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Description
TECHNICAL FIELD

[0001] The presentinvention relates to the field of train
control technology, and more particularly, to a method
for processing train interface data of hot standby on-
board equipment.

BACKGROUND

[0002] The train operation control system is a system
to ensure safe and fast operation of trains. The main func-
tion of the train operation control system is to complete
interval control and speed control of the trains. The com-
plete train operation control system consists of on-board
equipment and ground equipment.

[0003] Existing on-board equipment generally adopts
a second main control unit for cold backup or warm back-
up of a first main control unit, which has the following
problems:

when the first main control unit which is operating fails,
the trains are required to stop so as to switch from the
first main control unit to the second main control unit.

SUMMARY

[0004] In order to overcome the shortcomings of the
prior art, the present invention provides a method for
processing train interface data of hot standby on-board
equipment, which solves the problem that existing on-
board equipment generally adopts a second main control
unit for cold backup or warm backup of a first main control
unit, when the first main control unit which is operating
fails, the trains are required to stop so as to switch from
the first main control unit to the second main control unit.
[0005] The presentinvention is specificallyimplement-
ed through the following technical solutions:

[0006] A method for processing train interface data of
hotstandby on-board equipment according to the present
invention, which specifically comprises:

a second main control unit is used for hot backup of
a first main control unit, power is supplied to the first
main control unit and the second main control unit
concurrently;

the first main control unitand the second main control
unit receive input signals transmitted by a train inter-
face, and control the input signals to maintain con-
sistent;

when the on-board equipment loses power, or the
first main control unit and the second main control
unit both fail, the on-board equipment transmits a
safety command to the train interface;

when at least one of the first main control unit and
the second main control unit is in a normal operating
state, the on-board equipment determines whether
to transmit a safety command to the train interface
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according to an operating situation.

[0007] Further, controlling the input signals to maintain
consistent specifically comprises the following steps:

S1: the second main control unit receives a currently
collected first input signal transmitted by the first
main control unit;

S2: the second main control unit compares the first
input signal with a currently collected second input
signal; if signal content of the first input signal and
signal content of the second input signal are consist-
ent, the first main control unit uses the currently col-
lected first input signal as input and the second main
control unit uses the currently collected second input
signal as input; if signal content of the firstinput signal
and signal content of the second input signal are
inconsistent, the first main control unit discards the
first input signal and the second main control unit
discards the second input signal, the first main con-
trol unit and the second main control unit maintain
previous consistent signals as input.

[0008] Further, when signal content of the first input
signal and signal content of the second input signal are
inconsistent, itis determined that the second main control
unit fails if a time period for which signal content of the
first input signal and signal content of the second input
signal are inconsistent exceeds a prescribed time period.
[0009] Further, controlling the input signals to maintain
consistent specifically is:

the first main control unit receives a current input
signal, and transmits the input signal to the second
main control unit;

the second main control unit receives the input signal
as its own input signal.

[0010] Further, when at least one of the first main con-
trol unit and the second main control unit is in a normal
operating state, the on-board equipment determines
whether to transmit a safety command to the train inter-
face according to an operating situation:

when the first main control unit fails or has no power,
the second main control unit determines according
to needs whether to transmit a safety command to
the train interface;

or, when the second main control unit fails or has no
power, the first main control unit determines accord-
ing to needs whether to transmit a safety command
to the train interface;

or, when the first main control unit and the second
main control unit are both operating normally, the
second main control unit continues to transmit a
safety command to a circuit module within the on-
board equipment; the first main control unit deter-
mines according to needs whether to transmit a safe-
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ty command to the circuit module; a safety command
is transmitted to the train interface if the circuit mod-
ule receives the safety command of the second main
control unit and the safety command of the first main
control unit; no safety command is transmitted to the
train interface if the circuit module only receives the
safety command of the second main control unit.

[0011] Further, when at least one of the first main con-
trol unit and the second main control unit is in a normal
operating state, the on-board equipment determines
whether to transmit a safety command to the train inter-
face according to an operating situation:

when the first main control unit fails or has no power,
the second main control unit determines according
to needs whether to transmit a safety command to
the train interface;

or, when the second main control unit fails or has no
power, the first main control unit determines accord-
ing to needs whether to transmit a safety command
to the train interface;

or, when the first main control unit and the second
main control unit are both operating normally, the
first main control unit or the second main control unit
determines whether to transmit a safety command
to the train interface according to states of a local
end and a peer end.

[0012] Further, when the first main control unit and the
second main control unit are both operating normally, the
first main control unit or the second main control unit de-
termines whether to transmit a safety command to the
train interface or to cancel transmitting a safety command
to the train interface according to states of a local end
and a peer end, which specifically comprises:

T1: initially, both the local end and the peer end are
in an idle state;

T2: when the local end transmits a safety command
tothe traininterface, itis determined whether a trans-
mitting state of the safety command changes; in the
case where the transmitting state of the safety com-
mand changes, a first timer is started, a state of mon-
itoring a peer end is entered, step T3 is executed; in
the case where a transmitting state of the safety com-
mand does not change, it is determined whether
safety command information of the peer end is re-
ceived, if safety command information of the peer
end is received, an acknowledgement packet of hav-
ing receipted the safety command information is
transmitted to the peer end, and a second timer is
started, a state of monitoring the local end is entered,
step T4 is executed; if no safety command informa-
tion of the peer end is received, it continues to de-
termine whether the transmitting state of the safety
command of the local end changes;

T3:itis determined whether the transmitting state of
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a changed safety command is to transmit a safety
command to the train interface; if the transmitting
state of the changed safety command is to transmit
a safety command to the train interface, the local end
transmits a safety command to the train interface
and periodically transmits, to the peer end, informa-
tion for transmitting safety command to the train in-
terface, it continues to execute step T3-1; if the
changed safety command transmitting state is to not
transmit a safety command to the train interface, the
local end will not transmit a safety command to the
train interface temporarily, and periodically trans-
mits, to the peer end, information for not transmitting
a safety command to the train interface, it continues
to execute step T3-2;

T3-1: it is determined whether safety command in-
formation of the peer end is received; if safety com-
mand information of the peer end is received, an
acknowledgement packet of having receipted the
safety command information is transmitted to the
peer end, and it is determined whether the safety
command information of the peer end and the trans-
mitting state of the changed safety command of the
local end are consistent; if the safety command in-
formation of the peer end and the transmitting state
of the changed safety command of the local end are
consistent, the first timer is closed, the local end en-
ters an idle state; if the safety command information
of the peer end and the transmitting state of the
changed safety command of the local end are incon-
sistent, the local end enters a fault state; if no safety
command information of the peer end is received, it
is determined whether timing of the first timer ex-
pires; if timing of the first timer expires, the first timer
is closed, the local end enters the idle state; if timing
of the first timer does not expire, it is determined
whether an acknowledgement packet for safety
command information of the peer end is received; if
an acknowledgement packet for safety command in-
formation of the peer end is received, it stops trans-
mitting, to the peer end, information for transmitting
safety command information to the train interface, a
current state is maintained; if no acknowledgement
packet for safety command information of the peer
end is received, it is determined whether the infor-
mation for transmitting safety command information
to the train interface has been transmitted to the peer
end for more than a specified number of times; if the
information for transmitting safety command infor-
mation to the train interface has been transmitted to
the peer end for more than the specified number of
times, it stops transmitting, to the peer end, informa-
tion for transmitting safety command information to
the train interface, and the local end enters a fault
state; if the information for transmitting safety com-
mand information to the train interface has not been
transmitted to the peer end for more than the spec-
ified number of times, it continues to transmit, to the
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peer end, information for transmitting safety com-
mand information to the train interface;

