value of the first signal input from the switching unit 13

and the signal value of the second signal input from the

signal output device 3 to the DI of the variable terminal

group 17 of the display device 1. For example, when all15

the eight terminals of the variable terminal group 17 are

DI, the first storage unit 16-1 stores an 8-bit second

signal value. When one of the eight terminals 18 of the

variable terminal group 17 is DO and the other seven

terminals are DI, the first storage unit 16-1 stores a 1-20

bit first signal value and a 7-bit second signal value.

When two of the eight terminals 18 of the variable terminal

group 17 are DO and the other six terminals are DI, the

first storage unit 16-1 stores a 2-bit first signal value

and a 6-bit second signal value. When three of the eight25

terminals 18 of the variable terminal group 17 are DO and

the other five terminals 19 are DI, the first storage unit

16-1 stores a 3-bit first signal value and a 5-bit second

signal value.

[0017] When one or more of the eight terminals 18 of the30

variable terminal group 17 are used as DO, the second

storage unit 16-2 stores a third signal value using a

plurality of second signal values stored in the first
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storage unit 16-1 at different timings, that is, a

plurality of second signal values stored in the first

storage unit 16-1 together with different first signal

values. A third signal value is a signal value obtained by

arraying second signal values at designated positions in5

the second storage unit 16-2 in accordance with the signal

value of the first signal input from the switching unit 13.

The second storage unit 16-2 further includes a number of

storage units corresponding to the number of terminals 18

used as DO. Specifically, the second storage unit 16-210

includes a third storage unit 16-3 that stores a 14-bit

third signal value, a fourth storage unit 16-4 that stores

a 24-bit third signal value, and a fifth storage unit 16-5

that stores a 40-bit third signal value.

[0018] The third storage unit 16-3 stores a 14-bit third15

signal value when one terminal 18 of the variable terminal

group 17 is used as DO. The third storage unit 16-3 is a

14-bit register that stores a third signal value of 14

(7×2
1
) bits, i.e. a combination of 7-bit second signal

values for the first signal values “0” and “1”. In the20

third storage unit 16-3, as illustrated in FIG. 2, the

array of 7-bit second signal values corresponding to the

respective first signal values is predetermined by the

first signal values “0” and “1”.

[0019] The fourth storage unit 16-4 stores a 24-bit25

third signal value when two terminals 18 of the variable

terminal group 17 are used as DO. The fourth storage unit

16-4 is a 24-bit register that stores a third signal value

of 24 (6×2
2
) bits, i.e. a combination of 6-bit second

signal values for the first signal values “00”, “01”, “10”,30

and “11”. In the fourth storage unit 16-4, as illustrated

in FIG. 2, the array of 6-bit second signal values

corresponding to the respective first signal values is
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predetermined by the first signal values “00”, “01”, “10”,

and “11”.

[0020] The fifth storage unit 16-5 stores a 40-bit third

signal value when three terminals 18 of the variable

terminal group 17 are used as DO. The fifth storage unit5

16-5 is a 40-bit register that stores a third signal value

of 40 (5×2
3
) bits, i.e. a combination of 5-bit second

signal values for the first signal values “000”, “001”,

“010”, “011”, “100”, “101”, “110”, and “111”. In the fifth

storage unit 16-5, as illustrated in FIG. 2, the array of10

5-bit second signal values corresponding to the respective

first signal values is predetermined by the first signal

values “000”, “001”, “010”, “011”, “100”, “101”, “110”, and

“111”.

[0021] In the second storage unit 16-2, the third15

storage unit 16-3, the fourth storage unit 16-4, and the

fifth storage unit 16-5 are not used at the same time. One

of the storage units 16-3 to 16-5 is used according to the

number of terminals 18 used as DO in the variable terminal

group 17.20

[0022] Note that the configuration of the second storage

unit 16-2 illustrated in FIG. 2 is only an example, and the

present invention is not limited to this. The second

storage unit 16-2 may include only one storage unit,

instead of a number of storage units corresponding to the25

number of terminals 18 used as DO. For example, when the

number of terminals 18 that can be used as DO in the

display device 1 is three as illustrated in FIG. 2, the

second storage unit 16-2 includes one sixth storage unit

(not illustrated) that can store a signal value of 40 bits30

or more. The second storage unit 16-2 arrays and stores

second signal values from the lower side of the sixth

storage unit in accordance with first signal values, and
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sets the unused portion of the sixth storage unit to “0”.

Specifically, suppose that the sixth storage unit is a 64-

bit register capable of storing a 64-bit third signal value.

