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Abstract—This paper presents a simulation model for 

Powerline Communications (PLC), operating in a Smart Grid 
environment. A physical layer for PRIME and G3-PLCTM 
technologies is implemented, using a multipath propagation 
model and considering the effect of channel propagation delay. 
The error model is based on theoretical formulas, which depend 
on the signal to noise ratio (SNR). A data rate adaptation 
algorithm is proposed, based on the one used in wireless 
technologies. The implemented model is based on a base model 
proposed by Holger Kellerbauerem, offering a more realistic 
physical layer in comparison with the base model. Performance 
tests show that the additional realism achieved by the proposed 
model has a small cost in terms of performance. 
 

Index Terms — PLC, simulation, OMNeT++, physical layer, 
error model. 
 

I. INTRODUCTION 
N A WORLD with  an increasing population, the electricity 
is a very important resource that cannot be taken for 

granted. “Electricity is conventionally generated in the form of 
centralized electric power systems invented predominantly 
during the industrial revolution.” [1] It can be seen that the 
power line infrastructure is implemented all over the World 
and there is a big potential in the integration between the 
electricity grid and communication and information 
technologies (CIT). There is currently a need for improving 
the way that the electricity is distributed, which comes from 
several problems, namely the climate change, centralized 
power generation and aging infrastructure, rising energy 
demands, climbing fuel costs, deteriorating reliability, utility 
monopoly, and limitation of innovation and modernization 
caused by the legacy characteristics of the electricity grid [1].  

A centralized cyber-infrastructure model designated 
Supervisory Control and Data Acquisition (SCADA) [2] 
nowadays manages the power grid. The concept of Smart 
Grids emerged as a response to these problems and it tries to 
give the actual power grid a kind of intelligence, by means of 
wide-area monitoring, two-way communications and 
enhanced control functionalities that will overcome the current 
SCADA system [2]. 

To support the Smart Grid operation, a communications 
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layer is needed, allowing the communication in such a harsh 
environment. There are several candidate wired and wireless 
technologies, which can be integrated to operate in different 
parts of the power line grid. The most natural choice to 
support the communications in Smart Grids is the PowerLine 
Communication (PLC) technology, since it uses the power line 
grid infrastructure to send data between stations.  

Although PLC is a good candidate for the Smart Grid 
communication layer, the other technologies are worse in 
some ways and better in others. A cost efficient way to 
evaluate the use of a given technology in some part of the 
Smart Grid is to simulate it before its real deployment. 
However, there are only a few PLC package simulators that 
allow the integration between PLC and other technologies 
(e.g., IEEE 802.11, etc.).  

In this paper, we present a new simulation package, suited 
for G3-PLCTM and PRIME technologies in OMNeT++. 

 
This paper starts with a description of some already existing 

simulation packages in Section II. Sect. III presents an 
introduction about PLC and an overview on G3-PLCTM and 
PRIME technologies. Sect. IV discusses the channel and the 
error models implemented in the simulation package. The 
designed modules and the simulation package are described in 
Sect. IV and the results are then described in Sect. V. Finally 
some conclusions are presented.  
 

II. RELATED WORK 
Currently, as far as we know, there are only a few 

implemented models of PLC simulation.  
For Network Simulator 2 (NS2), we have the model 

implemented in [3], which implements Broadband PLC (BB-
PLC) according to the HomePlug AV (HPAV) Standard. 

For Network Simulator 3 (NS3), there are some interesting, 
but limited works, like the one in [4]. 

For OMNeT++, the most important model is the one 
proposed by Holger Kellerbauerem in [5]. This model allows 
the simulation of Narrowband (NB) and Broadband (BB) 
PLC. It is a very complete model, but there are many 
drawbacks. The channel model of [5] is managed by statistical 
functions, based on measurements for specific networks. It is 
difficult to distinguish between the MAC and PHY layers 
because they are sometimes mixed in the same modules. 
Consequently, there is a need to create a model that is more 
suitable for generic PLC network simulation with more 
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realistic channel propagation and error models. The work 
presented in this paper is an attempt to fill this gap. 

