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SWITCH CONTROL METHOD, DEVICE AND CONTROLLER

Technical Field

The embodiments of the present invention relate to the technical field of computers,

and particularly to a control method, device and controller.

Background

Typically, an interlocking system is used in the traditional rail transit technology to
perform logic computation on the operation commands of station operators and
information represented on the spot, thus allowing centralized control and supervision
on switchs, routes and signals. A route is a combination guaranteeing a set of line
resources during train running, these line resources being in certain association and
restriction relationships with one another, and route control is substantially
management and maintenance on the combination of the line resources. In addition, a
signal machine is disposed beside a rail to guarantee route safety and accomplish

interlocking tasks, and achieve safety protection for a train line.

However, the arrangement of the interlocking system and the signal machine on the
ground is required in the prior art to achieve safety protection for lines, whereas the
problems of complicated interlocking logic, high system complexity, and high cost
and complex installation and maintenance of such ground equipment as the
interlocking system are present; moreover, the line resources in one route can only be

used by one train, leading to low utilization efficiency of line resources for trains.

During the implementation of the embodiments of the present invention, the inventor
found in the prior art these problems of complicated interlocking logic, high system
complexity, and high cost and complex installation and maintenance of such ground
equipment as the interlocking system, and also low utilization efficiency of line
resources for trains due to that the line resources in one route can only be used by one

train.

Summary
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Because of the problems, in the prior art, of complicated interlocking logic, high
system complexity, and high cost and complex installation and maintenance of such
ground equipment as the interlocking system, and also low utilization efficiency of
line resources for trains due to that the line resources in one route can only be used by
one train, embodiments of the present invention provide a switch control method,

device and controller.

In a first aspect, the embodiments of the present invention provide a switch control
method, which includes:

an on-board device acquiring a switch state and determining a target resource
permission to be requested according to the switch state;

the on-board device sending a first resource request including the target resource
permission to a switch;

acquiring a resource state of the switch, and assigning a resource permission on the
switch according to the resource state and the target resource permission; and

controlling the switch according to a result of resource permission assignment.

Preferably, the determining of the target resource permission to be requested
according to the switch state further includes:

determining the target resource permission to be requested as a monopolized state
permission if the switch state needs to be changed to accomplish train running; and
determining the target resource permission to be requested as a shared state
permission if train running can be accomplished without changing the switch state;
wherein the switch state includes a normal position and a reverse position, and the
target resource permission includes the monopolized state permission and the shared

state permission.

Preferably, the assigning of the resource permission on the switch according to the
resource state and the target resource permission further includes:

assigning the monopolized state permission on the switch corresponding to the first
resource request to the on-board device if the target resource permission is the

monopolized state permission and the switch is in a released state;
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assigning the shared state permission on the switch corresponding to the first resource
request to the on-board device if the target resource permission is the shared state
permission and the switch is in the released state;

failing to assign the resource of the switch corresponding to the first resource request
to the on-board device if the target resource permission is the monopolized state
permission and the switch is in a monopolized state;

failing to assign the resource of the switch corresponding to the first resource request
to the on-board device if the target resource permission is the shared state permission
and the switch is in the monopolized state;

failing to assign the resource of the switch corresponding to the first resource request
to the on-board device if the target resource permission is the monopolized state
permission and the switch is in a shared state;

assigning the shared state permission on the switch corresponding to the first resource
request to the on-board device if the target resource permission is the shared state
permission and the switch is in the shared state;

wherein the resource state of the switch includes the monopolized state, the shared

state and the released state.

Preferably, the controlling on the switch according to the result of the resource
permission assignment further includes:

moving the switch if the resource permission obtained by the on-board device is the
monopolized state permission on the switch; and

the on-board device sending a resource release request to the switch so as to control
the switch to be shifted into the released state after a train passes through the switch

and moves away from a switch section.

Preferably, the controlling on the switch according to the result of the resource
permission assignment further includes:

moving the switch if the resource permission obtained by the on-board device is the
monopolized state permission on the switch, and the on-board device sending a
resource shifting request to the switch so as to control the switch to be shifted into the
released state from the monopolized state after a train passes through the switch and

moves away {rom the switch section.
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Preferably, the method further includes:

determining the resource state of the switch if the first resource request for the switch
sent by the on-board device and a second resource request for the switch sent by a
control center are received within a predetermined period;

changing the resource state of the switch into the released state if finding, by
determination, that a resource permission corresponding to the second resource
request is the monopolized state permission and the resource state of the switch is the
monopolized state or the shared state; and

assigning the resource permission corresponding to the second resource request to the

control center.

Preferably, the method further includes:

receiving a query request sent by the on-board device or the control center, and
sending corresponding data information to the on-board device or the control center
according to the query request;

sending updated data information to the control center and on-board devices in a train
communication list if finding, by determination, that the data information in a switch
controller is updated; and

interrupting connection with the on-board device and deleting the on-board device
from the train communication list if no query request is received from the on-board

device within predetermined time.

