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(54) TRAIN FORMATION MANAGEMENT METHOD AND APPARATUS, DEVICE, AND MEDIUM

(57) The present invention relates to a marshalled
train management method, apparatus, device and me-
dium, the method including: S1: identifying, by a vehi-
cle-mounted VOBC, train marshalling information; S2:
identifying, by a trackside ZC, coupling marshalling in-
formation; S3: when the coupling marshalling information
or the train marshalling information is valid, calculating,
by the trackside ZC, a valid movement authorization for
the marshalled train; S4: checking, by the vehicle-mount-
ed VOBC, a currently applied marshalled train parameter
state thereof; if the coupling marshalling information or
the train marshalling information is valid, setting the
fromed train parameter state to be available; and if the
state is available and the valid movement authorization
is received, safely controlling the train to run; S5: verify-
ing, by the vehicle-mounted VOBC, an availability state
of the marshalled train parameter state in real time ac-
cording to the coupling marshalling information or the
train marshalling information; and S6: when the coupling
state of the marshalled train changes during online cou-
pling or dis-marshalling, re-performing the calculation
and verification steps of the vehicle-mounted VOBC and
the trackside ZC. Compared with the prior art, the present
invention has advantages of high safety, high reliability,
high availability, etc.
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Description

FIELD OF TECHNOLOGY

[0001] The present invention relates to a train signal
control system, in particular to a marshalled train man-
agement method, apparatus, device and medium based
on flexible marshalling for operation.

BACKGROUND

[0002] The time distribution characteristics of daily
passenger flows on different lines of urban rail transit are
quite different, especially on suburban lines, wherein tidal
changes of passenger flows are particularly obvious. The
fixed marshalling mode can not solve problems that train
capacity is waste during off-peak hours and it is crowded
in the trains during peak hours.
[0003] In view of the passenger flow difference char-
acteristics of different time periods or different sections
throughout a day, under a condition of ensuring a better
train service frequency in each period, the flexible mar-
shalling for operation realizes the optimal cooperative
transportation organization between passenger flow de-
mand and capacity by changing the number of mar-
shalled trains online, and reasonably optimizes a full load
ratio of trains in each period, which solves the problem
of transport capacity waste caused by unbalanced time
distribution and can improve operation economy of a rail
transit system while ensuring a service level.
[0004] The flexible marshalling requires online cou-
pling/dis-marshalling of trains on the lines, and different
marshalled trains run in a mixed manner. A Communi-
cation Based Train Control (CBTC) needs to identify the
number and type of marshalled trains in its management
zone in real time, and safely control automatic run of the
trains after the identified type of marshalled trains thereby
is consistent with the train parameter used for train control
thereby.
[0005] However, how to effectively manage the flexible
marshalled trains so as to improve the operation efficien-
cy under a premise of ensuring train safety has become
a technical problem to be solved.

SUMMARY

[0006] The purpose of the present invention is to pro-
vide a marshalled train management method, apparatus,
device and medium with high safety, high reliability, high
availability in order to overcome the defects existing in
the prior art.
[0007] The purpose of the present invention can be
realized by the following technical solutions:
According to a first aspect of the present invention, pro-
vided is a marshalled train management method, wherein
a CBTC system automatically identifies and manages a
marshalled train after the marshalled train restarts or a
marshalling state changes, and the method specifically

comprises the following steps:

step S1: identifying, by a vehicle-mounted VOBC,
train marshalling information and transmitting the
train marshalling information to a trackside ZC;

step S2: identifying, by the trackside ZC, coupling
marshalling information and transmitting the con-
necting marshalling information to a vehicle-mount-
ed CC;

step S3: when the coupling marshalling information
or the train marshalling information is valid, calculat-
ing, by the trackside ZC, a valid movement authori-
zation for the marshalled train;

step S4: checking, by the vehicle-mounted VOBC,
a currently applied marshalled train parameter state
thereof; if the coupling marshalling information or the
train marshalling information is valid, setting the mar-
shalled train parameter state to be available, and if
the state is available and the valid movement author-
ization is received, safely controlling the train to run;

step S5: verifying, by the vehicle-mounted VOBC,
an availability state of the marshalled train parameter
state in real time according to the coupling marshal-
ling information or the train marshalling information;
and

step S6: when a coupling state of the marshalled
train changes during online coupling or dis-marshal-
ling, returning to step S1) to re-perform the calcula-
tion and verification steps of the vehicle-mounted
VOBC and the trackside ZC.

