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Description
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the priority of
Chinese patent application CN201510367587 .4, entitled
"On-board Equipment and Train Communication Sys-
tem" and filed on June 26, 2015, the entirety of which is
incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present disclosure relates to the technical
field of train control, and particularly to on-board equip-
ment and a train communication system.

BACKGROUND OF THE INVENTION

[0003] With rapid development of urban railway trans-
portation, Communication Based Train Control (CBTC)
system is more and more widely used. A Zone Controller
(ZC) is a core subsystem of the CBTC system. The ZC,
based on an accurate position reported by a train in com-
munication with the ZC and axle counter occupied/idle,
turnout and signal state jointly reported therein, calcu-
lates a Movement Authority (MA) for the train and enables
the train to operate safely.

[0004] A plurality of ZCs are generally arranged in a
relatively long route. During driving of the train, two ZCs
communicate train and lineside information and enable
the train to pass through a border region between two
zones at a high speed in a safe and seamless manner,
and this process is called as zone switching. According
to the present disclosure, a ZC from which the train is
driving is called as a handover ZC, and a ZC to which
the train is driving is called as a takeover ZC.

[0005] On-board equipment of the CBTC systeminthe
prior art generally comprises two available wireless com-
munication devices. The two wireless communication de-
vices work at the same time in a hot-standby manner,
one of which is responsible for communication with the
handover ZC, and the other of which is responsible for
communication with the takeover ZC. The on-board
equipment enables the train to pass through the border
region between two ZCs in a safe, effective, and seam-
less manner based on the MAs sent from the two ZCs.

[0006] In the case that only one wireless communica-
tion device in the CBTC system is available, the wireless
communication device is always in communication with
the handover ZC. The train stops when it enters into the
border region between two zones, and turns to a manual
driving mode. Thus, the train is driven by a driver to pass
through the border region between two zones. Then, the
CBTC drive mode is switched back according to operat-
ing procedure. Under such circumstance, an operating
efficiency of the train passing through the border region
is low, and a workload of the driver is increased, which
affects an operating efficiency of a whole train, and even
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a whole line.
SUMMARY OF THE INVENTION

[0007] The present disclosure provides on-board
equipment and a train communication system so as to
solve the technical problem that an operating efficiency
of a train is low when the train passes through a border
region between two zonesin a case that only one wireless
communication device is available.

[0008] According to a first aspect, the present disclo-
sure provides on-board equipment. The on-board equip-
ment comprises:

a wireless communication device, configured to re-
ceive a switching instruction from a ground respond-
er;

a time management device, configured to determine
a wireless time-out time slice after the wireless com-
munication device receives the switching instruction
from the ground responder,

wherein the wireless communication device
pauses communication with a handover ZC dur-
ing a wireless time-out time slice and within a
range of a current movement authority, estab-
lishes communication with a takeover ZC during
a next wireless time-out time slice and reports
a train position to the takeover ZC, and pauses
communication with the takeover ZC when the
next wireless time-out time slice comes to an
end;

a storage device, configured to store communication
contents between the wireless communication de-
vice and the takeover ZC when the wireless commu-
nication device pauses communication with the take-
over ZC; and

a processing device, configured to determine a next
movement authority according to the communication
contents between the wireless communication de-
vice and the takeover ZC, determine whether the
current movement authority is connected with the
next movement authority, and perform zone switch-
ing if a determination result is yes.

[0009] When the wireless communication device paus-
es communication with the handover ZC, the storage de-
vice stores a communication state and communication
contents between the wireless communication device
and the handover ZC.

[0010] The storage device further stores a communi-
cation state between the wireless communication device
and the takeover ZC when it stores the communication
contents between the wireless communication device
and the takeover ZC.

