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Abstract. The aggressive introduction of new smart devices for house-
holds is considered today as one of the most challenging issues in the
Internet of Things (IoT) world. According to the wide variety of radio
technologies used for communication between smart devices, there is a
growing need to answer the question of which communication standard
can be used to drive communication in smart homes and intelligent build-
ings as part of the emerging 5G ecosystem. To this end, we provide
in this paper a performance analysis of Wireless M-BUS communica-
tion protocol which has recently increased its popularity especially in
smart-metering domain in Western Europe. First, the developed WM-
BUS module in Network Simulator 3 (NS-3) is described. Further, we
investigate in detail the obtained simulation results which are compared
with the real data from Kamstrup smart metering devices. Especially, the
attention is focused on the packet delivery ratio and interference between
smart devices. In particular, we demonstrate that our constructed mod-
ule provides adequate correlation between the results obtained from the
simulation and those from real-world measurements.
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1 Introduction and Motivation

During the last few years, the Internet of Things (IoT) attracted an enormous
interest practically from all sectors of industry. According to Cisco forecast, the
Machine-to-Machine (M2M) connections will grow from 495 million in 2014 to
more than 3 billion in 2019 [1]. Today, we can see the wide variety of smart
devices (e.g., smart meters, sensors, actuators) coming on the market in waves
and trying to bring intelligent behavior into today’s households. The initial idea
of smart homes was built on collecting information from small groups of devices
(very likely only from one device) and providing this information to the end user.
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Today, the smart devices become more intelligent and provide new functions for
measuring (e.g., energy consumption and production measured by one device),
reporting (sending data to energy provider) and creating statistics for end users.
To fully meet the described vision, the communication networks need to be
ready for this. Today, the 4G and beyond networks (Long Term Evolution,
LTE) increasingly introduce Device-to-Device (D2D) communication capabili-
ties. Nevertheless, the 4G was build with the goal to provide higher capacity,
user data rates, improve spectrum usage and latency with respect to previous
generations of cellular networks. However, in today’s world, the IoT brings new
challenges which cannot be solved solely by a single technology, but rather by the
harmonized set of communication platforms, protocols and applications which
all create the 5G vision [2]. The emerging 5G ecosystem as a bridge between a
massive number of energy- and power-constrained smart objects deployed e.g.
within a connected home and remote cloud-based applications will act as a key
enabler for the IoT domain. Whereas, there is an undivided attention given by
industry and academia to the 5G communication technologies, the deployment
of home automation scenarios is somewhat lagging behind. Therefore, we target
to bridge this gap by investigating of the promising communication candidates
for connected home.

In the light of the above, there are currently multiple devices providing sim-
ilar functionality independently from the communication technologies (IEEE
802.15.1, IEEE 802.15.4 (6LoWPAN, ZigBee), KNX, Wired/Wireless M-BUS) [3].
Therefore the question of aggregation the inputs from smart devices on their way
to the remote servers is considered as highly demanded issue together with provid-
ing the unified approach for end users to manage data from different types of smart
devices [4,5]1. Currently, the effort to standardize the IoT frameworks, message
structures and communication procedures is growing strong world-wide [6,7].

In this paper we propose a scenario where smart devices perform data in a house
together, see Fig. 1. The collected values of electricity (orange), water (blue), tem-
perature and humidity (green), motion sensor (violet) are sent towards an aggrega-
tion point (purple) where the data is transmitted via the 5G-ready infrastructure
to the remote cloud application, see Fig. 1. The wireless communication technolo-
gies for smart metering provide high installation flexibility and therefore can be
easily retrofitted in today’s households.

This leads us to the question on the choice of the suitable communication
technology/standard providing the energy efficiency, short message format and
support from the industry companies [8]. Following our previous works within
this field [12] where we paid our attention especially to the development of
universal smart home gateway [4,10,11], we selected the Wireless M-BUS [9]
as a promising driver for communication between devices (direct communica-
tion (MTCD - MTCD) and communication from smart device to remote server
(MTCD - MTCG)).

1 The aggregation point for smart devices based on different communication technolo-
gies is often called Machine Type Communication Gateway (MTCG). The smart
devices are then described as Machine Type Communication Devices (MTCDs).



