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Abstract

Train schedule diagrams, in which various kinds of information about the train
operation is illustrated, are by far the most important charts in railways.
Although it has become popular to draw them by computers, train schedule
diagrams drawn by computers often have defects such as train numbers overlap
or train numbers are not so well arranged. We regard the train schedule diagram
drawing problem as a sort of edge label placement problem, where a train
number is put to the line that denotes the corresponding train as its label. We
introduce two types of penalties, namely a static penalty that is calculated from
the absolute position of a label and a dynamic penalty that is calculated from the
whole arrangement of the labels considering the interrelationship between labels.
We have developed a GA based algorithm which searches for an arrangement of
labels such that the weighted sum of the static penalty and the dynamic penalty
becomes the minimum. We confirmed that the algorithm works effectively
through experiments using actual train schedule data.

1 Introduction

Train schedule diagram is a kind of a chart in which information of operational
schedules of railway is illustrated. Train schedule diagrams (diagrams, in short)
are by far the most important charts in railway operation because various kinds
of and huge amount of information is stored in a very compact manner. Thus,
high visibility is required for the diagrams.

Traditionally, diagrams have been drawn by experienced experts.
Recently, it has become popular to draw them by computers, but diagrams
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output by computers have defects such as they fail to eliminate overlaps of train
numbers or overlaps of train numbers and other symbols. Also, they have
another defect such as train numbers are not so well arranged to get a higher
visibility. Thus, it cannot be said that we can get diagrams with high visibility
by computers.

Recently, as the progress of geometric information systems (GIS), a
problem to arrange labels to the symbols on a map is attracting a considerable
attention. Especially, a problem to put labels as the names to line-like symbols
such as roads and rivers on a map is called an Edge Label Placement Problem
(ELP), and several research results have been reported [1]{2][3][4]. ELP is
proved to be an NP-hard problem [4], and attempts to pursue near-optimal
solution by heuristic methods have been used.

Diagram Drawing Problem (DDP) can be considered to be similar to ELP
if we regard train numbers as the labels of lines which correspond to the trains,
and seek for the arrangement of the labels which gives the best visibility. On the
other hand, in diagrams, it is not enough to avoid the overlap of the labels but
their positions have to be adjusted considering the interrelationship among them.
For example, there are a couple of requirements with regard to the arrangement
of the labels such as; train numbers for the trains of the same type should be put
on the same vertical positions and train numbers should not be too congested.
These conditions concerning the interrelationship among labels are not
considered in the past researches of ELP. Hence, we cannot apply these research
results to DDP.

In this paper, we consider DDP as a problem to put labels of train numbers
to the lines which depicts trains. We formalize DDP as follows:

1. We generate positions where labels are possibly arranged. These positions
are called Label Positions (LPs).

2. We assign penalties to the label positions in which labels are arranged.

3. We introduce two types of penalties. One is a static penalty which is given to
each label position which has a label in it, and is calculated from the property
of the label position such as its absolute position etc. The other one is a
dynamic penalty, which we newly introduce in this paper and is calculated
from the interrelationship among labels. Then we seek for the arrangement of
the train numbers which minimizes the total of these two penalties by using
Genetic algorithm (GA).

In chapter 2, we show the outline of DDP, and we give its formalization in
chapter 3. Then in chapter 4, we introduce an algorithm for DDP based on the
genetic algorithm together with experimental results conducted using actual train
schedule data.
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2 Diagram Drawing Problem
2.1 Train schedule diagram

A part of a train schedule diagram is shown in Figure 1. A train schedule
diagram (sometimes just called a diagram, in this paper) is a chart which
illustrates the movements of trains in course of time which is depicted along the
horizontal axis. A diagram consists of lines which correspond to the movements
of trains (train lines), train numbers for each train line, time symbols from
which we can know the departure/arrival times of trains at stations by the unit of
fifteen seconds, station lines which are drawn horizontally and show positions of
the stations, time lines which are drawn vertically and show the times and so on.

Diagrams contain various kinds of and huge amount of information
necessary to operate trains in a very compact manner, thus diagrams may well be
said to be by far the most important charts in railway operation.

Time symbol
A T

Train diagrams are drawn and printed when train schedules are renewed,
and distributed to the people who are engaged in train operation business.
Although diagrams drawn by computer systems are becoming commonly used,
diagrams output by computers sometimes have the defects from the viewpoints
of visibility such as it is difficult to recognize train numbers or departure/arrival
times of trains because sometimes train numbers overlap each other or train
numbers overlap with time symbols. At present, in order to overcome these
problems, following means are devised.
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- to decrease the probability of the overlap by drawing train numbers in
small letters.

