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Abstract

Optical wireless communication (OWC) has evolved as a potential addition to
existing wireless technologies owing to its high capacity, security, and unlicensed
spectrum. In addition, as optoelectronic components have matured and the industry has
become more globalized, OWC has evolved as a possible solution to future bandwidth
demands and the "border mile bottleneck." As a result of the projected limitation of the
wireless frequency spectrum, researchers have turned to OWC, which has evolved as
significant support for Wi-Fi.

The IEEE 802.15.7 standard, published in 2011, employs visible light
wavelengths from 380nm to 780nm to carry data sufficiently to enable audio and video
multimedia services while adhering to proper eye safety requirements. The proposal's
recommendations address the mobility of transparent connections, compatibility with
visible-light structures, interference, and noise from other sources, such as ambient light.
The regulation uses only the visible portion of the light and supports only the downlink.
Hence the baseline technology was named visible light communication (VLC). The
standard was amended in 2018 to include light energy for downstream communication
and infrared spectrum for upstream transmission, as well as proposed physical (PHY') and
media access layer (MAC) layers for OWC-based systems to provide bidirectional
communication. This version employs a visible portion of the light for downlink and IR
for uplink.

Although significant research has been conducted on the PHY layer, the MAC
layer must be adapted to application-specific requirements. This research provides an
overview of the critical technologies required to understand OWC technology. This work
looks at MAC layer challenges in OWC, such as performance modeling, guaranteed time
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slot (GTS) resource allocation, emergency data handling, and energy consumption
analysis. A thorough literature review is conducted to identify the MAC layer challenges
impeding the mainstream adoption of green wireless communication technology.

Throughput is a crucial barrier for the VLC personal area network (VPAN)
because it significantly influences the network performance. We introduce a unique
Markov chain model with two distinct channel assessments, representing a substantial
advancement in improving network throughput for a VPAN with a star topology. The
work enhances the state-of-the-art analytical models for the MAC layer, allowing VPAN
performance to be efficiently planned and forecasted. We also thoroughly evaluate other
network characteristics, such as network collision probability and end-to-end epoch, to
demonstrate the applicability of the suggested model. We validate the model's analytical
results with extensive MATLAB simulations and obtain realistic estimations, especially
for substantial network sizes.

Furthermore, the Internet expands as more bandwidth-intensive apps and network
sensors are introduced, resulting in spectrum limits. Because it uses an unlicensed
terahertz spectrum, is resistant to radio frequencies, and is more secure to install, the IEEE
802.15.7 standard offers OWC as a resolution. However, the standard does not address
sensor flexible data requirements or priority data transmission, which are the critical
quality of service requirements. Our research focuses on the latency, adaptive traffic
management, and overall network throughput of wireless sensors as they become
increasingly widespread in personalized medical health care. We demonstrate a unique
superframe structure allowing adaptive data management sleep mode. The suggested
superframe structure is simulated throughout both the contention access period (CAP)
and contention-free time (CFP). The proposed technique operates in a hybrid mode,

combining the carrier sense multiple access (CSMA/CA) and GTS allocation algorithms.
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By comparing it to IEEE 802.15.7, we demonstrate the proposed work's significance with
respect to latency and throughput. According to the simulation results, both components
have greatly improved. Furthermore, the collision probability of our proposed adaptive
superframe structure is calculated.

Although biosensors are becoming more common in the medical field, battery life
remains a crucial hurdle to widespread implementation. These sensors heavily rely on
radio frequency technology, which is detrimental to human health and the environment.
We provide a battery-efficient adaptive superframe for real-time biosensors based on
OWC. This retrofit strategy reduces transmission delays while increasing energy
efficiency. Additionally for wearable sensors, the one-of-a-kind continuous superframe
construction conserves the battery while enabling emergency data handling via the
deployment of an emergency beacon. We have assessed the feasibility of our suggested
solution by contrasting the simulation results to the IEEE 802.15.7 standard superframe
timeline. End-to-end delays, average energy usage, and savings are predicted and
analyzed using analytical expressions. The findings reveal a significant improvement in

energy savings and delays with no additional overheads.
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HifCeehel dRREE HFIARAT (3NSeegH) TN 3T &TAdT, FI&T 3R
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MAC TR gAlTerdl &l Sl 8, Si9 T weeler ATsfolar, IR A Faile (GTS)
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P; Amount of data to be communicated

P.ou Likelihood of network collision

P. Amount of power consumed during reception

P; Amount of power consumed while transmission

P; Amount of power consumed during sleep mode

P, Packet drop probability

Pye Network collision probability

PNk Probability of transmission by any other node other than k
nodes at a particular slot

P, Probability of collisions among nodes

So Per-node throughput
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Tdata

TPH Y header
TMAC header
Tpacket size
TIF S

Tack

TSIF S
Ttransmission
Tbeacon

TIP

TTTRC
Ttotal

TGTS

Random state variable representing backoff counter status
Total number of successful attempts

Backoff time duration

Data packet size

Physical layer header size

MAC layer header size

Payload

Interframe spacing

Acknowledgment transmission duration

Short IFS duration

Overall transmission time for a data packet

Beacon transmission duration

Inactive period duration

Time to report contingency duration

Time required to transmit the required count of packets
Duration of one GTS

Link utilization for data transmission with priority GTS in

CFPc1

Link utilization for normal data transmission under GTS

allocation in CFPg2
Link utilization for it" node

Size of contention window

XXVii





