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As one of the key components for the railway transportation system, the Train Operation Diagram can be greatly influenced by
many extrinsic and intrinsic factors.Therefore, the railway train flow has shown the strong nonlinear characteristics, whichmakes it
quite difficult to take further relative studies. Fortunately, the cellular automatonmodel has its own advantages in solving nonlinear
problems and traffic flow simulation. Considering the mixed features of multispeed running trains on the passenger dedicated
lines, this paper presents a new train model under the moving block system with different types of trains running with the cellular
automaton idea. By analyzing such key factors as the maintenance skylight, the proportion of the multispeed running trains, and
the distance between adjacent stations and departure intervals, the corresponding running rules for the cellular automaton model
are reestablished herewith. By means of this CA model, the program of train running system is designed to analyze the potential
impact on railway carrying capacity by various factors; the model can also be implemented to simulate the actual train running
process and to draw the train operation diagram by computers. Basically the theory can be applied to organize the train operation
on the dedicated passenger lines.

1. Introduction

Although theChinese railway transportation has experienced
a rapid development period in recent years, the railway
transport capacity still cannot efficiently meet the increasing
passenger and freight transportation demands. Furthermore,
limited by the current freight transportation businesses, the
passenger transportation system is of a single operation
scheme. In order to improve the transport capacity fun-
damentally and ease the contradictions in running mixed
passengers and freights, the passenger dedicated lines are
currently being built on a large scale in China.The passenger
dedicated lines have such advantages as large capacity, high
speed, and high frequency, which provide more secure, more
efficient, more convenient, andmore comfortable services for
the increasing number of passengers. However, along with
some problems emerging during the train operation process,
the passenger train operation plan seems to be unreasonable
and could not satisfy the passenger demands to a maximum
extent up to date, although thematuredmodel and algorithm

for the existing railway have the important reference values
for the compilation of the train operation diagram for a
passenger dedicated line. Actually, a passenger dedicated
line has its unique features, and a normal compiling theory
could not necessarily be suitable for it. To optimize the train
operation plan,many experts inChina and abroad take a large
scale of research using genetic algorithm and multiobjective
programming method. However, the dynamic train opera-
tion process cannot be simulated in these algorithms [1, 2].

In comparison to the existing railway system, the pas-
senger dedicated line has the following unique features: (1) it
has more emphasis on passenger convenience; (2) properties
and types of the trains running on passenger dedicated line
are different from existing railway line; (3) the speed of
trains running on passenger dedicated line is limited; (4)
with strict departure time, arrival time, travel speed, and
punctuality, the train operation diagram of the passenger
dedicated line demonstrates more flexibility; (5) valid time
zone of train operation diagram of the passenger dedicated
line is smaller than the existing train operation diagram [3].
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Checking the features listed above, it is quite necessary to use
the train running simulation to analyze the train flow features
on a passenger dedicated line to reveal formationmechanism
of nonlinear characteristics of the railway traffic system, to
predict its tendency, and to control it efficiently.

In recent years, the nonlinear characteristics in traffic flow
become a hot research topic. The cellular automata (CA) are
nonlinear dynamical models with its divergence in space,
time, and state. With more simple algorithm and higher
computational efficiency, the NaSch model can reproduce
some actual traffic phenomena. The first CA model for
the traffic flow was Number 184 Rule model proposed by
Wolfram [4]. In the year of 1992, Nagel and Schreckenberg
[5] proposed the well-known NaSch model as a form of the
promotion. Some other scholars and experts also achieved
many research results concerning a variety of traffics or road
conditions on that basis [6–21].

Focused on the research field of the traffic flow, some
Chinese experts have also attained several achievements of
the CA model in both the theoretic research and practical
application. Li et al. [22, 23], who applied the NaSch model
for the purpose of an analysis of train tracking and railway
traffic flow for the first time, proposed a CA model for
simulating the railway traffic system. Two years later, Li et al.
[24] established a CAmodel to analyze and explore the space-
time diagram of railway traffic flow and the trajectories of
the train movement. At present, the model for simulating the
railway traffic system can be roughly divided into two classes:
one for the moving block system and the other for the fixed
block system.

