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tion and intercommunication method and system for a
virtual marshalling train control system in a heavy haul
railway. The method includes: determining a switching
area for switching ground equipment between an existing
line and a virtual marshalling line; switching a ground
equipment control right when atrain runs towithinarange
of the switching area; and after switching of the ground
equipment control right is completed, sending, by the

ground equipment in the virtual marshalling line, a mar-
shalling command to on-board equipment of the train,
and virtually marshalling, by the on-board equipment, the
train corresponding to the on-board equipment and a
front train in a formation based on the marshalling com-
mand. According to the present invention, the switching
between different signal systems can be implemented,
and the efficiency of train operation can be improved.
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Description
FIELD OF TECHNOLOGY

[0001] The present invention relates to the technical
field of railway transportation, in particular to an inter-
connection and intercommunication method and system
for a virtual marshalling train control system in a heavy
haul railway, a storage medium, and an electronic device.

BACKGROUND

[0002] Since the development of heavy haul railway
technology in China is limited by existing line station yard
lengths of 850 m and 1,050 m, the transport capacity
cannot be increased by increasing the number of train
formations. On the basis of maximizing the utilization of
existing infrastructures, the constraint of a current signal
block system regarding a front train as static is broken.
On the premise of safety, two or more adjacent trains are
virtually marshalled to form a "whole train set" to com-
plete train operation control and transport organization,
which can significantly shorten the safety protection dis-
tance between the trains in the train set, and reduce the
tracking interval of the trains, thusimproving the transport
capacity of lines.

[0003] At present, the research on virtual marshalling
oftrains has been carried outin the field of road trafficand
rail transit at home and abroad, and the field real train
verification has been carried out in the field of urban rail
transit, butin the field of railway transportation, especially
in the field of heavy haul railways, there is no precedent
for the application of virtual marshalling technology and
the interconnection and intercommunication between
virtual line systems and existing line systems.

SUMMARY

[0004] The present invention aims to solve one of the
technical problems in related technologies at least to a
certain extent. In view of this, a first objective of the
present invention is to provide an interconnection and
intercommunication method for a virtual marshalling train
control system in a heavy haul railway, which can imple-
ment the switching between different signal systems and
improve the efficiency of train operation.

[0005] A second objective of the presentinvention s to
provide an interconnection and intercommunication sys-
tem for a virtual marshalling train control system in a
heavy haul railway.

[0006] A third objective of the present invention is to
provide a computer-readable storage medium.

[0007] A fourth objective of the present invention is to
provide an electronic device.

[0008] To achieve the above obj ective, the present
invention is implemented by the following technical solu-
tion:

An interconnection and intercommunication method for a
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virtual marshalling train control system in a heavy haul
railway includes:

determining a switching area for switching ground
equipment between an existing line and a virtual
marshalling line;

switching a ground equipment control right when a
train runs to within a range of the switching area; and

after switching of the ground equipment control right
is completed, sending, by the ground equipment in
the virtual marshalling line, a marshalling command
to on-board equipment of the train, and virtually
marshalling, by the on-board equipment, the train
corresponding to the on-board equipment and a front
train in a formation based on the marshalling com-
mand.

[0009] Optionally, the step of determining a switching
area for switching ground equipment between an existing
line and a virtual marshalling line includes:

arranging a ground equipment switching balise group in
an overlapped co-management area of the virtual mar-
shalling line and the existing line, and setting an area
where the ground equipment switching balise group is
located as the switching area for switching the ground
equipment.

[0010] Optionally, when the train runs to within the
range of the switching area, the ground equipment con-
trol right is handed over and switched by the on-board
equipment of the train.

[0011] Optionally, the step of handing over and switch-
ing the ground equipment control right by the on-board
equipment of the train includes:

when the train runs to the switching area, sending, by
radio block center equipment in the existing line, a
ground equipment switching command to the on-
board equipment of the train;

receiving, by the on-board equipment, the ground
equipment switching command, sending a commu-
nication session establishment requestinstruction to
resource management equipment in the virtual mar-
shalling line, and establishing, by the resource man-
agement equipment, a communication session with
the on-board equipment after receiving the commu-
nication session establishment request instruction;
and

when the train runs to completely pass through the
switching area, performing interaction on ground
equipment control right switching information by
the established communication session.

