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ing, by another train satisfying the networking condition,
an ad-hoc network with an original train; if an ad-hoc net-
work exists, adding another train satisfying the network-
ing condition to the ad-hoc network; and controlling, by
the train set in the ad-hoc network, the train operation in

the ad-hoc network by means of the ad-hoc network. The
present invention further discloses a train group control
system based on an ad-hoc network. By means of the
control method and the control system, a train group con-
trol is achieved on the basis of a train-to-train communi-
cation technology in the ad-hoc network. Trains are au-
tomatically networked when the conditions are satisfied,
and inter-train data are transmitted between the trains
without relying on the ground base station. No central
control equipment needs to be arranged on the ground,
and no wireless network coverage is needed in a ground
section. A train interval is dynamically adjusted according
to track conditions, a temporary speed restriction and the
states of various trains in the group.
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Description
TECHNICAL FIELD

[0001] The present invention belongs to the technical
field of traffic, and particularly relates to a train group
control method and system based on an ad-hoc network.

BACKGROUND ART

[0002] Atpresent, trains usually operate in a marshal-
ling mode, and a peer-to-peer communication mode or
atrain-to-ground-to-train communication mode is usually
used as a communication mode.

[0003] The peer-to-peer communication mode is as
follows:

a train A, after receiving a command from a ground con-
trol center, needs to perform peer-to-peer communica-
tion with a train B, then the train A establishes commu-
nication connection with the train B via a peer-to-peer
communication, the train A provides speed and position
coordinates information to the train B, and the train B
generates a respective train control curve of the train B
by combining the respective position and speed informa-
tion to control the train operation, based on the received
information of the train A. By analogy, each of the train
C and the train D will generate a respective train control
curve to control the respective train operation.

[0004] Such method depends upon the ground center
equipment, each train must receive a control common
for which train to communication with before establishing
communication, and cannot form a formation by itself.
The train cannot directly obtain how many trains are in
the group and whattrainitis. Each train needs to calculate
a respective movement authority in real time.

[0005] The train-to-ground-to-train communication
mode is as follows:

atrain A and a train B are subjected to peer-to-peer com-
munication by means of a ground base station, the train
A provides speed and position coordinates information
to the base station, the base station forwards such infor-
mation to the train B, and the train B generates a train
control valve of the B train by combining the respective
position and speed information to control the train oper-
ation, based on the received information of the train A.
By analogy, each of the train C and the train D will gen-
erate a respective train control curve to control the re-
spective train operation.

[0006] In accordance with such method, each train
must provide which train to communicate with by means
of ground center control equipment before establishing
the communication connection with the target train by
means of the ground base station. Each train needs to
calculate a respective movement authority in real time.
Wireless coverage is required throughout the track. A
central equipment needs to be provided to manage the
position and states of all trains.

[0007] No matter the peer-to-peer communication
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mode or the train-to-ground-to-train communication
mode is used, a train management center needs to be
arranged on the ground, continuous coverage of the
ground wireless network is needed, and the requirement
for network indexes is high. Each train performs commu-
nication connection with a specified train according to a
command provided by the ground, and each train needs
to calculate its own movement authority in real time, but
the functions of autonomous management and autono-
mous networking of the train cannot be achieved. The
ground train management center cannot operate normal-
ly when having a failure, the construction cost is high,
the system is huge and miscellaneous, the reliability is
low, and the maintenance cost is high.

SUMMARY

[0008] For the problems above, the present invention
provides a train group control method based on an ad-
hoc network. The method includes:

searching for, by ad-hoc network equipment on a
train, communication equipment of another train
within a preset distance; determining whether the
train is on the same track as another train;
if determining that the train is on the same track as
another train, determining whether a networking
condition is satisfied;
if the networking condition is satisfied, determining
whether an ad-hoc network exists or not;
if no ad-hoc network exists, establishing, by another
train satisfying the networking condition, an ad-hoc
network with an original train;
if an ad-hoc network exists, adding another train sat-
isfying the networking condition to the ad-hoc net-
work; and
controlling, by the train set in the ad-hoc network,
the train operation in the ad-hoc network by means
of the ad-hoc network.
[0009] Further, the networking condition includes:
ad-hoc network equipment is provided in a target
train;
the target train is allowed to establish or join the ad-
hoc network; and
the targettrainisin stable communication with a local
train.

[0010] Further, the control method further includes:
receiving, by the train, track condition information, where-
in the track condition information includes: route informa-
tion, track information, temporary speed restriction infor-
mation, and movement authority.

[0011] Further, controlling, by a train set in the ad-hoc
network, the train operation in the ad-hoc network by
means of the ad-hoc network includes:
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a first train control and a following train control,
wherein the first train control is used in the ad-hoc
network to enable the first train to control the oper-
ation of another train in the ad-hoc network; and
the following train control is used in the ad-hoc net-
work to enable a following train to control itself to
operate following a front train.

[0012] Further, the first train control includes:

each of the trains in the ad-hoc network determines
a respective position in the ad-hoc network,

if the train is the first train,

the first train receives train data information trans-
mitted from the following train, wherein the data in-
formation includes: a speed, a position, an acceler-
ation, a braking performance, and an operating con-
dition;

the first train calculates a target speed of the follow-
ing train in the ad-hoc network according to the data
information, the track information of a current posi-
tion of each train in the ad-hoc network and a posi-
tion-speed relation between each train and a front
train in the group;

the first train notifies the corresponding train to mon-
itor and operate according to the target speed by
means of ad-hoc network communication;

the firsttrain periodically receives real-time train data
information of another train;

if the train is the following train,

the following train sends data information to the first
train, the data information including: a speed, a po-
sition, an acceleration, a braking performance and
an operating condition;

the following train receives the target speed trans-
mitted from the first train by means of the ad-hoc
network, operates according to the target speed, and
periodically sends the real-time train data informa-
tion of the current train to the first train.

[0013] Further, the first train control further includes:

the first train calculates a target distance between
another train and the front train in the ad-hoc net-
work;

the first train calculates a distance-to-go curve of an-
other train in the ad-hoc network;

the first train calculates a target stop point of another
train in the ad-hoc network;

the first train sends the target distance, the distance-
to-go curve and the target stop point to the corre-
sponding following train via the ad-hoc network com-
munication; and

the following train receives the target distance, the
distance-to-go curve and the target stop point.

