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(54)
SYSTEM

(567) Disclosed is an ad-hoc network-based train dy-
namic marshalling and unmarshalling method. The meth-
od includes train dynamic marshalling and train dynamic
unmarshalling. The train dynamic marshalling includes:
after a rear train set enters a U code section, marshalling
two train sets if marshalling conditions are met. The dy-
namic unmarshalling includes: receiving, by two train
sets in a group, an unmarshalling command during op-
eration, and unmarshalling the two train sets if unmar-
shalling conditions are met. The method further includes:
when the rear train set has a speed of 0 during operation
of the two train sets in the group, unmarshalling the two
train sets if the unmarshalling command is received. The
method designed in the present invention implements
flexible connection by means of an ad-hoc network, such
that group trains can be flexibly marshalled, and a plu-
rality of tracks are fully utilized. During departure, a mode
of marshalling first and then departing is used to improve
the departure efficiency. When the train transport volume

AD-HOC NETWORK-BASED TRAIN DYNAMIC GROUPING AND UNGROUPING METHOD AND

isincreased, a 5,000 t standard train may be used, there-
by avoiding high costs caused by adding effective tracks.
Further disclosed is a dynamic marshalling and unmar-
shalling system.
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Description
TECHNICAL FIELD

[0001] The present invention belongs to the technical
field of transportation, and particularly relates to an ad-
hoc network-based train dynamic marshalling and un-
marshalling method and system.

BACKGROUND

[0002] At present, the operation of heavy haul trains
(suchas 20,000 tons)is mostly realized in working modes
of extended train marshalling, and joint traction of multi-
ple locomotives (generally 3 locomotives). Extended
train marshalling requires longer effective tracks. How-
ever, the addition of effective tracks involves land acqui-
sition and other issues, which is extremely expensive.
Meanwhile, the use of multi-section vehicle marshalling
results in the fact that ordinary station tracks can no long-
er meet the needs of marshalling. The marshalling often
occupies the section for operation, which seriously af-
fects the main line operation. The use of multi-section
train marshalling or unmarshalling takes about 120 min,
which is extremely low in efficiency. In addition, a large
number of ground personnel are required to cooperate
with the marshalling and unmarshalling operation, lead-
ing to a heavy workload and occasional personnel inju-
ries during the operation. The multi-locomotive joint con-
trol requires very high synchronization between locomo-
tives that are required to start, accelerate, decelerate and
brake simultaneously within a certain time range accord-
ing to commands of a master control locomotive. If the
control of multiple traction locomotives is not synchro-
nized, it may lead to coupler extrusion and breakage be-
tween trains, which seriously affects the transportation
safety.

[0003] Thetransportvolume ofatraincanbeincreased
from 20,000 tons to 50,000 tons if needed. If the extended
train marshalling is adopted, the effective length of tracks
needs to be increased to 5 km or above. As a result, itis
difficult to solve this problem by increasing the effective
length of tracks. If the multi-locomotive joint control is
adopted, more locomotives will be used for synchronous
traction, causing a higher risk of coupler extrusion and
breakage. Therefore, it is difficult to solve this problem
by adding locomotives and vehicles for conventional cou-
pling marshalling.

SUMMARY

[0004] In view of the above problems, the present in-
vention provides an ad-hoc network-based train dynamic
marshalling and unmarshalling method. The method in-
cludes train dynamic marshalling and train dynamic un-
marshalling; the train dynamic marshalling includes first
marshalling; the first marshalling includes: after a rear
train set enters a U code section, verifying, by a front

10

15

20

25

30

35

40

45

50

55

train set and the rear train set, IDs for each other, and if
the verification succeeds, marshalling the two train sets
when the two train sets meet marshalling conditions, and
updating group information; the dynamic unmarshalling
includes first unmarshalling and second unmarshalling;
the first unmarshalling includes: receiving, by the two
train sets in a group, an unmarshalling command during
operation, and unmarshalling the two train sets if a track-
ing distance between the two train sets is greater than a
first unmarshalling threshold and the rear train set re-
ceives an LU code; and the second unmarshalling in-
cludes: when the rear train set has a speed of 0 during
operation of the two train sets in the group, unmarshalling
the two train sets if the unmarshalling command is re-
ceived.

[0005] Further, the trainsetincludes atrainand agroup
train; and

the two train sets include two trains, one train and one
group train, and two group trains.

[0006] Further, the tracking distance is a distance be-
tween an end of the front train set and a head of the rear
train set.

[0007] Further, the meeting marshalling conditions in-
cludes: calculating the tracking distance L1, calculating
L2, and meeting the marshalling conditions when a value
of L1-L2 is less than a marshalling threshold,

where L2 = the length of a block section where a U code
is located + the length of a block section where an HU
code is located - the distance the rear train set has op-
erated at the U code.

[0008] Further, the first marshalling includes:

receiving, by a plurality of train sets, a marshalling
plan comprising train IDs, a route command, and a
movement authority;

performing route setting on the plurality of train sets
according to the route command; and

controlling, by the plurality of train sets, train opera-
tion according to ground authorization and a train
marshalling status.

[0009] Further, the train dynamic marshalling includes
second marshalling; and

the second marshalling includes: receiving, by a plurality
of train sets, a marshalling plan including train IDs, ver-
ifying, by the plurality of train sets, the IDs for one another,
and if the verification succeeds, marshalling the plurality
of train sets to form a new train group; and departing in
a mode of the new train group after the plurality of train
sets are marshalled.

[0010] Further,thetrain dynamic unmarshalling further
includes: receiving an unmarshalling plan, and setting an
unmarshalling command according to the unmarshalling
plan.

[0011] Further, the unmarshalling plan includes a spe-
cific unmarshalling mode of the train group.

[0012] Further, the dynamic unmarshalling includes
third unmarshalling; and
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the third unmarshalling includes: during operation of
the two train sets in the group, braking the rear train
set if wireless communication connection times out;
and

when the tracking distance between the rear train
set and the front train set is greater than a second
unmarshalling threshold or the speed of the rear train
set is 0, unmarshalling the two train sets.

[0013] Further, the dynamic unmarshalling includes
fourth unmarshalling; and

the fourth unmarshalling includes: when the rear train set
has the speed of 0 during operation of the two train sets
in the group, unmarshalling the two train sets if wireless
communication connection times out.

[0014] The present invention further provides an ad-
hoc network-based train dynamic marshalling and un-
marshalling system. The system includes a train dynamic
marshalling subsystem and a train dynamic unmarshal-
ling subsystem;

the train dynamic marshalling subsystem is config-
ured for train dynamic marshalling, the dynamic mar-
shalling includes first marshalling, and the first mar-
shalling includes: after a rear train set enters a U
code section, verifying, by a front train set and the
reartrain set, IDs for each other, and if the verification
succeeds, marshalling the two train sets when the
two train sets meet marshalling conditions, and up-
dating group information;

the dynamic unmarshalling subsystem is configured
for train dynamic unmarshalling, and the dynamic
unmarshalling includes first unmarshalling and sec-
ond unmarshalling;

the firstunmarshalling includes: receiving, by the two
train sets in a group, an unmarshalling command
during operation, and unmarshalling the two train
sets if a tracking distance between the two train sets
is greater than a first unmarshalling threshold and
the rear train set receives an LU code; and

the second unmarshalling comprises: when the rear
train set has a speed of 0 during operation of the two
train sets in the group, unmarshalling the two train
sets if the unmarshalling command is received.

