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control the train based on the movement authority, trans-
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trains. The train control system provided by the present
disclosure has more concise architecture, and can re-
duce implementation cost for the project construction.
For the transmission of signals between equipment, due
to the simplicity of the system architecture, transmission
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Description
TECHNCIAL FIELD

[0001] The presentdisclosure belongs to the technical
field of train control, and in particular to a train control
system for vehicle-vehicle communication, and a method
and apparatus for establishing and tearing down a link.

BACKGROUND ART

[0002] A system architecture of an existing CBTC
(communication based train control system) includes
an automatic train supervision system (ATS) at a central
layer, a ZC (zone control) system on the ground, CBI
(computer based interlock), onboard equipment on an
onboard layer, as well as track-side balise and switch.
FIG. 1 shows a CBTC system architecture in the prior art.
Inthe train control, the above equipment executes mutual
data transmission to achieve the control of the train. The
system architecture cannot meet the requirements of
vehicle-vehicle communication, and thus the system ar-
chitecture of vehicle-vehicle communication appears in
the prior art. FIG. 2 shows a block diagram of data
transmission between control equipment under the ve-
hicle-vehicle communication architecture in the prior art.
As shown in FIG. 2, a route command, temporary speed
restriction and manual operation command are trans-
mitted between ATS and CBI, and the position and state
of the train, the movement authority, temporary speed
restriction and other commands are transmitted between
onboard equipment and the ZC. In the vehicle-vehicle
communication architecture in the prior art, ground train
control equipment (e.g., a resource manager OC, a train
control center TMC, etc.)is responsible for train manage-
ment, which is configured to record the ID numbers,
communication IP addresses and positions of all trains,
manage the trains registered with the equipment in the
form of the list of trains, and transmit the list of trains to all
trains registered with the ground train control equipment.
The train searches all train positions in the list of positions
according to its own position, finds the closet preceding
train, and then establishes a communication link to
achieve vehicle-vehicle communication. However, there
are some defects in this system architecture. For exam-
ple, the basis for the following train to find the preceding
train is only related to the position of the preceding train.
For example, when the preceding train is reachable h a
line where the present trainis located, the preceding train
is considered as the preceding train related to the present
train, a vehicle-vehicle communication link is estab-
lished. The basis for the following train to find the pre-
ceding train is only related to the position of the preceding
train, if the preceding train is unreachable to the line
where the present train is located, it is considered that
the preceding train is not the preceding train related to the
presenttrain, and the vehicle-vehicle communication link
is torn down immediately.

10

15

20

25

30

35

40

45

50

55

[0003] Based on the existing train control system, the
method for establishing inter-train communication based
on vehicle-vehicle communication will have the potential
safety hazard of establishing wrong links. For example, if
there are down-degraded and engineering trains be-
tween two CTC (Communication Train Control) trains,
the two CTC trains can establish the link; and the recov-
ery of normal operation of the train after downgrade is
slow.

SUMMARY

[0004] Inordertosolve atleastone ofthe problems, the
present disclosure provides a train control system based
on vehicle-vehicle communication, and a method and
apparatus for establishing and tearing down a link.
[0005] The present disclosure provides a train control
system based on vehicle-vehicle communication, includ-
ing an STC, and onboard equipment.

[0006] The STC is configured to handle a route, per-
form temporary speed restriction management, imple-
ment train management, verify legality, receive informa-
tion transmitted from the onboard equipment of a train,
transmit state information of wayside equipment to the
onboard equipment of the train, determine signal author-
ity, establish a vehicle-vehicle communication link, and
tear down the vehicle-vehicle communication link.
[0007] The onboard equipment is configured to deter-
mine movement authority of a present train and control
the train based on the movement authority, transmit
operation data information of the present train to other
trains, and receive operation data information of the other
trains.

[0008] In some embodiments, an ATS is configured to
verify legality of IP information and ID information of the
train, perform consistency check on a communication
protocol version and a data version after the legality
verification is passed, trigger a route of the train after
the consistency check is passed, and transmit route
information to the STC.

[0009] In some embodiments, the STC is further con-
figured to determine whether a following train is regis-
tered with the STC, determine whether the route of the
train has been connected to a preceding train, determine
whether aroute occupied by the preceding train is a multi-
train route, determine whether the train has completed
secure localization and front-rear discrimination, and
determine whether both the preceding and following
trains are in a normal train-ground communication state,
or whether the preceding train is in a normal train-ground
communication state.

[0010] In some embodiments,

the route handling includes determining a switch
area resource, a track resource, a state of a signal,
and temporary speed restriction of the train; and/or
the performing temporary speed restriction manage-
ment includes transmitting temporary speed restric-
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tion to the onboard equipment of the train; and/or
the implementing train management includes regis-
tering or de-registering the train.

