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The smart grids are a qualitatively new concept for 
automated control of systems and electricity, both from the 
supplier and the consumer. The main goal of smart grids is 
to provide the highest quality power to consumers and to 
maximize the use of energy from renewable energy 
sources. The ultimate goal of building an intelligent 
network is to modernize and automate it. Substations are a 
key element in power grids. Unlike a conventional 
electrical substation, the intelligent substation records data 
that can be read and monitored remotely via a digital or 
analog link. This allows technical faults in the electrical 
network to be detected and repaired as quickly as possible. 
The restoration activities of the facility are minimized in 
the existing electrical grids, which in turn leads to minimal 
operating costs. For the needs of modern urban electric 
transport, the most widespread energy systems are intended 
for control and management of power facilities in the 
metropolitan metro, metropolitan electric transport etc.  

An electric transmission line has four parameters, 
namely resistance, inductance, capacitance and shunt 
conductance. These four parameters are uniformly 
distributed along the whole line. Each line element has its 
own value, and it is not possible to concentrate or lumped 
them at discrete points on the line. For this reason the line 
parameters are known as distributed parameter, but can be 
lumped for the purpose of analysis on approximate basis. 

 
They consist of the following subsystems: 
• Traction control subsystem 
• Technological facilities management subsystem 
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The traction power substation is connected to the 10 KV 
side of the city's power grid and supplies DC 825 V feeders 
and 0.4 KV to the rest of the facility. The traction 
substation control system consists of: 

• Controller for control and management of DC 
terminals;  

•RTU for control and control of inputs 10 KV; 
•RTU for control and control of 0,4 KV terminals 
• Central RTU, which also functions as a Data Hub, in 

which all process information from the site is received and 
transmitted to the Central Post - the SCADA subway 
system 

•Local Command Station - LKS intended for local 
control of the substation. 

•The system consists of three main parts: 
•RF Interface - Communicates with the controller / 

UNILINER module on the side and the main antenna on 
the other side. 

• Main antenna - The central antenna communicates with 
INT RF on one side and with RF RTU on the other side. 

• RF RTU - The RF RTU (Remote Terminal) is basically 
a small simple controller that executes what INT RF tells it. 

 
The maximum range between the controller and the 

furthest RTU is 2.5 km (with visibility). These generations 
are capable of 1 level of repetition, which means that an RF 
INT can control and track elements within a 5km radius. 
Each INT RF can communicate with up to 60 RF RTUs. 
Communication with all RTUs takes place every few 
seconds (depending on the number of RTUs). 

The process information comes from free contacts of the 
switch gear of the findings and from Intelligent Electronic 
Devices - IED, which in this case are: 

•Digital Relay Protection; 
•Programmable controllers (PLC); 
•Measuring devices and more. Complex switchgear 

information is fed to digital I / O, and IED information is 
received through serial channels and via Modbus and IEC 
60870-5-103 protocols. 

The information is received according to IEC 60870-5-
101 / 104 protocol from the Data Hub. 

The following components are installed: 
•Communication software; 
•SCADA - software; 
•Software for visualization of technological processes; 
•Software for archiving of events and actions of the 

operator, etc. The technological equipment management 
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system manages the ventilation, drainage, lighting and 
other facilities at the metro infrastructure. 

 
It consists of: 
•different number of controllers distributed throughout 

the station; 
•Communication Server; 
•SCADA - Server; 
•Historical Information Server - HIS and 
•Local Dispatching Workplace. 
The process information enters the system controllers. 

Equipment management commands are also sent there. 
According to IEC 60870-5-101, controllers exchange data 
with the Communication Server. It, in turn, provides data to 
SCADA - Server and HIS. The Local Dispatch Workspace 
displays images describing the state of all technological 
facilities, as well as the protocols and archives of the events 
and actions of the dispatcher. The system is used for 
control and management in the railroad infrastructure. 

 
The main functionalities here are focused on: 
•Control and management of the Power Supply Network 

along the railroad overhead contact line 
•Centralized Traffic Control - CTC. System for control 

and management of the energy distribution grid for the 
railroad sections. The system is a typical "energy" system. 
It is subject to the same properties as for power grid 
management systems. Here it serves to control and manage 
the energy distribution network of the railway lines, 
including: 

•Substations 110 / 27.5 KV; 
•Transformers 
•Sectional disconnectors at stations and between stations 

and 
•Other facilities along the route. At each of the sites, 

both at the substations and at the stations, an RTU is 
installed, performing the functions of: 

• Collection of technological information from the site; 
• Checking the accuracy of the information received; 
• Primary data processing 
• Submitting them to the Command Stations - System 

CS. 
 