[0015] Further,thetrainsetincludesatrainanda group
train; and

the two train sets include two trains, one train and one
group train, and two group trains.

[0016] Further, the tracking distance is a distance be-
tween an end of the front train set and a head of the rear
train set.

[0017] Further, the meeting marshalling conditions in-
cludes: calculating the tracking distance L1, calculating
L2, and meeting the marshalling conditions when a value
of L1-L2 is less than a marshalling threshold,

where L2 = the length of a block section where a U code
is located + the length of a block section where an HU
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code is located - the distance the rear train set has op-
erated at the U code.

[0018] Further, the train dynamic marshalling includes
second marshalling; and

the second marshalling includes: receiving, by a plurality
of train sets, a marshalling plan including train IDs, ver-
ifying, by the plurality of train sets, the IDs for one another,
and if the verification succeeds, marshalling the plurality
of train sets to form a new train group; and departing in
a mode of the new train group after the plurality of train
sets are marshalled.

[0019] Further, the system includes:

a centralized traffic control subsystem

for sending a marshalling plan and an unmarshalling
plan to a group control subsystem, and

sending a route command to a computer-based in-
terlocking subsystem according to the marshalling
plan and the unmarshalling plan, where the marshal-
ling plan and the unmarshalling plan include train
IDs;

the computer-based interlocking subsystem

for setting routes of the train sets according to the
route command provided by the centralized traffic
control subsystem, clearing a signal when route con-
ditions are met, and providing route status informa-
tion to the group control subsystem;

the group control subsystem

for sending the marshalling and unmarshalling plans
of the centralized traffic control subsystem to rele-
vant train sets, and

providing a movement authority for a first train in a
group train, and providing following trains with line
data and temporary speed limit functions according
to the route status information provided by the com-
puter-based interlocking subsystem, a train status
provided by an on-board subsystem, and information
such as line data; and

the on-board subsystem

for controlling train operation according to ground
authorization and a train marshalling status.

[0020] Further, the group control subsystem is further
configured for receiving an unmarshalling plan, setting
an unmarshalling command according to the unmarshal-
ling plan, and sending the unmarshalling command to
the train group.

[0021] Further, the unmarshalling plan includes a spe-
cific unmarshalling mode of the train group.

[0022] Further, the dynamic unmarshalling includes
third unmarshalling; and

the third unmarshalling includes: during operation of
the two train sets in the group, braking the rear train
set if wireless communication connection times out;
and

when the tracking distance between the rear train
set and the front train set is greater than a second
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unmarshalling threshold or the speed of the rear train
set is 0, unmarshalling the two train sets.

[0023] Further, the dynamic unmarshalling includes
fourth unmarshalling; and

the fourth unmarshalling includes: during operation
of the two train sets in the group, braking the rear
train set if the wireless communication connection
times out; and

when the tracking distance between the rear train
set and the front train set is greater than the second
unmarshalling threshold or the speed of the rear train
set is 0, unmarshalling the two train sets.

[0024] According to the method designed in th present
invention, the trains are no longer hardly coupled by
means of couplers and are flexibly connected by means
of an ad-hoc network. When the train transport volume
isincreased, a 5,000 t standard train may be used, there-
by avoiding high costs caused by adding effective tracks.
Group trains may be flexibly marshalled, such that a plu-
rality of tracks are fully utilized. During departure, a mode
of marshalling first and then departing is used to improve
the departure efficiency.

[0025] Other features and advantages of the present
invention will be set forth in the subsequent specification,
and in addition, they will be apparent from the specifica-
tion partially or understood by implementing the present
invention. The objectives and other advantages of the
present invention may be realized and attained by the
structures pointed out in the specification, claims and
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] In order to more clearly illustrate the embodi-
ments of the present invention or the technical solution
in the prior art, the accompanying drawings that need to
be used in the description of the embodiments or the prior
art will be simply introduced below. Apparently, the ac-
companying drawings in the description below are some
embodiments of the present application. Those of ordi-
nary skill in the art may also derive other accompanying
drawings according to the provided accompanying draw-
ings without creative efforts.

FIG. 1 shows a schematic flowchart of an ad-hoc
network-based train dynamic marshalling and un-
marshalling method according to an embodiment of
the present invention;

FIG. 2 shows a schematic diagram of tracking a train
group by a single train before dynamic marshalling
according to an embodiment of the present inven-
tion;

FIG. 3 shows a schematic diagram of tracking a train
group by a single train after dynamic marshalling ac-
cording to an embodiment of the present invention;
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FIG. 4 shows a schematic diagram of tracking a sin-
gle train by atrain group before dynamic marshalling
according to an embodiment of the present inven-
tion;

FIG. 5 shows a schematic diagram of tracking a sin-
gle train by a train group after dynamic marshalling
according to an embodiment of the present inven-
tion;

FIG. 6 shows a schematic diagram of tracking a train
group by a train group before dynamic marshalling
according to an embodiment of the present inven-
tion;

FIG. 7 shows a schematic diagram of tracking a train
group by a train group after dynamic marshalling ac-
cording to an embodiment of the present invention;
FIG. 8 shows a schematic diagram of unmarshalling
to form a train group and a train according to an em-
bodiment of the present invention;

FIG. 9 shows a schematic diagram of unmarshalling
to form a train and a train group according to an em-
bodiment of the present invention;

FIG. 10 shows a schematic diagram of unmarshal-
ling to form a train group and a train group according
to an embodiment of the present invention; and
FIG. 11 shows a schematic structural diagram of an
ad-hoc network-based train dynamic marshalling
and unmarshalling system according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0027] In order to make the objectives, technical solu-
tions and advantages of the embodiments of the present
invention clearer, the technical solutions in the embodi-
ments of the present invention will be clearly and com-
pletely described below with reference to the accompa-
nying drawings in the embodiments of the present inven-
tion. Apparently, the described embodiments are a part,
rather than all of the embodiments of the present inven-
tion. All other embodiments obtained by those of ordinary
skill in the art based on the embodiments in the present
application without creative efforts shall fall within the
scope of protection of the present application.

