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I. INTRODUCTION  

Power Line Communications is called as PLC and it is a 
generic name for the communication mode which uses 
power lines. This technology consists of high-frequency 
signals and places the stored information on the power line 
and the data is transmitted by the power lines. Frequency 
signals can be separated from the power lines through the 
dedicated power line modems, and then transmitted to the 
terminal devices. PLC has two modes (i.e. High-speed 
PLC and Low-speed PLC) and High-speed PLC uses the 
frequency band of 0.5~30MHz achieving the speed of 
14Mbps~1Gbps while Low-speed PLC utilizes the 
frequency band of 10~450KHz exerting the speed less 
than 9.6Kbps - mainly used to control electronic devices. 

The power line communication media is originally 
designed for power rather than data transmission. For data 
communication, its channel characteristics are not ideal, 
the specific performances are obvious noise and serious 
signal attenuation [2,3]. 

To improve the reliability of PLC, one can consider 
from the physical layer. For example, channel estimation 
and selection, filtering design, power distribution and so 
on [3,4]. 

Nowadays, PLC is being used for the configuration of 
Home-Networks or factory automations. Owing to the 
improvements in both the stability and the transmission 
speed, resulting from recent digital power line 
communication method, it’s field of application is getting 
wider [5] and holding the limelight. 

Meanwhile, PLC has been studied widely lately for it is 
considered as a low-cost communication solution using 
power distribution networks and for the Smart Metering 
system. The instability in a noisy channel environment 
requires careful simulation and modeling for the PLC 
based solution. Modeling of PLC’s physical characteristics 
using different simulation tools has been studied in the 
past and still remains as a research subject [5,12]. 

This organization of this paper is that the related 
researches are examined in Chapter 2, the description of 
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system in Chapter 3, and the scenario analysis and 
conclusion in Chapter 4 and 5, respectively. 
 

II. RELATED RESERARCH 
 
2.1. OPNET Modeler 

The origin of OPNET Modeler and IT Guru products, 
which are getting the spotlight as the best communications 
and networks simulation solutions, can be trace back the 
network simulator carried forward as part of the project 
which was ordered by the Department of Defense to MIT 
in 1986 and have reached their present forms as a result of 
continuous efforts and studies by the participating 
developers. OPNET solutions have been used and verified 
over 20+ years, and with the established trust, they are 
expanding their scope of application to the areas of 
Network Capacity Planning, Network Engineering, 
Network Management, etc. 

 
2.2. PLC Router node model 

Most of foreign countries' environmental control 
systems use RFID technology and as the control signals, 
they employ external sensors and voice recognition. Carol 
Rus et al. [6] proposed the voice control Smarthouse to 
control devices with the voice recognitions. Corcoran et al. 
[7] proposed the Universal Plug-n-Play (UPnP) to provide 
services to the wireless home network users with their 
PDAs and mobile phones or wearable devices. The user 
can send out the requests with his voice or user interface 
to the home server and in this case, the inconveniences 
caused by the pre-set areas and pre-recorded voice 
commands can be overcome. Hwang et al. [8] introduced 
RFID-based multi-user access control algorithm for the 
UPnP Smarthome. The users are required to carry RFID 
tags to monitor their access situations automatically so 
that many additional RFID detectors have to be installed 
in each different place. Helal et al. [9] and Liau et al. [10] 
suggested wireless smartfloor technology in which 
pressure sensors had been mounted to detect the location 
of the residents [11,12]. 

 
2.3. PLC Router node model 

Figure 1 Shows a PLC Router node model has been 
developed based on the route model to perform generating, 
discarding and relay functions and supports routing OSPF, 
RIP and others provided by OPNET. As a linking 
interface with other node models, we used PPP interface 
because of its extendibility, which was taken into 
consideration in designing process. The design enables the 
linkages with 32 nodes max and should the number of the 
links exceeds 32, the situation can be solved by linking 2 
or more relay nodes. Respective router node is comprised 

with "Start type" and contains all the characteristics of 
router provided by OPNET. 

 

 
Fig. 1. PLC Router node model. 
 