When one terminal 18 of the variable terminal group 17 is

used as DO, the second storage unit 16-2 stores a third5

signal value of 14 (7×2
1
) bits on the lower side of the

sixth storage unit, and sets the upper 50 bits of the sixth

storage unit to “0”. The array of 7-bit second signal

values in the sixth storage unit may be the same as that in

the example of the third storage unit 16-3 illustrated in10

FIG. 2. When two terminals 18 of the variable terminal

group 17 are used as DO, the second storage unit 16-2

stores a third signal value of 24 (6×2
2
) bits on the lower

side of the sixth storage unit, and sets the upper 40 bits

of the sixth storage unit to “0”. The array of 6-bit15

second signal values in the sixth storage unit may be the

same as that in the example of the fourth storage unit 16-4

illustrated in FIG. 2. When three terminals 18 of the

variable terminal group 17 are used as DO, the second

storage unit 16-2 stores a third signal value of 40 (5×2
3
)20

bits on the lower side of the sixth storage unit, and sets

the upper 24 bits of the sixth storage unit to “0”. The

array of 5-bit second signal values in the sixth storage

unit may be the same as that in the example of the fifth

storage unit 16-5 illustrated in FIG. 2.25

[0023] In a case where the second storage unit 16-2

includes the sixth storage unit, when the number of

terminals used as DO in the variable terminal group 17 is

“0”, that is, when all the eight terminals are used as DI,

the 8-bit second signal value stored in the first storage30

unit 16-1 may be stored as the third signal value.

[0024] The setting unit 12 determines, from the

instruction signal input from the setting method
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instruction unit 20, the number of first terminals 18 to be

used as DO, that is, the number of bits. The setting unit

12 controls the switching unit 13 on the basis of the

determination result, that is, the instruction signal.

Specifically, when at least one terminal 18 is to be used5

as DO, the setting unit 12 closes the switch 14 of the

switching unit 13 connected to the terminal 18 that is used

as DO. When at least one terminal 18 is to be used as DO,

the setting unit 12 outputs a first signal to the terminal

18 that is used as DO via the switching unit 13, more10

specifically, the closed switch 14. The setting unit 12

switches the signal value of the first signal for output

after the lapse of a predetermined time. When at least one

terminal 18 is to be used as DO, the setting unit 12

controls the switching unit 13 for switching to DO in order15

from the terminal 18 corresponding to the most significant

bit, namely the terminal 18-1. Specifically, in order to

use one terminal 18 as DO, the setting unit 12 selects the

terminal 18-1 as the terminal 18 that is used as DO. In

order to use two terminals 18 as DO, the setting unit 1220

selects the terminals 18-1 and 18-2 as the terminals 18

that are used as DO. In order to use three terminals 18 as

DO, the setting unit 12 selects the terminals 18-1 to 18-3

as the terminals 18 that are used as DO. The setting unit

12 also reads the second signal value or the third signal25

value from the storage unit 15 on the basis of the

instruction signal, and acquires information on the signal

value of the second signal input from the signal output

device 3 to the display device 1. Specifically, if the

instruction signal indicates that no terminal 18 is used as30

DO, the setting unit 12 reads the second signal value from

the first storage unit 16-1. If the instruction signal

indicates that at least one terminal 18 is used as DO, the
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setting unit 12 reads the third signal value from the

second storage unit 16-2. The setting unit 12 sets

identification information using the read signal value,

that is, information on the signal value of the second

signal input from the signal output device 3 to the display5

device 1. In a case where the second storage unit 16-2 of

the storage unit 15 includes the sixth storage unit and an

8-bit second signal value is stored as the third signal

value in the sixth storage unit, the setting unit 12 may

read the third signal value from the sixth storage unit of10

the second storage unit 16-2 regardless of the number of

terminals 18 used as DO. In this case, on the basis of the

instruction signal, that is, the number of terminals 18

used as DO, the setting unit 12 reads, from the sixth

storage unit of the second storage unit 16-2, the third15

signal value of the lower 8 bits, the third signal value of

the lower 14 bits, the third signal value of the lower 24

bits, or the third signal value of the lower 40 bits.

[0025] In the display device 1, the number of first

terminals that can be used as DI or DO is three, which is20

only an example. The present invention is not limited to

this. In the display device 1, the number of first

terminals 18 that can be used as DI or DO is equal to the

number of switches 14 of the switching unit 13. In a case

where the second storage unit 16-2 includes a number of25

storage units corresponding to the number of terminals 18

used as DO, the number of storage units in the second

storage unit 16-2 is equal to the number of terminals 18

and the number of switches 14 of the switching unit 13.