- by elaborating the positions of the train numbers (for example to draw
train numbers of upward trains and downward trains in completely
different places), to diminish the possibility of the overlap.

- to draw all or a part of train numbers by hand.

These means have, however, have problems in visibility and the labor
needed to make the diagrams have higher visibility.

Until now, no attempts to treat DDP as a kind of optimization problems
have been made.

2.2 Requirements for DDP

Major requirements for DDP algorithms are as follows:

1. Diagrams have to be drawn based on the fundamental rules of diagram
drawing as shown in Table 1.

2. Algorithms have to be generally applicable to the diagrams in various
kinds of railway lines that might differ in density of trains and the distance
between stations and so on.

3. Algorithms are required to produce diagrams with high visibility.

Table 1. Fundamental rules of diagrams drawing.

 Train numbers have to be put in the right hand side for upward trains
and in the left hand side for downward trains.

2 Train numbers have to be put in positions so that the correspondence
between the train numbers and the lines is clearly recognized.

At least one train number has to be put for a train line for a section
3 that is prescribed as an interval between two station lines (we call this
interval a prescribed section).

4 Time symbols have to be drawn on the lower side of the station lines
for upward trains and on the upper side for downward trains.

Some of the examples of the third requirement are:

- Train numbers must not overlap each other.

- Train numbers and time symbols must not overlap each other.

- Train numbers should be put in a position that is easy to identify such as just
in the middle of two station lines etc.

- Train lines should not cross with train numbers if possible.

- Train numbers and station lines should not intersect if possible.

- Vertical positions of train numbers for the trains of the same type should be
the same if possible.
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- Train numbers for different types of trains should not be arranged too
densely.

3 Formalization of DDP

3.1 Basic ideas

We regard DDP as the following problem:

- We consider a diagram as a chart which consists of lines, train numbers,
station lines and time symbols.

- We treat train numbers as slanted rectangles and time symbols as upright
rectangles.

- Positions of lines, time symbols and station lines are assumed to be fixed.

- We consider train numbers as labels for the train lines, and treat DDP as a
problem to find the arrangement of the labels which minimizes a certain
measure.

Then, we introduce an algorithm to draw a diagram based on the following
ideas.

- First, we prepare positions for each train line where its labels are possibly
set. These positions are called label positions (LPs).

- We then calculate a penalty for each LP. The penalty is called a static
penalty which is calculated from several factors such as the absolute position
of the LP, whether the LP intersects with station lines or another train lines
etc.

- We calculate a penalty for the whole arrangement of the labels, which is
called a dynamic penalty.

- We try to find an arrangement of the labels which minimizes the weighted
sum of these two penalties by using the genetic algorithm.

3.2 Generation of label positions

Label positions (LPs) are slanted rectangular regions where labels might be
possibly put. We equally generate £ LPs in the prescribed section. Here, £ is
called LP generation number and we assume the value of £ is given beforehand
considering the complicatedness of the diagram. The size of the rectangle is
decided from the length of the train numbers and the size of the fonts used. In
Figure 2, we give an example of generation of LPs when k= 5.

3.3 Static penalty

We introduce the following four penalties as the static penalty of a label
position.

[SP1] A penalty imposed by the absolute position of the LP.
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Fig. 2. Generation of Label positions.

[SP2] A penalty imposed by the intersection of the LP and station lines.
[SP3] A penalty imposed by the overlap of the LP and time symbols.
[SP4] A penalty imposed by the intersection of the LP and train lines.

SP1 is introduced so that the difference of visibility affected by the
absolute positions of train numbers should be reflected to the evaluation
measure. In fact, it is most favorable to put a train number in the middle position
of the prescribed section, if we can ignore other conditions. If this is not
desirable for some reason, then the second best position is near the starting end
of the train line. In case of Figure2, the values of SP1 for LP1s are set so that
they gradually increase from LP1-3, LP1-1, LP1-2, LP1-4, LP1-5.

SP2 is a penalty introduced to avoid the intersection of LPs and station
lines. In case of Figure 2, LP1-2, LP1-4, LP2-2 and LP2-4 intersect with station
lines, thus certain amount of SP2 is given to these LPs.

