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Abstract— In this paper Space-Time Block Coding (STBC) is
examined in powerline and satellite communications, comparing
the gains that this coding-modulation technique provides to these
communications systems. The powerline environment is assumed
to be a frequency-selective, multipath fading environment with
Additive White Class A Noise (AWCN), which is used to model
the actual powerline noise characteristics. The satellite channel
for urban area, modeled as a combination of Rayleigh and log-
normal processes with the presence of Additive White Gaussian
Noise (AWGN) is also studied. System efficiency is enhanced by
the application of Orthogonal Frequency Division Multiplexing
(OFDM), convolutional coding and block interleaving and the
performance of different Phase Shift Keying (PSK) modulation
schemes under the imposed channel conditions is investigated.
The performance of the system is assessed by the commonly
used Bit Error Rate (BER) vs. Signal to Noise Ratio (SNR)
diagrams and there is also a comparison regarding the through-
put efficiency among the examined systems. As stated in the
results section, STBC can be used in powerline and satellite
communications providing remarkable results, comparable to
those in terrestrial wireless communications where STBC is
nowadays a rather mature technique.

Index Terms— Space-Time block coding, powerline communi-
cations, satellite communications, orthogonal frequency division
multiplexing, PSK modulation.

I. INTRODUCTION

HE idea of using powerlines to provide information as
well as power is quite old. Powerline Communications
(PLC) offer a potentially convenient and inexpensive solution;
the unique fact that no new wires are needed, the availability of
power outlets in every room and the simplicity of installation
give PLC the opportunity to compete with other “last mile”
technologies, such as Digital Subscriber Line (DSL) [1],
Wireless Local Loop (WLL), Wireless Local Area Networks
(WLAN(5), etc. Most of the available PLC systems provide a
maximum data rate of more than several Mbps [2]. However,
the powerline grid can be characterized as a rather hostile
medium for data transmission [3] as it was originally designed
for the distribution of electrical power in the frequency of
50-60Hz. As a consequence, the PLC channel faces some
technical problems, such as impedance variations and mis-
matches, various forms of noise (mainly impulsive noise) and
narrowband interference, multipath propagation phenomena,
high attenuation and other barriers of the medium.
The transmission environment in PLC seems much worse
than that in wireless communications. Thus, not only is it
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essential to utilize existing advanced technologies but also
to create novel ones. Several communication techniques have
been suggested for application to the powerline channel. The
objective for reliable communications is to define a desirable
physical layer design that provides low Bit Error Rates (BERs)
at low received Signal to Noise Ratio (SNR), performs well
in multipath and fading conditions, occupies an affordable
bandwidth, and it is easy and cost effective to be implemented.
Reed-Solomon codes, repetition coding, block and convolu-
tional coding are different forward error correction techniques
that have been proposed for applications recently [4]. Turbo
coding is a fairly new coding technique proposed in [5] for
improving the performance of PLC systems. Besides, space-
time coding is a coding-modulation technique for multiple
emitting and receiving antennas/points [3], which has been
investigated recently in PLC [6]-[8], as well as in satellite
communications [9]-[11]. It combines temporal and spatial
diversity in order to provide less attenuated replicas of the
transmitted signal to the receiver and thus to mitigate the
destructive effects of attenuation. Careful studies on possible
transmission techniques are needed in order to aid the decision
procedures for future standards, especially for PLC, where the
standardization is still an open process.

Wireless communications are considered to be a more
convenient way to provide communication services, as the
channel seems to have more favorable propagation character-
istics compared to the PLC’s. Therefore, the channel is widely
used for broadband communications, achieving very low BERs
with high data rates, at acceptable SNRs. However, the satellite
channel is quite a difficult channel for communications, facing
different kinds of noise, attenuation and multipath phenomena.
There are several satellite channel models proposed in the
literature, out of which Loo’s model is investigated in this
work as is described in section II.

The outline of this paper is as follows. In section II, the
channel models are analyzed. The application of Space-Time
Block Coding (STBC) to the channels under study is examined
in section III. The system structure and analysis are delineated
in section IV. The performance evaluation of the system and
extensive simulation results are presented in section V, while
conclusion remarks are drawn in section VI.

