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1. INTRODUCTION 

 
Suppose that On-board equipment of CBTC 

(communication based train control system) is installed on 
operation all trains. When these trains are operation, 
send-receive through communication with adjoins train or 
wayside equipment that necessary various data are different in 
train safety running do.  

On-board equipment that is installed on train can know 
information of position, speed, and acceleration etc. of adjoin 
train that continuously through communication. Therefore, 
negative acceleration value to avoid collision with leading 
train can be decided. This negative acceleration should be 
considered to avoid collision that is chain collisions of several 
trains including train that follow as well as collision with 
leading train. 

The trains borne equipments of CBTC system are installed 
to all the trains running on the lines. When these equipments 
run along the track various data required for safe train 
operation will be transmitted by communications with other 
adjacent trains or wayside equipment. Each train borne 
equipment installed to the train can be known constantly the 
information such as the position, speed, and acceleration of the 
adjacent train. Therefore, deceleration value to avoid the 
collision with the leading train can be determined. 
Deceleration like this shall be taken into account for avoiding 
collision with other trains including following train as well as 
that with leading train. 

The algorithm developed in this paper was started from 
calculating the deceleration required to train Ti to avoid 
collision with leading train. This is for determining how to 
operate train to avoid collision. The movement of the train to 
avoid collision with leading train shall be considered for this. 
For the given time, train Ti is imposed the characteristic by run 
distance along the track distance si(t), speed vi(t), acceleration 
ai(t) that is positive in case train speed increases, otherwise 
negative. Running distance of T1 shall be less than or same as 
the running distance of T2 to avoid their collision; they should 
be s1(t)≤s2(t). 

Figure 1 shows 2 units of train without acceleration. The 
Leading train T2 and following train T1 marked differently on 
the vertical axis that time is zero are described as straight lines 
and they cross on stop point because following train has 
bigger velocity (gradient) than leading train. 
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Figure 1. Two units train without acceleration 
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Figure 2. Train with deceleration 
 
Figure 2 describes a unit of train that has regular 

deceleration. This train operates with regular speed until time 
b which deceleration starts from. The deceleration continues to 
time e that train proceeds at regular speed below initial speed. 
Explanation above was made brief actual movement to 
simplify the diagram. Trains accelerate or decelerate at 
different rate between time 0 and b, and after time e in actual 
train operation. Therefore this algorithm developed in this 
paper considered it. Considering 2 units of train, this paper 
desires to determine the way of following train's movement 
for acceleration or deceleration with considering the situation 
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between leading train and more leading train. 
 
2. CASE OF TWO UNITS TRAIN OPERATION 

 
For determine following train's deceleration required for 

avoiding collision with leading train, response and movement 
time of following train's system shall be considered. Since 
following train has action time that is not zero there are 2 
cases. First, following train would collide with leading train 
before it decelerates because of radical deceleration of leading 
train. Second, following train could response ahead of the 
collision with leading train and it could avoid collision due to 
sufficient braking power. This paper reviews distinctly these 
two cases. 

 
2.1 Collision taken place before response time of following 
train 

Collision between trains takes place before following train 
decelerates in this case. This kind of case would be rare. But if 
it is inevitable it would be desirable to mitigate the impact by 
collision by minimize the peed gap at the collision time. 

Figure 3 shows 3 possible collision scenarios for this 
situation. In this figure 3, a is the simple case that collision 
takes place because of following train catches up the leading 
train. In b of Figure 3, T1 and T2 collide while T2 decelerates 
to avoid collision with more leading train. In c of Figure 4, T1 
and T2 collide when T2 completes the movement for avoiding 
collision with more leading train. 

Where if it is assumed that T2, the leading train operates 
like figure 2, its position and speed can be expressed formula 
(1), (2) which have variables such as a2(0) between time 0 and 
b2, constant ratio of acceleration a2(b2) between time b2 and 
e2, and a2(e2) after time e2, or formula (3), (4). 
Similarly as above, the speed and position of T1 as a function 
about time t can be expressed to formula (6) and (7) 

Collision can be undone because collision is raised before 
train decelerates but speed and collision time can be 
determined when trains collide. Let's say L2 the length of T1. 
And when s2(ti)-s1(ti)=L2, and time is ti, collision rises. 
Where L2 can be increased to include design intervals held 
absolutely between trains. Predicted error shall be taken into 
consideration in the position data. From formula (4)~(7) 
formula s2(ti)-s1(ti)=L2 is expressed as (8) and (9). 
 

 
 

 
 

Formula (9) is represented as binominal equation and two 
solutions will be obtained. Of the two the smaller value will be 
more suitable for ti. If it is assumed that τ2=0 in the 
expression for ti, we can assume there could take place 
collision between time 0 and b2. If a solution for ti exists 
between time 0 and b2 from formula (9), collision would rise 
from the calculated ti value. And the difference of speeds 
when collision can be obtained by substitution ti instead of t in 
formula (3) and (6). If a solution for ti doesn't exist between 
time 0 and b2 and collision rises, collision time would be after 
time b2. τ2=b2 is assumed, collision can be assumed to be 
taken place between time b2 and e2. At this time solution for ti 
can be obtained and checked if it is between b2 and e2. If the 
obtained solution for ti is between b2 and e2, speed gap when 
collision can be obtained as explained above. If it doesn't exist 
there collision is assumed to have risen after time e2. Then the 
process above shall be repeated with the condition of τ2=e2. 
 