[0008] As a preferred technical solution, the step S1 is
specifically as follows:
obtaining, by the vehicle-mounted VOBC, identification
number VIDs of other train units in the marshalled train
and a coupling state of a Cab terminal by means of com-
munication between train units, calculating and transmit-
ting the train marshalling information to the trackside ZC.
[0009] As a preferred technical solution, the step S2 is
specifically as follows:
according to train marshalling information from each train
unit and an envelope order of each train unit, constructing
and transmitting, by the trackside ZC, coupling marshal-
ling information to the vehicle-mounted CC.
[0010] As a preferred technical solution, the train mar-
shalling information of each train unit comprises an iden-
tification number of each train unit and coupling state
information of each terminal.
[0011] As a preferred technical solution, wherein
checking a currently applied marshalled train parameter
state thereof in the step S4 is specifically as follows:
checking, by the vehicle-mounted VOBC, the currently
applied marshalled train parameter state thereof accord-
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ing to the train marshalling information calculated thereby
or the coupling marshalling information from the ZC.
[0012] As a preferred technical solution, when the mar-
shalled train is restarted, the vehicle-mounted VOBC ver-
ifies that a marshalled train parameter applied thereby is
consistent with the coupling marshalling information from
the trackside ZC or the calculated train marshalling in-
formation, and then authorizes the train to run in an en-
ergy monitoring mode.
[0013] As a preferred technical solution, the step S5 is
specifically as follows:

after the vehicle-mounted VOBC is restarted and in-
itialized, and after the marshalled train parameter
applied thereby is verified to be correct according to
the coupling marshalling information from the track-
side ZC, setting the marshalled train parameter state
to be available; and

after the train marshalling information calculated by
the vehicle-mounted VOBC or the coupling marshal-
ling information from the trackside ZC is consistent
with the marshalled train parameter applied thereby,
when any one subsystem is degraded and cannot
figure out valid, trusting and applying the information
from the other party to safely control the train to run.

[0014] As a preferred technical solution, after the ver-
ification in the step S5 is passed, the train marshalling
information calculated by the vehicle-mounted VOBC
and the coupling marshalling information calculated by
the trackside ZC are trustable.
[0015] As a preferred technical solution, in the step S6,
when the marshalled train coupling state changes, the
vehicle-mounted VOBC and the trackside ZC automati-
cally recalculate and verify a marshalled train parameter.
[0016] According to a second aspect of the present
invention, provided is a marshalled train management
apparatus, comprising:

a train marshalling information module, for a vehicle-
mounted VOBC to identify a marshalled train;

a coupling marshalling information module, for a
trackside ZC to identify the marshalled train;

a movement authorization calculation module, for
the trackside ZC to calculate a valid movement au-
thorization for the marshalled train when a mar-
shalled train parameter state is available, and feed
back coupling marshalling information to an associ-
ated vehicle-mounted VOBC;

a check module, for the vehicle-mounted VOBC to
check a currently applied marshalled train parameter
state thereof, and safely control the train to run if the
state is available and the valid movement authoriza-
tion is received;

a verification module, for the vehicle-mounted VOBC
to verify the marshalled train parameter state accord-
ing to the train marshalling information or the cou-
pling marshalling information from the ZC; and

a state detection module, for re-performing the cal-
culation and verification process of the vehicle-
mounted VOBC and the trackside ZC when a cou-
pling state of the marshalled train changes during
online coupling or dis-marshalling.

[0017] According to a third aspect of the present inven-
tion, provided is an electronic device, comprising a proc-
essor and a memory in which a computer program is
stored, wherein the processor, when executing the pro-
gram, implements the above-mentioned methods.
[0018] According to a fourth aspect of the present in-
vention, provided is a computer readable storage medi-
um in which a computer program is stored, wherein the
program, when being executed by a processor, imple-
ments the above-mentioned methods.
[0019] Compared with the prior art, the present inven-
tion has the following advantages:

(1) in the present invention, the train identification
number VIDs and the coupling states of Cab ends
of other train units are obtained through the commu-
nication among the train units of the marshalled train,
and each train unit independently calculates the train
marshalling information and transmits it to the track-
side ZC to improve the safety of the system;

(2) in the present invention, the trackside ZC con-
structs the coupling marshalling information accord-
ing to the train marshalling information of each train
unit (including the identification number of each train
unit, the coupling marshalling state of each end) and
the safety envelope order of each train unit, which
ensures the correctness and safety of the identifica-
tion of the marshalled train;

