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1. 

COLLISIONAVOIDANCE METHOD, SYSTEM 
AND APPARATUS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a method, system and 
apparatus for avoiding collision between trains. 

Rail transportation in one of the most used means of Sur 
face transportation. This means of transportation is economi 
cal and can carry huge number of population. One of the 
major problems in rail transportation is the collision of trains. 
The collision of trains causes loss of human lives and damage 
to property. Generally, the types of collisions occurring are 
head-on collision and rear end collision. Both the types of 
collisions occur mainly due to human error. The error may be 
committed by the driver operating the train or by the indi 
viduals responsible for providing a clear path for the train. For 
example, to provide a clear path for the train the links con 
necting the train play a crucial role. If any wrong link is 
connected to the track at a certain point of time, it may lead to 
a collision. 
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BRIEF SUMMARY OF THE INVENTION 

It is an object of the invention to prevent collision of trains. 
The above object is achieved by a method for avoiding 

collision between trains, a computer readable media, an appa 
ratus and an System. 
The determining if the last track to be traversed by any of 

the other trains within the range and any of the tracks to be 
traversed in the list of the train receiving the last track to be 
traversed and the respective unique identification of each of 35 
the other trains are same, enable in ascertaining by a train 
whether the path of any other train within the range may 
intersect with its path. 

According to an embodiment, the generation of the list of 
tracks includes receiving information of links and to the 40 
tracks the links connect in both the directions at each of the 
trains and a list including links to be traversed by said respec 
tive said train and the direction of motion of said respective 
said train at each of said respective said trains. This enables 
the trains to form a list of tracks to be traversed by the 45 
respective trains. 

According to another embodiment, the information of 
links and to the tracks the links connect and the list including 
links to be traversed by said respective said train and the 
direction of motion of said respective said train is transmitted 
by an apparatus located at a station. This enables in providing 
the information of each of the trains within a Zone of the 
station. 

According to yet another embodiment, the method further 
comprises providing a list of all tracks and the links connect 
ing to the tracks in both the directions to each of the trains 
determining if the links to be traversed by said respective said 
train are adjacent links in the said list of all tracks and the links 
connecting to the tracks in both the directions, and providing 
an indication of a danger in order to enable action to be taken 
to prevent the collision if the links to be traversed by said 
respective train are not adjacent links in said list of all tracks 
and the links connecting to the tracks in both the directions. 
The determining if the links to be traversed by the respective 
train are adjacent links enable in ensuring that the train may 
move to the designated tracks without the possibility of any 
collision. 
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2 
According to yet another embodiment, the list of all tracks 

and the links connecting to the tracks in both the directions is 
transmitted by an apparatus located at a station. This elimi 
nates the requirement of generating the list of all tracks and 
the links connecting to the tracks in both the directions at each 
of the trains and, thus, minimizing complexity. 
The present invention is further described hereinafter with 

reference to illustrated embodiments shown in the accompa 
nying drawings, in which: 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 illustrates a system for avoiding collision between 
trains according to an embodiment herein, 

FIG. 1b in reference to FIG. 1 illustrates communication 
between two trains moving on their respective tracks and the 
station according to an embodiment herein, 

FIG. 2 illustrates an apparatus to be equipped in each of the 
trains for avoiding collision according to an embodiment 
herein, 

FIG. 3 illustrates an apparatus located at a station accord 
ing to an embodiment herein, 

FIG. 4-6 with reference to FIG. 1 through 3 illustrate a 
method for avoiding collision between trains according to the 
embodiments herein, 

FIG. 7a with reference to FIGS. 1 through 3, illustrates 
seven tracks and four trains in motion on the tracks, 

FIG. 7b illustrates a table containing the information of 
links and to the tracks the links connect for the example 
illustrated in FIG. 7a, 

FIG. 7c illustrates a table containing the list including the 
links to be traversed by each of the trains and the direction of 
motion of the trains for the example illustrated in FIG. 7a, 

FIG. 7d illustrates an example of a state table of links for 
the example of FIG. 7a, 

FIG.8a with reference to FIGS. 1 through 3, illustrates five 
tracks and two trains in motion on the tracks, 

FIG. 8b illustrates a table containing the information of 
links and to the tracks the links connect for the example 
illustrated in FIG. 8a, 

FIG. 8c illustrates a table containing the list including the 
links to be traversed by each of the trains and the direction of 
motion of the trains for the example illustrated in FIG. 8a, 

FIG. 8d illustrates an example of a state table of links for 
the example of FIG. 8a, 

FIG. 8e illustrates a table containing a list of all the tracks 
and the links connecting to the tracks in both the directions to 
each of the trains for the example of FIG. 8a, 

FIG.9a with reference to FIGS. 1 through 3, illustrates five 
tracks and two trains in motion on the tracks, 
FIG.9b illustrates an example of a state table of links for 

the example of FIG. 9a, 
FIG. 10 with reference to FIGS. 1 and 2, illustrates a track 

and two trains in motion on the track, and 
FIG. 11 depicts a representative hardware environment for 

practicing the embodiments herein. 

DESCRIPTION OF THE INVENTION 

Various embodiments are described with reference to the 
drawings, wherein like reference numerals are used to refer to 
like elements throughout. In the following description, for 
purpose of explanation, numerous specific details are set forth 
in order to provide a thorough understanding of one or more 
embodiments. It may be evident that such embodiments may 
be practiced without these specific details. 

Siemens EX1011 
Page 16 of 23



US 8,874,359 B2 
3 

FIG. 1 illustrates a system for avoiding collision between 
trains according to an embodiment herein. In the shown sys 
tem 10, trains 12, 14, 16, 18 are equipped with an apparatus 20 
each. The apparatus 20 typically comprises a transceiver and 
a processor Such that the trains may communicate with each 
overa wireless network (not shown). Each of the trains 12, 14, 
16, 18 is in motion on their respective tracks 22, 24, 26, 28 are 
within a range. Preferably, the range is determined such that 
it is greater than the distance required by the trains 12, 14, 16, 
18 to apply brakes and come to rest without colliding on 
detection of a danger. Moreover, the range may be optimized 
such that undue load on the network is avoided so that the 
information transmitted by the trains 12, 14, 16, 18 may not 
be received by trains of another route. The tracks 22, 24, 26. 
28 are interconnected by links 23, 25, 27. The trains 12, 14, 
16, 18 are also within a Zone from a station 30. Typically, the 
Zone denotes an area of the station up till which links con 
trolled from the station may be provided on the tracks. An 
apparatus 32 is located at a station 30 to enable transmission 
of information over the wireless network (not shown) from 
the station 30 to the trains 12, 14, 16, 18. The apparatus 32 
may also receive information transmitted by the trains 12, 14, 
16, 18. 

