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(57) ABSTRACT

An urban rail transit train control system based on vehicle-
vehicle communications, comprising an intelligent train
supervision (ITS) system, a train manage center (TMC), a
data communication system (DCS), and an intelligent
vehicle on-board controller (IVOC) provided on each of
trains, the ITS system. The TMC and the IVOC are com-
municatively coupled by the DCS, and IVOCs of the trains
communicatively coupled by the DCS. IVOCs of all the
trains report first train operation information to the ITS
system and second train operation information to the TMC
in accordance with a predetermined period. The TMC sends
the received second train operation information to the ITS
system. The ITS system determines a following train that
needs a virtual coupling operation and a head train corre-
sponding to the following train, and dispatch a virtual
coupling operation instruction to the head train IVOC to
perform a virtual coupling operation of trains.

Yeliicle-vehicle cobannnications

Aciive recogition

Head &

i

in ¥

Virtual coupling of fraing



Patent Application Publication  Apr. 18,2019 Sheet 1 of 3 US 2019/0111953 A1

Platform

Platform

SN .
\ﬁ/ Elevated station

Fig. 1

Valicle-velichs conpmupiontions

fwwmwwf7fmmﬁffjmwf MMMMM o

E Fetlowing Tain ¥ Folowiag Tioad traln Ty
P &

Active yecognition

Virtaal coupling oo

Fig. 2



Patent Application Publication  Apr. 18,2019 Sheet 2 of 3 US 2019/0111953 A1

AV T™MC
/
!
>< Calculate based on
| 5 i max speed limit !

} i
N 2

r—Spver m-—nﬂu\w>,<--sww~—~>.<slmc;»,<-sﬁ cwerdr—d

ezl apmvam T

Possible zone

Fig. 3

AV TMC
/
>< Calculated based on
| ] max speed lmit
| oo |
| / |
' y L ,
A | Storwedl l“'—‘smrwurd‘
R '( “:.;b

<: Possible zone
Fig. 4




Patent Application Publication  Apr. 18,2019 Sheet 3 of 3 US 2019/0111953 A1

3 types of location-

peertain teain trigeered Trackside ob
information
from OC
' Information | Calculat Possible zone for
l from train Toe train {coarse)
Possible zone E-map line . ;
for the train :> mformation Preceding/succeeding
calculated train location

Succeeding train recog.

v y

N Set train as location-uncertain; Communicated trains
send its ID, status and possible l
zone to ITS, OC and other — - - -
operating trains I Frackside olfimformatmn ]

Axle counter information ‘

v

h 4 Line termination

{ End }

Zone
combination
ceded?

Y
A 4

Zone combination

—

Zone of train (final)

Fig. 5



US 2019/0111953 Al

VEHICLE-VEHICLE COMMUNICATION
BASED URBAN TRAIN CONTROL SYSTEM

[0001] This application is based on and claims priority to
Chinese Patent Application No. 201710963594 X filed on
Oct. 17, 2017, which is incorporated herein by reference in
its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the technical field
of train operations, and in particular to an urban rail transit
(URT) train control system based on vehicle-vehicle com-
munications.

BACKGROUND ART

[0003] With the rapid progress of URT, URT lines are
being built rapidly and networked. As the need for URT
operation capacity increases, usage and equipment mainte-
nance for the signal system also increase. It is desired to
reduce the number of trackside equipment and minimize the
operation interval while securing safety of trains.

[0004] In a conventional URT signal system, ground
equipment serves as the core for operation of trains. There
are numerous kinds of ground equipment. Operation of a
train is controlled in a train-ground-train manner, where the
train has to perform back and forth communications with the
ground equipment, leading to a long turnaround period as
well as a limited flexibility and intelligent level of the
control. In view of the defects in the conventional URT
signal system, Communication Based Train Control (CBTC)
based on vehicle-vehicle communications has been devel-
oped, which greatly simplifies the ground equipment.
CBTC, with an Intelligent Vehicle On-board Controller
(IVOC) mounted on the train as its core, is based on direct
communications among trains. The train autonomously cal-
culates a train movement authority based on an operation
plan, railway resources, and an operation status of its own,
to ensure an autonomous and safe control of the train on the
railway, resulting in an improved operation efficiency and
reliability of the train.

[0005] Trains should be operated with high safety and high
operation efficiency. If there is a faulty train on the main line,
e.g. a train with a communication fault or in an instable
operation, the faulty train needs to be timely transferred by
returning to a station or being moved to a turnout. Conven-
tionally a faulty train is mainly discovered and transferred
manually, where a staff needs to monitor the information
from the IVOC of the train and from trackside equipment to
determine if the train is faulty, and then inform a rescue train
to go to the corresponding zone to transfer the faulty train.
In this manner, it is necessary to provide a dedicated rescue
train and so that scheduling staff may transfer the faulty train
using the rescue train. This may greatly affect the trains
normally operated on the main line and result in a low
operation efficiency.

[0006] In addition, in conventional operation and control
schemes of trains, all the operating trains share the same
operation and control rule. However in some special sce-
narios, for example during rush hours, there is a large
number of passengers in one direction of the line while only
a small number of passengers in the other direction. Using
the same operation and control rule for the trains in both
directions will lead to a low efficiency of train control and
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usage of communication resources for the direction in which
there is only the small number of passengers.

SUMMARY

[0007] Embodiments of the disclosure provide a URT train
control system based on vehicle-vehicle communications,
which may improve an operation efficiency of trains.
[0008] According to a first aspect of the disclosure, an
urban rail transit (URT) train control system based on
vehicle-vehicle communications is provided, comprising an
intelligent train supervision (ITS) system, a train manage
center (TMC), a data communication system (DCS), and an
intelligent vehicle on-board controller (IVOC) provided on
each of trains, the ITS system, the TMC and the IVOC being
communicatively coupled by the DCS, and IVOCs of the
trains being communicatively coupled by the DCS.

[0009] The ITS system is configured to: supervise the
trains that are on-line, dispatch an operation plan to the
IVOCs, receive first train operation information reported by
the trains in accordance with a predetermined period and
second train operation information sent by the TMC in
accordance with the predetermined period, determine a
following train for which a virtual coupling operation is
needed and a head train corresponding to the following train,
and dispatch a virtual coupling operation instruction to the
IVOC of the head train.

[0010] The virtual coupling operation means that the fol-
lowing train runs following the head train, the following
train includes a faulty train and a train that meets a preset
condition of virtual coupling operation, each of the first train
operation information and the second train operation infor-
mation comprises numbers, locations, and operation statuses
of the trains, and the virtual coupling operation instruction
comprises a zone in which the following train is located.
[0011] The TMC is configured to receive the second train
operation information reported by the trains that are on-line
in accordance with the predetermined period, and to send the
second train operation information to the ITS system.
[0012] The IVOC is configured to: perform information
interaction with the I'TS system, the TMC, and the IVOCs of
the others among the trains, report the first train operation
information to the ITS system in accordance with the
predetermined period, report the second train operation
information to the TMC, and control, when a train is
determined as the head train, the train to go to the zone in
which the following train in the virtual coupling operation
instruction is located, and establish communication with the
IVOC of the following train to complete a virtual coupling
for the virtual coupling operation.

[0013] In an embodiment, the train control system may
further comprise an object controller (OC), the OC and the
ITS system being communicatively coupled by the DCS,
and the OC and the IVOC being communicatively coupled
by the DCS, wherein the [IVOC may further be configured to
send, after the virtual coupling is completed between the
head train and the vehicle train, virtual coupling complete
information and newly marshalled train information to the
ITS system, wherein the newly marshalled train information
comprises the number of the head train, the number of the
following train, and the length of the marshalled train;
wherein the ITS system may be further configured to send to
the OC, after receiving the virtual coupling complete infor-
mation and newly marshalled train information, an object
resource release instruction for the following train in the
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newly marshalled train information to cancel the number of
the following train in the newly marshalled train informa-
tion, wherein the object resource comprises a trackside
equipment resource and a segment resource; and wherein the
OC may be configured to release the object resource occu-
pied by the corresponding following train according to the
received object resource release instruction.

[0014] In an embodiment, the ITS system may be config-
ured to determine, when the first train operation information
or the second train operation information indicates existence
of a train in a faulty operation status, the train in the faulty
operation status as a faulty train; and the ITS system may be
further configured to determine the zone in which the faulty
train is located based on the first train operation information
or the second train operation information.

[0015] In an embodiment, the ITS system may be config-
ured to determine, when operation information of a train
exists in neither of the first train operation information and
the second train operation information, the train correspond-
ing to the operation information as a faulty train; and
wherein the ITS system may be further configured to deter-
mine the zone in which the faulty train is located based on
the first train operation information reported by the faulty
train last time and the second train operation information.
[0016] In an embodiment, the IVOC may be further con-
figured to report, each time a train leaves a station, the
number and the time of leave of the train to the ITS system;
and wherein the ITS system may be further configured to
receive the number and the time of leave of the train reported
each time the train leaves a station, and to determine, if the
number and the time of leave are not received from the train
at a next station within a set period from the time of report
at a current station, that the train, for which the number and
the time of leave are not received at the next station, is
located between the current station and the next station.
[0017] In an embodiment, the IVOC may be further con-
figured to establish communication with the OC correspond-
ing to a station region each time a train travels to the station
region; and the OC may be further configured to report to the
ITS system, when establishing communication with the train
entering the station region is failed, that a faulty train is in
the station region.

