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Abstract—The Powerline Communications (PLC) technology allows data 
transmission through electrical wires. Thus the electrical wiring will represent 
a data transmission channel conformable to the physical layer of the open 
system interconnection (OSI) model. In this work, the specifications of the Iraqi 
electrical network were used to model a high-voltage transmission line using a 
transmission (ABCD) matrix and use it as a communication channel for 
transmitting data within a narrow band (30-500). The transfer function of the 
suggested model was derived and its performance analysis was performed to 
evaluate the Line length effect, load impedance ZL and the source impedance ZS 
on the channel frequency response. This analysis was done with the help of 
Matlab16a simulator program. 

Index Terms— High voltage, Iraqi power network, transmission line model. 

I. INTRODUCTION 

Traditional PLC provides real-time communication for safeguarding the High Voltage 
(HV) transmission line [1, 2]. Recent PLC now offers high-speed data transmission and also 
economical as it makes use of the communication system already present and the cost 
mainly associated is only with the terminal equipment. More about this subject has been 
found in references [3-6]. Analog PLC (aPLC) is commonly used for transmission of voice 
and low data rate. aPLC proves to be useful for low bit rate data transmission while using it 
with SCADA and RTU. As aPLC has a disadvantage for transmitting a low bit rate, a 
reliable digital PLC (dPLC) can be used for high bit rate data transmission [7]. The 
following proposed PLC system according to the specifications of high voltage 132 KV of 
Iraqi overhead transmission line are analyzed and designed. The performance evaluation of 
the proposed model is given in this work to evaluate the effects of the length of the line, 
load resistance ZL and the source resistance ZS on the frequency response of the channel. 
This will be done by using the Simulation program for Matlab16a. The second section 
explains the high voltage PLC model. The third section discussed the model parameters for 
the transmission line. The fourth section deals with power channel model. Simulation 
results and conclusions are given in section 5 and 6 respectively. 

II. HIGH VOLTAGE (HV) PLC MODEL

According to the Iraqi power grid, a high voltage power line (132 kV) has been 
modeled as a communication channel for narrowband (28 – 500 kHz) data transmission [8]. 
A signal from PLC travels from the transmitter, coupling devices over the power line to the 
receiver. A similar path is provided for the bidirectional path. Three different parts of the 
PLC system are shown in Fig. These parts are terminating system, coupling device and 
transmission line [9]. The terminating system contains a transmitter, receiver, and 
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protective relays. Coupling devices include line tuner, a coupling capacitor, and line trap. 
The function of the coupling device is to connect the terminals to selected points on the 
power line. The transmission line is a medium for transmission of carrier energy among the 
terminals in PLC band of frequencies. Depending on the number of functions to be 
performed, the transmitters at the terminals can be one or more. 

FIG. 1. PLC SYSTEM [9]. 

The carrier energy is coupled with the transmission line with the help of a coupling 
capacitor. This is the physical link to a transmission line having a high impedance for 
power frequency and low impedance to the carrier frequency. The drain coil, part of 
coupling capacitor (or added inline tuner) offers low impedance path to ground for power 
frequency and high impedance for carrier frequency. The impedance matching between the 
terminating systems and the transmission line is offered by line tuner to provide resonant 
tuning with a coupling capacitor. To minimize the loss of carrier energy line trap is inserted 
in power lines; it also prevents the external faults from shorting the carrier signal. The 
transmission line provides the path to PLC energy. 

III. DERIVATION OF MODEL PARAMETERS FOR TRANSMISSION LINE

For increasing the tensile strength, the aluminum conductor is reinforced into 
galvanized steel wires. The obtained composite conductor is steel Cored aluminum and 
termed as ACSR (Aluminum Cored Steel Reinforced). The ACSR is shown in Fig. 2 [10].

FIG. 2. ALUMINUM CONDUCTOR STEEL REINFORCED (ACSR) STRANDING. 
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FIG. 3. HOLLOW CONDUCTOR MODEL FOR ACSR CONDUCTOR. 

Due to the impact of the skin, most of the current will pass through the aluminum wire. 
It can be assumed that there is a hole in the middle of the aluminum conductor, as shown in 
Fig. 3 [10]. 