146 P. Masek et al.

Fig. 1. In-house deployment of smart meters/sensors. (Color figure online)

Addressing the scenario where the key information about the electric-
ity/water consumption is collected by the aggregation node, we provide the
possibility for industry to assess behavior of WM-BUS devices and plan their
deployment in dense urban areas with respect to the key metrics such as interfer-
ence between installed devices, energy efficiency (battery life), active/idle time,
transmission range and probability of successful data delivery. All these require-
ments were taken into account during the implementation of Wireless M-BUS
into our simulation environment based on Network Simulator 3 (NS-3). We paid
specific attention to utilization of the latest version of WM-BUS standard (fol-
lowing the requirements given in EN 13757-4:2005) and therefore our created
module is able to deliver results where the data message follows the structure
used in today’s devices. As a verification of the obtained data from our module,
we used the data set provided for us by Kamstrup [13] – one of the leading
European companies in the smart grid communication domain.

2 Related Works

Most of the research activities during the recent several years were focused on
the architecture and the key features/characteristics of selected wireless tech-
nologies considered for home automation and, more specifically, for smart meter-
ing [14,15]. We studied in detail published works which address the prominent
wireless technologies in smart grids/smart homes with the aim to provide their
performance evaluation.
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Authors of [16] describe how to evaluate the wireless technologies for smart
grid networks. However, recommendations from [16] cannot be used for evalua-
tion in indoor environments due to the fact that authors paid attention to wide
area networks in their research; further the effects of multipath propagation are
not taken into account by this publication.

In [17], the unified metrics (PHY layer metric and MAC layer metric) of
Home Automation Networks (HANs) are given. Especially, authors focused on
IEEE 802.15.4, IEEE 802.11 and P1901 communication technologies and their
functionality for smart grid applications.

Another solution for smart homes and Energy Management System (EMS)
is presented in [18,19]. Authors offer design and implementation instructions
for an EMS based on ZigBee, but not covering the performance of the ZigBee
network within the indoor environment.

Evaluation of the performance of wireless sensor networks in different elec-
tric power system environments is provided in [20]. Authors perform measure-
ments in order to determine the link quality; the measurements consider to an
exemplary chipset implementing the 2.4 GHz physical layer of IEEE 802.15.4.
Obtained results show degradation of the link quality and the number of suc-
cessfully transmitted packets.

In addition to previous research work, authors of [21,22] focus on the IEEE
802.15.4 data transmission in different channels. However, presented model is
very simple and authors do not provide comparison between performance of
different technologies. Regarding the interference within the 2.4 GHz ISM band,
authors of [23] provide the performance evaluation of IEEE 802.15.4 under the
IEEE 802.11 interference. Obtained results indicate the significant impact on
the reliability of a ZigBee network from the side of IEEE 802.11, which is in line
with the results published in [24,25]. Based on that, authors propose guidelines
on how to deploy the ZigBee network in order to minimize the impact of harmful

Table 1. Comparison of the key parameters of WM-BUS and IEEE 802.15.4. As the
main findings, two parameters can be highlighted – in case of WM-BUS, the trans-
mission frequency 868 MHz offers large area coverage and together with using the n/a
channel access (data is sent as broadcast; especially in T mode), WM-BUS represents
possible candidate for transmitting measurement data from sensors/meters.

Standard Data rate Transmission Effective Transmission Channel
frequency bandwidth power access

Bluetooth LE 1024 kb/s 2,4 GHz 1 MHz 10 mW n/a

IEEE 802.15.4

(Worldwide)

250 kb/s 2,4 GHz 2 MHz 20 mW CSMA/CA

IEEE 802.15.4

(Europe)

20 kb/s 868 MHz 600 kHz 25 mW CSMA/CA

WM-BUS S mode 16,384 kb/s 868 MHz 200 kHz 25 mW LBT/n/a

WM-BUS T mode 66,67 kb/s 868 MHz 300 kHz 25 mW n/a
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interference. Additionally, authors performed simulations in order to analyze the
impact of PHY parameters (simulations were restricted to AWGN channel only).

In the light of the above, we recognized that almost all relevant publications
focus on the IEEE 802.15.4 (ZigBee, 6LoWPAN) radio technology. However,
following the information in [4,11], we identified Wireless M-BUS as a preferred
communication protocol used widely in today’s smart meters and sensors, see
Table 1 for comparison between WM-BUS and IEEE 802.15.4. Owning to the
tight cooperation with the Kamstrup [13] we had a clear idea on the issues
with deploying new smart devices in dense populated areas faced by industry
companies. Therefore we believe that our work brings valuable insights on how
to evaluate communication between unattended devices based on the Wireless
M-BUS and helps to resolve possible issues during deployment of smart devices
in real use cases.

3 WM-BUS Module in NS-3

In this work, we describe the extended WM-BUS module for simulation environ-
ment NS-3. In the first version of our module for NS-3, described in [26], we only
paid our attention to implementation of the core/main principles of WM-BUS
communication.