III. POWERLINE COMMUNICATIONS (PLC) 
Powerline Communications can be divided in three main 

classes [6]: 
 

1) Ultra Narrowband (UNB) 
Devices that operate in frequencies between 0.3 kHz and 30 

kHz, and have data rates in the order of 100 bit/s, with 
approximated distances of 150 km.  

 
2) Narrowband (NB) 

The NB-PLC technologies operate between 3 kHz and 500 
kHz and the data rates are about a few kbit/s with single 
carrier systems, up to 800 kbit/s in some multicarrier systems. 
In this class of PLC are the PRIME and G3-PLCTM 
technologies that are emerging in the world of Smart Grids. 

 
3) Broadband (BB) 

The BB-PLC technologies use the frequencies between 1.8 
MHz and 250 MHz and provide up to 200 Mbit/s for home 
area networks.  

 
NB-PLC is currently considered particularly promising for 

use in Smart Grid applications. In the two next sub-sections, 
we will describe the G3-PLCTM and PRIME technologies and 
the fundamental parameters, which constitute the focus of the 
developed simulation package.   

 

A. PRIME 
In PRIME, the frequency of operation is located between 

41.992 kHz and 88.867 kHz [7]. The supported modulation 
schemes are DBPSK (Differential Binary Phase Shift Keying), 
DQPSK (Differential Quadrature Phase Shift Keying) and 
D8PSK (Differential 8 Phase Shift Keying). A convolutional 
encoder can be switched on or off, depending on the channel 
conditions. All of these choices are available options for 
individual implementations. There are six possible protocols 
with different combinations of modulation and convolutional 
encoding. The data rates span between 21.4 kbit/s and 128.6 
kbit/s. The frame processing data flow is as depicted in Fig. 1. 
The convolutional encoder is characterized by a ½ coding rate, 
1778 and 1338 generator polynomials and a K=7 constraint 
length. Table I lists the main PRIME parameters. 
 

 
Fig. 1.  Block diagram of PRIME. 

B. G3-PLCTM 
G3-PLCTM systems operate within the frequency band that 

spans between 35.9 kHz and 90.6 kHz [8]. There are three 
modes of operation, which are “Robust”, “DBPSK” and 
“DQPSK”, corresponding to a maximum data rate of 33.4 
kbit/s assuming DQPSK. As we can see in Fig. 2, the FEC 

coding in G3-PLCTM includes a convolutional encoder, an 
interleaver, a Reed Solomon (RS) encoder and a Repetition 
encoder. The convolutional encoder is the same used in 
PRIME. The RS encoder implements a shortened version of 
the RS(255, 247) and RS(255,239), while the Repetition code 
is used with a factor of 4 or 6 only in the “Robust” mode of 
operation. Table I lists the basic parameters of G3-PLCTM.  

 

 
Fig. 2.  Block Diagram of G3-PLC Transmitter. Source: [9]. 

 
TABLE I 

PARAMETERS OF G3-PLCTM AND PRIME. 
 G3-PLCTM PRIME 

Frequency range 35-91 kHz 42-89 kHz 
Sampling frequency 𝑓! 400 kHz 250 kHz 
OFDM   

FFT size M 256 512 
Length of cycle prefix 𝐿!"  30 48 

Windowing Yes No 
Subcarrier spacing ∆𝑓 1.5625 kHz 488 Hz 

 No. Of carriers used (one-
sided) 

36 97 

Max. Data rate 33.4 kbit/s 128.6 kbit/s 
Forward Error Correction Reed Solomon code, 

Convolutional code, 
Repetition code 

 
Convolutional code 

Interleaving Per data packet Per OFDM symbol 
Modulation DBPSK, DQPSK DBPSK, DQPSK, D8PSK 

Differential encoding In time In frequency 

IV. CHANNEL AND ERROR MODELING 
When constructing a physical layer for PLC simulations, the 

two major concerns are the channel model (also known as 
propagation model) that derives the attenuation of signals 
when passing through the network channel, and the error 
model which is responsible for computing the Packet Error 
Rate (PER) and for deciding whether a packet was affected by 
transmission errors or not. In this section, the propagation and 
error models adopted in our proposed simulation package are 
described in detail. 