[0011] In some embodiments, the onboard equipment
is further configured to transmit position information the
present train, speed information, a braking distance, an
overlap section, an operation level and operation mode
information to the STC.

[0012] In some embodiments, the operation data in-
formation includes a train position, speed information,
and braking distance information.

[0013] The present disclosure provides a method for
establishing a link based on the train control system. The
method includes the following steps:

establishing, by an STC, a route of a following train
according to route information of the following train
received from an ATS, and transmitting signal
authority to the following train;

identifying, by the STC, a preceding train according
to a position of the following train, a list of positions of
all trains, and the farthest distance of the signal
authority, and generating the preceding train asso-
ciated with the following train;

transmitting, by the STC, identified IP information
and ID information of the preceding train to the
following train; and

establishing, by the following train, communication
with the preceding train according to the received IP
information and ID information of the preceding train.

[0014] In some embodiments,

the establishing, by the following train, communication
with the preceding train according to the received IP
information and ID information of the preceding train
includes the following steps:

performing, by the following train, consistency check
onthe IP and ID after receiving the IP information and
ID information of the preceding train;

performing addressing after the consistency check
of the IP and ID is passed; after the addressing is
successful, performing, by the preceding train, con-
sistency check on received communication protocol
and data version transmitted by the following train
when requesting to establish a link; and after the
check is successful, transmitting, by the preceding
train, a link establishment consent message of a
transport layer to the following train;

transmitting, by an upper-layer application protocol
of the preceding train, the ID, IP, communication
protocol version and map version of the preceding
train to the following train, and enabling the following
train to maintain the link after checking the commu-
nication protocol version and the map version;
transmitting, by the following train, application data
to the preceding train, and checking the legality and
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consistency of the ID, IP, communication protocol
version and map version information of the following
train in the application data for the second time; and
finally, transmitting the application data between the
preceding train and the following train according to a
protocol cycle. In the embodiment of the present
disclosure, after the link is established, the following
train transmits a link establishment request to the
preceding train. The preceding train checks a com-
munication protocol and data version in the link
establishment request information transmitted from
the following train, transmits a link establishment
consent message to the following train after the
check is passed, and sends its own communication
protocol version and data version to the following
train. The following train, after receiving the link
establishment consent message and communica-
tion protocol version and data version of the preced-
ing train, performs the second check, thus complet-
ing link establishment.

[0015] In some embodiments, after the communica-
tion between the preceding train and the following train is
established, the following train determines whether to
use train information of the preceding train according to
an acquired operation direction of the preceding train, an
activation end, a safe envelope of the train, speed of the
train, a braking distance of the train, an operation control
level of the train, a driving mode of the train, a vehicle
state, and ID information of the STC for controlling the
train.

[0016] In some embodiments, prior to establishing a
route of the following train and transmitting signal author-
ity to the following train by the STC, the method further
includes the following steps:

determining, by the STC, whether the preceding and
following trains are both in a normal vehicle-ground com-
munication, whether a route of the following train has
been connected to the preceding train, whether the route
occupied by the preceding train is a multi-train route,
whether the preceding train has completed the secure
localization, whether the preceding train has completed
rear discrimination, whether the following train has com-
pleted front discrimination, and whether the following
train is registered with the STC.

[0017] Insome embodiments, the following train trans-
mits the route information to the STC after the ATS has
completed the registration, which includes the following
steps:

transmitting, by the following train, IP information
and ID information of the following train to the ATS;
performing, by the ATS, legality verification on the IP
and ID, and establishing a link after the legality
verification is passed;

performing consistency check on a communication
protocol version and a data version;

after the consistency check is passed, matching, by
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the ATS, the registered following train to an operation
plan to be executed, and endowing the registered
following train with a train number;

executing, by the ATS, a train operation plan through
the train number of the train; and

triggering, by the ATS, the route of the following train
according to the ID of the preceding and following
trains, operation plans of the preceding and following
trains, and positions and envelopes of the preceding
and following trains, and transmitting route informa-
tion to the STC.

[0018] The presentdisclosure further provides a meth-
od for tearing down a link based on the train control
system. The method includes the following steps:

determining, by a STC, whether a condition for tear-
ing down a link between two trains with established
vehicle-vehicle communication is met; and

if the condition for tearing down the link is met,
controlling, by the STC, to tear down the link between
the two trains.

[0019] In some embodiments, if there is a branching
route between a preceding train and a following train, itis
considered that the condition for tearing down the link is
met.

[0020] In some embodiments, the controlling, by the
STC, toteardown the link between the two trains includes
the following steps:

transmitting, by the STC, empty preceding train in-
formation or a link tear-down instruction to the follow-
ing train;

disconnecting, by the following train, the vehicle-
vehicle communication with the preceding train after
receiving the empty preceding train information or
link tear-down instruction;

disconnecting, by the following train, the vehicle-
vehicle communication with the preceding train after
receiving a link tear-down request from the preced-
ing train; and

enabling the following train to entera CTC mode, and
recomputing movement authority only according to
signal authority transmitted by the STC.