T3-2: it is determined whether safety command in-
formation of the peer end is received; if safety com-
mand information of the peer end is received, an
acknowledgement packet of having receipted the
safety command information is transmitted to the
peer end, and it is determined whether the safety
command information of the peer end and the trans-
mitting state of the changed safety command of the
local end are consistent; if the safety command in-
formation of the peer end and the transmitting state
of the changed safety command of the local end are
consistent, the first timer is closed, the local end en-
ters an idle state; if the safety command information
of the peer end and the transmitting state of the
changed safety command of the local end are incon-
sistent, the local end enters a fault state; if no safety
command information of the peer end is received, it
is determined whether timing of the first timer ex-
pires; if timing of the first timer expires, the first timer
is closed, the local end enters the idle state; if timing
of the first timer does not expire, it is determined
whether an acknowledgement packet for safety
command information of the peer end is received; if
an acknowledgement packet for safety command in-
formation of the peer end is received, it stops trans-
mitting, to the peer end, information for not transmit-
ting safety command information to the train inter-
face, a current state is maintained; if no acknowl-
edgement packet for safety command information of
the peer end is received, it is determined whether
the information for not transmitting safety command
information to the train interface has been transmit-
ted to the peer end for more than a specified number
of times; if the information for not transmitting safety
command information to the train interface has been
transmitted to the peer end for more than the spec-
ified number of times, it stops transmitting, to the
peer end, information for transmitting safety com-
mand information to the train interface, and the local
end enters a fault state; if the information for not
transmitting safety command information to the train
interface has not been transmitted to the peer end
for more than the specified number of times, it con-
tinues to transmit, to the peer end, information for
not transmitting safety command information to the
train interface;

T4: when the local end transmits a safety command
tothe traininterface, itis determined whether a trans-
mitting state of the safety command changes; in the
case where the transmitting state of the safety com-
mand changes, it is determined whether the trans-
mitting state of the changed safety command of the
local end is consistent with the safety command in-
formation of the peer end as received; if the trans-
mitting state of the changed safety command of the
local end is consistent with the safety command in-
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formation of the peer end as received, the local end
maintains the transmitting state of the changed safe-
ty command, and transmits the changed safety com-
mand information to the peer end, the second timer
is turned off, it enters a state of waiting for acknowl-
edgement from the peer end, it continues to execute
step T5; ifthe transmitting state of the changed safety
command is inconsistent with the safety command
information of the peer as received, the second timer
is closed, the local end enters a fault state; if the
answer is negative, it is determined whether the sec-
ond timer expires; if the second timer expires, the
second timer is closed, it enters a fault state; if the
second timer does not expire, it continues to deter-
mine whether a transmitting state of the safety com-
mand changes when the local end transmits a safety
command to the train interface.

T5: the changed safety command information is
transmitted to the peer end periodically, it is deter-
mined whether acknowledgement information about
the safety command of the peer end is received; if
acknowledgementinformation about the safety com-
mand of the peerend is received, the local end enters
an idle state; if no acknowledgement information
about the safety command of the peer end is re-
ceived, it is determined whether the number of times
of transmitting the changed safety command infor-
mation to the peer end exceeds the specified number
of times; if the number of times of transmitting the
changed safety command information to the peer
end exceeds the specified number of times, the local
end enter an idle state; if the number of times of
transmitting the changed safety command informa-
tion to the peer end does not exceed the specified
number of times, it continues to transmit the changed
safety command information to the peer end.

[0013] Further, the safety command includes a speed
control command and a traction removing command.
[0014] Further, the safety command includes a train
interface control command;

when at least one of the first main control unit and
the second main control unit is in a normal operating
state, the on-board equipment determines whether
to transmit the train interface control command to
the train interface according to an operating situa-
tion, which specifically comprises:

when the first main control unit fails or has no power,
the first main control unit does not transmit the train
interface control command to the train interface, the
second main control unit determines according to
needs whether to transmit the train interface control
command to the train interface;

or, when the second main control unit fails or has no
power, the second main control unit does not trans-
mit the train interface control command to the train
interface, the first main control unit determines ac-
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cording to needs whether to transmit the train inter-
face control command to the train interface;

or, the first main control unit and the second main
control unit are both in a normal operating state, the
second main control unit cancels transmitting the
train interface control command to a circuit module
within the on-board equipment; the first main control
unitdetermines according to needs whether to trans-
mit the train interface control command to the circuit
module; the train interface control command is not
transmitted to the train interface if the circuit module
does not receive the train interface control com-
mand; the train interface control command is trans-
mitted to the train interface if the circuit module re-
ceives information for the train interface control com-
mand of the first main control unit.

[0015] Further, the method further comprises a brake
test of the on-board equipment, and the brake test com-
prises the following steps:

D1: after the first main control unit receives a brake
test request, a brake test is performed; if the brake
test fails, a driver is reminded of that the brake test
fails, the brake test is re-executed until the brake test
is successful; if the brake test is successful, the sec-
ond main control unit is instructed to perform a brake
test;

D2: after the second main control unit receives the
command and transmits a command receipt ac-
knowledgement to the first main control unit, the sec-
ond main control unit starts to perform a brake test;
if the brake test is successful, a brake test result is
transmitted to the first main control unit, the first main
control unit feeds back brake test results of the local
end and the second main control unit to the driver;
if the brake test fails, it is determined whether the
number of times of braking exceeds a specified
number of times, step D3 is executed in the case
where it exceeds, step D4 is executed in the case
where it does not exceed;

D3: the brake test is repeated until the brake test is
successful, thereafter the brake test result is trans-
mitted to the first main control unit, the first main con-
trol unit feeds back the brake test results of the local
end and the second main control unit to the driver;
D4: the first main control unit is informed of test end,
the second main control unit enters a fault state; after
the first main control unit receives a test end mes-
sage of the second main control unit, it will feed back
the brake test result of the first main control unit to
the driver.

[0016] Compared with the closest prior art, the techni-
cal solutions of the present invention have the following
beneficial effects:

[0017] The present invention provides a method for
processing train interface data of hot standby on-board
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equipment, a second main control unit is used for hot
backup of the first main control unit, power is supplied to
the first main control unit and the second main control
unit concurrently, input signals of the first main control
unit and the second main control unit from the train in-
terface are controlled to maintain consistent, so as to
ensure that the first main control unit and the second
main control unit are synchronized in operation, so that
when the first main control unit fails, an automatic switch
can be made to the second main control unit without stop-
ping the train.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In order to more clearly illustrate the technical
solutions in the embodiments of the present invention or
in the prior art, the drawings necessary for description of
the embodiments or the prior art will be briefly introduced
below, obviously, the drawings in the following descrip-
tion are just some embodiments of the present invention,
other drawings can be obtained by those of ordinary skill
in the art based on these drawings without paying crea-
tive efforts.

