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DISPLACEMENT TIME SERIES BASED ON GENETIC-GAUSSIAN PROCESS
REGRESSION ALGORITHM OF COMBINED KERNEL FUNCTION
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Abstract: Compared with support vector machines(SVM), Gaussian process(GP) holds many advantages such as
easy coding, self-adaptive acquisition of hyper-parameters and prediction with probability interpretation. Herein,
the Gaussian process regression(GPR) is adopted to analyze the slope displacement time series. A combined kernel
function of GPR(CKGPR) obtained by additive single standard covariance functions is putted forward to overcome
poor generalization ability of single kernel function. At present, the hyper-parameters of GPR are achieved by
maximizing likelihood function of training samples based on conjugate gradient algorithm. However, the
conjugate gradient algorithm has the shortcomings of too strong dependence on initial value in optimization
effect, showing the difficultly in determination of iteration steps and easily falling into local optimum. On the basis
of above-mentioned results, genetic algorithm(GA) coded in decimal system is used to optimize the hyper-
parameters of GPR with the combined kernel function, and then the GA-CKGPR algorithm can be formed; and the
corresponding code is programmed in Matlab. From the analytical results of Wolongsi slope displacement time
series, it can be concluded that the GA-CKGPR algorithm can obviously improve the prediction precision than
those of GA-SVR and standard GA-GPR algorithms, so it can be utilized in slope displacement analysis and
meanwhile can be served as a reference for similar projects.
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Table 1 Measured displacements of Wolongsi slope
WA H/d 2 Imm R Hd A JE/mm WA H/d 2 Imm WA H/d AT /mm
15 1.0 28 8.2 41 12.0 54 23.0
16 15 29 8.4 42 13.0 55 24.0
17 1.7 30 8.7 43 13.4 56 25.2
18 2.5 31 9.0 44 14.0 57 26.0
19 3.2 32 9.2 45 15.0 58 27.0
20 4.0 33 9.4 46 16.1 59 28.2
21 4.4 34 10.0 47 16.4 60 30.0
22 5.1 35 10.1 48 17.2 61 310
23 5.9 36 10.3 49 17.6 62 320
24 6.3 37 10.4 50 18.2 63 33.0
25 7.0 38 10.5 51 19.0 64 42,0
26 7.3 39 10.8 52 19.2 65 47.0
27 7.8 40 111 53 20.0 66 61.0
R2 AFRAEFIL T2 R
Table 2 Comparison between predicted results by four different methods
W S T A T Imm THRMARR 12 22 1%
[d ¥/mm  RQGPR SEGPR CKGPR SVR RQGPR SEGPR CKGPR SVR
30 8.7 8.60 8.62 8.65 9.09 1.15 0.92 0.57 4.48
31 9.0 8.67 8.71 8.78 9.55 3.67 322 2.44 6.11
32 9.2 8.63 8.72 8.85 10.00 6.20 5.22 3.80 8.70
33 9.4 9.25 9.25 9.26 9.71 1.60 1.60 1.49 3.30
34 10.0 9.31 9.30 9.31 10.09 6.90 7.00 6.90 0.90
35 10.1 9.30 9.29 9.32 10.47 7.92 8.02 7.72 3.66
36 10.3 10.56 10.56 10.22 10.54 2.52 2.52 0.78 2.33
37 10.4 10.90 10.91 10.51 10.87 4.81 4.90 1.06 452
38 10.5 11.25 11.25 10.77 11.21 7.14 7.14 2,57 6.76
39 10.8 10.72 10.65 10.66 10.95 0.74 1.39 1.30 1.39
40 1.1 10.84 10.72 10.73 11.22 2.34 3.42 3.33 1.08
41 12.0 10.93 10.76 10.78 11.50 8.92 10.33 10.17 4.17
42 13.0 11.76 11.76 12.76 11.76 9.54 9.54 1.85 9.54
43 13.4 12.01 12.01 13.61 12.00 10.37 10.37 1.57 10.45
44 14.0 12.27 12.27 14.27 12.25 12.36 12.36 1.93 12.50
45 15.0 14.92 15.89 15.57 14.26 0.53 5.93 3.80 493
46 16.1 15.82 17.55 16.74 13.83 1.74 9.01 3.98 14.10
47 16.4 16.80 19.54 17.95 12.85 2.44 19.15 9.45 21.65
48 17.2 17.77 17.40 17.28 17.24 331 1.16 0.47 0.23
49 17.6 18.87 18.04 17.72 17.72 7.22 2.50 0.68 0.68
50 18.2 20.04 18.55 17.89 18.05 10.11 1.92 1.70 0.82
51 19.0 18.31 18.32 18.31 18.47 3.63 3.58 3.63 2.79
52 19.2 18.34 18.36 18.33 19.06 4.48 4.38 453 0.73
53 20.0 18.14 18.18 18.13 19.64 9.30 9.10 9.35 1.80
54 23.0 20.72 20.72 20.26 20.69 9.91 9.91 11.91 10.04
55 24.0 21.37 21.37 20.62 21.32 10.96 10.96 14.08 11.17
56 25.2 22.01 22.02 20.93 21.96 12.66 12.62 16.94 12.86
57 26.0 26.91 26.93 28.92 22.60 3.50 3.58 11.23 13.08
58 27.0 30.38 30.42 29.65 23.20 12.52 12.67 9.81 14.07
59 28.2 34.83 34.92 28.92 23.79 2351 23.83 2.55 15.64
60 30.0 29.82 29.85 29.82 29.11 0.60 0.50 0.60 2.97
61 310 31.28 31.32 31.28 29.87 0.90 1.03 0.90 3.65
62 320 32.80 32.84 32.80 30.42 2.50 2.63 2.50 4.94
63 33.0 33.76 33.80 33.80 3223 2.30 2.42 2.42 2.33
64 420 35.18 35.27 35.26 33.25 16.24 16.02 16.05 20.83
65 47.0 36.63 36.77 36.76 34.25 22.06 21.77 21.79 27.13
66 61.0 47.33 67.39 61.15 36.68 22.41 10.48 0.25 39.87
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Table 3 The optimal hyper-parameters of CKGPR during every training process

WIRAE AR R 2L

p 6, 6, 6, 6, 6, 6,
15~29 29.3349 11005 24859 0.865 7 8.664 3 0.036 5
18~32 33.2445 5.768 4 35615 43652 45640 0.0323
21~35 51.038 6 7.965 7 29488 95281 8.400 6 0.0032
24~38 69.204 7 46409 26887 0.408 3 28127 0.0477
27~41 17.7177 6.5145 15991 3.7049 51438 0.0231
30~44 3546 6 50754 17195 0.480 2 3.3608 0.0352
33~47 76.198 2 3.2363 3.2443 6.501 8 4.8490 0.0371
36~50 31.7450 35065 46695 9.1157 21847 0.0185
39~53 77.3972 8.116 3 5.612 2 9.860 8 7.2858 0.006 9
42~56 26.1358 15834 1.359°2 3.9453 21510 0.048 1
45~59 731787 9.476 8 76781 8.643 8 47675 0.001 6
48~62 68.3785 5.406 3 6.716 1 8.536 0 8.2076 0.034 2
51~65 68.948 7 5.590 6 12777 53170 35786 0.044 6

Fa AT EIEAT BT YA R ZE RV 175 22
Table 4  Average relative error and average variance achieved
by four different methods

AV SERIAART IR ZE 1% AR RES
RQGPR 7.27 11.92
SEGPR 7.38 8.12
CKGPR 5.30 5.84

SVR 8.28 25.18
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Table 5 Prediction errors of different algorithms
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