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DEVELOPMENT OF THE RAILWAY POINT ELECTRIC HEATING
INTELLECTUAL CONTROL ALGORITHM

Summary. The article reviews and describes the problems of the railway point heating
conventional control system considering its structure, simple design, disadvantages and
nonconformity. As a solution to the described problem, an innovative and advanced point
heating control algorithm is proposed based on Mathlab’s Fuzzy Logic Designer module,
which will allow control of heating more effectively and intellectually. The tasks for the
advanced and intellectual point heating control system were set. The interdependency of
different input variables and their weights of the proposed algorithm are shown and
described. Conclusions show that the approach of introducing a control algorithm based
on Fuzzy Logic will allow to control point heating in a more advanced and efficient way -
switching on and off based on the interdependency of different weather conditions and
weather forecast; the input data control system will decide automatically when to switch
the heating on and off.

1. INTRODUCTION

Currently, railway stations are equipped with a point heating system; it is controlled by the switch
on/off principle [1, 10, 14]. The heating is switched on when the weather worsens and is turned off
when the weather noticeably improves. In this case, heating is not regulated in any way. This leads to
unnecessary consumption of electricity and it is an inefficient method.

Thus, at the moment when point heating is turned on, the snow falling on the point is melted and
melts. The heating works for the time period “t”, and this time “t” is regulated in the manual mode.
When necessary, the point heating is switched on manually, but in this way the minimum power
consumption and thus the minimum costs are not achieved. On the other hand, heating of points itself
is necessary due to possibility of falling snow to turn into ice and block the point from switching [3,
7]. This can lead to different situations that threaten safety on the railway [13].

The electrical energy W consumed for the current work of point heating is calculated as follows:

W=U=xIxt, )
where “W” is the work of electrical energy, “U” is the electric voltage, “I” is the electric current and
“t” is time. The heating power is constant if the supplied voltage is constant. The active power of the
point heating is calculated using the following formula:

P=U=xIx*cose, 2)

where “P” is the electric power, “U” is the electric voltage, “I” is the electric current and “cos¢” is the
power factor.
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This means that point heating can be adjusted by changing the time for which the heating is
switched on. The second option is to adjust the voltage that is supplied for heating. If reduced, then the
active heating power is reduced accordingly.

max,if U =max.and t° <0
P =<{nom,if U=nom.andt° =0 3)
0,U=0,ift°=0

wind speed

outside temperature
atmospheric precipitation

atmospheric pressure

rail temperature

point heating current
If the voltage adjustment method is chosen, then, power losses will eventually be present and there
is no way to avoid these. Therefore, the author chooses to flexibly adjust the time for which the

heating must be switched on.

“)

2. DEVELOPMENT OF THE INTELLECTUAL POINT HEATING CONTROL
ALGORITHM

In the fuzzy logic model, the Mamdami algorithm has been applied [2,4] and it consists of the
following steps. In the first step, factors or variables are selected that are presented as fuzzy values.
The next step is the fuzzification step, i.e. construction of the characteristic function or the
membership function of input variables (parameters) and the output variable. Possible ranges of their
changes also have to be specified [15].

In the third step, on the basis of existing ideas about the nature of influencing factors, the output
variable should be formulated and described by rules that associate input and output variables [5,6,8].
In the final step, a fuzzy logic model is constructed.

2.1. Tasks of the control algorithm

Before starting the development of a new control algorithm, it is necessary to list the tasks that the
proposed algorithm must fulfill. These tasks are as follows:
. insulation resistance measurement of point heating elements;
. measurement of voltage that is applied to point heating elements;
. measurement of current that flows through point heating elements;
. measurement of heated rail temperature;
. measurement of ambient air temperature;
. checking of the presence of precipitation; and
. checking of weather forecast in different Internet resources.

NN N BN =

2.2. Fuzzy logic controller

For the intellectual control algorithm, Mathlab’s fuzzy logic designer will be used. First of all, 4
input variables are set: temperature, snow, rain and wind speed. The overall structure of the fuzzy
logic controller control system is shown in Fig. 1.
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Fig. 1. Overall structure of the fuzzy logic controller control system

The next stage is to select or specify a characteristic function (membership functions) for input and
output parameters [9]. The membership function may be triangular, trapezoidal, in the form of a

Gaussian function, sigmoid and others [11, 12].

Membership functions of each input factor form the trapezoidal representation of fuzzy values:
temperature - low temperature, snow - light, medium and strong snow, rain - no rain and heavy rain
and wind speed - light, medium and strong wind. The range of membership functions varies as shown

in Figs. 2, 3.
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Fig. 3. Membership functions of input variables

Next, to start a simulation, it is necessary to create a rule base (Fig. 4.) that will be used as a basis

for the algorithm.
1. ift < 0°C, do not switch on point heating;

2.
3.
4

power;

SRR

power;

if t < 0 °C and there is little snow, switch point heating on with minimum power;
ift < 0 °C, there is little snow and light wind, switch point heating on with minimum power;
if t < 0°C, there is little snow and medium wind, switch point heating on with minimum

if t < 0 °C, there is little snow and strong wind, switch point heating on with medium power;
if t <0°C, there is medium snow and light wind, switch point heating on with medium



Development of the railway point electric heating. .. 75

7. if t < 0°C, there is medium snow and medium wind, switch point heating on with medium
power;

8. if t < 0°C, there is medium snow and strong wind, switch point heating on with maximum
power;

. ift < 0°C, there is heavy snow and light wind, switch point heating on with medium power;