 

A. Propagation Model 
The major problems faced by PLC communications are the 

following [10]: 
1) Design - The Power line grid was not designed to support 

communications, so the environment is very unfriendly.  
2) Varying Channel Model - The channel model is important 

to analyze the feasibility of communications. However, in 
PLC, the channel transfer function is always varying 
depending on the devices connected to the network. 

3) High dependence of transmitter and receiver location - 
Receivers near noise sources get a poor Signal to Noise 



 
 

3 

Ratio (SNR).  
4) Reflection, multi-path fading and attenuation – Like the 

Wireless channel, there are signal echoes due to the 
reflections caused by impedance mismatch. 

5) Noise – The noise in PLC is characterized by having an 
impulsive frequency selective nature or both of them. The 
impulsive noise has a short duration and can be as high as 
50dB above the background noise. 

 
In the literature, there are two main approaches for PLC 

channel modeling approach [11]: multipath approach and 
transmission line theory. In the first one, the reflected signals 
resulting from impedance mismatches are modeled. In the 
second one, the PLC network is considered as a cascade of 
two-port network segments [11]. 

We chose to implement the multipath model proposed by 
M. Zimmermann and K. Dostert in [12], because the 
transmission line approach is difficult to apply in practice 
when the topology is too complex [11] and the right 
parameters to insert in the model are very hard to find. On the 
other hand, the multipath model is easier to implement than 
the transmission line model, besides being computationally 
less complex, making it more suitable for integration in a 
networking simulator. 

The multipath propagation model has the following transfer 
function: 
	  

𝐻 𝑓 =        𝑔!

!

!!!

      .      𝑒!(!!!!!!!)!!       .      𝑒
!!!!"(!!!!

)
	   (1) 

Where: 
	   𝑑!

𝑣!
= 𝜏! =

𝑑! 𝜀!
𝑐!

	   (2) 

The parameters of equations (1) and (2) are defined in Table 
II. 

TABLE II 
PARAMETERS OF (1) AND (2). SOURCE: [12]. 

Parameter Description 
𝑖 Number of the path, where the path with the shortest delay has 

index i=1. 
𝑎!, 𝑎! Attenuation parameters. 
𝑘 Exponent of the attenuation factor (typical values are between 

0.5 and 1). 
𝑔!  Weighting factor for path i, in general complex, can be 

considered as combination of the involved reflection and 
transmission factors. 

𝑑!  Length of path i. 
𝜏!  Delay of path i. 
𝜀!  Dielectric constant. 
𝑐! Speed of light. 
𝑣! Propagation speed. 
𝑁 Number of paths. 

 
These suggested profiles do not take into account the impact 
of notches, but they are a good trade-off between simulation 
complexity, reliability and topology generalization. The used 
parameters are shown in Table III and the suggested length 
profiles are depicted in Fig. 3. 
 

 
Fig. 3.  Length profiles of attenuation of powerline links, neglecting the 

impact of notches. 
 

TABLE III 
ATTENUATION PARAMETERS CORRESPONDING TO THE LENGTH PROFILES. 