II. CHANNEL MODELS
A. Powerline channel

Channel characteristics can be both time- and frequency-
dependent, and also dependent on the location of the trans-
mitter and the receiver in the specific powerline infrastructure.
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Hence, the channel can be described as random, time varying,
having a frequency-dependent SNR over the communication
bandwidth. As the powerline grid has been designed for the
distribution of energy, the characteristics for data transmission
are rather unfavorable: varying impedance, echoes due to
the impedance discontinuities, considerable noise and high
attenuation. An in-house transfer function, stemming from
measurements, shows some deep narrowband notches spread
over the whole frequency range. The different noise sources,
such as motors, radio signals and power supplies, result in a
noise curve very much dependent on frequency, load, time of
day and geographical location [3].

In contrast to other communication channels, the powerline
channel does not represent an Additive White Gaussian Noise
(AWGN) environment [6]. In the frequency range from some
hundreds of kHz up to 20 MHz, it is mostly dominated by
narrow-band interference and impulsive noise. The impulses
have durations from some microseconds up to a few mil-
liseconds with random arrival times. The most suitable model
for this type of noise is the Additive White Class A Noise
(AWCN).

AWCN is calculated from the combination of AWGN and
impulsive noise. The probability density function (pdf) of a
Class A noise random (complex) variable x is given by [7]:

1 < 1 ||
p(z) = - —5 Om eXp(—2—2) (1)
Ao oz,
. _—AA" 2 _2(m/A+T 2. ;
where: ay, = €™ {or, 0o, = 07— 14—, o is the variance

2

of the Class A noise, T = %, 03 is the variance of the AWGN
component and o2 is the variance of the impulsive component.
The parameter A is called the impulsive index. For small A,
for example A = 0.1, the noise is highly impulsive, whereas
for A — oo the Class A noise pdf becomes Gaussian.

The samples representing the Class A noise are derived from
[12]:
Koy 2)

where zg is a white Gaussian background noise sequence
with zero mean and variance Ué, K,, is a statistically in-
dependent Poisson distributed random sequence whose pdf
is characterized by the parameter A (mean value of Poisson
distribution), and y is a white Gaussian sequence with zero
mean and variance o2 /A. All random sequences in this model
are statistically independent from each other.

Regarding the channel model, there is a lack of a widely
accepted PLC model, although several approaches for indoor
as well as outdoor networks are proposed in the literature as a
result of extensive trials. A significant work in the area of the
indoor powerline channel modeling is done by Galli et al. in
[13] and [14]. However, this channel model cannot be applied
in our work in the form presented in these papers, because the
Single-Input Single-Output (SISO) case is considered. This
form is not directly applicable to a Multiple-Input Multiple-
Output (MIMO) scenario as the one examined in our paper.
Such an implementation would demand further study on chan-
nel modeling and a different circuit/network topology. Taking
into consideration published as well as our own measurements

n=xg+
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[1] in order to have a better insight into the variations of the
channel, an appropriate model was selected for our study. This
is the echo model proposed by Philipps in [15], describing the
transmission characteristics in the frequency range of up to
30MHz.

Hence, the powerline channel can be regarded as a multipath
environment, where transmitted signals arrive at the receiver
not via a direct path, but through N paths, undergoing different
delays and attenuation. The complex attenuation of each path
is: p, = |p,|€?? , with ¢, = arctan (Im("”)), and the N-path

Re(py)
propagation model (impulse response) is given by:

N
h(t) = lpu| € 6(t — ) 3)
v=1

where N is the total number of paths, p, and ¢, are the
amplitude and the phase of the attenuation factor respectively,
and 7, is the delay of the signal received by the v path.
It can clearly be seen that for each path, a set of only
three parameters (p,, ¢, and 7,) has to be defined. As a
consequence, the entire model with N paths is completely
defined by 3N parameters. In this study, a 5-path impulse
response provided by the Philipps’ channel model [15] is taken
into consideration. These parameters are presented in table
I. As one can observe, the sum of the squares of the five
amplitudes p,, is far from approaching unity, which is the aim
when as many multipath components as possible are taken into
account. This is due to the fact that the powerline channel
presents much worse transmission conditions compared to
the wireless channel. Thus, each multipath component has
very small amplitude and their sum should include an infinite
number of components in order to approach unity.