[0014] Further, the following train control includes:
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each of the trains in the ad-hoc network determines
a respective position in the ad-hoc network,

if the train is the first train,

the first train periodically transmits the respective
train data information to arear train, wherein the data
information includes: a speed, a position, an accel-
eration, a braking performance and an operating
condition;

if the train is the following train,

and is not the last train in the ad-hoc network,

the following train periodically receives the train data
information transmitted from the front train in the ad-
hoc network, calculates a respective target speed,
and operates according to the target speed; and
the following train periodically transmits the respec-
tive train data information to the rear train, the data
information including: a speed, a position, an accel-
eration, a braking performance and an operating
condition;

if the train is the last train in the ad-hoc network,
the train periodically receives the train data informa-
tion transmitted from the front train in the ad-hoc net-
work, calculates the respective target speed, and op-
erates according to the target speed.

[0015] Further, the following train control further in-
cludes:

the following train calculates a target distance be-
tween the respective position and the front train in
the ad-hoc network;

the following train calculates a respective distance-
to-go curve in the ad-hoc network; and

the following train calculates a respective target stop
point in the ad-hoc network.

[0016] The present invention further provides a train
group control system based on an ad-hoc network. The
system includes an ad-hoc equipment.

[0017] The ad-hoc network equipmentis configured to:

search for, by ad-hoc network equipment on a train,
communication equipment of another train within a
preset distance; determining whether a train is on
the same track as another train;

if determining that the train is on the same track as
another train, determine whether a networking con-
dition is satisfied;

if the networking condition is satisfied, determine
whether an ad-hoc network exists or not;

if no ad-hoc network exists, establish, by another
train satisfying the networking condition, an ad-hoc
network with an original train;

if an ad-hoc network exists, add another train satis-
fying the networking condition to the ad-hoc network;
and

controlling, by the train set in the ad-hoc network,
the train operation in the ad-hoc network by means
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of the ad-hoc network.

[0018] Further, the networking condition includes:
ad-hoc network equipment is provided in a target
train;

the target train is allowed to establish or join the ad-
hoc network; and

the targettrain is in stable communication with alocal
train.

[0019] Further, the system further includes:

on-board ATP equipment, a station data server, and a
track circuit.

[0020] The on-board ATP equipment is configured to
receive track condition information, the track condition
information includes: route information, track informa-
tion, temporary speed restriction information, and move-
ment authority.

[0021] The station data server is configured to send
the route information, the track information and the tem-
porary speed restriction information.

[0022] The track circuit sends the movement authority.
[0023] Further, controlling, by a train set in the ad-hoc
network, the train operation in the ad-hoc network by
means of the ad-hoc network includes:

a first train control and a following train control,
wherein the first train control is used in the ad-hoc
network to enable the first train to control the oper-
ation of another train in the ad-hoc network; and
the following train control is used in the ad-hoc net-
work to enable a following train to control itself to
operate following a front train.

[0024] Further, the first train control includes:

each of the trains in the ad-hoc network determines

a respective position in the ad-hoc network,

if the train is the first train,

the first train receives train data information trans-

mitted from the following train, wherein the data in-

formation includes: a speed, a position, an acceler-

ation, a braking performance, and an operating con-

dition;

the first train calculates a target speed of the follow-

ing train in the ad-hoc network according to the data

information, the track information of a current posi-

tion of each train in the ad-hoc network and a posi-

tion-speed relation between each train and a front

train in the group;

the first train notifies the corresponding train to mon-

itor and operate according to the target speed by

means of ad-hoc network communication;

the firsttrain periodically receives real-time train data

information of another train;

if the train is the following train,

the following train sends data information to the first
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train, the data information including: a speed, a po-
sition, an acceleration, a braking performance and
an operating condition;

the following train receives the target speed trans-
mitted from the first train by means of the ad-hoc
network, operates according to the target speed, and
periodically sends the real-time train data informa-
tion of the current train to the first train.

[0025] Further, the first train control further includes:
the first train calculates a target distance between
another train and the front train in the ad-hoc net-
work;
the first train calculates a distance-to-go curve of an-
other train in the ad-hoc network;
the firsttrain calculates a target stop point of another
train in the ad-hoc network;
the first train sends the target distance, the distance-
to-go curve and the target stop point to the corre-
sponding following train via the ad-hoc network com-
munication; and
the following train receives the target distance, the
distance-to-go curve and the target stop point.

[0026] Further, the following train control includes:

each of the trains in the ad-hoc network determines

a respective position in the ad-hoc network,

if the train is the first train,

the first train periodically transmits the respective

train data information to arear train, wherein the data

information includes: a speed, a position, an accel-
eration, a braking performance and an operating
condition;

if the train is the following train,

and is not the last train in the ad-hoc network,

the following train periodically receives the train data

information transmitted from the front train in the ad-

hoc network, calculates a respective target speed,
and operates according to the target speed; and
the following train periodically transmits the respec-
tive train data information to the rear train, the data
information includes: a speed, a position, an accel-
eration, a braking performance, and an operating
condition;

if the train is the last train in the ad-hoc network,

the train periodically receives the train data informa-

tion transmitted from the front train in the ad-hoc net-
work, calculates the respective target speed, and op-
erates according to the target speed.

[0027]
cludes:

Further, the following train control further in-

the following train further calculates a target distance
between the respective position and the front train
in the ad-hoc network;
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the following train further calculates a respective dis-
tance-to-go curve in the ad-hoc network; and

the following train further calculates a respective tar-
get stop point in the ad-hoc network.

[0028] The train group control method and system
based on the ad-hoc network designed by the present
invention can achieve the train group control based on a
train-to-train communication technology of the ad-hoc
network. Trains are automatically networked when the
conditions are satisfied, and inter-train data are transmit-
ted between the trains without relying on the ground base
station. No central control equipment needs to be ar-
ranged on the ground, and no wireless network coverage
is needed in a ground section. A train interval is dynam-
ically adjusted according to track conditions, a temporary
speed restriction and the states of various trains in the
group.

