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ABSTRACT

Free-space optical (FSO) communication is the next facet for designing future-generation

telecommunication networks. The reasons are manifold - it is an easily deployable and highly
secure communication system, which offers large bandwidth at meager transmission powers.
However, atmospheric turbulence-induced slow-fading constricts the reliable transmission in
an outdoor FSO communication system. Since FSO communication is of paramount
importance for the design of next-generation 5G+ wireless networks, we tackle the challenges
of the atmospheric effects to cater to the aspiring objectives of the fifth generation and beyond
communication networks.
Error control codes (ECCs) are commonly used to enhance reliability. In this dissertation, we
first benchmark the performance of two different kinds of ECCs in the gamma-gamma (GG)
distributed FSO channel. We use Bose—Chaudhuri-Hocquenghem (BCH) and low-density
parity-check (LDPC) codes, which represent a class of algebraic codes and codes on graphs,
respectively. We choose two different ECCs because these codes have complexity vs.
performance trade-off. While the BCH codes belong to the class of algebraic codes, LDPC
codes belong to the modern class of probabilistic decoding. Using both analytical and
simulation models, we investigate the performance of a coded communication system under
various channel conditions, viz., slow-fading and fast-fading GG channels for different
turbulence regimes, and obtain the coding gain. We also derive the expressions of outage
capacity for a slow-fading channel and ergodic channel capacity for a fast-fading channel.
Ergodic capacity corresponds to the maximum long-term achievable rate when the fading
transitions through all possible fading states. As in a slow-fading channel, the channel gain is
constant for many symbols, an ergodic capacity is not a very useful metric. Instead, we use
outage probability, which lets us know for what probability the channel gain is below the
threshold to meet the minimum signal-to-noise ratio (SNR) requirements. On the other hand,
in a fast-fading channel, one bit sees many channels instantiation, and outage probability will
not be a helpful metric. Instead, we use ergodic capacity.

We conclude that ECCs deteriorate the bit error rate (BER) performance in a slow-fading
channel. However, for this kind of channel, the combination of ECCs with an interleaver
reduces the burst errors and improves the performance, leading to positive coding gain. The
coding gain is not much in a fast-fading channel and remains almost the same in different
turbulence conditions. Out of the two codes we used, it is observed from the computed results
that the LDPC codes have shown better performance in all scenarios as compared to the BCH

codes. Thus, a natural trail is to optimize the LDPC codes further for the FSO channel.



Abstract X

The BER performance of an asymptotically long-length LDPC code is analyzed with the
density evolution analysis of the belief propagation (BP) algorithm. The term threshold
emerges when we estimate the BER performance of LDPC codes, which follows an inverted-
step response as a function of SNR. The threshold is the SNR, after which the BER falls
arbitrarily and becomes close to zero. Determining the FSO channel threshold is tedious as the
density of the log-likelihood ratio cannot be assumed as Gaussian. It, thus, requires testing
different values of SNR as a possible threshold systematically. Therefore, we propose the
divide and conguer algorithm. The threshold depends on the degree distributions, channel state
information (CSI), and the turbulence level. When CSI is known, we obtain the threshold at an
SNR of 8.10 dB in strong turbulence for a regular (3,6) LDPC code. This threshold steps up to
12.48 dB when the CSI is unknown at the receiver.

To achieve the threshold close to the FSO channel's capacity, we require an optimum
degree distribution for the LDPC codes. We derive the degree distributions of irregular LDPC
codes by optimizing either SNR or code rate. In the SNR-optimized channel, we derive degree
distributions for achieving a threshold of 0.5 dB and 5 dB at the highest possible code rate. In
contrast, for the rate-optimized channel, we target a code rate of 0.75 and 0.8 at the lowest
possible threshold. We obtain the maximum achievable code rate of 0.56 and 0.40 in weak and
strong turbulence regimes at a 5 dB threshold. In the rate-optimized case, we obtain the required
code rate of 0.8 at the threshold of 11.30 dB and 19.97 dB in weak and strong turbulence
regimes, respectively. This work emphasizes the concept of adaptive coding over the FSO
channel. We have shown that ECCs give good performance in a fast fading channel. When we
use spatial diversity, an effect similar to a fast fading channel can be obtained. We derive the
capacity and BER performance of the LDPC codes in receiver diversity and multiple-input
multiple-output systems.

In the dissertation, we emphasize that the choice of channel highly influences the
performance of ECCs, and a combination of code with an interleaver is a popular choice among
researchers for the FSO channel. The slow-fading channel with an interleaver increases latency
beyond permissible communication limits and is not a practical solution. Hence, we propose a
novel and effective scheme, called the channel assisted coding (CAC), wherein we combine
the degree of bits with the channel coefficient. With the CAC-LDPC coding system, we
alleviate any interleaving induced latency. The MATLAB simulations show that CAC-LDPC
achieves a coding gain of around 13.7 dB with 32 spatial links, compared to the LDPC
interleaved systems in strong turbulence. We propose three analytical models to characterize

the performance of CAC-LDPC. The analytical results are supported with the simulation study.
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