(3) in the present invention, after the marshalled train
restarts, after the vehicle-mounted VOBC verify that
the marshalled train parameter applied thereby is
consistent with the coupling marshalling information
from the trackside ZC, it authorizes the train to run
in the energy monitoring mode to ensure the safety
of the marshalled train operation;

(4) in the present invention, after the verification is
successful, the train marshalling information calcu-
lated by the vehicle-mounted VOBC and the coupling
marshalling information calculated by the trackside
ZC are trustable, which improves the availability of
flexible marshalling for operation; and

(5) in the present invention, when the train coupling
marshalling state changes, the vehicle-mounted
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VOBC and the trackside ZC automatically recalcu-
late and verify the marshalled train parameter ap-
plied thereby, which improves automation of flexible
marshalling for operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 is a working flow chart of a specific embodi-
ment of the present invention;

FIG. 2 is a vehicle-mounted architecture diagram of
a multi-marshalling train in a specific embodiment of
the present invention; and

FIG. 3 is a schematic diagram of a multi-marshalling
train inserted from a non-CBTC zone to a CBTC zone
in a specific embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0021] The following is a clear and complete descrip-
tion of the technical solutions in the embodiments of the
present invention in combination with accompanying
drawings attached to the embodiments of the present
invention. Obviously, the embodiments described are a
part of the embodiments of the present invention, but not
the whole embodiments. Based on the embodiments of
the present invention, all other embodiments obtained
by a person skilled in the art without creative labor shall
fall within the protection scope of the present invention.
[0022] The present invention provides an effective
method for identification and management of a mar-
shalled train for a Communication-Based Train Control
(CBTC) signal system, especially for dynamic manage-
ment of the marshalled trains of different marshalling
combinations in flexible marshalling for operation of ur-
ban rail transit.
[0023] As shown in FIG. 1, the embodiment of the
present invention provides a marshalled train identifica-
tion and management method for flexible marshalling for
operation. All train units in a multi-marshalling train main-
tain communication with a trackside ZC, and identify and
maintain marshalled train parameters through joint cal-
culation and mutual verification by a vehicle-mounted
VOBC and the trackside ZC. The method specifically
comprises the following steps:

step 1: after the marshalled train restarts, loading,
by each train unit, the marshalled train (TF) param-
eter according to the type of marshalling train mem-
orized before the restart; and if the memorized infor-
mation is unavailable, loading, by each train unit, a
default Train marshalling (TF) parameter;

step 2: after the communication of each train unit is
established, checking, by the vehicle-mounted

VOBC, legality of the marshalled train according to
the VIDs of other train units and Cab coupling states
of the other train units; and if an effective marshalling
train can be formed (data definition), calculating the
valid train marshalling information;

step 3: verifying, by the vehicle-mounted VOBC, con-
sistency between the calculated valid train marshal-
ling information and its applied TF parameter; when
they are not consistent, if the train does not start after
restart, reloading, by the vehicle-mounted VOBC,
the TF parameter according to the type of marshal-
ling train corresponding to the calculated train mar-
shalling information, and if the train has started after
restart, restarting each train unit manually in order
to reload the TF parameter; and

step 4: or according to the consistency of the valid
coupling marshalling information from the ZC and its
applied TF parameter, if they are inconsistent and
the train does not start after restart, reloading the TF
parameter according to the valid coupling marshal-
ling information from the ZC;
this step takes precedence over the step 3; for ex-
ample, after online coupling/dis-marshalling and be-
fore communication of VOBC-VOBC is established,
if the ZC receives valid coupling marshalling infor-
mation, the vehicle-mounted VOBC automatically
loads the corresponding TF parameter according to
the information; after being successful loaded, the
TF parameter state is set to be valid, which greatly
reduces time for system reconfiguration;

step 5: after the vehicle-mounted VOBC verifies the
newly loaded train marshalling (TF) parameter as
available according to the coupling marshalling in-
formation from the ZC, authorizing the train to run in
an "energy monitoring" driving mode;

step 6: in the process of multi-marshalling train op-
eration, in a case of degradation, as long as the
VOBC can calculate the valid train marshalling infor-
mation or the ZC can calculate the valid coupling
marshalling information, running, by the multi-mar-
shalled trains, in the "energy monitoring" driving
mode;

step 7: when the coupling state of the train unit
changes during the online coupling/dis-marshalling
operation, automatically loading the newly identified
TF parameter according to the valid coupling mar-
shalling information from the ZC; and

step 8: during the non-coupling/dis-marshalling op-
eration, if the coupling state of the train unit changes,
automatically loading, by the marshalled train, no
newly identified TF parameter; and only authorizing
the train to run in an RM or EUM driving mode; only
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after restarting the vehicle-mounted VOBC of each
train unit, setting the TF parameter state to be avail-
able after the TF parameter is reloaded and verified.