[0018] In an embodiment, the TMC may be further con-
figured to identify a location-uncertain train based on the
received second train operation information, to calculate the
zone in which the location-uncertain train is located based
on the second train operation information that the location-
uncertain train reported last time, and to send to the ITS
system the zone in which the location-uncertain train is
located, wherein the location-uncertain train includes a train
the second train operation information currently reported by
which is abnormal; and the ITS system may be further
configured to determine a fault train among location-uncer-
tain trains based on the zone in which the locations uncertain
trains are located and on the first train operation information.
[0019] Inan embodiment, the train the second train opera-
tion information currently reported by which is abnormal
may include: the train for which no reported second train
operation information is received within a set period not
shorter than the predetermined period; the train for which a
jump occurs in its train speed; the train for which the
reported current location information is the same as the
location information reported last time; or the train that loses
location degradation.
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[0020] In an embodiment, the ITS system may be config-
ured to determine, when no first train operation information
for the location-uncertain train is received, the location-
uncertain train as a fault train.

[0021] In an embodiment, the TMC may be configured to
calculate the zone in which the location-uncertain train is
located based on a possible running status of the location-
uncertain train and the second train operation information
the location-uncertain train reported last time, wherein the
running status comprises continued running or emergency
braking.

[0022] In an embodiment, if the running status is contin-
ued running, the TMC may be configured to: determine a
forward farthest distance s, of the location-uncertain
train from a train location in the second train operation
informationd,,_,,,,, reported last time, based on a maximum
speed limit of the train v a maximum traction
acceleration of the train a,,,.,,e0ns @ train speed in the
second train operation information reported last time v, and
a time difference from reporting the second train operation
information last time t,,,; determine a reverse farthest
distance s,,,.,,, 0f the location-uncertain train, based on
v an emergency braking acceleration of the train
Amergencys Vo and b5, and determine the zone in which the
location-uncertain train is located based on d;, . i0ms Sorvaras
and s

maxspeed>

maxspeed®

reverse’

[0023] In an embodiment, the zone in which the location-
uncertain train is located may be determined based on

dlocaﬁonS Sforwards and Sreverse 45° [dlocaﬁon_sreverse_dsafes dlo’
;atio"+sforward+dsafe]5 Storward Y maxspeedtiotar (Y maxspeed=Vo
/2amaxtra52‘t'[ons and Sreverse:_vmaxspeedttotal-"Vma.xspeed /2amax’
traction+Vy-/28, +VoV 74 where d, ., is

emergency maxspee emergency’

a predetermined safe distance between trains.

[0024] In an embodiment, if the running status is emer-
gency braking, the zone may be determined as: [d,,_,.0n—

dma.xrecede_dsafe’ dlocat‘[on+ Sforwardtravel-'-dsafe] s

2
SforwardtraveZ:VOtl +(l/2)ama_xtract‘[ontl +(V+amaxtractiontl) /a3a
(Vo+,pxiracriont )P, Where d,, ... is the train location in

the second train operation information that the location-
uncertain train reported last time, d,, ., 0eeqe 15 @ predeter-
mined tolerable maximum receding distance, d,,, is a pre-
determined safe distance between trains, g, ,..qrimave; 1 the
sum of a distance the train travels during a predetermined
period for communication fault determination and a distance
the train travels after the emergency braking, v, is a train
speed in the second train operation information that the
location-uncertain train reported last time, t, is the period for
communication fault determination, a,, ., ,.n0, 15 @ Maxi-
mum traction acceleration of the train, a; is the sum of the
emergency braking acceleration of the train and a slope-
produced acceleration, . is a predetermined first coefficient,
and f is a predetermined second coefficient.

[0025] In an embodiment, if the following train is a train
whose running status is emergency braking, the virtual
coupling operation instruction may further comprise an exit
path for virtual coupling operating train; and the IVOC may
be further configured to operate according to the exit path
after a successful virtual coupling of a train as the head train
and a corresponding following train.

[0026] In an embodiment, the ITS system may be further
configured to send the exit path to the TMC; and the TMC
may be further configured to add the exit path to the zone in
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which the corresponding faulty train is located and send the
zone after the addition to the ITS system and the IVOCs of
the trains that are not faulty.

[0027] In an embodiment, the TMC may be further con-
figured to, when the zone in which the location-uncertain
train is located includes a railroad crossing, re-calculate the
zone in which the location-uncertain train is located accord-
ing to both statuses of the railroad crossing, and combine the
zones calculated for the statuses as the zone in which the
location-uncertain train is located.

[0028] In an embodiment, the TMC may be further con-
figured to correct the zone in which the location-uncertain
train is located based on at least one of location correction
information and send to the ITS system the corrected zone
in which the location-uncertain train is located; and wherein
the location correction information may include: location
information for the train immediately preceding the loca-
tion-uncertain train, location information for the train imme-
diately succeeding the location-uncertain train, location
information for other trains that are on-line, trackside equip-
ment status information reported by the OC, and line ter-
mination of the operation lines.

[0029] In an embodiment, the TMC may be further con-
figured to obtain a train entrance information reported to the
OC by an axle counter for main line entrance via commu-
nicative coupling between the DCS and the OC, obtain the
zone in which the entering train is located according to the
location of the axle counter for main line entrance that
reports the train entrance information, and send to the ITS
system the zone in which the entering train is located; and
the ITS system may be further configured to determine an
unscheduled train that has entered the main line for opera-
tion, based on the operation plan for the trains and the zone
in which the entering train is located sent by the TMC, and
determine the unscheduled train as a faulty train.

[0030] In an embodiment, the zone in which the entering
train is located may be: [d,,,unces Donsrance™V rasspecarimid™
d,,.l, whered,, .. is the location of the axle counter for
main line entrance that reports the train entrance, Vgaz,ceq
uzmiz 18 the maximum speed limit of the train under a
restricted manual-drive (RM) mode, t is the period so far
from the entering train pressed on the axle counter for main
line entrance, and d,,, is a predetermined safe distance
between trains.

[0031] In an embodiment, the IVOC may further include
an active recognition unit configured to: obtain an image in
front of the train, and recognize a front train according to the
obtained image, wherein if the train is determined as the
head train and unable to establish communication with the
IVOC of the corresponding following train through the DCS
system, then after the train arrives at the zone in which the
corresponding following train is located and the following
train is recognized, the active recognition unit is configured
to establish communication with the active recognition unit
of the recognized following train based on a preconfigured
communication manner to complete the virtual coupling.
[0032] In an embodiment, the TMC may be further con-
figured to correct the zone in which the following train is
located, based on a front train recognition result from an
active recognition unit of an on-line train other than the
following train.

[0033] In an embodiment, when there is more than one
location-uncertain trains on a same operation line, if the
zones in which adjacent location-uncertain trains are located
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overlap, or if a distance between the zones in which adjacent
location-uncertain trains are located is less than a predeter-
mined distance, the TMC may be further configured to
combine the zones in which the adjacent location-uncertain
trains are located, use the combined zone as a zone in which
the adjacent location-uncertain trains are located, and send
the adjacent location-uncertain trains and the combined zone
to the ITS system.

[0034] In an embodiment, the preset condition of virtual
coupling operation may include trains among more than one
adjacent trains other than the foremost train, the more than
one adjacent trains meeting a predetermined condition in
operation time and operation direction; and the ITS system
may be configured to determine the foremost train as the
head train corresponding to the following trains among the
more than one adjacent trains.

[0035] In an embodiment, the ITS system may be config-
ured to cancel, when a train is determined as a faulty train
and then the first train operation information or the second
train operation information is received indicating that the
faulty train is in a normal operation status, the determination
of the train as the faulty train and the corresponding virtual
coupling operation instruction.

[0036] According to the URT train control system based
on vehicle-vehicle communications in accordance with the
embodiments of the disclosure, a new concept of virtual
coupling operation is proposed. When there is a faulty train
or a predetermined condition is met, the ITS system will
dispatch a virtual coupling operation instruction to achieve
following operation among trains. With the system, a normal
train serves as a head train to lead a following train. When
a fault occurs, it is not necessary to send a dedicated rescue
train. A faulty train may be transferred rapidly, resulting in
a decreased cost in construction and maintenance of the
system and an improved efficiency and reliability of train
operation. When the predetermined condition is met, virtual
coupling operation is performed, which can reduce the cost
of communication resources for the following train and
improve the efficiency of train operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Other features, objects and advantages of the dis-
closure will be apparent from the following detailed descrip-
tion when read with reference to the accompanying draw-
ings in which like reference characters refer to like parts
throughout.

[0038] FIG. 1 is an architectural schematic of an URT train
control system based on vehicle-vehicle communications
according to an embodiment of the disclosure.

[0039] FIG. 2 shows an illustrative scene of virtual cou-
pling operation according to an embodiment of the disclo-
sure.

[0040] FIG. 3 is a schematic showing a location-uncertain
train when the location-uncertain train goes forward with a
continued running or backward with an emergency braking,
according to an embodiment of the disclosure.

[0041] FIG. 4 is a schematic showing a location-uncertain
train when emergency braking according to an embodiment
of the disclosure.

[0042] FIG. 5 is a flowchart showing the TMC determines
a location-uncertain train, calculates the zone in which the
location-uncertain train is located, and performs correction
and combination to the zone according to an embodiment of
the disclosure.
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DETAILED DESCRIPTION

[0043] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings. The implementations set forth in
the following description of exemplary embodiments do not
represent all implementations consistent with the disclosure.
Instead, they are merely examples of apparatuses and meth-
ods consistent with aspects related to the disclosure as
recited in the appended claims.

