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Online sequential regularized correntropy criterion extreme learning machine
on spark streaming signal prediction for electronic device degradation
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2.CMC Equipment Development Department, Beijing 100000, China)

Abstract: For real-time prediction on device degradation, the existing algorithms are difficult to update the trained model and the
prediction results are easy to be distorted due to the outlier and noise. To solve these problems, a novel method named as online
sequential regularized correntropy criterion extreme learning machine ( OSRCC-ELM) is proposed to generate high robust prediction
model and provide dynamic updating ability. Firstly, based on the regularized correntropy criterion ELM, the updating method for the
model is realized. Secondly, the outlier and noise are detected with the dynamic M-estimator that is integrated with the error codebook.
Finally, the corresponding influence of the outlier and noise are removed from the current model. Experiments using simulated data and
CTR of optical couples show that OSRCC-ELM can achieve higher prediction accuracy without the effect of outliers and noises than other
methods while provide accurate prediction with high speed.
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Table 2 Comparison on prediction accuracy among algorithms
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YIER 5 1.15%x1073 1.94x1078 1. 86x1078 2.36x1078 4.92x1073 2.28%x1073
RCC-ELM
T A R 9.92x1072 8.14x1072 9.48x1072 8.33x1072 5.85x1072 5.17x1072
YIZhNG B 2.55%107? 9.92x107* 2.82x1077 1.47x1073 3.28x1073 1.52x107
ESEP-ELM ]
TR B 9.76x107? 2.11x1073 2.04x1073 1. 69%1072 4.07x107? 4.25%1073
VeSS 2.06x107? 1.33x1073 1.33x1073 2.80x1073 2.36x1073 2.56%x1073
OSELM
TR 3.18x1073 2.30%x1073 2.59%x1073 3.82x1073 5.92x107? 2.58x1073
Yok e 2.45%107? 9.92x107* 2.82x1077 1.47x1073 3.28x1073 1.52x1073
MOS-ELM A
T A B 2.04x1073 2.73x1073 2.01x1073 3.68x1072 2.18x1073 3.35x1073
I 25 2.45x107? 9.92x107* 3.54x1073 1.47x1073 3.28%1073 1.52x1073
OSRCC-ELM ‘
TS B 2.03x1073 1.98x1073 2.01x1073 3.65x1073 2.04x1073 2.73%x1073
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Table 3 Comparison on accuracy and time consumption among algorithms
Bk RVM RCC-ELM ESEP-ELM OSELM MOSELM OSRCCELM
N I Zhks e 4.73x1073 4.68x107 1.88x107* 4.61x107 4.68x107 4.61x107
BRSNS
VIER AN 6.986 x107! 2.972 x107! 5.113 x1072 8. 15x1073 3.764 x1072 9.64x1073
SIS T A 1.12x107! 6.76x1074 2.62x107* 1.91x107* 1.88x107* 9.65x1073
PR TINAE
20 U AR B2
TR s} E] /s 3.08x107! 3.47x1072 3.462 x1072 5.085 x107! 5.580 3x107"  4.539 4x107"
R S TG B 1. 17x107! 1.33x1073 7.78x1072 6.17x107* 1.40x1073 3.43x107*
2D TR R
Tt A 6] /s 2.53x107! 1.09x1072 8.67x1072 5.85x1072 4.18x1072 2.16x1073
SIS TR0 1.04x107! 1.75%1073 3.38x107! 5.10x1073 4.17x1072 5.74x107*
TR
=L TROORG
T B ]/ s 2.683 x107! 1.21x1072 2.56x1072 1.421 x107! 6.792 9x1072 2.85%x1073
S— 2 I T A B 1.17x107"! 2.07x1073 8.18x107! 8.00x107* 4.90x107? 9.86x107*
20 P AR RE
TR bS]/ 2.881 8x107" 2.78%1072 3.42x1072 5.66x1072 7.32x1072 2.279 x1073
S SRS R 1.41x107! 3.17x107* 1. 60x107? 1.30x107° 1.99x107 1.40x107°
20 T AR B2
T A 6] /s 2.462 x107! 9.45%1073 2.74x1072 5.12x1072 7.78x1072 1.398 x1072
F—— S TR 1.62x107! 4.82x1073 2.78x10° 2.00x1073 4.13x10° 1.90x1073
720 A
T B ]/ s 3.31x107! 7.73x1073 3.09%x1072 6.658 x1072 2.11x1072 3.83x1073
PE— S TG B 1.05%x10™" 7.10x1073 4.50%10° 2.70x107 8.19x10° 2.40x1073
7> TR BE .