[0024] As shown in FIG. 2, the method of the present
invention comprises the realization of cross-train com-
munication by the vehicle-mounted VOBC of each train
unit through global IP and the routing of cross-train com-
munication by a network communication device, and the
exchange of information through a security communica-
tion protocol (such as RSSP1), so as to obtain the iden-
tification number VIDs and the coupling marshalling state
of Cab ends of other train units of the marshalled train
safely and reliably, as well as other information that needs
to be delivered to each other in the process of operation.
[0025] The method also comprises:

1. directly identifying, by the vehicle-mounted VOBC
of a single marshalling train, the type of marshalling
train according to a fact that the Cabs at both ends
of the train unit are not connected, and setting, by
the vehicle-mounted VOBC, the parameter of mar-
shalling train (TF) to be available (Available);

2. directly identifying, by the vehicle-mounted VOBC
of multi-marshalling train which has 2 train units at
most, the type of marshalling train according to
VOBC-VOBC cross-train communication of different
train units; and setting, by the vehicle-mounted
VOBC, the parameter of marshalling train (TF) to be
available (Available); and

3. in a project of multi-marshalling train with more
than 2 train units, after the marshalled train restarts,
and the number of intermediate marshalling train
units between the head and tail trains cannot be safe-
ly identified through the communication among all
the train units, and after the vehicle-mounted VOBC
determines the coupling marshalling information is
consistent with the applied TF parameter, setting, by
the vehicle-mounted VOBC, the TF parameter state
to be available; when a multi-marshalling train is in-
serted from a non-CBTC zone to a CBTC zone and
the marshalled train is inserted as shown in FIG. 3,
calculating, by the ZC, the valid coupling marshalling
information only after all the train units have com-
pletely entered the CBTC zone and been located.

[0026] In the identification and management method
of the marshalled train with flexible marshalling for oper-
ation in the present invention, the vehicle-mounted
VOBC and the trackside ZC independently identify and
manage the marshalled train, cooperate to verify, auto-
matically identify the marshalling state of the flexible mar-
shalling train, load the TF parameter of the marshalled
train, and better realize the automatic, safe and reliable
control of the flexible marshalling train by the signal sys-
tem, ensure the safety of flexible marshalling line oper-

ation, and improve the operational efficiency of online
coupling/dis-marshalling.
[0027] The above is an introduction of method embod-
iments, and the solution of the present invention is further
explained by apparatus embodiments.
[0028] Provided in the present invention is a mar-
shalled train management apparatus, comprising:

a train marshalling information module, for a vehicle-
mounted VOBC to identify a marshalled train;

a coupling marshalling information module for a
trackside ZC to identify the marshalled train;

a movement authorization calculation module, for
the trackside ZC to calculate a valid movement au-
thorization for the marshalled train when a mar-
shalled train parameter state is available, and feed
back coupling marshalling information to an associ-
ated vehicle-mounted VOBC;

a check module, for the vehicle-mounted VOBC to
check a currently applied marshalled train parameter
state thereof, and safely control the train to run if the
state is available and the valid movement authoriza-
tion is received;

a verification module, for the vehicle-mounted VOBC
to verify the marshalled train parameter state accord-
ing to the train marshalling information or the cou-
pling marshalling information from the ZC; and

a state detection module, for re-performing the cal-
culation and verification process of the vehicle-
mounted VOBC and the trackside ZC when a cou-
pling state of the marshalled train changes during
online coupling or dis-marshalling.