[0026] Next, the configuration of the signal output30

device 3 will be described. FIG. 3 is a block diagram

illustrating an exemplary configuration of the signal

output device 3 according to the present embodiment. The
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signal output device 3 includes a signal detection unit 31,

a signal generation unit 32, an output control unit 33, and

a terminal group 34.

[0027] The terminal group 34 includes a total of eight

terminals 35-1 to 35-8. Here, the terminal 35-15

corresponds to the bit (b7). The terminal 35-2 corresponds

to the bit (b6). The terminal 35-3 corresponds to the bit

(b5). The terminal 35-4 corresponds to the bit (b4). The

terminal 35-5 corresponds to the bit (b3). The terminal

35-6 corresponds to the bit (b2). The terminal 35-710

corresponds to the bit (b1). The the terminal 35-8

corresponds to the bit (b0). The terminals 35-1 to 35-8 of

the signal output device 3 are connected in a one-to-one

correspondence to the terminals 18-1 to 18-3 and 19-1 to

19-5 of the same bit positions in the display device 1,15

respectively.

[0028] After a first signal is output from the display

device 1, the signal detection unit 31 detects the first

signal at the terminals 35-1 to 35-3 of the terminal group

34. Specifically, the signal detection unit 31 detects the20

number of streams of the first signal and the signal value

of the first signal. The signal detection unit 31 detects

the first signal output in one stream from the display

device 1 at the terminal 35-1 corresponding to the bit (b7).

The signal detection unit 31 detects the first signal25

output in two streams from the display device 1 at the

terminal 35-1 corresponding to the bit (b7) and the

terminal 35-2 corresponding to the bit (b6). The signal

detection unit 31 detects the first signal output in three

streams from the display device 1 at the terminal 35-130

corresponding to the bit (b7), the terminal 35-2

corresponding to the bit (b6), and the terminal 35-3

corresponding to the bit (b5).
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[0029] On the basis of the detection result of the

signal detection unit 31, specifically the number of

streams of the first signal, the signal generation unit 32

determines the number of bits of the second signal to be

output from the signal output device 3 to the display5

device 1, that is, the number of streams of the second

signal to be generated. The signal generation unit 32 also

determines the signal value of each bit of the second

signal for each signal value of the first signal detected

by the signal detection unit 31, and generates the second10

signal for each signal value of the first signal.

Specifically, when a first signal is not input from the

display device 1, the signal generation unit 32 generates

one pattern of an 8-bit second signal. When a first signal

is input from the display device 1 in one stream, the15

signal generation unit 32 generates two (2
1
) patterns of a

7-bit second signal in accordance with each signal value of

the first signal. When a first signal is input from the

display device 1 in two streams, the signal generation unit

32 generates four (2
2
) patterns of a 6-bit second signal in20

accordance with each signal value of the first signal.

When a first signal is input from the display device 1 in

three streams, the signal generation unit 32 generates

eight (2
3
) patterns of a 5-bit second signal in accordance

with each signal value of the first signal. When the25

signal generation unit 32 generates a plurality of patterns

of a second signal, some of the patterns of the second

signal may have the same signal value. The signal

generation unit 32 may automatically generate the signal

value of a second signal, or may accept an operation from a30

user to generate the signal value of a second signal.

[0030] The output control unit 33 outputs the second

signal generated by the signal generation unit 32 to the
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display device 1 via the terminal group 34 on the basis of

the detection result of the signal detection unit 31.

Specifically, the output control unit 33 performs control

to output the second signal generated by the signal

generation unit 32 from the terminals other than the5

terminal(s) at which the signal detection unit 31 has

detected the first signal. When an 8-bit second signal is

generated by the signal generation unit 32, the output

control unit 33 performs control to output the 8-bit second

signal, using the eight terminals 35-1 to 35-8 of the10

terminal group 34. When a 7-bit second signal is generated

by the signal generation unit 32, the output control unit

33 performs control to output the 7-bit second signal by

switching the signal value of the 7-bit second signal in

accordance with the signal value of the first signal, using15

the seven terminals 35-2 to 35-8 of the terminal group 34.

When a 6-bit second signal is generated by the signal

generation unit 32, the output control unit 33 performs

control to output the 6-bit second signal by switching the

signal value of the 6-bit second signal in accordance with20

the signal value of the first signal, using the six

terminals 35-3 to 35-8 of the terminal group 34. When a 5-

bit second signal is generated by the signal generation

unit 32, the output control unit 33 performs control to

output the 5-bit second signal by switching the signal25

value of the 5-bit second signal in accordance with the

signal value of the first signal, using the five terminals

35-4 to 35-8 of the terminal group 34.