In a second aspect, the embodiments of the present invention also provide a switch
control device, which includes:

a permission requesting module for acquiring a switch state, and determining a target
resource permission to be requested according to the switch state;

a request sending module for sending a first resource request including the target
resource permission to a switch;

a permission assigning module for acquiring a resource state of the switch, and
assigning a resource permission on the switch according to the resource state and the
target resource permission;

and a switch controlling module for controlling the switch according to a result of

resource permission assignment.
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Preferably, the permission requesting module further includes:

a monopolized state requesting unit for determining the target resource permission to
be requested as a monopolized state permission if the switch state needs to be changed
to accomplish train running; and

a shared state requesting unit for determining the target resource permission to be
requested as a shared state permission if train running can be accomplished without
changing the switch state;

wherein the switch state includes a normal position and a reverse position, and the
target resource permission includes the monopolized state permission and the shared

state permission.

In a third aspect, the embodiments of the present invention also provide a switch
controller, which includes the switch control device as described above;

the switch controller is connected to an on-board device, a control center, a switch
machine and an axle counting system, respectively; and

the switch controller is arranged beside a rail or in a station.

As can be seen from the above technical solutions, the traditional interlocking
technique is not used in the technical embodiments of the present invention, and such
ground equipment as interlocking and signal machines thus do not need to be
disposed on the ground, leading to simplification of the control logic and reduction of
the equipment cost and the maintenance cost. In addition, depending on the resource
request from the on-board device, the resource permission assignment and control are
achieved for the switch by determining the resource state of the switch. Before a train
arrives at the required switch and section resources, the resources are requested and
assigned, thus allowing safety protection for the train and an increase in the utilization

rate of line resources.

Brief Description of the Drawings

In order to illustrate the embodiments of the present invention or the technical
solutions in the prior art more clearly, accompanying drawings for use in describing
the embodiments or the prior art will be briefly introduced below. It is apparent that

the accompanying drawings in the following descriptions are merely some
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embodiments of the present invention, and for a person skilled in the art, other

drawings may also be obtained according to these drawings without creative work.

Fig. 1 is a schematic flowchart of a switch control method provided by an

embodiment of the present invention.

Fig. 2 is a functional schematic diagram of a switch controller provided by another

embodiment of the present invention.

Fig. 3 is a schematic diagram of data communication of a switch controller provided

by another embodiment of the present invention.

Fig. 4 is a schematic flowchart of switch resources assignment provided by another

embodiment of the present invention.

Fig. 5 is a schematic diagram ofprovided by another embodiment of the present

invention.

Fig. 6 is a schematic diagram of requesting switch resources by two trains provided

by another embodiment of the present invention.

Fig. 7 is a schematic diagram of requesting switch resources by two trains provided

by another embodiment of the present invention.

Fig. 8 is a schematic diagram of requesting switch resources by two trains provided

by another embodiment of the present invention.

Fig. 9 is a schematic flowchart of requestfor switch section resources provided by

another embodiment of the present invention.

Fig. 10 is a schematic diagram of requesting switch resources by two trains provided

by another embodiment of the present invention.

Fig. 11 is a schematic diagram of requesting switch resources by two trains provided
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by another embodiment of the present invention.

Fig. 12 is a schematic diagram of requesting for switch resources by two trains

provided by another embodiment of the present invention.

Fig. 13 is a schematic diagram of requesting for switch resources by a train provided

by another embodiment of the present invention.

Fig. 14 is a schematic diagram of arrangement of switch controllers provided by

another embodiment of the present invention.

Fig. 15 is a schematic diagram of requesting switch resources by two trains

provided by another embodiment of the present invention.

Fig. 16 is a structural schematic diagram of a switch control device provided by an

embodiment of the present invention.

Fig. 17 is a schematic diagram of connection of a switch controller provided by an

embodiment of the present invention.

Detailed Description of the Preferred Embodiments

The specific implementations of the present invention will be further described below
in conjunction with the accompanying drawings. The following embodiments are
merely intended for illustrating the technical solutions of the present invention more

clearly, rather than limiting the protection scope of the present invention.

Fig. 1 shows the schematic flowchart of the switch control method provided by this
present embodiment, including:

S101, an on-board device acquires a switch state and determines permission of the
target resources to be requested based on the switch state;

wherein the on-board device determines whether the switch needs to be moved by
inquiring the switch state; if the switch needs to be moved, it is considered that a

monopolized state permission on the switch needs to be requested; otherwise, it is
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considered that a shared state permission on the switch needs to be requested;
Specifically,

if the switch state needs to be changed to meet the train running requirement,
permission of the target resource to be requested is the monopolized state
permission;

if train running can be accomplished without changing the switch state, permission of
the target resource to be requested is the shared state permission;

wherein the switch state includes a normal position and a reverse position, and the
target resource permission includes the monopolized state permission and the shared

state permission.

Under the control of the normal position and the reverse position of the switch, a train

may run in different directions.

Further, the shared states of the switch includes a shared normal position state and a

shared reverse position state.