For the moving block system, more and more models for
simulating the railway traffic system based on the fixed block
system were proposed currently [25–30]. Zhou et al. [25]
simulated the traffic phenomenon of the delay propagation
in a moving-like block system. Xun et al. [26] applied CA
model to simulate the train running state as well as the traffic
phenomenon of the delay propagation in the rail network.
Fu et al. [27] proposed a CA model to simulate the tracking
operation of trains in Beijing Subway Line 2. Wang et al.
[28] established some sound rules to control the running
process of a train and presented a new CA model with the
consideration of the mixed trains and the distance between
the adjacent stations to study the moving block system.

However, the above CA models cannot be used to study
the operation process of trains on the passenger dedicated
line whereas some of them would not stop at any overtak-
ing stations. In addition, the station spacing, maintenance
window, and punctuality rate are not considered in their
studies. According to the existing models, in view of the
organization characteristics for the passenger dedicated line,
we establish some rules, demarcate the related parameter,
and then propose a new cellular automaton model which can
efficiently simulate the phenomenon of multispeed running
diagram in a moving-like block system. Then we apply
this model to simulate the train operation diagram on the
passenger dedicated line.

The whole paper can be organized as follows.Themoving
automatic block is introduced in Section 2; then in Section 3,
a cellular automata model is proposed to investigate the
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Figure 1: Schematic of moving block system.

mixed train tracking operation in a moving block mode,
which is based on the model proposed in prior researches; in
Section 4, the numerical and analytical results are presented.
Finally, conclusions of this research are provided in Section 5.

2. Moving Automatic Block

Different from fixed autoblock system, the moving block
system only takes stations and sections into consideration. In
themoving block system, with no protective signals equipped
at the entrance of every block, the track will not be divided
into blocks. Actually, if there is enough braking distance
between two adjacent trains, the train behind can increase to
a higher speed to track the forward one. On this basis, not
only do the trains tracking control become more flexible, but
also the section capacity and efficiency can be significantly
improved.

In the moving block system, the end of the preceding
train, with which it keeps a certain safety distance, is the
succeeding train’s tracking target. According to the target
distance, target speed, and train performance, the braking
calculation point of the succeeding train can be calculated
directly. With this method, the position of the starting
point in braking process can be adjusted accordingly by
the parameters of railway line and the train performance.
Meanwhile, the end of the preceding train can also affect the
tracking target. So the values of instantaneous space distance
between the successive trains are not fixed.Themoving block
system is shown in Figure 1.

3. CA Model

Thedetail of cellular automatamodel inmoving block system
is built as follows.

3.1. Model Hypothesis. Based on the moving block system,
there are two kinds of trains running on the railway line in a
specific section, the express-trains and the lower-speed trains.
Considering the same station spacing, the same length of
trains, and adequate number of tracks for trains arrival and
departure in one station, the lower-speed trains can stop at
any overtaking station in the simulation section. In addition,
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the effect on the train operation by comprehensive mainte-
nancewindow should also be considered in themodel as well.

Assume the acceleration and deceleration process are not
considered in the model. That is, two kinds of trains with
different speeds will not enter into the system at steady speed
until departure condition is satisfied. During the running
time, the speed of all trains will not change in this section.
But in the stations, it needs to decide whether the lower-
speed trains need to go or stop considering the express-trains
tracking conditions.