[0021] Insome embodiments, the link between the two
trains is torn down again within predetermined time when
determining that the condition for link tear-down is met.
[0022] Compared with the prior art, the present disclo-
sure has the following beneficial effects:

Compared with the prior art, the train control system
provided by the present disclosure has more concise
architecture, and can reduce implementation cost for
the project construction. For the transmission of signals
between equipment, due to the simplicity of the system
architecture, transmission resources of the signals are
saved, the probability of signal transmission error is re-
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duced, and thus the driving safety is improved.

[0023] Such an architecture logic of the train control
system provided by the present disclosure is suitable for
establishing a communication link between the preced-
ing train and the following train in vehicle-vehicle com-
munication, and effectively detecting a communication
interrupted train, a failure train and an engineering ve-
hicle which do not establish communication link with the
ground. There will be no wrong link establishment, and
the safety of the train operation is ensured.

[0024] Based on the architecture logic of the train
control system provided by the present disclosure, after
the communication between the preceding train and the
following train is disconnected, the train can continue to
run according to the wayside signal authority, the influ-
ence on the operation after the vehicle-vehicle commu-
nication is interrupted, the problem that the original ve-
hicle-vehicle communication can only rely on the dis-
patching command for manual driving after the link is
interrupted, and the safety of train operation is ensured.
[0025] Other features and advantages of the present
disclosure will be set forth in the following description,
and will be apparent in part from the description, or may
be learned by implementing the present disclosure. The
objectives and other advantages of the present disclo-
sure may be implemented and acquired from the struc-
ture pointed out in the specification, claims and accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] To describe the technical solutions of the pre-
sent disclosure or in the prior art more clearly, the follow-
ing briefly introduces the accompanying drawings re-
quired for describing the embodiments or the prior art.
Apparently, the accompanying drawings in the following
description show merely some embodiments of the pre-
sent disclosure, and those of ordinary skill in the art may
still derive other drawings from these accompanying
drawings without creative efforts.

FIG. 1shows a CBTC system architecture in the prior
art.

FIG. 2 shows a block diagram of data transmission
between control equipment in the prior art;

FIG. 3 shows a diagram of a vehicle-vehicle com-
munication system architecture according to an em-
bodiment of the present disclosure;

FIG. 4 shows a functional architecture of equipment
in a vehicle-vehicle communication system accord-
ing to an embodiment of the present disclosure as
well as a comparison diagram of the functional ar-
chitecture and each equipment architecture of the
CBTC system;

FIG. 5 shows a structural diagram of data transmis-
sion between control equipment in a vehicle-vehicle
communication system according to an embodiment
of the present disclosure;
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FIG. 6 shows a schematic structural diagram of
establishment of a vehicle-vehicle communication
link according to an embodiment of the present dis-
closure;

FIG. 7 shows a schematic structural diagram of tear-
down of a vehicle-vehicle communication link ac-
cording to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0027] To make the objectives, technical solutions and
advantages of the present disclosure more clearly, the
following clearly and completely describes the technical
solutions in the embodiments of the present disclosure
with reference to the accompanying drawings in the
embodiments of the present disclosure. Apparently, the
described embodiments are merely a part rather than all
of the embodiments of the present disclosure. All other
embodiments obtained by a person of ordinary skill in the
art based on the embodiments of the present disclosure
without creative efforts shall fall within the protection
scope of the present disclosure.

[0028] FIG. 3 shows a diagram of a vehicle-vehicle
communication system architecture according to an em-
bodiment of the present disclosure in an exemplary
manner. As shown in FIG. 3, an onboard layer of a
vehicle-vehicle communication system includes onboard
equipment. A central layerincludes a general ATS and an
STC. A station layer includes an object controller, and an
ATS terminal. Atrack-side layerincludes a switch, an axle
counter, and asignal. The OC of the station layerisindata
connection with the switch, axle counter and signal of the
track-side layer and the STC of the central layer. The STC
of the central layer is in data connection with the general
ATS and the onboard equipment of the onboard layer.
The general ATS in the central layer is in data connection
with the onboard equipment of the onboard layer and the
ATS terminal of the station layer. In an embodiment of the
present disclosure, the OC is only an executive compo-
nent for executing according to instructions of the STC
and the onboard equipment, which does not have the
function of logical calculation, and the function of execut-
ing a safety policy after failure. It should be noted that in
an embodiment of the present disclosure, each piece of
equipment can be set according to a railway network, not
necessarily according to such a structure. For example,
the STCis not necessarily located at the central layer, but
at the station layer.