[0012] Optionally, after the ground equipment control
right is handed over and switched, the method further
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includes:

terminating, by the on-board equipment, a communica-
tion connection with the radio block center equipment,
and performing interaction on train operation safety data
with the resource management equipment through the
communication session, to complete the switching of the
ground equipment.

[0013] Optionally, the method further includes:

when the train runs to a jurisdictional boundary of an
existing management system corresponding to the ex-
isting line, causing the radio block center equipment to
start to perform interaction on the ground equipment
switching information with the resource management
equipment.

[0014] Optionally, after the switching of the ground
equipment is completed, the method further includes:

sending, by the resource management equipment,
line resource information; and

receiving, by the on-board equipment, the line re-
source information, and monitoring an operating
condition of the train based on the line resource
information.

[0015] Optionally, after the switching of the ground
equipment is completed, and before the resource man-
agement equipment sends the marshalling command to
the on-board equipment, the method further includes:
obtaining, by the resource management equipment, a
train marshalling plan, checking a train operation line
condition based on the train marshalling plan, and send-
ing the marshalling command to the on-board equipment
after checking that the train operation line condition
meets a train marshalling condition.

[0016] Optionally, before the on-board equipment vir-
tually marshals the train corresponding to the on-board
equipment and the front train in the formation based on
the marshalling command, the method further includes:
determining, by the on-board equipment, whether the
train meets a marshalling condition based on the mar-
shalling command, and virtually marshalling the train and
the front train in the formation when the train meets the
marshalling condition.

[0017] Optionally, the step of virtually marshalling, by
the on-board equipment, the train corresponding to the
on-board equipment and the front train in the formation
based on the marshalling command includes:

if the on-board equipmentis on-board equipmentina
first one of a train set to be marshalled, determining,
by the on-board equipment, that the train meets a
formation establishment condition, and informing
trains in the formation to prepare for marshalling;

establishing, by the on-board equipment, train-train
communication between the train and the front train
in the formation, and performing interaction on train
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operation information through the train-train commu-
nication; and

calculating, by the on-board equipment, a relative
position-based end of movement authority based on
operation information of the train and operation in-
formation of the front train, and virtually marshalling
the train and the front train.

[0018] Optionally, the on-board equipment completes
virtual marshalling of the train and the front train in a
manner that a tracking distance between the train and the
front train is shortened and reaches a preset value.
[0019] Optionally, the operation information includes
speed, acceleration and real-time position information of
the train.

[0020] Optionally, the on-board equipment for deter-
mining whether the train meets the marshalling condition
based on the marshalling command is on-board equip-
ment in a first one of a train set to be marshalled.
[0021] To achieve the above objective, a second as-
pect of the present invention provides an interconnection
and intercommunication system for a virtual marshalling
train control system in a heavy haul railway, including:

a determination module configured to determine a
switching area for switching ground equipment be-
tween an existing line and a virtual marshalling line;

a switching module connected to the determination
module and configured to switch a ground equip-
ment control right when a train runs to within a range
of the switching area; and

a marshalling module connected to the switching
module and configured to receive a marshalling
command after switching of the ground equipment
control right is completed, and virtually marshal the
train and a front train in a formation based on the
marshalling command.

[0022] To achieve the above objective, a third aspect of
the present invention provides a computer-readable sto-
rage medium having a computer program stored thereon,
where when the computer program is executed by a
processor, the above interconnection and intercommu-
nication method for a virtual marshalling train control
system in a heavy haul railway is implemented.

[0023] To achieve the above objective, a fourth aspect
of the present invention provides an electronic device,
including a processor and a memory, where the memory
has a computer program stored thereon, and when the
computer program is executed by the processor, the
above interconnection and intercommunication method
for a virtual marshalling train control system in a heavy
haul railway is implemented.

[0024] The presentinvention has at least the following
technical effects:
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1. According to the present invention, the switching
area is arranged between the existing line and the
virtual marshalling line, the switching of the ground
equipment information is completed when the train
runs to within the range of the switching area, the
marshalling command is sent based on the train
marshalling plan after the switching of the ground
equipmentinformation, and the virtual marshalling of
the trains is completed through the marshalling com-
mand, such that the interconnection and intercom-
munication between an existing line train control
system and a virtual marshalling train control system
can be effectively implemented, the transport capa-
city of a freight railway in cross-line operation can be
improved, the train setcan runin a virtual marshalling
mode of shortening the tracking distance between
the trains, and the overall operation efficiency of a
train operation system can be improved.