Here unlike the general systems in the energy sector both 

the single line diagrams of the substations and the 
development of the railroad stations are depicted, where the 
power of the track and inter-station feeders is indicated. 
CSs can be installed locally, regionally, and centrally, each 
of which controls its sites. The Central CS controls and 
manages all objects along the line. The system can be 
upgraded to the next system level, which will integrate the 
systems along the individual railway lines in a given 
region. 
 

The train position monitoring and control system 
The Dispatching Centralization System (DC), also called 

the Centralized Traffic Control (CTC) system, serves for 
the remote control and management of trains on a railway 
section and / or region. Objects for it are signaling, 
interlocking devices located at the stations and in the inter-
station. They guarantee road safety. At stations, these are 

Route Relay Centralizations (interlocking systems), 
controlling and managing: 

• Arrows; 
• Alerts; 
• Isolated sections 
• Other infrastructure in railway stations. 
 
Usually these are automatic Locking, axle counters, 

switchgear and more. At the local level, it is possible to 
arrange routes at stations through the additional 
communication infrastructure. They monitor the prevention 
of risky routes. 

The system is an upgrade over the existing devices in the 
area. Through its RTUs installed at the stations where the 
information comes from and between the stations, it 
collects and concentrates the technological information 
from the entire section of the Command Station - System 
CS. 

There, this information is processed, analyzed in its 
entirety and on this basis commands and / or command 
sequences are formed to separate stations for ordering and / 
or canceling routes. 

The commands are sent back to the sites and there, 
through the local device, are output for execution to the 
appropriate facilities (arrows, signals, etc.). 

The main functions of the system are: 
• Collection of technological information from the sites; 
• Verification of information and primary processing; 
• Transmission of information to the system's CS; 
• Processing and analysis of information received from 

the sites; 
• Determining the condition of the facilities at the 

stations; 
• Determining the location of trains along the route; 
• Determination of deviations from the timetable of 

individual trains; 
• Development of a train; 
• Determining the current topology of track 

developments at stations; 
• Determining the routes in the section to be arranged; 
• Clarifying the conditions for routing; 
• Check for hostile routes; 
• Execution of commands for directing routes to 

individual stations; 
• Reception and analysis of feedback signals are the state 

of the facilities involved in the routes; 
• Monitoring the successful execution of commands; 
• Calculation of the current topology of the stations 

based on the received signals for changing the condition of 
the station facilities; 

• Display images of the current status of the stations 
containing information on the status of the arrows, signals, 
isolated sections, ordered routes, train locations, schedule 
deviations, etc. 

• Archiving and logging of: 
- Condition of the railway and inter-station 

facilities; 
- Actions of dispatchers; 
- Alarms, etc. 

 
When 3-phase line conductors are not equidistant from 

each other, the conductor spacing is said to be 
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unsymmetrical. Under such conditions, the flux linkages 
and inductance of each phase are not the same. A different 
inductance in each phase results in unequal voltage drops 
in the three phases even if the currents in the conductors 
are balanced. Therefore, the voltage at the receiving end 
will not be the same for all phases. In order that voltage 

drops are equal in all conductors, we generally interchange 
the positions of the conductors at regular intervals along 
the line so that each conductor occupies the original 
position of every other conductor over an equal distance. 
Such an exchange of positions is known as transposition. 

 
 

 
 

Fig. 1 
 
The effect of transposition is that each conductor has the 

same average inductance. 
 
The next problem is related to the user's ability to react 

based on the information provided by the system. 
 