S102, the on-board device sends a first resource request including the target resource
permission to a switch;
wherein the first resource request is a request for a switch resource permission sent by

the on-board device.

The target resource permission is a resource permission on a switch pre-requested by
the on-board device, and the state of the resource includes a monopolized state and a

shared state.

S103, the resource state of the switch is obtained, and a resource permission on the
switch is assigned according to the resource state and the target resource permission;

wherein the resource state of the switch is use condition of the current resource of
the switch, for example, whether there is a train already assigned with the resource
state of the switch, a list of trains already assigned with the resource state and specific

types of the resource states already assigned to other trains;
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wherein the assigning of the resource permission on the switch includes assigning the
resource state of the switch to the train corresponding to the on-board device

according to a preset rule.

Specifically,

the monopolized state permission on the switch corresponding to the first resource
request is assigned to the on-board device if the target resource permission is the
monopolized state permission and the switch is in a released state;

the shared state permission on the switch corresponding to the first resource request is
assigned to the on-board device if the target resource permission is the shared state
permission and the switch is in the released state;

the resource of the switch corresponding to the first resource request cannot be
assigned to the on-board device if the target resource permission is the monopolized
state permission and the switch is in the monopolized state;

the resource of the switch corresponding to the first resource request cannot be
assigned to the on-board device if the target resource permission is the shared state
permission and the switch is in the monopolized state;

the resource of the switch corresponding to the first resource request cannot be
assigned to the on-board device if the target resource permission is the monopolized
state permission and the switch is in the shared state;

the shared state permission on the switch corresponding to the first resource request is
assigned to the on-board device if the target resource permission is the shared state
permission and the switch is in the shared state;

wherein the resource state of the switch includes the monopolized state, the shared

state and the released state.

S104, the switch is controlled according to the result of the resource permission
assignment;
wherein the controlling on the switch specifically includes controlling the time and

the position of change of the switch.

Specifically, the on-board device of the train controls the switch according to the

result of the resource permission assignment.
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It is more convenient for handling the complicated conditions during the actual
running process of the train and improves the running efficiency of the train through

controlling the switch and dominating by the train.

In another embodiment, a switch may control the switch state according to the result
of the resource permission assignment, and may allow a moving operation on the

switch.

Further, that controlling the switch according to the result of the resource permission
assignment further includes:

moving the switch if the resource permission obtained by the on-board device is the
monopolized state permission on the switch; and

the on-board device sending a resource release request to the switch so as to control
the switch to be shifted into the released state after a train passes through the switch

and moves away from a switch section.

In another embodiment, that controllingthe switch according to the result of the
resource permission assignment further includes:

moving the switch if the resource permission obtained by the on-board device is the
monopolized state permission on the switch, and the on-board device sending a
resource shifting request to the switch so as to control the switch to be shifted into the
released state from the monopolized state after a train passes through the switch and

moves away {rom the switch section.

A ““one-lock-for-one-train™ control mode is used in this embodiment, i.e., the resource
permission (lock) on each switch can only be assigned to one train at the same
moment. Therefore, after a preceding train passes through the switch, release of the
resource permission is required so that a later train can achieve the resource

permission on the switch.
Specifically, a switch controller receives a first resource request for a switch sent by

an on-board device, acquires the resource state of the switch, then assigns the resource

permission on the switch according to the resource state and the target resource

10
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permission, and controls the switch according to the result of the resource permission

assignment.

In this case, the functions of the switch controller may be divided into information
acquisition and access, resource assignment, data communication and resource

manipulation, as shown in Fig. 2.

In this case, the information acquisition and access function specifically includes that
the switch controller acquires the state information (e.g., occupancy states of axle
counting sections, switch state and the like) of line resources in real time through
interaction with other equipment (a switch machine, an axle counting system and the
like). Information is stored in the form of a list, and updated in real time.Wherein the
information acquired includes occupancy/idle state information of the axle counting
sections, the switch state information, emergency stop button information, the state

information of a flood gate, and ID and IP address information of a train.

The resource assignment function specifically includes that a permission on line
resources must be requested by a train first before using the line resources (a switch
and related sections), and the switch controller assigns the line resources for the train,
and provides different resource permission levels, and the train can use switch

resources only after obtaining the corresponding permissions.

The data communication function specifically includes accessing a DCS backbone
network and data interaction of the switch controller with other on-board devices and

a control center.

The resource manipulation function specifically includes:

controlling a switch by a train, in which the train is required to request for a
permission on a switch section first and then sends a command of moving the switch
to the switch controller after obtaining the corresponding permission. The switch
controller sends a switch moving instruction to the switch machine after receiving the
command;

controlling a switch by the control center, in which the control center is required to

request for a permission on a switch section first and then sends a command of

11
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moving the switch to the switch controller after obtaining the related permission.

The switch controller differs from the existing interlocking equipment in that
determination of interlocking relationship of switch control is not carried out. Some
existing devices may be used as the switch controller, but are not connected with the
interlocking equipment. The switch controller is a resource control management

equipment for assigning, saving and updating line resources.