2. According to the presentinvention, after the virtual
marshalling train control system is used in the heavy
haul railway, the interconnection and intercommuni-
cation with the existing train control system can be
implemented by sharing common line ground equip-
ment resources and existing train on-board equip-
ment, such that the construction and operation costs
of the train operation system can be effectively re-
duced on the whole.

3. According to the present invention, the intercon-
nection and intercommunication between the virtual
marshalling train control system and the existing line
train control system can be implemented without
stop, seamless switching between the virtual mar-
shalling train control system and the existing train
control system can be implemented, the availability
of the virtual marshalling train control system can be
enhanced, and the popularization and application of
the virtual marshalling train control system are fa-
cilitated.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

FIG. 1 is a flowchart of an interconnection and inter-
communication method for a virtual marshalling train
control system in a heavy haul railway provided by an
embodiment of the present invention;

FIG. 2 is a schematic arrangement diagram of a
ground equipment switching balise provided by an
embodiment of the present invention;

FIG. 3 is a working principle diagram of an intercon-
nection and intercommunication system for a virtual
marshalling train control system in a heavy haul
railway provided by an embodiment of the present
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invention;

FIG. 4 is a schematic diagram of an interconnection
and intercommunication application scenario for a
virtual marshalling train control system in a heavy
haul railway provided by a first embodiment of the
present invention;

FIG. 5 is a schematic diagram of an interconnection
and intercommunication interface connection for a
virtual marshalling train control system in a heavy
haul railway provided by an embodiment of the pre-
sent invention;

FIG. 6 and FIG. 7 are schematic diagrams of an
interconnection and intercommunication application
scenario for a virtual marshalling train control system
in a heavy haul railway provided by an embodiment
of the present invention;

FIG. 8 is a schematic diagram of an overall informa-
tion flow for a virtual marshalling train control system
in a heavy haul railway provided by an embodiment
of the present invention; and

FIG. 9is a structure block diagram of an interconnec-
tion and intercommunication system for a virtual
marshalling train control system in a heavy haul
railway provided by an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0026] The present invention is further described in
detail below with reference to the drawings and specific
embodiments. The advantages and features of the pre-
sent invention are clearer according to description and
claims below. It should be noted that the drawings in a
very simplified form and with an imprecise scale are only
used to conveniently and clearly assist in describing the
embodiments of the present invention.

[0027] To solve the technical problems in the back-
ground, the presentinvention provides a method capable
of implementing resource sharing in common line areas,
saving costs, and improving the efficiency of train opera-
tion, that is, a method for interconnection and intercom-
munication between a virtual marshalling train control
system and an existing line train control system in a
heavy haul railway. According to the present invention,
on the basis of compatibility with existing signal systems
in the heavy haul railway, in order to ensure the inter-
connection and intercommunication between operating
lines using virtual marshalling and existing lines, the
switching between ground equipment in different signal
systems and between ground equipment and on-board
equipment can be completed by designing switching
areas and switching times of the systems, and based
on marshalling plans and marshalling commands issued
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by a dispatch center, such that the switching between the
different signal systems can be dynamically implemen-
ted.

[0028] The interconnection and intercommunication
method and system for a virtual marshalling train control
system in a heavy haul railway in this embodiment are
described below with reference to the drawings.

[0029] FIG. 1 is a flowchart of an interconnection and
intercommunication method for a virtual marshalling train
control system in a heavy haul railway provided by an
embodiment ofthe presentinvention. As showninFIG. 1,
the method includes steps below.

[0030] In step S 1, a switching area for switching
ground equipment between an existing line and a virtual
marshalling line is determined.

[0031] The step of determining a switching area for
switching ground equipment between an existing line and
a virtual marshalling line includes:

arranging a ground equipment switching balise group in
an overlapped co-management area of the virtual mar-
shalling line and the existing line, and setting an area
where the ground equipment switching balise group is
located as the switching area for switching the ground
equipment.

[0032] Specifically, as shown in FIG. 2, the ground
equipment switching balise group can be arranged on
an outer side of a station exit in the overlapped co-
management area of the virtual marshalling line and
the existing line, which serves as a switching area for
switching communication between on-board equipment
and the ground equipment, where the existing line is a
line where an existing line station 1, an interconnection
and intercommunication common line station, an existing
line station 3, and an existing line station 4 are located,
and the virtual marshalling line is a line where the inter-
connection and intercommunication common line sta-
tion, a virtual marshalling station 2 and a virtual marshal-
ling station 3 are located.