[0011] When the processing device determines that
the current movement authority is disconnected with the
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next movement authority,

during the wireless time-out time slice: the wireless
communication device resumes communication with
the handover ZC according to the communication
state and the communication contents between the
wireless communication device and the handover
ZC stored in the storage device, and reports a train
position to the handover ZC; the processing device
updates a current movement authority according to
current communication contents between the wire-
less communication device and the handover ZC;
the wireless communication device pauses commu-
nication with the handover ZC when the wireless
time-out time slice comes to an end; and the storage
device stores a communication state and the com-
munication contents between the wireless commu-
nication device and the handover ZC; and

during the next wireless time-out time slice: the wire-
less communication device resumes communication
with the takeover ZC according to the communica-
tion state and the communication contents between
the wireless communication device and the takeover
ZC stored in the storage device, and reports a train
position to the takeover ZC; the processing device
updates a next movement authority according to cur-
rent communication contents between the wireless
communication device and the takeover ZC; the
wireless communication device pauses communica-
tion with the takeover ZC when the next wireless
time-out time slice comes to an end; and the storage
device stores a communication state and communi-
cation contents between the wireless communica-
tion device and the takeover ZC; and

the processing device performs zone switching when it
determines that an updated current movement authority
is connected with an updated next movement authority.
[0012] The wireless communication device stops com-
munication with the handover ZC after entering into a
zone corresponding to the takeover ZC.

[0013] The wireless time-out time slice is equal to a
smaller one of a duration of the current movement au-
thority and a longest communication duration of wireless
communication between the wireless communication de-
vice and the ground responder.

[0014] A safety margin duration is set by the time man-
agement device, and the wireless time-out time slice is
determined according to the safety margin duration.
[0015] The wireless time-out time slice is equal to a
difference between a smaller one of a duration of the
current movement authority and a longest communica-
tion duration of wireless communication between the
wireless communication device and the ground respond-
er and the safety margin duration.

[0016] According to a second aspect, the present dis-
closure provides a train communication system, which
comprises the aforesaid on-board equipment.
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[0017] The following beneficial effects can be brought
about by the present disclosure. The present disclosure
provides on-board equipment, which comprises only one
available wireless communication device. The wireless
communication device of the on-board equipment is in
time-sharing communication with the handover ZC and
the takeover ZC. The processing device of the on-board
equipment obtains a current MA and a next MA respec-
tively from two ZCs, and performs zone switching when
it determines that the current MA is connected with the
next MA. In a case that only one wireless communication
device is provided in the on-board equipment, automatic
driving of a train can be realized in a CBTC mode, where-
by an operating efficiency of the train when it passes
through a border region between two zones can be im-
proved, and an operating efficiency of a whole train, and
even a whole line can be ensured.

[0018] Other features and advantages of the present
disclosure will be further explained in the following de-
scription, and partially become self-evident therefrom, or
be understood through the embodiments of the present
disclosure. The objectives and advantages of the present
disclosure will be achieved through the structure specif-
ically pointed out in the description, claims, and the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings provide further
understandings of the present disclosure and constitute
one part of the description. The drawings are used for
interpreting the present disclosure together with the em-
bodiments, not for limiting the present disclosure. In the
drawings:

Fig. 1 schematically shows a structure of on-board
equipment provided by one embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0020] The present disclosure will be illustrated in de-
tail hereinafter in combination with the accompanying
drawings to enable the purpose, technical solutions, and
advantages of the present disclosure more clear.

[0021] The embodiment of the present disclosure pro-
vides on-board equipment. As shown in Fig. 1, the on-
board equipment is provided with only one wireless com-
munication device which is in communication with a ZC,
which means that the on-board equipment can commu-
nicate with one ZC only, while cannot communicate with
two ZCs at the same time. In this case, the wireless com-
munication device according to the present embodiment
is in communication with two ZCs in a time-sharing com-
munication method. Moreover, the on-board equipment
further comprises a time management device, a storage
device, and a processing device, and the devices coop-
erate with each other to realize time-sharing communi-
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cation function of the wireless communication device.
[0022] The wireless communication device of the on-
board equipment receives a switching instruction from a
ground responder. The ground responder is a point ap-
paratus through which ground transmits information to a
train, and comprises a fixed (passive) responder and a
variable (active) responder. When the train passes
through a location of the ground responder, the ground
responder receives electromagnetic energy sent by a
point information receiving antenna of the on-board
equipment of the train, transfers the electromagnetic en-
ergy into a work power supply to turn on an electronic
circuit, and sends a transmission message prestored
therein or sent by a Lineside Electronic Unit (LEU) in a
circulating manner until the electromagnetic energy dis-
appears, i.e., until the train departs from the ground re-
sponder.