The information acquisition and access function permits interaction, saving and
management of line resources. Storage and updating of resources are achieved in the
form of a maintenance list, and there is no need to save an electronic map to allow for
simplification of the logical structure of the rail-side equipment, namely the switch
controller; Resource assignment permits management of line resources; The shared
state or shared lock of a switch provides moving block in a switch section; By means
of the data communication, the switch controller is connected to the on-board devices
and the control center to receive resource requests or release instructions from the
on-board devices and the control center, and the switch controller feeds back the state
information of line resources after receiving a query command from a train or the
control center, which is a passive response equipment; and control a switch by the

resource manipulation .

The traditional interlocking technique is not used in this embodiment, and such
ground equipment as interlocking and signal machines thus do not need to be
disposed on the ground, leading to simplification of the control logic and reduction of
the equipment cost and the maintenance cost; at the same time, depending on the
resource request from the on-board device, theassignment and control of the resource
permissionare achieved by determining the resource state of the switch, before a train
arrives at the required switch and section resources, the resources are requested and
assigned, thus allowing safety protection for the train and increasing the utilization

rate of line resources.
Further, on the basis of the above method embodiment, the method further includes:

S105, the resource state of the switch is determined if the first resource request for the

switch sent by the on-board device and a second resource request for the switch sent

12
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by the control center are received within a predetermined period.

5106, the resource state of the switch is changed into the released state if it is found,
by determination, that a resource permission corresponding to the second resource
request is the monopolized state permission and the resource state of the switch is the

monopolized state or the shared state.

S107, the resource permission corresponding to the second resource request is

assigned to the control center.

Specifically, when the switch controller receives lock adding operations from a train
and the control center,

in the case of the same period, a lock operating command from the control center is
executed by the switch controller according to operation object information (the train
or the control center); and

in the case of different periods, the operating command received first is executed.

When the switch controller receives the lock adding operations from two trains,
in the case of the same period, random assignment is carried out; and

in the case of different periods, the operating command received first is executed.

When the switch controller receives the lock adding operations from a train and the
control center in the same period, the lock operating command from the control center
is executed by the switch controller according to operation object information (the

train or the control center).

In this case, the control center has a permission on deleting other user resource locks.

By adopting the permission assignment manner of giving priority to the control center,

the safety of running of a train can be ensured.
Further, on the basis of the above method embodiments, the method further includes:

S108, a query request sent by the on-board device or the control center is received,

and corresponding data information is sent to the on-board device or the control

13
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center according to the query request;

S109, updated data information is sent to the control center and on-board devices in a
train communication list if it is found, by determination, that the data information in
the switch controller is updated; and

S110, the connection with the on-board device is interrupted and the on-board device
is deleted from the train communication list if no query request is received from the

on-board device within predetermined time.

Specifically, a data communication mode of the switch controller with the on-board
device or the control center is as shown in Fig.3: the switch controller replies the
on-board device or the control center with the data information after receiving the

query request from the on-board device or the control center.

If the switch controller receives no query information from the on-board device or the
control center, it still replies trains in a communication train list and the control center
with the updated data information to ensure that on-board devices or the control

center can obtain the current data information in time.

If the switch controller receives no query information from a certain train throughout
a period of time, it interrupts the connection with this train, and deletes the ID and IP
address of this train from the train communication list in order not to send the data

information thereto, thereby saving resources.

To prevent from operating one resource simultaneously by a plurality of users (trains
or the control center) on one resource, a resource permission control method is

introduced, in which the resources include switch sections.

Operations that can be carried out by users include query, addition or deletion of

resource permissions.

Wherein, the monopolized state permission is intended for an operation of data
modification (moving a switch). One resource can only have one monopolized state
permission. When a switch resource is locked with the monopolized state permission,

the train/control center holding the monopolized state permission may enable moving

14
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of the switch that cannot be achieved by other trains/control center. If the
monopolized state permission is provided on a resource, the shared state permission

cannot be added to the resource.

The shared state permission is intended for an operation of no data modification (a
train passes through a switch section). One resource may have a plurality of shared
state permissions. After a switch is locked by a train with the shared state permission,
the train can pass If the shared state permission is provided on a resource, the
monopolized state permission cannot be added to the resource, and the switch cannot

be moved.

A shared state permission list and monopolized state permission information are
maintained for a section or switch. By taking the switch as an example, a resource

permission storage mode is as shown in the following table:

Number of switches

Switch Switch ID

resource Switch state (Normal position/Reverse position)

information | Monopolized Monopolized state permission holder type (train

state or control center)
permission The switch state required by a monopolized state
permission locking section (normal

position/reverse position)

Monopolized state permission holder ID

Shared  state | Number of shared state permissions

permission Shared state | The switch state required by a
q y

permission]l | shared state permission locking

section (normal position/reverse

position)

Shared state permission holder

type (train or control center)

Shared state permission holder ID

Shared state | The switch state required by a

permission | shared state permission locking

15
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position)

section (normal position/reverse

Shared state permission holder

type (train or control center)

Shared state permission holder ID

Permissions of users (train or control center)

rmission | Adding/Canceling | Canceling the | Query of data
resource monopolized/shared
User permission of the | state permission of
user other user
Train Yes No Yes
Control No Yes Yes
center

Specifically, resource assignment may also be achieved by changing the resource

states. There are three states of line resources, i.e., a monopolized state, a shared state

and a released state.