FIG. 1b in reference to FIG. 1 illustrates communication 
between two trains 12, 14 moving on their respective tracks 
22, 24 and the station 30 according to an embodiment herein. 
The apparatus 20 of the trains 12, 14 communicate with each 
other across a wireless network 29. The apparatus 20 of the 
trains 12, 14 also communicate with the apparatus 32 located 
at the station 30 across the wireless network 29. 

Each of the trains 12, 14, 16, 18 periodically broadcasts a 
signal comprising a unique identification of the respective 
train and a unique identification of the track the respective 
train is moving on using the transceiver of the respective 
apparatus 20 equipped therein. Typically, each signal broad 
casted or transmitted by the trains 12, 14, 16, 18 comprises the 
unique identification of the respective train to enable the 
recipient to identify the train transmitting the signal. The 
broadcasted signal by the trains 12, 14, 16, 18 is received by 
the transceiver of the apparatus 20 of each of the other trains 
12, 14, 16, 18. For example, the unique identification of the 
train “12 and the unique identification of the track “22 the 
train 12 is moving on broadcasted by the train is received by 
the trains 14, 16, 18. The signal broadcasted by the trains 12, 
14, 16, 18 may also comprise a direction of motion of the 
respective trains. Typically, with respect to a track, a train can 
have motion in either of the two directions of the track. 

The unique identification of the train may be may be 
encoded into the processor of the respective apparatus 20. 
Additionally, the apparatus 20 may comprise input means so 
that the unique identification of the train may be provided as 
input to the processor. The unique identification may be 
stored in the processor or may be written to a memory. The 
apparatus may comprise an output means to provide informa 
tion as output to a user. 

The apparatus 20 may also comprise a reading means to 
read the unique identification of the track the train is moving 
on. The unique identification of the track read by the reading 
device is provided to the processor. 

FIG. 2 illustrates the apparatus 20 to be equipped in each of 
the trains 12, 14, 16, 18 for avoiding collision according to an 
embodiment herein. The apparatus 20 comprises a trans 
ceiver 34, a processor 36, input means 38, output means 40 
and reading means 42. The transceiver 34 is capable of trans 
mitting and receiving information. The processor 36 is 
coupled to the transceiver 34 to provide the transceiver 34 
with information for transmitting and also receive the infor 
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4 
mation received by the transceiver 34. The processor 36 is 
coupled to the input means 38 so that information may be 
provided to the processor 36 as input. The input means 38 
may include, but not for limitation, a keypad, a touch screen, 
or other means Suitable for providing information to the pro 
cessor 36 as input. 
The processor 36 is also coupled to the output means 40 to 

provide information as output. The output means 40 may 
include, but not for limitation, a display, a touch screen, a 
speaker, a light source, or any other means Suitable for out 
putting information or for providing indication. The reading 
means 42 may read the unique identification of the respective 
track the train is moving on and provide the unique identifi 
cation of the respective track the train is moving on to the 
processor 36 of each of the trains 12, 14, 16, 18 of FIG. 1. 
The reading means 42 may include, but not for limitation a 

radio frequency identification (RFID) reader, a bar code 
reader, or an imaging device. For example, the unique iden 
tification of the track may be encoded or hardwired into a 
RFID tag and arranged on the track. The reading means 30, 
i.e., the RFID reader may be positioned onto the train such 
that the RFID reader may receive the unique identification of 
the track transmitted by the RFID tag when the RFID reader 
comes within the range of the RFID tag. Similarly, the bar 
code reader may be positioned onto the train such that the bar 
code reader can read a bar code indicating the unique identi 
fication of the train. The bar code may be provided on the 
tracks. The imaging device may acquire an image of the 
unique identification of the track provided on the track. From 
the image acquired, the unique identification of the track may 
be extracted. 

Referring again to FIG. 1, each of the trains 12, 14, 16, 18 
approaching the station 30 are provided with information of 
the links 23, 25, 27 and to the tracks 22, 24, 26, 28 the links 23, 
25, 27 connect in both the directions and a list including the 
links 23, 25, 27 to be traversed by the respective train and the 
direction of motion of the respective train. The links 23, 25, 27 
may be identified by assigning a unique identification to each 
of the links 23, 25, 27. For example, the apparatus 32 located 
at the station 30 may broadcast the information of links 23, 
25, 27 and the list including the links 23, 25, 27 to be traversed 
by the respective train and the direction of motion of the 
respective train. The trains 12, 14, 16, 18 may receive the 
information and the list as the trains 12, 14, 16, 18 are within 
the Zone of the station 30 in the present embodiment. The 
apparatus 32 typically, comprises a transmitter and a proces 
sor Such that information may be transmitted by the apparatus 
32. The apparatus may also comprise an input means to 
receive input and an output means to provide output. 

In an embodiment, a state table of links 23, 25, 27 for each 
of the trains 12, 14, 16, 18 containing the state of the links 23, 
25, 27 with respect to motion of each of the trains 12, 14, 16, 
18 may be generated by the processor 46 of the apparatus 32. 
From the generated state table it is determined if there is any 
conflict in state of any of the links 23, 25, 27. If a conflict is 
detected, then an indication may be provided to a user at the 
station 30. The user may alert the drivers of the respective 
trains which shall encounter the links 23, 25, 27 having con 
flicting states. Additionally, an individual managing the links 
also may be altered to prevent the collision. 