[0023] According to the present embodiment, a ZC
from which the train is driving is called as a handover ZC,
and a ZC to which the train is driving is called as a take-
over ZC. The transmission message sent by the ground
responder comprises a switching instruction which
means that the train is driving to a control zone of the
takeover ZC, and the wireless communication device of
the on-board equipmentlearns which takeover ZC should
be in communication with according to this switching in-
struction.

[0024] After the wireless communication device of the
on-board equipment receives the switching instruction
from the ground responder, the time managementdevice
of the on-board equipment determines a wireless time-
out time slice involved in a wireless communication proc-
ess. The wireless time-out time slice prescribes a longest
time period of pause communication on a premise that
the wireless communication device keeps communica-
tion with the ZC. As long as a time period during which
the communication between the wireless communication
device and the ZC pauses is less than or equal to the
wireless time-out time slice, the wireless communication
device can, at any time, resume a communication state
and communication contents with the ZC before commu-
nication pause, and continue communication with the ZC.
[0025] When the train drives in a zone of the handover
ZC, the wireless communication device always keeps
communication with the handover ZC, and reports a train
position and other related information to the handover
ZC. The handover ZC calculates a Movement Authority
(MA) for the train based on the train position, barrier in-
formation along the line, and comprehensive condition
thereof. According to the embodiment of the present dis-
closure, the MA calculated by the handover ZC is called
as a current MA. MA is a formal authority according to
which the train can drive to a next parking position safely,
and thus safe distance control between trains can be
realized. A safe distance between two trains is calculated
according to maximum allowable speed, present parking
position, route and other information, and the information
is refreshed in a dynamic and circulating manner.
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[0026] According to the present embodiment, in order
to ensure that the train can operate for a period of time
after the wireless communication device pauses commu-
nication with the handover ZC, combining a definition on
the wireless time-out time slice hereinabove, the wireless
time-out time slice should be smaller than or equal to a
duration of the current Movement Authority. Therefore,
according to the present embodiment, the wireless time-
out time slice is equal to a smaller one of the duration of
the current movement authority and a longest communi-
cation duration of wireless communication between the
wireless communication device and the ground respond-
er. On this premise, the wireless communication device
pauses communication with the handover ZC. In order
to ensure that the wireless communication device can
resume and continue communication with the handover
ZC aftercommunication pause, the storage device stores
a communication state and communication contents be-
tween the wireless communication device and the hando-
ver ZC when the wireless communication device pauses
communication with the handover ZC. The wireless com-
munication device can establish time-sharing communi-
cation with the handover ZC and the takeover ZC based
on the wireless time-out time slice, so that the train can
pass through a border between two zones in an effective,
seamless, and safe manner when only one wireless com-
munication device is available.

[0027] Thewireless communicationdevice, after paus-
es communication with the handover ZC, immediately
establishes communication with the takeover ZC. At this
time, timing of a next wireless time-out time slice begins.
[0028] When the wireless communication device is in
communication with the takeover ZC, it also reports a
train position and other related information to the takeo-
ver ZC. Similar to the handover ZC, the takeover ZC cal-
culates a Movement Authority (MA) for the train based
on the train position, barrier information along the line,
and comprehensive condition thereof. According to the
embodiment of the present disclosure, the MA calculated
by the takeover ZC is called as a next MA.

[0029] When the next wireless time-out time slice
comes to an end, the wireless communication device
pauses communication with the takeover ZC, and the
storage device stores communication contents between
the wireless communication device and the takeover ZC.
In order to ensure that the wireless communication de-
vice can resume and continue communication with the
takeover ZC after communication pause, the storage de-
vice stores a communication state and communication
contents between the wireless communication device
and the takeover ZC when the wireless communication
device pauses communication with the takeover ZC.
[0030] Theon-boardequipmentofthe train determines
the next MA corresponding to the takeover ZC based on
the communication contents with the takeover ZC stored
therein.