[0029] FIG. 4 shows a functional architecture of equip-
ment in a vehicle-vehicle communication system accord-
ing to an embodiment of the present disclosure as well as
a comparison diagram of the functional architecture and
each equipment architecture of the CBTC system. As
shown in FIG. 4, in a train control system based on
vehicle-vehicle communication, the general ATS of the
central layer is mainly used for display, planning and
implementation of plans, which can display line re-
sources of each station layer. The ATS terminal of the
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station layer is a terminal under the management of the
general ATS, which is used to display line resource
information of the station, such as states of signal station
equipment and wayside equipment, train position and
state information, occupied and unoccupied information
of track resources, and some line physical data such as
the position of equipment. It should be noted that the main
function of the ATS of the station layer includes making
and executing a plan, tracking a train operation timetable,
counting transportation data, and the displaying relevant
information convenient for operators to observe and
determine, etc. In the vehicle-vehicle communication,
ATS is not necessarily used as a display device for
displaying the linking and tear-down of the communica-
tion link. The STC can handle the route (for example, a
switch area resource, a track (straight track) resource, a
state of the signal, temporary speed restriction of a plat-
formand atrain, etc.), control the opening and closing of a
platform door of the station, perform temporary speed
restriction management (transmitting the temporary
speed restriction to the onboard equipment of the train),
implement train management (for example, registration
and de-registration of the train), and execute legality
verification (for example, when the train is registered,
the legality of the train, the data consistency and legality
consistency of the communication protocol are checked),
receive the relevant information transmitted by the on-
board equipment of the train (for example, after the train
is registered, the onboard equipment of the train trans-
mits position information of the present train, and state
information such as speed, a braking distance, an over-
lay section, an operation level and an operation mode to
the STC), rank the preceding and following trains accord-
ing to the route information and the train position (real-
time or non-real-time), transmit the state information of
the wayside equipment to the onboard equipment of the
train, establish and tear down the communication be-
tween the trains, and determine signal authority. The
onboard equipment of the onboard layer can receive
operation data information of other trains and check
the received operation data information, determine the
own movement authority, and control the train to run
according to the determined movement authority MA.
The operation data information of the train, such as the
own train position, the state information of the train, the
movement authority information, the driving speed and
the braking distance information are transmitted to the
other trains.

[0030] As can be seen from the comparison in FIG. 4,
the function of the ATS is the same as that of the vehicle-
vehicle communication system (or autonomous opera-
tion control system) under the CBTC system architec-
ture. In the vehicle-vehicle communication system, the
STC equipment executes some functions of Cland ZC in
the CBTC system, and transfers the function for deter-
mining the movement authority implemented by ZC in the
CBTC system to the onboard equipment. In an embodi-
ment of the present disclosure, the adjusting of such a
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functional architecture takes full consideration of the
demands of the vehicle-vehicle communication, and
adaptively reduces the complexity of the system.
[0031] FIG. 5is a structural diagram of data transmis-
sion between equipment in a vehicle-vehicle communi-
cation system according to an embodiment of the present
disclosure. As shown in FIG. 5, the ATS transmits a train
operation plane (such as train timetable), a door strategy
(for example, open the door on the left or right side of a
vehicle body, open the door manually or with equipment,
close the door manually or with equipment, etc.), contra-
position isolation, and the other data. The train position
state and contraposition isolation and the like information
received from the onboard equipment, and a temporary
speed restriction instruction and manual operation in-
struction received from the STC are displayed. The
STC transmits a temporary speed restriction command,
state information of the wayside equipment, and door
linkage information to the onboard equipment (for exam-
ple, the door linkage information may be an instruction or
information which makes a platform screen door and the
vehicle door act at the same time or delays the simulta-
neous action). After the train stops steady in place, the
onboard equipment transmits a door linkage request to
the STC, and the STC transmits a consent instruction to
the onboard equipment after detecting that the door
linkage request is executable. When opening the door,
the vehicle door acts after the screen door acts for 1
second (data can be configured in the system). When
closing the door, the screen door executes the action
after the train starts to close the door for 1 second (the
data can be configured in the system). That is, the ex-
ecution of the simultaneous command is delayed accord-
ing to the equipment performance. Such a way can
protect the security of the passengers getting on and
off. The onboard equipment transmits the position infor-
mation of the train, the state information of the train, the
information of the overlay section, the door linkage result
information, and determined movement authority to the
STC.

[0032] On the basis of the vehicle-vehicle communica-
tion system mainly composed of the STC and the on-
board equipment, an embodiment of the present disclo-
sure also provides a method for establishing a vehicle-
vehicle communication link. FIG. 6 shows a schematic
structural diagram of establishment of a vehicle-vehicle
communication link according to an embodiment of the
present disclosure. In the process of establishing a com-
munication link between the vehicles, related data is
transmitted among the onboard equipment of the pre-
ceding train, the onboard equipment of the following train,
the STC and the ATS. As shown in FIG. 6, the preceding
train is about to enter a deceleration stage, and the
following train runs at the normal speed. After the routes
of the preceding and following trains are connected, the
following train have a deceleration process before catch-
ing up with the preceding train.