[0029] Additional features and advantages of the
presentinvention will be set forth in the description which
follows, and in part will be apparent from the description,
or may be learned by practice of the present invention.
The objectives and other advantages of the present in-
vention will be realized and attained by the structure par-
ticularly pointed out in the specification, the claims as
well as the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] To describe the technical solutions in the em-
bodiments of the presentinvention orin the prior art more
clearly, the following briefly introduces the accompanying
drawings required for describing the embodiments. Ap-
parently, the accompanying drawings in the following de-
scription show merely some embodiments of the present
invention, and a person of ordinary skill in the art may
still derive other drawings from these accompanying
drawings without creative efforts.

FIG. 1 illustrates a flow diagram of a train group con-
trol method based on an ad-hoc network in accord-
ance with embodiments of the present invention;
FIG. 2 illustrates a schematic diagram of a system
of a train group system method based on an ad-hoc
network in accordance with embodiments of the
present invention.

DETAILED DESCRIPTION

[0031] In order to make the objective, technical solu-
tions and advantages of the embodiments of the present
invention more clearly, the following clearly and com-
pletely describes the technical solutions in the embodi-
ments of the present invention with reference to the ac-
companying drawings in the embodiments of the present
invention. Apparently, the described embodiments are
merely a part rather than all of the embodiments of the
present invention. All other embodiments obtained by a
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person of ordinary skill in the art based on the embodi-
ments of the present invention without creative efforts
shall fall within the protection scope of the present inven-
tion.

[0032] The embodiment of the present invention dis-
closes a train group control method based on an ad-hoc
network. As shown in FIG. 1, the method includes:
searching for, by ad-hoc network equipment on a train,
communication equipment of another train within apreset
distance; determining whether the train is on the same
track as another train; if the train is on the same track as
another train, determining whether a networking condi-
tion is satisfied; if the networking condition is satisfied,
establishing an ad-hoc network by the trains satisfying
the networking condition; and controlling, by the train set
in the ad-hoc network, the train operation in the ad-hoc
network by means of the ad-hoc network. The networking
condition includes: ad-hoc network equipment is provid-
ed in a target train; the target train is allowed to establish
the ad-hoc network; and the target train is in stable com-
munication with a local train. The train receives track con-
dition information, the track condition information in-
cludes: route information, track information, temporary
speed restriction information, and movement authority.
[0033] The currenttrain communication ways are train-
to-ground communication and train-to-train communica-
tion. The train-to-ground communication refers to that
the train communicates with ground equipment. The
train-to-train communication is also divided into train-to-
ground-to-train communication and train-to-train com-
munication. The train-to-ground-to-train communication
refers to that a plurality of trains perform communication
by means of the ground equipment, or perform commu-
nication by means of information of the ground equip-
ment. The train obtains the information of another train
by means of the ground equipment, such as a data in-
teraction center, and then communicates with another
train according to the obtained information, which be-
longs to the train-to-ground-to-train communication. The
train-to-train communication refers to that the communi-
cation connection is established between trains, and the
communication and the disconnection of communication
are completely completed by train equipment without re-
lying on the ground equipment. The communication in-
volved in the present invention is the train-to-train com-
munication; the establishment of the ad-hoc network, the
use of the ad-hoc network communication and the dis-
connection of communication are all completed by on-
board equipment without relying on the ground equip-
ment. The present invention is mainly used in the field of
heavy wagons, and can also be used in the field of an-
other train. All trains in the ad-hoc network are controlled
by the ad-hoc network, all trains in the ad-hoc network
are called group trains, and are also called a train set.
The group trains refer to a train group consisting of two
or more real trains, the ground equipment controls control
the train group by one train, and various trains in the train
group are subjected to coordinated control.
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[0034] Specifically, the train receives the track condi-
tion information, the track condition information includes:
route information, track information, temporary speed re-
striction information, and movement authority.

[0035] lllustratively, the train operation requires a se-
ries of authorities and relevant data, and can be per-
formed only after these authorities and data are obtained.
Such data include: the route information, the temporary
speed restriction information, and the track information.
The authority includes the movement authority. These
data may be transmitted to the train using, but not limited
to, the following ways: the train receives the data by using
on-board ATP (automatic train protection) equipment; a
station data server (SDS), which has the function of stor-
ing basic data of the station and section track, may com-
plete real-time framing and verification of a wireless mes-
sage according to the track information stored by itself
and information provided by equipment such as CBI
(computer-based interlocking) and TSRS (temporary
speed restriction server). The station data server sends
the information to all trains in the wireless coverage area
by means of train-to-ground communication, and may
also send the information to a specified train as required.
The station data server receives interlocking route infor-
mation, temporary speed restriction information of the
temporary speed restriction server and the track infor-
mation, generates messages such as the route informa-
tion, the track information and temporary speed restric-
tion, and provides, within the scope of the station, the in-
station messages and section message to the on-board
ATP. A track circuit (TC) sends the movement authority
information to the on-board ATP. The train can receive
the track condition information by means of such way.
[0036] Specifically, the ad-hoc network equipment on
the train searches for communication equipment of an-
other train within a preset distance to determine whether
the train is on the same track as another train.

[0037] lllustratively, the ad-hoc network equipment on
the train searches for communication equipment of an-
other train within the preset distance. When a front train
and arear train operate according to normal tracking, the
communication range of the ad-hoc network equipment
on the train is large enough, so that the front train and
the rear train can normally communicate with each other.
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-dis-
tance communication, and the other of the radios is con-
figured for short and medium-distance communication.
The switching of the two radio stations is completed by
the ad-hoc network equipment. After communication is
established between two or more ad-hoc network equip-
ment and the networking condition is satisfied, a local
wireless broadband communication private network may
be established within a short time in an ad-hoc manner.
All ad-hoc network equipment in the wireless broadband
communication private network communicates with one

10

15

20

25

30

35

40

45

50

55

another by using the wireless broadband communication
private network. After the wireless broadband communi-
cation private network has been established, new ad-hoc
network equipment is communicatively connected to any
ad-hoc network equipment in the wireless broadband
communication private network, and when networking
condition is satisfied, the new ad-hoc network equipment
will automatically join the wireless broadband communi-
cation private network to form a new wireless broadband
communication private network. The communication be-
tween the new ad-hoc network and all ad-hoc network
equipment under the jurisdiction of the original wireless
broadband communication private network is achieved
by means of the new wireless broadband communication
private network. The ad-hoc network equipment on the
train searches for communication equipment of another
train within the preset distance, the preset distance, such
as the shortest distance between a front train and a rear
train in normal tracking operation, the longest distance
of long-distance communication of the radio station, may
be appointed in advance.