[0044] FIG. 1 is an architectural schematic of an urban rail
transit (URT) train control system based on vehicle-vehicle
communications according to an embodiment of the disclo-
sure. As shown in the drawing, the train control system
according to the embodiment may mainly include an intel-
ligent train supervision (ITS) system, an object controller, a
train manage center (ITMC), a data communication system
(DCS), and an intelligent vehicle on-board controller
(IVOC) provided on each of trains. The ITS system, the
TMC and the IVOC may be communicatively coupled by
the DCS, and IVOCs of different trains may be communi-
catively coupled by the DCS to achieve vehicle-vehicle
communications.

[0045] In the embodiment of the disclosure, the ITS sys-
tem is configured to: supervise the trains that are on-line,
dispatch an operation plan to the IVOCs, receive first train
operation information reported by the trains in accordance
with a predetermined period and second train operation
information sent by the TMC in accordance with the pre-
determined period, determine a following train for which a
virtual coupling operation is needed and a head train corre-
sponding to the following train, and dispatch a virtual
coupling operation instruction to the IVOC of the head train.
[0046] The virtual coupling operation as used herein may
mean that a following train runs following a head train, or
in other words, the head train leads the following train. The
following train may be a faulty train or a train that meets a
preset condition of virtual coupling operation. Each of the
first train operation information and the second train opera-
tion information may include numbers, locations, and opera-
tion statuses of the trains, and the virtual coupling operation
instruction may include a zone in which the following train
is located.

[0047] The TMC may be configured to receive the second
train operation information reported by the trains that are
on-line, in accordance with the predetermined period, and
configured to send the second train operation information to
the ITS system.

[0048] The IVOC may be configured to perform informa-
tion interaction with the ITS system, the TMC, and the
IVOCs of the others among the trains, and to report the first
train operation information to the ITS system in accordance
with the predetermined period, report the second train opera-
tion information to the TMC. When a train is determined as
the head train, the IVOC may control the train to go to the
zone in which the following train in the virtual coupling
operation instruction is located, and establish communica-
tion with the IVOC of the following train to complete a
virtual coupling for the virtual coupling operation.

[0049] With the train control system of the embodiment,
the IVOC of a train reports its operation status information
to the TMC and ITS system respectively, and the TMC sends
the received operation status information of trains to the ITS
system. ITS system can determine the following train for
which a virtual coupling operation is needed based on the
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operation information reported by the train and the operation
information of trains sent by the TMC. After determining the
following train and the head train corresponding to the
following train, the virtual coupling operation instruction
can be dispatched to the IVOC of the head train so that the
head train may travel to the zone in which the following train
is located and may lead the following train for the virtual
coupling operation. When the head train receives the virtual
coupling operation instruction dispatched by the I'TS system,
it may follow the instruction to go to the zone in which the
following train is located to perform the virtual coupling.
When the head train gets to a certain distance (e.g. 100
meters, which may be configurable) from the zone in which
the following train is located, the head train travels into the
zone at a low speed. In case of the following train has a
normal vehicle-vehicle communications function which
enables the IVOCs of the head train and the following train
to establish communication through the DCS, communica-
tion is established between the head train and the following
train to complete the virtual coupling.

[0050] For the purpose of convenient description, in the
embodiment the train that functions as the leader in virtual
coupling operation is referred to as head train, while the train
for which the virtual coupling operation is needed is referred
to as following train. In virtual coupling operation, a head
train may lead at least one following train, and in other
words, there may be a plurality of following trains.

[0051] For the train control system in accordance with the
embodiment, the following train may be a faulty train or a
train that meets the preset condition of virtual coupling
operation. If the following train is a faulty train, as it is not
necessary to send a dedicated rescue train and the head train
may lead the faulty train to travel, the faulty train may be
rapidly transferred, and efficiency and reliability of train
operation may be improved. If the following train is a train
that meets the above mentioned preset condition of virtual
coupling operation, the following train under the virtual
coupling operation does not need to communicate in real
time with the ITS system and the TMC, the cost of com-
munication resources for the following train to communicate
with other equipment of the system can be reduced and the
efficiency of train operation can be improved.

[0052] In the embodiment, when the following train is a
faulty train, the ITS system will designate a head train
corresponding to the following train. In practice, ITS system
may select a train near the faulty train as the head train to
perform the virtual coupling for rescue.

[0053] In an embodiment, the preset condition of virtual
coupling operation may include trains among more than one
adjacent trains other than the foremost train, with the more
than one adjacent trains meeting a predetermined condition
in terms of operation time and operation direction. In this
case, the ITS system may be configured to determine the
foremost train as the head train corresponding to the fol-
lowing trains among the more than one adjacent trains. That
is, among more than one adjacent trains with operation time
and operation direction meeting the predetermined condi-
tion, the foremost train in the more than one adjacent trains
will function as the head train and the other trains as
following trains, so that the head train leads the following
trains to perform the virtual coupling operation.

[0054] In an embodiment of the disclosure, the predeter-
mined condition may include that the operation time is rush
hours and the operation direction is a preset direction. In
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practice, at rush hours (e.g. 7 am to 9 am or 5 pm to 7 pm),
there is a large number of passengers in one direction of the
line and a relatively small number of passengers in the other
direction. At this time, the direction in which the number of
passengers is small can be taken as the preset direction so
that more than one adjacent trains perform a virtual coupling
operation when traveling in this preset direction.

[0055] In an embodiment, the IVOC may further include
an active recognition unit. The active recognition unit may
be configured to obtain an image in front of the train, and to
recognize a front train in front of the train according to the
obtained image. If the train is determined as the head train
and unable to establish communication with the IVOC of the
corresponding following train through the DCS system, then
after the train arrives at the zone in which the corresponding
following train is located and recognizes the following train,
the active recognition unit establishes communication with
the active recognition unit of the recognized following train
based on a preconfigured communication manner to com-
plete the virtual coupling.

[0056] The train control system of the embodiment is
provided with the active recognition unit. In case of a fault
of communication function occurs in the following train,
then after the head train arrives at the zone in which the
following train is located and recognizes the following train
through the active recognition unit, it is possible to establish
communication based on the active recognition units of the
two trains. In other words, in case that the head train and the
following train to be coupled cannot communicate based on
vehicle-vehicle communications, virtual coupling can be
performed with active recognition as a backup solution.
[0057] In an embodiment, the active recognition unit may
include, among others, an image capture module to capture
the image in front of the train, an image recognition module
to recognize if a train exists in the image based on the image
and a predetermined image recognition algorithm, a display
module (e.g. LED display) to display a result of recognition
and to display information interacted with other trains based
on the active recognition units, and a communication mod-
ule to communicate with the other trains within a commu-
nication range based on a predetermined communication
manner. The image capture module may be implemented
with a camera (e.g. binocular high-definition camera) and/or
ladar. Recognition of the front train may be achieved by the
image capture module and the image recognition module.
The head train may, after recognizing the following train
based on the active recognition unit, establishes communi-
cation through the communication module with the com-
munication module of the active recognition unit of the
following train and displays information of the interaction
between them through the display module, to complete the
virtual coupling. The specific implementation of the com-
munication module may be selected based on practical needs
and may be, for example, a data transceiver.

[0058] Inan embodiment, the head train may complete the
virtual coupling with the corresponding following train in
accordance with the virtual coupling operation instruction
by: receiving the virtual coupling operation instruction from
the ITS system, obtaining the number and zone of the
following train based on the instruction, arriving at the zone
of the following train, establishing communication with the
following train based on vehicle-vehicle communications
(communication between the IVOCs of the trains through
the DCS) or on the active recognition unit (in the predeter-
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mined communication manner between the active recogni-
tion units), and transmitting shake-hands information
between the head train and the following train in accordance
with a preconfigured communication protocol to complete
the virtual coupling. In completing the shake-hands, the
following train may send the basic information (e.g. number,
model, length, etc.) of the train to the head train, so that the
head train can confirm the information of the following train
to complete the shake-hands and the following train follows
the head train to run.

[0059] FIG. 2 shows an illustrative scene of virtual cou-
pling operation according to an embodiment of the disclo-
sure. As shown in the drawing, there are three following
trains in this embodiment. For this case, in the virtual
coupling operation instruction, the zone in which the fol-
lowing train is located corresponds to the whole area of the
3 following trains. When the head train travels to the zone
in which the following train is located, it may establish
communication with the 3 following trains respectively
through vehicle-vehicle communications or based on the
active recognition units. After the confirmation on the basic
information of the following trains, the virtual coupling with
the 3 following trains is completed and the 3 following trains
follow the head train to run.

[0060] Those skilled in the art will appreciate that the train
control system in accordance with the embodiment of the
disclosure may include other components in addition to the
ITS system, the TMC, the DCS and the IVOCs. As shown
in FIG. 1, an object controller (OC) and trackside equipment
may be included. OC may be communicatively coupled with
the ITS system by the DCS, and the OC and the IVOC may
be communicatively coupled by the DCS. The trackside
equipment may include railway crossings, axle counters,
platform screen doors (PSDs), flood gates, and emergency
stop push-buttons (EMPs). The trackside equipment and
segment may be collectively referred to as objects. The OC
may obtain object information, i.e. trackside equipment
information and segment information, and send the object
information to the ITS system and the IVOCs to support a
safety operation and control of the trains, and may control
the trackside equipment according to the trackside equip-
ment control information dispatched by the IVOCs and the
ITS system.