[0029] A person skilled in the art can clearly under-
stand that for the convenience and simplicity of descrip-
tion, the specific working process of each described mod-
ule can refer to the corresponding process in the above-
mentioned method embodiments, and it is not be repeat-
ed herein.
[0030] The electronic device of the present invention
comprises a central processing unit (CPU) that can per-
form various appropriate actions and processes accord-
ing to computer program instructions stored in a read-
only memory (ROM) or loaded from a storage unit into a
random access memory (RAM). In the RAM, various pro-
grams and data required for operations of the device can
also be stored. The CPU, ROM, and RAM are connected
to each other via a bus. An input/output (I/O) interface is
also connected to the bus.
[0031] A plurality of components in the device are con-
nected to the I/O interface, wherein the plurality of com-
ponents comprise: an input unit, such as a keyboard, a
mouse; an output unit, such as various types of displays,
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a speaker; a storage unit, such as a disk, an optical disc;
and a communication unit, such as a network card, a
modem, a wireless communication transceivers. The
communication unit allows the device to exchange infor-
mation/data with other devices through a computer net-
work such as the Internet and/or various telecommuni-
cations networks.
[0032] The processing unit performs each step of the
method and each process described above, such as the
method consisted of the steps S1 to S6. For example, in
some embodiments, the method consisted of the steps
S1 to S6 may be realized as a computer software pro-
gram that is physically contained in a machine readable
medium, such as a storage unit. In some embodiments,
parts or all of the computer program may be loaded
and/or installed on the device via the ROM and/or com-
munication unit. When the computer program is loaded
into the RAM and executed by the CPU, one or more
steps of S1 to S6 of the method described above can be
performed. Alternatively, in other embodiments, the CPU
may be configured to execute the steps S1 to S6 of the
method by any other appropriate means (e.g., by means
of a firmware).
[0033] The functions described above herein can be
performed, at least in part, by one or more hardware log-
ical components. For example, without limitation, dem-
onstration types of hardware logic components that can
be used include: a Field Programmable Gate Array (FP-
GA), an Application-Specific Integrated Circuits (ASIC),
an Application-Specific Standard Product (ASSP), a Sys-
tem-On-Chip (SOC), a Complex Programmable Logic
Device (CPLD), etc.
[0034] Program codes for implementing the method of
the present invention may be written in any combination
of one or more programming languages. These program
codes may be provided to a processor or controller of a
general-purpose computer, a special-purpose computer
or another programmable data processing apparatus so
that the program codes, when being executed by the
processor or controller, implements the functions or op-
erations specified in the flow charts and/or block dia-
grams. The program codes can be executed entirely on
a machine, partially on a machine, partially on a remote
machine as a stand-alone software package, or com-
pletely on a remote machine or server.
[0035] In the context of the present invention, the ma-
chine readable medium may be a tangible medium that
may contain or store a program for use by or in conjunc-
tion with an instruction executing system, apparatus or
device. The machine readable medium may be a ma-
chine readable signal medium or a machine readable
storage medium. The machine readable medium may
include, but are not limited to, an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor sys-
tem, apparatus, or device, or any suitable combination
of the above. More specific examples of the machine
readable storage medium would include an electrical
connection based on one or more wires, a portable com-

puter disk, a hard disk, a Random Access Memory
(RAM), a Read-Only Memory (ROM), an Erasable Pro-
grammable ROM (EPROM or flash memory), optical fib-
ers, a convenient Compact Disk-ROM (CD-ROM), an op-
tical storage device, a magnetic storage device, or any
suitable combination of the above.
[0036] The above are only specific embodiments of the
present invention, but the protection scope of the present
invention is not limited to this, and any technical person
familiar with the technical field can easily think of various
equivalent modifications or replacements within the tech-
nical scope disclosed by the present invention, and these
modifications or replacements shall be covered by the
protection scope of the present invention. Therefore, the
protection scope of the present invention shall be subject
to the protection scope of the claims.

Claims

1. A marshalled train management method, wherein a
CBTC system automatically identifies and manages
a marshalled train after the marshalled train restarts
or a marshalling state changes, and the method spe-
cifically comprises the following steps:

step S1: identifying, by a vehicle-mounted
VOBC, train marshalling information and trans-
mitting the train marshalling information to a
trackside ZC;
step S2: identifying, by the trackside ZC, cou-
pling marshalling information and transmitting
the connecting marshalling information to a ve-
hicle-mounted CC;
step S3: when the coupling marshalling informa-
tion or the train marshalling information is valid,
calculating, by the trackside ZC, a valid move-
ment authorization for the marshalled train;
step S4: checking, by the vehicle-mounted
VOBC, a currently applied marshalled train pa-
rameter state thereof; if the coupling marshalling
information or the train marshalling information
is valid, setting the marshalled train parameter
state to be available, and if the state is available
and the valid movement authorization is re-
ceived, safely controlling the train to run;
step S5: verifying, by the vehicle-mounted
VOBC, an availability state of the marshalled
train parameter state in real time according to
the coupling marshalling information or the train
marshalling information; and
step S6: when a coupling state of the marshalled
train changes during online coupling or dis-mar-
shalling, returning to step S1) to re-perform the
calculation and verification steps of the vehicle-
mounted VOBC and the trackside ZC.