TABLE I: Set of parameters for the powerline echo model

No.of path [ p [ pinrad [ 7 in ps
15t 0.151 0.691 0.110
ond 0.047 -0.359 0.154
3rd 0.029 0.591 0.205
4t 0.041 2913 0.311
5th 0.033 | 1.012 0.427

B. Satellite channel

The noise characterizing the satellite channel is AWGN.
The so-called Land Mobile Satellite (LMS) channel can be
modeled as a sum of three components: two coherent (direct
wave and specular wave) and an incoherent one (diffuse wave)
[16]. The direct component is received through a line-of-
sight (LOS) path. Shadowing is the attenuation of the direct
component, caused by any type of obstacles (trees, buildings,
hills or mountains). The specular component is generated by
signal reflection from the ground, while the diffuse component
of the received signal is a multipath wave due to reflections and
scattering from the space around the receiver. This component
is responsible for the small-scale variations of the signal’s
amplitude and phase. From the above we can reach the
conclusion that shadowing and multipath are the processes that
dominate the LMS channel.
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The log-normal distribution is widely used to describe the
large-scale fading, which refers to the variations of the signal
amplitude caused by the attenuation of the LOS path. The
receiver is also surrounded by a large number of scattering
objects and multipath propagation mechanism is also an issue
to consider. Hence, in urban environments, multipath is well
described by the Rayleigh distribution. The resultant distribu-
tion, aiming at the description of both small and large-scale
fading, is a combination of the above mentioned distributions.

In this work, the LMS channel is modeled using Loo’s
model, referred to in [16], which is a narrow-band, global
statistical (first order statistics) channel model. The so-called
specular component of the received signal is ignored and
only the direct as well as the diffuse-multipath component are
taken into consideration. The direct component suffers from
shadowing, while the diffuse component has constant power.
The mathematical expression describing the channel process
T is:

r = Sel?% 4 Rel? 4)

where the sequence .S, which corresponds to the direct com-
ponent (log-normal envelope), is added to the sequence R,
which represents the diffuse component (Rayleigh envelope),
and ¢q, ¢ are uniformly distributed sequences.

III. SPACE TIME BLOCK CODING

Space-time coding has comprehensively been studied in ter-
restrial wireless channels with very good performance results.
The fundamental phenomenon that makes reliable wireless
transmission a hard task is time-varying multipath fading [17].
In most cases, the wireless channel suffers from attenuation
due to the destructive addition of multipaths in the propagation
media and interference from other users [18].

Reducing the error rate in a multipath fading environment is
not an easy task. Theoretically, the most effective technique to
mitigate multipath fading in a wireless channel [17], as well as
in PLC, is transmitter power control. However, the improve-
ment in SNR may not be achieved by higher transmit power
(causing Electromagnetic Compatibility -EMC- problems) or
additional bandwidth.

Another effective technique is diversity, which can be
provided using temporal, frequency, polarization and spa-
tial resources [18]. In most scattering environments, antenna
diversity is a practical and widely applied method aiming
at ameliorating the detrimental effects of multipath fading.
Space-time coding implements the idea of using multiple
transmitting and multiple receiving antennas by the linear
combination of the transmitted signal at the transmitter, while
the inverse process takes place at the receiver [17].

The application of STBC to the powerline channel presents
some basic differences in comparison with the wireless chan-
nel. In wireless communications multiple transmitting and
receiving antennas can be used. In the PLC environment,
where the implementation of space-time codes can take ad-
vantage of the intrinsic spatial diversity in the use of a three-
phase powerline network [19], there exist two cases: the first
scenario considers three emitting and three receiving points
[6], which are the three phases of the powerline channel, and

can be applied to the “last mile” environment. The second
one, proposed in this paper, implements two emitting and two
receiving points assuming communication via two channels,
phase - protective earth and neutral - protective earth and
can be applied to an in-home network (LAN). This decision
was taken under the consideration of [20], where the SISO
case is described. Besides, in wireless communications with
multiple transmitting and receiving antennas, the signal at the
input of each receiving antenna is calculated through the linear
combination of the transmitted signals of all the transmitting
antennas. On the other hand, in PLC, the wires are assumed to
be completely isolated [6]. This consideration is an assumption
made in this work, which simplifies the signal transmission
through the powerline channel [13]. However, in the actual
powerline network there is energy transfer between the wires,
due to wiring and grounding practices, which can lead to
diversity gain at the receiver. In the wireless case the diversity
order is M - N for M transmitting and N receiving antennas.