FIG 1 is a schematic diagram of signal transmission
between the hot standby on-board equipment and
the train interface of the present invention;

FIG 2 is a block diagram of overall flowchart of the
method for processing train interface data of hot
standby on-board equipment of the present inven-
tion;

FIG 3 is a block diagram of flowchart of Scheme 1
in the case where the input signals are maintained
consistent;

FIG. 4 is a block diagram of flowchart of Scheme 2
in the case where the input signals are maintained
consistent;

FIG. 5 is a block diagram of partial flowchart for Sit-
uation 3 in Scheme 2 adopted in the processing
measures for the brake command;

FIG. 6 is a block diagram of partial flowchart for Sit-
uation 3 in Scheme 2 adopted in the processing
measures for the brake command;

FIG. 7 is a block diagram of partial flowchart for Sit-
uation 3 in Scheme 2 adopted in the processing
measures for the brake command;

FIG. 8 is a block diagram of partial flowchart for Sit-
uation 3 in Scheme 2 adopted in the processing
measures for the brake command;

FIG. 9 is a block diagram of partial flowchart for Sit-
uation 3 in Scheme 2 adopted in the processing
measures for the traction removing command;

FIG. 10 is a block diagram of partial flowchart for
Situation 3 in Scheme 2 adopted in the processing
measures for the traction removing command;

FIG. 11 is a block diagram of partial flowchart for
Situation 3 in Scheme 2 adopted in the processing
measures for the traction removing command;
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FIG. 12 is a block diagram of partial flowchart for
Situation 3 in Scheme 2 adopted in the processing
measures for the traction removing command;

FIG. 13 is a flowchart of the brake test of on-board
equipment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0019] Inorderto make the objects, technical solutions
and advantages of the embodiments of the present in-
vention more clear, the technical solutions in the embod-
iments of the present invention will be described clearly
and completely in conjunction with the accompanying
drawings in the embodiments of the present invention,
obviously, the described embodiments are only part of
the embodiments of the present invention, not all the em-
bodiments. Based on the embodiments in the present
invention, all other embodiments obtained by those of
ordinary skill in the art without paying creative work fall
within the protection scope of the present invention.
[0020] Inthe embodiment of the presentinvention, the
first main control unit may be a main system main control
unit or a standby system main control unit, and the sec-
ond main control unit may be a main system main control
unit or a standby system main control unit, that is, the
first main control unit and the second main control unit
are mutual backup for each other, wherein the second
main control unit is the standby system main control unit
when the first main control unit is the main system main
control unit, the first main control unit is the standby sys-
tem main control unit when the second main control unit
is the main system main control unit.

[0021] As shown in FIG. 1, it is a schematic diagram
of signal transmission between the hot standby on-board
equipment and the train interface of this embodiment,
the hot standby on-board equipment includes a first main
control unit and a second main control unit, the first main
control unitand the second main control unitreceive input
signals transmitted by the train interface, and the first
main control unit and the second main control unit trans-
mit output signals to the train interface.

[0022] AsshowninFIG. 2, itis the method for process-
ing train interface data of hot standby on-board equip-
ment of this embodiment, which specifically comprises:
the second main control unit performs hot backup with
respect to the first main control unit, power is supplied to
the first main control unit and the second main control
unit concurrently.

[0023] Regarding the input signals transmitted by the
train interface, the first main control unit and the second
main control unit process the input signals transmitted
by the train interface, input signals of the first main control
unit and the second main control unit from train the in-
terface are controlled to maintain consistent.

[0024] Accordingly, the first main control unit and the
second main control unit are made to maintain complete-
ly synchronized in operation, so that when the first main
control unit fails, an automatic switch can be made to the
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second main control unit without stopping the train.
[0025] The input signals include, but not limited to, an
activation state of a cab console, a position of a steering
handle and a sleep signal;

[0026] Concurrently supplying power to the first main
control unitand the second main control unit as described
above specifically is: separate power supply modules
may be used to concurrently supply power to the first
main control unit and the second main control unit, or the
same power supply module may be used to synchro-
nously supply power to the first main control unit and the
second main control unit.

[0027] Maintaining the input signals of the first main
control unit and the second main control unit to be con-
sistent as described above may be implemented specif-
ically by adopting the following two schemes.

[0028] Scheme 1, as shown in FIG. 3:

S1: the first main control unit receives a current first
input signal, and the second main control unit re-
ceives a current second input signal;

S2: the first main control unit transmits the first input
signal to the second main control unit;

S3: the second main control unit compares signal
content of the first input signal and signal content of
the second input signal; if signal contents thereof are
consistent, the first main control unit is notified to use
the currently collected first input signal as input and
the second main control unit is notified to use the
currently collected second input signal as input; if
signal contents thereof are inconsistent, the first
main control unit is notified to discard the first input
signal and the second main control unit is notified to
discard the second input signal, the first main control
unit and the second main control unit maintain pre-
vious consistent signals as input.

[0029] It should be noted that the "signal contents be-
ing consistent" here refers to commands being consist-
ent. Taking signal activation as an example, the first main
control unit and the second main control unit simultane-
ously receive an activation signal transmitted by the train
interface or simultaneously receive a non-activation sig-
nal transmitted by the train interface, it means that the
signal contents are consistent.

[0030] As a preferred way, in Scheme 1, in the case
where signal contents of the first input signal and the
second input signal are inconsistent, if signal contents of
the first input signal and the second input signal are in-
consistent for too long, exceeding a set time length, the
second main control unit determines that the first main
control unit and the second main control unit are not syn-
chronized in operation, the second main control unit is
controlled to enter a fault mode, the first main control unit
continues to operate.

[0031] Scheme 2, as shown in FIG. 4:

the firstmain control unit receives the currentinput signal,
and then transmits the input signal to the second main
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control unit; the second main control unit receives the
input signal transmitted by the first main control unit, and
uses the received input signal as its own input signal.
[0032] Regarding the output signal transmitted to the
train interface, when the second main control unit makes
hot backup with respect to the first main control unit and
power is supplied to the first main control unit and the
second main control unit concurrently, in order to ensure
driving safety, different situations need to be addressed
soas to determine the transmission measures to be taken
to transmit the signal.

[0033] The output signal includes a safety command,
the safety command includes a speed control command,
the speed control command includes, but not limited to,
a braking command, the braking command includes, but
not limited to, an emergency braking command and a full
service breaking command.

[0034] Processing measures of the speed control com-
mand are determined respectively for different situations
below, and the braking command is taken as an example
for description.

[0035] Situation 1:

when the on-board equipment loses power, or the first
main control unit and the second main control unit both
fail, the on-board equipment transmits a braking com-
mand to the train interface.

[0036] Situation 2:

when at least one of the first main control unit and the
second main control unit is in a normal operating state,
the on-board equipment determines whether to transmit
a braking command to the train interface or cancel trans-
mitting a braking command to the train interface accord-
ing to an operating situation

[0037] The "operating condition" here includes three
situations where the first main control unit fails or has no
power, the second main control unitfails or has no power,
and the first main control unit and the second main control
unit both operate normally.

[0038] In Situation 2, the following two schemes are
specifically adopted:

Scheme 1:

[0039] Scheme 1 includes processing of the following
three cases:

Case 1: the first main control unit fails or has no pow-
er, the second main control unit determines whether
to transmit a braking command to the train interface
or to cancel transmitting a braking command to the
train interface as required, for example, the second
main control unit transmits a braking command to
the train interface in the case where the train drives
over a speed limit, the second main control unit does
not transmit a braking command to the train interface
when the train does not drive over a speed limit;

Case 2: the second main control unit fails or has no
power, the first main control unit determines whether
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to transmit a braking command to the train interface
or to cancel transmitting a braking command to the
train interface as required, the example scenario of
"as required" is as above;

Case 3: the first main control unit and the second
main control unit are both normally operating, the
second main control unit continues to transmit a
braking command to a circuit module within the on-
board equipment;

the first main control unit determines whether to
transmit a braking command to the circuit mod-
ule or to cancel transmitting a braking command
to the circuit module as required, the example
scenario of "as required" is as above;

if the circuit module receives the braking com-
mand of the second main control unit and the
braking command of the first main control unit,
it transmits a braking command to the train in-
terface;

if the circuit module only receives the braking
command of the second main control unit, it can-
cels transmitting the braking command to the
train interface.