[0028] An embodiment of the present invention dis-
closes an ad-hoc network-based train dynamic marshal-
ling and unmarshalling method. As shown in FIG. 1, the
method includes train dynamic marshalling and train dy-
namic unmarshalling; the train dynamic marshalling in-
cludes first marshalling, and the first marshalling in-
cludes: after a rear train set enters a U code section, a
front train set and the rear train set verify IDs for each
other, and if the verification succeeds, the two train sets
are marshalled when meeting marshalling conditions,
and group information is updated; the dynamic unmar-
shalling includes first unmarshalling and second unmar-
shalling; the first unmarshalling includes: the two train
sets in a group receive an unmarshalling command dur-
ing operation, and the two train sets are unmarshalled if
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a tracking distance between the two train sets is greater
than a first unmarshalling threshold and the rear train set
receives an LU code; and the second unmarshalling in-
cludes: when the rear train set has a speed of 0 during
operation of the two train sets in the group, the two train
sets are unmarshalled if the unmarshalling command is
received.

[0029] The present invention is mainly applied to the
field of heavy haul trains, and can also be applied to the
field of other trains. A heavy haul train generally refers
to a kind of super-long and over-heavy freight train that
is marshalled by means of a large special freight train on
a transport line with concentrated reception and depar-
ture of freights, and is driven by dual or multi-locomotive
traction. The heavy haul train has large load capacity. A
large number of vehicles may be marshalled and coupled
to the train. According to the main technical policies and
regulations of special existing railways, when a 5,000 t
heavy haul freight train operates, the effective lengths of
reception and departure lines of stations are 1,050 m,
and when a 10,000 t heavy haul freight train operates on
a special coal transport line, the effective lengths of re-
ception and departure lines of some stations are 1,700 m.
[0030] Current train communication modes include
train-to-ground communication and train-to-train com-
munication. The train-to-ground communication means
that the train communicates with ground equipment. The
train-to-train communication is further divided into train-
to-ground-to-train communication and train-to-train com-
munication. The train-to-ground-to-train communication
means that multiple trains communicate via the ground
equipment or information of the ground equipment. The
train obtains other train information via the ground equip-
ment, such as a data exchange center, and then com-
municates with other trains according to the obtained in-
formation, which belongs to the train-to-ground-to-train
communication. The train-to-train communication, that
is, the establishment of a communication connection be-
tween trains for communication and the disconnection of
communication do not depend on the ground equipment,
and are completed by train equipment. The communica-
tion involved in the present invention is the train-to-train
communication. The communication mode used in the
present invention is an ad-hoc network. The group train
mentioned in the present invention is a train group in-
cluding multiple physical trains, the ground equipment
controls the train group according to one train, and the
trains in the train group are controlled cooperatively. The
train set mentioned in the present invention may be a
train or a group train. In the dynamic marshalling and
unmarshalling mentioned in the present invention, all
train sets are in the same ad-hoc network and can com-
municate freely with one another. The marshalling men-
tioned in the present invention may be marshalling of two
trains, marshalling of one train (rear train) and one group
train (front train), marshalling of one group train (rear
train) and one train (front train), or marshalling of two
group trains. From this, those skilled in the art can derive
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amethod for marshalling several train sets. For example,
two train sets can be marshalled first to generate a new
group train, then other train sets are marshalled with the
new group train, and finally marshalling of all the train
sets is completed. The unmarshalling mentioned in the
present invention may be unmarshalling of one group
train to form two trains, unmarshalling to form one train
(front train) and one new group train (rear train), unmar-
shalling to form one new group train (front train) and one
train, orunmarshalling to form two new group trains. From
this, those skilled in the art can derive a method for un-
marshalling one train group to several train sets. One
group train can be unmarshalled to form two train sets
first, then one ofthe train sets is unmarshalled, and finally
unmarshalling of the train group is completed.

[0031] The several train sets establish or join the same
ad-hoc network in but not limited to the mode below. Tak-
ing an example of establishing the ad-hoc network with
several trains below, from which those skilled in the art
can derive how two or several train sets establish the ad-
hoc network. Ad-hoc network equipment is arranged on
the train, and the communication range of the ad-hoc
network equipment on the train is wide enough to enable
normal communication between the front train and the
rear train. The ad-hoc network equipment may be pro-
prietary equipment, or may be rebuilt using equipment
such as Ad hoc, as long as it can complete the functions
below. The train-to-train communication of the ad-hoc
network equipment is performed by means of two radios
that are both original train equipment, without adding
hardware equipment. One of the radios is configured for
long-distance communication, and the other of the radios
is configured for short and medium-distance communi-
cation. The switching of the two radios is completed by
the ad-hoc network equipment. After communication is
established between two or more pieces of ad-hoc net-
work equipment and networking conditions are met, a
local wireless broadband communication private network
may be established in a short time in an ad-hoc manner.
All ad-hoc network equipment in the wireless broadband
communication private network communicates with one
another by using the wireless broadband communication
private network.

[0032] The ad-hoc network equipment on the train
searches for communication equipment of other trains
within a preset distance. When the front train and the rear
train are in normal tracking operation, the communication
range of the ad-hoc network equipment on the train is
wide enough to enable normal communication between
the front train and the rear train. The train-to-train com-
munication of the ad-hoc network equipment is per-
formed by means of two radios that are both original train
equipment, without adding hardware equipment. One of
the radios is configured for long-distance communica-
tion, and the other of the radios is configured for short
and medium-distance communication. The switching of
the two radios is completed by the ad-hoc network equip-
ment. After communication is established between two
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or more pieces of ad-hoc network equipment and net-
working conditions are met, a local wireless broadband
communication private network may be established in a
shorttime inan ad-hoc manner. Allad-hoc network equip-
ment in the wireless broadband communication private
network communicates with one another by using the
wireless broadband communication private network. Af-
ter the wireless broadband communication private net-
work has been established, new ad-hoc network equip-
ment is communicatively connected to any ad-hoc net-
work equipment in the wireless broadband communica-
tion private network, and when networking conditions are
met, the new ad-hoc network equipment will automati-
cally join the wireless broadband communication private
network to form a new wireless broadband communica-
tion private network. The new ad-hoc network equipment
communicates with all the ad-hoc network equipment in
the original wireless broadband communication private
network via the new wireless broadband communication
private network. The ad-hoc network equipment on the
train searches for communication equipment of other
trains within a preset distance. The preset distance, such
as the shortest distance between the front train and the
rear train in normal tracking operation, the longest dis-
tance for long-distance communication of radios, etc.
may be agreed in advance.