Space-Time Block Codes are defined by the transmission
matrix G. In our system the general structure of the transmis-
sion matrix, employing two transmitting and two receiving
points for complex orthogonal design [21], is:

ry X2

2 _
Gf _ X *
Ty X3

c )
where the i-th row represents the symbols transmitted during
the ¢-th time slot and the j-th column the symbols transmitted
from the j-th emitting point. Generally, the code rate is defined
as R = k/p, since p time slots are used to transmit & symbols
[18]. For complex constellations, the transmission matrix with
dimensions 2x2 is the only one that can achieve rate 1 [7],
which is also the case investigated in this work.

The inverse process takes place at the receiver, where the
space-time decoding is performed. Assuming two transmitting
(T'x1, Tzs) and two receiving antennas (Rx1, Rzs) (figure 1
case b), the received signals are:

ro =711(t) = hox1 + hize + ng
ri=r1(t+7T)=—hoxs + hiz] +ny
ro = 12(t) = how1 + hsza + no
r3 =71o(t +T) = —hoxl + hsz] + ng

(6)

where hg, hi, he, hs are the channel gains between 7T'z; and
Rxq, Txo and Rxq, Txq and Rxo, Txo and Rxo respectively,
and ng, n1, ng, ng are the noise and the interference samples.

Tx,
phase Rx,

a)

_—  Rx
neutral P X,

Space-Time [
Block Coder| ]

Space-Time
Block Decoder

Fig. 1: Space-Time Block Coding Transmission



The combiner constructs the symbols ) and z}, given
below, which are then sent to the detector.

@) = hiro + har] + hirs + hsr}

7
h,QTT —|— h;T’Q — ( )

x5 = hirg — hors

For Phase Shift Keying (PSK) signals [17], the maximum
likelihood (ML) detector computes the square of the Euclidean
distance between zj and each constellation symbol xj, and
decides in favor of z; if:

d*(2), z;) < (), xn), Vi#k 8

For the powerline channel with two emitting and two
receiving points (figure 1, case a), perfect isolation between
the wires is assumed. Thus, equations (6) are simplified:

=ry(t) = hox1 +no
r1=r1(t+T)=—hox+mn ©
ro = To(t) = hiza + ng
rg =ro(t+7T) = hia] +n3
The ML detector receives the combined signals:
@y = hiro + har} (10)

xh = —hory + hirs

and uses the decision criterion of (8).
Furthermore, the channel capacity is examined. For a SISO
system, the capacity expressed in bits/sec/Hz is given by:

C = logy(1 + plh|?) (11

where h is the normalized complex gain of a particular
realization of a random channel and p is the SNR at any
transmitting antenna [22].

The channel capacity for a MIMO system with N transmit-
ting and M receiving antennas is computed using the equation
from [23]:

C = log, [det (IM + Z@HH)} (12)
where H is the M x N channel matrix and (*) denotes the
transpose-conjugate.

When STBC is used, the channel capacity is given by [24]:

1 M N
~pSNER S |hn7m2>

m=1n=1

C = Rlog, (1 + (13)
where SN R is the total mean signal to noise power ratio at
each receiving antenna, R is the space-time code rate and
Ry m 1s the channel gain from the transmitting antenna n
to the receiving antenna m. Equation (13) can be written
equivalently:

1 2
C = Rlog, <1+NRSNR|H|F) (14)

where ||H||% is the squared Frobenius norm of channel matrix
The use of the Shannon’s standard capacity formula C' =

BWlog,(1 + SNR) is not directly applicable to powerline
channels, since the SN R is not constant within the bandwidth
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BW [25]. Thus, the capacity is computed taking into account
the received signal power spectral density (PSD) ®,.(f) and a
frequency dependent noise PSD ®,,(f):

fu
0:/@@Q+§gD¢wMBW=n—n (15)
fr

where @,.(f) = ®4(f) - |[H(f)|?, ®:(f) is the transmission
PSD and H(f) is the channel transfer function. Considering
the SNR at the transmitter @t(?) in dB, the powerline channel

capacity can be computed by equation (15) in the frequency
range of 1-30 MHz.