Following the fact that our first implementation did not cover the frame
structures of WM-BUS data, we extended our cooperation with the industry
companies offering metering devices with the aim to come up with the improved
implementation suitable for comprehensive testing of real data frame exchange
between WM-BUS devices in practical environment. Therefore in this section the
most important features and functions, beyond the scope of the first implemented
version, will be described together with the developed frame dropping algorithm.

3.1 WM-BUS Protocol and Network

The general idea of created module is to provide the tool for evaluation of WM-
BUS communication between metering devices. To be able to cover all scenar-
ios where WM-BUS can be deployed, we implemented all supported operation
modes of WM-BUS communication protocols; the description of network struc-
ture is given in what follows.

The topology of Wireless M-BUS [9] network can differ depending on the
level of automation required for the application. Today, in static configuration,
a network can consist of three types of nodes: meters (transmission mode T or
S), repeaters (mode R) and concentrators (mode C). Meters periodically send
broadcast messages containing the current information about the measured val-
ues. These signals are received by the concentrator(s) where the data can be
processed. Then, repeaters are used in situations where the signals from the
meters are not successfully received on the side of concentrator. They can be
configured to re-broadcast received signals from meters and thus extend the
effective range of the concentrators with respect to those meters.
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Fig. 2. Diagram of full (F)/compact (C) frame sequence with the alarm event.

Fig. 3. Implemented WM-BUS frame structure for water meter.

To decrease the amount of redundant data sent after the connection between
meters and concentrator(s) is established, real meters (e.g. Kamstrup Multical
21, Multical 402 and Multical 602) [27] implement two types of frames: full and
compact. Data in the compact frames cannot be decoded in case that the full
frame has not been previously received from a meter. Under normal conditions,
a meter sends full frame followed by 7 compact frames and the cycle is repeated.
Otherwise, in case that alarm occurs at the meter, the cycle is restarted imme-
diately and a full frame is sent followed by 7 compact frames, see Fig. 2.

Frame Structure was implemented following our cooperation with the Czech
and Austrian telecom and smart metering companies offering their tempera-
ture/water/electricity meters. Therefore we are able to simulate data traffic with
the real frame structures (with and without the AES 128 encryption). The exam-
ple of implemented frame structure (31B) for water meter is shown in Fig. 3.

All described features, defined in [9], were taken into account and imple-
mented, see Sect. 3.2.

3.2 Implementation

The implementation of Wireless M-BUS communication protocol is based on
simple Carrier Sense Multiple Access / Collision Avoidance (CSMA/CA) pro-
tocol for NS-3 introduced in [28]. This module (initially provided for NS-3.13)
was modified in order to adhere to the requirements for WM-BUS given in [9];
the channel access method Listen-Before-Talk (LBT) is used in special cases in
mode S. In most cases data is send via broadcast (mode T and S). A summary
of constructed classes used in our module is depicted in Fig. 4; we introduce here
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Fig. 4. Created classes for WM-BUS module.

Fig. 5. Implemented frame dropping algorithm.

the completely new internal logic for communication inside the module allowing
to implement all features given in [9]2.

When a frame is acquired during the simulation, its received signal strength is
compared with the sensitivity of the receiver/concentrator. If this value is above
the set threshold3, the frame is recorded and the state of the receiver is set to
busy. Whenever any other message arrives, the Signal-to-Interference-plus-Noise
Ratio (SINR) is calculated at the beginning and at the end of the reception; to
check if the SINR of the frame being decoded remained higher than the required
value. In case the SINR becomes too low at any point, an internal variable is set
to indicate a packet error. The state of the variable is read after the reception
of the desired packet and the packet is dropped in case there was an error; this
behavior is illustrated in Fig. 5.

2 Description of proposed module structure is given in our previous work [26].
3 For the purpose of our work, the threshold was set to −100 dBm.
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The SINR is calculated in Eq. 1 as a ratio of the received desired signal power
Prx,desired and the sum of all other signals Prx,other at the given receiver/
concentrator and configurable noise floor, in linear values.

SINRdb = 10 log10

(
Prx,desired

N +
∑

Prx,other

)
. (1)

4 Performance Evaluation of Characteristic Scenarios

To increase the importance of the considered simulation scenarios and also to
assess their performance, a set of measured data from real smart meters deployed
by Kamstrup [13] was used4. In this section we paid our attention to two sim-
ulation scenarios. First, the results for the average number of delivered pack-
ets between concentrator-meter is given; this scenario contains the generic data
structure and only the length defined in [9] is accounted for. Second, the prob-
ability of successfully received data frames has been recorded where the real
data structure for water, electricity, humidity and temperature meters/sensors
is considered.

The purpose of dividing the results into two sections follows from the need to
have successfully calibrated module which can be used further for industry-grade
simulation.