A. Line resistance 

From (Fig. 3), the value of both q	and t can be calculated as follows:	

ݍ ൌ ஼ඥ݊஼ݎ  (1) 

ݐ ൌ െݍ ൅ ඥݍଶ ൅ ݊ௌ ൈ ௌݎ
ଶ                (2) 

where, ݎ஼is the radius of inside steel interline, ݊஼is number oa f inside steel interlining, ݎௌis the 

radius of aluminum wire and ݊ௌis number of alumina a um wires,  
So, the resistance of skin off the act of ACSR can be given as follows [11, 12]: 

ܴ௦௘ ൌ
ோబ௔భ௧ሺ௤ା௥ሻ

ଶ௥√ଶ
	ሺΩ/mሻ  (3) 

ܴ଴ ൌ
ఘ

గሺ௥మି௤మሻ
	ሺΩሻ  (4) 

ܽଵ ൌ ට
ଶగ௙ఓೌ
ఘ

ሺ݉ିଵሻ (5) 

where ߩ and μ଴is the conductance and permeability of aluminum wire respectively. 

B. Line inductance 

1) Single phase line
The inductance of a conductor for single phase line is given by [12] 

	ܮ ൌ 	2 ∗ 10ି଻	݈݊	ሺܦ௠/ܦ௦ሻ	݄݁݊(6)   ݎ݁ݐ݁݉/ݕݎ 

where, ܦ௦ = 0.7788r = Geometric Mean Radius (GMR) and ܦ௠ ൌ	the space between the 

conductors = ݀. 

2) Three phase line
a) Single circuit
The inductance per phase is given by [12] 

	ܮ ൌ 	2 ∗ 10ି଻	݈݊	ሺܦ௠/ܦ௦ሻ	݄݁݊(7) ݎ݁ݐ݁݉/ݕݎ 

Where, ܦ௦ = 0.7788r = Geometric Mean Radius (GMR) and  
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௠ܦ ൌ 	 ඥ݀ଵ݀ଶ݀ଷ
య , where ݀ଵ, ݀ଶ, ݀ଷ are spacing between the conductors. 

b) Double Circuit
The inductance per phase is as given in Eq.n (7) but with [12]:

௦ܦ ൌ 	 ඥܦ௦ଵܦ௦ଶܦ௦ଷ
య    and    ܦ௠ ൌ 	 ඥܦ஺஻ܦ஻஼ܦ஼஺

య  
  here, Ds1, Ds2, and Ds3 illustrate the self-G.M.D. for each phase collection in placement 1, 2 

and 3 respectively, and DAB, DBC, and DCA illustrate the mutual G.M.D. between phases A and B, B 
and C and C and A respectively. Inductive reactance is given by:  

	ܺ௅ ൌ  (9) ܮ݂ߨ2

C. Line capacitance 

1) Single phase two-wire line
Capacitance of single-phase two-wire line is given by [12]

஺஻ܥ ൌ
గఌబ

௟௢௚೐
೏
ೝ

 (10) ݉/ܨ	

and the capacitance to neutral 

ேܥ ൌ
ଶగఌబ

௟௢௚೐
೏
ೝ

 (11) ݉/ܨ	

where CN = CAN = CBN = 2CAB 

2) The capacitance of phase to phase overhead line
The value of capacitance of phase to phase overhead line is calculated in two cases [12]: 

a) Symmetrical spacing

ேܥ ൌ
ଶగఌబ

௟௢௚೐
೏
ೝ

 (12) ݉/ܨ	

b) Unsymmetrical spacing

ܥ ൌ ଶగఌబ

௟௢௚೐
ඥ೏భ೏మ೏య
య

ೝ

 (13) ݉/ܨ	

3) Susceptance
Capacitive reactance :

ܺ஼ ൌ
ଵ

ଶగ௙஼
(14) 

Susceptance is given by 

ߚ ൌ ଵ

௑಴
	ܵ/݉ (15) 

ToThe total series impedance of lithe ne  

ܼ ൌ ܴ ൅ ݆ܺ௅Ω (16) 