Scheme 2:

[0040] Scheme 2 includes processing of the following
three cases:

Case 1: the first main control unit fails or has no pow-
er, the second main control unit determines whether
to transmit a braking command to the train interface
or to cancel transmitting a braking command to the
train interface as required, the example scenario of
"as required" is as above;

Case 2: the second main control unit fails or has no
power, the first main control unit determines whether
to transmit a braking command to the train interface
or to cancel transmitting a braking command to the
train interface as required, the example scenario of
"as required" is as above;

Case 3: the first main control unit and the second
main control unit are both normally operating, the
first main control unit or the second main control unit
determines whether to transmit a braking command
to the train interface or to cancel transmitting a brak-
ing command to the train interface according to
states of a local end and a peer end, the specific
processing is provided below.

T1: as shown in FIG. 5, initially, both the local
end and the peer end are in an idle state; "both
the local end and the peer end are in an idle
state" means that the local end and the peer end
remain in the same state, that is, the local end
and the peer end are in the state of transmitting
the brake command at the same time, or the
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local end and the peer end are in the state of
cancelling transmitting the brake state at the
same time;

T2: when the local end transmits a braking com-
mand to the train interface, it is determined
whether a transmitting state of the braking com-
mand changes; in the case where the transmit-
ting state of the braking command changes, a
first timer is started, a state of monitoring a peer
end is entered, then step T3 is executed; in the
case where a transmitting state of the braking
command does not change, it continues to de-
termine whether braking command information
of the peer end is received, if braking command
information of the peer end is received, an ac-
knowledgement packet of having receipted the
braking command information is transmitted to
the peer end, and a second timer is started, a
state of monitoring the local end is entered, then
step T4 is executed; if no braking command in-
formation of the peer end is received, it contin-
ues to determine whether the transmitting state
of the braking command of the local end chang-
es when the local end transmits a braking com-
mand to the train interface;

T3: it is determined whether the transmitting
state of a changed braking command is to trans-
mit a braking command to the train interface or
to cancel transmitting a braking command to the
train interface; if the transmitting state of the
changed braking command is to transmit a brak-
ing command to the train interface, the local end
transmits a braking command to the train inter-
face and periodically transmits, to the peer end,
information for transmitting a braking command
tothe traininterface, it continues to execute step
T3-1; ifthe changed braking command transmit-
ting state is to cancel transmitting a braking com-
mand to the train interface, the local end cancels
transmitting a braking command to the train in-
terface temporarily, and periodically transmits,
to the peer end, information for cancelling trans-
mitting a braking command to the train interface,
it continues to execute step T3-2;
T3-1:asshownin FIG. 6, it is determined wheth-
er braking command information of the peer end
is received; if braking command information of
the peer end is received, an acknowledgement
packet of having receipted the braking com-
mand information is transmitted to the peer end,
and it is determined whether the braking com-
mand information of the peer end and the trans-
mitting state of the changed braking command
of the local end are consistent; if the braking
command information of the peer end and the
transmitting state of the changed braking com-
mand of the local end are consistent, the first
timeris closed, the local end enters anidle state;
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if the braking command information of the peer
end and the transmitting state of the changed
braking command of the local end are inconsist-
ent, the local end enters a fault state; if no brak-
ing command information of the peer end is re-
ceived, it is determined whether timing of the
first timer expires; if timing of the first timer ex-
pires, the first timer is closed, the local end en-
ters the idle state; if timing of the first timer does
not expire, it is determined whether an acknowl-
edgement packet for braking command informa-
tion of the peer end is received; if an acknowl-
edgement packet for braking command informa-
tion of the peer end is received, it stops trans-
mitting, to the peer end, information for trans-
mitting braking command information to the train
interface, a current state is maintained; if no ac-
knowledgement packet for brakingcommand in-
formation of the peer end is received, it is deter-
mined whether the information for transmitting
braking command information to the train inter-
face has been transmitted to the peer end for
more than a specified number of times; if the
information for transmitting braking command
information to the train interface has been trans-
mitted to the peer end formore than the specified
number of times, it stops transmitting, to the peer
end, information for transmitting braking com-
mand information to the train interface, and the
local end enters a fault state; if the information
for transmitting braking command information to
the train interface has not been transmitted to
the peer end for more than the specified number
oftimes, itcontinues to transmit, to the peerend,
information for transmitting braking command
information to the train interface;

T3-2:as showninFIG. 7, itis determined wheth-
er braking command information of the peer end
is received; if braking command information of
the peer end is received, an acknowledgement
packet of having receipted the braking com-
mand information is transmitted to the peer end,
and it is determined whether the braking com-
mand information of the peer end and the trans-
mitting state of the changed braking command
of the local end are consistent; if the braking
command information of the peer end and the
transmitting state of the changed braking com-
mand of the local end are consistent, the first
timeris closed, the local end enters an idle state;
if the braking command information of the peer
end and the transmitting state of the changed
braking command of the local end are inconsist-
ent, the local end enters a fault state; if no brak-
ing command information of the peer end is re-
ceived, it is determined whether timing of the
first timer expires; if timing of the first timer ex-
pires, the first timer is closed, the local end en-
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ters the idle state; if timing of the first timer does
not expire, it is determined whether an acknowl-
edgement packet for braking command informa-
tion of the peer end is received; if an acknowl-
edgement packet for braking command informa-
tion of the peer end is received, it stops trans-
mitting, to the peer end, information for cancel-
ling transmitting braking command information
to the train interface, a current state is main-
tained; if no acknowledgement packet for brak-
ing command information of the peer end is re-
ceived, it is determined whether the information
for cancelling transmitting braking command in-
formation to the train interface has been trans-
mitted to the peer end for more than a specified
number of times; if the information for cancelling
transmitting braking command information to
the train interface has been transmitted to the
peer end for more than the specified number of
times, it stops transmitting, to the peer end, in-
formation for transmitting braking command in-
formation to the train interface, and the local end
enters a fault state; if the information for cancel-
ling transmitting braking command information
to the train interface has not been transmitted
to the peer end for more than the specified
number of times, it continues to transmit, to the
peer end, information for cancelling transmitting
braking command information to the train inter-
face;

T4: as shownin FIG. 8, when the local end trans-
mits a braking command to the train interface,
it is determined whether a transmitting state of
the braking command changes; in the case
where the transmitting state of the braking com-
mand changes, it is determined whether the
transmitting state of the changed braking com-
mand of the local end is consistent with the brak-
ing command information of the peer end as re-
ceived; if the transmitting state of the changed
braking command of the local end is consistent
with the braking command information of the
peer end as received, the local end maintains
the transmitting state of the changed braking
command, and transmits the changed braking
command information to the peer end, the sec-
ond timer is turned off, it enters a state of waiting
for acknowledgement from the peer end, it con-
tinues to execute step T5; if the transmitting
state of the changed braking command is incon-
sistent with the braking command information of
the peer as received, the second timer is closed,
the local end enters a fault state; if the transmit-
ting state of the braking command does not
change, itis determined whether the second tim-
er expires; if the second timer expires, the sec-
ond timer is closed, it enters a fault state; if the
second timer does not expire, it continues to de-
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termine whether a transmitting state of the brak-
ing command changes when the local end trans-
mits a braking command to the train interface;

T5: the changed braking command information
is transmitted to the peer end periodically, it is
determined whether acknowledgement infor-
mation about the braking command of the peer
endis received; ifacknowledgementinformation
about the braking command of the peer end is
received, the local end enters an idle state; if no
acknowledgement information about the brak-
ing command of the peer end is received, it is
determined whether the number of times of
transmitting the changed braking command in-
formation to the peer end exceeds the specified
number of times; if the number of times of trans-
mitting the changed braking command informa-
tion to the peer end exceeds the specified
number of times, the local end enters an idle
state; if the number of times of transmitting the
changed braking command information to the
peer end does not exceed the specified number
of times, it continues to transmit the changed
braking command information to the peer end.