In the monopolized state, the line resources are only available for one train.

In the shared state, the line resources are possibly available for a plurality of trains.

In the released state, the line resources are not used by any train.

Specifically,

when a section is in the shared state at present, other trains can request for the shared

state at the same position.

When a section is in the monopolized state at present, other trains are not allowed to

request for monopolizing and sharing.

16
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A switch can only be moved in the monopolized state.

Changing from the monopolized state to the shared state is allowed on condition that
the current monopolizing train requests for changing; in case of a switch section,

exact switch moving is required.

Changing from the shared state to the monopolized state is allowed on condition that

only one train is in the shared state at present.

Changing from the monopolized state to the released state only requires release by the

current monopolizing train.

Changing from the shared state to the released state requires release by all the sharing

trains.

Specifically, the on-board device firstly discovers a resource ahead, and can request,
use and release the resource only after determining an idle/shared resource state. The
switch controller assigns the switch resource state according to an instruction from a

train and the resource state.

The monopolized resources can only be assigned to one train, while the shared
resources can be assigned to a plurality of trains. After a train requests for a
monopolizing permission on a switch or section, other trains are prohibited from

controlling and passing the switch and the section.

When a plurality of trains request for the same line resource in the released state, the

switch controller assigns the line resource according to a requesting timing sequence.
The control center has priority to requesting for resources. When the control center
and a train simultaneously request for the same line resource in the released state, the

switch controller assigns the line resource to the control center.

A resource state list is maintained for a section or switch. Using the switch as an

example, a storage mode is as shown in the following table:
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Number of switches

Switch resource | Switch ID

information
Switch state (Normal position/Reverse position/Four-throw)

Switch resource | Resource state

state (monopolized/shared/released)

Resource holder type (train or control

center)

Number of resource holders

Resource holder ID

Required switch state (normal position,

reverse position)

The assignment flow of a switch resource is as shown in Fig. 4.

For example, when two trains request for a switch resource, i.e., as shown in Fig. 5,
train 1 requires to return and train 2 requires to pass; and train 1 requests for the
monopolized state of the switch and train 2 requests for the shared state of the switch.
The switch controller assigns the switch resource according to the time sequence of
the request information. If train 1 is earlier than train 2 in requesting, the switch
controller assigns the monopolized state to train 1, and train 2 has to enter protection
section 6G. Train 1 enters a switch section after causing moving of the switch into the
reverse position. Train 1 does not release the monopolized state permission on the

switch.

As shown in Fig. 6, after train 1 enters protection section 6G, the switch is moved to
the normal position and the monopolized state of the switch is changed into the shared
state. In this case, train 2 may also obtain the shared state permission on the switch by

requesting.
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As shown in Fig. 7, after train 1 and train 2 move away from protection section 8G,
the shared state of the switch is released. After releasing, the switch is in the released
state. If train 2 is earlier than train 1 in requesting, the switch controller assigns the
shared state to train 1. Train 1 can obtain the monopolized state of the switch by
requesting and return only after train 2 moves away from protection section 8G and

releases the shared state.

When the control center requests a switch resource for a train out of order, as shown
in Fig. 8, train 1 is the train out of order and requires to return, and train 2 is a
communication train and requires to pass through the normal position; and train 2
requests for the shared state from the switch controller, and the control center (control
center) requests for the monopolized state for train 1. When the switch controller
receives request information from the two in different running periods, it performs
resource assignment according to the time sequence. When the switch controller
receives the request information from the two in the same running period, it assigns
the resource to the control center. In Fig. 8, the switch controller assigns the
monopolized state to the control center. The control center causes moving of the
switch 1/2 to the reverse position for train 1 out of order after holding the

monopolized state of the switch, such that train 1 can return.

Using a switch section as an example, the flow of resource requesting is as shown in

Fig. 9.

For example, as shown in Fig. 10, train 1 returns, and train 2 passes through the
normal position; and train 1 requests for addition of the monopolized state permission
on the switch, and train 2 requests for the shared state permission on the switch. The
switch controller assigns the switch resource according to the time sequence of
request information. If train 1 is earlier than train 2 in requesting, train 1 adds the
monopolized state permission on the switch, and train 2 has to enter protection section

6G. Train 1 enters the switch section after moving the switch into the reverse position.
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As shown in Fig. 11, after train 1 enters protection section 6G, the switch is moved
into the normal position, and the monopolized state permission is deleted. Train 1 and

train 2 request for the shared state permission on the switch together.

