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Abstract- In this paper, modeling of the data transmission system in process control systems based on PLC is considered. 
The results of the hardware and software simulation showed the ability to create a data link to the control system over 
existing power line communication transmission lines, which solves the problem of automating data collection from remote 
sites and control their operational and technological parameters. 
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I. INTRODUCTION 
 
PLC (Power Line Communication) or communication 
of power lines use for its communication already 
created the electrical power network. As we use 
existing communication network, there is no need to 
create a new communications network.   This resultd 
is cost and time savings that are very important as 
there is no need to create new communications 
network. With the help of converters, PLC networks 
can be connected to the existing communications 
networks thereby ensuring an Internet connection. 
 
The article deals with transmission line analysis of 
the power line communication and the construction of 
the channel data in process control systems based on 
PLC using PLM-1 modem.  Using the technology of 
signal transmission over existing power line 
communication systems, we managed to solve the 
problem of automating data collection from remote 
sites and control their operational and technological 
parameters. PLC can transmit commands and 
processing, as well as receive the results of the 
technological operations on existing transmission 
lines. The main advantage of PLC is a possibility of 
using existing infrastructure without creating 
industrial data networks, and it saves time and 
reduces the cost of work, and also provides flexibility 
in solving problems. 
 
II. TRANSMISSION LINE ANALYSIS OF THE 
POWER LINE COMMUNICATION 
 
The electromagnetic theory states that to achieve 
efficient point-to-point transmission of power and an 
information, the source energy must be controlled. 
When power lines are used to transmit high frequency 
communication signals, they can be regarded as 
transmission lines, which control the transverse 
electromagnetic (TEM) waves along them. 

 

 
Fig. 1. Cross-sectional view of the house service power line. 

 
The cables are made up of stranded copper 
conductors with PVC insulation. The three cables 
(live, neutral, and earth) are usually laid inside metal 
conduits that are embedded inside the concrete wall. 
 
Typically, the live and neutral cables are used as the 
PLC transmission channel, which can be 
approximated as a close form of the “two-wire 
transmission line”. The two-wire transmission line 
must be a pair of parallel conducting wires separated 
by a uniform distance. In the actual installation, the 
power cables are simply pulled through the conduit 
and the separation between them is not uniform at all. 
However, the conduit normally has small cross-
sectional area and this limits the variation of the 
separation between the cables. Hence, the assumption 
of uniform separation is reasonable in this case. 
 
Based on the above consideration, the paired power 
cables are regarded as a distributed parameter 
network, where voltages and currents can vary in 
magnitude and phase over its length. Hence, it can be 
described by circuit parameters that are distributed 
over its length. 
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In Fig. 2, the quantities ( , )v z t  and ( , )v z z t   
denote the instantaneous voltages at location z  and 

,z t  , respectively. Similarly, ( , )i z t  and 
( , )i z z t  denote the instantaneous currents at z  

and z z  , respectively. R  is the resistance per 
unit length for both conductors (in / m  ), L  is the 
inductance per unit length for both conductors 
(in /H m ), G is the conductance per unit length 
(in /S m ), and C is the capacitance per unit length 
( /F m ).  

Based on the lumped-element circuit shown in 
Fig. 2(b), the two intrinsic line parameters for the 
transmission line, i.e., the propagation constant and 
the characteristic impedance 0Z , can be written as  

 
 
where   is the angular frequency. The real part and 
the imaginary part   of the propagation constant are 
the attenuation constant (in /Np m ) and phase 
constant (in /rad m ) respectively. Note that both   

and 0Z are characteristic properties of a transmission 
line even if the line is infinitely long. In other words, 
they depend on R , L , G  ,C , and   , but not on 
the length of the line. 
 

 
Fig.2. (a) Voltage and current definitions (b) Equivalent 

lumped-element circuit of two-wire transmission line 
 
With the power line being modeled as a transmission 
line, its   and 0Z  will dominate the wave behavior 
along the line. In the model proposed in this paper, 
they serve as the parameters to model the transfer 
function of the channel. In the next section, these two 
parameters are derived for the typical house power 
cables as shown in Fig. 1. 

III. PRIMARY PARAMETERS OF POWER 
LINE COMMUNICATION 
 
The line can be described by using R´, L´, C´, G´ 
parameters. These parameters are resistance, 
inductance, capacity and leakage relative to the length 
of the line. Let's consider a single-phase signal 
distribution and a management structure which is 
shown in Fig 4. The wire line includes phase, neutral 
and ground wires where each wire is inserted into the 
insulating sleeve and all wires are insulated with own 
sheath. 

 
Fig. 3. The shape of power line 

 
For the purpose of modeling, we consider the three-
phase line as the two conductors and one transmission 
conductor, which they are a conductive core and they 
are surrounded with the same dielectric material. 
Then it is possible to determine the primary 
parameters with the equations: 
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where d  is a distance between the centre of 
conductors, a  is a radius of a conductor,   is copper 
conductivity, r    indicates a relative permittivity of 

insulation, 0 is  a  permittivity of vacuum, tan  is 

a factor variance a r is a relative magnetic 
permittivity of the copper. 
 