[0041] The safety command further includes a traction
removing command, processing measures of the traction
removing command are determined respectively for dif-
ferent situations below.

[0042] Situation 1:

when the on-board equipment loses power, or the first
main control unit and the second main control unit both
fail, the on-board equipment transmits a traction remov-
ing command to the train interface.

[0043] Situation 2:

when at least one of the first main control unit and the
second main control unit is in a normal operating state,
the on-board equipment determines whether to transmit
a traction removing command to the train interface or
cancel transmitting a traction removing command to the
train interface according to an operating situation
[0044] The "operating condition" here includes three
situations where the first main control unit fails or has no
power, the second main control unit fails or has no power,
and the first main control unit and the second main control
unit both operate normally.

[0045] In Situation 2, the following two schemes are
specifically adopted:

Scheme 1:

[0046] Scheme 1 includes processing of the following
three cases:

Case 1: the first main control unit fails or has no pow-
er, the second main control unit determines whether
to transmit a traction removing command to the train
interface or to cancel transmitting a traction removing
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three cases:
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command to the train interface as required, for ex-
ample, the second main control unit transmits a trac-
tion removing command to the train interface in the
case where the train drives over a speed limit, the
second main control unitdoes not transmit a traction
removing command to the train interface when the
train does not drive over a speed limit;

Case 2: the second main control unit fails or has no
power, the first main control unit determines whether
to transmit a traction removing command to the train
interface orto cancel transmitting a traction removing
command to the train interface as required, the ex-
ample scenario of "as required" is as above;

Case 3: the first main control unit and the second
main control unit are both normally operating, the
second main control unit continues to transmit a trac-
tion removing command to a circuit module within
the on-board equipment;

the first main control unit determines whether to
transmit a traction removing command to the cir-
cuit module or to cancel transmitting a traction
removing command to the circuit module as re-
quired, the example scenario of "as required" is
as above;

if the circuit module receives the traction remov-
ing command of the second main control unit
and the traction removing command of the first
main control unit, it transmits a traction removing
command to the train interface;

if the circuit module only receives the traction
removing command of the second main control
unit, it cancels transmitting the traction removing
command to the train interface.

Scheme 2:

Scheme 2 includes processing of the following

Case 1: the first main control unit fails or has no pow-
er, the second main control unit determines whether
to transmit a traction removing command to the train
interface orto cancel transmitting a traction removing
command to the train interface as required, the ex-
ample scenario of "as required" is as above;

Case 2: the second main control unit fails or has no
power, the first main control unit determines whether
to transmit a traction removing command to the train
interface orto cancel transmitting a traction removing
command to the train interface as required, the ex-
ample scenario of "as required" is as above;

Case 3: the first main control unit and the second
main control unit are both normally operating, the
first main control unit or the second main control unit
determines whether to transmit a traction removing
command to the train interface or to cancel transmit-
ting a traction removing command to the train inter-
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face according to states of a local end and a peer
end, the specific processing is provided below.

P1: as shown in FIG. 9, initially, both the local
end and the peer end are in an idle state; "both
the local end and the peer end are in an idle
state" means that the local end and the peer end
remain in the same state, that is, the local end
and the peer end are in the state of transmitting
a traction removing command at the same time,
or the local end and the peer end are in the state
of cancelling transmitting a traction removing
command at the same time;

P2: when the local end transmits a traction re-
moving command to the train interface, it is de-
termined whether a transmitting state of the trac-
tion removing command changes; in the case
where the transmitting state of the traction re-
moving command changes, a first timer is start-
ed, a state of monitoring a peer end is entered,
then step P3 is executed; in the case where a
transmitting state of the traction removing com-
mand does not change, it is determined whether
traction removing command information of the
peer end is received, if traction removing com-
mand information of the peer end is received, a
second timer is started, a state of monitoring the
local end is entered, then step P4 is executed;
if no traction removing command information of
the peer end is received, it continues to deter-
mine whether the transmitting state of the trac-
tion removing command of the local end chang-
es when the local end transmits a traction re-
moving command to the train interface;

P3: it is determined whether the transmitting
state of a changed traction removing command
is to transmit a traction removing command to
the train interface or to cancel transmitting a trac-
tion removing command to the train interface; if
the transmitting state of the changed traction re-
moving command is to transmit a traction re-
moving command to the train interface, the local
end transmits a traction removing command to
the train interface and periodically transmits, to
the peer end, information for transmitting a trac-
tion removing command to the train interface, it
continues to execute step P3-1; if the changed
traction removing command transmitting state
is to cancel transmitting a traction removing
command to the train interface, the local end
cancels transmitting a traction removing com-
mand to the train interface temporarily, and pe-
riodically transmits, to the peer end, information
for cancelling transmitting a traction removing
command to the train interface, it continues to
execute step P3-2;

P3-1: as shown in FIG. 10, it is determined
whether traction removing command informa-
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tion of the peer end is received; if traction re-
moving command information of the peer end is
received, an acknowledgement packet of having
receipted the traction removing command infor-
mation is transmitted to the peer end, and it is
determined whether the traction removing com-
mand information of the peer end and the trans-
mitting state of the changed traction removing
command of the local end are consistent; if the
traction removing command information of the
peer end and the transmitting state of the
changed traction removing command of the lo-
cal end are consistent, the first timer is closed,
the local end enters an idle state; if the traction
removing command information of the peer end
and the transmitting state of the changed trac-
tion removing command of the local end are in-
consistent, the local end enters a fault state; if
no traction removing command information of
the peer end is received, it is determined wheth-
er timing of the first timer expires; if timing of the
first timer expires, the first timer is closed, the
local end enters the idle state; if timing of the
first timer does not expire, it is determined
whether an acknowledgement packet for trac-
tion removing command information of the peer
end is received; if an acknowledgement packet
for traction removing command information of
the peer end is received, it stops transmitting,
to the peer end, information for transmitting trac-
tion removing command information to the train
interface, a current state is maintained; if no ac-
knowledgement packet for traction removing
command information of the peer end is re-
ceived, it is determined whether the information
for transmitting traction removing command in-
formation to the train interface has been trans-
mitted to the peer end for more than a specified
number of times; if the information for transmit-
ting traction removing command information to
the train interface has been transmitted to the
peer end for more than the specified number of
times, it stops transmitting, to the peer end, in-
formation for transmitting traction removing
command information to the train interface, and
the local end enters a fault state; if the informa-
tion for transmitting traction removing command
information to the train interface has not been
transmitted to the peer end for more than the
specified number of times, it continues to trans-
mit, to the peer end, information for transmitting
traction removing command information to the
train interface;

