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Abstract: This study explores how high-speed wavelength
divisionmultiplexing (WDM) through free space optics (FSO)
can improve the bit error rate (BER). It examines hybrid
amplification methods and their effects on signal quality.
Simulations analyze signal gain and noise figures across
different modulation schemes, such as unipolar and bipolar
NRZ and RZ types, before the FSO channel. The impact of the
operating wavelength on optical power is also investigated,
focusing on bipolar and unipolar NRZ modulations at
various data rates. Optical power levels are compared with
andwithout amplification, considering differentmodulation
schemes and data rates in the FSO link. The BER pattern for
bipolar NRZ modulation at a wavelength of 1,550 nm is
shown after different FSO distances. Additionally, the Q
factor and overall system BER are evaluated for multiple

amplification techniques. Thesemeasurements are based on
the bipolar NRZ modulation scheme at the 1,550 nm wave-
length as the FSO link length varies.
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1 Introduction

Wavelength divisionmultiplexing (WDM) is a technology that
combines optical signals in different spectral bands to form a
single, complex optical signal that is then transmitted over a
common optical path. In the field of optical communication,
wavelength division multiplexing (WDM) technology realizes
several optical carriers with different wavelengths on one
opticalfiber to realize high-speed transport ofmultiple optical
signals. Each transmitted optical signal is located at a different
wavelength and used in the optical network for transmission
and reception. The optical spectrum between each channel is
called a guard band to prevent mutual influence. WDM
technology can improve the capacity of optical communica-
tion systemswhen compared to the traditional single-channel
optical system. At the same time, it can increase the trans-
mission distance of the signals and reduce the cost of optical
amplifiers. Besides, because of the ability of wavelength
conversion and flexible routing, WDM technology can
combine and distribute different signals into the rear of the
network to flexibly realize information transportation. WDM
technology is the integration of several channels with
different wavelengths on one optical fiber to transmit various
information. The principle of WDM technology is to use
different lights with different wavelengths to transmit the
signals and tomake the light transmit ona single-mode optical
fiber [1–5]. Multiplexing is an enabling technology for the
next-generation optical communication systems. New optical
networks will require the capacity for transferring ever-
greater traffic volumes over links of certain distances. Tomeet
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