[0033] The onboard equipment of the train transmits
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information of a mode of the train and a route occupied by
the train to the STC. For the preceding and following
trains needing to establish, communication connection,
the STC determines whether the two trains are in a
CM(Code train operating Mode)-VV/AM(ATO Mode)-VV
mode (in this mode, the train-ground communicationisin
a good condition) or whether the preceding train is in a
CM-VV/AM-VV mode (in this mode, the train-ground
communication is also in a good condition), whether
the route of the following train has been connected to
that of the preceding train, whether the route occupied by
the preceding train is a multi-train route, whether the
preceding train has completed secure localization,
whether the preceding train has completed rear discri-
mination, whether the following train has completed front
discrimination, and whether the rear train is registered
with the STC. In a case that the above determination
results are that the two trains are in the CM-VV/AM-VV
mode, the preceding train is in the CM-VV/AM-VV mode,
the route of the following train has been connected to that
of the preceding train the route occupied by the preceding
train is the multi-train route, the preceding train has
completed secure localization, the preceding train has
completed rear discrimination, the following train has
completed front discrimination, and the rear train is re-
gistered with the STC, a linking process of the preceding
train and the following train is started. Otherwise, the
linking process of the preceding train and the following
train is not started. In an embodiment of the present
disclosure, the STC achieves the train management
function according to the received information.

[0034] For the determination of the conditions, consid-
ering the efficiency of program operation and the reduc-
tion of memory occupation during program execution, the
STC can make determinations according to the following
order:

1. determining whether the following train is regis-
tered with the STC, if the following train is not regis-
tered with the STC, terminating, and if the following
train is registered with the STC, performing the fol-
lowing steps;

2. determining whether the route of the train has
been connected to that of the preceding train, if
the route of the train has not been connected to that
of the preceding train, terminating, and if the route of
the train has been connected to the preceding train,
performing the following steps;

3. determining whether the route occupied by the
preceding train is a multi-train route, if the route
occupied by the preceding train is not the multi-train
route, terminating, and if the route occupied by the
preceding train is the multi-train route, performing
the following steps;

4. determining whether the train has completed se-
cure localization and front-rear discrimination, if the
train has not completed the secure localization and
front-rear discrimination, terminating, and if the train
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has completed the secure localization and front-rear
discrimination, performing the following steps;

5. determining whether the preceding train and the
following train are both in a CM (code train operating
mode)-CTC/AM (ATO Mode)-CTC mode; if the pre-
ceding train and the following train are not in the CM-
CTC/AM-CTC mode, terminating, if the preceding
train and the following train are in the CM-CTC/AM-
CTC mode, performing the following steps.

[0035] It should be noted that it is not necessary to
determine according to the above sequence in the em-
bodiment of the present disclosure.

[0036] Besides registering to the STC, the train also
needs to register with the ATS: the train transmits its own
IP and ID information to the ATS (addressing to the ATS is
also performed through IP and ID), and the ATS verifies
the legality ofthe IP and ID, establishes alink between the
train and the ATS after the legality verification is passed,
and then checks the consistency of a communication
protocol version and a data version of the train. After
the consistency check is passed, the ATS considers that
the train can enter the operation. The ATS matches the
registered train with an operation plan to be executed,
and endows the registered train with a train number. The
ATS is configured to execute the train operation plan
according to the train number of the train, such as setting
departure time and stopping time of the train. By inter-
acting information with the train through the IP and ID, the
ATS transmits information, such as an operation plan, the
train number, a door control strategy, as well as tripping,
car detaining and turn-back commands, and a return
mode, to the train. The train transmits position and state
information of the train to the ATS. After the train is
registered with the ATS, the ATS triggers the route of
the following train according to the IDs, operation plans
and position envelopes of the preceding and following
trains, and transmits the route information to STC.
[0037] The STC establishes a route of the following
train according to route information of the following train
received from the ATS, and transmits signal authority to
the following train.

