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ABSTRACT

Multi-dimensional carrierless amplitude and phase (CAP) modulation format is a
high spectral efficiency modulation format, which allows realization of high order
data modulation by employing a digital finite impulse response (FIR) filter with
several taps to generate orthogonal waveforms. The reduction in system structure
complexity makes CAP modulation format attractive and versatile since it requires
relatively less computation and low implementation cost. However, experimental
work is the most common practice when implementing the CAP signal using vertical
cavity surface emitting laser (VCSEL) in optical transmission system. The
experimental work may be constrained by several factors, for example, the
availability or high cost of the intended equipment, limitation of time and lab usage,
and logistic factor. The equipment and facilities also may affect the design as one
cannot regulate or control the conditions as desired. Therefore, a 2D and 3D CAP
modulation using VCSEL in access network transmission system is modelled via
MATLAB program. The 2D and 3D CAP signal is transmitted using VCSEL through
20 km of single mode fiber (SMF) transmission. A bit error rate (BER) below a
forward error correction (FEC) limit of 2.8 x 1073 for error-free reception is obtained.
Spectral efficiencies of 1.89 b/s/Hz and 1.33 b/s/Hz are reported for 2D-CAP-4 and
3D-CAP-4, respectively. The 2D-CAP-4 and 3D-CAP-4 performance using VCSEL
for 20 km of SMF transmission is compared with the previous experimental works
where the results show a 5.6 dB and 5.4 dB power penalty, respectively, hence prove
the validity of the developed 2D and 3D CAP-VCSEL transmission system model
for access network environment. This modelling graphically represents how things
might look and helps to gain insight into which parameters are most important and
significant to the system performance. As a result, this modelling can become a good
alternative as it allows the understanding of the research work in an ideal setting and
its potentially near-to-actual performance can be a guideline before the real-time

implementation takes place.
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ABSTRAK

Format pemodulatan amplitud dan fasa tanpa pembawa (CAP) dimensi tinggi adalah
format pemodulatan spektrum kecekapan tinggi yang membolehkan pemodulatan
data aras tinggi direalisasi melalui penapis sambutan dedenyut terhingga (FIR)
beberapa tap bagi menjana gelombang ortogon. Pengurangan struktur sistem
menjadikan format pemodulatan CAP menarik dan versatil kerana kurang pengiraan
diperlukan disamping kos pelaksanaan rendah. Walau bagaimanapun, eksperimen
adalah amalan yang paling biasa apabila melaksanakan isyarat CAP menggunakan
laser pemancar permukaan rongga menegak (VCSEL) dalam sistem penghantaran
optik. Eksperimen mungkin dikekang oleh beberapa faktor, contohnya, ketersediaan
atau kos tinggi peralatan yang ingin digunakan, had masa dan penggunaan makmal,
serta faktor logistik. Peralatan dan kemudahan juga boleh menjejaskan reka bentuk
kerana seseorang tidak boleh menyelia atau mengawal keadaan seperti yang
dikehendaki. Justeru itu, pemodulatan CAP 2D dan 3D menggunakan VCSEL dalam
sistem penghantaran rangkaian capaian dimodelkan melalui program MATLAB.
Isyarat CAP dihantar menggunakan VCSEL melalui penghantaran gentian mod
tunggal (SMF) sejauh 20 km dan kadar ralat bit (BER) di bawah had pembetulan
ralat hadapan (FEC) 2.8 x 1072 untuk penerimaan tanpa ralat diperoleh. Kecekapan
spektrum 1.89 b/s/Hz dan 1.33 b/s/Hz dilaporkan, masing-masing untuk 2D-CAP-4
dan 3D-CAP-4. Prestasi ini dibandingkan dengan eksperimen yang lalu, di mana
keputusan menunjukkan penalti kuasa masing-masing adalah 5.6 dB dan 5.4 dB,
sekaligus membuktikan pengesahan model sistem penghantaran CAP-VCSEL 2D
dan 3D untuk persekitaran rangkaian capaian. Pemodelan ini mewakili rupa sesuatu
dan membantu mendapatkan cerapan tentang parameter yang paling penting dan
berkesan kepada prestasi sistem. Kesannya, pemodelan ini boleh menjadi alternatif
yang baik kerana ia membolehkan pemahaman kerja penyelidikan dalam tetapan
yang ideal dan prestasinya yang berpotensi hampir kepada sebenar boleh menjadi