[0061] In an embodiment of the disclosure, the DCS is a
distributed control system for the train control system. The
DCS may include both a wired network for transmission of
communication information for ground equipment (e.g.
between the trackside equipment and the OC), and a wireless
network for vehicle-vehicle communications and vehicle-
ground communication information transmission.

[0062] In an embodiment, the DCS wireless network is
designed according to such a principle that underground
stations are based on free-wave communications while
elevated stations are based on waveguide communications,
so that a seamless switching may be ensured between
underground stations, between eclevated stations, and
between underground and elevated stations. For outdoor
free-wave wireless equipment and waveguide equipment,
after access points (APs) are arranged in accordance with a
test result of field strength, optical cables for each AP may
be connected to a corresponding equipment center station,
and power cables may be connected nearby to an equipment
center station or non-equipment center station. Wireless
free-wave and waveguide network equipment may be pro-
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vided at a train head and a train tail, including an antenna for
wireless receipt and an antenna for waveguide receipt. The
wireless network equipment at the head and tail may belong
to two independent wireless networks separately so that
even if a fault occurs in either of the networks, the system
can still operate normally.

[0063] Asis shown in FIG. 1, the train control system may
be divided into three layers: a center layer, a trackside layer,
and an on-board layer, depending on logical functions and
the locations of arrangement.

[0064] The center layer may include the ITS system and
the TMC. It is possible to provide a single ITS system and
a single TMC. The ITS system communicates with the
TMC, the DCS and the IVOCs of all the trains, performs
supervision, control and maintenance on the train working,
vehicles, electromechanical equipment and power equip-
ment, and performs emergency handling (e.g. by scheduling
the trains to perform a virtual coupling operation so that a
head train rescues a faulty train or leads trains that meet the
condition of virtual coupling operation) in case of accidents.
The ITS system also dispatches the operation plan to on-
board equipment (i.e. IVOC), and receives train status
information reported by the IVOC of each of the trains (i.e.
the first train operation information). The ITS system also
generates and sends to the IVOCs train operation control
information based on the trackside information, the segment
information and the train status information, and obtains
speed limit information for the lines and sends it to the TMC.
[0065] The TMC manages line data and configuration
data, and has such functions as dispatching a temporary
speed limit. The TMC receives the second train operation
information reported by each of the trains and sends the
second train operation information to the ITS system. The
TMC may have the following specific functions.

[0066] (1)the TMC may serve as a centralized data source
to store electronic map for operation lines, system configu-
ration data, protocol configuration data, IP configuration
table for equipment, and dynamic data of temporary speed
limit, and to verify the data with the trains on-line and in real
time.

[0067] (2) The TMC may perform bi-directional commu-
nication with the ITS system through DCS backbone net-
works to obtain the ITS system’s adjustment on the opera-
tion speed limit and upload to the ITS system the temporary
speed limit that has been set/canceled to inform scheduling
staff’ of the speed limit information currently valid in the
system.

[0068] (3) The TMC may perform bi-directional commu-
nication with all the on-line trains through DCS backbone
networks to receive location information of the trains and
send to the ITS system for display on a display interface of
the ITS system.

[0069] (4) The TMC may perform bi-directional commu-
nication with all the on-line trains through DCS backbone
networks to receive requests from the trains to update the
trains of the temporary speed limit information for travelling
control of the trains.

[0070] The trackside layer does not have signaling equip-
ment. An object controller (OC) is provided at each station.
OC is the core of ground equipment in the train control
system and implements collection and control of status of
trackside objects (including railroad crossing, PSD, EMP,
etc.). OC performs bi-directional communication with the
IVOC of a train and with the ITS system through wireless
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communication or DCS backbone networks, to provide the
IVOC and the ITS system with the collected trackside object
status, receive and respond to trackside object resource
control commands from the IVOC and the ITS system,
assign permissions to the trackside objects within its control,
and control the trackside objects (e.g. railroad crossing,
PSD) based on the commands and the assignment of per-
missions.

[0071] Compared with conventional CBTC systems, the
train control system of the embodiment may greatly reduce
ground equipment and trackside equipment, e.g. zone con-
troller (ZC), computer interlocking (CI), signal machine,
active responder, among others. It is possible to only provide
an OC at each station to control such devices as railroad
crossing, PSD and EMP.

[0072] The on-board layer mainly includes the IVOCs of
trains. As the core of vehicle-vehicle communications, an
IVOC may implement speed measurement of the train
through a device such as radar or speed sensor, autonomous
positioning of the train through satellite, ground responder,
speed integral, etc., integrity self-check through continuous
lines, and bi-directional communication between trains, or
between the train and the ground in real time through
wireless communication. Further, it may obtain such infor-
mation as the location and driving mode of a front train by
communicating with the front train, receive status informa-
tion of e.g. railroad crossing, PSD, EMP, through vehicle-
ground communication, calculate a movement authority
(MA)/allowed operation speed and brake intervention curve
for the train itself, and output a traction or braking to control
the train’s movement, in order to implement a moving block
operation control to ensure a safe operation of the train. In
addition, if a passive responder is arrange trackside, the train
when traveling by the responder may receive a responder
message induced by the responder to implement such func-
tions as initial positioning and location correction of the
train.

[0073] In an embodiment, the IVOC may include an
intelligent train protection (ITP) subsystem for safety of the
train. The ITP subsystem may obtain and send operation
information of the train to the ITS system, generate a
traveling path based on the trackside equipment information
and segment information, and perform traveling control
based on the traveling path. The IVOC may include an
intelligent train operation (ITO) subsystem for achieving
automatic traveling of the train to enable a driverless driving
of the train on an automatic driving line under control of the
ITP subsystem. The IVOC may include speed sensors to
achieve speed measurement and/or range measurement of
the train. For example, the train may be provided with two
speed sensors at each end respectively. The IVOC may also
include a Doppler radar speed sensor to achieve correction
on the speed measurement. The IVOC may be provided with
a balise transmission module (BTM) at each end to receive
the responder message from the ground responder. The
IVOC may be provided with a man-machine interface
(MMI) module, which may include an MMI display, in the
driver cab at each end of the train to provide prompt and
warning to the driver. The IVOC may include a wireless
communication module and antennas for vehicle-vehicle
communication and vehicle-ground communication. For
example, a vehicle-ground communication antenna may be
provided at each end of the train. The IVOC may include
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other auxiliary equipment and components, for example
structural elements equipped with MMI and buttons.
[0074] When a train is traveling on-line, the IVOC of the
train may communicate with an OC within a zone in front of
the train to obtain the information in the OC, e.g. list of
IVOCs, list of axle counters and list of railroad crossings.
The IVOC may query an electronic map of lines based on
the number of the next stop zone in the operation plan and
perform a path planning based on the obtained list of IVOCs,
logical segment status in the list of axle counters, and the list
of railroad crossings.

[0075] The list of IVOC:s is a list storing ID information of
all the trains that are in communication with the OC. The
IVOC of a train obtains the train IDs of all the trains that are
currently in communication with the OC from the list of
IVOCs, and sends communication request information to the
IVOCs of the trains corresponding to the train IDs. The
IVOCs of the trains receive the communication request
information, and establish communication with the above
train to send their respective current locations. The IVOC of
the train sorts the trains based on the logical segments
corresponding to the current locations of those trains,
matches the first occupied zone in front of the train and the
sorted result of the trains to identify an immediately pre-
ceding train, and calculates a safe location of the train based
on the location of the immediately preceding train. The
IVOC of the train identifies the target railroad crossings
based on the result of path planning, and determines if the
target railroad crossings need to be switched based on the
current status of the target railroad crossings. If a railroad
crossing need to be switched, information of applying for an
exclusive lock of the railroad crossing is sent to the OC. If
the railroad crossing is free, the OC will send information of
success in applying for the exclusive lock of the railroad
crossing to the IVOC. The IVOC of the train may then
autonomously calculate the MA for the train based on lock
result of the railroad crossings, logical segment status,
location of tail of the preceding train, current location of the
ego train, speed limit in the segment, and slope information
of the line, etc.

[0076] In an embodiment, the IVOC may send virtual
coupling complete information and newly marshalled train
information to the ITS system after the virtual coupling is
completed between the head train and the vehicle train. The
newly marshalled train information may include the number
of the head train, the number of the following train, and the
length of the marshalled train. After receiving the virtual
coupling complete information and newly marshalled train
information, the ITS system may send to the OC an object
resource release instruction for the following train in the
newly marshalled train information to cancel the number of
the following train in the newly marshalled train informa-
tion. The OC may release the object resource occupied by
the corresponding following train according to the received
object resource release instruction.

[0077] After communication is established between the
head train and the following train based on vehicle-vehicle
communications or active recognition units and the virtual
coupling is completed, the IVOC of the head train may
report the information of virtual coupling complete to the
ITS system. The ITS system may cancel the number of the
following train and dispatch to the OC the object resource
release instruction for the corresponding following train.
The OC may release the object resource that is controlled
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(i.e. occupied by application) by the following train so that
other trains may apply for use of the corresponding object
resource and the usage of system resources may be
improved. In a train control system, in order to ensure safety
in operation of trains, if communication between an OC and
a train is interrupted with the object resource having not
been released yet, the object resource that the train has
applied for cannot be released, unless the communication is
recovered or the train is successfully in virtual coupling.
[0078] In an embodiment, when the first train operation
information or the second train operation information indi-
cates existence of a train in a faulty operation status, the ITS
system may determine the train in the faulty operation status
as a faulty train. The ITS system may determine the zone in
which the faulty train is located, based on the first train
operation information or the second train operation infor-
mation.