[0031] Next, an operation in which the display device 1

sets the instrument number of identification information30

will be described. FIG. 4 is a flowchart illustrating an

operation in which the display device 1 according to the

present embodiment sets its instrument number. First, the
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setting method instruction unit 20 of the display device 1

outputs, to the control unit 10, an instruction signal

indicating the number of terminals to be used as DO out of

the eight terminals of the variable terminal group 17. On

the basis of the instruction signal from the setting method5

instruction unit 20, the setting unit 12 of the control

unit 10 determines the number of bits of DO, that is, the

number of terminals to be used as DO in the variable

terminal group 17 (step S1).

[0032] If the instruction signal indicates that at least10

one terminal 18 is to be used as DO in the variable

terminal group 17 (step S2: Yes), the setting unit 12

closes the switch 14 of the switching unit 13 connected to

the terminal 18 that is used as DO (step S3). Specifically,

when one terminal 18 is to be used as DO in the variable15

terminal group 17, the setting unit 12 closes the switch

14-1 and opens the switches 14-2 and 14-3. When two

terminals 18 are to be used as DO in the variable terminal

group 17, the setting unit 12 closes the switches 14-1 and

14-2 and opens the switch 14-3. When three terminals 1820

are to be used as DO in the variable terminal group 17, the

setting unit 12 closes the switches 14-1 to 14-3.

[0033] The setting unit 12 outputs a first signal via

the closed switch 14 to the terminal 18 connected to the

closed switch 14, and the terminal 18 outputs the first25

signal to the signal output device 3 (step S4). Note that

the setting unit 12 can determine whether the signal output

device 3 is connected to the display device 1, by checking

the state, i.e. voltage value, of the terminal 18 that

outputs the first signal. When the first signal is input30

from the switching unit 13, that is, the switch 14, the

storage unit 15 stores, in the first storage unit 16-1, the

signal value of the input first signal and the signal value
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of the second signal input from the signal output device 3

after the first signal, and stores the signal value of the

input second signal in the array portion of the second

storage unit 16-2 corresponding to the first signal value

(step S5). The setting unit 12 checks whether the first5

signal has been output in all patterns that can be set as

the signal value of the first signal (step S6). If at

least one signal value pattern of the first signal has not

been output (step S6: No), the setting unit 12 switches the

signal value and outputs the first signal after the lapse10

of a predetermined time (step S7). Thereafter, the control

unit 10 returns to step S5 and performs the above-described

operation.

[0034] Here, steps S4 to S7 will be described in detail.

Referring to steps S4, S6, and S7, if the setting unit 1215

closes the switch 14-1, the setting unit 12 outputs a first

signal to the terminal 18-1 via the switch 14-1. First,

the setting unit 12 outputs the first signal with the

signal value “0”, and after the lapse of a predetermined

time, switches the signal value and outputs the first20

signal with the signal value “1”. The setting unit 12 may

output the first signal with the signal values “0” and “1”

only once or repeatedly.

[0035] If the setting unit 12 closes the switches 14-1

and 14-2, the setting unit 12 outputs a first signal in two25

streams to the terminal 18-1 via the switch 14-1 and to the

terminal 18-2 via the switch 14-2. In the following

detailed description, the phrase “via the switch 14” is

omitted for the sake of brevity. First, the setting unit

12 outputs a first signal stream with the signal value “0”30

to the terminal 18-1 and outputs a first signal stream with

the signal value “0” to the terminal 18-2. After the lapse

of a predetermined time, the setting unit 12 outputs the
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first signal stream with the signal value “0” to the

terminal 18-1 and outputs the first signal stream with the

signal value “1” to the terminal 18-2. After the lapse of

another predetermined time, the setting unit 12 outputs the

first signal stream with the signal value “1” to the5

terminal 18-1 and outputs the first signal stream with the

signal value “0” to the terminal 18-2. After the lapse of

still another predetermined time, the setting unit 12

outputs the first signal stream with the signal value “1”

to the terminal 18-1 and outputs the first signal stream10

with the signal value “1” to the terminal 18-2. The

setting unit 12 may output the first signal with the

combinations of the signal values only once or repeatedly.