P3-2: as shown in FIG. 11, it is determined
whether traction removing command informa-
tion of the peer end is received; if traction re-
moving command information of the peer end is
received, an acknowledgement packet of having
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receipted the traction removing command infor-
mation is transmitted to the peer end, and it is
determined whether the traction removing com-
mand information of the peer end and the trans-
mitting state of the changed traction removing
command of the local end are consistent; if the
traction removing command information of the
peer end and the transmitting state of the
changed traction removing command of the lo-
cal end are consistent, the first timer is closed,
the local end enters an idle state; if the traction
removing command information of the peer end
and the transmitting state of the changed trac-
tion removing command of the local end are in-
consistent, the local end enters a fault state; if
no traction removing command information of
the peer end is received, it is determined wheth-
er timing of the first timer expires; if timing of the
first timer expires, the first timer is closed, the
local end enters the idle state; if timing of the
first timer does not expire, it is determined
whether an acknowledgement packet for trac-
tion removing command information of the peer
end is received; if an acknowledgement packet
for traction removing command information of
the peer end is received, it stops transmitting,
to the peer end, information for cancelling trans-
mitting traction removing command information
to the train interface, a current state is main-
tained; if no acknowledgement packet for trac-
tion removing command information of the peer
end is received, it is determined whether the in-
formation for cancelling transmitting traction re-
moving command information to the train inter-
face has been transmitted to the peer end for
more than a specified number of times; if the
information for cancelling transmitting traction
removing command information to the train in-
terface has been transmitted to the peer end for
more than the specified number of times, it stops
transmitting, to the peer end, information for
transmitting traction removing command infor-
mation to the train interface, and the local end
enters a fault state; if the information for cancel-
ling transmitting traction removing command in-
formation to the train interface has not been
transmitted to the peer end for more than the
specified number of times, it continues to trans-
mit, to the peer end, information for cancelling
transmitting traction removing command infor-
mation to the train interface;

P4: as shown in FIG. 12, when the local end
transmits a traction removing command to the
train interface, it is determined whether a trans-
mitting state of the traction removing command
changes; in the case where the transmitting
state of the traction removing command chang-
es, it is determined whether the transmitting
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state of the changed traction removing com-
mand of the local end is consistent with the trac-
tion removing command information of the peer
end as received; if the transmitting state of the
changed traction removing command of the lo-
cal end is consistent with the traction removing
command information of the peer end as re-
ceived, the local end maintains the transmitting
state of the changed traction removing com-
mand, and transmits the changed traction re-
moving command information to the peer end,
the second timer is turned off, it enters a state
of waiting for acknowledgement from the peer
end, it continues to execute step P5; if the trans-
mitting state of the changed traction removing
command is inconsistent with the traction re-
moving command information of the peer as re-
ceived, the second timer is closed, the local end
enters a fault state; if the transmitting state of
the traction removing command does not
change, itis determined whether the second tim-
er expires; if the second timer expires, the sec-
ond timer is closed, it enters a fault state; if the
second timer does not expire, it continues to de-
termine whether a transmitting state of the trac-
tion removing command changes when the local
end transmits a traction removing command to
the train interface;

P5: the changed traction removing command in-
formation is transmitted to the peer end period-
ically, it is determined whether acknowledge-
ment information about the traction removing
command of the peerend s received; if acknowl-
edgement information about the traction remov-
ing command of the peer end is received, the
local end enters anidle state; if no acknowledge-
ment information about the traction removing
command of the peer end is received, it is de-
termined whether the number of times of trans-
mitting the changed traction removing command
information to the peer end exceeds the speci-
fied number of times; if the number of times of
transmitting the changed traction removing
command information to the peer end exceeds
the specified number of times, the local end en-
ter an idle state; if the number of times of trans-
mitting the changed traction removing command
information to the peer end does not exceed the
specified number of times, it continues to trans-
mit the changed traction removing command in-
formation to the peer end.

[0048] The safety command further includes a train in-
terface control command, the train interface control com-
mand includes, but not limited to, service breaking level
4, a routine brake level 1, Passing Neutral Section com-
mand, Passing Neutral Section selection;

[0049] Processing measures of the train interface con-
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trol command are determined respectively for different
situations below, description is provided with the Passing
Neutral Section command as an example.

[0050] Situation 1:

when the on-board equipment loses power, or the first
main control unit and the second main control unit both
fail, transmitting a Passing Neutral Section command to
the train interface is cancelled.

[0051] Situation 2:

when at least one of the first main control unit and the
second main control unit is in a normal operating state,
the on-board equipment determines whether to transmit
a Passing Neutral Section command to the train interface
according to an operating situation;

[0052] The "operating condition" here includes three
situations where the first main control unit fails or has no
power, the second main control unit fails or has no power,
and the first main control unit and the second main control
unit both operate normally.

[0053] The above Situation 2 specifically includes
processing of the following three cases:

Case 1: the first main control unit fails or has no pow-
er, the first main control unit continues to cancel
transmitting a Passing Neutral Section command to
the train interface, the second main control unit de-
termines whether to transmit a Passing Neutral Sec-
tion command to the train interface as required, for
example, the second main control unit transmits a
Passing Neutral Section command to the train inter-
face in a railway section that needs to execute a
Passing Neutral Section command, the second main
control unit does not transmit a Passing Neutral Sec-
tion command to the train interface in a railway sec-
tion that does not need to execute a Passing Neutral
Section command;

Case 2: the second main control unit fails or has no
power, the second main control unit continues to
cancel transmitting a Passing Neutral Section com-
mand to the train interface, the first main control unit
determines whether to transmit a Passing Neutral
Section command to the train interface as required,
the example scenario of "as required" is as above;
Case 3: the first main control unit and the second
main control unit are both normally operating, the
second main control unit continues to transmit a
Passing Neutral Section command to a circuit mod-
ule within the on-board equipment;

the first main control unit determines whether to
transmit a Passing Neutral Section command to
the circuit module or to cancel transmitting a
Passing Neutral Section command to the circuit
module as required, the example scenario of "as
required" is as above;

if the circuit module does not receive a Passing
Neutral Section command, transmitting a Pass-
ing Neutral Section command to the train inter-



23 EP 3 895 958 A1 24

face is cancelled;

if the circuit module receives a Passing Neutral
Section command of the first main control unit,
ittransmits a Passing Neutral Section command
to the train interface.

[0054] When the existing on-board equipment is start-
ed, the brake loop needs to be tested to ensure that the
braking command is accurately transmitted during oper-
ation. Therefore, the second main control unit performs
hot backup with respect to the first main control unit, in
the case where power is supplied to the first main control
unit and the second main control unit concurrently, a
method for brake test of the vehicle equipment is provid-
ed, the method specifically comprises the following steps,
as shown in FIG. 13.

D1: the first main control unit receives a brake test
request in real time, after the first main control unit
receives a brake test request, the first main control
unit starts to perform a brake test; if the brake test
fails, a driver is reminded of that the brake test fails,
the brake test is re-executed until the brake test is
successful; if the brake test is successful, the second
main control unitis instructed to perform a brake test;
D2: after the second main control unit receives a
command of performing a brake test transmitted by
the first main control unit, it transmits a command
receipt acknowledgement to the first main control
unit, the second main control unit starts to perform
a brake test; if the brake test is successful, a brake
test result is transmitted to the first main control unit,
the first main control unit feeds back brake test re-
sults of the local end and the second main control
unit to the driver;

if the brake test fails, it is determined whether the
number of times of braking test exceeds a specified
number of times, step D3 is executed in the case
where it does not exceed, step D4 is executed in the
case where it exceeds;

D3: the brake test is repeated until the brake test is
successful, thereafter the brake test result is trans-
mitted to the first main control unit, the first main con-
trol unit feeds back the brake test results of the local
end and the second main control unit to the driver;

D4: the first main control unit is informed of test end,
the second main control unit enters a fault state; after
the first main control unit receives a test end mes-
sage of the second main control unit, it will feed back
the brake test result of the first main control unit to
the driver.