[0033] The ad-hoc network equipment is arranged at
a head of the train. When the ad-hoc network equipment
on the train sends a wireless signal to four sides, a com-
munication equipment of end of train (EOT) of this train,
communication equipment of head of train (HOT) of other
trains within a preset distance, communication of other
trains, and ad-hoc network equipment of other trains can
receive the signal. The ad-hoc network equipment has
the function of identifying communication equipment of
EOT and HOT of a train on an adjacent line, thereby
avoiding the inclusion of a train head or end set of the
train on the adjacent line in the wireless communication
network. The communication equipment may be identi-
fied in but not limited to the following mode: the ad-hoc
network equipment sends networking request informa-
tion to four sides, and informs itself of a track where it is
located; and trains on the same track reply to their own
corresponding information after receiving the networking
request information, and trains on different tracks do not
reply or reply with their track information. The ad-hoc
network equipment can determine which trains are on
the same track as itself according to the received infor-
mation. In the presentinvention, the train on the adjacent
line may also join the ad-hoc network as required.
[0034] The establishment of the ad-hoc network be-
tween the trains needs to meet the networking conditions.
The networking conditions include: the target train is in-
ternally provided with the ad-hoc network equipment; the
target train is allowed to establish the ad-hoc network;
and the communication between the target train and this
train is stable. The train can join the ad-hoc network only
when being provided with the ad-hoc network equipment.
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Any train provided with the ad-hoc network equipment
has the function of authorizing/prohibiting itself to estab-
lish or join the ad-hoc network. When a train is set to
authorize itself to establish or join the ad-hoc network,
other trains send requests for establishing or joining the
ad-hoc network to this train, and when all the networking
conditions are met, this train establishes or joins the ad-
hoc network. The train that establishes the ad-hoc net-
work needs to maintain stable communication. The com-
munication equipmentof EOT of the train has the function
of communication relay. When the train is in a tunnel or
a cave, a train head can communicate with other trains
via the communication equipment of EOT, and other
trains can also communicate with the train head via a
train end of this train. When the ad-hoc network is estab-
lished, two pieces of ad-hoc network equipment can be
communicatively connected via the communication
equipment of EOT, and stable communication is also
considered to be stable communication between the tar-
get train and this train. When the ad-hoc network is es-
tablished, there may be multiple trains in the ad-hoc net-
work, and the ad-hoc network equipment also has the
function of communication relay. When any train in the
ad-hoc network communicates with the target train,
whether direct communication or communication via re-
lay of other one or more trains in the ad-hoc network is
considered to be stable communication between the tar-
get train and this train as long as the communication is
stable.

[0035] When the networking conditions are met, the
ad-hoc network equipment on the train determines
whether the ad-hoc network already exists currently. If
the ad-hoc network does not exist, all the trains meeting
the networking conditions and the original train establish
the ad-hoc network. If the ad-hoc network already exists,
all the trains meeting the networking conditions join the
original ad-hoc network to form a new ad-hoc network.
After establishing or joining the ad-hoc network, the train
sets in the ad-hoc network communicate with each other
via the ad-hoc network.

[0036] Specifically, several train sets receive a mar-
shalling plan including train IDs, a route command, and
a movement authority; the several train sets are subject-
ed to route setting according to the route command; and
the several train sets control train operation according to
ground authorization and a train marshalling status.
[0037] The train operation requires a series of author-
ities and related data, and can be performed only after
these authorities and data are obtained. The train mar-
shalling also requires an authority, thatis, the marshalling
plan, such as A, B, C, D and other train sets, and which
the train sets are marshaled, which the train set is in the
front and which the train set is in the rear need to be
planned and authorized in advance.

[0038] The marshalling plan, etc. may be sent to the
train in but not limited to the mode below. A centralized
traffic control (CTC) subsystem sends a marshalling plan
and an unmarshalling plan (containing locomotive IDs)
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to a group control subsystem (GCS). The centralized traf-
fic control subsystem sends a route command to a com-
puter-based interlocking (CBI) subsystem according to
the marshalling plan and the unmarshalling plan. The
computer-based interlocking subsystem sets routes of
the train sets according to the route command provided
by the centralized traffic control subsystem, clears a sig-
nal when route conditions are met, and provides route
status information to the group control subsystem. The
group control subsystem sends the marshalling and un-
marshalling plans of the centralized traffic control sub-
system to relevant train sets. Several train sets are sub-
jected to route setting according to the route command.
The group control subsystem provides a movement au-
thority (MA) for a first train in a group train, and provides
following trains with line data and temporary speed limit
functions according to the route status information pro-
vided by the computer-based interlocking subsystem, a
train status (including position information, train integral-
ity, etc.) provided by an on-board subsystem, and infor-
mation such as line data. The first train in the group cal-
culates a train speed curve and supervises a speed limit
according to the movement authority issued by the group
control subsystem. A non-first train in the group calcu-
lates the train speed curve and supervises the speed limit
according to the train status information and the line data
of the front train.

[0039] Specifically, the dynamic train marshalling in-
cludes first marshalling, and the first marshalling in-
cludes: after the rear train set enters the U code section,
the front train set and the rear train set verify IDs for each
other, and if the verification succeeds, the two train sets
are marshalled when meeting the marshalling conditions,
and the group information is updated; and the meeting
marshalling conditions includes: a tracking distance L1
is calculated, L2 is calculated, and the marshalling con-
ditions are met when a value of L1-L2 is less than a mar-
shalling threshold, where L2 = the length of a block sec-
tion where a U code is located + the length of a block
section where an HU code is located - the distance the
rear train set has operated at the U code. The tracking
distance is a distance between an end of the front train
set and a head of the rear train set.

[0040] Exemplarily, several train sets have received
the marshalling plan including train IDs. For example, in
the marshalling plan, when the train set A is to be mar-
shalled with the train set B, the train set A joins the train
set B to form a new group. Then the train set A operates
in the rear, and the train set B operates in the front. When
a train A enters the U code section, the train set A and
the train set B verify the IDs for each other, and if the
verification fails, the train set A and the train set B will
not be marshalled, and the two train sets continue to op-
erate forward. If the verification succeeds, the train set
A moves close to the train set B, and starts to determine
whether the marshalling conditions are met. The mar-
shalling threshold is a preset value, determined by tech-
nicians according to factors such as vehicle conditions,
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current line conditions, etc. The tracking distance L1 is
calculated. The tracking distance L1 may be obtained in
but not limited to the mode below, and is calculated by
the rear train set. The front train set sends the position
and length of the front train set via the ad-hoc network,
and the rear train set obtains its position by vehicle equip-
ment or the ground equipment. The tracking distance L1
is equal to the position of the front train set minus the
position of the rear train set minus the length of the front
train set. L2 is calculated. L2 is equal to the length of the
block section where the U code is located plus the length
of the block section where the HU code is located minus
the distance the rear train set has operated at the U code.
When the value of L1-L2 is greater than or equal to the
marshalling threshold, the marshalling conditions are not
met, and the two train sets continue to move forward;
and when the value of L1-L2 is less than the marshalling
threshold, the marshalling conditions are met. The front
and rear train sets are marshalled. The group information
is updated after marshalling. When it is assumed that a
first train of the original train set A is a, a first train of the
train group B is b, and a new train group C is formed after
marshalling, a first train of the train group C is b, b in the
train group C obtains information, and other trains in the
train group C are following trains.