[0079] IVOC of a train will report the operation informa-
tion of the train, including the status of the train, to the ITS
system and the TMC in accordance with the predetermined
period. When the train is in a faulty operation status, the
IVOC of the train may actively report to the ITS system or
the TMC that a fault occurs in the train and rescue is
requested. Therefore, the ITS system may identify a faulty
train based on the first train operation information reported
by the IVOC and the second train operation information sent
by the TMC, and determine the zone in which the faulty train
is located based on the train operation information reported
by the faulty train. After determining the faulty train and its
zone, the ITS system may designate a head train which is in
a near location to the faulty train to perform virtual coupling
with the faulty train, and the head train may follow the
instruction of the ITS system to bring the faulty train to a
turnout or back to a station.

[0080] In an embodiment, when operation information of
a train exists in neither of the first train operation informa-
tion and the second train operation information, the ITS
system may determine, as a faulty train, the train corre-
sponding to the operation information that exists in neither
of the first train operation information and the second train
operation information. In this case, the ITS system may
further determine the zone in which the faulty train is located
based on the first train operation information reported by the
faulty train last time and the second train operation infor-
mation.

[0081] Ifneither the ITS system nor the TMC receives the
operation information reported by a train, there will be a
high likelihood that a fault occurs in the train. The ITS
system may determine the corresponding train as a faulty
train and determine the zone in which the faulty train is
located based on the first train operation information
reported by the faulty train last time and the second train
operation information.

[0082] In an embodiment, each time a train leaves a
station, the IVOC may report the number and the time of
leave of the train to the ITS system. The ITS system may
receive the number and the time of leave of the train reported
each time the train leaves a station, and if the number and the
time of leave are not received from the train at a next station
within a set period from the time of report at a current
station, the ITS system may determine that the train, for
which the number and the time of leave are not received at
the next station, is located between the current station and
the next station.



US 2019/0111953 Al

[0083] In a train control system, when a train travels into
a station region (each station has a predefined station
region), the IVOC of the train needs to communicate with
the ITS system to receive information such as operation plan
and temporary speed limit. Typically a temporary speed
limit is dispatched by the ITS system to the on-board
equipment only when the train communicates with the ITS
system and a previous operation task has been finished. The
IVOC of a train may receive information dispatched by the
ITS system or send information to the ITS system through
multi-hop communication on emergency (faulty train, tem-
porary speed limit dispatched, etc.) The ITS system is to
record the number and the time of leave of a train leaving
each station, and if no communication is established at the
next station between the train and the ITS system within the
specified time, it is determined that there is a faulty train
between the two stations. If the ITS system is informed of
or determines the zone in which the faulty train is located,
it is possible to specify a normal train to perform the virtual
coupling for rescue automatically or by scheduling staff
manually.

[0084] In practice, if normal communication cannot be
established between the IVOC and the ITS system within a
station region, the train may travel to the next station in
accordance with the original plan. This is because the ITS
system dispatches operation plans taking redundancy into
account and dispatches an operation plan for two stations
each time.

[0085] In an embodiment, each time a train travels to a
station region, the IVOC may establish communication with
the OC corresponding to the station region. When establish-
ing communication with the train entering the station region
is failed, the OC may report to the ITS system that a faulty
train is in the station region.

[0086] That is, the ITS system may determine, based on
the information reported by the OC, the faulty train whose
zone is in the station region corresponding to the OC. When
a train travels to a station region, the IVOC of'the train needs
to establish communication with the OC to send object
control commands to the OC. Ifin the station region, normal
communication cannot be established between the IVOC
and the OC, the train is not allowed to go on travelling until
the communication is recovered, a virtual coupling is suc-
cessful, or manual intervention is introduced.

[0087] In an embodiment, the TMC may further identify a
location-uncertain train based on the received second train
operation information, calculate the zone in which the
location-uncertain train is located based on the second train
operation information that the location-uncertain train
reported last time, and send to the ITS system the zone in
which the location-uncertain train is located. The location-
uncertain train may include a train, the second train opera-
tion information currently reported by which is abnormal.
The ITS system may determine a fault train among location-
uncertain trains, based on the zone in which the locations
uncertain trains are located and on the first train operation
information.

[0088] If the TMC receives abnormal second train opera-
tion information reported by a train (a location-uncertain
train) and the ITS system does not receive the first train
operation information for the corresponding train, there is a
high likelihood that a fault occurs in the train, and the ITS
system determines the corresponding train as a faulty train.
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[0089] When the TMC receives abnormal second train
operation information, the train corresponding to the abnor-
mal second train operation information is identified as a
location-uncertain train. The TMC calculates the zone in
which the location-uncertain train is located based on the
second train operation information that the location-uncer-
tain train reported last time (as the valid operation informa-
tion received last time is normal operation information), and
sends to the ITS system the calculated zone in which the
location-uncertain train is located. The ITS system can
identify a faulty train in location-uncertain trains, based on
the zone in which the location-uncertain train is located that
the TMC sent and the first train operation information for the
location-uncertain train.

[0090] Inan embodiment, the train the second train opera-
tion information currently reported by which is abnormal
may include: the train for which no reported second train
operation information is received within a set period; the
train for which a jump occurs in its train speed; the train for
which the reported current location information is the same
as the location information reported last time; or the train
that loses location degradation. The set period is not shorter
than the predetermined period, and may be configured as an
integer multiple of the predetermined period. In practice,
other types of location-uncertain trains may also be set; in
other words, the location-uncertain trains may be deter-
mined through predetermined screening conditions.

[0091] In the embodiment of the disclosure, location-
uncertain train refers to such a train that does not report its
valid location to the TMC, and may be the above mentioned
train the train operation information currently reported by
which is abnormal or a train that is not operating as planned.
Situations for location-uncertain trains may be classified as:
(1) a communication fault occurs between the train and the
TMC (i.e. no reported second train operation information for
the train is received within a set period); (2) the train reports
its location which is invalid (i.e. a jump occurs in the train
speed, or the train reports current location information
which is the same as the location information it reported last
time); and (3) the train reports that it loses location degra-
dation (i.e. loss of location degradation occurs for the train).

[0092] In practice, different measures may be taken for the
different situations above. For example, the location-uncer-
tain train may continue its running (including going forward
with a continued running or backward with an emergency
braking), and the possible zone in which the train may be
located may be calculated based on the maximum speed (the
maximum speed limit as permitted) of the train. Alterna-
tively, the location-uncertain train may apply an emergency
braking, and the possible zone in which the train may be
located may be calculated based on the emergency braking.
The measures are configurable, and the IVOC on-board and
the TMC may handle corresponding situations in accordance
with the configurations.

[0093] In normal cases the TMC communicates with all
the trains to obtain in real time the locations of the trains and
report the locations of the trains to the ITS system. When the
TMC cannot obtain the location information of a train or the
train cannot report its own valid location to the TMC, the
TMC treats this train as a location-uncertain train, calculates
a possible zone in which the train may be located based on
data of lines, performance data of the train, and the valid
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status data the train reported last time (valid operation
information), and sends the possible zone to the ITS system
and the other trains on-line.

[0094] In an embodiment, for the three types of location-
uncertain trains, the TMC may calculate the locations for the
location-uncertain trains in the following three manners.

[0095] If the TMC does not receive valid operation infor-
mation reported by an on-line train within the preset period
(e.g. five times the predetermined period), it is determined
that a communication faults has occurred with the train, and
the status of the train is changed to location-uncertain train.
Based on the received valid operation information that the
train reported last time and the trackside object status
information for the zone of the train, the possible zone in
which the location-uncertain train may be located may be
determined per the configurations as if the train run at its
maximum speed or applied an emergency braking.

[0096] If the TMC determines that an on-line train has
reported an invalid location, the status of the train is changed
to location-uncertain train. Based on the received valid
operation information last time and the trackside object
status information for the zone of the train, the TMC
calculates the possible zone in which the location-uncertain
train may be located, per the configurations as if the train run
at its maximum speed or applied an emergency braking.

[0097] Ifthe TMC receives information of an on-line train
losing location degradation, the status of the train is changed
to location-uncertain train. Based on the received valid
operation information last time and the trackside object
status information for the zone of the train, the possible zone
in which the location-uncertain train may be located may be
calculated as if the train applied an emergency braking.
TMC can obtain the IDs, statuses (speed, direction, etc.) and
location information for all the on-line trains, and all the
trackside object resource information reported by the OCs,
and can derive the zone in which a train may be located
according to kinematic equations when the train is deter-
mined as a location-uncertain train. Other factors, for
example a safety profile and a braking distance upon emer-
gency braking, may be taken into consideration when mak-
ing the derivation.

[0098] In an embodiment, the TMC may calculate the
zone in which the location-uncertain train is located based
on a possible running status of the location-uncertain train
and the second train operation information the location-
uncertain train reported last time, wherein the running status
may include continued running or emergency braking.

[0099] A location-uncertain train has a possible zone var-
ies with its running status. Therefore the zone in which a
location-uncertain train may be located may be calculated
depending on its running status.