[0038] The STC identifies the preceding train accord-
ing to the own position of the following train, a list of
positions of all trains, the farthest distance of the signal
authority, generates a preceding train associated with the
present train, and transmits the identified IP information
and ID information of the preceding train to the following
train. The following train establishes a communication
with the preceding train according to the received IP
information and ID information of the preceding train.
Thatis, the following train, after receiving the IP informa-
tion and ID information of the preceding train, performs
consistency check on the IP and ID, performs addressing
according to the IP information after the check is passed,
and checks consistency of the communication protocol
and data versions after the addressing is successful.
After the consistency check is successful, the preceding
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train will transmit a link establishment consent message
of a transport layer to the following train. An upper-layer
application protocol of the preceding train transmits ID,
IP, communication protocol version and map version of
the preceding train to the following train according to pre-
established rules. After determining that these informa-
tion meet the requirements, that is, after verifying that the
communication protocol version and the regional version
are legal, the preceding train is configured to transmit
application data, which includes the position, speed,
braking distance, mode level and the like of the preceding
train, and then transmit the application data according to
the protocol cycle. After the communication between the
preceding train and the following train is established, the
following train obtains train information of the preceding
train, such as an operation direction of the preceding
train, an activation end, a safe envelope of the ftrain,
speed of the train, a braking distance of the train, an
operation control level of the train, a driving mode of the
train, a vehicle state (e.g., the integrity of the train, stop-
ping guarantee, turn-back state, etc.), and ID information
of the STC for controlling the train. The onboard equip-
ment of the following train determines whether to use the
train information of the preceding train according to the
received train information of the preceding train. Exemp-
lary, whether to use the train information of the preceding
train is determined through the following ways: determin-
ing whether the ID and IP of the preceding train have
passed the legality verification, that is, the ID and IP have
been registered, thus preventing illegal access, and de-
termining that the communication protocol version and
the map version are consistent, i.e., consistency check,
and performing determination according to the operation
level mode of the train, such as data available inthe CM or
AM mode of CTC or VV level, data unavailable due to the
loss of train integrity, data unavailable of turn-back state,
etc.

[0039] According to the signal authority transmitted by
the STC, the position and speed of the preceding vehicle,
the braking distance and the temporary speed restriction,
the following train computes movement authority by con-
sidering the comprehensive physical conditions of a line
(speed restriction, slope and curve of the line). Whether
to run based on the movement authority is comprehen-
sively determined according to the signal authority trans-
mitted by the STC to the present train, whether the route
occupied by the preceding train is the multi-train route,
the signal display of the route, and the train information of
the preceding train. The movement authority is used to
ensure the safe interval of train operation.

[0040] The mode of the following train is upgraded to
CM-VV (vehicle-vehicle)/AM-VV mode, the movement
authority of the train can be updated in real time accord-
ing to the train information and signal authority of the
preceding train, and the following train can run according
to the computed movement authority, thus ensuring the
safe interval of train operation.

[0041] In the whole vehicle-vehicle communication
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process, the operation mode of the preceding train may
remain unchanged.

[0042] In an embodiment of the present disclosure,
through the setting of the vehicle-vehicle communication
systemarchitecture, the STC, ATS and other basic equip-
ment for train management can grasp all the information
related to the safe operation of trains in real time, such as
the position, operation mode, movement authority and
route information of all trains. Therefore, such a way of
setting of the STC to achieve link logic operation in the
embodiment of the present disclosure can save the mu-
tual transmission of information between equipment and
save the computing power and communication re-
sources of the onboard equipment.

[0043] In the embodiment of the present disclosure,
when a route prepared for the following train is connected
to the route of the preceding train, the route is available,
and the route of the preceding train is a multi-train route.
In this case, the wayside STC transmits key information
such as the ID and IP of the preceding train with pre-
established vehicle-vehicle communication to the follow-
ing train. The following train, after receiving the informa-
tion, actively establishes a communication link with the
preceding train. Such a way of establishing the commu-
nication link can prevent operation risk of train conflicts
caused by a situation that a down-degraded train, a faulty
train, an engineering train, and other trains without estab-
lishing links with the STC caught between the two trains
with established communication links cannot be recog-
nized by an operation control system, thus ensuring the
safety of train operation.

[0044] On the basis of the vehicle-vehicle communica-
tion system mainly composed of the STC and the on-
board equipment, the embodiment of the present disclo-
sure also provides a method for tearing down a vehicle-
vehicle communication link. FIG. 7 shows a schematic
structural diagram of tear-down of a vehicle-vehicle com-
munication link according to an embodiment of the pre-
sent disclosure. In the process of tearing down a com-
munication link between the vehicles, related data is
transmitted among the onboard equipment of the pre-
ceding train, the onboard equipment of the following train,
the STC and the ATS.

[0045] The STC determines whether there is a branch-
ing route between two trains that have established ve-
hicle-vehicle communication. If there is a branching route
between the two trains, the vehicle-vehicle communica-
tion between the two trains can be started. When there is
a branching route between the following train and the
preceding train, the STC transmits empty preceding train
information or a link tear-down command to the following
train.

[0046] The preceding train disconnects the vehicle-
vehicle communication with the following train after re-
ceiving the empty preceding train information or link tear-
down command.