[0041] When unmarshalling is performed due to vari-
ous reasons during operation of the train group, marshal-
ling may be restored with this method. For example, mar-
shalling of the train set A and the train set B is to be
restored. The train set A operates in the rear, and the
train set B operates in the front. When the train A enters
the U code section, the train set A and the train set B
verify the IDs for each other, and if the verification suc-
ceeds, the train set A and the train set B are marshalled
when meeting the marshalling conditions.

[0042] The train dynamic marshalling further includes
second marshalling; the second marshalling includes:
several train sets receive the marshalling plan including
train IDs, the several train sets verify the IDs for one an-
other, and if the verification succeeds, the several train
sets are marshalled to form a new train group; and the
several train sets depart in a mode of the new train group
after being marshalled.

[0043] Exemplarily, before departure, several train
sets may also be marshalled to form a train group, and
depart in a mode of the train group (multiple trains depart
continuously at a very small distance). Compared with
an existing train control system in which only a single
train can depart, this solution can improve the departure
efficiency. Several train sets have received the marshal-
ling plan including train IDs. For example, in the marshal-
ling plan, when the train set A is to be marshalled with
the train set B, the train set A joins the train set B to form
a new group. Then the train set A operates in the rear,
and the train set B operates in the front. The train set A
and the train set B verify the IDs for each other, if the
verification fails, the train set A and the train set B will
not be marshalled, and if the verification succeeds, the



13 EP 4101 719 A1 14

two train sets are marshalled to form a new train group.
After marshalling, when the route command is received,
the new train group controls all the trains therein to depart
in a group mode.

[0044] Departure, etc. may be implemented in but not
limited to the following mode:

The centralized traffic control subsystem sends the mar-
shalling plan and the unmarshalling plan (containing lo-
comotive IDs) to the group control subsystem. The group
control subsystem sends the marshalling and unmar-
shalling plans of the centralized traffic control subsystem
to relevant train sets. Several train sets are marshalled
to form a new train group. The new train group departs
in a group mode after receiving a command.

[0045] The firstmarshalling in the dynamic marshalling
is illustrated with examples below.

[0046] First dynamic marshalling example: a single
train tracks a train group for dynamic marshalling.
[0047] As shown in FIG. 2, a train group Q{ A,B,C,D}
including a train A, a train B, a train C and a train D is
operating, and a train E is in normal tracking operation
after the group Q. The trains A, B, C and D communicate
with one another via an ad-hoc network established
among them. The train E joins the ad-hoc network and
communicates with the train A, which is not shown in the
figure. A distance between the trains A and B, a distance
between the trains B and C, and a distance between the
trains C and D are respectively Lyigtancet, Ldistance2,
and Ldistance3, where Lganceq fepresents a distance
between a first train and a second train in a group net-
work, Lyistance2 represents a distance between the sec-
ond train and a third train in the group network, and
Lgistance3 represents a distance between the third train
and a fourth train in the group network. Since the trains
A, B, C and D form the train group Q{A,B,C,D} to operate,
the train group Q controls the trains A, B, C and D to
operate in a group mode, and Ligtance1, Ldistance2, and
Ldistance3 are all smaller than a normal train operation
distance. During normal tracking operation, a target stop
point of the train E is behind the train D. In an emergency,
the train E can stop safely without colliding an end of the
train D.

[0048] If a current marshalling plan is that the train
group Q{A,B,C,D} and the train E are marshalled to form
a train group Q'{A,B,C,D,E}, then the train E reduces a
distance from the front train D according to the plan.
When the train E enters a U code section, the train E and
the train group Q verify IDs for each other, that is to say,
the train E and the train A verify the IDs for each other.
If the verification succeeds, the train E continues to op-
erate until the marshalling conditions are met, and the
train E is marshalled with the train group Q to form the
new train group Q'{A,B,C,D,E}, as shown in FIG. 3. A
distance between the train E and the train D is L yigiancea-
The trains A, B, C, D, and E communicate with one an-
other via an ad-hoc network established between them.
The train group Q' controls the trains A, B, C, D, and E
to operate in a group mode. In the train group Q’, accord-
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ing to relative positions of the trains, the train A is a first
train, and the rest of the trains are following trains.
[0049] Second dynamic marshalling example: a train
group tracks a single train for dynamic marshalling.
[0050] A train group Q{A,B,C,D} including a train A, a
train B, a train C and a train D is tracking a front train F
and normally operates, as shown in FIG. 4. If a current
marshalling plan is that the train group Q{A,B,C,D} and
the train F are marshalled to form a train group
Q{F,A,B,C,D}, then the train A reduces a distance from
the front train F according to the plan. When the train A
enters a U code section, the train A and the train F verify
IDs for each other. After the verification succeeds, the
train A continues to operate until the marshalling condi-
tions are met, and the train group Q is marshalled with
the train F to form the new train group Q’{F,A,B,C,D}, as
shown in FIG. 5. In the train group Q, a distance between
the trains A and B, a distance between the trains B and
C, and a distance between the trains C and D are re-
spectively Lyistancet: Ldistance2> @nd Ldistance3. After the
new train group Q’ is formed, a distance between the
trains F and A is Lyistancet, @nd a distance between the
trains A and B, a distance between the trains B and C,
and a distance between the trains C and D are respec-
tively Ldistance2, Ldistance3, and Ldistance4.

[0051] Third dynamic marshalling example: a train
group tracks a train group for dynamic marshalling.
[0052] A train group Q,.,{ C,D}including a train C and
a train D is tracking a train group Qg,{A,B} including a
train A and a train B, and normally operates, as shown
in FIG. 6. If a current marshalling plan is that the train
groups Q,e,{C,D} and Q4. {A,B} are marshalled to form
a train group Q.ompination{A:B,C,D}, then the train C re-
duces a distance from the front train B according to the
plan. When the train C enters a U code section, the train
C and the train A verify IDs for each other. After the ver-
ification succeeds, the train C continues to operate until
the marshalling conditions are met, and the train groups
Q/ear{C.D} and Q¢ ,,{A,B} are marshalled to form the new
train group Qgompination{A,B,C,D}, as shown in FIG. 7.
[0053] Specifically, the dynamic unmarshalling in-
cludes first unmarshalling and second unmarshalling;
and the dynamic unmarshalling further includes: an un-
marshalling plan is received, and an unmarshalling com-
mand is set according to the unmarshalling plan. The
unmarshalling plan includes a specific unmarshalling
mode of the train group. The first unmarshalling includes:
the two train sets in the group receive the unmarshalling
command during operation, and the two train sets are
unmarshalled if the tracking distance between the two
train sets is greater than the unmarshalling threshold and
the rear train set receives the LU code; and the second
unmarshalling includes: when the rear train set has the
speed of 0 during operation of the two train sets in the
group, the two train sets are unmarshalled if the unmar-
shalling command is received.