Alternatively, the details of the conflict may be provided to 
the trains 12, 14, 16, 18 by transmitting the information 
regarding the conflict to either all the trains 12, 14, 16, 18 
within the range or the trains 12, 14, 16, 18 which shall 
encounter the conflicting links. 

It is well know that a link can either be connected, i.e., ON 
or disconnected, i.e., OFF. Therefore, the state of a link can 
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not be at the same moment ON and OFF. Thus, generating the 
state table of links and determining if there is any conflict of 
state of any of the links enable avoiding the collision of trains 
12, 14, 16, 18. The states of the links are updated dynamically 
and depend on the path of a train. 

FIG. 3 illustrates the apparatus 32 located at a station. The 
apparatus 32 comprises a transmitter 44, a processor 46, input 
means 48 and output means 50. The transmitter 44 is capable 
of transmitting information. The processor 46 is coupled to 
the transmitter 44 to provide the transmitter 44 with informa 
tion for transmitting. The processor 46 is coupled to the input 
means 48 so that information may be provided to the proces 
sor 46 as input. The input means 48 may include, but not for 
limitation, a keypad, a touch screen, or other means Suitable 
for providing information to the processor 46 as input. 
The processor 46 is also coupled to the output means 50 to 

provide information as output. The output means 50 may 
include, but not for limitation, a display, a touch screen, a 
speaker, a light source, or any other means Suitable for out 
putting information or for providing indication. In an embodi 
ment, the apparatus may also comprise a receiver (not shown) 
to information transmitted by trains 12, 14, 16, 18 of FIG. 1. 

Referring now to FIGS. 1-2, the reading means 42 of the 
apparatus 20 equipped in each of the trains 12, 14, 16, 18 may 
read a unique identification of the link that would follow in the 
course of motion of the respective trains 12, 14, 16, 18 prior 
to a predetermined distance from the link. The predetermined 
distance is selected such that there is sufficient distance for 
the trainto apply brakes and come to rest in case of any danger 
without any collision. The unique identification of the link 
may be read by the reading means 42 and provided to the 
processor 36. The unique identification of the link may be 
encoded or hardwired into a RFID tag and arranged on the 
track prior to the predetermined distance from the link. The 
reading means 42, i.e., the RFID reader may be positioned 
onto the train such that the RFID reader may receive the 
unique identification of the track transmitted by the RFID tag 
when the RFID reader comes within the range of the RFID 
tag. Similarly, a bar code reader may be positioned onto the 
train such that the bar code reader can read a bar code indi 
cating the unique identification of the link prior to the prede 
termined distance from the link. The bar code indicating the 
unique identification of the link may be provided on the tracks 
prior to the predetermined distance from the link. In another 
implementation, the imaging device may acquire an image of 
the unique identification of the link prior to the predetermined 
distance from the link. From the image acquired, the unique 
identification of the link may be extracted. 
From the unique identification of the link that would follow 

in the course of motion of the respective train, the processor 
36 generates a list of tracks to be traversed by the respective 
train using the information of links 23, 25, 27 and to the tracks 
22, 24, 26, 28 the links 23, 25, 27 connect in both the direc 
tions and the list including the links to be traversed by the 
respective train and the direction of the respective train. From 
the unique identification of the link the processor 36 is made 
aware of the respective link that would follow. Accordingly, 
from the list including the links to be traversed by the respec 
tive train, the processor is made aware of the links to be 
traversed by the respective train. By having the information of 
the links to be traversed, the processor 36 from the informa 
tion of the links and to the tracks the links connect in both the 
directions generates the list of tracks to be traversed by the 
respective train. 

From the list of tracks to be traversed by the respective 
train, the last track to be traversed is identified, and the unique 
identification of the last track to be traversed and the unique 
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6 
identification of the respective train are broadcasted by the 
transceiver 34 of the apparatus 20 of each of the trains 12, 14, 
16, 18. The broadcasted unique identification of the last track 
to be traversed by the train and the unique identification of the 
train are received by each of the other trains 12, 14, 16, 18 
within the range. For example, the unique identification of the 
last track to be traversed and the unique identification of the 
train broadcasted by the transceiver 34 of the train 12 are 
received by the transceiver 34 of the trains 14, 16, 18. In an 
implementation, the unique identification of the train may be 
appended with the unique identification of the last track to be 
traversed by the respective train and broadcasted thereafter. 

From, the received last track to be traversed by each other 
train and the last track to be traversed by the train receiving 
the last track to be traversed by each other train, it is deter 
mined at the processor 36 of the apparatus 20 if the last track 
to be traversed by any of the other trains within the range and 
any of the tracks to be traversed by the train receiving the last 
track to be traversed by any of the other trains is same. If the 
last track to be traversed by any of the other trains and any of 
the tracks to be tracks to be traversed by the recipient train is 
same, the processor 36 provides an output to the output means 
40 to provide an indication of a danger in order to enable 
action to be taken to prevent the collision. 

Referring now to FIGS. 1-3, the processor 46 of the appa 
ratus 32 located at the station 30 may generate a list of all the 
tracks 22, 24, 26, 28 and the links 23, 25, 27 connecting to the 
tracks 23, 25, 27 in both the directions. Thereafter, the pro 
cessor 46 broadcasts the list so that the transceiver 34 of the 
apparatus 20 of each of the trains 12, 14, 16, 18 within the 
Zone of the station 30 may receive the broadcasted list. The 
received list is then provided to the processor 36 and the 
processor 36 determines if the links to be traversed by the 
respective train are adjacent links in the list. If the links to be 
traversed by the respect train are not adjacent links, the pro 
cessor provides the corresponding output to the output means 
40 to provide an indication of a danger in order to enable 
action to be taken to prevent the collision. 

