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High-speed optical communication systems are essential for modern &= 27" 2 & 7o :

digital networks, enabling the transmission of vast amounts of data over long
distances. However, challenges such as power consumption, system complexity,
linear-nonlinear effects can significantly limit their performance. To address
these limitations, advanced techniques are required to optimize system
performance.
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W Figure 1.2: (a) Forward propagation process through the fiber, (b) Digital backpropagation propagation through the

This research aims to optimize high-bit-rate optical transmission by employing —
advanced chromatic dispersion and nonlinearity compensation CDC/NLC RESULTS & DISCUSSION
techniques through Digital Signal Processing algorithms to mitigate these

(a) shows the bit error rate (BER) performance curves versus the optical signal-to-noise ratio

Impairments and enhance system performance metrics such as BER and reach. 4 the pp-QPSK system under various transmission situations for bit rates (56-112-228)

METHOD

Gbps. The required OSNR values is presented in Table 1.3.
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Figure 1.3: BER versus OSNR under back to back, without/ with compensation scenarios, (a) 14 Gbaud, (b) 28 Gbaud, (c)

4500

rdetivs B s 56 Gbaud.

——8— 14 Gbaud
—©— 28 Gbaud

=—%— 56 Gbaud

(@)

" Table 1.3: OSNR required values at the limit of FEC (BER of 3.8x10-3).
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Figure 1.1: DP-QPSK Coherent Optical System conflguratlon
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The simulation setup of the signal channel different bit rates optical coherent Dual rates using a CDC/NLC techniques (Figures
Polarisation-Quadrature Phase Shift Keying system is illustrated in Figure 1.1. The 1.4aWDb).
system consists a transmitter, transmission link (multi-span of optical fiber and the Transmission is linear at low power, so a

optical amplifier while the impact of the linear and nonlinear effects are presented, doubling of power permits a doubling of

and finally coherent receiver with digital signal processing. The parameters of the reach. However, as the power increases |

link are summarized in Tables below further, the system experiences the NL
' transmission regime, resulting in curves that

Table 1.1: Set of system simulation parameters. Table 1.2: Transmission line parameters. |n|t|a"y I’eaCh a maximum befOre descending. Launch Power[dBm]
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_ 56-112-224 Gbps _ 75 CONCLUS'ON / FUTURE WORK
_ 14-28-56 Gbaud = Oiz The compensation of system performance between DSPs with and without
_ 2R dispersion and nonlinearity compensation, evaluating it in terms of optimal launch power
0.08 ) ]
64 _ and binary error rates. The results show that performance improved after DBP
_ _ 2 6%10-20 configuration.
_ 262114 — » Reduce the computational load of single-polarization DBP.
1550 nm _ i » The nonlinear threshold power was extended by 2 dB with the compensated case.
_ _ 80 > Reach BER of 1.54x10-4 and a 2.50 dB improvement in the Q-factor (10.25 dB).
_ * _ 15 dB » Increase the transmission reach up to 5000 km.
_ e As suggested future research, Higher-order modulation (16-QAM, 64-QAM) and SDM can
boost capacity, but introduce complexities. Machine learning can optimize nonlinear

— compensation, simplifying the process and extending range.
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