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Abstract

Unreliable transmission of data via power lines has been the most challenging aspect
of the study of power line communication (PLC) systems. Unlike conventional wired
communication systems, PLC systems encounter strong, time varying non-white and
often non-Gaussian noise along with the presence of multi-path phenomenon. The
additive noise in PLC is broadly classified as background and impulsive noise and its
mathematical model depends on the frequency bandwidth of PLC operation. The
reliability of the system is expressed in terms of the symbol error probability (SEP),
and receive diversity scheme along with optimal modulation schemes are employed
to achieve reliable communication via the PLC channels.

In this thesis, an N-branch diversity reception for a PLC system with binary
phase-shift keying is employed to improve the reliability of data transmission. The
PLC channel is subject to Rayleigh fading and is perturbed by additive Nakagami-m
background noise with m < 1, which is caused by multiple noise sources. The optimal
receiver for this system is derived and is further simplified by approximating the
noise distribution by a Hoyt distribution. A Gauss-optimal receiver is also obtained
from the optimal receiver. For the optimal receiver, a closed form expression and
a series expression for the SEP for even and odd N, respectively, are obtained.
Furthermore, the Gauss-optimal receiver structure is utilized to derive a closed form
expression for the SEP using a characteristic function approach under the condition
that m/NV is an integer. Asymptotic expressions for the SEP at high signal-to-noise
ratio (SNR) are obtained for both the receivers which further show the diversity order
of the PLC system to be independent of the noise shape parameter m. Furthermore,
the advantage of using multiple receive branches in terms of achieving better error
performance and the effect of the shape parameter m of the background noise on the

SEP of the receivers are also demonstrated using numerical results.
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This thesis next considers a noncoherent PLC system employing multi-level amplitude-

shift keying (ASK) modulation in the presence of Middleton Class-A impulsive noise.
For the case of diversity reception along with the knowledge of the noise state at the
receiver, the Hermite numerical integration technique is used iteratively to obtain
the statistics of the decision variable of an asymptotically optimal receiver which is
utilized to derive a series expression for the SEP. Furthermore, a single channel PLC
system in the presence of Middleton Class-A impulsive noise employing multi-level
ASK modulation at the transmitter and noncoherent reception at the receiver is
considered. For this case, an asymptotically optimal receiver for the PLC system is
obtained using a tight approximation of the noise statistics. The magnitude of the
received symbol is obtained as the decision variable, whose statistics is utilized to
derive a series expression for the SEP. For both the cases, the corresponding asymp-
totic expressions for the SEP at high SNR are utilized to find the optimal ASK
constellation minimizing the SEP. Numerical optimization of the ASK levels results
in the optimal solution to be close to the equally spaced ASK constellation. The
asymptotic optimality of the proposed receivers is validated by the SEP variation of
the systems with the impulsive index of the noise. The thesis finally proposes a few

possible extensions and the future scope of this work.
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