[0031] Since each MA corresponds to a certain length
of route, in order to ensure that the train can perform
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zone switching in an effective, seamless, and safe man-
ner, the processing device of the on-board equipment
should ensure that the current MA corresponding to the
handover ZC is connected with the next MA correspond-
ing to the takeover ZC, i.e., the route corresponding to
the current MA and the route corresponding to the next
MA are partially overlapped with each other or exactly
connected with each other seamlessly. If the current MA
is connected to the next MA, the processing device of
the train can form a new MA spanning the zone of the
handover ZC and the zone of the takeover ZC, so that
the train can pass a boundary of the handover ZC and
enter into the zone of the takeover ZC in a smooth, safe,
and effective manner according to the new MA.

[0032] When the processing device determines that
the train has a condition to perform zone switching in an
effective, seamless, and safe manner, the processing
device forms a new MA spanning a border region of two
zones according to the MAs send to the on-board equip-
ment by the handover ZC and the takeover ZC respec-
tively so as to perform ZC switching in a safe, effective,
and seamless manner. After the train enters into the zone
corresponding to the takeover ZC, the wireless commu-
nication device stops communication with the handover
ZC, and keeps communication with the takeover ZC only.
At this time, the takeover ZC serves as a main control
ZC. In the zone corresponding to the takeover ZC, the
wireless communication device keeps communication
with the takeover ZC until next zone switching.

[0033] When the processing device determines that
the current movement authority is disconnected with the
next movement authority, the wireless communication
device resumes communication with the handover ZC
and the takeover ZC, and the processing device updates
the current MA corresponding to the handover ZC and
the next MA corresponding to the takeover ZC.

[0034] Specifically, during the wireless time-out time
slice: the wireless communication device resumes com-
munication with the handover ZC according to the com-
munication state and the communication contents be-
tween the wireless communication device and the hando-
ver ZC stored in the storage device, and reports a train
position to the handover ZC; the processing device up-
dates a current movement authority according to current
communication contents between the wireless commu-
nication device and the handover ZC; the wireless com-
munication device pauses communication with the
handover ZC when the wireless time-out time slice
comes to an end; and the storage device stores the com-
munication state and the communication contents be-
tween the wireless communication device and the hando-
ver ZC.

[0035] During the next wireless time-out time slice: the
wireless communication device resumes communication
with the takeover ZC according to the communication
state and the communication contents between the wire-
less communication device and the takeover ZC stored
in the storage device, and reports a train position to the
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takeover ZC; the processing device updates a next
movement authority according to current communication
contents between the wireless communication device
and the takeover ZC; the wireless communication device
pauses communication with the takeover ZC when the
next wireless time-out time slice comes to an end; and
the storage device stores a communication state and
communication contents between the wireless commu-
nication device and the takeover ZC.

[0036] After the current MA and the next MA are up-
dated, the processing device determines whether an up-
dated current MA is connected with an updated next MA.
If a determination result is yes, the processing device
performs zone switching; and if a determination result is
no, the processing device updates the current MA and
the next MA once again until it determines that a further
updated current MA is connected with a further updated
next MA.

[0037] The ZC of the CBTC system can transmit infor-
mation to the on-board equipment through wireless com-
munication, ground cross induction loop, waveguide, or
other medium. In order to ensure that the communication
between the wireless communication device and the ZC
is not affected by external conditions, and avoid acciden-
tal interruption caused thereby, according to the present
embodiment, the time management device sets a safety
margin duration before determines the wireless time-out
time slice. In this case, the wireless time-out time slice
is equal to a difference between a smaller one of a du-
ration of the current movement authority and a longest
communication duration of wireless communication be-
tween the wireless communication device and the ground
responder and the safety margin duration. The safety
margin duration is determined by communication medi-
um, communication mode between the ZC and the wire-
less communication device and other factors.