 
Fig. 2. Attributes of PLC Router node model. 
 

 The router node model includes all the attributes of 
routers provided by OPNET and is possible to set IP 
address, routing protocol, and other parameters. 

As seen in Figure 3, since 32 nodes can be connected to 
1 router, star-form construction is possible. In this form, 
however, if the router in the center fails to function, the 
connection between the A-network and the B-network 
becomes impossible. Even so, the connection using the 
router(s) is preferable because there will not be much 
trouble in terms of entire network level even if the nodes 
fail. 
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Fig. 3. PLC Router node model mechanism. 
 
2.4. PLC terminal node model 

PLC terminal node model can generate and discard IP 
packets but cannot perform relay function. It was designed 
to provide basic IP protocol and to use UDP, TCP as 
transport protocols. Like the Router model, PPP interface 
is used as a linking interface with other node models. This 
is used as an end-to-end terminal model and can be 
connected to only one adjacent node. 

Figure 4 Shows a PLC terminal node model includes all 
the terminal attributes that provided by OPNET, and it is 
possible to set IP address and transport protocol 
parameters, etc. 

 

 
Fig. 4. PLC terminal node model. 

 
Fig. 5. Attributes of PLC terminal node model. 
 

As shown in Figure 6, the connections between the 
nodes are made up with 1:1 connection so that in order to 
connect with remotely located node, one has to go through 
another node(s). Thus, ring-form connection can be 
established. However, in this form, failure in 1 node could 
lead to whole network failure and such phenomenon can 
be fixed with FDDI. 

Meanwhile, the terminal node model incorporates all 
the attributes of terminals provided by OPNET and is 
possible to set IP address, transmission protocol 
parameters. 

 

 
Fig. 6. PLC terminal node model mechanism. 
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2.5. PLC link model 

  The link model refers to a model that links nodes. That 
is, traffics flow between the nodes. The PLC link model 
had been implemented based on the PPP model and the 
default bandwidth (for data rate) was set at 11Mbps. The 
linking speed (bandwidth) of each node may vary so that it 
was made the way that the user could change the linking 
speed. 

In order to alter the bandwidth of the link model, right-
click the model with a mouse, and then open 'Edit 
Attributes' to select or input desired bandwidth to set the 
data rate. Figure 7 shows link model setting display and, 
Figure 8 shows link bandwidth setting display. 

 

 
Fig. 7. Link model setting display. 
 

 
Fig. 8. Link bandwidth setting display. 
 
2.6. PLC palette model 

The purpose of the palette model is to make a scenario 
production in OPNET easier. It is comprised in a way that 
the user can take convenient 'drag & drop' steps by 
creating the PLC palette for the node or link model, which 
is produced with the PLC model. When arranging the 

node model in a scenario, one only need to open 'Object 
Palette', select the node model to place, and then assign to 
the scenario. Figure 9 shows PLC palette model. In this 
paper we made many things. 

 

 
Fig. 9. PLC palette model 
 

III. PLC-BASED SMART GRID HOME 
NETWORK SYSTEM 

 
As the scenarios, 5 equipments had been deploy in the 

home network. 5 units of PLC equipment models and a 
switch were deployed for the PLC scenario and 5 units of 
wireless equipment models and a router for the Wireless 
scenario in order to construct them on the same level. For 
the traffics, 5 demands had been connected and G.729 
traffic generation was observed. Simulation environment 
for performance evaluation, hardware and software are 
shown in Table 1. 

 
Table 1. Simulation Environment 

Working Environment Computer Specifications 

CPU 3.0+ GHz using x86, EM64T, x86 
AMD, or AMD64 (dual-core) 

RAM 2GB 
System File 

Space 3GB 

Working 
File Space 100MB 

Display 
Resolution 1024x768 

Development Environment 

OS Windows 7 Professional (32 bit) 
Compiler Microsoft Visual Studio 6.0 

M&S Tool OPNET Modeler 14.5 PL8 
 

 Figure 10 Shows a PLC-Based Smart grid home 
network system that consists of PLC Router nodes model 
and node model. The simulation was to check the changes 
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according to the speed of the PLC link and we placed the 
minimum number of elements to analyze the results. And 
to ensure that all traffics do not have the same processing 
priority, QoS was not used. 