FIGS. 4, 5 and 6 with reference to FIG. 1 through 3 illus 
trate a method for avoiding collision between trains according 
to the embodiments herein. At block 52, each of the train 12, 
14, 16, 18 is equipped with a transceiver 34. The transceiver 
34 is adapted to transmit and receive information. Next, at 
block 54, a signal is periodically broadcasted from the trans 
ceiver 34 of each of the train 12, 14, 16, 18. The signal 
comprises a unique identification of a respective train and a 
unique identification of a track the respective train is moving 
on. In an embodiment, the signal may include a direction of 
motion of the respective train. Typically, with respect to a 
track, a train can have motion in either of the two directions of 
the track. Moving, next to block 56, the transceiver 34 of the 
apparatus 20 of each train 12, 14, 16, 18 receives the signal 
transmitted by each other train 12, 14, 16, 18 within a range. 
The received signal is provided to the processor 36, and at 
block 58, the signal is analyzed by the processor 36 to extract 
the unique identification of each other train and the unique 
identification of the track each other train is moving on. 
Moving next to block 60, it is determined if the track of the 
train receiving the signal and any of each other train within the 
range is same. If the track of the train receiving the signal and 
any of each other train within the range is same, then, at block 
62, an indication of a danger is provided in order to enable 
action to be taken to prevent the collision. In FIG. 5, at block 
64, information of links 23, 25, 27 and to the tracks 22, 24, 26, 
28 the links 23, 25, 27 connect in both the directions is 
provided to each of the trains 12, 14, 16, 18. Next, at block 66, 
a list including links to be traversed by the respective train and 

Siemens EX1011 
Page 18 of 23



US 8,874,359 B2 
7 

the direction of motion of the respective train is provided to 
each of the respective trains 12, 14, 16, 18. Preferably, the 
information of links 23, 25, 27 and to the tracks the links 
connect and the list including links to be traversed by the 
respective train and the direction of motion of the respective 
train is transmitted by the apparatus 32 located at the station 
30. Moving next to block 68, a state table of links 23, 25, 27 
for each train 12, 14, 16, 18 is generated. The state table of 
links 23, 25, 27 contains the state of the links 23, 25, 27 with 
respect to motion of each train 23, 25, 27. Preferably, the state 
table of links 23, 25, 27 for each train is generated at the 
apparatus 32 located at the station 30. Alternatively, the state 
table of links 23, 25, 27 each train 12, 14, 16, 18 may be 
generated at the apparatus 20 each train 12, 14, 16, 18 is 
equipped with. For the apparatus 20 to generate the state table 
of links 23, 25, 27 the apparatus 20 is provided with the list 
including links 23, 25, 27 to be traversed by each train 12, 14, 
16, 18 and the direction of motion of each of the trains 12, 14, 
16, 18. At block 70, it is determined from the table if there is 
a conflict of state of any one of the links 23, 25, 27. If the 
conflict of state of any one of the links 23, 25, 27 is deter 
mined, then, at block 71 an indication of a danger is provided 
in order to enable action to be taken to prevent the collision. 

IN FIG. 6, at block 72, information of the link that would 
follow in the course of motion of each of the trains 12, 14, 16, 
18 is provided to each of the trains 12, 14, 16, 18 prior to a 
predetermined distance of the respective trains 12, 14, 16, 18 
from the link. Next, at block 74, a list of tracks to be traversed 
by the respective train is generated using the information of 
links and to the tracks the links connect in both the directions 
and the list including links to be traversed by the respective 
train and the direction of motion of the respective train. Mov 
ing next to block 76, the last track to be traversed by the 
respective trains and the unique identification of the respec 
tive trains is broadcasted by the transceiver 34 of the respec 
tive trains. At block 78, the last track to be traversed and the 
respective unique identification of the respective train trans 
mitted by each of the other trains is received by the transceiver 
34 of each of the trains within the predetermined range. Next, 
at block 80, it is determined if the last track to be traversed by 
any of the other trains within the predetermined range and any 
of the tracks to be traversed by the train receiving the last track 
to be traversed by any of the other trains are same. If the last 
track to be traversed by any of the other trains within the 
predetermined range and any of the tracks to be traversed by 
the train receiving the last track to be traversed by any of the 
other trains are same, then, at block 82, an indication of a 
danger is provided in order to enable action to be taken to 
prevent the collision. If the last track to be traversed by any of 
the other trains within the predetermined range and any of the 
tracks to be traversed by the train receiving the last track to be 
traversed by any of the other trains are not same, then, at block 
83, the train moves in the designated path. 

Next, at block 84, a list of all tracks and the links connect 
ing to the tracks in both the directions is provided to each of 
the trains. Preferably, the list of all tracks and the links con 
necting to the tracks in both the directions is transmitted by 
the apparatus 32 located at the station 30. At block 86, it is 
determined if the links to be traversed by the respective train 
are adjacent links in the list of all tracks and the links con 
necting to the tracks in both the directions. Moving next to 
block 88, an indication of a danger is provided in order to 
enable action to be taken to prevent the collision if the links to 
be traversed by the respective train are not adjacent links in 
the list of all tracks and the links connecting to the tracks in 
both the directions. If the links to be traversed by the respec 
tive train are adjacent links in the list of all tracks and the links 
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8 
connecting to the tracks in both the directions, then, at block 
87, the train moves in the designated path. 

Example 1 

The following example illustrates how the above-de 
scribed embodiments can be utilized to avoid collision 
between trains. 

FIG. 7a with reference to FIGS. 1 through 3, illustrates 
seventracks and fourtrains in motion on the tracks. The tracks 
90, 92,94, 96, 98, 100,102 are interconnected by links 104, 
106, 108, 110, 112, 114, 116, 118, 120, 122, 124. The trains 
126, 128, 130, 132 are in motion on the tracks. The trains 126, 
128, 130, 132 are equipped with the apparatus 20. The trains 
126, 128 are in motion in a left to right direction. The trains 
130, 132 are in motion in a right to left direction. The direction 
of motion of the trains 126, 128, 130, 132 are also shown 
using arrows. The direction of motion from left to right is 
hereinafter referred as “Do” and the direction of motion from 
right to left is herein after referred to as “D’. Each of the 
trains 126, 128, 130, 132 shall broadcast a signal comprising 
a unique identification of the respective train and a unique 
identification of a track the respective train is moving on. For 
example, the train 126 shall broadcast periodically the signal 
comprising its unique identification “126” and the unique 
identification of the track "90 the train 126 is moving on. 
Also, in an implementation, the signal transmitted by the train 
126 may also include the direction of the train 126 “Do”. 
The transceiver 34 of each of trains 126, 128, 130, 132 