[0036] If the setting unit 12 closes the switches 14-1

to 14-3, the setting unit 12 outputs a first signal in15

three streams to the terminal 18-1 via the switch 14-1, to

the terminal 18-2 via the switch 14-2, and to the terminal

18-3 via the switch 14-3. In the following detailed

description, the phrase “via the switch 14” is omitted for

the sake of brevity. First, the setting unit 12 outputs a20

first signal stream with the signal value “0” to the

terminal 18-1, outputs a first signal stream with the

signal value “0” to the terminal 18-2, and outputs a first

signal stream with the signal value “0” to the terminal 18-

3. After the lapse of a predetermined time, the setting25

unit 12 outputs the first signal stream with the signal

value “0” to the terminal 18-1, outputs the first signal

stream with the signal value “0” to the terminal 18-2, and

outputs the first signal stream with the signal value “1”

to the terminal 18-3. After the lapse of another30

predetermined time, the setting unit 12 outputs the first

signal stream with the signal value “0” to the terminal 18-

1, outputs the first signal stream with the signal value “1”
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to the terminal 18-2, and outputs the first signal stream

with the signal value “0” to the terminal 18-3. After the

lapse of still another predetermined time, the setting unit

12 outputs the first signal stream with the signal value “0”

to the terminal 18-1, outputs the first signal stream with5

the signal value “1” to the terminal 18-2, and outputs the

first signal stream with the signal value “1” to the

terminal 18-3. After the lapse of still another

predetermined time, the setting unit 12 outputs the first

signal stream with the signal value “1” to the terminal 18-10

1, outputs the first signal stream with the signal value “0”

to the terminal 18-2, and outputs the first signal stream

with the signal value “0” to the terminal 18-3. After the

lapse of still another predetermined time, the setting unit

12 outputs the first signal stream with the signal value “1”15

to the terminal 18-1, outputs the first signal stream with

the signal value “0” to the terminal 18-2, and outputs the

first signal stream with the signal value “1” to the

terminal 18-3. After the lapse of still another

predetermined time, the setting unit 12 outputs the first20

signal stream with the signal value “1” to the terminal 18-

1, outputs the first signal stream with the signal value “1”

to the terminal 18-2, and outputs the first signal stream

with the signal value “0” to the terminal 18-3. After the

lapse of still another predetermined time, the setting unit25

12 outputs the first signal stream with the signal value “1”

to the terminal 18-1, outputs the first signal stream with

the signal value “1” to the terminal 18-2, and outputs the

first signal stream with the signal value “1” to the

terminal 18-3. The setting unit 12 may output the first30

signal with the combinations of the signal values only once

or repeatedly.

[0037] Referring to step S5, when the first signal with
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the signal value “0” is input from the switch 14-1 of the

switching unit 13 to the storage unit 15, the storage unit

15 stores, in the first storage unit 16-1, the signal value

“0” of the first signal input from the switching unit 13

and the signal value of the 7-bit second signal input from5

the signal output device 3, and stores the signal value of

the input 7-bit second signal in the array portion of the

third storage unit 16-3 corresponding to the first signal

value “0”. When the first signal with the signal value “1”

is input from the switching unit 13 to the storage unit 15,10

the storage unit 15 stores, in the first storage unit 16-1,

the signal value “1” of the first signal input from the

switching unit 13 and the signal value of the 7-bit second

signal input from the signal output device 3, and stores

the signal value of the input 7-bit second signal in the15

array portion of the third storage unit 16-3 corresponding

to the first signal value “1”. Consequently, the third

storage unit 16-3 can store the 14-bit third signal value.

When the signal value of the input first signal and the

signal value of the input second signal are stored in the20

first storage unit 16-1, the signal value of the first

signal and the signal value of the second signal previously

stored are overwritten, if such exist. The same applies to

the following.

[0038] When the first signal with the signal value “00”25

is input from the switching unit 13 to the storage unit 15,

the storage unit 15 stores, in the first storage unit 16-1,

the signal value “00” of the first signal input from the

switching unit 13 and the signal value of the 6-bit second

signal input from the signal output device 3, and stores30

the signal value of the input 6-bit second signal in the

array portion of the fourth storage unit 16-4 corresponding

to the first signal value “00”. Note that the first signal



Docket No. PMAA-19200-US,EP,IN,SG, Status: FINAL

23

value “00” is a combination of the signal values of the

first signal from the switches 14-1 and 14-2, and consists

of the signal value of the first signal stream from the

switch 14-1 and the signal value of the first signal stream

from the switch 14-2 in order from the left. When the5

first signal with the signal value “01” is input from the

switching unit 13 to the storage unit 15, the storage unit

15 stores, in the first storage unit 16-1, the signal value

“01” of the first signal input from the switching unit 13

and the signal value of the 6-bit second signal input from10

the signal output device 3, and stores the signal value of

the input 6-bit second signal in the array portion of the

fourth storage unit 16-4 corresponding to the first signal

value “01”. The same applies to the first signal values

“10” and “11”. Consequently, the fourth storage unit 16-415

can store the 24-bit third signal value.