[0054] Exemplarily, the dynamic unmarshalling is di-
vided into two cases, in which one is unmarshalling ac-
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cording to the plan. The unmarshalling plan is made by
an operator in advance. The unmarshalling plan includes
the specific unmarshalling mode of the train group, for
example, the train group is unmarshalled to form a train
and a new train group, two new train groups, a new train
group and a train, etc. The unmarshalling plan may also
be unmarshalling by time, by location, etc. For example,
the unmarshalling by location refers to that when arriving
at a designated location, the train group is unmarshalled
according to the unmarshalling plan. According to the
received unmarshalling plan, the corresponding unmar-
shalling command is set. The unmarshalling command
is sent to the train group by using, but not limited to, the
ground equipment, or by using the group control subsys-
tem.

[0055] The planned unmarshalling includes first un-
marshalling and second unmarshalling. The first unmar-
shalling includes: the two train sets in the group receives
the unmarshalling command during operation, the two
train sets are unmarshalled if the tracking distance be-
tween the two train sets is greater than the first unmar-
shalling threshold and the rear train set receives the LU
code. The train group is to be unmarshalled to form two
train sets according to the plan. During operation of the
train group, when the two train sets in the train group
receive the unmarshalling command, the rear train set
increases the distance from the front train. The first un-
marshalling threshold is a preset value, determined by
technicians according to factors such as vehicle condi-
tions, current line conditions, etc. The train group is un-
marshalled to form the two train sets if the tracking dis-
tance between the two train sets is greater than the first
unmarshalling threshold and the rear train set receives
the LU code. Before unmarshalling, the train group con-
trols the operation of all the trains in a group mode; and
after unmarshalling, the two train sets operate separate-
ly. A train operation line includes an uphill and a downhill.
When the train operates at the uphill, the speed will be
decreased if a tractive force is not increased; and when
the train operates at the downhill, the speed will be in-
creased if the tractive force is not reduced or braking is
not performed. When the train group operates to a line
with an uphill first and then a downhill, the tracking dis-
tance between the front train set at the downhill and the
rear train set at the uphill is increased. The technicians
can set the unmarshalling plan on a similar line. When
the train group operates to such line, the very long train
group is unmarshalled to form several train sets by using
the first unmarshalling, such that the train operation is
safer. All the train sets continue to be marshalled for op-
eration after passing this line.

[0056] The second unmarshalling includes: when the
rear train set has the speed of 0 during operation of the
two train sets in the group, the two train sets are unmar-
shalled if the unmarshalling command is received. The
train group is to be unmarshalled to form two train sets
according to the plan. During operation of the two train
sets in the group, when the rear train set has the speed
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of 0 due to various reasons, the two train sets are un-
marshalled if the unmarshalling command is received.
After the unmarshalling command is received, the rear
train set is braked, but still not receive the LU code until
the speed is 0. At this time, the two train sets are unmar-
shalled. This unmarshalling mode still belongs to the sec-
ond unmarshalling.

[0057] Specifically, the dynamic unmarshalling further
includes third unmarshalling; and the third unmarshalling
includes: during operation of the two train sets in the
group, the rear train set is braked if wireless communi-
cation connection times out; and when the tracking dis-
tance between the rear train set and the front train set is
greater than a second unmarshalling threshold or the
speed of the rear train set is 0, the two train sets are
unmarshalled.

[0058] Exemplarily, the train group communicates us-
ing the ad-hoc network to control the operation of the
entire train group. If there is a communication failure, for
example, the front train set enters a tunnel, the rear train
set cannot communicate with the front train set, and the
rear train set cannot know the specific situation of the
fronttrain set. Atthis time, if the rear train set still operates
in the previous mode, safety accidents may occur. When
the wireless communication connection times out, the
rear train set is braked. The communication connection
timeout may be a few times of mutual communication
timeout, or may be no mutual communication all the time.
The wireless communication connection timeout is de-
fined by technicians in advance. For example, the front
and rear train sets are defined to communicate with each
other. When the rear train set sends a message to the
front train set and does not receive a reply if the time
exceeds a timeout threshold set by the technicians, it is
considered that the wireless communication connection
times out. It may also be defined that when the rear train
set sends multiple messages to the front train set and
receives replies with the number less than a reply thresh-
old set by the technicians, it is considered that the wire-
less communication connection times out. The rear train
set is braked, and until the tracking distance between the
rear train set and the front train set is greater than the
second unmarshalling threshold or the speed of the rear
train set is 0, the original train group is unmarshalled to
form the two train sets.

[0059] Specifically, the dynamic unmarshalling further
includes fourth unmarshalling; and the fourth unmarshal-
ling includes: when the rear train set has the speed of 0
during operation of the two train sets in the group, the
two train sets are unmarshalled if wireless communica-
tion connection times out.

[0060] Exemplarily, during operation of the two train
sets in the group, when the rear train set has the speed
of 0, the two train sets are unmarshalled if wireless com-
munication connection with the front train set or the
ground equipment times out, that is to say, the message
from the front train set or the unmarshalling command
transmitted from the ground equipment is not received.
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[0061] The dynamic unmarshalling is illustrated with
examples below.

[0062] As shown in FIG. 7, a train group Q{A,B,C,D}
including a train A, a train B, a train C and a train D is
operating normally. The train A is a first train, and the
trains B, C and D are following trains.

[0063] First dynamic unmarshalling example: unmar-
shalling is performed to form a train group and a train.
[0064] If the current train group Q{A,B,C,D} is operat-
ing, the communication connection with the train A, the
train B, and the train C times out during operation of the
train D. When the train D is braked, and the distance from
the front train C exceeds the second unmarshalling
threshold or the speed of the train D is 0, the train group
Q is unmarshalled to form a train group Q1 {A,B,C} and
the train D. After unmarshalling, in the new train group
Q1 {A,B,C}, the train A is a first train according to the
train position, as shownin FIG. 8. The train D recalculates
a target stop point and operates under the guidance of
the ground equipment.

[0065] Second dynamic unmarshalling example: un-
marshalling is performed to form a train and a train group.
[0066] If a current unmarshalling plan is that the train
group Q{A,B,C,D} is unmarshalled to form a train group
Q2{B,C,D} and the train A. During operation, when a
speed of the train group Q2 is 0, the train group Q is
unmarshalled to form the train group Q2{B,C,D} and the
train A after the unmarshalling command is received. Af-
ter unmarshalling, in the new train group Q2{B,C,D}, the
train B is a first train according to the train position, and
atarget stop point of the train B is recalculated, as shown
in FIG. 9.

[0067] Third dynamic unmarshalling example: unmar-
shalling is performed to form a train group and a train
group.