[0038] The ad-hoc network equipment is arranged at
a head of the train. When ad-hoc network equipment on
the train sends a wireless signal to the periphery, and
communication equipment of end of train (EOT) of this
train, communication equipment of head of train (HOT)
of another train within the preset distance, communica-
tion equipment of EOT of another train and the ad-hoc
network equipment of another train can all receive the
signal. The ad-hoc network equipment has a function of
identifying communication equipment of HOT and com-
munication equipment of EOT of a neighboring-line train,
thereby preventing the head of the train or the end of the
train of neighboring line train from being included in the
wireless communication network. The identification may
be performed using, but not limited to, the following ways:
the ad-hoc network equipment sends networking request
information to the periphery and informs the track where
it is located; the train on the same track, after receiving
the networking request information, replies its corre-
sponding information, and the train on different track
does not reply or replies informationincluding the respec-
tive track information. The ad-hoc network equipment
may determine which trains are on the same track as
itself according to the received information.

[0039] Specifically, whether the networking condition
is satisfied is determined, if the networking condition is
satisfied, the trains satisfying the networking condition
establish the ad-hoc network, and the train set in the ad-
hoc network controls the train operation in the ad-hoc
network by means of the ad-hoc network. The networking
condition includes: ad-hoc network equipment is provid-
ed in a target train; the target train is allowed to establish
the ad-hoc network; and the target train is in stable com-
munication with a local train.

[0040] lllustratively, the establishment of the ad-hoc
network between the trains needs to satisfy the network-
ing condition, the networking condition includes: ad-hoc
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network equipment is provided in the target train, the tar-
get train is allowed to establish the ad-hoc network; and
the target train is in stable communication with a local
train. The train can join the ad-hoc network only when
being provided with the ad-hoc network equipment. Any
train provided with the ad-hoc network equipment has a
function of permitting or prohibiting the itself to establish
or join the ad-hoc network. When a certain train is set to
permit itself to establish or join the ad-hoc network by
itself, after another train sends an ad-hoc network estab-
lishing request or an ad-hoc network joining request to
this train, this train establishes an ad-hoc network or joins
the ad-hoc network when all networking conditions are
satisfied. The train establishing the ad-hoc network
needs to maintain stable communication. The communi-
cation equipment of EOT of the train plays a communi-
cation relay role. When the train is in a tunnel or a cave,
the head of the train may communicate with another train
via the communication equipment of EOT, and another
train may communicate with the head of the train via the
communication equipment of EOT of this train. During
the establishment of the ad-hoc network, two sets of ad-
hoc network equipment may communicate with each oth-
er via the communication equipment of EOT, and the
stable communication is also considered to be stable
communication between the target train and the local
train. During the establishment of the ad-hoc network,
there may be a plurality of trains in the ad-hoc network,
and the ad-hoc network equipment also plays a role of
communication relay. When any train in the ad-hoc net-
work communicates with the target train, regardless of
direct communication or communication by means of the
relay of other one or a plurality of trains in the ad-hoc
network, the communication between the target train and
the current train is considered to be stable as long as the
communication is stable.

[0041] When the networking condition is satisfied, the
ad-hoc network equipment on the train determines
whether there is an ad-hoc network at present. If no ad-
hoc network exists, all trains satisfying the networking
condition are configured to establish the ad-hoc network
with the original train. If the ad-hoc network already ex-
ists, all the trains satisfying the networking conditions join
the original ad-hoc network to form a new ad-hoc net-
work.

[0042] Afterthe ad-hocnetworkis established, the train
sets in the ad-hoc network control the train operation in
the ad-hoc network by means of the ad-hoc network.
[0043] Specifically, controlling, by a train set in the ad-
hoc network, the train operation in the ad-hoc network
by means of the ad-hoc network includes: a first train
control and a following train control. The first train control
is used in the ad-hoc network to enable the first train to
control the operation of another train in the ad-hoc net-
work; the following train control is used in the ad-hoc
network to enable the following train to control itself to
operate following a front train.

[0044] lllustratively, the train set in the ad-hoc network
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controls the operation of trains in the ad-hoc network by
means of the ad-hoc network in two ways: one is the first
train control, that is, in the ad-hoc network, the first train
controls the operation of another train in the ad-hoc net-
work; one is the following train control, that is, in the ad-
hoc network, the following train controls itself to operate
following the front train. An operator may select the spe-
cific control way according to actual situations.

[0045] Specifically, the firsttrain control includes: each
of the trains in the ad-hoc network determines a respec-
tive position in the ad-hoc network, If the train is the first
train, the first train receives train data information trans-
mitted from the following train, wherein the data informa-
tionincludes: aspeed, a position, an acceleration, a brak-
ing performance, and an operating condition; the first
train calculates a target speed of the following train in the
ad-hoc network according to the data information, the
track information of a current position of each train in the
ad-hoc network and a position-speed relation between
each train and the front train in the group; the first train
notifies the corresponding train to monitor and operate
according to the target speed by means of ad-hoc net-
work communication; and then the first train periodically
receives real-time train data information of another train;
If the train is the following train, the following train sends
data information to the first train, wherein the data infor-
mation includes: a speed, a position, an acceleration, a
braking performance and an operating condition; the fol-
lowing train receives the target speed transmitted from
the first train by means of the ad-hoc network, operates
according to the target speed, and periodically sends the
real-time train data information of the current train to the
first train. The first train further calculates a target dis-
tance between another train in the ad-hoc network and
the preceding train; the first train further calculates a dis-
tance-to-go curve of another train in the ad-hoc network;
the first train further calculates a target stop point of an-
other train in the ad-hoc network; the first train sends the
target distance, the distance-to-go curve and the target
stop point to the corresponding following train via the ad-
hoc network communication; and the following train re-
ceives the target distance, the distance-to-go curve and
the target stop point.