[0039] When the first signal with the signal value “000”

is input from the switching unit 13 to the storage unit 15,

the storage unit 15 stores, in the first storage unit 16-1,

the signal value “000” of the first signal input from the20

switching unit 13 and the signal value of the 5-bit second

signal input from the signal output device 3, and stores

the signal value of the input 5-bit second signal in the

array portion of the fifth storage unit 16-5 corresponding

to the first signal value “000”. Note that the first25

signal value “000” is a combination of the signal values of

the first signal from the switches 14-1 to 14-3, and

consists of the signal value of the first signal stream

from the switch 14-1, the signal value of the first signal

stream from the switch 14-2, and the signal value of the30

first signal stream from the switch 14-3 in order from the

left. When the first signal with the signal value “001” is

input from the switching unit 13 to the storage unit 15,
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the storage unit 15 stores, in the first storage unit 16-1,

the signal value “001” of the first signal input from the

switching unit 13 and the signal value of the 5-bit second

signal input from the signal output device 3, and stores

the signal value of the input 5-bit second signal in the5

array portion of the fifth storage unit 16-5 corresponding

to the first signal value “001”. The same applies to the

first signal values “010”, “011”, “100”, “101”, “110”, and

“111”. Consequently, the fifth storage unit 16-5 can store

the 40-bit third signal value.10

[0040] In a case where the second storage unit 16-2

includes the sixth storage unit, the storage unit 15 stores

the signal values of the input second signal in order from

the lower side in accordance with the first signal values.

Even in this case, the second storage unit 16-2 of the15

storage unit 15 can store the third signal value of a

number of bits corresponding to the number of bits of the

signal values of the input second signal.

[0041] Returning back to FIG. 4, if the instruction

signal indicates that no terminal 18 is to be used as DO in20

the variable terminal group 17 (step S2: No), the setting

unit 12 opens all the switches 14-1 to 14-3 of the

switching unit 13 (step S8). The storage unit 15 stores

the signal value of the second signal input from the signal

output device 3 in the first storage unit 16-1 (step S9).25

[0042] After step S9 or after the first signal is output

in all patterns (step S6: Yes), the setting unit 12 reads

the signal value from the storage unit 15 on the basis of

the instruction signal (step S10), and acquires information

on the signal value of the second signal input from the30

signal output device 3 to the display device 1.

Specifically, when the instruction signal indicates that at

least one terminal 18 is used as DO in the variable
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terminal group 17, the setting unit 12 reads the third

signal value from the second storage unit 16-2. When the

instruction signal indicates that no terminal 18 is used as

DO in the variable terminal group 17, the setting unit 12

reads the second signal value from the first storage unit5

16-1. In a case where the second storage unit 16-2

includes the sixth storage unit and the sixth storage unit

stores the 8-bit second signal value stored in the first

storage unit 16-1 as the third signal value, the setting

unit 12 reads the third signal value from the sixth storage10

unit of the second storage unit 16-2 regardless of the

number of terminals 18 used as DO. The setting unit 12

sets the instrument number, using the read signal value

(step S11). The setting unit 12 may use the read signal

value as it is for the instrument number, or may perform a15

predetermined calculation using the read signal value and

use the calculation result for the instrument number. Thus,

by reading the third signal value from the second storage

unit 16-2, the setting unit 12 can set the instrument

number using information of a larger number of bits than20

the number of terminals of the variable terminal group 17.

[0043] FIG. 5 is a flowchart illustrating an operation

in which the signal output device 3 according to the

present embodiment outputs a signal. In the signal output

device 3, the signal detection unit 31 checks whether a25

first signal has been input from the display device 1 (step

S21). Note that the signal detection unit 31 can determine

whether the display device 1 is connected to the signal

output device 3, by checking the state, i.e. voltage value,

of the terminals 35-1 to 35-3 to which a first signal may30

be input. If a first signal has been input (step S21: Yes),

signal, where n is the number of streams of the first
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signal input (step S22). In the present embodiment, the

value of n is one, two, or three. If a first signal has

not been input (step S21: No), the signal generation unit

32 generates an 8-bit second signal (step S23). The output

control unit 33 outputs the second signal generated by the5

signal generation unit 32, to the display device 1 via the

terminal group 34 (step S24).