IV. STRUCTURE  OF THE DATA 
TRANSMISSION SYSTEM IN PROCESS 
CONTROL SYSTEMS BASED ON PLC 
 
The PLM-1 is a fully digital data transceiver for 
power line communications using Frequency-Shift 
Keying (FSK). This ASIC is a very efficient solution 
for cost, sensitive, medium data rate applications. The  
PLM-1  is  designed  to  be  controlled  from  an  
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external  Central Processing Unit, most commonly a 
microcontroller (MCU), which is referred to as the 
host throughout this text. Implementing  the  PHY  
and  MAC  layers  of  the  OSI  model,  the PLM-1 
provides a way to efficiently modulate and 
demodulate data packets.  It  features  collision  
detection,  as  well  as  automatic forward  error  
correction  and  CRC-16  data  integrity  verification. 
Higher-level functions  such  as  addressing  and  
networking  are handled by the host if needed. The 
PLM-1  patented  technology  offers  the  advantage  
of  being highly  configurable.  It allows  
communicating  at  any  frequency between 50kHz 
and 3MHz, with data rates up to 185kbps. 
 

 
Fig.4. Block diagram of a data transmission system in SCADA 

system based on PLC 
 
V.  ANALYSIS OF THE PLM-1 MODEM 
 
The PLM-1 modem can be used to transport data over 
any AC, DC or unpowered line. The external circuitry 
can be adapted to  meet the  characteristics  and  
requirements  of  various  applications,  e.g. line 
conditions,  applicable  regulations, node size and 
cost.  Fig. 5. presents the block diagram of a typical 
PLM-1-based power line transceiver. The main 
external components required to complete the PLM-1 
modem functionality are:  
- Host  microcontroller  (MCU):  implements  the  

upper  layers  of  the  communication  protocol  
and application specific functions.  

- Oscillator (Osc): provides the operating clock 
signal.  

- Analog Front End: performs signal conditioning 
and coupling with the communication lines.  

- Power supply: provides suitable DC power to all 
components. 

 
Fig.5. Block diagram of a PLM-1-based power line 

communication transceiver 

VI. MODEL OF A DATA TRANSMISSION 
SYSTEM IN SCADA SYSTEM 
 

 
Fig. 6. Block diagram of a data transmission system in a 

SCADA system based on PLC using two PIC16F887 
microcontrollers 

 
Development Board ME-EASYPIC6 supplies voltage 
5V DC. The microcontroller PIC16F887 is installed 
on the board ME-EASYPIC6. The stand for physical 
modeling of data in process control systems based on 
PLC is shown in Fig. 7. 
 

 
Fig. 7.  The stand for physical modeling of data in process 

control systems based on PLC 
 
Development board ME-EASYPIC6 microcontroller 
PIC16F887 are used for physical modeling data 
transmission system in process control systems based 
on PLC. The block diagram of a data transmission 
system in process control systems based on PLC 
using two PIC16F887 microcontrollers, two PLC 
modules, two L233D drivers, a ULN2003APG 
stepper motor, GP 2D12 distance sensor and three 
motors is shown in fig. 6. PIC16F887 microcontroller 
can be replaced by any microcontroller that has an 
internal analog-to-digital converter (ADC) and a 
minimum of 6 I / O ports. In this case 2-L293D 
drivers and 3 motors are used. PIC16F887 
microcontroller programming is done in C language. 
 
Two ports RD6 and RD7 in PIC16F887 
microcontroller are used to transmit and receive 
signals. Port pins RC0 and RC1 are used for 
transmitting a signal to the motor (M1). Port pins 
RC2 and RC3 signal are transmitted to the motor 
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(M2). Port pins RC4 and RC5 are used to transmit a 
signal to the motor (M3). Port pin RD0 is moved to 
the left, and the output RD1 is moved right with the 
M1. Port pin RD2 carries on upward movements, and 
the output port RD3 carries on downward movements 
with M2. Port pin RD 4 open the hand, and the output 
RD 5 closes the hand using M3. Command pin posts 
RC1, RC2 connects PIN 1 and PIN 9 on L293D. 
 
There are two Enable pins on L293D. PIN 1 and PIN 
9, for being able to drive the motor, the pin 1 and 9 
need to be high. For driving the motor with left H-
bridge need to enable pin 1 to high. And for H- bridge 
need to make the PIN 9 to high. If anyone of the 
either PIN 1 or PIN 9 goes low then the motor in the 
corresponding section will suspend working. It’s like 
a switch. 
 

 
Fig. 8. Wiring stepper motor. 

 
Table. 1. The signals to the output RC3, RC4, 
RD6, RD7 Microcontrollers formed conform 

table. 

 
 
The input to the microcontroller RA3 is coming from 
the distance sensor GP 2D12. In the distance sensor 
GP 2D12 has 3 pins: Vcc - power GND - Ground and 
Vo, from which we remove the data. Depending on 
the distance varies the voltage at the output Vo, all 
that remains - is to translate data from analog to 
digital. A distance sensor which determines the 
distance at which the signal should be transmitted, 
sends the signal to the microcontroller, the 
microcontroller sends a signal to the other 
microcontroller.  
If the value is equal to the ADC 250, stepper motor is 
ready to move. If the stepper motor starts to move, 
then the ADC decreases the value from 250 to 245 
and stepper motor starts to move. The greater the 
distance, the smaller the sensor ADC value. 

Table. 2. The results of the ADC values of the 
distance sensor. 

 
 

 
Fig. 9. The circuit depending on the ADC values of the distance 

sensor 
 
CONCLUSION 
 
The results of the hardware and software simulation 
showed the posibility to create a data link with the 
control system over existing power line 
communication, which solves the problem of 
automating data collection from remote sites and 
control their operational and technological 
parameters. 
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