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ABSTRACT

Various ICT system architectures for Smart Metering, De-
mand Side Management and Distributed Energy Generation
are currently being evaluated in numerous pilot projects,
which analyze the applicability of wireless, wired and pow-
erline technologies for managing decentralized demand and
supply components on distribution network level. In order
to analyze the scalability of the proposed ICT system ar-
chitectures, a detailed simulation model and a comparison
of different access and inhouse technologies in combination
with a variety of traffic engineering approaches is necessary.
Depending on the technology and use-cases, the upcoming
Machine-to-Machine (M2M) traffic volume leads to an addi-
tional load, which can significantly lower the Quality of Ser-
vice (QoS) of communication networks and affects the reac-
tion rate provided by these network for both Smart Grid ap-
plication and additional services. To analyze this influence,
this paper introduces a distributed simulation environment
for investigating the arising traffic volume caused by Smart
Grid services in order to enable a detailed network analysis
depending on the used technologies. Furthermore, the sim-
ulation environment provides the ability to generate large
scaled scenarios based on a geographical database, adminis-
trate multiple channel models using a revision based reposi-
tory and combine both features in an automatic, predefined
simulation with auto-resolved dependencies using Web Ser-
vices.

the position to pool those entities to a virtual cluster called
virtual power plant. These virtual power plants have to be
managed efficiently by reliable and secure ICT networks to
retrieve full potential [4]. Current approaches for accessing
the households for an integration into a Smart Grid infras-
tructure are discussed by taken into account wired tech-
nologies (e.g. DSL and cable), wireless technologies (e.g.
GPRS, UMTS, WiMAX, LTE) and Powerline Communica-
tions (Broadband and Narrowband PLC). In order to enable
an interoperable and heterogeneous multi-technology com-
munication network, these approaches need to be evaluated
in realistic scenarios.

In this paper, a distributed simulation environment for in-
vestigating the arising traffic volume caused by Smart Grid
services is introduced in order to enable a detailed network
analysis depending on the used technologies. Furthermore,
the simulation environment provides the ability to generate
large scaled scenarios based on a geographical database, ad-
ministrate multiple channel models using a revision based
repository and combine both features in an automatic, pre-
defined simulation with auto-resolved dependencies. The ar-
chitecture of the proposed simulation environment is based
on a Web-Service approach using Axis2 SOAP framework
[1] in order to enable a distributed development of simula-
tions as well as a distributed and modularized management
of modules and channels for OMNeT++-.
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Figure 1: Simulation Framework Architecture based on
AXIS2 Web Services

2. RELATED WORK

Modeling communication networks for Smart Grid appli-
cations is usually done by well-known discrete-event sim-
ulation tools used for simulating telecommunication net-
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Figure 2: SMDR Sequence Chart

works.An overview on related work is given within this sec-
tion, whereas none of the known simulators supports a mod-
ularized approach for heterogeneous network infrastructures
as presented in Section 3.

The discrete-event simulator OMNeT++ [14] is a modu-
lar extensible and component-based open source framework
which has been recently used for modeling communication
networks and distributed systems for Smart Grid applica-
tions. Related work shows the capabilities of an integrating
solution for communication and energy components in one
simulation environment [9] [10]. The performance evalua-
tion of RF-Mesh based Smart Metering and Demand Side
Management infrastructures are presented in [12] and [7].
Powerline-based approaches for a Smart Grid ICT infras-
tructure are discussed in [11] and [6].

Another well-known open-source network simulator is the
Network Simulator 2 (NS-2), and its successor, Network
Simulator 3 (NS-3). In terms of evaluating ICT infrastruc-
tures for the Smart Grid several approaches are discussed in
related work dealing with NS-2/3, e.g. the improvement of
existing infrastructures based on 802.11s Mesh Networks for
Smart Metering [5]. In order to investigate the interaction
between the ICT and energy networks, several approaches
for co-simulation using NS-2 are discussed in literature [3].

The market for commercial network simulators is mainly
dominated by two network simulators. First, there is the
OPNET Modeler, developed by OPNET Technologies. The
main applications of OPNET are network planning, opti-
mization and evaluation of large corporate networks. The
other commercial network simulator is QualNet, which is
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been developed by Scalable Network Technologies, a spin-
of company funded by the UCLA (University of California)
Computer Science Department. Due to its development un-
der the financial support of DARPA (Defense Advanced Re-
search Projects Agency, U.S. Department of Defense), its
objective in simulation of military scenarios and the research
focus of the UCLA research group, Qualnet focuses on an
efficient distributed simulation of large-scaled simulations of
heterogeneous communication network topologies with sev-
eral 10000 nodes. In the context of Smart Grid several ap-
proaches using QualNet are discussed in literature [13].

3. DISTRIBUTED SIMULATION
FRAMEWORK

In order to meet the requirements for a simulation plat-
form, which is able to simulate multiple technologies, a dis-
tributed simulation environment based on OMNeT++ has
been established by providing distributed development ser-
vices. The environment consists of a Generator for Large-
Scale Network Simulation Scenarios for OMNeT++ (GeN-
eSiS++) and a System Model Directory Register (SMDR)
providing configuration and revision controlled model stor-
age databases (cf. Figure 1) as described in Section 3.2. For
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Figure 3: SMDR Browser-based Frontend

comparing the different optimization approaches and net-
work planning methods, a geographic system design frame-
work (GeoDB) has been integrated [12]. In order to resolve
dependencies for the generated scenarios, the GeNeSiS++
Framework consists of a server component, referred as the
GeNeSiS++ Server, which connects to the GeoDB and gen-
erates scenarios based on the selected scenario configuration
in the GUI (cf. Figure 3). Additionally a client component,
referred as the GeNeSiS++ Client, has been integrated into
OMNeT++ implementing the Axis 2 interfaces to the back-
end services on the one hand. On the other hand the GeN-
eSiS++ Client is able to parse the generated scenario con-
figurations and resolves inter-module dependencies based on
revision-controlled information in the NED file by retrieving
missing modules from the SMDR database. Due to the geo-
based positions of the communication nodes, close to real
world scenarios were investigated in order to analyze the
impact of the algorithms.