garis panduan sebelum pelaksanaan masa nyata berlaku.
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CHAPTER 1

INTRODUCTION

1.1 Overview

The ever-increasing demand for high bandwidth capacity and high bit rate has
revolutionized telecommunication-related technologies in general, most notably over
the last few decades. Unlike before, users nowadays are always keen on fast internet
communication, video-based multimedia, fast peer-to-peer file transfer, high-
definition video streaming, online gaming, and many more. In addition,
technological advancement in the telecommunication field allows for systems such
as the Internet of Things (10T) to become an inseparable component of modern living
for most people. The tedious and repetitive tasks become much simpler and more
organized via automatic actions and allow users to remotely monitor and manage
their devices with an 10T system. However, the constant need for high-speed data
rate put tremendous stress on the telecommunication system infrastructure in
providing high-capacity link that can fulfil the wide IoT service requirements [1].

In order to ensure the telecommunication system infrastructure can support
the high data capacity and rate that is typically required for the access network
environment, the information transmission process should be continuous and perform
extremely well. Conventional telecommunication access network infrastructures like
twisted-pair telephony networks and coaxial cable networks seem to be having a
difficult time dealing with traffic services issues. Due to the alarming network traffic
issues, it has basically driven the migration of today's network access from
conventional cable to optical fiber and broadband wireless systems [2]. Even though
wireless communication provides seamless mobility, better security as well as

reliability provided by optical fiber makes communication via wired lines preferable.



Generally, in communication systems, a by-product of bit rate—and-distance,
BL, where B is the bit rate and L is the spacing of repeater, is commonly used to
depict communication evolution. As shown in Figure 1.1, the BL product increased
during the period of the emergence of new technologies, as marked by the red
squares. As can be seen in the figure, telegraph technology has the least BL product
whereas space-division multiplexing (SDM) has the most BL product associated with
it. The notable increase in BL products occurs from around 1980 onward, when
optical fibers technology was first introduced, thus marking the beginning of the
usage of optical waves as the carrier. Optical communication systems employ high
frequencies (~ 200 THz) in the near-infrared region of the electromagnetic spectrum,
also called lightwave, as shown in Figure 1.2. Since lightwave systems used high
carrier frequencies, the information capacity of optical communication systems is

expected to be increased significantly.
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Figure 1.1: Bit rate—distance product, BL through technological advances [3].
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Over the last few decades, fiber-optic communication technology and the
corresponding network architectures and components, as well as groundbreaking
communication system ideas are rapidly evolving. This also indirectly indicates that
extensive research work in optical fiber communications and integrated optical
electronics have taken place [5]. The optical fiber properties such as considerably
large inherent bandwidth and low power loss make it a favorable option for high-
speed and long-distance communication. Optical fiber provides the backbone of the
broadband internet worldwide, conquers, and progressively becomes part of the
access and in-home networks as depicted in Figure 1.3. The rapid deployment of
optical fiber to the home (FTTH) and other access technologies promises the
potential to deliver higher data rates to customer’s homes. With rising demand for
digital broadband communication, the optical communication network infrastructure
is required to surpass certain characteristics in terms of bandwidth capacity, service
subscribers, current fiber infrastructure, geographical layout, vendor requirements,
available services and most of all, access methods for successful operation with wide

connectivity.
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Figure 1.3: Optical communication access and in-home network from central office

(CO) to customer premises supported with wired and wireless network [6].
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