3.2. Symbol and Meaning. 𝑉𝑘 displays the velocity of two
kinds of trains, respectively, 𝑘 = 1, 2 (𝑘 = 1 represents
express-train and 𝑘 = 2 represents lower-speed train); 𝑉𝑗(𝑡)
represents the real-time velocity of the train 𝑗 at time 𝑡,
𝑉𝑗(𝑡) ∈ {0, 𝑉1, 𝑉2}; 𝑋𝑗(𝑡) is the displacement of the train 𝑗
at time 𝑡; 𝑇 is the train interval between successive trains;
𝑇𝑧𝑦 is the time requirements of basic operation including
additional starting time and additional stopping time; 𝑋𝑗(𝑡)
represents the position of train 𝑗 at time 𝑡; 𝑋𝑘

𝑗
(𝑡) represents

the position of train at the speed of 𝑉𝑘 that is closest to
the initial station at time 𝑡; 𝐷𝑗,0(𝑡) represents the distance
between train 𝑗 and initial station at time 𝑡;𝐷𝑘

𝑗,0
(𝑡) represents

the distance between initial station and the nearest train with
𝑉𝑘 (𝑘 = 1 represents express-train and 𝑘 = 2 represents
lower-speed train); 𝐷𝑘 represents the distance measure for
train departure (𝑘 = 1 represents that the nearest train ahead
is express-train and 𝑘 = 2 represents that the nearest train
ahead is lower-speed train); 𝐷𝑘

𝑗
(𝑡) represents the distance

between train 𝑗 and the contiguous train rear with 𝑉𝑘 (𝑘 = 1
represents express-train and 𝑘 = 2 represents lower-speed
train); 𝑆𝑘 represents the reference distance standard for the
lower-speed train departed from the overtaking stations (𝑘 =
1 represents that the nearest train behind is express-train and
𝑘 = 2 represents that the nearest train behind is lower-speed
train); 𝐿 stop is the distance between the adjacent stations;
𝑆safe is the value of the minimum safety distance and 𝑙 is the
distance of a train; 𝑟 is the mixture ratio (the ratio between
the number of lower-speed train and the number of express-
train).

In the model, cell neighborhood is represented as the
distance of adjacent trains. Here we use distance control
method to modify the running processes at each section.The
quantity relationship between related parameters is

s.t. 𝐷𝑗,0 (𝑡) = 𝑋𝑗 (𝑡) − 𝑙

𝐷
𝑘

𝑗
(𝑡) = 𝑋𝑗 (𝑡) − 𝑋

𝑘

𝑗−1
(𝑡) − 𝑙

𝐷
𝑘

𝑗,0
(𝑡) = 𝑋

𝑘

𝑗
(𝑡) − 𝑙

𝑗 = 1, 2, . . . , 𝑛

𝑘 = 1, 2.

(1)

3.3. Train Production. In the beginning, according to a given
proportion, there will generate a train randomly at the
originating station with a fixed condition. If this train meets

the starting condition, it starts to enter into the moving block
system,with a new location updating process to be performed
with a speed function 𝑉𝑗(𝑡). Otherwise, the train should wait
until the starting conditions are satisfied.

The judgment for the train at the initial station can be as
follows.

(1) The train interval between successive trains repre-
sented by 𝑇 must be larger than the basic operation
time represented by 𝑇𝑧𝑦:

𝑇 ≥ 𝑇𝑧𝑦. (2)

(2) The outbound train will not overtake the forward
train before arriving at the latest station.
The mathematical expression is as follows:

𝐷
1

𝑗,0
(𝑡) > 𝐷1, 𝐷

2

𝑗,0
(𝑡) > 𝐷2,

𝐷𝑘 = 𝐿 stop −
𝑉1

𝑉𝑘

(𝐿 stop − 𝑆safe − 𝑙) ,

𝑘 = 1, 2.

(3)

(3) Low-speed train leaves from overtaking station.

The mathematical expression is as follows:

𝐷
𝑘

𝑗
(𝑡) > 𝑆𝑘, 𝐷

𝑘

𝑗+1
(𝑡) > 𝑆safe + 𝑙,

𝑆𝑘 = (
𝑉𝑘

𝑉2

− 1)𝐿 stop + 𝑆safe + 𝑙,

𝑘 = 1, 2.