10. if t < 0 °C, there is heavy snow and medium wind, switch point heating on with medium
power;

11. if t < 0 °C, there is heavy snow and strong wind, switch point heating on with maximum
power;

12. if t < 0 °C, there is strong rain and light wind, switch point heating on with minimum power;

13. if t < 0°C, there is strong rain and medium wind, switch point heating on with minimum
power; and

14. if t < 0 °C, there is strong rain and strong wind, switch point heating on with medium power.
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12. If (Temperature is below_zero) and (Rain is heavy) and (Wind_speed is light) then (Point_heating is low_power) (1)
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Fig. 4. Fuzzy logic controller rule base

2.3. Fuzzy logic controller simulation results

Simulation results (Fig. 5.) clearly show that using the proposed algorithm, it is possible to manage
point heating efficiently and flexibly. The results show considerable dependence on the intensity of
snowfall, wind speed and rainfall. The highest peak of point heating membership is in the center of the
graph. This is where membership functions of input factors (especially snow and temperature) are
most true and input of this forms the output result — the value of membership function of the point
heating system is close to 1. Based on the situation prevailing at the time of the simulation, it is
possible to confer more importance to the corresponding category input factors, thus leading to an

overall output result of the simulation.
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Fig. 5. Simulation results
2.4. System structure, description and scheme of electric connections

To gain a better idea of the structure of the completed system and the interaction of different
devices in it, it is necessary to develop a system architecture block diagram (Fig. 6). The heating
element is mounted on the frame rail of each blade. It can either be an electric heating element or a
heating induction plate. Each frame rail is fitted with a temperature sensor that measures the rail
temperature and real-time data transfer to the heating control controller. The current to the heating
element is fed through a force contactor and this contactor is activated by a relay controlled by the
controller. The temperature sensor is also connected and constantly sends information about the frame
rail temperature to the controller. An insulation resistance-measuring device is installed to measure the
insulation resistance of the heating element. In case the resistance of the insulation is below the
minimum value (R <7.3 kQ), the measuring device sends an alarm to the controller.

Voltage-, current- and active power-measuring devices are installed to control these parameters and
send a signal if their values are beyond the minimum and maximum limits.

To control and monitor weather changes, a weather station has been designed and it includes
precipitation, temperature and humidity sensors, wind speed and atmosphere pressure sensors, and all
data are sent to the weather station controller. The local weather station enables monitoring of the
environment and by sending up-to-date data about the weather conditions to the controller, the
controller can control point heating very precisely and efficiently. The weather controller is connected
to a switch that is located in the station building, and this switch also connects all point heating
controllers into one network and is connected to the station point heating server.

The point heating server also receives the weather forecast from the Internet information on
upcoming weather changes. This is needed to keep switch point heating on, for example, during the
strong wind, rain and in case of temperature dropping below zero. In such weather conditions, ice can
develop on the rails and it is prudent to turn the point heating on with low power in advance to prevent
such a situation.
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Fig. 6. Proposed point heating system architecture block diagram

When the block diagram of system architecture is ready, it is necessary to show the circuit diagram
of all system elements (Fig. 7). Three-phase power is fed through current transformers T1 and T2 to
two voltage-, current- and power-measurement devices. One phase and neutral are connected to a 5V
power supply unit, which provides 5V DC to the controller. In parallel with the controller, an Ethernet
controller is installed to provide network connectivity. To switch the power to point heating elements,
the controller provides power to two relays K1 and K2, which close NO-type contacts to place coils of
the contactors KM1 and KM2 under current. When the contactor coils are under current, they switch
on their contacts KM1.1 and KM2.1, and thus all power is fed to heating elements through isolating
transformers. On each frame rail, temperature sensors are installed; these are connected directly to the
controller to provide input data. Isolation resistance-measurement devices are installed and connected
to heating elements to constantly control the resistance value and send alarms to the controller when
the value drops below the minimum limit.

3. CONCLUSIONS

This article defines an equation of states that allows the determination of the dependence of the
objective function on various parameters. Such a definition allows the evaluation and adjustment of
the parameters of the output function by a combination of many quantities.

The use of a fuzzy logic controller for energy management and saving purposes enables it to be
successfully integrated into the point heating control algorithm. In this article, the intellectual control
algorithm based on fuzzy logic was developed. Input and output variables were defined; membership
function levels were set. As a result of the simulation, it is clear that using the proposed algorithm, it is
possible to manage point heating efficiently and flexibly and, using the fuzzy logic makes the process
of managing it smart and modern. This algorithm allows to effectively manage the operation of
switching point heating on and off. The results show considerable dependence on snowfall intensity,
wind speed and rainfall. The study of interdependence of these input variables is an important and
useful result of this work.
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Fig. 7. Proposed point heating system circuit diagram

The results are shown in the form of Graph Surface View (Fig. 5). The output variable (point
heating) shows strong dependence on low temperature, wind speed and whether there is precipitation,
and the interdependence of these inputs is a significant and useful part of this research.

The obtained data allow to confirm the hypothesis of the versatility of the task, thereby indicating
that to achieve the optimal result, taking into account only one or two parameters is not enough. Thus,
direct regulation of the point heating process will not always be optimal in terms of the output result
and more complex, interdependent control algorithms must be applied.

Further research needs to be carried out to study the interdependence of the input variables and to
clarify membership functions more precisely. Some more subsections could be designed and, —also,
the fuzzy logic algorithm could be fine-tuned (e.g. by adding more input variables), thus making it
more complex and, at the same time, much more effective.
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