The first option is when the user does not have the 

means to manage the energy flows. His only option then is 
to connect with the relevant users in a conventional way 
and urge them to reduce or increase the loads they have 
previously declared "excludable" and / or "buffer" at 
certain times of the day. It is clear that this approach is 
palliative. The second option assumes the potential for 
impact on consumption, for managing certain switching 
facilities at the customer for the purpose of balancing load 
regulation. This approach is much more effective, but it 
requires the organizational and technical prerequisites for 
its implementation. If available, the system can be 
expanded with appropriate command functions that allow 
the user to directly influence the facilities of the customer 
and hence to regulate energy flows. The third option is 
when the user is part of a balancing group with 
opportunities to influence its generating capacity and 
customer switching facilities. In this case, it can be created 
by means of the system. "Smart grid" - By definition, this 
term describes the ability of a network to constantly 
"homogenize - balance" through the capabilities of its 
control system, with constantly changing topologies and 
loads. Here, in addition to the standard command functions, 
the system is also assigned to: 

• topology calculation; 
• flow distribution; 
• assessment of the situation, etc., whereby, in addition 

to regulating the flows in the customer's network, account 
is also taken of the balancing of the entire energy 
distribution network, part of which is the respective 
balancing group. 

 
We must keep in mind also the specifics of the 

transmission line.  
The transmission lines are categorized as three types: 

 
1) Short transmission line– the line length is up to 80 km 

and the operating voltage is < 20 kV. 

2) Medium transmission line– the line length is between 
80 km to 160 km and the operating voltage is > 20 kV and 
< 100kV  

3) Long transmission line – the line length is more than 
160 km and the operating voltage is > 100 kV 

 
Whatever may be the category of transmission line, the 

main aim is to transmit power from one end to another. 
Like other electrical system, the transmission network also 
will have some power loss and voltage drop during 
transmitting power from sending end to receiving end. The 
performance of transmission line can be determined by its 
efficiency and voltage regulation. 

 
Efficiency of transmission line= (Power delivered at 

receiving end / Power sent from sending end) ×100% 
Power sent from sending end – line losses = Power 

delivered at receiving end. 
 
Every transmission line will have three basic electrical 

parameters. The conductors of the line will have electrical 
resistance, inductance, and capacitance. As the 
transmission line is a set of conductors being run from one 
place to another supported by transmission towers, the 
parameters are distributed uniformly along the line. 

The electrical power is transmitted over a transmission 
line with a speed of light that is 3X108 m⁄sec. Frequency of 
the power is 50 Hz.  

 
A major section of power system engineering deals in 

the transmission of electrical power from one place (e.g. 
generating station) to another like substations or 
distribution units with maximum efficiency. So it is of 
substantial importance for power system engineers to be 
thorough with its mathematical modeling. Thus the entire 
transmission system can be simplified to a two port 
network for the sake of easier calculations. This plays also 
a relevant role to the TPS integration. 

The circuit of a 2-port network is shown in the diagram 
below. As the name suggests, a 2 port network consists of 
an input port PQ and an output port RS. Each port has 2 
terminals to connect itself to the external circuit. Thus it is 
essentially a 2 port or a 4 terminal circuit, having (fig.2). 
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Fig.2 

 
 
Where: 
Supply end voltage=Vs 
Supply end current=Is 
Given to the input port P Q. 
Receiving end voltage=VR 
Receiving end current=IR 
Given to the output port R S. 
 
Any electrical network generally has two input terminals 

and two output terminals. If we consider any complex 
electrical network in a black box, it will have two input 
terminals and output terminals. This network is called two 
– port network. Two port model of a network simplifies the 
network solving technique. Mathematically a two port 
network can be solved by a TPS working model. 

A transmission as it is also an electrical network; line 
can be represented as two port network. Therefore, the two-
port network of transmission line can be represented as a 
working model. 

 
The phenomena arising due to unequal distribution of 

current over the entire cross section of the conductor being 
used for long distance power transmission is referred as the 
skin effect in transmission lines. Such a phenomena does 
not have much role to play in case of a very short line, but 
with increase in the effective length of the conductors, skin 
effect increases considerably.  

So the modifications in line calculation needs to be done 
accordingly. The distribution of current over the entire 
cross section of the conductor is quite uniform in case of a 
DC system. But what we are using in the present era of 
power system engineering is predominantly an alternating 
current system, where the current tends to flow with higher 
density through the surface of the conductors (i.e. skin of 
the conductor), leaving the core deprived of necessary 
number of electrons. In fact there even arises a condition 
when absolutely no current flows through the core, and 
concentrating the entire amount on the surface region, thus 
resulting in an increase in the effective electrical resistance 
of the conductor. This particular trend of an AC 
transmission system to take the surface path for the flow of 
current depriving the core is referred to as the skin effect in 
transmission lines connected to the TPS. 
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