(4)

3.4. Express-Trains Avoid Lower-Speed Trains. In order to
avoid an express-train, generally speaking, the lower-speed
train should stop at overtaking station. When the following
conditions are satisfied, the lower-speed train can run to the
next section without a stop at station for some time:

If 𝐷2
𝑗
(𝑡) > 𝑆2, 𝑉𝑗 (𝑡) = 𝑉2

Else

𝑉𝑗 (𝑡) = 0.

(5)

Based on this judgment, before arriving at the next
overtaking station, we should continue to judge whether the
lower-speed train stops at receiving-departure track or goes
through the station.

3.5. Movement. Consider the following:

𝑋𝑗 (𝑡 + 1) = 𝑋𝑗 (𝑡) + 𝑉𝑗 (𝑡 + 1) . (6)

3.6. Operation Judgment inCondition of ComprehensiveMain-
tenance Window. Provided that in a certain time the train
operation is not allowed, the trains on the railway must stop
at the adjacent station before scheduled time.
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Figure 2: The influence on carrying capacity by mixture ratio.

4. Simulation and Discussion

There are four overtaking stations, one initial station, and one
terminal station on the section. The speeds of an express-
train and a lower-speed train are 198 km/h and 80 km/h,
respectively (𝑉1 = 198 km/h, 𝑉2 = 80 km/h). In order
to compare simulation results with field measurements, one
cellular automata iteration roughly corresponds to 1 second,
and the length of a cell is 1m.The length of a train and safety
distance are 𝑙 = 500m and 𝑆safe = 6 km, respectively. The
basic operation time 𝑇𝑧𝑦 = 600 cells/updating corresponds to
10 minutes actually. In addition, the maintenance window is
unidirectional rectangle skylight on the alternate days with
𝑇 = 7200 cells/update corresponding to 2 hours actually.
Considering open boundary condition in the model, the
system will be updated by 1 second. There are 200000 time
steps in one evolution stage, and here we record the time steps
(24 hours) between 100000 and 186400 as one efficient date
preparing for the following simulation.

4.1. The Influence on Carrying Capacity by Mixture Ratio.
Figure 2 shows the value of carrying capacity in different
mixture ratio. From the simulation results shown above, it
can be clearly seen that as express-train train and lower-
speed train are operating on the same railway, the mixture
ratio has a large influence on the carrying capacity. Only with
the express-trains on the section can the values of carrying
capacity be maximum. Considering mixed operation at
present, it is necessary to adjust the mixture ratio properly
to improve the value of carrying capacity.

4.2.The Influence on Carrying Capacity by the Station Spacing.
Figure 3 plots same curves about the carrying capacity in
different mixture ratio when taking different values of station
spacing. From the simulation results shown above, it can be
clearly seen that as the station spacing proceeds, the carrying
capacity firstly falls suddenly and then increases rapidly.
When the departure time interval is fixed, there is a close
relationship between carrying capacity and station spacing.
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Figure 3: The influence on carrying capacity by station spacing
in different mixture ratio (𝑟 represents the ratio of number of the
express-train compared with that of the lower-speed train).

Therefore, it is necessary to adjust the values of station spacing
reasonably for a higher value of carrying capacity.

The main reason behind the phenomenon could be owed
to many factors. It can be clearly seen that as the 𝐿 stop
proceeds, 𝐷𝑘 and 𝑆𝑘 both increase. In the initial conditions,
with large traffic density, the process of avoidance and
overtaking does not much affect the total numbers of trains.
Also, the velocity interference effects between different kinds
of trains become obvious. In this case, affected by delay
propagation at the initial station, not only should the express-
train wait longer before departure, but also the total number
of trains in the system tends to be less. After a period of
running, the minimum value of carrying capacity could be
seen when 𝐿 stop = 40 km. When 𝐿 stop is still on sustainable
growth, lower-speed trains do not depart until avoiding most
and more express-trains at the overtaking station. That is
to say, when the value of 𝐿 stop becomes larger, the exact
speed difference has less effect on the running process. Most
avoiding trains depart and pass through the system gradually,
bringing about linear increase in carrying capacity.Therefore,
it is necessary to adjust the value of station spacing reasonably
for a higher value of carrying capacity.

