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Abstract A method combining a back propagation (BP) neural network algorithm with the artificial bee colony
algorithm is introduced, and the design of multi-pump Raman fiber amplifier is optimized by this method. The best
learning model is determined by studying the numbers of hidden layers and neural nodes in the multilayer BP neural
network, which can accurately reflect the mapping relationships of the pump wavelength and pump power with the
distribution of Raman net gain, and can replace the traditional method for solving the Raman coupled wave equation.
At the same time, in order to improve the flatness of the gain spectrum, the artificial bee colony algorithm is used to
optimize the pump parameters and the optimal pump wavelength and pump power are obtained. The simulation
results show that when the trained BP neural network model is added into the artificial bee colony algorithm, the
desired gain performance of the studied Raman amplifier is achieved. Moreover, the maximum error between the
target value and the predicted value is less than 0.29 dB. This design scheme provides a new method and idea for the
study of Raman fiber amplifiers.
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Fig. 1 Schematic diagram of multi-pump Raman amplifier

WDM receiver
A =As: 1520-1570 nm

WDM: wavelength division multiplexer
OMU: optical multiplexer unit
ODU: optical demultiplexer unit
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Table 1 Simulation parameters of RFA

Value

Parameter

Wavelength range of signal light /nm 1520—1570

Signal optical power /mW 0.01
Signal light interval /nm 1
Pump wavelength range /nm 1410—1520
Pump power range /mW 0—500
Signal optical loss coefficient /(dBekm ') 0.75
Pump loss coefficient /(dBskm 1) 0.9
Fiber length /km 0.12
Effective area of optical fiber /pum’ 15.5
Absolute temperature of optical fiber / K 300
Rayleigh scattering coefficient /m™* 7X107¢
Boltzmann constant /(J*K ') 1.38X107%
Planck constant /( Jes) 6. 626X 10"
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Fig. 3 Variations of MSE with number of nodes in different hidden layers. (a) The first hidden layer; (b) the second
hidden layer; (c) the third hidden layer; (d) the fourth hidden layer; (e) the fifth hidden layer
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Table 2 Optimized pump light parameters, gain, AG and error between net gain and target gain

Pump light parameter

3 /o Pw Gain /dB NG /dB Error /dB
1415. 45,1454, 62,1503. 72 0. 1000,0. 0658,0. 1232 2. 25 0. 1486 0. 2566
1419. 31,1455, 41,1505. 02 0.1572,0.0996,0. 1825 3.47 0.1771 0. 2279
1409. 29,1450. 75,1502, 72 0. 3548,0. 1014,0. 2033 4,27 0. 1515 0. 2894
1416. 09,1450. 69,1502, 02 0. 2950,0. 1375,0. 2786 5. 21 0. 1652 0. 1489
1418. 64,1449. 26,1498. 75 0. 2792,0. 1802,0. 3056 6. 19 0. 2044 0.2134
1420. 83,1448. 79,1496. 94 0. 2810,0. 2154,0. 3237 7.03 0. 2344 0. 2872
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