[0100] Inanembodiment, ifthe possible running status for
a location-uncertain train is continued running, the TMC
may determine a forward farthest distance s, of the
location-uncertain train from a train location in the second
train operation information d,, .., reported last time, based
on a maximum speed limit of the train v , . ....» @ maximum
traction acceleration of the train a,,,,per0ns @ train speed in
the second train operation information reported last time v,
and a time difference from reporting the second train opera-
tion information last time t,,,,;, determine a reverse farthest
distance s of the location-uncertain train, based on

reverse
V.

an emergency braking acceleration of the train

maxspeed>
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Apmergencys Vo and t,,,,;, and determine the zone in which the
location-uncertain train is located based on d;,.i0ms Sorvaras
and SVZ\/’ZVSZ'

[0101] FIG. 3 is a schematic showing a location-uncertain
train when the location-uncertain train goes forward with a
continued running or backward with an emergency braking,
according to an embodiment of the disclosure. In the draw-
ing, the speed variation of the train is shown on the vertical
axis, and the location of the train is shown on the horizontal
axis. The train B in the drawing is the train immediately
preceding to the location-uncertain train. As shown in FIG.
3, in case of forward continued running, sg,,.,,,, may be
obtained by the following equations:

1 = (Vmaxspeed = V0) [ Gmaxtraction

1
_ 2
S forwardl = VoIl + Eamaxrracrion[ 1

S forward2 = Vmauspeed Tioral = 11)

[0102] Wheret, indicates the period the location-uncertain
train takes to accelerate from v, 10 V,,,,..cem Sporwarar 15 the
distance the location-uncertain train travels within the period
t, and s, 15 the distance the location-uncertain train
travels after it has accelerated to v

maxspeed®

Therefore, Somuurd™S forward 1S forward2s

_ 2
S forward™ Ymaxspeedtiorar VmaxspeedV0) 12U maxraction:

[0103] It is possible that the train may change its direction
to run in the reverse direction. Taking into consideration the
safety requirement for the train’s reverse running after
emergency braking, s may be obtained by the follow-
ing equations.

reverse

2
Sreversed = V5 [ 20emergency

— 2
Sreversel = Vinaxspeed | 20maxiraction

Sreverse? = Viaxspeed (Trotal = Vmaxspeed | Gmaxtraction = V0 | Qemergency)

[0104] Where s,.,,,..o 15 the distance the location-uncer-
tain train travels after the emergency braking, s,.,.,..; is the
distance the location-uncertain train travels from its reverse
running to the time its speed has reached v, ... and
S,eversea 18 the distance the location-uncertain train travels
after its speed of reverse running has reached v

maxspeed®
Therefore, yeverse=Sreverse 0~ Sreversel=Sreversea» A0
- 2/ 2
Sreverse=VmaxspeedtonlVmaxspeed  2maxpaciion¥o” 2/
AemergencyTVoVmaxspeed' Qemergency
[0105] After calculating sg,,,,,,; a0d S,.,,,., the zone in

which the location-uncertain train may be located (the
possible zone in FIG. 3) can be obtained based on d,
Sforward and Sreverse @5:

[0106] [dlocat'[on_Sreverse_dsafei dlocat'[on+sforward+dsafe]s
where d,,,, is a predetermined safe distance between trains.
[0107] The “forward” and “reverse” as used in the
embodiment are used with reference to the operation direc-
tion in the second train operation information that the
location-uncertain train reported last time. The forward
direction is the direction same as the operation direction, and
the reverse direction is the direction opposed to the opera-

ocation?
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tion direction. The above range [dy, ..i0n=Severse=Gsaes dio-
cation+S g+, ] indicates that if the location-uncertain
train makes continued running, its location from a train
location in the second train operation information reported
last time is at the farthest s,,, ., +d,,, in the reverse direc-
tion, and at the farthest s, ., +d,, in the forward direc-
tion.

[0108] FIG. 4 is a schematic showing a location-uncertain
train when its running status is emergency braking according
to an embodiment of the disclosure. Train A and train C in
the drawing are the trains immediately preceding and the
immediately succeeding the location-uncertain train respec-
tively. In this case, the zone in which the location-uncertain
train is located (the possible zone in FIG. 4) may be
determined as:

[diocation=DmaxrecedeAsaer Viocation™SforwardmravertGsage]

[0109] Where d,,_,,;,, is the train location in the second
train operation information that the location-uncertain train
reported last time, d,,,,.....s. 15 @ predetermined tolerable
maximum receding distance, d,,, is a predetermined safe
distance between trains, S, .4, isaver 15 the sum of a distance
the train travels during a predetermined period for commu-
nication fault determination and a distance the train travels
after the emergency braking.

[0110] For emergency braking applied by a location-un-
certain train, the train may possibly accelerate during the
period for communication fault determination, and apply the
emergency braking after the communication fault determi-
nation, and the traveling distances in the two part may be
taken into consideration:

V1 = Vo + Gmaxractionlo

_ 2
S forwardl, = Vol + 5 taxaracionly and
v
S forward2 = . +av +
3

S forward = S forwardl S forward2 -

_ 2
Therefore, Sfomamgmvel*"ol 1+ (U2 axractionts” +(Vo+
Aaxtraciiont]) /A3t OVt Qaxmractiont 1)HB-

[0111] Where v, is a train speed in the second train
operation information that the location-uncertain train
reported last time, to is the period for communication fault
determination, v, is the speed that the train has accelerated
to before the communication fault is determined, a,,, ,....,crion
is a maximum traction acceleration of the train, a, is the sum
of the emergency braking acceleration of the train and a
slope-produced acceleration, . is a predetermined first coef-
ficient, and § is a predetermined second coefficient. In
practice the period for communication fault determination
can be configured depending on the application scenarios,
for example configured to 1 second.

[0112] In an embodiment, if the following train is a faulty
train whose running status is emergency braking, the virtual
coupling operation instruction the I'TS system dispatches to
the IVOC of the head train may further include an exit path
for virtual coupling operating train. The IVOC may operate
according to the exit path after a successful virtual coupling
of a train as the head train and a corresponding following
train.
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[0113] When a train is designated as a head train, the
IVOC of the head train leads the faulty train to run according
to the exit path in the virtual coupling operation instruction
so that the faulty train will go back to station or move to a
turnout to achieve a timely transfer of the faulty train.
[0114] In an embodiment, the ITS system may further
send the exit path to the TMC, and the TMC may add the exit
path to the zone in which the corresponding faulty train is
located and send the zone after the addition to the ITS
system and the IVOCs of the trains that are not faulty.
[0115] In the embodiment, the TMC may send to the ITS
system the location information for all the trains (valid
second train operation information) and the zone in which a
location-uncertain train is located, so that the ITS system
may dynamically display the locations or zones for the trains
on an electronic map in real time. After the ITS system
determines a faulty train, or further dispatches the exit path,
the TMC may further send the zone in which the faulty train
is located, or the zone in which the faulty train is located and
on which the exit path is combined, to the IVOCs of the
non-faulty trains. A train may select a path on which no
faulty train exists to travel if it determines that the faulty
train is on the expected path. A train may also operate at a
low speed and in the active recognition mode if it determines
that it is currently in or near the zone in which the faulty train
is located.

[0116] In the embodiment, the faulty train whose running
status is emergency braking is in the zone of [d,...0n—
d —Usafes dlocation+Sforwardtravel+dsafe]' We denote d,,-
cation=U,, o xrecede™Ysafe as  Spocationls and dlocat'[on+sfor’
wardtravel'l'dsafe as S, urnonz: Ad TMC may add the exit path
to the zone for the faulty train, resulting in a zone of

maxrecede

[min(S 6 pri0m1 5 dexitpathendmg)s R (N dexitpathending)]'
[0117] Where d_.,,,.sonaimg 15 @ distance between the end-
ing of the exit path and the location of train in the second
train operation information reported last time. In other
words, the distance of the location-uncertain train from the
location of train in the second train operation information
reported last time, at the farthest, is the minimum of's,, ., ..,
and .0 menaing 10 the reverse direction, and is the maxi-
mum of 8y, 40,2 304 Aoy tonaimg 10 the forward direction.
[0118] In an embodiment, when the zone in which the
location-uncertain train is located includes a railroad cross-
ing, the TMC may re-calculate the zone in which the
location-uncertain train is located according to both statuses
of the railroad crossing, and combine the zones calculated
for the statuses as the zone in which the location-uncertain
train is located. The statuses of the railroad crossing include
forward and reverse.

[0119] In practical operation, there are railroad crossings
on the lines. A train will travel in different paths when a
railroad crossing is in different statuses. After calculating for
the first time the zone in which the location-uncertain train
is located based on the possible running status of the
location-uncertain train and the second train operation infor-
mation reported last time, if there is any railroad crossing in
the calculated zone, it is possible to calculate a zone for each
of the statuses of the railroad crossing, and combine the
zones for both statuses to use the combined zone as the zone
in which the location-uncertain train is located. In this way
it is possible to ensure that the obtained zone for the
location-uncertain train include all the possible zones for the
train. The calculation of the zones for the statuses may be
made in the same way as the first calculation.
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[0120] The zone the TMC calculates in the above manner
is a possible zone for the location-uncertain train and may be
inaccurate but contain errors. In order to improve the accu-
racy of positioning a location-uncertain train, the TMC may
correct the above zone based on various location correction
information after preliminarily calculating the zone for the
location-uncertain train.

[0121] In an embodiment, the TMC may correct the zone
in which the location-uncertain train is located based on at
least one of location correction information and send to the
ITS system the corrected zone in which the location-uncer-
tain train is located. The location correction information may
include: location information for the train immediately pre-
ceding the location-uncertain train, location information for
the train immediately succeeding the location-uncertain
train, location information for other trains that are on-line,
trackside equipment status information reported by the OC,
and line termination of the operation lines.