within a range receives the signal broadcasted by each other 
train. For example, the transceiver 34 of the train 126 receives 
the signals broadcasted by the trains 128, 130, 132. The 
received signal is analyzed at the processor 36 of the appara 
tus 20 of each of the trains 126, 128, 130, 132 to extract the 
unique identification of each other train and the unique iden 
tification of the track each other train is moving on. From the 
extracted information it is determined at the processor 36 of 
each of the trains 126, 128, 130, 132 if the track of the train 
receiving the signal and any of each other train within the 
range is same. For example, at the processor 36 of the train 
126 it is determined if the track of the trains 128, 130, 132 and 
the train of the train 126 is same. If the track of the train 
receiving the signal and any of each other train within the 
range is same an indication of a danger is provided in order to 
enable action to be taken to prevent the collision. If the track 
of the train receiving the information and each of the other 
train is not same, then there is no danger ahead and the train 
may proceed in the designated path. In the shown example of 
FIG. 7a, at the initial stage, as no two trains are on the same 
track, the trains proceed in the designated path. 
The apparatus 32 located at the station 30 provides infor 

mation of links and to the tracks the links connect in both the 
directions and a list including links to be traversed by the 
respective train and the direction of motion of the respective 
train to each of the respective trains 126, 128, 130, 136. For 
example, the apparatus 32 located at the station 30 may 
broadcast the information of links and the list including the 
links to be traversed by the respective train and the direction 
ofmotion of the respective train. The trains 126,128, 130,132 
may receive the information and the list as the trains 126, 128, 
130, 132 are within the range from the station 30 in the present 
example. 

FIG. 7b illustrates a table containing the information of 
links and to the tracks the links connect for the example 
illustrated in FIG. 7a. The tracks to which each the links 
connect are provided for both the directions, i.e., D and D. 
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FIG. 7c illustrates a table containing the list including the 
links to be traversed by each of the trains and the direction of 
motion of the trains for the example illustrated in FIG. 7a. In 
the shown example of FIG. 7c, the list includes the links to be 
traversed by each of the trains. However, in an implementa 
tion, only the links to be traversed by a respective train and the 
direction of the respective train may be provided to each of the 
respective trains. 
The apparatus 32 also generates a state table of links con 

taining the state of the links with respect to motion of each 
train. FIG. 7d illustrates an example of a state table of links for 
the example of FIG. 7a. From the generated state table it is 
determined if there is any conflict in state of any links. In the 
state table of links illustrated in FIG. 7d., it is seen that there is 
conflict with respect to the links 104, 116, 118 as the links 
104, 116, 118 are required to be in a ON state and in a OFF 
state at the same moment. As the conflict is detected for the 
links 104,116, 118 the apparatus 32 may alert the drivers of 
the trains 126, 128 as the trains 126, 128 shall encounter at 
least one of the links 104,116, 118. Alternatively, the state 
table of links may be generated at the apparatus 20 each train 
126, 128, 130, 132 is equipped. 

Referring again to FIGS. 1 through 3 FIGS. 7a through 7d. 
each of the trains 126, 128, 130, 132 reads a unique identifi 
cation of the link that would follow in the course of motion of 
the respective trains 126, 128, 130, 132 prior to a predeter 
mined distance from the link. Preferably, the predetermined 
distance may be 3 KM. The unique identification of the link 
may be read by the reading means 42 and provided to the 
processor 36 of the apparatus 20. The train 126 reads the 
unique identification of the link 104 prior to the predeter 
mined distance. Similarly, the trains 128, 130, 132 read the 
unique identification of the respective link 114, 110, 124. The 
unique identification of the links 104, 114, 110, 124 for the 
respective trains 126, 128, 130, 132 are the first links to be 
traversed by each of the trains 126, 128, 130, 132. 

From the unique identification of the link that would follow 
in the course of motion of the respective train, the processor 
36 of each of the trains 126, 128, 130, 132 generates a list of 
tracks to be traversed by the respective train using the infor 
mation of links and to the tracks the links connect in both the 
directions as illustrated in FIG. 7b and the list including the 
links to be traversed by the respective train and the direction 
of the respective train as illustrated in FIG. 7c. 

From the unique identification of the link the processor 36 
is made aware of the respective link that would follow. 
Accordingly, from the list including the links to be traversed 
by the respective train, the processor is made aware of the 
links to be traversed by the respective train. By having the 
information of the links to be traversed, the processor 36 from 
the information of links and to the tracks the links connect in 
both the directions generates the list of tracks to be traversed 
by the respective train. The list of tracks to be traversed by the 
trains 126, 128, 130, 132 are: 

Train 126-90, 92,94} 
Train 128 100,98, 96.94} 
Train 130 (98,96} 
Train 132-102,90} 
From the list of tracks to be traversed by the respective 

trains 126, 128, 130, 132 the last track to be traversed is 
identified, and the unique identification of the last track 
to be traversed and the unique identification of the 
respective train are broadcasted by the transceiver 34 of 
the apparatus 20 of each of the trains 126,128, 130, 132. 
The train 126 broadcasts the unique identification of the 
last track "96 and its unique identification “126'. Simi 
larly, the trains 128, 130, 132 broadcast the unique iden 
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10 
tification of the last track “94”, “96”, “90 to be tra 
versed by them and their respective unique identification 
“128”, “130”, “132. 

The broadcasted unique identification of the last track to be 
traversed by the respective train and the unique identification 
of the respective train are received by each other train within 
the range. For example, the unique identification of the last 
track 94 to be traversed and the unique identification of the 
train 126 broadcasted by the transceiver 34 of the train 126 are 
received by the transceiver 34 of the trains 128, 130, 130. 
The processor 36 of each of the trains then determines if the 

last track to be traversed by any of the each other train and any 
of the tracks to be traversed by the respective train is same. 
The last track to be traversed by the train 126 is the track 94 
which is present in the list of tracks to be traversed by the train 
128. Similarly, the last track94 to be traversed by the train 128 
is present in the list of tracks to be traversed by the train 126. 
Therefore, the processor 36 at the trains 126,128 provides the 
corresponding output to the output means 40 to provide an 
indication of a danger to enable the collision to be avoided. 

