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ABSTRACT

This thesis explores novel methods to enhance indoor visible light communication (VLC)
networks by leveraging their inherent full-duplex capabilities. Unlike traditional radio fre-
quency (RF) networks, which primarily utilize half-duplex communication due to hardware
constraints and self-interference issues, VLC networks employ directional transceivers that
enable simultaneous two-way communication. This research aims to enhance VLC network
throughput and tackle several challenges, including limited cell coverage areas and inter-cell
interference, which arise from using the same wavelength in neighboring cells. It thoroughly
examines indoor VLC media access control (MAC) protocols, typically contention-based
and contention-free access methods. Contention-based access is simple to implement, does
not require accurate device synchronization, and allows devices to freely join and leave the
network. In contrast, contention-free access, suitable for deterministic traffic requiring high

quality of service (QoS), is ideal for mission-critical applications.

This thesis first introduces a pioneering approach to enable full-duplex communication
in the contention-free access of the MAC of the VLC standard IEEE 802.15.7. It com-
pares the proposed full-duplex optical MAC (FD-OMAC) and IEEE 802.15.7 MAC to dis-
play enhanced throughput without compromising latency. Furthermore, it investigates the
backward compatibility of the proposed full-duplex MAC to the standards and extends its
functionality in multiple access point (AP) networks, tackling inter-cell interference. The
proposed full-duplex MAC employs separate frequencies for upstream and downstream com-
munication to enhance user convenience but can also support in-band full-duplex commu-

nication when required.

The dissertation then delves into the mathematical analysis of full-duplex contention-
based schemes, focusing on the carrier sense multiple access with collision avoidance (CSMA /

CA) MAC protocol of IEEE 802.15.7. While the prior works have performed the CSMA /CA

il



mathematical analysis using the Markov models, they display significant deviation from the
simulation results. This thesis removes the analytical deviation from the simulation results
by thoroughly reevaluating the Markov model. Furthermore, it performs the mathematical
analysis of the network along with the hidden node problem, a significant challenge in VLC
networks. This problem is solved in literature by using various full-duplex communication
methods, such as bi-directional data transmission and the busy tone signal; the latter is
utilized in the proposed FD-OMAC scheme. These techniques increase the coverage area
of the nodes by utilizing an AP as a relay node. However, the AP response is delayed by
the processing time, causing an unexpected network behavior. The quantitative effect of
this delay remains unexplored, which is critical for optimizing the VLC network. The thesis
bridges this gap by extending the proposed Markov analysis to model CSMA/CA for the

aforementioned full-duplex techniques, particularly with busy tone.

This thesis presents the basic hardware blocks of a full-duplex VLC transceiver and the
methodology to develop a primary full-duplex VLC link for video transmission. It further
offers methods to enhance the reliability of full-duplex VLC AP transceivers and calculate
their reliability parameters. Utilizing both mean time between failure (MTBF) calculations
and Markov chain modeling, the study identifies failure-prone modules and assesses system
downtime, facilitating fault-tolerant system designs. Additionally, a life cycle cost analysis
aids decision-making for diverse application scenarios. This comprehensive analysis provides
valuable insights into optimizing VLC networks, paving the way for enhanced performance

and reliability in indoor wireless communication systems.
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