4.1 Model Calibration

All performed simulations were completed with the aim of the proper calibration
of our created module in NS-3 in relation to the real-world measurements. The
created scenario, potentially interesting for industry, is discussed later in this
Sect. 4.2.

We performed two sets of simulation experiments as shown in Fig. 6. In the
first experiment, the measured signal levels were used as the input data for
simulation. In the second experiment, the signal levels were estimated by a
log-distance propagation model [29] in 2 which was configured to match with
common indoor environment in residential buildings:

PL(d) = PL

(
d0 + 10nlog(

d

d0
)
)

+ Xσ. (2)

The PL(d) represents the path loss at the distance d, PL(d0) = 31.22 dB and
represents the theoretical free-space path loss at the reference distance d0 = 1 m.
Path loss exponent is taken as n = 2.97 [29]. Further, σ [dB] is a zero mean
Gaussian random variable which represents the local shadowing that is assumed
to be log-normally distributed; the standard deviation is set as σ = 3 dB and
was added to the measured values in the first experiment to model random
fluctuations of the signal strength.
4 The tool for downloading the real data from meters was developed in parallel with

this research work; the geographical positions of meters, repeaters and concentrators,
as well as signal levels and packet delivery (data hit) rates for each pair (concentrator-
meter) were obtained and processed.
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Fig. 6. Overview of the performed simulations in first scenario.

Fig. 7. Model calibration.

The measured values of data hit (packet delivery rates for each pair (meter-
concentrator)) were used as a reference (test data set) for the simulated values
in both experiments. Figure 7(a) illustrates the number of concentrator-meter
pairs which reached a given packet delivery ratio.

Figure 7(b) represents the dependence between the average number of data
hits and the average received signal strength. Each point in the graph corre-
sponds to one concentrator-meter pair. Further, the dispersion of measured data
can be observed; based on these results the created module provides excellent
correlation in range −100 dBm to −70 dBm. On the other hand, the discrepancy
at the lower values can be seen. This behavior is caused by the frame dropping
algorithm; the logic will be modified in our future works to better recognize the
signals in range −100 dBm to −110 dBm.
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4.2 Calibrated Simulation Scenario

Based on the results obtained in Sect. 4.1, we created an optimized scenario
in Network Simulator 3 (NS-3) [30], where dozens of different smart devices
(water meters, electricity meters, temperature sensors) communicate with the
concentrator. Devices are distinguished by using different formats of WM-BUS
message (length and structure) which was implemented exactly as in real devices,
see Sect. 3.2.

Owning to good correlation of the constructed module, see Sect. 4.1, the pre-
sented simulation results provide an appropriate first-order picture for deploy-
ment of smart devices in real environment. In Fig. 8, the probability of successful
reception (on the side of concentrator device) of data sent by meters is shown
(blue line).

Fig. 8. Probability of successfully received data on the side of concentrator. Following
the fact that nature of data transmission is based on broadcast, it could be expected
that the collision rate will increase with the higher number of metering devices. (Color
figure online)

The number of metering devices was gradually increasing during the simula-
tion from 50 to 200 nodes with the step of 10 devices. All nodes were deployed
within the area of 100× 100 m following random distribution pattern with the
minimal inter-distance 1.5 m (internal Kamstrup logic). Devices were sending
measured data periodically; in practice, the transmission interval is defined by
each vendor independently, but for our research we set transmission intervals as
follows: water (30 s), electricity (60 s), temperature (300 s); all intervals were set
exactly as in real scenarios for employed devices.

5 Summary and Conclusions

In this work, we analyzed the emerging concept of smart devices providing the
information on utility consumption and production in urban locations with
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particular focus on indoor environment. Our constructed simulation module
developed in NS-3 tool is open source and available for download on GitHub
[31]. We believe that it might be considered as a powerful tool to estimate the
ratio of successfully received data in case of using Wireless M-BUS communica-
tion protocol between meters and concentrator(s) which can serve as an initial
evaluation (e.g. number of repeaters; devices in mode R) of planned deployments
of metering devices.

To achieve this functionality, the calibration data provided by the Kamstrup
company served as a test data set. As a consequence, the proposed module is able
to predict the general trend of hit rate (successfully received data from meter on
the concentrator side) in the real deployment. After the calibration of the created
module has been completed, we also constructed optimized scenario which gives
answer to the question on the probability of successfully received data from
meters at the side of central point (concentrator). This scenario is very popular
today e.g., in households and neighborhoods and therefore we believe that our
proposed solution can serve as a valuable simulation tool for planning the real
deployment of smart meters/sensors within the maturing 5G ecosystem.
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SIX Center was used.
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