3.1 GeNeSiS++ Framework

The developed geo-position scenario generator acquires
the coordinates according to available GIS databases [12].



This avoids a manual, time-consuming static generation and
configuration of each node. In our approach, we use geo-
graphic positions of real locations, e.g. houses, as input pa-
rameters for the automatic network generation. This ensures
a close to reality network topology for scalability analysis.
The overview of the simulation environment is presented
in Figure 1. Initialization, generation and configuration of
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Figure 4: Geo-based Large-Scale Wireless Scenario and
Small-Scale Inhouse Scenario

the network are executed by a Google Web Toolkit (GWT)-
based user interface. A set of preconfigured geographic posi-
tions (north-west and south-east corner coordinates), prede-
fined reference scenarios and default configurations are pro-
vided by the GeNeSiS++ server via the Web Service inter-
face.

3.2 System Model Directory Register

This chapter describes the simulation management frame-
work, which can be divided into three interconnected ser-
vices, which provide the main functionality used to run a
distributed simulation using the SMDR. All entities can be
placed on different machines providing a Apache Tomcat
application server for hosting the GWT-based configuration
interface (cf. Figure 3). A MySQL database server for stor-
ing all necessary models and the GeNeSiS++ framework
provides the ability to generate the real-world scenario. The
design of the services enables execution in a distributed en-
vironment, where each service runs separately in the SMDR
backend environment to improve performance. The SMDR
services are realized by Web Services, built on the Apache
Axis2 SOAP framework [1] for configuring the scenarios and
administrating the modules, which are divided into lower
and higher layer technology models.

3.2.1 Lower Layer Technology Models

The transmission channels are modeled by analytic chan-
nel models using radio propagation models, link budget cal-
culation and link adaption for different technologies and are
provided by channel modules for Wireless Access Networks
(GSM/GPRS, UMTS, LTE, WiMAX), Wired Access Net-
work (xDSL, DOCSIS, FTTx), Powerline Access Network
(Broadband and Narrowband PLC) as well as Home Area
Networks (ZigBee, WM-Bus, Bluetooth, Wi-Fi). The chan-
nel models require parameters for distance, housetype, num-
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ber of inner walls, orientation, etc. The channel behavior
of the system models are validated by laboratory measure-
ments.

3.2.2 Higher Layer Technology Models

The upper layer traffic generation models are modeled as
simple modules representing the inhouse components of the
ICT infrastructure as shown in Figure 4. As input parameter
the message frequency, traffic type (Metering, Management,
Tariff, etc.) and application can be specified in order to an-
alyze the system behavior for different scenarios.

3.3 Reference Scenarios

An exemplary large-scale scenario for an urban deploy-
ment with more than 10.000 nodes located in the city of Miil-
heim a.d.R., Germany is shown in Figure 4. The presented
scenario consists of different housetypes (single, double and
multi-family houses) and different infrastructure components
(PLC data concentrator, RF base stations, wired concentra-
tors and multiplexers). The inhouse energy and ICT com-
ponents represent the higher layer traffic generators of the
Smart Grid infrastructure and are modeled as shown in Fig-
ure 4.

4. PERFORMANCE ANALYSIS

The results shown in Figure 5 represent the validation of
smart metering data traffic generator based on the Smart
Message Language [8] used for transferring smart metering
values on TCP layer. As can be seen, theses values are trans-
mitted in rather small packages with a high message fre-
quency, which requires a sufficient QoS management for the
used transmission technology. For evaluating the influence
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of different wireless technologies the presented environment
provides the capability to rapidly replace the used wireless
access technology to analyze possible technology based bot-
tle necks. The influence of wireless technologies on Smart
Grid scenarios is given in Figure 6. In this scenario multi-
ple wireless links in the frequency of 3.5 GHz are illustrated
for Mobile WiMAX links by colored lines between the base
stations and the inhouse components of the Smart Energy
houses. The link quality, respectively the chosen modulation
scheme, is shown in different colors. Thereby short distance
links have a lower attenuation, whereby a higher modulation
can be used and a higher transmission rate can be provided
accordingly. Longer distance links with higher attenuation
use lower modulation schemes and can provide lower trans-
mission rates or either no links is available.
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5. CONCLUSIONS AND OUTLOOK

In this paper we presented a novel approach for a modu-
larized OMNeT++ simulation environment based on a Web
Service on-demand module management. This simulation
environment has been developed in order to investigate the
topology specific influences on scalability for different tech-
nologies and various traffic patterns for Smart Grid applica-
tions. An exemplary analysis for a suburban scenario with
more than 10.000 different households combining detailed
Home Area Networks has been presented.

Our on-going work focuses on the evaluation of different
technologies for the presented use cases in order to obtain
network planning heuristics for Smart Grid ICT networks
and optimization approaches for existing infrastructures.

Although this work is related to the investigation of Smart
Grid ICT networks, it can be seen as a proof-of-concept to
enable a generic modularized OMNeT++ development envi-
ronment. A generic modularized solution would have a great
impact on the OMNeT++ community, as it would ease the
scenario generation and comparison and evaluation of mul-
tiple technologies without having to replace the interfaces
and modules manually.
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