[0122] TMC can obtain the operation information for all
the trains. Therefore, if a location-uncertain train and
another train has a relation of coupling to the front or to the
rear, it is possible to correct the zone for the location-
uncertain train by using the location information of the
preceding and/or succeeding train of the location-uncertain
train. The zone for the location-uncertain train cannot
exceed the location of its preceding train in the forward
direction and cannot exceed the location of its succeeding
train in the reverse direction. Likewise, the zone for the
location-uncertain train cannot skip another communicated
train. Therefore the TMC may correct the boundaries of the
zone in which the location-uncertain train is located based
on the location of a communicated train. When the zone
overlaps the location of the communicated train, the bound-
ary of the zone for the location-uncertain train may be
corrected to recede a safety distance from the location of the
communication train. The safety distance may be an active
recognition distance for the active recognition unit, or a
predetermined distance.

[0123] Since the zone in which the location-uncertain train
cannot exceed the line termination, the TMC can correct the
zone in which the location-uncertain train is located based
on information of line termination.

[0124] Trackside objects are track equipment and seg-
ments on the operation lines for trains, and their locations
are fixed on the lines. Therefore, the trackside object status
information that trackside objects report to the OC is accu-
rate, and the calculated zone that covers a relatively large
range may be corrected based on the trackside object status
information to improve the positioning accuracy of the zone.
For example, trackside equipment may be axle counters
and/or railroad crossings. When a train is passing by, an axle
counter may report to the OC and hence the zone may be
corrected based on the train operation information reported
by all the axle counters within the zone. If the railroad
crossing in front of the location of train in the valid first
location information that a location-uncertain train reports
for the first time has a status of four-throw, the zone can be
determined to be in front of the railroad crossing.

[0125] In an embodiment, the TMC may correct the zone
in which the following train is located, based on a front train
recognition result from an active recognition unit of an
on-line train other than the following train.

[0126] When the IVOC of a train includes an active
recognition result, if another train can recognize the loca-
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tion-uncertain train and its number (which may be on an
LED display or printed on the train body) based on its active
recognition unit, the TMC can correct the zone in which the
following train is located based on the active recognition
information from another train.

[0127] In an embodiment, the TMC may obtain a train
entrance information reported to the OC by an axle counter
for main line entrance, determine the zone in which the
entering train is located according to the location of the axle
counter for main line entrance that reports the train entrance
information, and send to the ITS system the zone in which
the entering train is located. The ITS system may determine
an unscheduled train that has entered the main line for
operation, based on the operation plan for the trains and the
zone in which the entering train is located sent by the TMC,
and determine the unscheduled train as a faulty train.

[0128] When a train enters the main line for operation, the
axle counter for the main line entrance may notify the
corresponding OC of the train’s entrance, and the OC may
send the train entrance information and the location of the
axle counter for the main line to the TMC. The TMC may
determine the zone in which the entering train may be
located based on the information sent by the OC, and send
the zone to the ITS system. The ITS system can then
determine the unscheduled train (the train that is not in the
operation plan) among entering trains based on the operation
plan.

[0129] In the embodiment, the zone in which the entering
train is located is:

[4, d, +V s imidtdsare]s
[0130] Where d_,,,, ... 15 the location of the axle counter

for main line entrance that reports the train entrance, Vg,
speediimiz 18 the maximum speed limit of the train under a
restricted manual-drive (RM) mode, t is the period so far
from the entering train pressed on the axle counter for main
line entrance, and d,,, is a predetermined safe distance
between trains.

[0131] In an embodiment, when there is more than one
location-uncertain trains on a same operation line, if the
zones in which adjacent location-uncertain trains are located
overlap, or if a distance between the zones in which adjacent
location-uncertain trains are located is less than a predeter-
mined distance, the TMC may combine the zones in which
the adjacent location-uncertain trains are located, use the
combined zone as a zone in which the adjacent location-
uncertain trains are located, and send the adjacent location-
uncertain trains and the combined zone to the ITS system.

[0132] If there are a plurality of location-uncertain trains
on a line and a plurality of separate zones, the zones for the
location-uncertain trains may in some cases be combined to
indicate to scheduling staff that a plurality of location-
uncertain trains are on the corresponding line and there is a
possibility of collision in the zone. Upon receiving the
adjacent location-uncertain trains and the combined zone
sent from the TMC, if it is determined that the location-
uncertain trains include a faulty train, the ITS system may
warn the scheduling staff’ and block the combined zone, in
addition to specify a head train for rescue.

[0133] In an embodiment, when a train is determined as a
faulty train and then the first train operation information or
the second train operation information is received indicating
that the faulty train is in a normal operation status, the ITS
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system may cancel the determination of the train as the
faulty train and the corresponding virtual coupling operation
instruction.

[0134] Faulty trains as determined are not necessarily
fault, and report of operation information may be abnormal
due to a temporary communication fault or other reasons.
The ITS system may cancel a preliminary determination that
a train is faulty and the corresponding virtual coupling
operation instruction, based on the first train operation
information or the second train operation information that is
received in real time and that indicates a normal operation
status.

[0135] In practice, different colors and marks may be used
to distinguish between different kinds of trains (normal,
faulty, location-uncertain, etc.), and the zone in which a
plurality of location-uncertain trains may be located may be
highlighted to prompt the scheduling staff the possibility of
train collision. The TMC may send the zone in which a
location-uncertain train (and faulty train) is located to other
trains running on-line, so that the trains may each select a
path on which no faulty train exists to travel if it determines
that the faulty train is on the expected path, or operate at a
low speed and in the active recognition mode if it determines
that it is currently in or near the zone in which the faulty train
is located.

[0136] The ITS system may send the information of
canceling the faulty train determination to the TMC. When
the faulty train travels to a specified spot in accordance with
the exit path dispatched by the ITS system to exit operation,
the driver could report to the scheduling staff and the
scheduling staff may send confirmation information to the
TMC. If the TMC receives the information of canceling the
faulty train determination, or receives the confirmation
information from the scheduling staff, or receives informa-
tion indicating a normal train operation status for a train after
the train is determined as location-uncertain, the TMC may
automatically delete the zones in which the train correspond-
ing to such information is located, i.e. inform the other trains
that the zone has become normal and the restriction for the
zone is canceled. Therefore the restriction on the other trains
for the zone may be timely canceled and operation efficiency
may be improved.

[0137] FIG. 5 is a flowchart showing the TMC determines
a location-uncertain train, preliminarily calculates the zone
in which the location-uncertain train is located, and per-
forms correction and combination to the preliminarily cal-
culated zone according to an embodiment of the disclosure.
As is shown, in the embodiment, after determining a loca-
tion-uncertain train based on the situations of the three types
of location-uncertain trains, the TMC may correct the zone
in which the location-uncertain train is located based on
locations of the trains preceding and/or succeeding the
location-uncertain train, active recognition information of
the succeeding train, locations of other communicated trains,
trackside object information obtained by communication
with OCs, axle counter information, and line termination,
among others. That is, the zone is screened according to the
various correction information to obtain a corrected zone.
The TMC may further determine if a zone combination is to
be made based on the information on the corrected zones for
all the location-uncertain trains, to obtain a final zone in
which the location-uncertain trains are located.

[0138] The train control system as provided herein can
reduce ground equipment and trackside equipment (includ-
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ing ZC, CI, signal machine, track circuit, active responder,
etc.) yet still providing the functions of conventional subway
systems. A train may calculate a movement authority
autonomously based on an operation plan, situation of line
resources and its own operation status, to ensure an autono-
mous safety control of the train on the line. With front and
rear safety distances to a train, two adjacent moving block
zones may proceed simultaneously at a small separation, so
that the trains may operate at allowed maximum speed and
small interval and operation efficiency may be improved.
When a train cannot report a valid location of its own, the
TMC may calculate the possible zone for the train and
prompt the scheduling staff, and other trains may change the
path to bypass the location-uncertain train. When a faulty
train is on the main line, the ITS system may specity a
nearby train for rescue, and in case the faulty train does not
have a fault in its traction and brake system, it is possible to
perform a virtual coupling through vehicle-vehicle commu-
nications or in an active recognition manner to lead the
faulty train out of the faulty segment. The system can have
lower costs in construction and maintenance, reduced inter-
mediaries, improved performance, less complexity, higher
reliability and shortened operation interval.

[0139] It will be appreciated that the disclosure is not
limited to the exact construction that has been described
above and illustrated in the accompanying drawings, and
that various modifications and changes can be made without
departing from the scope thereof. It is intended that the
scope of the disclosure only be limited by the appended
claims and their equivalents.