[0033] Inthis embodiment, on the premise that the on-
board equipment in a virtual marshalling train control
system maintains communication with the ground equip-
ment in an existing line train control system, a train pulls
out of a station in a train operation mode of the existing
line train control system, and then the handover and
switching between the on-board equipment and the ex-
isting ground equipment or the ground equipment in the
virtual marshalling line is completed in the switching area.
[0034] The virtual marshalling train control system in-
cludes the on-board equipment and the ground equip-
ment, while the existing line train control system mainly
includes the on-board equipment and the corresponding
ground equipment. As shown in FIG. 3, the on-board
equipment mainly includes an on-board automatic train
protection (ATP) host and automatic train operation
(ATO) host, a radio communication station, a balise
receiving antenna, a Beidou satellite receiver, a speed
sensor, a driver machine interface (DMI), an end of train
(EOT), etc. The ground equipment in the existing line
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train control system mainly includes a centralized traffic
control (CTC) system in the existing system, a CTC
station extension in the existing system, interlocking
equipment in the existing system, and a radio block
center in the existing system. The ground equipment in
the virtual marshalling train control system includes vir-
tual marshalling CTC equipment, a virtual marshalling
resource management update (RMU) system, object
controller equipment, and a virtual marshalling CTC sta-
tion extension.

[0035] In step S2, a ground equipment control right is
switched when a train runs to within a range of the
switching area.

[0036] Specifically, before the train runs to within the
range of the switching area, when the train runs to a
jurisdictional boundary of an existing management sys-
tem corresponding to the existing line, radio block center
equipment starts to perform interaction on ground equip-
ment switching information with resource management
equipment.

[0037] AsshowninFIG.4,whenafirsttraininatrainset
pulls out of an exit of the interconnection and intercom-
munication common line station in an existing mode and
an end of movement authority of the train reaches the
jurisdictional boundary of the existing system, step @ is
performed, that is, the radio block center in the existing
system starts to perform interaction on the ground equip-
ment switching information with RMU equipment in the
virtual marshalling system, namely the above virtual
marshalling RMU system.

[0038] Further, when the train runs to within the range
of the switching area, the ground equipment control right
can be handed over and switched by the on-board equip-
ment of the train.

[0039] In this embodiment, a set of on-board equip-
ment may be used to adapt to the ground equipment in
the virtual marshalling line and the ground equipment in
the existing line separately. FIG. 5is a schematicdiagram
of an interface relationship between existing line equip-
ment and virtual marshalling system equipment provided
by an embodiment of the present invention. As shown in
FIG. 5, the on-board equipment interacts with the ground
equipment in the two systems simultaneously in the
switching area, and the ground equipment in the two
systems can complete relevant information interaction
by the on-board equipment and complete the handover
and switching of the ground equipment control right.
[0040] The step of handing over and switching the
ground equipment control right by the on-board equip-
ment of the train includes:

[0041] when the train runs to the switching area, send-
ing, by radio block center equipment in the existing line, a
ground equipment switching command to the on-board
equipment of the train; receiving, by the on-board equip-
ment, the ground equipment switching command, send-
ing a communication session establishment request in-
struction to resource management equipment in the vir-
tual marshalling line, and establishing, by the resource
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management equipment, a communication session with
the on-board equipment after receiving the communica-
tion session establishment request instruction; and when
the train runs to completely pass through the switching
area, performing interaction on ground equipment con-
trol right switching information by the established com-
munication session.

[0042] After the ground equipment control right is
handed over and switched, the method further includes:
terminating, by the on-board equipment, a communica-
tion connection with the radio block center equipment,
and performing interaction on train operation safety data
with the resource management equipment through the
communication session, to complete the switching of the
ground equipment.

[0043] Specifically, as shown in FIG. 4, when the first
train runs to the ground equipment switching balise
group, step @ is performed, thatis, the radio block center
in the existing system sends the ground equipment
switching command to the on-board equipment, and then
step (3) is performed, that is, on-board equipment of the
first train calls the RMU equipment in the virtual marshal-
ling system and establishes the communication session,
so as to perform interaction on the ground equipment
control right switching information through the estab-
lished communication session. As shown in FIG. 6, when
the first train completely passes through the ground
equipment switching balise group, step (4) is performed,
that is, the ground equipment in the two systems per-
forms interaction on the control right switching informa-
tion. Further, step (5) is performed, that is, the on-board
equipment of the first train terminates the communication
connection with the radio block center in the existing
system, maintains the connection with the RMU equip-
ment in the virtual marshalling system, and performs
interaction on the train operation safety data, to complete
the switching of the ground equipment. After the on-
board equipment of the first train completes the switching
of the ground equipment, the switching of ground equip-
ment control rights of all trains in the train set and the
interaction of the train operation safety data are com-
pleted in sequence according to steps O-®.