[0046] lllustratively, all trains in the ad-hoc network are
all on the same track, according to operation directions
of the trains, the headmost train in the ad-hoc network is
the first train of the group and is also called as the first
train, and the trains except the first train are the following
trains of the group. Each of the trains in the ad-hoc net-
work may determine the respective position in the ad-
hoc network using, but not limited to the following ways:
each of the trains in the ad-hoc network sends the re-
spective position information to another train, and may
obtain the respective position in the ad-hoc network by
combining the position information of all the trains with
traveling direction information and track information of
the current train. The train may obtain the following in-
formation by determining the respective position in the
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ad-hoc network: whether itis the first train or the following
train, and if it is the following train, what position it is in.
If there are four in the ad-hoc network, the train behind
the first train is the second position (the second train),
and the last train is the fourth (the fourth train).

[0047] The first train in the ad-hoc network receives
train data information transmitted from another train, the
data information include: a speed, a position, an accel-
eration, a braking performance, and an operating condi-
tion.

[0048] The first train calculates a target speed of the
following train in the ad-hoc network according to the
data information, the track information of a current posi-
tion of each train in the ad-hoc network and a position-
speed relation between each train and the front train in
the group.

[0049] The operating condition refers to different states
of the train in operation, the train under locomotive trac-
tion includes five types: traction inertia, air braking, elec-
tric braking and air-electricity blended braking. The dif-
ferent operating conditions of the train affect a value of
a train braking model parameter, and thus affect the de-
termination of the target speed.

[0050] The target speed refers to the highest speed
allowed before reaching the target point. The first train
notifies notify the corresponding train to operate accord-
ing to the target speed via the ad-hoc network commu-
nication. The first train operates under the control of the
ground equipment. In this way, the trains in the ad-hoc
network may operate at the maximum speed. During op-
eration, the following train in the ad-hoc network period-
ically sends the respective real-time train data informa-
tionto thefirst train, wherein the data information includes
a speed, a position, an acceleration, a braking perform-
ance, and an operating condition; the period is calculated
according to the target speed of the train, the position of
the preceding train, the braking performance, the track
condition and the like, and is less than safety braking
time. The safety braking time is the maximum time of
one-off braking for ensuring that the current train can
operate safely after operating according to the target
speed.

[0051] The following train receives the target speed
transmitted from the first train by means of the ad-hoc
network, operates according to the target speed. The first
train periodically receives receive the real-time train data
information of the following train. The first train recalcu-
lates a new target speed according to the real-time train
data information and sends the new target speed to the
corresponding train, and the thus following train operates
according to the new target speed. Thefirsttrain monitors
the actual speed and the target speed of the following
train in real time, and controls the traction and braking of
the following train by combining a train traction model
and a braking model. Finally, the closed-loop supervision
of the first train on another train is completed.

[0052] The first train may calculate the target speed
using , but is not limited to, the following ways: during
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operation, a rear train needs to maintain a safety spacing
S from the front train to ensure the safety of operation.
The first train determines the distance L between itself
and the rear train according to the position sent by the
rear train (the second train) via the ad-hoc network com-
munication, and obtains a least-favorable braking dis-
tance D (including safety protection distance) under the
response time according to the information such as the
respective speed, acceleration and breaking perform-
ance. The safety spacing S of the rear train is equal to
the sum of the L and D; the first train calculates the target
speed of the rear train according to the safety spacing S
data and a safety braking model of the rear train. In a
similar way, the first train may calculate a target speed
of each of the third train, the fourth train and the like.
[0053] Thefirsttrainfurthercalculates atargetdistance
between another train in the ad-hoc network and the front
train, the target distance refers to the distance between
the front end of the train and the target point. The target
distance refers to the safety spacing S, namely, L+D, and
a calculation way of the safety spacing S has appeared
in how to calculate the target speed. The first train further
calculates a distance-to-go curve of another train in the
ad-hoc network.

[0054] The distance-to-go curve is a one-off braking
control curve generated on the basis of the target speed,
the targetdistance, the track condition, and the train char-
acteristics to ensure the safe train operation. The dis-
tance-to-go curve may be calculated using, but not lim-
ited to, the following ways: the first train acquires relevant
parameters of the trains in the set, and the first train cal-
culates the mostrestrictive speed profile (MRSP) accord-
ing to the track information of the train in the set, fixed
speed restriction, track temporary speed restriction, train
construction speed restriction, mode speed restriction
and the like. The track information, the fixed speed re-
striction, the track temporary speed restriction, the train
construction speed restriction and the mode speed re-
striction are provided by the ground equipment. When
components of the MRSP change, the first train recalcu-
lates the MRSP. The safety braking model takes influ-
ences of factors such as a position uncertainty of a train,
an initial speed of the train, an initial acceleration of the
train, a speed measurement error, a track gradient, a
braking delay and an action delay of the train into con-
sideration.

[0055] The initial speed of the train is obtained by a
speed sensor. The initial acceleration of the train is ob-
tained by calculating a traction force and the mass ac-
cording to the Regulations on Railway Train Traction Cal-
culation. The track gradient is provided by the ground
equipment; errors of the position uncertainty of the train,
the braking delay, the speed measurement error and the
action delay of the train are stipulated by a system. The
first train monitors a difference between a current speed
and a current speed restriction of the train in a monitoring
set, and according to the current positioning information,
a distance-to-go curve of this train is calculated by com-
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bining the train safety braking model. The first train further
calculates a target stop point of another train in the ad-
hoc network. The calculation may be performed using,
but not limited to the following ways: the first train calcu-
lates the position range of the tail of the train when it
stops, based on its own relevant parameter; the closest
distance between the tail part of the first train after stop-
ping and the rear train is used as a target stop point of
the rear train; and then a braking measure grade, oppor-
tunity and the like which should be taken by the rear train
are calculated according to the relevant parameters of
the rear train, thereby guaranteeing that the rear train
does not cross the target stop point of the rear train after
stopping. Similarly, the first train may calculate target dis-
tances, distance-to-go curves, and target stop points of
all trains in the ad-hoc network, and then send such in-
formation to the corresponding trains. The following train
receives the target distance, the distance-to-go curve
and the target stop point. When an emergency occurs,
such as inability to communicate, the following train may
safely stop or operate according to the information.
[0056] Specifically, the following train control includes:
each of the trains in the ad-hoc network determines a
respective position in the ad-hoc network; if the train is
the first train, the first train periodically transmits respec-
tive train data information to a rear train, wherein the data
information includes: a speed, a position, an accelera-
tion, a braking performance and an operating condition.
If the train is the following train, and is not the last train
in the ad-hoc network, the following train periodically re-
ceives the train data information transmitted from the
front train in the ad-hoc network, calculates a respective
target speed, and operates according to the target speed,
and then the following train periodically transmits the re-
spective train data information to the rear train, wherein
the data information includes: a speed, a position, an
acceleration, a braking performance and an operating
condition. IF the train is the last train in the ad-hoc net-
work, the train periodically receives the train data infor-
mation transmitted from the front train in the ad-hoc net-
work, calculates the respective target speed, and oper-
ates according to the target speed. The following train
control further includes: the following train calculates a
target distance between the respective position and the
fronttrainin the ad-hoc network; the following train further
calculates a respective distance-to-go curve in the ad-
hoc network; and then the following train further calcu-
lates arespective target stop pointin the ad-hoc network.
[0057] |lllustratively, the use of the following train con-
trol also requires each train in the ad-hoc network to de-
termine the respective position in the ad-hoc network,
and the used way is the same as that of the first train
control.