What is claimed is:

1. An urban rail transit (URT) train control system based
on vehicle-vehicle communications, comprising an intelli-
gent train supervision (ITS) system, a train manage center
(TMC), a data communication system (DCS), and an intel-
ligent vehicle on-board controller (IVOC) provided on each
of trains, the ITS system, the TMC and the IVOC being
communicatively coupled by the DCS, and IVOCs of the
trains being communicatively coupled by the DCS,

wherein the ITS system is configured to: supervise the

trains that are on-line, dispatch an operation plan to the
IVOCs, receive first train operation information
reported by the trains in accordance with a predeter-
mined period and second train operation information
sent by the TMC in accordance with the predetermined
period, determine a following train for which a virtual
coupling operation is needed and a head train corre-
sponding to the following train, and dispatch a virtual
coupling operation instruction to the IVOC of the head
train;

wherein the virtual coupling operation means that the

following train runs following the head train, the fol-
lowing train includes a faulty train and a train that
meets a preset condition of virtual coupling operation,
each of the first train operation information and the
second train operation information comprises numbers,
locations, and operation statuses of the trains, and the
virtual coupling operation instruction comprises a zone
in which the following train is located;

wherein the TMC is configured to receive the second train

operation information reported by the trains that are
on-line in accordance with the predetermined period,
and to send the second train operation information to
the ITS system; and



US 2019/0111953 Al

wherein the IVOC is configured to: perform information
interaction with the ITS system, the TMC, and the
IVOCs of the others among the trains, report the first
train operation information to the ITS system in accor-
dance with the predetermined period, report the second
train operation information to the TMC, and control,
when a train is determined as the head train, the train
to go to the zone in which the following train in the
virtual coupling operation instruction is located, and
establish communication with the IVOC of the follow-
ing train to complete a virtual coupling for the virtual
coupling operation.
2. The train control system of claim 1, wherein the system
further comprises an object controller (OC), the OC and the
ITS system being communicatively coupled by the DCS,
and the OC and the IVOC being communicatively coupled
by the DCS,
wherein the IVOC is further configured to send, after the
virtual coupling is completed between the head train
and the vehicle train, virtual coupling complete infor-
mation and newly marshalled train information to the
ITS system, wherein the newly marshalled train infor-
mation comprises the number of the head train, the
number of the following train, and the length of the
marshalled train;
wherein the ITS system is further configured to send to the
OC, after receiving the virtual coupling complete infor-
mation and newly marshalled train information, an
object resource release instruction for the following
train in the newly marshalled train information to
cancel the number of the following train in the newly
marshalled train information, wherein the object
resource comprises a trackside equipment resource and
a segment resource; and

wherein the OC is configured to release the object
resource occupied by the corresponding following train
according to the received object resource release
instruction.

3. The train control system of claim 1,

wherein the ITS system is configured to determine, when
the first train operation information or the second train
operation information indicates existence of a train in a
faulty operation status, the train in the faulty operation
status as a faulty train; and

wherein the ITS system is further configured to determine
the zone in which the faulty train is located based on the
first train operation information or the second train
operation information.

4. The train control system of claim 1,

wherein the ITS system is configured to determine, when
operation information of a train exists in neither of the
first train operation information and the second train
operation information, the train corresponding to the
operation information as a faulty train; and

wherein the ITS system is further configured to determine
the zone in which the faulty train is located based on the
first train operation information reported by the faulty
train last time and the second train operation informa-
tion.

5. The train control system of claim 1,

wherein the IVOC is further configured to report, each
time a train leaves a station, the number and the time of
leave of the train to the ITS system; and
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wherein the ITS system is further configured to receive
the number and the time of leave of the train reported
each time the train leaves a station, and to determine, if
the number and the time of leave are not received from
the train at a next station within a set period from the
time of report at a current station, that the train, for
which the number and the time of leave are not received
at the next station, is located between the current station
and the next station.

6. The train control system of claim 2,

wherein the IVOC is further configured to establish
communication with the OC corresponding to a station
region each time a train travels to the station region;
and

the OC is further configured to report to the ITS system,
when establishing communication with the train enter-
ing the station region is failed, that a faulty train is in
the station region.

7. The train control system of claim 1, wherein

the TMC is further configured to identify a location-
uncertain train based on the received second train
operation information, to calculate the zone in which
the location-uncertain train is located based on the
second train operation information that the location-
uncertain train reported last time, and to send to the ITS
system the zone in which the location-uncertain train is
located, wherein the location-uncertain train includes a
train the second train operation information currently
reported by which is abnormal; and

the ITS system is further configured to determine a fault
train among location-uncertain trains based on the zone
in which the locations uncertain trains are located and
on the first train operation information.

8. The train control system of claim 7, wherein the train

the second train operation information currently reported by
which is abnormal includes:

the train for which no reported second train operation
information is received within a set period not shorter
than the predetermined period;

the train for which a jump occurs in its train speed;

the train for which the reported current location informa-
tion is the same as the location information reported
last time; or

the train that loses location degradation.

9. The train control system of claim 7,

wherein the ITS system is configured to determine, when
no first train operation information for the location-
uncertain train is received, the location-uncertain train
as a fault train.

10. The train control system of claim 7,

wherein the TMC is configured to calculate the zone in
which the location-uncertain train is located based on a
possible running status of the location-uncertain train
and the second train operation information the location-
uncertain train reported last time, wherein the running
status comprises continued running or emergency brak-
ing.

11. The train control system of claim 10, wherein if the

running status is continued running, the TMC is configured

determine a forward farthest distance s, of the loca-
tion-uncertain train from a train location in the second
train operation information diocation reported last time,
based on a maximum speed limit of the train v

maxspeed>
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a maximum traction acceleration of the train a,, .,
zson, @ train speed in the second train operation infor-
mation reported last time v, and a time difference from
reporting the second train operation information last
time ttotals

of the loca-

reverse

determine a reverse farthest distance s
tlon-}lncertaln tra}n, based O Vyaxspeeqs Al EMEIZENCY
braking acc.eleratlon of t.he a0 Ay Vo and Yorats
and determine the zone in which the location-uncertain
train is located based on d,..iions Sprwaras A0 S,eyppse-

12. The train control system of claim 11, wherein the zone

in which the location-uncertain train is located is determined
based on d,...si0m Sporwaras @0 8 as:

reverse

[dsocation=Sreverse=safer Yocation™Sforwaratsafels

_ 2
S forward = Ymaxspeedtiotar VmaxspeedV0) 2 maxractions
and

- 2 2
Sreverse” — vmaxspeedl totalt vmaxspeed /2 @naxtractiontVo /

28 ergency VoV maxspeed Aemergency

where d,. is a predetermined safe distance between
trains.
13. The train control system of claim 10, wherein if the
running status is emergency braking, the zone is determined
as:

[dpocarion=DmarrecedeAsaper Locarion™S fommardiravert

orels

S torwardmaver Yot (U2 maxiraciiont PVt irac
sionty )2 /A3 OV o+ roracriont 1) +Ps

where d,, ..., is the train location in the second train
operation information that the location-uncertain train
reported last time, d,,, ...z 15 @ predetermined toler-
able maximum receding distance, d,,, is a predeter-
mined safe distance between trains, sz,,..quirave; 15 the
sum of a distance the train travels during a predeter-
mined period for communication fault determination
and a distance the train travels after the emergency
braking, v, is a train speed in the second train operation
information that the location-uncertain train reported
last time, t; is the period for communication fault
determination, a,, . ;,cri0n 15 @ Maximum traction accel-
eration of the train, a; is the sum of the emergency
braking acceleration of the train and a slope-produced
acceleration, o is a predetermined first coefficient, and

P is a predetermined second coefficient.

14. The train control system of claim 10, wherein if the
following train is a train whose running status is emergency
braking, the virtual coupling operation instruction further
comprises an exit path for virtual coupling operating train;
and

the IVOC is further configured to operate according to the

exit path after a successful virtual coupling of a train as
the head train and a corresponding following train.

15. The train control system of claim 14,

wherein the ITS system is further configured to send the

exit path to the TMC; and

the TMC is further configured to add the exit path to the

zone in which the corresponding faulty train is located
and send the zone after the addition to the ITS system
and the IVOCs of the trains that are not faulty.

14
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16. The train control system of claim 7,

wherein the TMC is further configured to, when the zone
in which the location-uncertain train is located includes
a railroad crossing, re-calculate the zone in which the
location-uncertain train is located according to both
statuses of the railroad crossing, and combine the zones
calculated for the statuses as the zone in which the
location-uncertain train is located.

17. The train control system of claim 7,

wherein the TMC is further configured to correct the zone
in which the location-uncertain train is located based on
at least one of location correction information and send
to the ITS system the corrected zone in which the
location-uncertain train is located; and

wherein the location correction information comprises:
location information for the train immediately preced-
ing the location-uncertain train, location information
for the train immediately succeeding the location-
uncertain train, location information for other trains
that are on-line, trackside equipment status information
reported by the OC, and line termination of the opera-
tion lines.

18. The train control system of claim 2,

wherein the TMC is further configured to obtain a train
entrance information reported to the OC by an axle
counter for main line entrance via communicative
coupling between the DCS and the OC, obtain the zone
in which the entering train is located according to the
location of the axle counter for main line entrance that
reports the train entrance information, and send to the
ITS system the zone in which the entering train is
located; and

the ITS system is further configured to determine an
unscheduled train that has entered the main line for
operation, based on the operation plan for the trains and
the zone in which the entering train is located sent by
the TMC, and determine the unscheduled train as a
faulty train.

19. The train control system of claim 18, wherein the zone

in which the entering train is located is:

[d, d +Vra imidtdsare]s

where d,, ;... 18 the location of the axle counter for main

line entrance that reports the train entrance, Vs oo
zmie 1 the maximum speed limit of the train under a
restricted manual-drive (RM) mode, t is the period so
far from the entering train pressed on the axle counter
for main line entrance, and d,,,, is a predetermined safe
distance between trains.

20. The train control system of claim 1, wherein the IVOC

further comprises an active recognition unit configured to:

obtain an image in front of the train, and

recognize a front train according to the obtained image,

wherein if the train is determined as the head train and
unable to establish communication with the IVOC of
the corresponding following train through the DCS
system, then after the train arrives at the zone in which
the corresponding following train is located and the
following train is recognized, the active recognition
unit is configured to establish communication with the
active recognition unit of the recognized following
train based on a preconfigured communication manner
to complete the virtual coupling.

#* #* #* #* #*