2.2 Required deceleration after response time of following 
train 
 

In 2nd case, collision can be avoided if following train has 
enough braking power. How much to decelerate shall be 
determined to avoided collision with preceding train. Once 
deceleration amount needed is known, it shall be compared to 
maximum toleration deceleration of given train. If it is within 
the braking characteristic of the train it is possible for collision 
not to rise. 

However close the distance between preceding train and 
following train is, in case following train's speed is smaller 
than or same as the preceding train's the collision will not rise; 
The length of T2, the preceding train is s2(ti)-s1(ti)=L2, if vi(t)
≤v2(t), collision will not rise. 

Leading train possibly response to other trains which are 
ahead of it. There are three possible collision avoiding 
scenarios about this as seen in a~c of Figure 4.  
This situation can be occurred when other leading train ahead 
of it doesn’t affect train or when it has long response time 
before braking devices work. Equation 10 conditions are 
satisfied during the lead vehicle is decelerating in Figure 5 b, 
after impact by the lead vehicle ahead of it or deceleration by 
other available reason Equation 10 conditions are satisfied in 
Figure 4 c. 
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Figure 3. Three scenarios about collision raised before following train's deceleration 

a. Collision before preceding train's deceleration 
b. Collision while preceding train's deceleration 
c. Collision after preceding train's deceleration 
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Figure 4. Three possible collision avoidance scenarios 

a. Collision avoidance prior to lead vehicle braking, 
b. Collision avoidance during lead vehicle braking,  
c. Collision avoidance after lead vehicle braking.
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If assumed that the lead vehicle v2 keeps a constant 
acceleration rate a2(0) between time 0 and b2, deceleration rate 
a2(b2) between time b2 and e2, and a constant acceleration rate 
a2(e2) after e2, position and velocity of the leading train T2 at 
time t are expressed as Equation 11 and 12. 

In this case, the trailing train T1 operates a braking device to 
avoid a collision with the leading train. Equation 14 and 15 
achieve velocity and position of the trailing train T1 as the 
function of time t.  

When it begins decelerating at time b1, the deceleration 
required by the trailing train T1 is represented as a1(b1) in 
above curve. Simplifying a1(b1) through utilizing Equation 
11,12,14 and 15, Equation 16 and 17 are reached as follows.  
And, if the difference of velocity and distance between train T1 
and T2 is defined to each T12 and S12, it is as follow Equations 
to simplify Equation 16 and 17 again with utilizing Equation 18 
and 19. 
 

 
 

 
 

 
 
2.3 Developed Algorithm of Two-Unit Train Operation 
 

The developed algorithm in the paper is a procedure to 
determine a1(b1), e1,a1(e1) for the trailing train to avoid a 
collision with the leading train, which is effected with 
pseudo-programming as follows. The factors of program 
involve distance-time parameter factors(s2(0), v2(0), a2(0), b2, 
a2(b2), e2, a2(e2)) and the present status of the trailing 
train(s1(0), v1(0), a1(0), b1 etc). 
 

 

 
 

3. DEVELOPED ALGORITHM OF MULTI UNIT 
TRAIN OPERATION 

 
Above-mentioned algorithm decides time curve from fitted 
distance to avoid the following train’s collision with the leading 
train. It makes generally simple that the required deceleration 
of the following train Ti to the leading train Ti+1 is determined. 
Current location, speed, acceleration, length of each train can 
be known through communication between trains, thus, with 
input information of si(0), vi(0), ai(0), bi, Li+1, si+1(0), 
vi+1(0), ai+1(0), bi+1, ai+1(bi+1), ei+1, and ai+1(ei+1) the 
results such as ai(bi), ei, ai(ei) come out. 
 

It’s defined recursive function Φ having 12 input factors as 
equation (22) on the basis of this process. The last three input 
factors out of 12 input factors, ai+1(bi+1), ei+1 and ai+1(ei+1), 
of recursive function Φ from equation (22), shall use the result 
through operation process of train Ti+1 and Ti+2. Therefore, 
for defining the values of recursive function Φ conditions to 
stop this recursive, that is to say, the values of an(bn), en and 
an(en) is needed.  

Data communication up to train Tn at train T1 is available, 
but it’s possible up to Tn+1 at T2. The information of an(bn), 
en and an(en) as above expressed can be able to come out 
through operation process of train about Tn and Tn+1. But, in 
this paper is assumed train Tn keeps initial acceleration status 
(an(0)). So, if train operations uniform driving, an(bn)=an(0), 
en=∞, equation can be extended such as next equation (23). 
Several train’s driving considered in equation (23) is easily 
expressed graphically. 
 

4. CONCLUSION 
 

The algorithm has been developed to avoid a collision 
between trains having several units in communication-based 
train control system without track circuit. 
Information nearby trains is transmitted and received 
continuously through communications, thus the deceleration 
required in order to avoid a collision should be determined with 
regard to the vehicle ahead. This deceleration should consider 
avoiding not only a collision with the lead vehicle but also a 
chain collusion including following trains. In this paper, as a 
first step, the algorithm is developed for only two-vehicle units 
It should be considered about multi-vehicle case units because 
they will be sustained to be running in actual operation.  In the 
recent future, the research of this part will be conducted; also 
the performance of this algorithm should be tested and 
simulated 
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Figure 5. Block diagram of algorithm for multi train operation 
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