[0047] The following train, after receiving a link tear-
down request from the preceding train, disconnects the
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vehicle-vehicle communication with the preceding train.
[0048] When the following train enters a CM-CTC/AM-
CTC mode, the movement authority can be recomputed
only according to the signal permission transmitted by the
STC.

[0049] In the whole process of tearing down the vehi-
cle-vehicle communication, the mode of the preceding
train may remain unchanged.

[0050] In the embodiment of the present disclosure,
through the setting of a vehicle-vehicle communication
architecture, when the preceding and following trains are
both in a vehicle-vehicle communication state, and the
following train has established the communication link
with the preceding train, and after the STC determines
that a route between the preceding and following trains
has changed and there is a route of a branching switch
between the two trains, the STC transmits a communica-
tion link tear-down command to the preceding and follow-
ing trains. That is, in a case that a different route appears
between the preceding and following trains in the com-
munication link, a communication link tear-down opera-
tion is carried out. Assuming that the branching route
between the trains is s connecting route within a certain
configuration time, there is no need to tear down the
communication link.

[0051] Inorder to prevent such an operation of tearing
down the link when there is no need to remove the link
after the wrong operation is corrected immediately (for
example, in the running of the train, some faulty lines are
immediately restored after debugging, e.g., the correc-
tion is carried out immediately after the switch is turned,
the route is canceled, or the wrong operation is carried
out due to mistakenly thought). In the embodiment of the
present disclosure, the tolerance restriction is added in
the system, the link tear-down operation can be per-
formed within a certain period of time when determining
that the link tear-down condition is met, such as after 6
seconds. If the link tear-down condition is no longer met
within the predetermined time (that is, the above wrong
operation is corrected), it is unnecessary to perform the
link tear-down operation.

[0052] Inanembodiment of the presentdisclosure, the
communication link between the two trains can be re-
moved only when there is a branching route between the
route prepared for the following train and the route of the
preceding train (for example, not only referring to dis-
connection, but also including the situation that the des-
tinations are different in a short distance), or when the
route prepared for the following train is not connected to
the route of the preceding train, and the disconnection
needs to be maintained for a configured time. Such a
setting way can prevent the situations that the commu-
nication link between the trains is not torn down when the
tear-down is required, the communication link is torn
down when there is no need to tear down, or the com-
munication link is established and torn down frequently.
[0053] Although the present disclosure has been de-
scribed in detail with reference to the foregoing embodi-
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ments, those of ordinary skill in the art should understand
that it is still possible to modify the technical solution
described in the foregoing embodiments, or to replace
some technical features with equivalents. However,
these modifications or replacements do not make the
essence of the corresponding technical solutions deviate
from the spirit and scope of the technical solutions of
various embodiments of the present disclosure.

Claims

1. Atrain control system based on vehicle-vehicle com-
munication, comprising a safety train control device
(STC), and onboard equipment, characterized in
that:

the STC is configured to handle a route, perform
temporary speed restriction management, im-
plement train management, verify legality, re-
ceive information transmitted from the onboard
equipment of a train, transmit state information
of wayside equipment to the onboard equipment
of the train, determine signal authority, establish
a vehicle-vehicle communication link, and tear
down the vehicle-vehicle communication link;
and

the onboard equipment is configured to deter-
mine movement authority of a present train and
control the train based on the movement author-
ity, transmit operation data information of the
present train to other trains, and receive opera-
tion data information of the other trains.

2. Thetrain control system according to claim 1, further
comprising an automatic train supervision system
(ATS), characterized in that
the ATS is configured to verify legality of IP informa-
tion and ID information of the train, perform consis-
tency check on a communication protocol version
and a data version after the legality verification is
passed, trigger a route of the train after the consis-
tency check is passed, and transmit route informa-
tion to the STC.

3. The train control system according to claim 1 or 2,
characterized in that
the STCis further configured to determine whether a
following train is registered with the STC, determine
whether the route of the train has been connected to
a preceding train, determine whether a route occu-
pied by the preceding train is a multi-train route,
determine whether the train has completed secure
localization and front-rear discrimination, and deter-
mine whether both the preceding and following trains
are in a normal train-ground communication state, or
whether the preceding train is in a normal train-
ground communication state.
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4. The train control system according to claim 1, char-

acterized in that

the route handling comprises determining a
switch area resource, a track resource, a state
of a signal, and temporary speed restriction of
the train; and/or

the performing temporary speed restriction
management comprises transmitting temporary
speed restriction to the onboard equipment of
the train; and/or

the implementing train management comprises
registering or de-registering the train.

The train control system according to claim 1, char-
acterized in that

the onboard equipmentis further configured to trans-
mit position information, speed information, braking
distance, overlap section, operation level and opera-
tion mode information of the presenttrain to the STC.

The train control system according to claim 1, char-
acterized in that

the operation data information comprises a train
position, speed information, and braking distance
information.