[0044] Next, the hardware configuration of the control

unit 10 in the display device 1 will be described. In the

display device 1, the control unit 10 is implemented by a10

processing circuit. That is, the display device 1 includes

a processing circuit for increasing the number of bits of

information to be used without increasing the number of

terminals. The processing circuit may be a memory and a

processor that executes a program stored in the memory, or15

may be dedicated hardware.

[0045] FIG. 6 is a diagram illustrating an exemplary

case where the processing circuit of the display device 1

according to the present embodiment is configured with a

processor and a memory. In a case where the processing20

circuit is configured with the processor 91 and the memory

92, each function of the processing circuit of the display

device 1 is implemented by software, firmware, or a

combination of software and firmware. Software or firmware

is described as programs and stored in the memory 92. In25

the processing circuit, the processor 91 reads and executes

the programs stored in the memory 92, thereby implementing

each function. That is, the processing circuit includes

the memory 92 for storing programs that are executed to

eventually increase the number of bits of information to be30

used without increasing the number of terminals. It can

also be said that these programs cause a computer to

execute the procedures and methods for the display device 1.
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[0046] The processor 91 may be a central processing unit

(CPU), a processing device, an arithmetic device, a

microprocessor, a microcomputer, or a digital signal

processor (DSP). Examples of the memory 92 include a non-

volatile or volatile semiconductor memory, a magnetic disk,5

a flexible disk, an optical disc, a compact disc, a mini

disc, a digital versatile disc (DVD), and the like.

Examples of non-volatile or volatile semiconductor memories

include a random access memory (RAM), a read only memory

(ROM), a flash memory, an erasable programmable ROM (EPROM),10

an electrically EPROM (EEPROM, registered trademark), and

the like.

[0047] FIG. 7 is a diagram illustrating an exemplary

case where the processing circuit of the display device 1

according to the present embodiment is configured with15

dedicated hardware. In a case where the processing circuit

is configured with dedicated hardware, the processing

circuit 93 illustrated in FIG. 7 corresponds, for example,

to a single circuit, a composite circuit, a programmed

processor, a parallel programmed processor, an application20

specific integrated circuit (ASIC), a field programmable

gate array (FPGA), or a combination thereof. The functions

of the display device 1 may be implemented by the

processing circuit 93 separately or collectively.

[0048] Note that some of the functions of the display25

device 1 may be implemented by dedicated hardware, and the

other functions may be implemented by software or firmware.

In this manner, the processing circuit can implement the

above-described functions using dedicated hardware,

software, firmware, or a combination thereof.30

[0049] As with the control unit 10, the setting method

instruction unit 20 of the display device 1 can be

implemented by the processing circuit illustrated in FIG. 6
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or 7. The setting method instruction unit 20 may be in the

form of a small instrument that is removably attached to

the display device 1 as described above. As with the

display device 1, the signal output device 3 can be

implemented by the processing circuit illustrated in FIG. 65

or 7.

[0050] As described above, according to the present

embodiment, in the display device 1, the control unit 10

includes the terminals 18 that can be used as DI or DO.

When one or more terminals 18 are used as DO, the second10

signal corresponding to the first signal output from the

terminals 18 is input from the signal output device 3, and

the instrument number of identification information is set

using a plurality of second signals input from the signal

output device 3. Consequently, the control unit 10 can15

increase the number of bits of information that can be used

for setting the instrument number without increasing the

number of terminals for capturing the value of each bit of

the second signal input from the signal output device 3.

[0051] In the above description, a display device is20

used as an on-board instrument mounted on a train, which is

only an example. An on-board instrument may be an air-

conditioning device, a communication device, etc. In the

display device 1, the value of each bit obtained without

increasing the number of terminals with the method25

described in the present embodiment, that is, information

on the signal value of the second signal input from the

signal output device 3 to the display device 1, can be used

for applications other than the setting of the instrument

number.30

[0052] The configurations described in the above-

mentioned embodiment indicate examples of the contents of

the present invention. The configurations can be combined
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with another well-known technique, and some of the

configurations can be omitted or changed in a range not

departing from the gist of the present invention.

