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Fig. 3 Structure of experimental system
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Table 1 Performance indexes of main components

Component Main parameter
Light source Spectral width: 40 nm; wavelength: 1310 nm
Phase modulator Half-wave voltage: 4 V; insertion loss: 3.5 dB; crosstalk: less than —27 dB
Phase-locked amplifier Resolution of frequency: 1 pHz; resolution of phase:10™"°
Sensing fiber Spin pitch: 5 mm; beat length: 10 mm
Direct current stabilized power supply Number of channels: 4; maximum current per channel: 10 A
Photodetector Wavelength: 1100-1650 nm; dynamic range: 25 dB; responsiveness: 0.8 A*W '

{55 5 kb H 2R g0 R BIUR OR 8% SE BAE 5 mY fR R s, {600, & 118} 51 mA, BLF 2 3E{E 3 mA, FF4E
FHAT B ALK SE BUAE 5 B R MR b B A H 00 4 A H O F 1B A 5 50
{5 B o CTHIERF M A A R R AT 98 I 9 5%, 4.2.1 ARACSLE 3T e oA

P Ko BAREES 21 FAR i ' £F 35 % FH R R Ak = L in 1/4 D RE B3 0 A A 38 I RRB, 45 0 Ak BA e  BE X
B R B AR R SR D ik S RSk 40, Fean e 2 ron o Hodp i) s A< 2 DL HPO Fr 75 B (8] 24
4.2 HERHWRITiE PR ] .

L3 2 5 DL AR L LA 1, R 0
#2 AR TEREXT H

Table 2 Comparison of optimization algorithms

Iteration times of Quadratic penalty

Algorithm ) . Number of models Fitness function Time cost
optimal solution factor

PSO™! 32 32 871 2.7669 2.9450
GOA"™ 2 19 655 2. 8046 1.1257
GWO™! 19 19 206 2.8043 1.2196
HHO"™ 12 19 654 2. 8046 2. 5800
SSA™Y 8 20 203 2. 8045 1. 0656
HPO 4 19 206 2.8043 1. 0000
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Table 3 Performance comparison of various filtering algorithms

Algorithm Signal-to-noise ratio /dB Mean square error Correlation coefficient Time required /s
Measurement signal 28.4312 1.1221 0.9974
Wavelet (sym10)"" 32.2666 0. 7209 0.9989 0. 065380
Kalman filtering "’ 28. 4530 1.1196 0.9974 0.023710
VMD-wavelet™" 32.2008 0.7288 0.9989 1. 786439
EMD-ICA™" 29.9599 0. 9387 0.9982 0. 580700
OVMD-ICA 33.4659 0. 6280 0.9992 317. 643500
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Abstract

Objective

The fiber current sensor based on the Faraday effect and Ampere's circuital law can measure the current

accurately. It has many advantages, such as excellent insulation characteristics, simultaneous measurement of the

alternating current (AC) and direct current (DC), flexible sensor diameter, and digital output. However, it can hardly

measure the microcurrent because the magnetic field generated by the weak current is small, and the Verdet constant of the

sensing fiber is tiny (about 1 prad/A when the wavelength is 1300 nm). Therefore, the current resolution of the fiber

current sensor is limited. The methods to improve the current resolution mainly include the following: improving the

optical path structure, increasing the number of optical fiber loop turns, and improving the Verdet constant of the sensing

fiber. However, these methods have the disadvantages of complex operations and high costs. The data processing method

is a promising scheme to improve the current resolution. To meet the requirements of information sources for independent

component analysis (ICA) and improve the performance of variational mode decomposition (VMD) to deal with impact

noise, this paper proposes the co-clustering algorithms of ICA and VMD with the parameters optimized by the hunter-prey

optimization (HPO) algorithm.

Methods
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algorithm. Firstly, the random Gaussian noise, shot noise, impact noise, and output signal are measured. The output

signal and noise characteristics of the fiber current sensor are analyzed. Secondly, the key parameters of VMD are
optimized by the HPO algorithm. With the energy spectrum entropy function as the fitness function, the modal parameter
K and the quadratic penalty factor a are obtained by the HPO algorithm, and VMD is realized with the two parameters.
Third, the virtual channels of ICA are constructed. The mode functions are classified by the setting of the threshold of the
correlation coefficient to construct the virtual channels for ICA. In this way, the application conditions of ICA are

satisfied. Finally, the FastICA algorithm is applied for denoising.

Results and Discussions Various optimization algorithms are compared and analyzed. When the energy spectrum
entropy function is taken as the fitness function, the particle swarm optimization (PSO) algorithm has the best
performance, but its time cost is too high. The grey wolf optimization (GWO) and HPO algorithms are the second best,
and the HPO algorithm is better when the time cost and the iterations are taken into account. In this case, the HPO
algorithm 1s better than the other optimization algorithms, as shown in Table 2. In addition, the main data processing
methods are compared and discussed. When the signal-to-noise ratio (SNR), mean square error (MSE), and correlation
coefficient are taken as the evaluation criterions, the OVMD-ICA has the highest SNR, the minimum MSE, and the
largest correlation coefficient. The SNR should be greater than 30 dB according to the applicable standard of the electronic
current transformer. The Wavelet (sym10), VMD-wavelet, and OVMD-ICA can suffice for the requirement, as shown in

Table 3. The OVMD-ICA can achieve the optimal noise reduction effect, and the current resolution is 3 mA.

Conclusions More outstanding performance can be achieved in terms of the operation time, required iterations, and
search for the globally optimal solution when the parameters of VMD are optimized by the HPO algorithm. The mode
functions are classified by the setting of the threshold of the correlation coefficient to construct the virtual channels for ICA ,
and the FastICA algorithm 1s applied for denoising. The SNR of the output signal is enhanced, and the MSE is reduced by
OVMD-ICA. By this algorithm, the SNR can be improved by at least 5 dB, and the resolution and measurement of 3 mA

weak current can be realized.

Key words signal processing; all-fiber current sensor; weak current measurement; variational mode decomposition;

independent component analysis; hunter-prey optimization
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