[0068] If a current unmarshalling plan is that the train

group Q{A,B,C,D} is unmarshalled to form a train group
Q1 {A,B} and a train group Q2{C,D}, then the train C
increases the distance from the front train B, and the train
D keeps the tracking distance from the train C and con-
tinues to operate by following the train C. The train group
Q is unmarshalled to form the train group Q1{A,B} and
the train group Q2{C,D} when the tracking distance be-
tween the train C and the train B is greater than the first
unmarshalling threshold and the train C receives the LU
code. After unmarshalling, the train A is a first train in the
new train group Q1{A,B}, and the train C is a first train in
the new train group Q2{C,D}, as shown in FIG. 10.
[0069] Anembodiment of the presentinvention further
provides an ad-hoc network-based train dynamic mar-
shalling and unmarshalling system. As shownin FIG. 11,
the system includes a train dynamic marshalling subsys-
tem, a train dynamic unmarshalling subsystem, a cen-
tralized traffic control subsystem, a computer-based in-
terlocking subsystem, a group control subsystem, and
an on-board subsystem.

[0070] The train dynamic marshalling subsystem is
configured for train dynamic marshalling, the dynamic
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marshalling includes first marshalling, and the first mar-
shalling includes: after a rear train set enters a U code
section, a front train set and a rear train set verify IDs for
each other, and if the verification succeeds, the two train
sets are marshalled when meeting marshalling condi-
tions, and group information is updated.

[0071] The train dynamic unmarshalling subsystem is
configured for train dynamic unmarshalling, and the dy-
namic unmarshalling includes first unmarshalling and
second unmarshalling; the first unmarshalling includes:
the two train sets in a group receive an unmarshalling
command during operation, and the two train sets are
unmarshalled if a tracking distance between the two train
sets is greater than a first unmarshalling threshold and
the rear train set receives an LU code; and the second
unmarshalling includes: during operation of the two train
sets in the group, when the rear train set has a speed of
0, the two train sets are unmarshalled if the unmarshalling
command is received.

[0072] The centralized traffic control subsystem is con-
figured for sending marshalling and unmarshalling plans
including train IDs to the group control subsystem, and
sending a route command to the computer-based inter-
locking subsystem according to the marshalling and un-
marshalling plans.

[0073] The computer-based interlocking subsystem is
configured for setting routes of the train sets according
to the route command provided by the centralized traffic
control subsystem, clearing a signal when route condi-
tions are met, and providing route status information to
the group control subsystem.

[0074] The group control subsystem is configured for
sending the marshalling and unmarshalling plans of the
centralized traffic control subsystem to relevant train
sets, and providing a movement authority for a first train
in a group train, and providing following trains with line
data and temporary speed limit functions according to
the route status information provided by the computer-
based interlocking subsystem, a train status provided by
the on-board subsystem, and information such as line
data. The group control subsystem is further configured
for receiving the unmarshalling plan, setting the unmar-
shalling command according to the unmarshalling plan,
and sending the unmarshalling command to the train
group. The unmarshalling plan includes a specific un-
marshalling mode of the train group.

[0075] The on-board subsystem is configured for con-
trolling train operation according to ground authorization
and a train marshalling status.

[0076] The train setincludes a train and a group train;
and the two train sets include two trains, one train and
one group train, and two group trains.

[0077] The tracking distance is a distance between an
end of the front train set and a head of the rear train set.
[0078] The meeting marshalling conditions includes:
the tracking distance L1 is calculated, L2 is calculated,
and the marshalling conditions are met when a value of
L1-L2 is less than a marshalling threshold, where L2 =
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the length of a block section where a U code is located
+ the length of a block section where an HU code is lo-
cated - the distance the rear train set has operated at the
U code.

[0079] The train dynamic marshalling further includes
second marshalling; the second marshalling includes:
several train sets receive the marshalling plan including
train IDs, the several train sets verify the IDs for one an-
other, and if the verification succeeds, the several train
sets are marshalled to form a new train group; and the
several train sets depart in a mode of the new train group
after being marshalled.

[0080] The dynamic unmarshalling further includes
third unmarshalling; and the third unmarshalling in-
cludes: during operation of the two train sets in the group,
the rear train set is braked if wireless communication con-
nection times out; and when the tracking distance be-
tween the rear train set and the front train set is greater
than a second unmarshalling threshold or the speed of
the rear train set is 0, the two train sets are unmarshalled.
[0081] The dynamic unmarshalling further includes
fourth unmarshalling; and the fourth unmarshalling in-
cludes: during operation of the two train sets in the group,
the rear train set is braked if wireless communication con-
nection times out; and when the tracking distance be-
tween the rear train set and the front train set is greater
than the second unmarshalling threshold or the speed of
the rear train set is 0, the two train sets are unmarshalled.
[0082] According to the ad-hoc network based dynam-
ic marshalling and unmarshalling technology designed
in the present invention, the trains are no longer hardly
coupled by means of couplers, and are flexibly connected
by means of the ad-hoc network. The distance between
the two trains in the group train can be adjusted adap-
tively to completely solve the problems of coupler extru-
sion and breakage, thereby improving the transportation
safety. The train in the ad-hoc network may be a 5,000
t standard train. Compared with marshalling of an ex-
tended train (such as 20,000 tons), the length of the
standard train is only a quarter of the length of the rear
train, thereby avoiding high costs caused by adding ef-
fective tracks. The group trains may be flexibly mar-
shalled, such that a plurality of tracks are fully utilized.
During departure, a mode of marshalling first and then
departing is used to improve the departure efficiency.
[0083] Although the present invention has been de-
scribed in detail with reference to the foregoing embod-
iments, those of ordinary skill in the art should understand
thatitis still possible to perform modifications on the tech-
nical solutions recorded in the foregoing embodiments,
or perform equivalent substitutions on some of the tech-
nical features; and these modifications or substitutions
do not make the essence of the corresponding technical
solutions depart from the spirit and scope of the technical
solutions of the embodiments of the present invention.
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Claims

1. Anad-hoc network-based train dynamic marshalling
and unmarshalling method, characterized in that
the method comprises train dynamic marshalling
and train dynamic unmarshalling; the train dynamic
marshalling comprises first marshalling; the first
marshalling comprises: after a rear train set enters
a U code section, verifying, by a front train set and
the rear train set, |Ds for each other, and if the ver-
ification succeeds, marshalling the two train sets
when the two train sets meet marshalling conditions,
and updating group information; the dynamic unmar-
shalling comprises first unmarshalling and second
unmarshalling; the first unmarshalling comprises: re-
ceiving, by the two train sets in a group, an unmar-
shalling command during operation, and unmarshal-
ling the two train sets if a tracking distance between
the two train sets is greater than a first unmarshalling
threshold and the rear train setreceives an LU code;
and the second unmarshalling comprises: when the
rear train set has a speed of 0 during operation of
the two train sets in the group, unmarshalling the two
train sets if the unmarshalling command is received.

2. The marshalling and unmarshalling method accord-
ing to claim 1, characterized in that the train set
comprises a train and a group train; and the two train
sets comprise two trains, one train and one group
train, and two group trains.

3. The marshalling and unmarshalling method accord-
ing to claim 1, characterized in that the tracking
distance is a distance between an end of the front
train set and a head of the rear train set.

