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Fig. 1. Schematic diagram of oscilloscope.

JP2 | = «—=| JP1
GND | »¢ RP1| Y aND
2kQ
ﬁm,-‘ Cl -l
S Z 10nF T
d (]
=
100nF )
- S
) [] IC1B e
« 5 [ ©
+ 7 ]
+12V =
e LM358
1 (g
2 —12V =
3 | LT
= = Ry
JP3 GND GND 2200

2 BRI I

Fig. 2. Schematic diagram of the Chua’s circuit.
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Fig. 3. Influence of different number of sampling points on
steady-state MSE value and average operation time of
NCKCG-PRQ algorithm: (a) MG chaotic time series; (b)

chaotic time series based on Chua’s circuit.
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Fig. 4. Testing MSE learning curves of different algorithms in impulsive noise environment: (a) MG chaotic time series; (b) chaotic

time series based on Chua’s circuit.

F 2 ARISEAE MG IR EF 5] ) {5 B2
Table 2. Simulation results of different algorithms in MG chaotic time series.
S (RS FHEH i E] /s FaAMSE/dB
CKCG 2000 41.486 -35.443
RFFCCG 60 2.095 32.006
MGIR i (] 31 NKRGMC-PRQ 60 2.383 -33.068
NKCG-KM 60 3.745 N/A
NCKCG-PRQ 60 1.584 -34.446
3 N[RIGERTESR I AR TN (] 751 i 05 B 45
Table 3. Simulation results of different algorithms in chaotic time series based on Chua's circuit.
SEH AR ik THEH BEFIE /s Fa#MSE/dB
CKCG 2000 42.618 —-35.840
RFFCCG 13 1.128 —34.926
BRI ] 757 NKRGMC-PRQ 13 0.988 -35.819
NKCG-KM 13 1.146 N/A
NCKCG-PRQ 13 0.957 -35.865
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Fig. 5. Final predicted results of NCKCG-PRQ algorithm for the test sets: (a) MG chaotic time series; (b) chaotic time series based

on Chua’s circuit.
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Abstract

Chaotic time series can well reflect the nonlinearity and non-stationarity of real environment changes. The
traditional kernel adaptive filter (KAF) with second-order statistical characteristics suffers performance
degeneration dramatically for predicting chaotic time series containing noises and outliers. In order to improve
the robustness of adaptive filters in the presence of impulsive noise, a nonlinear similarity measure named
Cauchy kernel loss (CKL) is proposed, and the global convexity of CKL is guaranteed by the half-quadratic
(HQ) method. To improve the convergence rate of stochastic gradient descent and avoid a local optimum
simultaneously, the conjugate gradient (CG) method is used to optimize CKL. Furthermore, to address the
issue of kernel matrix network growth, the Nystrom sparse strategy is adopted to approximate the kernel
matrix and then the probability density rank-based quantization (PRQ) is used to improve the approximation
accuracy. To this end, a novel Nystrém Cauchy kernel conjugate gradient with PRQ (NCKCG-PRQ) algorithm
is proposed for the prediction of chaotic time series in this paper. Simulations on prediction of synthetic and
real-world chaotic time series validate the advantages of the proposed algorithm in terms of filtering accuracy,

robustness, and computational storage complexity.
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