[0038] The present embodiment provides on-board
equipment, which comprises only one available wireless
communication device. The wireless communication de-
vice of the on-board equipment is in time-sharing com-
munication with the handover ZC and the takeover ZC.
The processing device of the on-board equipment ob-
tains a current MA and a next MA respectively from two
ZCs, and performs zone switching when it determines
that the current MA is connected with the next MA. In a
case that only one wireless communication device is pro-
vided in the on-board equipment, automatic driving of a
train can be realized in a CBTC mode, whereby an op-
erating efficiency of the train when it passes through a
border region between two zones can be improved, and
an operating efficiency of a whole train, and even awhole
line can be ensured.

[0039] The present embodiment further provides a
train communication system, which comprises the afore-
said on-board equipment.

[0040] The above embodiments are described only for
better understanding, rather than restricting, the present
disclosure. Any person skilled in the art can make amend-
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ments to the implementing forms or details without de-
parting from the spirit and scope of the present disclo-
sure. The protection scope of the present disclosure shall
be determined by the scope as defined in the claims.

Claims

1.

On-board equipment, comprising:

a wireless communication device, configured to
receive a switching instruction from a ground re-
sponder;

atime management device, configured to deter-
mine a wireless time-out time slice after the wire-
less communication device receives the switch-
ing instruction from the ground responder,

wherein the wireless communication device
pauses communication with a handover ZC
during a wireless time-out time slice and
within a range of a current movement au-
thority, establishes communication with a
takeover ZC during a next wireless time-out
time slice and reports a train position to the
takeover ZC, and pauses communication
with the takeover ZC when the next wireless
time-out time slice comes to an end;

a storage device, configured to store communi-
cation contents between the wireless communi-
cation device and the takeover ZC when the
wireless communication device pauses commu-
nication with the takeover ZC; and

a processing device, configured to determine a
next movement authority according to the com-
munication contents between the wireless com-
munication device and the takeover ZC, deter-
mine whether the current movement authority is
connected with the next movement authority,
and perform zone switching if a determination
result is yes.

The on-board equipment according to claim 1,
wherein, when the wireless communication device
pauses communication with the handover ZC, the
storage device stores a communication state and
communication contents between the wireless com-
munication device and the handover ZC.

The on-board equipment according to claim 2,
wherein the storage device further stores a commu-
nication state between the wireless communication
device and the takeover ZC when it stores the com-
munication contents between the wireless commu-
nication device and the takeover ZC.

The on-board equipment according to claim 3,
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wherein when the processing device determines that
the current movement authority is disconnected with
the next movement authority,

during the wireless time-out time slice: the wire-
less communication device resumes communi-
cation with the handover ZC according to the
communication state and the communication
contents between the wireless communication
device and the handover ZC stored in the stor-
age device, and reports a train position to the
handover ZC; the processing device updates a
current movement authority according to current
communication contents between the wireless
communication device and the handover ZC;
the wireless communication device pauses
communication with the handover ZC when the
wireless time-out time slice comes to an end;
and the storage device stores a communication
state and the communication contents between
the wireless communication device and the
handover ZC; and

during the next wireless time-out time slice: the
wireless communication device resumes com-
munication with the takeover ZC according to
the communication state and the communica-
tion contents between the wireless communica-
tion device and the takeover ZC stored in the
storage device, and reports a train position to
the takeover ZC; the processing device updates
a next movement authority according to current
communication contents between the wireless
communication device and the takeover ZC; the
wireless communication device pauses commu-
nication with the takeover ZC when the next
wireless time-out time slice comes to an end;
and the storage device stores a communication
state and communication contents between the
wireless communication device and the takeo-
ver ZC; and

wherein the processing device performs zone
switchingwhen it determines that an updated current
movement authority is connected with an updated
next movement authority.

The on-board equipment according to claim 4,
wherein the wireless communication device stops
communication with the handover ZC after entering
into a zone corresponding to the takeover ZC.