4. The marshalling and unmarshalling method accord-
ing to claim 3, characterized in that the meeting
marshalling conditions comprises: calculating the
tracking distance L1, calculating L2, and meeting the
marshalling conditions when a value of L1-L2 is less
than a marshalling threshold, where L2 = the length
of a block section where a U code is located + the
length of a block section where an HU code is located
- the distance the rear train set has operated at the
U code.

5. The marshalling and unmarshalling method accord-
ing to claim 1, characterized in that the first mar-
shalling further comprises: receiving, by a plurality
of train sets, a marshalling plan comprising train IDs,
a route command, and a movement authority; per-
forming route setting on the plurality of train sets ac-
cording to the route command; and controlling, by
the plurality of train sets, train operation according
to ground authorization and a train marshalling sta-
tus.
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The marshalling and unmarshalling method accord-
ing to claim 1, characterized in that the train dy-
namic marshalling further comprises second mar-
shalling; and the second marshalling comprises: re-
ceiving, by a plurality of train sets, a marshalling plan
comprising train IDs, verifying, by the plurality of train
sets, the IDs for one another, and if the verification
succeeds, marshalling the plurality of train sets to
form a new train group; and departing in a mode of
the new train group after the plurality of train sets are
marshalled.

The marshalling and unmarshalling method accord-
ing to claim 1, characterized in that the train dy-
namic unmarshalling further comprises: receiving an
unmarshalling plan, and setting an unmarshalling
command according to the unmarshalling plan.

The marshalling and unmarshalling method accord-
ing to claim 6, characterized in that an unmarshal-
ling plan comprises a specific unmarshalling mode
of the train group.

The marshalling and unmarshalling method accord-
ing to claim 1, characterized in that the dynamic
unmarshalling further comprises third unmarshal-
ling; and the third unmarshalling comprises: during
operation of the two train sets in the group, braking
the rear train set if wireless communication connec-
tion times out; and when the tracking distance be-
tween the rear train setand the front train set is great-
er than a second unmarshalling threshold or the
speed of the rear train set is 0, unmarshalling the
two train sets.

The marshalling and unmarshalling method accord-
ing to claim 1, characterized in that the dynamic
unmarshalling further comprises fourth unmarshal-
ling; and the fourth unmarshalling comprises: when
the rear train set has the speed of 0 during operation
of the two train sets in the group, unmarshalling the
two train sets if wireless communication connection
times out.

An ad-hoc network-based train dynamic marshalling
and unmarshalling system, characterized in that
the system comprises a train dynamic marshalling
subsystem and a train dynamic unmarshalling sub-
system; the train dynamic marshalling subsystem is
configured for train dynamic marshalling, the dynam-
ic marshalling comprises first marshalling, and the
first marshalling comprises: after a rear train set en-
ters a U code section, verifying, by a front train set
and the rear train set, IDs for each other, and if the
verification succeeds, marshalling the two train sets
when the two train sets meet marshalling conditions,
and updating group information; the dynamic unmar-
shalling subsystem is configured for train dynamic
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unmarshalling, and the dynamic unmarshalling com-
prises first unmarshalling and second unmarshal-
ling; the first unmarshalling comprises: receiving, by
the two train sets in a group, an unmarshalling com-
mand during operation, and unmarshalling the two
train sets if a tracking distance between the two train
sets is greater than a first unmarshalling threshold
and the rear train set receives an LU code; and the
second unmarshalling comprises: when the rear
train set has a speed of 0 during operation of the two
train sets in the group, unmarshalling the two train
sets if the unmarshalling command is received.

The marshalling and unmarshalling system accord-
ing to claim 11, characterized in that the train set
comprises a train and a group train; and the two train
sets comprise two trains, one train and one group
train, and two group trains.

The marshalling and unmarshalling system accord-
ing to claim 11, characterized in that the tracking
distance is a distance between an end of the front
train set and a head of the rear train set.

The marshalling and unmarshalling system accord-
ing to claim 13, characterized in that the meeting
marshalling conditions comprises: calculating the
tracking distance L1, calculating L2, and meeting the
marshalling conditions when a value of L1-L2 is less
than a marshalling threshold, where L2 = the length
of a block section where a U code is located + the
length of a block section where an HU code is located
- the distance the rear train set has operated at the
U code.

The marshalling and unmarshalling system accord-
ing to claim 11, characterized in that the train dy-
namic marshalling further comprises second mar-
shalling; and the second marshalling comprises: re-
ceiving, by a plurality of train sets, a marshalling plan
comprising train IDs, verifying, by the plurality of train
sets, the IDs for one another, and if the verification
succeeds, marshalling the plurality of train sets to
form a new train group; and departing in a mode of
the new train group after the plurality of train sets are
marshalled.

The marshalling and unmarshalling system accord-
ing to claim 11, characterized in that the system
further comprises: a centralized traffic control sub-
system for sending a marshalling plan and an un-
marshalling plan to a group control subsystem, and
sending a route command to a computer-based in-
terlocking subsystem according to the marshalling
plan and the unmarshalling plan, where the marshal-
ling plan and the unmarshalling plan comprise train
IDs; the computer-based interlocking subsystem for
setting routes of the train sets according to the route
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command provided by the centralized traffic control
subsystem, clearing a signal when route conditions
are met, and providing route status information to
the group control subsystem; the group control sub-
system for sending the marshalling and unmarshal-
ling plans of the centralized traffic control subsystem
to relevant train sets, and providing a movement au-
thority for a first train in a group train, and providing
following trains with line data and temporary speed
limit functions according to the route status informa-
tion provided by the computer-based interlocking
subsystem, a train status provided by an on-board
subsystem, and information such as line data; and
the on-board subsystem for controlling train opera-
tion according to ground authorization and a train
marshalling status.

The marshalling and unmarshalling system accord-
ing to claim 16, characterized in that the group con-
trol subsystem is further configured for receiving an
unmarshalling plan, setting an unmarshalling com-
mand according to the unmarshalling plan, and
sending the unmarshalling command to the train

group.

The marshalling and unmarshalling system accord-
ing to claim 17, characterized in that the unmar-
shalling plan comprises a specific unmarshalling
mode of the train group.

The marshalling and unmarshalling system accord-
ing to claim 11, characterized in that the dynamic
unmarshalling further comprises third unmarshal-
ling; and the third unmarshalling comprises: during
operation of the two train sets in the group, braking
the rear train set if wireless communication connec-
tion times out; and when the tracking distance be-
tween the rear train setand the front train set is great-
er than a second unmarshalling threshold or the
speed of the rear train set is 0, unmarshalling the
two train sets.

The marshalling and unmarshalling system accord-
ing to claim 11, characterized in that the dynamic
unmarshalling further comprises fourth unmarshal-
ling; and the fourth unmarshalling comprises: during
operation of the two train sets in the group, braking
the rear train set if wireless communication connec-
tion times out; and when the tracking distance be-
tween the rear train setand the front train set is great-
er than a second unmarshalling threshold or the
speed of the rear train set is 0, unmarshalling the
two train sets.
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