Example 2 

The following example illustrates how the above-de 
scribed embodiments may not provide false indication of a 
danger if there is no danger of a collision. 

FIG.8a with reference to FIGS. 1 through 3, illustrates five 
tracks and two trains in motion on the tracks. The tracks 134, 
136, 138,140,142 are interconnected by links 148, 150, 152, 
154, 156,158. The trains 144, 146 are in motion on the tracks. 
The trains 144, 146 are equipped with the apparatus 20. The 
train 144 is in motion in a left to right direction. The train 146 
is in motion in a right to left direction. The direction of motion 
of the trains 144, 146 are also shown using arrows. The 
direction of motion from left to right is herein after referred as 
“Do” and the direction of motion from right to left is herein 
after referred to as “D’. 

FIG. 8b illustrates a table containing the information of 
links and to the tracks the links connect for the example 
illustrated in FIG. 8a. The tracks to which each the links 
connect are provided for both the directions, i.e., Do and D. 

FIG. 8c illustrates a table containing the list including the 
links to be traversed by each of the trains and the direction of 
motion of the trains for the example illustrated in FIG.8a. In 
the shown example of FIG. 8c, the list includes the links to be 
traversed by each of the trains 144, 146. However, in an 
implementation, only the links to be traversed by a respective 
train and the direction of the respective train may be provided 
to each of the respective trains 144, 146. 

FIG. 8d illustrates an example of a state table of links for 
the example of FIG. 8a. From the generated state table it is 
determined if there is any conflict in state of any links. In the 
state table of links illustrated in FIG. 8d. it is seen that there is 
no conflict with respect to the state of any of the links 148, 
150, 152, 154, 156,158. 

Referring again to FIGS. 1 through 3 FIGS. 8a through 8d. 
the trains 144, 146 reads a unique identification of the link 
that would follow in the course of motion of the respective 
trains 144, 146 prior to a predetermined distance from the 
link. The train 144 reads the unique identification of the link 
148 prior to the predetermined distance. Similarly, the train 
146 reads the unique identification of the link 154. From the 
unique identification of the link that would follow in the 
course of motion of the respective trains 144, 146, the pro 
cessor 36 of each of the trains 144, 146 generates a list of 
tracks to be traversed by the respective train using the infor 
mation of links and to the tracks the links connect in both the 

Siemens EX1011 
Page 20 of 23



US 8,874,359 B2 
11 

directions as illustrated in FIG. 8b and the list including the 
links to be traversed by the respective train and the direction 
of the respective train as illustrated in FIG. 8c. 
The list of tracks to be traversed by the trains 126,128, 130, 

132 are: 

Train 144–136, 138, 140, 142} 
Train 146-140, 138, 136, 134} 
From the list of tracks to be traversed by the respective 

trains 144, 146 the last track to be traversed is identified, and 
the unique identification of the last track to be traversed and 
the unique identification of the respective train are broad 
casted by the transceiver 34 of the apparatus 20 of each of the 
trains 144, 146. The train 144 broadcasts the unique identifi 
cation of the last track "142 and its unique identification 
“144. Similarly, the train 146 broadcasts the unique identi 
fication of the last track “134 to be traversed the respective 
unique identification “146”. 

The broadcasted unique identification of the last track 142 
to be traversed by the train 144 and the unique identification 
of the train 144 is received by the train 146. Similarly, the 
broadcasted unique identification of the last track 134 to be 
traversed by the train 146 and the unique identification of the 
train 146 is received by the train 144. 

The processor 36 of each of the trains 144, 146 then deter 
mines if the last track to be traversed by any of the each other 
train and any of the tracks to be traversed by the respective 
train is same. In the present example, it is seen that the last 
track to be traversed by the train 144 is the track 142 and is not 
present in the list of tracks to be traversed by the train 146. 
Similarly, the last track 134 to be traversed by the train 146 is 
not present in the list of tracks to be traversed by the train 144. 
Therefore, the trains 144, 146 may proceed in the designated 
path without any indication being aroused. 

FIG. 8e illustrates a table containing a list of all the tracks 
and the links connecting to the tracks in both the directions to 
each of the trains for the example of FIG.8a. The list of all the 
tracks 134, 136, 138, 140, 142 and the links 148, 150, 152, 
154,156,158 connecting to the tracks 134,136, 138,140,142 
are used for confirmation and checking the possibility of the 
collision at crucial instances. The table is typically formed 
with each track as row and each link meeting the track from 
left to right for the direction Do and from right to left for the 
direction D. For example, the train 144 is on track 136 and 
shall move to track 138 by traversing the link 148. From the 
track 138 the train 144 shall move to the track 140 by travers 
ing the link 150. Thereafter, the train 144 moves to the track 
142 by traversing the link 152. The links to be traversed by the 
train 144 are encircled. Similarly, the train 146 moves from 
the track 140 to the track 134 by traversing the links 154, 156, 
158. The links to be traversed by the train 146 are marked by 
rectangles. From the illustrated table of FIG. 8e, it is seen that 
the links traversed by the train 144 and 146 are adjacent links 
and therefore, non-intersecting. Therefore, there is no danger 
of collision and the trains 144, 146 move along the designated 
path. 

However, in case the links for a train in each track is not 
adjacent, then, there is a danger of collision. Accordingly, an 
indication is provided in order to enable action to be taken to 
prevent the collision. 

Example 3 

The following example illustrates how the above-de 
scribed state table of links may be used to avoid collision 
between trains. 