[0058] Except for the last train in the ad-hoc network,
each train periodically transmits respective train data in-
formation to the rear train, wherein the data information
includes: a speed, a position, an acceleration, a braking
performance and an operating condition. Except for the
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first train, each train receives train data information trans-
mitted from the front train, calculates respective target
speed, and operates according to the target speed. The
first train operates under the control of the ground equip-
ment. The rear train periodically receives the train data
information of the front train and recalculates a new target
speed, and then operates according to the new target
speed. The following train monitors its actual speed and
the target speed in real time, and controls the train trac-
tion and braking by combining a train traction model and
a braking model.

[0059] The following train may calculate the respective
target speed using, but is not limited to, the following
ways: during operation, the rear train needs to maintain
a safety spacing S from the front train to ensure the safety
of operation. The following train determines a distance L
between itself and the rear train according to the position
sent by the front train via the ad-hoc network communi-
cation, and obtains the least-favorable braking distance
(including safety protection distance) under the response
time according to the information such as the speed, the
acceleration and the breaking performance of the front
train. The safety spacing S of the local train is equal to
the sum of the L and D; the local train calculates a re-
spective target speed according to the safety spacing S
and a respective safety braking model.

[0060] The following train further calculates a target
distance between itself and the front train in the ad-hoc
network, namely, L+D; the following train further calcu-
lates arespective distance-to-go curve in the ad-hoc net-
work; and the following train further calculates a respec-
tive target stop pointin the ad-hoc network. The distance-
to-go curve may be calculated using, but not limited to,
the following ways: the following train calculates the re-
spective mostrestrictive speed profile (MRSP) according
to respective relevant parameters by combining train
track information, a fixed speed restriction, a track tem-
porary speed restriction, a train construction speed re-
striction, a mode speed restriction and the like. When the
components of the MRSP change, the following train re-
calculates the MRSP. The safety braking model takes
influences of factors such as a position uncertainty of a
train, an initial speed of the train, an initial acceleration
ofthe train, a speed measurement error, a track gradient,
a braking delay and an action delay of the train into con-
sideration. The following train monitors a difference be-
tweenits own actual speed and the currentlimit restriction
in real time, and calculates the respective distance-to-go
curve according to the current positioning information by
combining a train safety braking model. The following
train further calculates a respective target stop point. The
calculation may be carried out using, but not limited to,
the following ways: the rear train calculates the position
range of atail of the train when the fronttrain stops, based
on the relevant parameters of the front train; the closest
distance between the tail part of the front train after stop-
ping and the rear train is used as a target stop point of
the rear train, and then the rear train calculates a braking
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measure grade, opportunity and the like which should be
taken according to the respective relevant parameters,
thereby guaranteeing that the rear train does not cross
the respective target stop point after stopping. Each of
the following trains calculates a respective target dis-
tance, a respective distance-to-go curve, and a respec-
tive target stop point. When an emergency occurs, such
as inability to communicate, the following train may safely
stop or operate according to the information.

[0061] The embodiment of the present invention fur-
ther discloses a train group control system based on an
ad-hoc network. As shown in FIG. 2, the system includes
ad-hoc network equipment, on-board ATP equipment, a
station data server, and a track circuit.

[0062] The ad-hoc network equipmentis configured to:
search for, by ad-hoc network equipment on a train, com-
munication equipment of another train within a preset
distance; determine whetherthe trainis on the same track
as another train; if the train is in the same track of another
train, determine whether a networking condition is satis-
fied; if the networking condition is satisfied, determine
whether an ad-hoc network exists or not; if no ad-hoc
network exists, establish, by another train satisfying the
networking condition, an ad-hoc network with an original
train; if an ad-hoc network exists, add another train sat-
isfying the networking condition to the ad-hoc network;
and control, by the train set in the ad-hoc network, the
train operation in the ad-hoc network by means of the
ad-hoc network. The networking condition includes: the
ad-hoc network equipment is provided in a target train;
the target train is allowed to establish or join the ad-hoc
network, and the target train is in stable communication
with a train.

[0063] The on-board ATP equipment is configured to
receive track condition information, wherein the track
condition information include: route information, track in-
formation, temporary speed restriction information, and
a movement authority.

[0064] The station data server is configured to send
the route information, the track information and the tem-
porary speed restriction information. The station data
server has the function of storing basic data of the station
and section track, and may complete real-time framing
and verification of a wireless message according to track
information stored by itself and information provided by
equipment such as CBl and TSRS. The station data serv-
er sends the information to all the trains in the wireless
coverage area by means of train-to-ground communica-
tion, and may also send the information to a specified
train as required. The station data server receives inter-
locking route information, temporary speed restriction in-
formation of the temporary speed restriction server and
the track information, generates messages such as the
route information, the track information and temporary
speed restriction, and provides, within the scope of the
station, the in-station messages and section message to
the on-board ATP.