Total series admittance of line 

ܻ ൌ ܩ ൅  (17) ܵ		ߚ݆

4) Characteristic impedance

ܼ஼ ൌ 	ට
ோା௝ன୐

ீା௝னେ
(18) 
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5) Propagation constant

ߛ ൌ ඥሺܴ ൅ ݆ܺ௅ሻሺܩ ൅  ሻ (19)ߚ݆

IV. POWER LINE CHANNEL MODEL

      For transmitting the information on a channel, it becomes most important to model 
and characterize different parameters of the communication channel. This helps in 
understanding the possible domains of the transfer function, symmetry, the impulse 
response of the channel under different conditions to which channel is subjected during data 
transmission [13]. In this work, the modeling of PLC channel has been done using a two-
port model using ABCD parameters, where the branching parameters are needed to be taken 
care during modeling. Fig. 4 shows the transmission matrix of a two-port network. 

FIG. 4.TRANSMISSION MATRIX OF TWO PORT NETWORK. 

The relation between transmitter parameters ( ଵܸand ܫଵ) and receiver parameters ( ଶܸ and ܫଶ)  using 
ABCD matthe rix is as follows [10, 13-16]:  

൤ ଵܸ
ଵܫ
൨ ൌ ቂܣ ܤ

ܥ ܦ
ቃ ൤ ଶܸ
ଶܫ
൨ ൌ ቈ

ሻ݈ߛሺ݄ݏ݋ܿ ܼ஼݄݊݅ݏሺ݈ߛሻ
ଵ

௓಴
ሻ݈ߛሺ݄݊݅ݏ ሻ݈ߛሺ݄ݏ݋ܿ ቉ ൤

ଶܸ
ଶܫ
൨ (20) 

where ݈ is the length of the transmission line. 
Thus, the transfer function of the power line channel model shown in Fig. 4 can be given as [15-

18]. 

ܪ ൌ	 ௓ಽ
஺௓ಽା஻ା஼௓ಽ௓ೄା஽௓ೄ

(21) 

The power line network especially distribution network is not as simple as shown in Fig. 4, rather 
it contains bridge tapes of different cable types and different cable lengths so that a power line network 
can be made up of several sections [10, 15]. The transfer function of these several sections of power 
line network can be calculated as in Eq.n (20). And the ABCD matrix can be calculated by multiplying 
ABCD matrices with different sections to obtain the overall ABCD matrix.  

 Fig. 5 shows the transmission line with one bridge tap which can be replaced with an equivalent 

circuit as shown in (Fig. 6) [10], where ܼ௘௤ can be calculated as: 

ܼ௘௤ ൌ 	ܼ௖௕௥
௓್ೝା௓೎್ೝ୲ୟ୬୦	ሺఊ್ೝ௟್ೝሻ

௓೎್ೝା௓್ೝ୲ୟ୬୦	ሺఊ್ೝ௟್ೝሻ
(22) 

where, ܼ௖௕௥ is characteristic impedance and ߛ௕௥ is the propagation constant of the bridge tap. 
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(Fig? 6) can be separated into four subcircuits such as߶଴,߶ଵ,߶ଶ,߶ଷ. The ABCD matrix for these 
transfer function is calculated as [10]: 

߶଴ ൌ ቂ1 ܼ
0 1

ቃ (23) 

߶ଵ ൌ ቈ
cosh	ሺߛଵ݀ଵሻ ܼ௖௟ଵ	݄݊݅ݏሺߛଵ݀ଵሻ
ଵ

௓೎೗భ
ଵ݀ଵሻߛሺ݄݊݅ݏ cosh	ሺߛଵ݀ଵሻ

቉ (24) 

FIG. 5. TRANSMISSION LINE WITH ONE BRIDGE TAPS CONNECTION. 