The on-board equipment according to claim 5,
wherein the wireless time-out time slice is equal to
a smaller one of a duration of the current movement
authority and a longest communication duration of
wireless communication between the wireless com-
munication device and the ground responder.
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The on-board equipment according to claim 5,
wherein a safety margin duration is set by the time
management device, and the wireless time-out time
slice is determined according to the safety margin
duration.

The on-board equipment according to claim 7,
wherein the wireless time-out time slice is equal to
a difference between a smaller one of a duration of
the current movement authority and a longest com-
munication duration of wireless communication be-
tween the wireless communication device and the
ground responder and the safety margin duration.

A train communication system, comprising on-board
equipment, which comprises:

a wireless communication device, configured to
receive a switching instruction from a ground re-
sponder;

atime management device, configured to deter-
mine a wireless time-out time slice after the wire-
less communication device receives the switch-
ing instruction from the ground responder,

wherein the wireless communication device
pauses communication with a handover ZC
during a wireless time-out time slice and
within a range of a current movement au-
thority, establishes communication with a
takeover ZC during a next wireless time-out
time slice and reports a train position to the
takeover ZC, and pauses communication
with the takeover ZC when the next wireless
time-out time slice comes to an end;

a storage device, configured to store communi-
cation contents between the wireless communi-
cation device and the takeover ZC when the
wireless communication device pauses commu-
nication with the takeover ZC; and

a processing device, configured to determine a
next movement authority according to the com-
munication contents between the wireless com-
munication device and the takeover ZC, deter-
mine whether the current movement authority is
connected with the next movement authority,
and perform zone switching if a determination
result is yes.

10. The train communication system according to claim

9, wherein, when the wireless communication device
pauses communication with the handover ZC, the
storage device stores a communication state and
communication contents between the wireless com-
munication device and the handover ZC.

11. The train communication system according to claim
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12.

13.

10, wherein the storage device further stores a com-
munication state between the wireless communica-
tion device and the takeover ZC when it stores the
communication contents between the wireless com-
munication device and the takeover ZC.

The train communication system according to claim
11,

wherein when the processing device determines that
the current movement authority is disconnected with
the next movement authority,

during the wireless time-out time slice: the wire-
less communication device resumes communi-
cation with the handover ZC according to the
communication state and the communication
contents between the wireless communication
device and the handover ZC stored in the stor-
age device, and reports a train position to the
handover ZC; the processing device updates a
current movement authority according to current
communication contents between the wireless
communication device and the handover ZC;
the wireless communication device pauses
communication with the handover ZC when the
wireless time-out time slice comes to an end;
and the storage device stores a communication
state and the communication contents between
the wireless communication device and the
handover ZC; and

during the next wireless time-out time slice: the
wireless communication device resumes com-
munication with the takeover ZC according to
the communication state and the communica-
tion contents between the wireless communica-
tion device and the takeover ZC stored in the
storage device, and reports a train position to
the takeover ZC; the processing device updates
a next movement authority according to current
communication contents between the wireless
communication device and the takeover ZC; the
wireless communication device pauses commu-
nication with the takeover ZC when the next
wireless time-out time slice comes to an end;
and the storage device stores a communication
state and communication contents between the
wireless communication device and the takeo-
ver ZC; and

wherein the processing device performs zone
switchingwhen it determines that an updated current
movement authority is connected with an updated
next movement authority.

The train communication system according to claim
12, wherein the wireless communication device
stops communication with the handover ZC after en-
tering into a zone corresponding to the takeover ZC.
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The train communication system according to claim
13, wherein the wireless time-out time slice is equal
to a smaller one of a duration of the current move-
ment authority and a longest communication dura-
tion of wireless communication between the wireless
communication device and the ground responder.

The train communication system according to claim
13, wherein a safety margin duration is set by the
time management device, and the wireless time-out
time slice is determined according to the safety mar-
gin duration.

The train communication system according to claim
15, wherein the wireless time-out time slice is equal
to a difference between a smaller one of a duration
of the current movement authority and a longest
communication duration of wireless communication
between the wireless communication device and the
ground responder and the safety margin duration.
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