SP3 is introduced to prevent LPs from overlapping with time symbols.
SP4 is a penalty introduced to avoid the intersection of LPs and train lines. In
Figure 2, LP1-4 and LP2-4 overlap with train lines, thus certain amount of
penalties are added to these LPs.

The overall static penalty for an arrangement of labels is calculated as the
total sum of the static penalty of LPs on which labels are put.

3.4 Dynamic penalty

The dynamic penalty is calculated to the whole arrangement of the labels. We
introduce the following three penalties as the dynamic penalties.

[DP1] A penalty caused by the overlap of the labels.
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[DP2] A penalty imposed by the irregularity of the vertical positions of labels.
[DP3] A penalty imposed by the density of labels.

DP1 is a penalty to avoid overlaps of train numbers, and calculated as the
number of overlapping labels. DP2 is a penalty introduced so that train numbers
for the same type trains should be aligned in a line, and is calculated as the
variance of the number of the labels arranged in one horizontal row by the
following formula. In this formula, ave is calculated as (the total number of LPs
in the prescribed section) / (LP generation number for the prescribed section),
and LPnum; is the number of the labels in the i-th horizontal row.

\/ (LPnum, — ave)* +---+(LPnum, — ave)

We calculate DP3 as the number of the labels which exist within a certain
distance from one label. Summing up these numbers for each label, we get DP3.

3.5 Total penalty

The total penalty for an arrangement of labels is calculated as the weighted sum
of the static and the dynamic penalties, which is expressed by the following
formula where PS and PD are the static and dynamic penalties and a and b are
the weights for them.

P=a-P°+b-P”

4 Diagram Drawing Algorithm considering interrelationship
among labels

4.1 Overall construction of the algorithm

We show the overall construction of the algorithm in Figure 3. Since DDP is a
complicated optimization problem, we use the genetic algorithm (GA), which is
believed to be useful to solve such problems.

4.2 Chromosomes

An individual has information of all the positions of the labels. This information
is held in the form of the sequence of the sequential numbers of LPs on which
labels are put. Let us assume that in Figure 3, labels are set on LP1-2 for the
train line 1 and on LP2-5 for the train line 2 respectively. The chromosome
expression for this arrangement of labels thus becomes 25. This way of
expression has a merit that the length of chromosomes does not become too long
compared with the method to express the existence of the label in each LP by a
bit string.
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4.3 Generation of the initial population

We generate an arrangement of the labels at random, and repeat this process
until required number of individuals for a population is obtained.

4.4 Fitness value of individuals

The fitness value of each individual is calculated by applying the linear scaling
[5] to the value calculated by the formula we presented in section 3.5.

Input

v

Generation of label positions

v

Generation of initial population

v

Evaluation of individulals

A

Selection Iteration

v

Application of GA operators

v

Output

Fig. 3. Overall construction of the algorithm.

4.5 Selection

As the selection method, we use the roulette wheel approach [5], namely
individuals are selected depending on the probability which is calculated from
the fitness values of individuals.

4.6 GA operators

We employ the crossover and the mutation as the GA operators. The crossover
operator produces a new individual from two individuals (parents) by
exchanging a part of their chromosomes. The mutation operator modifies a part
of the chromosome based on a probability specified as the mutation ratio.
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5 Results of Experiments

We have applied our algorithm to the data extracted from actual train schedule.
We show a result of the experiments in Figure 4. There are no overlap of train
numbers nor no overlap of train numbers and time symbols, and train numbers are
well arranged so that intersection with train lines and other symbols is avoided.
The data concerning the experiments are shown in Table 2. Also, processes of the
convergence are depicted in Figure 5. In Figure 5, the processes for two trials
among the ten trials we performed are shown, one we got the result most quickly,
and the other is the trial we needed the longest time. In the experiments, we set the
LP generation number as 15. Execution time was about two minutes for each
experiment (Mobile Pentium . 600 MHz, 192MB).
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Fig. 4. An example of experimental results.
Table 2. Data concerning the experiments.
Population size 20 Performed generations 3000
Crossover ratio 0.9 Mutation ratio 0.01
Number of trains involved 49 Number of stations 15

Number of labels arranged 147 Number of train types 3
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Fig. 5. Process of Convergence.

6 Conclusion

We have introduced an algorithm considering the interrelationship between labels,
which can produce a train schedule diagram with high visibility. Then, we have
confirmed its effectiveness through several experiments using actual train
schedule data.
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