4.3.The Influence on Carrying Capacity by the Departure Time
Interval. The departure time interval is an important factor
that could influence the railway carrying capacity. From the
simulation results shown in Figure 4, it can be clearly seen
that the value of carrying capacity decreases slowly when
𝑇 increases gradually. Meanwhile, with the increase of the
departure time interval, the influence on carrying capacity
by the proportion becomes lower and lower. In addition,
with changing the value of mixture ratio, the change of
carrying capacity is in accord with the trends of Figure 2,
which confirms the degree of departure time interval is one
of the main factors that directly affect the carrying capacity.
Therefore, in order to improve the capability and efficiency
of the daily production activities in a station, to bring about



Journal of Applied Mathematics 5

120
15 15.5 16 16.5 17 17.5 18.5 19.5 201918

140

160

180

200

220

240

260

Departure time interval

r = 0r = 0.2
r = 0.5

r = 0.8

r = 1

r = 1

Ca
rr

yi
ng

 ca
pa

ci
ty

Figure 4: The influence on carrying capacity by departure time
interval in different mixture ratio (𝑟 represents the ratio of number
of the express-train compared with that of the lower-speed train).
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Figure 5: Train operation diagram considering maintenance win-
dow.

higher carrying capacity on the passenger dedicated line, it is
important to lessen the departure time intervals.

4.4. Train Operation Diagram Considering Maintenance Win-
dow. Figure 5 shows the train operation diagram from time
step 𝑡 = 10000 to time step 𝑡 = 40000 where horizontal
axis and vertical axis represent the time step and the position,
respectively. In the diagram, the values of carrying capacity,
mixture ratio, departure time interval, andmaintenance win-
dow are 30 km, 0.5, 16 minutes, and 7200 time steps, respec-
tively. From the diagram shown above, it will be convenient
to improve the maximum carrying capacity in comparison
to the schemes in the train diagram establishment. Also,
through appropriate selection of constraints, not only is it
meaningful to optimize all the indications of train diagram
and rolling stock schedule, but also it improves efficiency of
rolling stock utilization plan, reducing the labor intensity for
the working staff.

5. Conclusions

In general, this paper proposes a new CA model to sim-
ulate the railway traffic with the moving block system.
The numerical simulations demonstrate that, combining

with the characteristics of the moving block system, some
characteristic features of the train operation can be greatly
influenced by such factors as the length of train, theminimum
safety distance, and so forth. We discuss thoroughly hereby
the effects of station spacing, departure time interval, and
the mixture ratio of different speed ratings on the railway
system carrying capacity, and, in the meanwhile, we simulate
the train operation diagram considering the maintenance
window in the moving block system.

The simulation results are as follows.

(1) The increase of station spacing, departure time inter-
val, andmixture ratio will result in decreased carrying
capacity, but, under the influence of increasing station
spacing, carrying capacity decreases firstly and then
increases rapidly.

(2) In the same station spacing, there exists a big differ-
ence in the values of carrying capacity along with the
different mixture ratio.

(3) The departure time interval, which basically does
not subject to mixture ratio, actually has the biggest
influence on carrying capacity in all the factors.

The proposed CA model is a good method to investigate
the important characteristics of train operation in passenger
dedicated lines. By using the simulation CAmodel build with
MATLAB toolbox, a practical train operation diagram under
the influence of the various factors can be revealed fully.
However, due to some simplifying assumptions, there still
exist some certain deviations between the consequences we
obtained herewith and the actual railway operation system.
Thus, it is worthy to study this issue deeply and further.
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