[0044] After the switching of the ground equipment is
completed, the method further includes: sending, by the
resource management equipment, line resource infor-
mation; and receiving, by the on-board equipment, the
line resource information, and monitoring an operating
condition of the train based on the line resource informa-
tion.

[0045] Specifically, after all the trains in the whole train
set pull out of the interconnection and intercommunica-
tion common line station in the existing mode, the train set
completes the switching of the ground equipment in the
switching area, the trains monitor the safe operation
thereof based on the line resource information provided
by the RMU equipment in the virtual marshalling system,
and then the train set runs in a virtual marshalling mode
based on a marshalling plan.
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[0046] In step S3, after the ground equipment control
right is switched, the ground equipment in the virtual
marshalling line sends a marshalling command to on-
board equipment of the train, and the on-board equip-
ment virtually marshals the train corresponding to the on-
board equipment and a train in a formation based on the
marshalling command.

[0047] After the switching of the ground equipment is
completed, and before the resource management equip-
ment, namely the ground equipment in the virtual mar-
shalling line sends the marshalling command to the on-
board equipment, the method further includes: obtaining,
by the resource management equipment, a train mar-
shalling plan, checking a train operation line condition
based on the train marshalling plan, and sending the
marshalling command to the on-board equipment after
checking that the train operation line condition meets a
train marshalling condition.

[0048] Specifically, as shown in FIG. 7, step ® can be
further performed, that is, the virtual marshalling CTC
equipment issues the train marshalling plan to the RMU
equipment in the virtual marshalling system, and the
RMU equipment in the virtual marshalling system checks
the train operation line condition based on the train
marshalling plan; and step @ is performed, that is, the
virtual marshalling command is sent to the train set.
[0049] Before the on-board equipment virtually mar-
shals the train corresponding to the on-board equipment
and the front train in the formation based on the marshal-
ling command, the method further includes: determining,
by the on-board equipment, whether the train meets a
marshalling condition based on the marshalling com-
mand, and virtually marshalling the train and the front
train in the formation when the train meets the marshal-
ling condition. According to the marshalling command,
on-board equipment in a first one of a train set to be
marshalled runs forward at a maximum speed based on
the line condition and the train condition.

[0050] Inthis embodiment, after all the on-board equip-
ment in the whole train set with the virtual marshalling
train control system completes switching of communica-
tion with the ground equipment, the first train running in
the whole train set can check a virtual formation estab-
lishment condition based on the marshalling plan and the
marshalling command issued by the ground equipmentin
the virtual marshalling train control system, and prepares
to switch to the virtual marshalling mode.

[0051] Inone embodimentof the presentinvention, the
step of virtually marshalling, by the on-board equipment,
the train corresponding to the on-board equipment and
the front train in the formation based on the marshalling
command includes: if the on-board equipment is on-
board equipment in a first one of a train set to be mar-
shalled, determining, by the on-board equipment, that the
train meets a formation establishment condition, and
informing trains in the formation to prepare for marshal-
ling; establishing, by the on-board equipment, train-train
communication between the train and the front train in the
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formation, and performing interaction on train operation
information through the train-train communication; and
calculating, by the on-board equipment, a relative posi-
tion-based end of movement authority based on opera-
tion information of the train and operation information of
the front train, and virtually marshalling the train and the
front train in the formation. The on-board equipment
completes virtual marshalling of the train and the front
train in a manner that a tracking distance between the
train and the front train is shortened and reaches a preset
value. In this embodiment, the operation information
includes speed, acceleration and real-time position in-
formation of the train.