SOURCE: [12]. 
Class 𝑔! 𝑎!   𝑚!!  𝑎!   𝑠/𝑚  𝑘 
100 m 1 9.4×10!! 4.20×10!! 0.7 
150 m 1 1.09×10−3  3.36×10!! 0.7 
200 m 1 9.33×10!! 3.24×10!! 0.7 
300 m 1 8.40×10!! 3.00×10!! 1 
380 m 1 6.20×10!! 4.00×10!! 1 

 

B. Error Model 
There are two different technologies implemented within 

this simulation package, corresponding to different 
configurations when considering the PER calculation. In our 
simulation package, the PRIME protocols were all 
implemented, while for G3-PLCTM three modes of operation 
are supported, as in [8] and [13]. These choices are listed in 
Table IV. In order to improve the readability, in the rest of this 
paper, the PRIME protocols will be designated “modes of 
operation”, as in G3-PLCTM. 
 

TABLE IV 
GENERAL SPECIFICATIONS AND IMPLEMENTED MODES OF OPERATION (BASED 

ON [8]). 
 PRIME G3-PLC 

w/o CC  w/ CC wo/ RC w/ RC  
DBPSK MOD_10 MOD_13 MOD_21 MOD_20 
DQPSK MOD_11 MOD_14 MOD_22  
D8PSK MOD_12 MOD_15  

RC – Repetition Code. CC – Convolutional Code 
 

According to these choices, to compute the Bit Error Rate 
(BER) and later the Packet Error Rate (PER), different 
approaches were taken. In MOD_10, MOD_11 and MOD_12 
the BER computation was done according to [14], which leads 
us to the equations (3), (4) and (5), respectively. 

 
	   𝑃! = 𝑒!

!!
! 	   (3) 
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𝑃! ≈

2
𝑛
𝑄

2𝑛𝐸!
𝑁

  sin  
𝜋
2𝑀

	   (5) 
	  

	   𝑛 = log!𝑀	   (6) 

In the case of the modes of operation MOD_13, MOD_14 
and MOD_15, we used the bertool of Matlab to find the 
corresponding curves for the different configurations. After 
that, in order to obtain a more efficient behavior of the 
simulator, we used the cftool of Matlab to find the functions 
that best fit the BER function for each protocol. The results 
are depicted in Fig.4. 

For the G3 modes of operation, the procedure was similar to 
that used in PRIME, but we have directly used the theoretical 
formulas to compute the RC output error probability and the 
RS output error probability. The RS parameters can be found 
in [9]. The obtained results are depicted in Fig. 5. 

 

 
Fig. 4.  BER Curves for MOD_13 (Red), MOD_14 (Blue) and MOD_15 

(Green). 

 
Fig. 5.  BER Curves for MOD_20 (Blue), MOD_21 (Green) and MOD_22 

(Red). 
 

V. SIMULATION PACKAGE 
The model proposed in this paper is a simulation package 

ready to operate in OMNeT++. This simulation environment 
is a generic discrete event simulation system that allows the 
simulation of communications networks, defined in the 
packages that the user has included in the installation. The 
most important package for the simulation of computer 
networks is the INET framework, which implements several 
well known wired and wireless technologies, as well as higher 

layer protocols (e.g., IP protocol stack). 
As already mentioned, the package presented in this paper 

is an adaptation of the PLC package proposed in [5]. The main 
modules created or modified are the following: 

A. PlcBus 
The PlcBus (Fig. 6) is the module responsible for emulating 

the physical channel. This module is an adaptation of the 
PlcNet module in [5], and consequently from the INET 
Framework EtherBus module. The channel propagation model 
presented in Section IV is implemented in PlcBus, and takes 
into account the distance between the connected hosts. All the 
hosts are connected to the PlcBus. Only PlcBusFrame kind of 
message circulates at this level. By using this type of message, 
we can compute the power attenuation in the PlcBus. Based on 
this result, the upper modules can compute the SNR. 

 

 
Fig. 6.  PlcBus Simple module. 

B. PlcCoord 
The PlcCoord simple module (Fig. 7) derives from the 
Holgers’ PlcNet as well. It is responsible for the channel 
access control, playing the role of TDMA and CSMA/CA 
master. This module integrates the HostCCo compound 
module, which is mandatory in all the simulated networks for 
the correct operation of the simulations. 
 