FIG.9a with reference to FIGS. 1 through 3, illustrates five 
tracks and two trains in motion on the tracks. The tracks 160, 
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12 
162, 164, 166, 168 are interconnected by links 174, 176, 178, 
180,182, 184. The trains 170,172 are in motion on the tracks. 
The trains 170, 172 are equipped with the apparatus 20. The 
train 170 is in motion in a left to right direction. The train 172 
is in motion in a right to left direction. The direction of motion 
of the trains 170, 172 are also shown using arrows. The 
direction of motion from left to right is herein after referred as 
“Do” and the direction of motion from right to left is herein 
after referred to as “D’. 
FIG.9b illustrates an example of a state table of links for 

the example of FIG. 9a. From the generated state table it is 
determined if there is any conflict in state of any links. In the 
state table of links illustrated in FIG.9b, it is seen that there is 
a conflict of state for the links 174, 184. Accordingly, the 
trains 170 and 172 are provided an indication of a danger in 
order to avoid the collision. 

Example 4 

The following example illustrates how the above-de 
scribed embodiment of broadcasting a unique identification a 
train and a unique identification of a track the respective train 
is moving on may be used to avoid collision between trains. 

FIG. 10 with reference to FIGS. 1 and 2, illustrates a track 
and two trains in motion on the track. On the track 190, the 
trains 192, 194 are in motion in a direction opposite to each 
other. The trains 192,194 are equipped with the apparatus 20. 
The train 192 is in motion in a left to right direction. The train 
194 is in motion in a right to left direction. The direction of 
motion of the trains 192, 194 are also shown using arrows. 
The direction of motion from left to right is herein after 
referred as “Do” and the direction of motion from right to left 
is herein after referred to as “D’. 

Each of the trains 192, 194 shall broadcast a signal com 
prising a unique identification of the respective train and a 
unique identification of a track the respective train is moving 
on. For example, the train 192 shall broadcast periodically the 
signal comprising its unique identification "192” and the 
unique identification of the track "190” the train 192 is mov 
ing on. Similarly, the train 194 shall broadcast periodically 
the signal comprising its unique identification “194” and the 
unique identification of the track "190” the train 194 is mov 
ing on. Also, in an implementation, the signal transmitted by 
the train 192 may also include the direction of the train 192 
“D". 
The transceiver 34 of each of trains 192,194 within a range 

receives the signal broadcasted by each other train. For 
example, the transceiver 34 of the train 192 receives the signal 
broadcasted by the train 194. The transceiver of the train 194 
receives the signal broadcasted by the train 192. The received 
signal is analyzed at the processor 36 of the apparatus 20 of 
each of the trains 192,194 to extract the unique identification 
of each other train and the unique identification of the track 
each other train is moving on. From the extracted information 
it is determined at the processor 36 of each of the trains 192, 
194 if the track of the train receiving the signal and any of 
each other train within the range is same. For example, at the 
processor 36 of the train 192 it is determined if the track of the 
train 194 and the train 192 is same. As the track of the train 
192 and the train 194 is same, an indicationid provided to the 
driver in order to enable him to prevent the collision. Simi 
larly, an indication may be provided to the driver of the train 
194 as the track of the train 194 and the train 192 is same. 

FIG. 11 depicts a representative hardware environment for 
practicing the embodiments herein. This schematic drawing 
illustrates a hardware configuration of an information han 
dling/computer system 200 in accordance with the embodi 
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ments herein. The system comprises at least one processor or 
central processing unit (CPU) 202. The CPU 202 is intercon 
nected via bus 204 to various devices such as a memory 206, 
input/output (I/O) controller 208, and user interface control 
ler 210. Depending on the type and configuration of the 5 
system 200, the memory 206 may be volatile (such as random 
access memory (RAM) etc., non-volatile (read only memory 
(ROM), flash memory devices etc.) or a combination of the 
two. The memory 206 is used to store instructions and data for 
use by the CPU 202. The I/O controller 208 can connect to 10 
peripheral devices, such as CD drives 212 and hard drives 
214, or other program storage devices that are readable by the 
system. Typically, an operating system for the computer sys 
tem 200 as well as an application program is stored onto the 
hard drive 214. The operating system runs on the CPU 202 15 
and is used to coordinate and provide control of various 
components within system 200. The system 200 can read the 
inventive instructions on the hard drive 214 and load them 
onto the memory 206 for execution by the CPU202. The user 
interface controller 210 can connect to a keyboard 216, mouse 20 
218, speaker 220, microphone 222, display device 224 and/or 
other user interface devices such as a touch screen device (not 
shown) to the bus 204 to gather user input and also to provide 
system output to the user. 
The embodiments described herein enable avoiding colli- 25 

sion between trains. Additionally, collisions may be avoided 
despite human error or lack of feedback mechanism. More 
over, the collision occurring due to the motion of two trains on 
the same track may be avoided. Additionally, the collision 
occurring due to the error in a state of a link may be avoided. 30 

While this invention has been described in detail with 
reference to certain preferred embodiments, it should be 
appreciated that the present invention is not limited to those 
precise embodiments. Rather, in view of the present disclo 
sure which describes the current best mode for practicing the 35 
invention, many modifications and variations would present 
themselves, to those of skill in the art without departing from 
the scope and spirit of this invention. The scope of the inven 
tion is, therefore, indicated by the following claims rather 
than by the foregoing description. All changes, modifications, 40 
and variations coming within the meaning and range of 
equivalency of the claims are to be considered within their 
Scope. 
The invention claimed is: 
1. A method for avoiding collisions between trains, which 45 

comprises the steps of 
providing information to a plurality of trains of a link that 

will follow in a course of motion of each of the plurality 
of trains prior to a predetermined distance of the plural 
ity of trains from the link: 50 

generating a list of tracks to be traversed by a respective 
train using information relating to links and to the tracks 
the links connect in both directions and a list including 
the links to be traversed by the respective train and a 
direction of motion of the respective train; 55 

broadcasting by each of the trains a last track to be tra 
versed by the respective train and an unique identifica 
tion of the respective train; 

receiving at each of the trains the last track to be traversed 
and the respective unique identification of the respective 60 
train transmitted by each of the other trains within a 
given range; 

determining if the last track to be traversed by any of the 
other trains within the given range and any of the tracks 
to be traversed in a list of the train receiving the last track 65 
to be traversed and the respective unique identification 
of each of the other trains are the same; and 

14 
providing an indication of danger to enable action to be 

taken to prevent a collision if the last track to be traversed 
by any of the other trains within the given range and any 
of the tracks to be traversed in the list of the train receiv 
ing the last track to be traversed and the respective 
unique identification of each of the other trains are the 
SaC. 