[0065] The track circuit sends the movement authority.
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[0066] The controlling, by a train set in the ad-hoc net-
work, the train operation in the ad-hoc network by means
of the ad-hoc network includes: a first train control and a
following train control. The first train control is used in the
ad-hoc network to enable the first train to control the op-
eration of another train in the ad-hoc network; and the
following train control is used in the ad-hoc network to
enable a following train to control itself to operate follow-
ing a front train.

[0067] Thefirsttrain controlincludes: each of the trains
in the ad-hoc network determines a respective position
in the ad-hoc network. If the train is the first train, the first
train receives train data information transmitted from the
following train, wherein the data information includes: a
speed, a position, an acceleration, a braking perform-
ance and an operating condition; the first train calculates
atarget speed of the following train in the ad-hoc network
according to the data information, the track information
of a current position of each train in the ad-hoc network
and a position-speed relation between each train and the
front train in the group; the first train notifies the corre-
sponding train to monitor and operate according to the
target speed by means of ad-hoc network communica-
tion; and the first train periodically receives real-time train
data information of another train. If the train is the follow-
ing train, the following train sends data information to the
firsttrain, wherein the data informationincludes: a speed,
a position, an acceleration, a braking performance and
an operating condition; the following train receives the
target speed transmitted from the first train by means of
the ad-hoc network, operates according to the target
speed, and periodically sends the real-time train data in-
formation of the current train to the first train.

[0068] The first train control further includes: the first
train further calculates a target distance between another
train and the front train in the ad-hoc network; the first
train further calculates a distance-to-go curve of another
train in the ad-hoc network; and the first train further cal-
culates a target stop point of another train in the ad-hoc
network. The first train sends the target distance, the dis-
tance-to-go curve and the target stop point to the corre-
sponding following train via the ad-hoc network commu-
nication. The following train receives the target distance,
the distance-to-go curve and the target stop point.
[0069] The following train control includes: each of the
trains in the ad-hoc network determines a respective po-
sition in the ad-hoc network. If the train is the first train,
the first train periodically transmits the respective train
data information to a rear train, wherein the data infor-
mation includes: a speed, a position, an acceleration, a
braking performance and an operating condition. If the
train is the following train, and is not the last train in the
ad-hoc network, the following train periodically receives
the train data information transmitted from the front train
in the ad-hoc network, calculates a respective target
speed, and operates according to the target speed, and
then the following train periodically transmits the respec-
tive train data information to the rear train, wherein the
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data information includes: a speed, a position, an accel-
eration, a braking performance and an operating condi-
tion. If the train is the last train in the ad-hoc network, the
train periodically receives the train data information trans-
mitted from the front train in the ad-hoc network, calcu-
lates the respective target speed, and operates accord-
ing to the target speed.

[0070] The following train control further includes: the
following train further calculates a target distance be-
tween the respective position and the front train in the
ad-hoc network; the following train calculates the respec-
tive distance-to-go curve in the ad-hoc network; and the
following train calculates the respective target stop point
in the ad-hoc network.

[0071] The train group control method and system
based on the ad-hoc network designed by the present
invention can achieve the train group control based on a
train-to-train communication technology of the ad-hoc
network. Trains are automatically networked when the
conditions are satisfied, and inter-train data are transmit-
ted between the trains without relying on the ground base
station. No central control equipment needs to be ar-
ranged on the ground, and no wireless network coverage
is needed in a ground section. A train interval is dynam-
ically adjusted according to track conditions, a temporary
speed restriction and the states of various trains in the
group.

[0072] Although the utility model has been described
in detail with respect to the previously described embod-
iments, it should be appreciated by one skilled in art, the
technical solutions recorded in the embodiments may be
still modified, or part of its technical features may be re-
placed with equivalents; and such modifications or sub-
stitutions do not deviate the nature of the technical solu-
tions from the spirit and scope of the technical solutions
of the various embodiments in the utility model.

Claims

1. A train group control method based on an ad-hoc
network, characterized in that, the method com-
prises: searching for, by ad-hoc network equipment
onatrain, communication equipment of another train
within a preset distance; determining whether the
train is on the same track as another train; if deter-
mining that the train is on the same track as another
train, determining whether a networking condition is
satisfied; if the networking condition is satisfied, de-
termining whether an ad-hoc network exists or not;
if no ad-hoc network exists, establishing, by another
train satisfying the networking condition, an ad-hoc
network with an original train; if an ad-hoc network
exists, adding another train satisfying the networking
condition to the ad-hoc network; and controlling, by
the train setin the ad-hoc network, the train operation
in the ad-hoc network by means of the ad-hoc net-
work.
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2.

The control method according to claim 1, character-
ized in that, the networking condition comprises: ad-
hoc network equipment is provided in a target train;
the target train is allowed to establish or join the ad-
hoc network, and the target train is in stable commu-
nication with a local train.

The control method according to claim 1, character-
ized in that, the control method further comprises:
receiving, by the train, track condition information,
the track condition information comprising: route in-
formation, track information, temporary speed re-
striction information, and a movement authority.

The control method according to claim 1, character-
ized in that, the controlling, by a train set in the ad-
hoc network, the train operation in the ad-hoc net-
work by means of the ad-hoc network comprises: a
firsttrain control and a following train control, wherein
the first train control is used in the ad-hoc network
to enable the first train to control the operation of
anothertrain in the ad-hoc network; and the following
train control is used in the ad-hoc network to enable
a following train to control itself to operate following
a front train.

The control method according to claim 4, character-
ized in that, the first train control comprises: each
of the trains in the ad-hoc network determines a re-
spective position in the ad-hoc network, if the train
is the first train, the first train receives train data in-
formation transmitted from the following train, the da-
ta information comprising: a speed, a position, an
acceleration, a braking performance, and an oper-
ating condition; and wherein the first train calculates
a target speed of the following train in the ad-hoc
network according to the data information, the track
information of a current position of each train in the
ad-hoc network and a position-speed relation be-
tween each train and the front train in the group; the
first train notifies the corresponding train to monitor
and operate according to the target speed by means
of ad-hoc network communication; and the first train
periodically receives real-time train data information
of another train; if the train is the following train, the
following train sends data information to the first
train, the data information comprising: a speed, a
position, an acceleration, a braking performance and
an operating condition; the following train receives
the target speed transmitted from the first train by
means of the ad-hoc network, operates according to
the target speed, and periodically sends the real-
time train data information of the current train to the
first train.