As shown in Fig. 12, after train 1 and train 2 move away from protection section 8G,
the shared state is deleted. After deleting of the shared state permission by both train 1
and train 2, the lock list of the switch is empty. If train 2 is earlier than train 1 in
requesting for the lock adding operation, train 2 adds the shared state permission to
the switch. Train 1 can add the monopolized state permission to the switch and move
the switch to return only after train 2 moves away from protection section 8G and

deletes the shared state permission.

Specifically, the assignment solution of switch related resources is as follows: an
electronic map is saved in a train, and a switch is associated with the related resources
(e.g., protection sections, clearance interfering sections) thereof in the electronic map.
A train needs to query about the switch controller before entering a protection section
or a intrusion line section. If the train already requests for the monopolized/shared
state of the switch or already adds the monopolized/shared state permission to the
switch, it can enter the protection section or the intrusion line section; or otherwise, it

is not allowed to enter the related sections.

For example, as shown in Fig. 13, train 1 needs to query about the switch controller
before entering protection section 3G, and can enter protection section 3G only after
requesting for the monopolized/shared state of the switch 1/2 or already adding the

monopolized/shared state permission to the switch 1/2.

The switch controller can be arranged at either a train section or a main track, and can

be arranged beside a rail or in a station.
After the management zones of the switch controllers are provided, one switch

controller is arranged in each management zone. All the sections and switches within

one management zone are managed by one switch controller.
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As shown in Fig. 14, switch controller 1 manages switch 1/2, switch 3/6 and switch

4/5.

For example, as shown in Fig. 15, if train 1 and train 2 have an identical requirement
for the state of a switch, train 1 does not return, then train 1 and train 2 may request
together for the shared state of or the shared state permission on switch 1/2. If train 1
communicates with train 2, the two trains may always keep tracking running within
the same section and pass through a switch section. In this way, the efficiency of

trains passing through a switch zone is greatly improved.

Further, on the basis of the above method embodiments, the method further includes:

Section permission assignment is performed for a switch section corresponding to the

switch according to the resource state and the target resource permission.

The train corresponding to the on-board device is controlled according to the result of

the section permission assignment.

This embodiments provide a switch control method which can monitor, assign and
manipulate line resources, in particular switch and section resources; Interlocking
equipment on the ground is cancelled, such that the control of the switch and signal
machine changes from centralized to decentralized by the switch controller and the
on-board device of a train; In addition, the safety and efficiency of running of a train
in a line are guaranteed by means of the mechanism and strategy of managing the
monopolized state permission and the shared state permission on line resources by the

switch controller instead of using route control.

Further, on the basis of the above method embodiments, the obtaining of the resource
state of the switch further includes:
receiving the resource state of the switch sent by a switch machine or an axle counting

system in real time.

The resource state of the switch can be known in time by receiving the resource state

of the switch sent by the switch machine or the axle counting system in real time.
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Fig. 16 shows a structural schematic diagram of a switch control device provided by
present embodiment. The device includes a permission requesting module 161, a
request sending module 162, a permission assigning module 163 and a switch
controlling module 164, wherein:

the permission requesting module 161 is used for acquiring the switch state and
determining the target resource permission to be requested according to the switch
state;

the request sending module 162 is used for sending a first resource request to a switch
by the on-board device, and the first resource request includes the target resource
permission;

the permission assigning module 163 is used for acquiring the resource state of the
switch, and assigning a resource permission on the switch according to the resource
state and the target resource permission; and

the switch controlling module 164 is used for controlling the switch according to the

result of the resource permission assignment.

Specifically, the permission requesting module 161 acquires the switch state and
determines the target resource permission to be requested according to the switch state;
the request sending module 162 sends the first resource request including the target
resource permission to the switch; the permission assigning module 163 acquires the
resource state of the switch, and assigns the resource permission on the switch
according to the resource state and the target resource permission; and the switch
controlling module 164 controls the switch according to the result of the resource

permission assignment.

The traditional interlocking technique is not used in this embodiment, and such
ground equipment as interlocking and signal machines thus do not need to be
disposed on the ground, leading to simplification of the control logic and reduction of
the equipment cost and the maintenance cost. In addition, depending on the resource
request from the on-board device, the resource permission assignment and control of
the switch are achieved by determining the resource state of the switch. Before a train
arrives at the required switch and section resources, the resources are requested and

assigned, thus allowing safety protection on the train and an increase in the utilization
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rate of line resources.

Further, on the basis of the above device embodiment, the permission requesting
module 161 further includes:

a monopolized state requesting unit for determining the target resource permission to
be requested as a monopolized state permission if the switch state needs to be changed
to accomplish train running; and

a shared state requesting unit for determining the target resource permission to be
requested as a shared state permission if train running can be accomplished without
changing the switch state;

wherein the switch state includes a normal position and a reverse position, and the
target resource permission includes the monopolized state permission and the shared

state permission.