IV. SYSTEM STRUCTURE AND ANALYSIS

The general layout of the simulated system can be seen in
figure 2. The data to be transmitted is first coded with convolu-
tional coding (2,1) with generator polynomial [133,171]. The
reason for utilizing convolutional coding is that it is widely
used in the literature with very good performance results.
However, in fading channels with high levels of impulsive
noise, like the powerline channel, errors have a bursty nature.
This can be controlled by using burst error correcting tech-
niques, i.e. block interleaving [26]. In this work the signal is
block interleaved with interleaving depth 40.

data
bits .| Convolutional PSK Space-Time
Encoder H Interleaver H Modulator H OFDMTx H Block Coder

Channel
data
Space-Time PSK . Convolutional | bits
Block DecoderH OFDM Rx H Demodulator H Deinterleaver H Decoder

Fig. 2: System Structure

The modulation schemes under examination are the com-
monly used Binary Phase Shift Keying (BPSK) and Quadra-
ture Phase Shift Keying (QPSK), which are the most popular
in applications to wireless and powerline channels today. The
signal power for both modulation schemes is normalized to
unity.

Orthogonal Frequency Division Multiplexing (OFDM) is
a multicarrier modulation scheme suitable for PLC due to
its ability to deal with multipath propagation, intersymbol
interference and frequency selective channels. In OFDM the
signal is modulated through 512 carriers, equally spaced within
the frequency range from 1 to 30 MHz. The guard time in the
case of the satellite channel is a quarter of the OFDM symbol
duration, while for the powerline channel the guard time is
chosen to be 0.5 sec, greater than the maximum delay spread
(0.427 sec).

The STBC scheme applied in our study utilizes two emitting
points / antennas and two receiving points/ antennas for the
examined channels (hereafter referred to as STBC2x2). The
transmission matrix used to produce the space-time encoder
and decoder was described in (5). For the PLC application it
is essential to use equal number of transmitting and receiving
points. On the contrary, implementation in wireless channels
employs an arbitrary number of antennas. However, STBC2x2
is studied for both the powerline and the satellite environment.
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The Class A noise is characterized by three parameters
[27], which were mentioned in section II-A. These are the
impulsive index A, the variance of the AWGN component
02 and the ratio 7. Based on [27], A is set equal to 0.25,
U% =1073W and T = 0.001. The parameter A determines the
“impulsiveness” of Class A noise (i.e. it is the product of the
mean number of impulses per second and the mean length of
an impulse in seconds). Comparing with other impulsive noise
scenarios studied in [28], it can be concluded that choosing A
to be 0.25 represents very heavy noise conditions.

In the following section, simulation results for the terrestrial
wireless channel are also presented, for the sake of comparison
with the benefits that STBC can offer to powerline and satellite
channels. For the terrestrial wireless channel, the channel gains
are modeled as samples of independent complex Gaussian
random variables with variance 0.5 per real dimension, which
results in a Rayleigh distribution with variance 1 [7]. The path
gains used for the simulation of the powerline channel are
given in table I. For the satellite channel, the channel gains are
given by the sum of a log-normal and a Rayleigh distribution
as described in section II-B. It should be mentioned here that
perfect channel estimation at the receiver is assumed in all
cases.

V. PERFORMANCE EVALUATION AND SIMULATION
RESULTS

For the performance evaluation of the proposed systems, a
simulation was developed in Matlab. The figures presented at
the end of the paper were obtained by averaging the results of
multiple simulation runs, in order to minimize the statistical
errors and to assure the validity of the results. The system was
evaluated by simulating a transmission of about 220 (1048576)
data bits, so as to derive the performance results for each
one of the tested systems. The multiparametric nature of the
simulation should be mentioned, including the following: bits
per symbol, modulation techniques and interleaving depth.
These are the major parameters with which we tested the
system performance for several values and combinations, in
order to decide on the optimal ones. In this section, the BER
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Fig. 3: BER performance for the PLC channel using BPSK
modulation

10°

uncoded ]
—Oo— without stbc ]
—=— stbc2x2

X N Y

BER

20
SNR (dB)

25 30 35 40

Fig. 4: BER performance for the PLC channel using QPSK
modulation

and the bitrate performance of the aforementioned systems are
presented for a wide range of SNRs.

In figures 3 and 4 the PLC channel is examined using
BPSK and QPSK modulations respectively. In the first case,
it is apparent that even a simple convolutional code combined
with interleaving yields much better results compared to the
uncoded transmission. When STBC is applied the system
performs even better, with STBC inducing a gain of about 16
dB at a BER of 1075, In the case that the signal is modulated
with QPSK, the results of the simulation show that low BER
can be achieved only by the implementation of space-time
coding, otherwise increasing the SNR does not improve the
performance. Based on [28], this error floor can be justified
as a result of the very heavy impulsive noise scenario used
in our work. The overall results are still worse than those for
BPSK, as expected.