THE s ] 3.62x107! 3.44x1072 2.92x1072 1.184 x1072 1.50x1072 2.57x107*
— SIS TR 4.41x107"! 9.47x1073 7.01x10° 2.90x1073 2.40x1073 2.80x1073
AL TR R B
T At [a] /s 4.01x107! 9.50x1073 1.98x1072 5.62x1073 7.60x1073 2.71x1073
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Table 4 Prediction performance of OSRCC-ELM
- I [ £
11 12 13 14 15 16 17 18 19 20
ShR{E 87.2 86.9 85 85.8 85.43 85.36 84.23 83.51 82.8053  82.6761
BWEE/s 153107 1.50x107*  1.10x107>  2.10x107°  1.60x10™>  2.90x107>  2.80x107>  1.60x10™°  1.60x10™> 1.70x107°
%{ﬂﬂ BME  87.65521694 87.5474  87.31914  84.34086  87.04691  85.37958  85.25974  81.74233  84.46551 77.05776
WE - 0.455216944  0.647396 231914 -1.459142  1.616909  0.019581  1.029744 -1.76767  1.660 206 =-5.618 344
3 BEE/s  1.70x1075 8.20x107*  4.30x107*  1.10x1075  1.90x10™°  1.50x107>  1.50x107™*  1.90x10™°  1.30x107>  1.30x107°
%ﬁ M 8771523379 87.67735  87.61282  87.47797  83.05522  87.50532  85.30794  85.11162  74.09202  85.909 08
WE 0515233794 0.777346  2.612821 1677969 -2.374784 2.14532  1.07794  1.601621 -8.713277 3.232975
B FEE/s  1.50x1075 1.60x107° 1.24x107° 2.20x1075  1.00x107°  1.80x10™>  1.20x107>  3.40x107>  2.10x107>  1.70x107
%ﬂlﬂ BM  86.5727093  87.71544  87.67765 87.61806  87.514 14  79.90979  87.46999  85.20389  84.8833  81.4927
B -0.6272907 0.815443  2.677654  1.818064  2.084 137 -5.450211 3.239993  1.693 891  2.078 004 -1.183 404
WMEE/s  1.20x107° 1.50x10™> 1.60x107°  1.19x107>  1.80x107™>  4.40x107°  1.70x10™> 1. 10x107>  2.20x10™> 1.80x107>
fﬁ; BMM 87750396 33 86.50294  87.71544  87.67766  87.61839  87.52052 8171021  87.47663  85.048 07  84.509 27
WE 0.550396327 -0.397058 2.715444  1.877657  2.188387  2.160525 -2.51979  3.966 63  2.242765 1.833 174
BUMEHAL/s 1.60x107° 1.20x107° 130107 1.50x107>  2.74x107%  1.20x107>  2.50x107°  8.30x107>  1.10x10™° 2.60x107°
;; M 88.00449942 87.75181  86.40747 87.71544  87.67766 87.61841  87.52158  85.6413  87.47543  84.804 28
WE 0.804499417 0.851 808  1.407466  1.915444  2.247657  2.258406  3.291582 -2.151303 4.670 133  2.128 176
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Fig.9 The multi-step prediction accuracy comparison on OC
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