FIG. 6. EQUIVALENT NETWORK FOR ONE BRIDGE TAP CONNECTION 

߶ଶ ൌ 	 ቈ
1 0
ଵ

௓೐೜
1቉ (25) 

߶ଷ ൌ 	 ቈ
cosh	ሺߛଶ݀ଶሻ ܼ௖௟ଶ	݄݊݅ݏሺߛଶ݀ଶሻ
ଵ

௓೎೗భ
ଶ݀ଶሻߛሺ݄݊݅ݏ cosh	ሺߛଶ݀ଶሻ

቉ (26) 

ቂܣ ܤ
ܥ ܦ

ቃ ൌ ∏ ߶௜ୀ
ଷ
௜ୀ଴ ߶଴߶ଵ߶ଶ߶ଷ (27) 

where, ܼ௖௟ଵ  , ߛଵ is the characteristic impedance and propagation constant of second sub circuit 

respectively and ܼ௖௟ଶ, and ߛଶ is the characteristic impedance and propagation constant of fourth 
sub circuit respectively. The value of the transfer function can be calculated with the obtained 
ABCD matrix. But with the increase in bridge taps, the complexity increases and the formula for 
calculating ABCD matrices increase in size [10]. Several works have been achieved on modeling 
the power line channel in different voltage levels such as [19, 20].  
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V. SIMULATION RESULTS 
The modeling process will be carried out on a high voltage overhead transmission line 132KV 

which has geometry type of a double circuit. In this work, the specifications of the transmission line  
(132 KV) connecting the West Karbala station with the Al-Akhaydir station have been adopted. This 
overhead power line is characterized by the use aluminum cored steel reinforced (ACSR) wire type with 
the code word (Teal) and conductor type (T). Table 3.1 shows the physical dimensions and parameter 
values of this overhead power line according to the Iraqi network specifications.  

The results of the power line channel model are obtained by changing loading conditions and 
different cable length. All cables used in modeling are assumed to have R, L, C and G parameters with 
constant values for all graphs. All calculations for channel elements were performed using 
MATLAB16a to code the parameters of the channel and Eqns. (1-21). 

TABLE 3.1: IRAQI TRANSMISSION LINE PARAMETERS 

 

A. Flowchart 

The flow chart of the simulation process is depicted in Fig. 7. This flow chart simply shows how 
transmission line parameter values are included manually to the code and calculating the values of R, 
L, C, ZC and Y. Then the values of the ABCD matrix components are calculated. Finally, the response 
graph is obtained by plotting the transfer function of the resulting model, as shown in Fig. 8.  
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FIG. 7.FLOW CHART FOR SIMULATION PROGRAM. 

FIG. 8. CHANNEL RESPONSE FOR TRANSMISSION LINE MODEL OF LENGTH 12KM, ࡸࢆ ൌ ૠ૞Ω AND 75 = ࡿࢆ Ω. 

B. Mismatching effect 

1) Modeling of power line using different load matching conditions.
With no bridged tap used for this power line channel model and the length of the line is kept 

constant the effect of the load impedance ܼ௅and source impedance are observed. 
Figures 9 and 10 show that there is a slight effect of changing the values of load impedance ZL. 

Evidently increasing the value of load impedance ZL leads to a little decrease in the attenuation value. 
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The value of the decline in attenuation when the value of the load impedance changes from the lowest 
value to the highest allowed value does not exceed 2db. 

On the other hand, the (Figures 11and 12) show that changing the value of the source impedance 
ZS has a significant negative impact on the attenuation value. (Fig.12) shows that the amount of change 
in the attenuation value (i.e. decreasing) due to change in the source impedance ZS value within the 
range of permissible change may reach more than 35 dB. 

FIG.  9. TRANSFER FUNCTION FOR TRANSMISSION LINE MODEL OF LENGTH 12KM AND ZS=75Ω. 

FIG.  10. TRANSFER FUNCTION FOR TRANSMISSION LINE MODEL OF LENGTH 12KM, ZS=75Ω AND CHANGE
THE LOAD IMPEDANCE VALUE ZL. 
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FIG. 11. TRANSFER FUNCTION FOR TRANSMISSION LINE MODEL OF LENGTH 12KM AND  ZL=75Ω. 