The results for the satellite channel are presented in figures
5 and 6. In the case that BPSK is implemented (figure 5),
the scheme without STBC reaches a BER of 10~ at an
SNR of 32.5 dB, while the STBC2x2 attains the same BER
at about 14 dB. Regarding the QPSK system in figure 6, a

uncoded |

—O— without stbe ]

10" —=a— sthc2x2

R
107 '
é L

10°

10" b

10° A

0 5 10 15 20 25 30 35 40

SNR (dB)

Fig. 5: BER performance for the satellite channel using BPSK
modulation
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Fig. 6: BER performance for the satellite channel using QPSK
modulation

deterioration to the previous figure’s curves can be observed
when comparing the two modulation schemes. It can be stated
here that STBC2x2 offers less gain to the non-STBC system
(12.5 dB at a BER of 107°) than that in the BPSK case.
Results for the terrestrial wireless channel are presented in
figures 7 and 8 as a reference for comparison with powerline
and satellite channels. In figure 7, where BPSK modulation is
applied, STBC is quite beneficial, as it can reduce the required
SNR by more than 16 dB at a BER of 10~° compared to the
system without STBC. Figure 8 depicts the efficiency of the
QPSK modulation. The system performance shows a similar
behaviour as with BPSK, with STBC2x2 providing a gain of
16 dB at a BER of 10~° compared to the case without STBC.

10°

uncoded
—O— without stbc
10" N —=— stbc2x2
N
= A

107 N O
% LI
m

10°

10* -

A
10°
0 5 10 15 20 25 30 35
SNR (dB)

Fig. 7: BER performance for the terrestrial wireless channel
using BPSK modulation

As a general comment, it can be seen that STBC is profitable
not only for terrestrial wireless communications, but for PLC
and satellite communications as well. Regarding the PLC
channel, STBC seems more beneficial when the signal is
modulated with QPSK than with BPSK. It can be observed
in all figures that the utilization of STBC2x2 offers a great
improvement compared to the non-STBC system.

The capacity of systems under study is presented in figures
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Fig. 8: BER performance for the terrestrial wireless channel
using QPSK modulation

9 - 11. For the powerline channel, the capacity with respect
to mean receiver SNR is computed in the frequency range of
1-30 MHz for both the SISO and the STBC2x2 cases (figure
9). As it can be noticed, there is almost no difference between
the SISO and the STBC2x2 capacities. This happens due to
the considered assumption (isolation of the two wires). If we
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Fig. 9: Capacity for powerline channel
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Fig. 10: Ergodic capacity for satellite channel
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Fig. 11: Ergodic capacity for terrestrial wireless channel

had not taken into account this assumption, better behaviour
of the capacity would be expected when using STBC, because
the diversity gain would increase. On the contrary, regarding
the ergodic (mean) capacity comparison in figures 10 and 11, it
can be seen that STBC2x2 offers higher capacity to the system
than the SISO case. It is known that a full rate STBC, used
over any channel with one receive antenna, is always optimal
with respect to capacity [22] and that capacity increases with
increasing number of antennas, due to diversity order. The
improvement in capacity is more evident for the satellite
channel compared to the wireless channel. The amelioration
that STBC provides to the capacity of the wireless systems is
obvious, in contrast to the powerline system.

VI. CONCLUSIONS

This paper examines the BER performance as well as the
channel capacity of an STBC system, for both powerline and
satellite channels. BPSK and QPSK modulations combined
with convolutional code are also investigated. In addition,
OFDM is implemented in order to reinforce system’s robust-
ness against multipath propagation phenomena and interfer-
ence. Interleaving is also evaluated as means to improve this
performance.

The STBC application appears to be quite beneficial in
terms of the BER performance for both the PLC and the LMS
channel. STBC seems to provide a gain of more than 10 dB at
a BER of 107? in comparison with the non-STBC system, for
the two modulation schemes and the different communication
environments. The capacity of the wireless simulated systems
seems to increase when STBC of rate one is applied, while for
PLC it remains the same. The overall conclusion coming out of
this study is that both powerline and satellite communications
can profit a lot from the implementation of this coding-
modulation technique.

In conclusion, it should be pointed out that there is a lot
of further research to be done, investigating the application
of STBC in the powerline and satellite communications. For
future work towards this direction we intend to study how
the efficiency of STBC is affected, examining in depth the
MIMO powerline channel modeling and the effect of the noise
correlation in the powerline network.
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