 
Fig. 7.  PlcCoord Simple Module. 

C. PlcPhy 
This module (Fig. 8) is adapted from the Radio module of 

the INET framework, which was possible due to the 
similarities between PLC and wireless communications. It 
allows the connection between the PlcMAC module and the 
PlcBus module. It is also responsible for computing the SNR 
and the respective PER, as well as to encapsulate /decapsulate 
the packets between the upper layers and the PlcBusFrame 
messages.  

 
Fig. 8.  PlcPhy Simple Module. 

 

D. PlcMac 
The PlcMAC (Fig. 9) module was kept almost the same as 

the PlcMAC module included in [5], but we have added a data 
rate adaptation algorithm based on Automatic Rate Fallback 
(ARF) [15] which is frequently implemented in wireless 
networks. 
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Fig. 9.  PlcMAC simple module. 

 
In Fig. 10 and Fig. 11 there are two possible scenarios, 

which illustrate the operation of the rate adaptation algorithm. 
In Fig. 10, host 1 requests a channel feedback message, by 

setting the fbr flag. Then, host 2 correctly receives the frame 
and sends the channel feedback message. If it is the first 
success (in host 1), a timer is initialized, which will be set to 
zero if a transmission failure occurs. Then, the success counter 
is incremented. If it is above the defined threshold, the data 
rate is incremented. If not, the data rate stays the same. 
Considering that the data rate was just increased, if a 
transmission failure occurs, the data rate is automatically 
decreased. 

In Fig. 11 there are two consecutive transmission failures, 
which leads to a data rate decrease. The way that host 1 has in 
order to detect a transmission failure is the use of a timer that 
is initialized just before sending a frame. 

Fig. 12 depicts an example scenario with the different 
modules operating together. The PlcMAC module is 
embedded in each one of the hosts. 

 
 
 
 

 
Fig. 10.  Transmission success, followed by failure. 

 

 

 
Fig. 11.  Two consecutive transmission failures. 

 
 

 
Fig. 12.  Example scenario with the modules operating together. 

 

VI. RESULTS 
In order to validate the model presented in this paper, tests 

were performed, which can be divided into the following two 
groups: 

--Functional tests, in order to test the functionality of some 
model components. 

--Performance tests, in order to evaluate the performance 
impact of the model proposed in this paper. 

  

A. Functional Tests 
In these tests, the capacity of the rate adaptation algorithm 

to increase or decrease the data rate according to the channel 
conditions is tested, as well as the influence of the distance 
between the hosts on the propagation model.  

 
1) Data rate increase 

To test this functionality, the network of Fig. 13 was used. 
It consists of a generic host (green circle) communicating with 
another generic host (red circle), using a User Datagram 
Protocol (UDP) generic application.  
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Fig. 13.  Data rate algorithm testing network. 

 
The configuration of the data rate adaptation algorithm 

determines whether to decrease or to increase the data rate. 
The most important parameters of this test are listed in Table 
VI.  

In order to force the data rate to increase, a t_limit_lost 
larger than usual was used, which implies that the messages 
are never considered lost and thus, the only modification in 
the data rate will be in an increasing way. The results are 
depicted in Fig. 14 and, as we can see, the data rate is 
successfully increased after some algorithm iterations, which 
validates the increasing capacity of the algorithm. 
 

TABLE VI 
DATA RATE ADAPTATION ALGORITHM CONFIGURATION FOR THE DATA RATE 

INCREASE TEST 

  
 

 
Fig. 14.  Increase data rate. 

 
2) Decrease data rate 

To perform this test, the same network was used as for the 
data rate increase test, but with a different configuration. In 
this case, the algorithm is forced to believe that all the 
messages are being lost and to ignore the ChannelFeedback() 
messages. With the used configuration (see Table VII), the 
algorithm can only decrease the data rate. 