 

 
Fig. 10. PLC-Based Smart grid home network system. 

 
IV. SCENARIO ANALYSIS 

 
4.1. Traffic Scenario 

The scenario is one that the "Traffic" has been 
introduced in the Baseline scenario. Minimal elements 
were input to analyze the results. Traffic scenario 
configuration information is shown in Table 2. 
Arrangement of the nodes, connections of the links, and 
the traffics were randomly determined. 

 
Table 2. Traffic Scenario Configuration Information. 

Arrangement of the 
node 

5 units of PLC equipment models and a 
switch were deployed for the PLC scenario 
and 5 units of wireless equipment models 
and a router for the Wireless scenario in 
order to construct them on the same level.

Traffic 5 demand connection (G.729 traffic)

11 Demand 
connection  
(G.729 traffic) 

11Mbps 

Execution time 1 hour 
Performance 
indicators 

Traffic transmission rate, end-to-end 
transmission delay, Jitter 

 
4.2. Results of analysis 

Traffic T/R volumes, delays and jitters were analyzed 
comparatively. 

4.2.1. Traffic T/R rate (bits/sec) 
  The average rate was 30kbps equaling to the generated 
traffic volume and there was no message losses when 
traffic T/R rates were compared. Both networks had 
generated the traffics within 11Mbps and 100% volume 
was received without any loss.  

The loss could have occurred in case of wireless 
network but owing to the WLAN's CSMA-CA (collision 
avoidance) and ARQ functions, the loss did not occur. 
Figure 11 shows comparison between PLC and wireless 
type T/R rates (bits/sec). 

 

 
Fig. 10. Comparison between PLC and wireless type T/R rates. 
 
4.2.2. End-to-end delays (sec) 

The delay for PLC-based network was 0.0008sec and 
for the wireless network, it was 0.0013sec showing around 
1.7 fold differences. Since Wireless type uses CSMA-CA 
method which considers times taken for Backoff, collision 
avoidance and retransmission, more delays are longer than 
the PLC type. Figure 12 shows comparison between PLC 
and wireless type End-to-End delays (sec). 
 
4.2.3. Jitters (sec) 

The average jitter for PLC type was 0.00005sec and 
0.00045sec for Wireless type showing around 9 fold 
differences. Such difference seems to have been caused by 
the same reason mentioned above - the characteristic of 
the CSMA-CA. Figure 13 shows comparison between 
PLC and wireless type Jitters (sec). 

 
4.2.4. Summary 

The differences between wireless network and PLC 
network arise depending upon the protocols used in MAC. 
The Wireless MAC used in the simulation was IEEE 
802.11 WLAN MAC and the average speed was 11Mbps. 
Because of the characteristics of CSMA-CA protocol, the 
performance result was rather poorer than PLC, meaning 
that the PLC type has better benefits. 
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Fig. 11. Comparison between PLC and wireless type End-to-End 
delays. 

 

 
Fig. 12. Comparison between PLC and wireless type Jitters. 
 

V. CONCLUSION 
 
 In this paper, the PLC Router node and PLC node-based 

modeling had been performed and on the basis of this 
model, designing and implementation of the Smart grid 
Home Network System were achieved. For a simulation 
environment, OPNET Modeler 14.5 PL8 was used, and to 
ensure all the traffics would not have the same processing 
priority, QoS was not considered. 

 In this study, the results obtained from designing and 
performing the implementation scenario for the PLC-
based Smart grid home network system were compared 
and analyzed with that of IEEE 802.11 WLAN MAC(the 
foundation technology at Jeju Smart grid Test bed)-based 
Smart grid home network. OPNET 14.5 PL8, OSI 7 layer, 
PLC router nodes and PLC nodes had been used for the 
designing and implementation simulations of both systems. 
Additionally, QoS was not considered in order to 
guarantee that all the traffics would not have the same 
processing priority. 
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