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Optimized Raman fiber amplifier design using marine predator
algorithm with sine-cosine perturbation
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Abstract: To meet the high speed, wide bandwidth,and large capacity requirements proposed by the next-
generation 6G communication networks for optical communication networks, the optimal design of pum-
ping parameters for Raman fiber amplifier (RFA) has become the focus of current research in optical
communication systems. In this paper,using erbium-doped tellurium-based fiber as the transmission me-
dium,a modified marine predator algorithm (MMPA) is proposed to optimize the design of the multi-
pump RFA,which effectively achieves the flat optical amplification for each channel in the C+L band.
Compared with the existing optimization algorithms for RFA,the MMPA has the characteristics of ex-
cellent performance and strong robustness, which can effectively solve the problems of nonlinearity and
combinatorial optimization in the Raman coupled wave equation and ensure the high gain and low gain
flatness of the RFA. The simulation results show that the average gain of the amplifier is 42, 36 dB and
the gain flatness is 0. 67 dB in the gain spectral width range of 1530—1630 nm.

Key words: Raman fiber amplifier (RFA) ; erbium-doped tellurium-based fiber; modified marine predator
algorithm (MMPA) ; gain flattening; sine-cosine perturbation
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Fig. 1 Structure of Raman fiber amplifier with

ultra-wideband and large gain
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Fig.2 Flowchart of RFA design for modified marine predator algorithm
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Tab.1  Attribute parameters settings of algorithms
Algorithms Attribute parameters

MPA FADs=0.2

MMPA FADs=0.2

SSA P=0.2,ST =0.8

TSA ST =0.1

DE F=0.5,CR =0.9

1A Pm = 0.8, Alfa = 2, Belta = 1
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Tab.2 Parameters settings of RFA
Parameter names Values
Fiber length, L 8
Iterative steps, h 0.1

[1350,1450]
[1530,1630]

The wavelength range of pump light/nm
Wavelength range of signal light/nm

Signal power/mW 0.005
Loss factor of signal light/(dB * km™ ") 21
Power range of pump light/W [0.1,1.6]
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Tab.3 Optimization results of different intelligent algorithms

. Value
Algorithm
Max G/dB AG/dB G/dB T/s
MPA 36.027 2 1.0616 35.5471 225.7427
MMPA 41.5218 0.8798 40. 7826 97.1512
GWO 39.1373 7.7866 35.5037 127.1770
SSA 36.495 3 1.7688 35.4576 243.5611
WOA 37.8691 4.1928 35.7581 102. 4267
TSA 38.9712 1.2731 38.3821 1148.7739
DE 38.4231 0.9012 37.6998 268.0911
1A 36.0129 0.8492 35.4612 168.0810
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BB T H A R 508 W 1 5 5 0k 1% OB A S K -
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[ R ik S ok L T LR B MPA 9 U S8t 2 7 ’ P emton 0

BB PR T 22, L MPA RFEBA
b9 SRPERE
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Fig.3 Convergence curves of objective functions

with different algorithms
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Tab. 4 Basic optimization parameters of RFA
system and MMPA algorithm

Parameter names Values
Maximum number of search agents, N 150
Max iteration, I 200
Dimension of each particle, D 12
Perturbation correction factor, P 0.1
Fiber length. L 8
Iterative steps, h 0.1

[1360,1450]
[1530,1630]
0. 005
[0.1,1.6]

Wavelength range of pump light/nm
Wavelength range of signal light/nm
Signal power/W
Power range of pump light/W
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Tab.5 Comparison of optimization results of four groups

Parameter names Values
A B C D
A1/nm 1363.6382 1363.6537 1364.1585 1367.0123
A2 /nm 1363.6816 1382.5063 1364.5233 1382.2057
A;/nm 1386.048 1 1382.7676 1385.0871 1387.1825
Ay /nm 1412.8997 1410.7330 1413.3670 1411.5468
A /nm 1430.4891 1431.5354 1432.0917 1432.2769
As/nm 1442.3070 1440. 8848 1442.3077 1441.3902
P,/W 0.5372 0.7245 1. 5587 0.2963
P,/W 1.1997 1.3069 0.2826 1.1967
P,/W 0.7935 0.1002 0.8974 0.4203
P,/W 0.4183 0.6099 0.4831 0.6313
P; /W 0.1474 0.3569 0.1855 0.3923
Py /W 0.1026 0.1536 0.1002 0.1921
G/dB 37.5514 38.7125 38.5816 42. 3601
G;/dB 0.9131 1. 689 0.8152 0.6798
50 30
45 45
40 40
35 35 ¢
- 30 + % 30 ¢
T2 =25
a0} S0t
15 15
10 10 ¢
St 5t
0 — 0 =
1530 1550 1570 1590 1610 1630 1530 1550 1570 1590 1610 1630
Wavelength/nm Wavelength/nm
(a) (b)

B 5 fALRIEH RFA SIS (a) RULHT; (b) R

Fig.5 The output gain of RFA before and after optimization: (a) Before optimization; (b) After optimization
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0.6112 dB A1 0. 3215 dB; 2 MMPA flfbJ5 . ASE Fl
DRBS K720 75 14 25 433 o 0. 7789 dB i 2. 1266
dB. FHEE 435k 0. 3714 dB F1 0. 3192 dB, SEE%f
R, 3T MMPA 5% RFA RESHMRIL)E
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