 
 

TABLE VII 
DATA RATE ADAPTATION ALGORITHM CONFIGURATION FOR THE DATA RATE 

DECREASE TEST 

 
In Fig. 15, we can see that the data rate is successfully 

decreased, which validates the algorithm’s decreasing 
capacity. 

 

 
Fig. 15.  Decrease data rate. 

 
 
3) Impact of Inter-node Distance 

The position of the hosts in the network (i.e., the distance 
between them) is one of the most important parameters in this 
simulation model. It has influence on the signal attenuation 
and propagation delay, and consequently on the BER. 

In order to test its impact the network of Fig. 16 was used. 
 

 
Fig. 16.  Distance influence test network. 

 
This network consists of a generic host, sending UDP 

packets to the coordinator host, separated by a distance that is 
constant for each simulation. The results are presented in 
Table VIII. 

As we can see, the results comply with the theoretical 
formulas, which means that this mechanism behaves as 
expected. 

 
 

 

Parameter Value Description 

t_limit_lost 10000s 
Time until the packet is 
considered lost. 

t_limit_success 10000s 
Minimum time before the data 
rate is increased (if only successes 
occurred in that interval) 

success_counter_limit 10 
Number of consecutive 
transmission successes that cause 
a data rate increase. 

lostCounterLimit 2 
Number of consecutive 
transmission failures that cause a 
data rate decrease. 

Parameter Value Description 

t_limit_lost 0.01s 
Time until the packet is 
considered lost. 

t_limit_success 10000s 
Minimum time before the data 
rate is increased (if only successes 
occurred in that interval) 

success_counter_limit 10 
Number of consecutive 
transmission successes that cause 
a data rate increase. 

lostCounterLimit 2 
Number of consecutive 
transmission failures that cause a 
data rate decrease. 
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TABLE VIII 
IMPACT OF INTER-NODE DISTANCE 

Distance (m) Attenuation (dB) Propagation delay (s) 
50 -4.5 2.5×10!! 

100 -8.9 5×10!! 
200 -17.7 1×10!! 
300 -22.4 1.5×10!! 
400 -22.5 2×10!! 
500 -28 2.5×10!! 

 

B. Comparative Tests 
To validate the simulation model presented in this paper, a 

comparison with the model in [5] is essential. These 
comparison span both the accuracy of the channel model and 
the performance of the simulator itself, in order to evaluate the 
performance trade-off between the two models. 
 
1) Comparison of simulation results 

In order to compare the two models, the networks of Fig. 17 
(implemented model) and Fig. 18 (base model) were built.  

 

 
Fig. 17.  Implemented model. 

 

 
Fig. 18.  Base model. 

 
The comparison was made both for PRIME and for G3-

PLCTM. The purpose of the test was to simulate a metering 
application, in which there are 20 generic hosts sending UDP 
packets to the coordinator host. The results are depicted in 
Table IX (PRIME) and Table X (G3-PLCTM). 

In Fig. 17 and Fig. 18, we can see that the network 
composition is different between the two models. The base 

model does not have a clear separation between the physical 
channel and the upper layers. As such, we see that all the 
generic hosts are connected directly to the coordinator host, 
while in reality they are connected to the PLC bus as in a real 
PLC configuration. In the implemented model, all hosts are 
connected to the bus. The measured data rate corresponds to 
the PHY data rate and the average, minimum and maximum 
PER were computed from a set of PER values (each individual 
value was relative to a single message in PlcPhy). 