[0055] Using the above method, when the on-board
equipment is started, the braking loops of the first main
control unit and the second main control unit are tested,
so as to ensure that the braking command is accurately
transmitted during the operation of the on-board equip-
ment.
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[0056] Although the present invention has been de-
scribed in detail with reference to the foregoing embod-
iments, those of ordinary skill in the art should understand
thatthey can still modify the technical solutions described
in the foregoing embodiments, or equivalently replace
some of the technical features; and these modification
or replacement does not cause the essence of the cor-
responding technical solutions to deviate from the spirit
and scope of the technical solutions of the embodiments
of the present invention

Claims

1. A method for processing train interface data for a hot
standby on-board equipment, wherein

asecond main control unitis used for hot backup
of a first main control unit, power is supplied to
the first main control unit and the second main
control unit concurrently;

the first main control unit and the second main
control unit receive input signals transmitted by
a train interface, and control the input signals to
be consistent;

when the on-board equipment loses power, or
the first main control unit and the second main
control unit both fail, the on-board equipment
transmits a safety command to the train inter-
face;

when at least one of the first main control unit
and the second main control unit is in a normal
operating state, the on-board equipment deter-
mines whether to transmit a safety command to
the train interface according to an operating sit-
uation.

2. The method for processing train interface data for
the hot standby on-board equipment according to
claim 1, wherein controlling the input signals to be
consistentspecifically comprises the following steps:

S1: the second main control unit receives a cur-
rently collected first input signal transmitted by
the first main control unit;

S2: the second main control unit compares the
first input signal with a currently collected sec-
ond input signal; if signal content of the first input
signal and signal content of the second input
signal are consistent, the first main control unit
uses the currently collected first input signal as
input and the second main control unit uses the
currently collected second input signal as input;
if signal content of the first input signal and signal
content of the second input signal are inconsist-
ent, the first main control unit discards the first
input signal and the second main control unit
discards the second input signal, the first main
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control unit and the second main control unit re-
main using previous consistent signals as input.

The method for processing train interface data for
the hot standby on-board equipment according to
claim 2, wherein when signal content of the first input
signal and signal content of the second input signal
are inconsistent, it is determined that the second
main control unit fails if a time period for which signal
content of the first input signal and signal content of
the second input signal are inconsistent exceeds a
prescribed time period.

The method for processing train interface data for
the hot standby on-board equipment according to
claim 1, wherein controlling the input signals to be
consistent is specifically:

the first main control unit receives a currentinput
signal, and transmits the input signal to the sec-
ond main control unit;

the second main control unit receives the input
signal as its own input signal.

The method for processing train interface data for
the hot standby on-board equipment according to
claim 1, wherein when at least one of the first main
control unit and the second main control unit is in a
normal operating state, the on-board equipment de-
termines whether to transmit a safety command to
the train interface according to an operating situa-
tion:

when the first main control unit fails or has no
power, the second main control unit determines
according to needs whether to transmit a safety
command to the train interface;

or, when the second main control unit fails or
has no power, the first main control unit deter-
mines according to needs whether to transmit a
safety command to the train interface;

or, when the first main control unit and the sec-
ond main control unit are both operating normal-
ly, the second main control unit continues to
transmit a safety command to a circuit module
within the on-board equipment; the first main
control unit determines according to needs
whether to transmit a safety command to the
circuit module; a safety command is transmitted
tothe traininterface if the circuit module receives
the safety command of the second main control
unit and the safety command of the first main
control unit; no safety command is transmitted
to the train interface if the circuit module only
receives the safety command of the second
main control unit.

6. The method for processing train interface data for
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the hot standby on-board equipment according to
claim 1, wherein when at least one of the first main
control unit and the second main control unit is in a
normal operating state, the on-board equipment de-
termines whether to transmit a safety command to
the train interface according to an operating situa-
tion:

when the first main control unit fails or has no
power, the second main control unit determines
according to needs whether to transmit a safety
command to the train interface;

or, when the second main control unit fails or
has no power, the first main control unit deter-
mines according to needs whether to transmit a
safety command to the train interface;

or, when the first main control unit and the sec-
ond main control unit are both operating normal-
ly, the first main control unit or the second main
control unit determines whether to transmit a
safety command to the train interface according
to a state of alocal end and a state of a peerend.

The method for processing train interface data for
the hot standby on-board equipment according to
claim 6, wherein when the first main control unit and
the second main control unit are both operating nor-
mally, the first main control unit or the second main
control unit determines whether to transmit a safety
command to the train interface or to cancel transmit-
ting a safety command to the train interface accord-
ing to a state of alocal end and a state of a peer end,
which specifically comprises:

T1: initially, both the local end and the peer end
are in an idle state;

T2: when the local end transmits a safety com-
mand to the train interface, it is determined
whether a transmitting state of the safety com-
mand changes; in the case where the transmit-
ting state of the safety command changes, a first
timer is started, a state of monitoring a peer end
is entered, step T3 is executed; in the case
where a transmitting state of the safety com-
mand does not change, it is determined whether
safety command information of the peer end is
received, if safety command information of the
peer end is received, an acknowledgement
packet of having receipted the safety command
information is transmitted to the peer end, and
a second timer is started, a state of monitoring
the local end is entered, step T4 is executed; if
no safety command information of the peer end
is received, it continues to determine whether
the transmitting state of the safety command of
the local end changes;

T3: it is determined whether the transmitting
state of a changed safety command is to trans-
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mit a safety command to the train interface; if
the transmitting state of the changed safety com-
mand is to transmit a safety command to the
train interface, the local end transmits a safety
command to the train interface and periodically
transmits, to the peer end, information for trans-
mitting a safety command to the train interface,
it continues to execute step T3-1; if the changed
safety command transmitting state is to not
transmit a safety command to the train interface,
the local end will not transmit a safety command
to the train interface temporarily, and periodical-
ly transmits, to the peer end, information for not
transmitting a safety command to the train inter-
face, it continues to execute step T3-2;

T3-1:itis determined whether safety command
information of the peer end is received; if safety
command information of the peer end is re-
ceived, an acknowledgement packet of having
receipted the safety command information is
transmitted to the peer end, and it is determined
whether the safety command information of the
peer end and the transmitting state of the
changed safety command of the local end are
consistent; if the safety command information of
the peer end and the transmitting state of the
changed safety command of the local end are
consistent, the first timer is closed, the local end
enters an idle state; if the safety command in-
formation of the peer end and the transmitting
state of the changed safety command of the lo-
cal end are inconsistent, the local end enters a
fault state; if no safety command information of
the peer end is received, it is determined wheth-
er timing of the first timer expires; if timing of the
first timer expires, the first timer is closed, the
local end enters the idle state; if timing of the
first timer does not expire, it is determined
whether an acknowledgement packet for safety
command information of the peer end is re-
ceived; if an acknowledgement packet for safety
command information of the peer end is re-
ceived, it stops transmitting, to the peer end, in-
formation for transmitting safety command infor-
mation to the train interface, a current state is
maintained; if no acknowledgement packet for
safety command information of the peer end is
received, it is determined whether the informa-
tion fortransmitting safety command information
to the train interface has been transmitted to the
peer end for more than a specified number of
times; if the information for transmitting safety
command information to the train interface has
been transmitted to the peer end for more than
the specified number of times, it stops transmit-
ting, to the peer end, information for transmitting
safety command information to the train inter-
face, and the local end enters a fault state; if the
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information for transmitting safety command in-
formation to the train interface has not been
transmitted to the peer end for more than the
specified number of times, it continues to trans-
mit, to the peer end, information for transmitting
safety command information to the train inter-
face;