2. The method according to claim 1, wherein the generating 
step for generating the list of tracks includes receiving the 
information relating to the links and to the tracks the links 
connect in both directions at each of the trains and the list 
including the links to be traversed by the respective train and 
the direction of motion of the respective train at each of the 
respective trains. 

3. The method according to claim 2, wherein the informa 
tion relating to the links and to the tracks the links connect and 
the list including the links to be traversed by the respective 
train and the direction of motion of the respective train is 
transmitted by an apparatus located at a station. 

4. The method according to claim 1, which further com 
prises: 

providing a list of all the tracks and the links connecting to 
the tracks in both directions to each of the trains: 

determining if the links to be traversed by the respective 
train are adjacent links in the list of all the tracks and the 
links connecting to the tracks in both the directions; and 

providing an indication of danger to enable action to be 
taken to prevent the collision if the links to be traversed 
by the respective train are not adjacent links in the list of 
all the tracks and the links connecting to the tracks in 
both the directions. 

5. The method according to claim 4, which further com 
prises transmitting the list of all the tracks and the links 
connecting to the tracks in both of the directions by an appa 
ratus located at a station. 

6. A computer-readable media containing a computer pro 
gram that is executable by a processor to perform the method 
which comprises the steps of: 

providing information to a plurality of trains of a link that 
will follow in a course of motion of each of the plurality 
of trains prior to a predetermined distance of the plural 
ity of trains from the link: 

generating a list of tracks to be traversed by a respective 
train using information relating to links and to the tracks 
the links connect in both directions and a list including 
the links to be traversed by the respective train and a 
direction of motion of the respective train; 

broadcasting by each of the trains a last track to be tra 
versed by the respective train and an unique identifica 
tion of the respective train; 

receiving at each of the trains the last track to be traversed 
and the respective unique identification of the respective 
train transmitted by each of the other trains within a 
given range; 

determining if the last track to be traversed by any of the 
other trains within the given range and any of the tracks 
to be traversed in the list of the train receiving the last 
track to be traversed and the respective unique identifi 
cation of each of the other trains are the same; and 

providing an indication of danger to enable action to be 
taken to prevent a collision if the last track to be traversed 
by any of the other trains within the given range and any 
of the tracks to be traversed in the list of the train receiv 
ing the last track to be traversed and the respective 
unique identification of each of the other trains are the 
SaC. 
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7. An apparatus for avoiding collisions between trains, the 
apparatus comprising: 

reading means for reading an indication of a link that would 
follow in a course of motion of a respective train prior to 
a predetermined distance of the respective train from the 
link: 

a processor adapted to generate a list of tracks to be tra 
Versed by the respective train using information relating 
to the links and to tracks the links connect in both direc 
tions and a list including the links to be traversed by the 
respective train and a direction of motion of the respec 
tive train, said processor connected to said reading 
means; 

a transceiver connected to said processor and adapted to: 
broadcast a last track to be traversed by the respective 

train and an unique identification of the respective 
train; and 

receive the last track to be traversed and the unique 
identification of the respective train transmitted by 
each of other trains within a given range; 

said processor determining if the last track to be traversed 
by any of the other trains within the given range and any 
of the tracks to be traversed in the list of the respective 
train receiving the last track to be traversed and the 
unique identification of each of the other trains are the 
same; and 

an output means providing an indication of a danger in 
order to enable action to be taken to prevent a collision if 
the last track to be traversed by any of the other trains 
within the given range and any of the tracks to be tra 
versed in the list of the respective train receiving the last 
track to be traversed and the unique identification of 
each of the other trains are the same, said output means 
connected to said processor. 

8. The apparatus according to claim 7, wherein said trans 
ceiver is configured to receive the information relating to the 
links and to the tracks the links connect in both directions 
from an apparatus located at a station. 

9. The apparatus according to claim 7, wherein said trans 
ceiver is configured to receive the links to be traversed by the 
respective train and the direction of motion of the respective 
train from an apparatus located at a station. 

10. The apparatus according to claim 7, wherein: 
said transceiver configured to receive a list of all the tracks 

and the links connecting to the tracks in both directions; 
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16 
said processor configured to determine if the links to be 

traversed by the respective train are adjacent links in the 
list of all the tracks and the links connecting to the tracks 
in both directions; and 

said output means adapted to provide an indication of the 
danger to enable action to be taken to prevent the colli 
sion if the links to be traversed by the respective train are 
not adjacent links in the list of all the tracks and the links 
connecting to the tracks in both directions. 

11. A System, comprising: 
at least two apparatuses disposed one each in at least two 

trains, each of said apparatuses containing: 
reading means for reading an indication of a link that 
would follow in a course of motion of a respective 
train prior to a predetermined distance of the respec 
tive train from the link: 

a processor adapted to generate a list of tracks to be 
traversed by the respective train using information 
relating to the links and to tracks the links connect in 
both directions and a list including the links to be 
traversed by the respective train and a direction of 
motion of the respective train, said processor con 
nected to said reading means; 

a transceiver connected to said processor and adapted to: 
broadcast a last track to be traversed by the respective 

train and an unique identification of the respective 
train; and 

receive the last track to be traversed and the unique 
identification of the respective train transmitted by 
each of other trains within a given range; 

said processor determining if the last track to be tra 
versed by any of the other trains within the given 
range and any of the tracks to be traversed in the list of 
the respective train receiving the last track to be tra 
Versed and the unique identification of each of the 
other trains are the same; and 

an output means providing an indication of a danger in 
order to enable action to be taken to prevent a collision 
if the last track to be traversed by any of the other 
trains within the given range and any of the tracks to 
be traversed in the list of the respective train receiving 
the last track to be traversed and the unique identifi 
cation of each of the other trains are the same, said 
output means connected to said processor. 
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