A method for establishing a link by using the train
control system according to any one of claims 1 to 6,
comprising the following steps:

establishing, by an STC, a route of a following
train according to route information of the follow-
ing train received from an ATS, and transmitting
signal authority to the following train;
identifying, by the STC, a preceding train ac-
cording to a position of the following train, alist of
positions of all trains, and the farthest distance of
the signal authority, and generating the preced-
ing train associated with the following train;
transmitting, by the STC, identified IP informa-
tion and ID information of the preceding train to
the following train; and

establishing, by the following train, communica-
tion with the preceding train according to the
received IP information and ID information of
the preceding train.

The method according to claim 7, characterized in
that

the establishing, by the following train, communica-
tion with the preceding train according to the re-
ceived IP information and ID information of the pre-
ceding train comprises the following steps:

performing, by the following train, consistency
check on the IP information and ID information
after receiving the IP information and ID infor-
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mation of the preceding train;

performing addressing after the consistency
check of the IP information and ID information
is passed; after the addressing is successful,
performing, by the preceding train, consistency
check on received communication protocol and
data version transmitted by the following train
when requesting to establish a link; and after the
check is successful, transmitting, by the preced-
ing train, a link establishment consent message
of a transport layer to the following train;
transmitting, by an upper-layer application pro-
tocol of the preceding train, the ID information,
IP information, communication protocol version
and map version of the preceding train to the
following train, and enabling the following train to
maintain the link after checking the communica-
tion protocol version and the map version;
transmitting, by the following train, application
data to the preceding train, and checking the
legality and consistency of the ID information, IP
information, communication protocol version
and map version information of the following
train in the application data for the second time;
and

finally, transmitting the application data between
the preceding train and the following train ac-
cording to a protocol cycle.

The method according to claim 7, characterized in
that

after the communication between the preceding train
and the following train is established, the following
train determines whether to use train information of
the preceding train according to an acquired opera-
tion direction of the preceding train, an activation
end, a safe envelope of the train, speed of the train,
a braking distance of the train, an operation control
level of the train, a driving mode of the train, a vehicle
state, and ID information of the STC for controlling
the train.

The method according to any one of claims 7 to 9,
characterized in that, prior to establishing a route of
the following train and transmitting signal authority to
the following train by the STC, the method further
comprises the following steps:

determining, by the STC, whether the preceding and
following trains are both in a normal vehicle-ground
communication, whether a route of the following train
has been connected to the preceding train, whether
the route occupied by the preceding train is a multi-
train route, whether the preceding train has com-
pleted the secure localization, whether the preced-
ing train has completed rear discrimination, whether
the following train has completed front discrimina-
tion, and whether the following train is registered with
the STC.
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1.

12.

13.

14.

The method according to any one of claims 7 to 9,
wherein the following train transmits the route infor-
mation to the STC after the ATS has completed the
registration, which comprises the following steps:

transmitting, by the following train, IP informa-
tion and ID information of the following train to
the ATS;

performing, by the ATS, legality verification on
the IP information and ID information, and es-
tablishing a link after the legality verification is
passed;

performing, by the preceding train, consistency
check on a communication protocol version and
a data version;

afterthe consistency check is passed, matching,
by the ATS, the registered following train to an
operation plan to be executed, and endowing
the registered following train with a train number;
executing, by the ATS, a train operation plan
through the train number of the train; and
triggering, by the ATS, the route of the following
train according to the ID information of the pre-
ceding and following trains, operation plans of
the preceding and following trains, and positions
and envelopes of the preceding and following
trains, and transmitting route information to the
STC.

A method for tearing down a link by using the train
control system according to any one of claims 1 to 6,
comprising the following steps:

determining, by an STC, whether a condition for
tearing down a link between two trains with
established vehicle-vehicle communication is
met; and

if the condition for tearing down the link is met,
controlling, by the STC, to tear down the link
between the two trains.

The method according to claim 12, characterized in
that

if a branching route exists between a preceding train
and a following train, the condition for tearing down
the link is met.

The method according to claim 12 or 13, character-
ized in that the controlling, by the STC, to tear down
the link between the two trains comprises the follow-
ing steps:

transmitting, by the STC, empty preceding train
information or a link tear-down command to the
following train;

disconnecting, by the following train, the vehicle-
vehicle communication with the preceding train
after receiving the empty preceding train infor-
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mation or link tear-down command;
disconnecting, by the following train, the vehicle-
vehicle communication with the preceding train
after receiving a link tear-down request of the
preceding train; and

enabling the following train to enter a commu-
nication train control (CTC) mode, and recom-
puting movement authority only according to
signal authority transmitted by the STC.

15. The method according to claim 12, comprising the
following steps:
tearing down the link between the two trains again
within predetermined time when the condition for link
tear-down is met.
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