The results depicted in Table IX and Table X, show that the 
base model is very optimistic, since there were no messages 
lost during the simulations. In such a harsh environment (like 
PLC), some lost messages are expected. In the base model, 
there is a different treatment for the messages that pass 
through the bus. Only the PLC frames are considered for 
interference computations, and that mechanism is 
implemented in the MAC layer. In the implemented model, all 
messages that go through the bus have the same treatment, 
including the messages that belong to the data rate adaptation 
algorithm. Consequently, the number of lost messages in the 
implemented model is justified by the fact that for each 
collision, there are two messages lost: the interfering and the 
interfered. The other result that can be interpreted like a 
shortcoming in the base model relates to the data rate. The 
values presented in Table IX and Table X show that the data 
rate does not respect the operation modes of the technologies. 
In contrast, if we look at the minimum and maximum data rate 
values, we can see that in the implemented model the 
operation modes are respected.  

The identified shortcomings in the base model do not imply 
that it is a bad simulation model. It only shows that the 
implemented model can reproduce in a better way the physical 
channel properties. The base model was implemented in a 
specific project, where higher layer functionality was 
considered more important. Yet, it constitutes a good base for 
improving the channel and low layer aspects of the PLC 
model. 

TABLE IX 
COMPARISON SIMULATION FOR PRIME 

 
Implemented 

Model 
Base 
Model 

Simulation time (s) 10000 10000 
Average data rate (kbit/s) 30.68 34.86 
Raw data rate min/max 
(kbit/s) 21.4/128.6 30.71/40.61 

Number of Messages 
(average) 

79666 49230 

Number of collisions 
(average) 

785 0 

Number of lost messages 
(average) 

1814 0 

Number of lost messages to 
total messages ratio (%) 2.2 0 

Average PER (%) 2.69 0 
PER min (%)/max (%) 0/100 0 

 
 



 
 

8 

TABLE X 
COMPARISON SIMULATION FOR G3-PLCTM. 

 
Implemented 

Model Base Model 

Simulation time (s) 10000 10000 
Average data rate (kbit/s) 11.29 18.52 
Raw data rate min/max 
(kbit/s) 

5.592/34.160 16.3/21.6 

Number of Messages 
(average) 

80850 49222 

Number of collisions 
(average) 3223 0 

Number of lost messages 
(average) 

6864 0 

Number of lost messages to 
total messages ratio (%) 

8.5 0 

Average PER (%) 0.33 0 
PER min (%)/max (%) 0/100 0/0 
 
2) Performance comparison 

In order to compare the performance of the implemented 
and base models, three different metrics were taken into 
account which are provided by OMNeT++ [16]:  

--Events per Second (Ev/sec) - how many events are 
processed in one real-time second. It depends on the hardware 
and the complexity of processing one event. 

--Simulation seconds per second (Simsec/sec) - relative 
speed of the simulation. It depends on the hardware, the size 
of the simulated model, the complexity of the events, and the 
average simulation time between events. 

--Events per simulation second (Ev/simsec) - event density: 
how many events are there per simulated second. Event 
density only depends on the simulation model, regardless of 
the hardware used to simulate it. 

 
All the simulations were executed in the same virtual 

machine, under the same conditions, with the following 
specifications: 

--Operating System: Windows 7 Professional x64. 
--Processor: Intel(R) Core(TM) i5-2435M CPU @ 2.40GHz 

(one core) 
--Memory: 1.97 Gbyte 
 
For each simulation model, two different types of networks 

were used: a network with only one generic host 
communicating with the coordinator host (Fig. 19 and Fig. 20) 
and a network with 40 generic hosts communicating with the 
coordinator host. The latter is similar to the network in Fig. 17 
and Fig. 18, but it has 40 generic hosts instead of 20. 
 

 
Fig. 19.  Performance test for 1 host – Implemented model. 

 

 
Fig. 20.  Performance test for 1 host – Base model. 