[0052] Specifically, as shown in FIG. 7, after the first
train running in the train set checks that the marshalling
condition is met based on the marshalling command, the
trains in the train set can establish the train-train com-
munication connection therebetween and perform inter-
action on the train operation information, such as the
speed, acceleration and real-time position information of
the train, through the established train-train communica-
tion, and step ® is performed, that is, the train and the
front train in the formation are virtually marshalled based
on the current operation information of the train and the
current operation information of the front train. The spe-
cific train can track the front train in the virtual marshalling
mode to gradually shorten the tracking distance from the
front train. When front and rear trains keep a stable
running interval and run in coordination with a virtual
formation, dynamic marshalling of interconnection and
intercommunication sections can be implemented.
[0053] Inthis embodiment, the trains in the whole train
set perform interaction on the operation information
through the train-train communication, and after a mode
conversion condition is met, the train setruns in the virtual
marshalling mode, such thatthe train set can dynamically
complete the conversion of a virtual marshalling coordi-
nated operation mode in the interconnection and inter-
communication sections. It should be noted that the
virtual marshalling train control system in this embodi-
ment has a function of cross-line operation from the
existing line to the virtual marshalling line, and also
has a function of cross-line operation from the virtual
marshalling line to the existing line. Thus, the virtual
marshalling train control system in this embodiment
can complete the switching of the ground equipment
under the condition that the train does not stop in a
switching section, and complete the virtual marshalling
of the train set, thereby implementing the switching be-
tween different signal systems, and improving the effi-
ciency of train operation.

[0054] As a specific example, as shown in FIG. 8, the
CTC system can send a train plan to the radio block
center in the existing system and the virtual marshalling
RMU system, namely a resource management center in
the virtual marshalling system. When the first train in the
train set runs to the ground equipment switching balise
group, the radio block center in the existing system and
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the virtual marshalling RMU system complete the switch-
ing of the ground equipment based on the train plan and
by the on-board equipment; after completing the switch-
ing of the ground equipment, the on-board equipment
terminates the communication with the ground equip-
ment in the existing train control system; the ground
equipment in the virtual marshalling train control system
issues the marshalling command to on-board equipment
CC1 and on-board equipment CC2 in the whole train set
in a timely manner based on the marshalling plan issued
by the CTC system; and the on-board equipment CC1
and the on-board equipment CC2 establish the commu-
nication between the trains based on the marshalling
command and complete dynamic marshalling.

[0055] FIG. 9 is a structure block diagram of an inter-
connection and intercommunication system for a virtual
marshalling train control system in a heavy haul railway
provided by an embodiment of the present invention. As
shown in FIG. 9, the interconnection and intercommuni-
cation system 10 for a virtual marshalling train control
system in a heavy haul railway includes a determination
module 11, a switching module 12, and a marshalling
module 13. The determination module 11 is configured to
determine a switching area for switching ground equip-
ment between an existing line and a virtual marshalling
line; the switching module 12 is connected to the deter-
mination module 11 and configured to switch a ground
equipment control rightwhen a train runs to within arange
of the switching area; and the marshalling module 13 is
connected to the switching module 12 and configured to
receive a marshalling command after switching of the
ground equipment control rightis completed, and virtually
marshal the train and a front train in a formation based on
the marshalling command.

[0056] Specifically, an overlapped co-management
area of the virtual marshalling line and the existing line
can be first determined by the determination module 11,
and a ground equipment switching balise group is ar-
ranged in the overlapped co-management area, to de-
termine the switching area for switching the ground
equipment between the existing line and the virtual mar-
shalling line. When a train in a train set runs to the
switching area, the determination module 11 sends out
a determination instruction that the train runs to the
switching area. After receiving the determination instruc-
tion, the switching module 12 confirms that the train runs
to the switching area, then switches the ground equip-
ment control right by the on-board equipment, and sends
outaground equipment switching completion instruction.
After receiving the ground equipment switching comple-
tion instruction, the marshalling module 13 confirms that
the switching of the ground equipment control right is
completed, receives a marshalling command sent by a
virtual marshalling RMU system based on a marshalling
plan issued by virtual marshalling CTC equipment, and
then performs virtual marshalling on the corresponding
train and the front train in the formation based on the
marshalling command, such that the train set can dyna-
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mically complete the conversion of a virtual marshalling
coordinated operation mode in interconnection and inter-
communication sections.

[0057] It should be noted that, for a specific embodi-
ment of the interconnection and intercommunication sys-
tem for a virtual marshalling train control system in a
heavy haul railway in this embodiment, reference may
be made to the specific embodiment of the interconnec-
tion and intercommunication method for a virtual mar-
shalling train control system in a heavy haul railway. In
order to avoid redundancy, it will not be repeated herein.
[0058] Further, the present invention provides a com-
puter-readable storage medium having a computer pro-
gram stored thereon, where when the computer program
is executed by a processor, the above interconnection
and intercommunication method for a virtual marshalling
train control system in a heavy haul railway is implemen-
ted.