T3-2: it is determined whether safety command
information of the peer end is received,; if safety
command information of the peer end is re-
ceived, an acknowledgement packet of having
receipted the safety command information is
transmitted to the peer end, and itis determined
whether the safety command information of the
peer end and the transmitting state of the
changed safety command of the local end are
consistent; if the safety command information of
the peer end and the transmitting state of the
changed safety command of the local end are
consistent, the first timer is closed, the local end
enters an idle state; if the safety command in-
formation of the peer end and the transmitting
state of the changed safety command of the lo-
cal end are inconsistent, the local end enters a
fault state; if no safety command information of
the peer end is received, it is determined wheth-
er timing of the first timer expires; if timing of the
first timer expires, the first timer is closed, the
local end enters the idle state; if timing of the
first timer does not expire, it is determined
whether an acknowledgement packet for safety
command information of the peer end is re-
ceived; if an acknowledgement packet for safety
command information of the peer end is re-
ceived, it stops transmitting, to the peer end, in-
formation for not transmitting safety command
information to the train interface, a current state
is maintained; if no acknowledgement packet for
safety command information of the peer end is
received, it is determined whether the informa-
tion for not transmitting safety command infor-
mation to the train interface has been transmit-
ted to the peer end for more than a specified
number of times; if the information for not trans-
mitting safety command information to the train
interface has been transmitted to the peer end
for more than the specified number of times, it
stops transmitting, to the peer end, information
for transmitting safety command information to
the train interface, and the local end enters a
fault state; if the information for not transmitting
safety command information to the train inter-
face has not been transmitted to the peer end
for more than the specified number of times, it
continues to transmit, to the peer end, informa-
tion for not transmitting safety command infor-
mation to the train interface;

T4: when the local end transmits a safety com-
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mand to the train interface, it is determined
whether a transmitting state of the safety com-
mand changes; in the case where the transmit-
ting state of the safety command changes, it is
determined whether the transmitting state of the
changed safety command of the local end is con-
sistent with the safety command information of
the peer end asreceived; ifthe transmitting state
of the changed safety command of the local end
is consistent with the safety command informa-
tion of the peer end as received, the local end
maintains the transmitting state of the changed
safety command, and transmits the changed
safety command information to the peer end,
the second timer is turned off, it enters a state
of waiting for acknowledgement from the peer
end, it continues to execute step T5; if the trans-
mitting state of the changed safety command is
inconsistent with the safety command informa-
tion of the peer as received, the second timer is
closed, the local end enters a fault state; if the
answer is negative, itis determined whether the
second timer expires; if the second timer ex-
pires, the second timer is closed, it enters a fault
state; if the second timer does not expire, it con-
tinues to determine whether a transmitting state
of the safety command changes when the local
end transmits a safety command to the train in-
terface.

T5: the changed safety command information is
transmitted to the peer end periodically, it is de-
termined whether acknowledgement informa-
tion about the safety command of the peer end
is received; if acknowledgement information
about the safety command of the peer end is
received, the local end enters an idle state; if no
acknowledgement information about the safety
command of the peer end is received, it is de-
termined whether the number of times of trans-
mitting the changed safety command informa-
tion to the peer end exceeds the specified
number of times; if the number of times of trans-
mitting the changed safety command informa-
tion to the peer end exceeds the specified
number oftimes, the local end enteranidle state;
if the number of times of transmitting the
changed safety command information to the
peer end does not exceed the specified number
of times, it continues to transmit the changed
safety command information to the peer end.

The method for processing train interface data for
the hot standby on-board equipment according to
claim 7, wherein the safety command includes a
speed control command and a traction removing
command.

The method for processing train interface data for
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the hot standby on-board equipment according to
claim 1, wherein

the safety command includes a train interface
control command;

when at least one of the first main control unit
and the second main control unit is in a normal
operating state, the on-board equipment deter-
mines whether to transmit the train interface
control command to the train interface according
toan operating situation, which specifically com-
prises:

when the first main control unit fails or has
no power, the first main control unit does
not transmit the train interface control com-
mand to the train interface, the second main
control unit determines according to needs
whether to transmit the train interface con-
trol command to the train interface;

or, when the second main control unit fails
or has no power, the second main control
unit does not transmit the train interface
control command to the train interface, the
first main control unit determines according
to needs whether to transmit the train inter-
face control command to the train interface;
or, the first main control unit and the second
main control unit are both in a normal oper-
ating state, the second main control unit
cancels transmitting the train interface con-
trol command to a circuit module within the
on-board equipment; the first main control
unitdetermines whether to transmit the train
interface control command to the circuit
module as required; the train interface con-
trol command is not transmitted to the train
interface if the circuit module does not re-
ceive the train interface control command;
the train interface controlcommandis trans-
mitted to the train interface if the circuit mod-
ule receives information for the train inter-
face control command of the first main con-
trol unit.

10. The method for processing train interface data for
the hot standby on-board equipment according to
claim 1, wherein the method further comprises a
brake test of the on-board equipment, and the brake
test comprises the following steps:

D1: after the first main control unit receives a

brake test request, a brake test is performed; if
the brake test fails, a driver is reminded of that
the brake test fails, the brake test is re-executed
until the brake test is successful; if the brake test
is successful, the second main control unit is
instructed to perform a brake test;
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D2: after the second main control unit receives
the command and transmits a command receipt
acknowledgement to the first main control unit,
the second main control unit starts to perform a
brake test; if the brake testis successful, a brake
test result is transmitted to the first main control
unit, the first main control unit feeds back brake
test results of the local end and the second main
control unit to the driver;

if the brake test fails, it is determined whether
the number of times of braking exceeds a spec-
ified number of times, step D3 is executed in the
case where it exceeds, step D4 is executed in
the case where it does not exceed;

D3: the brake testis repeated until the brake test
is successful, thereafter the brake test result is
transmitted to the first main control unit, the first
main control unit feeds back the brake test re-
sults of the local end and the second main con-
trol unit to the driver;

D4: the first main control unit is informed of test
end, the second main control unit enters a fault
state; after the first main control unit receives a
test end message of the second main control
unit, it will feed back the brake test result of the
first main control unit to the driver.
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The on-board equipment receives input signals transmitted by the
train interface
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The first main control unit receives a current first input
signal, and the second main control unit receives a
current second input signal

The first main control unit transmits the first input
signal to the second main control unit

The second main control unit

NO _____ compares whether the first input Yes
signal and the second input signal
are consistent
y A

The first main control unit is notified to The first main control unit is notified
discard the first input signal and the to use the first input signal as input
second main control unit is notified to and the second main control unit is
discard the second input signal, the notified to use the second input
first main control unit and the second signal as input
main control unit maintain to use
previous consistent signals as input

Fig 3
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The first main control unit receives the current input signal,
and then transmits the input signal to the second main control
unit

The second main control unit receives the input signal
transmitted by the first main control unit, and uses the
received input signal as its own input signal

Fig 4
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The local end transmits a braking command to the train interface and
———» periodically transmits, to the peer end, information for transmitting a
braking command to the train interface
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The local end cancels transmitting a braking command to the train interface

» temporarily, and periodically transmits, to the peer end, information for
cancelling transmitting a braking command to the train interface
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A second timer is started, to monitor the local end
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The local end transmits a traction removing command to the train
interface , and periodically transmits, to the peer end, information

for transmitting a traction removing command to the train interface
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The local end cancels transmitting a traction removing command to the train interface
temporarily, and periodically transmits, to the peer end, information for cancelling
transmitting a traction removing command to the train interface
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The first main control unit receives a brake test request in real
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