 
The simulations results are depicted in Table XI and Table 

XII. Looking at those results, we can see that: 
--If we look at the SimSec/Sec metric, the base model has a 

better performance that the model presented in this paper. The 
measured values were 20000s and 173s, for 1 and 40 hosts, 
respectively. The explanation for this difference resides on the 
fact that the increasing number of hosts adds more events to 
the events stack, which increases the simulation effort and, 
consequently, the simulation time. With 40 hosts, the 
SimSec/Sec difference indicates that for larger networks, the 
implemented model’s performance is comparable to the base 
model’s performance. The difference observed for 1 host 
shows that the performance penalty of the realism introduced 
in the implemented model has more impact in smaller 
networks. The reason is that the modules that endured more 
modifications were the PlcBus and the coordinator host, which 
appear only once in the considered network configurations, 
irrespective of the number of hosts. 

--Regarding the Ev/SimSec value, we can see that the base 
model has more messages flowing than the implemented 
model, which leads to a performance decrease (see above). 

--The results for the Ev/Sec metric show that the 
complexity of the events is the same for both models. 

 
As a concluding remark, the increased realism offered by 

the implemented model implies a performance penalty, which 
is more visible in scenarios with a reduced number of hosts 
per PLC bus and coordinator. 

 
 

TABLE XI 
PERFORMANCE TESTS – 1 HOST 

Implemented Model - 1 Generic Host 
Simulation 

Time 
500 000s 

 Ev/Sec SimSec/Sec Ev/SimSec  
Average: ≈ 𝟏𝟖𝟑𝟎𝟑𝟕 ≈ 𝟏𝟗𝟓𝟕𝟒 ≈ 𝟗.𝟑𝟓 

 

Base Model - 1 Generic Host 
Simulation 

Time 
500 000s 

 Ev/Sec SimSec/Sec Ev/SimSec  

Average: ≈ 𝟏𝟖𝟑𝟒𝟓𝟗 ≈ 𝟑𝟗𝟔𝟕𝟔 ≈ 𝟒.𝟔𝟐 
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TABLE XII 
PERFORMANCE TESTS – 40 HOSTS 

Implemented Model - 40 Generic Hosts 
Simulation 

Time 10 000s 

 Ev/Sec SimSec/Sec Ev/SimSec  

Average: ≈ 𝟐𝟐𝟕𝟒𝟔𝟗 ≈ 𝟕𝟐𝟒 ≈ 𝟑𝟏𝟖.𝟎𝟖 

 

Base Model - 40 Generic Hosts 
Simulation 

Time 10 000s 

 Ev/Sec SimSec/Sec Ev/SimSec  

Average: ≈ 𝟐𝟐𝟐𝟑𝟎𝟔 ≈ 𝟖𝟗𝟕 ≈ 𝟐𝟒𝟖.𝟕𝟗 
 
 

VII. CONCLUSION 
The objective of this work was the implementation of a 

PLC physical layer model in OMNeT++.  
This objective was fulfilled by implementing a multipath 

propagation model, which is used to compute the signal 
attenuation on the bus. The propagation delay is taken into 
account, depending on the distance between hosts.  

The error model is based on well-known expressions and 
the error rate computation depends on the used PLC 
technology (both PRIME and G3 PLCTM were considered) 

Besides the initial objectives, the ARF data rate adaptation 
algorithm was adapted for PLC operation. ARF increases or 
decreases the data rate based on the channel conditions. 

The implemented model presents a physical layer that is 
more realistic than the base model. This improved realism 
comes at the cost of a slight performance penalty, which is not 
expected to significantly compromise the scalability of the 
simulator. 

The implemented model is a step forward to obtain a more 
accurate PLC simulator. However, there is still room for 
significant improvements: 

--To add BB-PLC to the simulation package, since it is 
important to have more technologies available to simulate 
more diverse scenarios. 

--To create a script or a module that, given a certain 
network topology, computes specific input parameters for the 
propagation model.  

--To implement a data rate adaptation algorithm that is 
more suitable for PLC networking. 

--Simulation of heterogeneous networks, since it is 
important to study the integration between the different 
communication technologies, e.g., in a Smart Grid 
environment. 

--To add a realistic TDMA functionality to the implemented 
model. 

--To validate the model based on measurements taken from 
real testbeds. 
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