[0059] Further, the present invention provides an elec-
tronic device, including a processor and amemory, where
the memory has a computer program stored thereon, and
when the computer program is executed by the proces-
sor, the above interconnection and intercommunication
method for a virtual marshalling train control systemin a
heavy haul railway is implemented.

[0060] Insummary, according to the presentinvention,
on the basis of compatibility with existing signal systems
in the heavy haul railway, in order to ensure the inter-
connection and intercommunication between operating
lines using virtual marshalling and existing lines, the
switching between ground equipment in different signal
systems and between ground equipment and on-board
equipment can be completed by designing switching
areas and switching times of the systems, and based
on marshalling plans and marshalling commands issued
by a dispatch center, such that the switching between the
different signal systems can be dynamically implemen-
ted, the transport capacity of a freight railway in cross-line
operation can be improved, the train set can run in a
virtual marshalling mode of shortening the operating
distance between the trains, and the overall operation
efficiency of a train operation system can be improved;
moreover, according to the present invention, after the
virtual marshalling train control system is used in the
heavy haul railway, the interconnection and intercommu-
nication with the existing train control system can be
implemented by sharing common line ground equipment
resources and existing train on-board equipment, such
that the construction and operation costs of the train
operation system can be effectively reduced on the
whole; and according to the present invention, the inter-
connection and intercommunication between the virtual
marshalling train control system and the existing line train
control system can be implemented without stop, seam-
less switching between the virtual marshalling train con-
trol system and the existing train control system can be
implemented, the availability of the virtual marshalling
train control system can be enhanced, and the popular-
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ization and application of the virtual marshalling train
control system are facilitated.

[0061] While the content of the present invention has
been described in detail with the above preferred embo-
diment, it should be recognized that the above descrip-
tion should not be considered as a limitation to the pre-
sent invention. Various modifications and alternatives to
the present invention will become apparent to those
skilled in the art upon reading the above content. There-
fore, the scope of protection of the present invention
should be limited by the appended claims.

Claims

1. Aninterconnection and intercommunication method
for a virtual marshalling train control system in a
heavy haul railway, comprising:

determining a switching area for switching
ground equipment between an existing line
and a virtual marshalling line;

switching a ground equipment control right
when a train runs to within a range of the switch-
ing area; and

after switching of the ground equipment control
right is completed, sending, by the ground
equipment in the virtual marshalling line, a mar-
shalling command to on-board equipment of the
train, and virtually marshalling, by the on-board
equipment, the train corresponding to the on-
board equipment and a front train in a formation
based on the marshalling command.

2. The interconnection and intercommunication meth-
od for a virtual marshalling train control system in a
heavy haul railway according to claim 1, wherein the
step of determining a switching area for switching
ground equipment between an existing line and a
virtual marshalling line comprises:
arranging a ground equipment switching balise
group in an overlapped co-management area of
the virtual marshalling line and the existing line,
and setting an area where the ground equipment
switching balise group is located as the switching
area for switching the ground equipment.

3. The interconnection and intercommunication meth-
od for a virtual marshalling train control system in a
heavy haul railway according to claim 2, wherein
when the train runs to within the range of the switch-
ing area, the ground equipment control right is
handed over and switched by the on-board equip-
ment of the train.

4. The interconnection and intercommunication meth-
od for a virtual marshalling train control system in a
heavy haul railway according to claim 3, wherein the
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step of handing over and switching the ground equip-
ment control right by the on-board equipment of the
train comprises:

when the train runs to the switching area, send-
ing, by radio block center equipment in the ex-
isting line, a ground equipment switching com-
mand to the on-board equipment of the train;
receiving, by the on-board equipment, the
ground equipment switching command, sending
a communication session establishment re-
quest instruction to resource management
equipment in the virtual marshalling line, and
establishing, by the resource management
equipment, a communication session with the
on-board equipment after receiving the commu-
nication session establishment request instruc-
tion; and

when the train runs to completely pass through
the switching area, performing interaction on
ground equipment control right switching infor-
mation by the established communication ses-
sion.

The interconnection and intercommunication meth-
od for a virtual marshalling train control system in a
heavy haul railway according to claim 4, wherein
after the ground equipment control right is handed
over and switched, the method further comprises:

terminating, by the on-board equipment, a commu-
nication connection with the radio block center
equipment, and performing interaction on train op-
eration safety data with the resource management
equipment through the communication session, to
complete the switching of the ground equipment.