Reference Signs List5

[0053] 1, 1-1 to 1-3 display device; 2 cable; 3

signal output device; 4 on-board instrument setting

system; 10 control unit; 12 setting unit; 13 switching

unit; 14-1 to 14-3 switch; 15 storage unit; 16-1 first

storage unit; 16-2 second storage unit; 16-3 third10

storage unit; 16-4 fourth storage unit; 16-5 fifth

storage unit; 17 variable terminal group; 18-1 to 18-3,

19-1 to 19-5, 35-1 to 35-8 terminal; 20 setting method

instruction unit; 30, 40, 50 connector; 31 signal

detection unit; 32 signal generation unit; 33 output15

control unit; 34 terminal group.
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CLAIMS

1. An on-board instrument comprising:

a variable terminal group including one or more first

terminals each usable as an input terminal or an output

terminal and one or more second terminals each usable as an5

input terminal;

a switching unit to switch the first terminals to the

input terminal or the output terminal;

a setting unit to control the switching unit on a

basis of an instruction signal indicating the number of10

first terminals to be used as the output terminal, and if

at least one of the first terminals is used as the output

terminal, output a first signal to the first terminal that

is used as the output terminal via the switching unit; and

a storage unit capable of storing a second signal15

value and a third signal value, the second signal value

being a signal value of a second signal input from the

input terminal, the third signal value being a signal value

obtained by arraying a plurality of the second signal

values on the basis of a first signal value that is a20

signal value of the first signal, wherein

the setting unit reads the second signal value or the

third signal value from the storage unit on the basis of

the instruction signal, and acquires information on the

signal value of the second signal input.25

2. The on-board instrument according to claim 1, wherein

the storage unit includes:

a first storage unit to store the second signal value,

the first storage unit being capable of storing the signal30

value of the second signal of a number of bits, the number

being equal to the total number of first terminals and

second terminals of the variable terminal group; and
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a second storage unit to store the third signal value

obtained by arraying the second signal value stored in the

first storage unit at a position designated by the first

signal value, and

on the basis of the instruction signal, the setting5

unit reads the second signal value from the first storage

unit or reads the third signal value from the second

storage unit.

3. The on-board instrument according to claim 1 or 2,10

wherein

the setting unit switches the signal value of the

first signal for output after a lapse of a predetermined

time.

15

4. A signal output device to output a second signal to

the on-board instrument according to any one of claims 1 to

3, the signal output device comprising:

a signal detection unit to detect a first signal

output from the on-board instrument;20

a signal generation unit to determine the number of

streams of the second signal to be generated on the basis

of the number of streams of the first signal detected by

the signal detection unit, and generate the second signal

for each signal value of the first signal detected by the25

signal detection unit; and

an output control unit to perform control to output

the second signal generated by the signal generation unit

from a terminal other than the terminal at which the first

signal has been detected by the signal detection unit.30

5. An on-board instrument setting system comprising:

the on-board instrument according to any one of claims
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1 to 3; and

the signal output device according to claim 4, wherein

the on-board instrument transmits a first signal to

the signal output device, and

the signal output device generates a second signal on5

the basis of the number of streams and signal value of the

first signal input from the on-board instrument, and

outputs the second signal to the on-board instrument.

6. A signal value information acquisition method for an10

on-board instrument, the on-board instrument including

a variable terminal group including one or more first

terminals each usable as an input terminal or an output

terminal and one or more second terminals each usable as an

input terminal,15

the method comprising:

an output step of controlling, by a setting unit, on a

basis of an instruction signal indicating the number of

first terminals to be used as the output terminal, a

switching unit to switch the first terminals to the input20

terminal or the output terminal, and if at least one of the

first terminals is used as the output terminal, outputting

a first signal to the first terminal that is used as the

output terminal via the switching unit;

a storage step of storing, by a storage unit, a second25

signal value and a third signal value, the second signal

value being a signal value of a second signal input from

the input terminal, the third signal value being a signal

value obtained by arraying a plurality of the second signal

values on the basis of a first signal value that is a30

signal value of the first signal; and

an acquisition step of reading, by the setting unit,

the second signal value or the third signal value from the
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storage unit on the basis of the instruction signal, and

acquiring information on the signal value of the second

signal input.

7. The signal value information acquisition method5

according to claim 6, wherein

the storage unit includes:

a first storage unit to store the second signal value,

the first storage unit being capable of storing the signal

value of the second signal of a number of bits, the number10

being equal to the total number of first terminals and

second terminals of the variable terminal group; and

a second storage unit to store the third signal value

obtained by arraying the second signal value stored in the

first storage unit at a position designated by the first15

signal value, and

in the acquisition step, on the basis of the

instruction signal, the setting unit reads the second

signal value from the first storage unit or reads the third

signal value from the second storage unit.20

8. The signal value information acquisition method

according to claim 6 or 7, wherein

in the output step, the setting unit switches the

signal value of the first signal for output after a lapse25

of a predetermined time.