Further, on the basis of the above device embodiment, the permission assigning
module 163 further includes:

a first assigning unit for assigning the monopolized state permission on the switch
corresponding to the first resource request to the on-board device if the target resource
permission is the monopolized state permission and the switch is in a released state;

a second assigning unit for assigning the shared state permission on the switch
corresponding to the first resource request to the on-board device if the target resource
permission is the shared state permission and the switch is in the released state;

a third assigning unit for not assigning the resource of the switch corresponding to the
first resource request to the on-board device if the target resource permission is the
monopolized state permission and the switch is in a monopolized state;

a fourth assigning unit for not assigning the resource of the switch corresponding to
the first resource request to the on-board device if the target resource permission is the
shared state permission and the switch is in the monopolized state;

a fifth assigning unit for not assigning the resource of the switch corresponding to the
first resource request to the on-board device if the target resource permission is the
monopolized state permission and the switch is in a shared state; and

a sixth assigning unit for assigning the shared state permission on the switch
corresponding to the first resource request to the on-board device if the target resource

permission is the shared state permission and the switch is in the shared state;
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wherein the resource state of the switch includes the monopolized state, the shared

state and the released state.

Further, on the basis of the above device embodiment, the switch controlling module
164 further includes:

a switch moving unit for moving the switch if the resource permission obtained by the
on-board device is the monopolized state permission on the switch; and

a state changing unit for allowing the on-board device to send a resource release
request to the switch so as to control the switch to be shifted into the released state

after a train passes the switch and moves away from a switch section.

Further, on the basis of the above device embodiment, the switch controlling module
164 is further used for moving the switch if the resource permission obtained by the
on-board device is the monopolized state permission on the switch, and then the
on-board device sends a resource shifting request to the switch so as to control the
switch to be shifted into the released state from the monopolized state after a train

passes the switch and moves away from the switch section.

Further, on the basis of the above device embodiment, the device also includes:

a state determining module for determining the resource state of the switch if the first
resource request for the switch sent by the on-board device and a second resource
request for the switch sent by a control center are received within a predetermined
period;

a state changing module for changing the resource state of the switch into the released
state if finding, by determination, that a resource permission corresponding to the
second resource request is the monopolized state permission and the resource state of
the switch is the monopolized state or the shared state; and

a resource assigning module for assigning the resource permission corresponding to

the second resource request to the control center.

Further, on the basis of the above device embodiment, the device also includes:
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an information sending module for receiving a query request sent by the on-board
device or the control center, and sending corresponding data information to the
on-board device or the control center according to the query request;

an information updating module for sending updated data information to the control
center and on-board devices in a train communication list if finding, by determiantion,
that the data information in a switch controller is updated; and

a connection interrupting module for interrupting the connection with the on-board
device and deleting the on-board device from the train communication list if no query

request is received from the on-board device within predetermined time.

The switch control device described in this embodiment can be used for executing the
above method embodiments with similar principles and technical effects, which are

not redundantly described herein.

Fig. 17 shows a schematic diagram of connection of a switch controller provided by
this embodiment. The switch controller includes the switch control device as
described above;

the switch controller 171 is connected to the on-board device 172, the control center
173, the switch machine 174 and an axle counting system 175, respectively;

the switch controller 171 is arranged beside a rail or in a station.

Specifically, the switch controller is flexible in arrangement, can be arranged beside a
rail or in a station. The switch controller may interact with other equipments by
accessing a DCS backbone network without wiring. Switch controllers in different
zones are identical in logical structure. The switch controllers do not need to save an
electromagnetic map, provide remote and local configuration tools, only need to
arrange the line resources and equipment ID under management of each switch

controller, with good regionality.

This embodiment does not require arrangement of interlocking equipment on the
ground and does not use the traditional interlocking technique, and such ground
equipment as interlocking and signal machines thus do not need to be disposed on the
ground, leading to simplification of the control logic and reduction of the equipment

cost and the maintenance cost. The on-board device communicates with the switch
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controller, and requests for desired switch and section resources before a train
arrives at the required switch and section resources, thereby allowing safety protection
for the train. In addition, during running, the train can request for line resources to run
towards any place. During running of the train, in case of a change in a running plan,
a running route can be changed anytime by means of changing of resource requests.
The control center manages line resources by means of commands to the switch

controller and achieves commanding and dispatching on trains.

The device embodiments described above are just schematic, in which the units
illustrated as separate parts can be or not be physically separated; parts shown as units
can be or not be physical units, i.e., can be located at one place, or alternatively can be
distributed to a plurality of network units. Part of or all the modules therein can be
selected according to actual requirements to achieve the objectives of the solutions in
the embodiments. These device embodiments will be understood and implemented by

a person of ordinary skill in the art without creative work.

From the foregoing descriptions on the implementations, it can be clear for a person
skilled in the art that the implementations can be achieved by means of software in
conjunction with a necessary general-purpose hardware platform, and certainly can
also be achieved by means of hardware. Based on such understanding, the above
technical solutions in nature or the part making contributions to the prior art can be
embodied in the form of a software product; the computer software product may be
stored in a computer readable storage medium, such as an ROM/RAM, a magnetic
disk, optical disk or the like, and includes a plurality of instructions for causing a
computer device (which can be a personal computer, a server, a network device or the
like) to execute the method described in the embodiments or some parts of the

embodiments.