The interconnection and intercommunication meth-
od for a virtual marshalling train control system in a
heavy haul railway according to claim 5, further
comprising:

when the train runs to a jurisdictional boundary of an
existing management system corresponding to the
existing line, causing the radio block center equip-
ment to start to perform interaction on the ground
equipment switching information with the resource
management equipment.

The interconnection and intercommunication meth-
od for a virtual marshalling train control system in a
heavy haul railway according to claim 6, wherein
after the switching of the ground equipment is com-
pleted, the method further comprises:

sending, by the resource management equip-
ment, line resource information; and

receiving, by the on-board equipment, the line
resource information, and monitoring an oper-
ating condition of the train based on the line
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10.

1.

resource information.

The interconnection and intercommunication meth-
od for a virtual marshalling train control system in a
heavy haul railway according to claim 7, wherein
after the switching of the ground equipment is com-
pleted, and before the resource management equip-
ment sends the marshalling command to the on-
board equipment, the method further comprises:
obtaining, by the resource management equipment,
a train marshalling plan, checking a train operation
line condition based on the train marshalling plan,
and sending the marshalling command to the on-
board equipment after checking that the train opera-
tion line condition meets a train marshalling condi-
tion.

The interconnection and intercommunication meth-
od for a virtual marshalling train control system in a
heavy haul railway according to claim 8, wherein
before the on-board equipment virtually marshals
the train corresponding to the on-board equipment
and the front train in the formation based on the
marshalling command, the method further com-
prises:

determining, by the on-board equipment, whether
the train meets a marshalling condition based on the
marshalling command, and virtually marshalling the
train and the front train in the formation when the train
meets the marshalling condition.

The interconnection and intercommunication meth-
od for a virtual marshalling train control system in a
heavy haul railway according to claim 9, wherein the
step of virtually marshalling, by the on-board equip-
ment, the train corresponding to the on-board equip-
ment and the front train in the formation based on the
marshalling command comprises:

if the on-board equipment is on-board equip-
ment in a first one of a train set to be marshalled,
determining, by the on-board equipment, that
the train meets a formation establishment con-
dition, and informing trains in the formation to
prepare for marshalling;

establishing, by the on-board equipment, train-
train communication between the train and the
front train in the formation, and performing inter-
action on train operation information through the
train-train communication; and

calculating, by the on-board equipment, a rela-
tive position-based end of movement authority
based on operation information of the train and
operation information of the front train, and vir-
tually marshalling the train and the front train.

The interconnection and intercommunication meth-
od for a virtual marshalling train control system in a
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heavy haul railway according to claim 10, wherein
the on-board equipment completes virtual marshal-
ling of the train and the front train in a manner that a
tracking distance between the train and the front train
is shortened and reaches a preset value.

The interconnection and intercommunication meth-
od for a virtual marshalling train control system in a
heavy haul railway according to claim 10, wherein
the train operation information comprises speed,
acceleration and real-time position information of
the train.

The interconnection and intercommunication meth-
od for a virtual marshalling train control system in a
heavy haul railway according to claim 9, wherein the
on-board equipment for determining whether the
train meets the marshalling condition based on the
marshalling command is on-board equipment in a
first one of a train set to be marshalled.

An interconnection and intercommunication system
for a virtual marshalling train control system in a
heavy haul railway, comprising:

adetermination module configured to determine
a switching area for switching ground equipment
between an existing line and a virtual marshal-
ling line;

a switching module connected to the determina-
tion module and configured to switch a ground
equipment control right when a train runs to
within a range of the switching area; and

a marshalling module connected to the switch-
ing module and configured to receive a marshal-
ling command after switching of the ground
equipment control right is completed, and vir-
tually marshal the train and a front train in a
formation based on the marshalling command.

A computer-readable storage medium havingacom-
puter program stored thereon, wherein when the
computer program is executed by a processor, the
interconnection and intercommunication method for
a virtual marshalling train control system in a heavy
haul railway according to any one of claims 1to 13 is
implemented.

An electronic device, comprising a processor and a
memory, wherein the memory has a computer pro-
gram stored thereon, and when the computer pro-
gram is executed by the processor, the interconnec-
tion and intercommunication method for a virtual
marshalling train control system in a heavy haul
railway according to any one of claims 1 to 13 is
implemented.
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