2. The marshalled train management method accord-
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ing to claim 1, wherein the step S1 is specifically as
follows:
obtaining, by the vehicle-mounted VOBC, identifica-
tion number VIDs of other train units in the mar-
shalled train and a coupling state of a Cab terminal
by means of communication between train units, cal-
culating and transmitting the train marshalling infor-
mation to the trackside ZC.

3. The marshalled train management method accord-
ing to claim 1, wherein the step S2 is specifically as
follows:
according to train marshalling information from each
train unit and an envelope order of each train unit,
constructing and transmitting, by the trackside ZC,
coupling marshalling information to the vehicle-
mounted CC.

4. The marshalled train management method accord-
ing to claim 3, wherein the train marshalling informa-
tion of each train unit comprises an identification
number of each train unit and coupling state infor-
mation of each terminal.

5. The marshalled train management method accord-
ing to claim 1, wherein checking a currently applied
marshalled train parameter state thereof in the step
S4 is specifically as follows:
checking, by the vehicle-mounted VOBC, the cur-
rently applied marshalled train parameter state
thereof according to the train marshalling information
calculated thereby or the coupling marshalling infor-
mation from the ZC.

6. The marshalled train management method accord-
ing to claim 5, wherein when the marshalled train is
restarted, the vehicle-mounted VOBC verifies that a
marshalled train parameter applied thereby is con-
sistent with the coupling marshalling information
from the trackside ZC or the calculated train mar-
shalling information, and then authorizes the train to
run in an energy monitoring mode.

7. The marshalled train management method accord-
ing to claim 1, wherein the step S5 is specifically as
follows:

after the vehicle-mounted VOBC is restarted
and initialized, and after the marshalled train pa-
rameter applied thereby is verified to be correct
according to the coupling marshalling informa-
tion from the trackside ZC, setting the mar-
shalled train parameter state to be available; and
after the train marshalling information calculated
by the vehicle-mounted VOBC or the coupling
marshalling information from the trackside ZC
is consistent with the marshalled train parameter
applied thereby, when any one subsystem is de-

graded and cannot figure out valid, trusting and
applying the information from the other party to
safely control the train to run.

8. The marshalled train management method accord-
ing to claim 1, wherein after the verification in the
step S5 is passed, the train marshalling information
calculated by the vehicle-mounted VOBC and the
coupling marshalling information calculated by the
trackside ZC are trustable.

9. The marshalled train management method accord-
ing to claim 1, wherein in the step S6, when the mar-
shalled train coupling state changes, the vehicle-
mounted VOBC and the trackside ZC automatically
recalculate and verify a marshalled train parameter.

10. A marshalled train management apparatus, com-
prising:

a train marshalling information module, for a ve-
hicle-mounted VOBC to identify a marshalled
train;
a coupling marshalling information module, for
a trackside ZC to identify the marshalled train;
a movement authorization calculation module,
for the trackside ZC to calculate a valid move-
ment authorization for the marshalled train when
a marshalled train parameter state is available,
and feed back coupling marshalling information
to an associated vehicle-mounted VOBC;
a check module, for the vehicle-mounted VOBC
to check a currently applied marshalled train pa-
rameter state thereof, and safely control the train
to run if the state is available and the valid move-
ment authorization is received;
a verification module, for the vehicle-mounted
VOBC to verify the marshalled train parameter
state according to the train marshalling informa-
tion or the coupling marshalling information from
the ZC; and
a state detection module, for re-performing the
calculation and verification process of the vehi-
cle-mounted VOBC and the trackside ZC when
a coupling state of the marshalled train changes
during online coupling or dis-marshalling.

11. An electronic device, comprising a processor and a
memory in which a computer program is stored,
wherein the processor, when executing the program,
implements the method according to any one of
claims 1-9.

12. A computer-readable storage medium in which a
computer program is stored, wherein the program,
when being executed by a processor, implements
the method according to any one of claims 1-9.
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