It should be noted that the above embodiments are merely intended for illustrating,
rather than limiting, the technical solutions of the present invention. Although the
present invention is described in detail with reference to the foregoing embodiments,
it will be appreciated by a person of ordinary skill in the art that modifications can
still be made to the technical solutions described in the foregoing embodiments, or

equivalent substitutions can be provided for part of the technical features therein.
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These modifications or substitutions will not cause the corresponding technical

solutions to depart in nature from the spirit and scope of the technical solutions in the

embodiments of the present invention.
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Claims

1. A switch control method, comprising:

an on-board device acquiring a switch state and determining a target resource

permission to be requested according to the switch state;

the on-board device sending a first resource request including the target resource

permission to a switch;

obtaining a resource state of the switch, and assigning a resource permission on the

switch according to the resource state and the target resource permission; and

controlling the switch according to a result of resource permission assignment.

2. The method according to claim 1, characterized in that the determining of the target

resource permission to be requested according to the switch state further comprises:

the target resource permission to be requested is a monopolized state permission if the

switch state needs to be changed to accomplish train running;

the target resource permission to be requested is a shared state permission if train

running can be accomplished without changing the switch state,

wherein the switch state includes a normal position and a reverse position, and the
target resource permission includes the monopolized state permission and the shared

state permission.
3. The method according to claim 2, characterized in that the assigning of the resource

permission on the switch according to the resource state and the target resource

permission further comprises:
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assigning the monopolized state permission on the switch corresponding to the first
resource request to the on-board device if the target resource permission is the

monopolized state permission and the switch is in a released state;

assigning the shared state permission on the switch corresponding to the first resource
request to the on-board device if the target resource permission is the shared state

permission and the switch is in the released state;

failing to assign the resource of the switch corresponding to the first resource request
to the on-board device if the target resource permission is the monopolized state

permission and the switch is in a monopolized state;

failing to assign the resource of the switch corresponding to the first resource request
to the on-board device if the target resource permission is the shared state permission

and the switch is in the monopolized state;

failing to assign the resource of the switch corresponding to the first resource request
to the on-board device if the target resource permission is the monopolized state

permission and the switch is in a shared state;
assigning the shared state permission on the switch corresponding to the first resource
request to the on-board device if the target resource permission is the shared state

permission and the switch is in the shared state,

wherein the resource states of the switch includes the monopolized state, the shared

state and the released state.

4. The method according to claim 3, characterized in that the controlling the switch

according to the result of the resource permission assignment further comprises:

moving the switch if the resource permission acquired by the on-board device is the

monopolized state permission on the switch;
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the on-board device sending a resource release request to the switch so as to control
the switch to be shifted into the released state after a train passes through the switch

and moves away from the switch section.

5. The method according to claim 3, characterized in that the controlling the switch

according to the result of the resource permission assignment further comprises:

moving the switch if the resource permission acquired by the on-board device is the
monopolized state permission on the switch, and the on-board device sending a
resource shifting request to the switch so as to control the switch to be shifted into the
released state from the monopolized state after a train passes through the switch and

moves away {rom the switch section.

6. The method according to claim 1, further comprising:

determining the resource state of the switch if the first resource request for the switch
sent by the on-board device and a second resource request for the switch sent by a

control center are received within a predetermined period;

changing the resource state of the switch into the released state if finding, by
determination, that a resource permission corresponding to the second resource
request is the monopolized state permission and the resource state of the switch is the

monopolized state or the shared state;

assigning the resource permission corresponding to the second resource request to the

control center.

7. The method according to claim 6, further comprising:

receiving a query request sent by the on-board device or the control center, and

sending corresponding data information to the on-board device or the control center

according to the query request;
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sending updated data information to the control center and on-board devices in a train
communication list if finding, by determination, that the data information in a switch

controller is updated;

interrupting connection with the on-board device and deleting the on-board device
from the train communication list if no query request is received from the on-board

device within predetermined time.

8. A switch control device, comprising:

a permission requesting module for acquiring a switch state and determining a target

resource permission to be requested according to the switch state;

a request sending module for sending a first resource request including the target

resource permission to a switch;

a permission assigning module for acquiring a resource state of the switch, and
assigning a resource permission on the switch according to the resource state and the

target resource permission;

a switch controlling module for controlling the switch according to a result of

resource permission assignment.

9. The device according to claim 8, characterized in that the permission requesting

module further comprises:

a monopolized state requesting unit for determining the target resource permission to
be requested as a monopolized state permission if the switch state needs to be changed

to accomplish train running;
a shared state requesting unit for determining the target resource permission to be

requested as a shared state permission if train running can be accomplished without

changing the switch state,
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wherein the switch state includes a normal position and a reverse position, and the
target resource permission includes the monopolized state permission and the shared
state permission.

10. A switch controller, comprising the switch control device of claims 8-9,

wherein the switch controller is connected to an on-board device, a control center, a

switch machine and an axle counting system, respectively; and

the switch controller is arranged beside a rail or in a station.
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Figure 10
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