FIG. 12. TRANSFER FUNCTION FOR TRANSMISSION LINE MODEL OF LENGTH 12KM, ZL=75Ω AND CHANGE
THE SOURCE IMPEDANCE VALUE ZS. 

2) Effect of transmission line length
The transfer function of different transmission line lengths (10km, 25km, and 90km) has been 

tested here. The R, L, C, and G parameters as well as the loading conditions ܼ௅ = 75Ω, ܼୗ= 75Ω are 
kept constant and only the length of the transmission line is varied. The graph for transfer function 
versus the length of the transmission line is obtained for different length as follows: 

Figures 13 - 15 show that with the increase in transmission line length, the attenuation of signal 
increases. Also, notice from the above Figures that the attenuation value decreases by about 1.2 dB per 
kilometer. This is because of the fact that, with the increase in the length of the transmission line, the 
signal will be exposed to the interference which will lead to attenuation. Also, the strength of the signal 
gets weak with the increase in the transmission line length. 



Iraqi Journal of Computers, Communications, Control & Systems Engineering (IJCCCE), Vol. 18, No. 2, September 2018 73

Received 1 April 2018; Accepted 8 July 2018 

© 2017 University of Technology, Iraq  ISSN (Print) 1811-9212 ISSN (Online) 2617-3352 

It is clear that there is a ringing (ripple) happening during the first part of the transmission line, and 
this is the result of the nature of the transmission line which consists of RLC basic components which 
form a resonant circuit. The height and width of the waves formed depends on the values of the 
components mentioned and also depends on the value of the frequency used. This oscillation starts to 
fade and decay after a certain distance (approximately 15 km) and this also depends on the values of 
components of the transmission line (i.e. RLC). 

FIG. 13. TRANSFER FUNCTION MAGNITUDE WITH TRANSMISSION LINE LENGTH 10 KM, 75 =  ܁܈ Ω 75 = ۺ܈ Ω 

AND F = 500 KHZ. 

FIG. 14. TRANSFER FUNCTION MAGNITUDE WITH TRANSMISSION LINE LENGTH 25 KM, 75 =  ܁܈ Ω,   75 = ۺ܈ Ω 

AND F = 500 KHZ. 
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FIG. 15. TRANSFER FUNCTION MAGNITUDE WITH TRANSMISSION LINE LENGTH 90 KM, 75 = ܁܈ Ω, 75 = ۺ܈ Ω 

AND F= 500 KHZ. 

The effect of the value of the frequency used on the specification of the ripple obtained by the 
transfer function response is evident in Figures 16 and17.  

In the same Figures, it is possible to observe how the change in the value of the source impedance 
ZS affects the attenuation value and this is done in conjunction with the change in the frequency ripple. 

FIG. 16. TRANSFER FUNCTION MAGNITUDE WITH TRANSMISSION LINE LENGTH 10 KM,    F = 500 KHZ, 75 =ۺ܈ Ω,
AND DIFFERENT VALUES OF ZS. 
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FIG. 17. TRANSFER FUNCTION MAGNITUDE WITH TRANSMISSION LINE LENGTH 10 KM,  F= 30 KHZ, ZL= 75 Ω,
AND  DIFFERENT VALUES OF ZS. 

VI. CONCLUSIONS

      This work basically deals with the derivation of transmission line parameters. According to 
Iraqi power network, a high voltage (HV) 132 kV power line is being modeled as a communication 
channel using ABCD matrix for narrowband (30 – 500 kHz) data transmission. The transmission line 
parameters like line resistance, line capacitance, line inductance, characteristic impedance, propagation 
constant, etc. are derived. After which a simple model of power line channel is discussed and the transfer 
function and ABCD matrix are calculated. And the last part of the chapter deals with the simulation 
results where the flowchart for simulation is shown and simulation is done with the help of 
MATLAB16a.  The results indicate that the attenuation increases if source impedance ZS is increased 
by keeping load impedance ZL to be constant. Also, the effect of transmission line length is shown that 
with the increase in transmission line length will lead to an increase in attenuation. Finally, the ripple 
(resonance) in the transfer function response for transmission line and its relation to the values of the 
components of the transmission line and the value of the frequency used were studied. 
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