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A weak harmonic detection method for a power system based on chaos theory
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Abstract: The time-frequency domain analysis and detection method of a weak harmonic signal cannot identify the target
signal in a scene which has strong noise in the wide spectrum environment. Thus this paper first introduces a stochastic
resonance principle of a chaotic system, and when the signal component is completely unknown, uses random noise to
enhance the weak target signal for frequency blind detection. It introduces the Duffing chaotic system further, uses its
high sensitivity and noise resistance to the amplitude of specific frequency periodic signals, and accurately detects the
amplitude of each harmonic frequency component that has been detected. Using the classical stochastic resonance model,
the system parameters are improved by normalization. Combined with the Duffing chaotic system model, a real-time
detection control strategy is designed. The particle swarm optimization algorithm is used to find the optimal system
parameters by taking the correlation number of input and output signals of the system as the fitness function. Simulation
experiments are conducted on harmonic signals with multiple integer harmonics and inter harmonics mixed in a strong
random noise background. The results show that the method proposed can achieve accurate frequency detection and
high-precision amplitude detection of various harmonic components in harsh noisy environments.
This work is supported by the National Natural Science Foundation of China (No. U22B20109).
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Fig. 1 Potential function curve of a bi-stable system
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Y il
ek A/ SNR 4-10 dB SNR 4-20 dB
p-u. Krift/pu. iRZE%  BRMEpu RE%
g FR 1.00 1.0001 0.010 1.0001 0.01
22 0.15 0.1501 0.067 0.1500 0
3 0.25 0.2500 0 0.2498 0.08
5 0.20 0.1999 0.050 0.2000 0
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Fig. 13 Input the large-period phase diagram of the system after

disturbance of a noisy weak harmonic signal
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Table 3 Comparison of steady-state harmonic amplitude detection results

-~ : AL :
SH Eibfi/pu. o SI,QR }.j - \dB N o SITIR %J - fi - ns
ASCKEMEp . ATRIRZE % BR/NIRZE%  ATRI{Epu. ASUEINREY% SRR E %
¥ 1.00 1.00 0 0.120 1.00 0 0.270
22 0.15 0.15 0 0.867 0.15 0 1.867
3 0.25 0.25 0 0.200 0.25 0 0.360
5 0.20 0.20 0 0.100 0.20 0 1.550
7 0.10 0.10 0 1.000 0.10 0 3.800
F 4 PRBIEM NN LE R b
Table 4 Comparison of steady-state harmonic frequency detection results
- : o :
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B 50 50 0 0.007 50 0 0.014
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5 250 250 0 0.004 250 0 0.022
7 350 350 0 0.005 350 0 0.057
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Table 5 Real-time comparison of detection algorithms
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