The control method according to claim 5, character-
ized in that, the first train control further comprises:
the first train calculates a target distance between
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another train and the front train in the ad-hoc
network ; the first train calculates a distance-to-go
curve of another train in the ad-hoc network; the first
train calculates a target stop point of another train in
the ad-hoc network; the first train sends the target
distance, the distance-to-go curve and the target
stop point to the corresponding following train via the
ad-hoc network communication; and the following
train receives the target distance, the distance-to-go
curve and the target stop point.

The control method according to claim 4, character-
ized in that, the following train control comprises:
each of the trains in the ad-hoc network determines
a respective position in the ad-hoc network; if the
train is the first train, the first train periodically trans-
mits respective train data information to a rear train,
the data information comprising: a speed, a position,
an acceleration, a braking performance and an op-
erating condition; if the train is the following train,
and is not the last train in the ad-hoc network, the
following train periodically receives the train data in-
formation transmitted from the front train in the ad-
hoc network, calculates a respective target speed,
and operates according to the target speed, and then
the following train periodically transmits the respec-
tive train data information to the rear train, the data
information comprising: a speed, a position, an ac-
celeration, a braking performance and an operating
condition; if the train is the last train in the ad-hoc
network, the train periodically receives the train data
information transmitted from the front train in the ad-
hoc network, calculates the respective target speed,
and operates according to the target speed.

The control method according to claim 7, character-
ized in that, the following train control further com-
prises: the following train calculates a target distance
between the respective position and the front train
in the ad-hoc network; the following train calculates
the respective distance-to-go curve in the ad-hoc
network; and the following train calculates the re-
spective target stop point in the ad-hoc network.

A train group control system based on an ad-hoc
network, characterized in that, the system compris-
es ad-hoc network equipment, wherein the ad-hoc
network equipment is configured to: search for, by
ad-hoc network equipment on a train, communica-
tion equipment of another train within a preset dis-
tance; determine whether the train is on the same
track as another train; if the train is in the same track
of another train, determine whether a networking
condition is satisfied; if the networking condition is
satisfied, determine whether an ad-hoc network ex-
ists or not; if no ad-hoc network exists, establish, by
another train satisfying the networking condition, an
ad-hoc network with an original train; if an ad-hoc
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network exists, add another train satisfying the net-
working condition to the ad-hoc network; and control,
by the train set in the ad-hoc network, the train op-
eration in the ad-hoc network by means of the ad-
hoc network.

The control system according to claim 9, character-
ized in that, the networking condition comprises: ad-
hoc network equipment is provided in a target train;
the target train is allowed to establish or join the ad-
hoc network, and the target train is in stable commu-
nication with a local train.

The control system according to claim 9, character-
ized in that, the system further comprises: on-board
ATP equipment, a station data server, and a track
circuit, wherein the on-board ATP equipmentis con-
figured to receive track condition information, the
track condition information comprising: route infor-
mation, track information, temporary speed restric-
tion information, and movement authority; the station
data server is configured to send the route informa-
tion, the track information and the temporary speed
restriction information; and the track circuit sends
the movement authority.

The control system according to claim 9, character-
ized in that, the controlling, by a train set in the ad-
hoc network, the train operation in the ad-hoc net-
work by means of the ad-hoc network comprises: a
firsttrain control and a following train control, wherein
the first train control is used in the ad-hoc network
to enable the first train to control the operation of
another train in the ad-hoc network; and the following
train control is used in the ad-hoc network to enable
a following train to control itself to operate following
a front train.

The control system according to claim 12, charac-
terized in that, the first train control comprises: each
of the trains in the ad-hoc network determines a re-
spective position in the ad-hoc network, if the train
is the first train, the first train receives train data in-
formation transmitted from the following train, the da-
ta information comprising: a speed, a position, an
acceleration, a braking performance and an operat-
ing condition; the first train calculates a target speed
of the following train in the ad-hoc network according
to the data information, the track information of the
current position of each train in the ad-hoc network
and a position-speed relation between each trainand
the front train in the group; the first train notifies the
corresponding train to monitor and operate accord-
ing to the target speed by means of ad-hoc network
communication; the first train periodically receives
real-time train data information of another train; if the
train is the following train, the following train sends
data information to the first train, the data information
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comprising: a speed, a position, an acceleration, a
braking performance and an operating condition; the
following train receives the target speed transmitted
from the first train by means of the ad-hoc network,
operates according to the target speed, and period-
ically sends the real-time train data information of
the current train to the first train.

The control system according to claim 13, charac-
terized in that, the first train control further compris-
es: thefirsttrain calculates a targetdistance between
another train and the front train in the ad-hoc
network ; the first train calculates a distance-to-go
curve of another train in the ad-hoc network; the first
train calculates a target stop point of another train in
the ad-hoc network; the first train sends the target
distance, the distance-to-go curve and the target
stop point to the corresponding following train via the
ad-hoc network communication; and the following
train receives the target distance, the distance-to-go
curve and the target stop point.

The control system according to claim 12, charac-
terized in that, the following train control comprises:
each of the trains in the ad-hoc network determines
a respective position in the ad-hoc network; if the
train is the first train, the first train periodically trans-
mits respective train data information to a rear train,
the data information comprising: a speed, a position,
an acceleration, a braking performance and an op-
erating condition; if the train is the following train,
and is not the last train in the ad-hoc network, the
following train periodically receives the train data in-
formation transmitted from the front train in the ad-
hoc network, calculates a respective target speed,
and operates according to the target speed, and then
the following train periodically transmits the respec-
tive train data information to the rear train, the data
information comprising: a speed, a position, an ac-
celeration, a braking performance and an operating
condition; and if the train is the last train in the ad-
hoc network, the train periodically receives the train
data information transmitted from the front train in
the ad-hoc network, calculates the respective target
speed, and operates according to the target speed.

The control system according to claim 12, charac-
terized in that, the following train control further
comprises: the following train calculates a target dis-
tance between the respective position and the front
train in the ad-hoc network; the following train calcu-
lates the respective distance-to-go curve in the ad-
hoc network; and the following train calculates the
respective target stop point in the ad-hoc network.
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