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e o
POy : fiR8 )5 - SRR % _ TM%??FJ
Jtiy Mg TP ey Mt P
24 0.331/0.348 0.463/0.119 0/0 2221 0.371/0.382 0.172/0.147 0.142/0.108
229 0.177/0.197 0.468/0.460 0.171/0.118 mix 3222 0.398/0.435 0.052/0.066 0.102/0.062
I'X 2213 0.437/0.485 0.359/0.334 0.178/0.132 5524 0.380/0.420 0.040/0.048 0.112/0.077
516 0.423/0.482 0.237/0.267 0.220/0.175 226 0.266/0.325 0.893/0.891 0.526/0.476
D03 0.368/0.417 0/0 0.090/0.054 27 0/0.003 0.301/0.291 0.254/0.206
25 0.596/0.652 0.479/0.468 0.223/0.183 212 0.382/0.411 0.322/0.314 0.206/0.153
228 0.288/0.318 0.394/0.378 0.213/0.159 215 0.034/0 0.371/0.349 0.292/0.231
2210 0.460/0.494 0.352/0.342 0.260/0.213 X 2219 0.282/0.286 0.201/0.166 0.084/0.039
X 2211 1.000/1.000 0.330/0.322 1.000/1.000 2820 0.438/0.498 0.525/0.507 0.285/0.286
514 0.388/0.439 0.332/0.314 0.154/0.096 2823 0.371/0.406 0.037/0.038 0.106/0.066
217 0.540/0.601 0.172/0.152 0.267/0.210 D01 0.341/0.360 0.530/0.520 0.223/0.239
218 0.177/0.160 0.274/0.245 0.300/0.242 o3 0.460/0.647 1.000/1.000 0.457/0.409
T <7 BhAE, <7 RRE.



%5 Wi, A BET s SRISAZ R A R 15 (6 s R 24 99

LAMLTR 1] 437 000 (L 1) 450 5 SR 2T 45 R R 4

45 6(a) R IR A O R, TTIAE K O IS
 HR S p y QE' tr, e . : .
Hh+ AR R (E AR A A3 R 2RI e R 4 2 o Mp Tt LTt T
SLE T, S5/ NS S A5 7, 43 3% IS ST i 0 P EEE R I P EEEEEEE
; \ ‘ M B ¥ M s M ¥ g 8 =
F 3 v AR R AL AR /ML, A D0 5 F) S2 F EF 1 i o U me
245 A 18] IE SN T7 ) SE AR, T 85 RISRHE(E # (a) T 1]
VT H BT B A, A 2 10, INE R S iR A o
REAFEAEN] I | B S, WA IR B 038 o IRIELIE - I B
FRAE L IR G AR S T ) 75 2 G 0 L EEEE L a3 FPEEEEEEE
VAU . ENTUE 10 25, R A3 £ 4 2 I
: / 23 40
KEFEME /N T 0.6, MBS AL L TR, B0 R (b) Mz 1]
fEE T T 1 A T 63 1T 03 FN5Z 6 #f: 9  f
TR FA, 20 AF [B] A DU A2 34 3 600 mm; 75 HE B ;@E éj% CEHAE - T
[, R T DRI 5 11 A, AR RRIE S 5 04 ‘ . o
BN 0.6, MATEAEMERRESR TR, & 0o
LR AT T DL, T 1 0 O A O U 2 M S i it 5 =
NI N . - 25
HTT AT R R TR B B, Rt © BEM
> 24 EAL b M S FEL Hy ¥ =¥ i YN  Ex S
ML 574D SN (RS, P, S AT P B SR B
AR 8 AR E/‘J{M{Eﬁ%ﬁ‘r Ao, b i H H v Fig. 5 Projection clustering results of displacement measuring
o R T I points based on genetic algorithm

NN RO TN O QB EL DN BN N O AL QD000
FEPAPA RPN NN NN SRR N S R T R R R ROV SN T
FIRAPIPAAT SIS SNSRI DVORAPDAA R

4 GG ARG
(@) Wt fag, T 1X22 11 (b) IO 1, WX 32 7 () ey, 1IX 52 10

800

800
£ 600 £ 600
55 400 33 400
R

5 200 = 200
~ oL o+ v 0

N A DDA DD 6N O ADNDEA DN DO A O ST N I Y RSN RN TN
FORTIESSIIAIAS TSRS VVOTFPPSPFFRFSR
L A f L
(d) Wiy, X 103 () Wi, MK 6 (B i, T3z 11

S E N SEive s Suy s
Fig. 6 Typical displacement process of measuring points

3 & iE

G548 TARRSEPR, ST X A5 B 2GR RTI Z R, 51 2 B2 I s i) RS0 1%, TH R 2
I g3 22301 i B AR B R I 2 A2 i A o 2RERI, Z845 75 FB % 17 1B i S PR AL A 2 )
fiE, SR H] K-means 5395 B2 7 I 5 8] (R ARRURE 2, T 52 BN ot DX 400 030 70 s 23 DX R Bty R 35 4%



100 KoOoH K B I OB #H 2022 £ 10 H

LA RO RIST Mk, H e AR 1 (IR A 2 T A T S, P LSRRI s S Rk, DI e 4 KA 2
i 12 H 7 B A ST A, RIDE T RIS B A S B T 3 (S A% M RSl £ 24

=

=

(1]

(2]

[31]

[4]

(5]

(6]

(71

(8]

(91

[10]

[11]

[12]

£ X Wk

EIRLL, AR ZMS, BRABRHE, . — Rl e R Tk A 45 M 1T 70 28 P A9 L (0], AR R 24l (A S8R ), 2019,
40(3): 420-424. ( WANG Shuhong, REN Yipeng, CHEN Junzhi, et al. An improved fish swarm clustering algorithm for
structural grouping[J]. Journal of Northeastern University (Natural Science), 2019, 40(3): 420-424. (in Chinese) )

ZENAE, TR, I ARTE, 2. FET R AR E YRR TS (V] S £ 17, 2018, 39(8): 2977-2983, 2990. (QIN Yugiao,
TANG Hua, FENG Zhenyang, et al. Slope stability evaluation by clustering analysis[J]. Rock and Soil Mechanics, 2018, 39(8):
2977-2983, 2990. (in Chinese) )

ZEAEA, 280, B, 48 R ROE SRR IO R e oA (] KL 5 BTRETR, 2019, 33(6): 27-30. (LI Jiawei, LI
Ting, GU Zhongming, et al. Slope stability analysis based on projection pursuit clustering method[J]. Hydropower and New
Energy, 2019, 33(6): 27-30. (in Chinese) )

TRYT, WA, AR . K-means 52 22 (0 28 75 U SRR T v B9 R FIRSE L. K BRI S5 7K TR 2441, 2017, 28(3): 198-
204. (XU Zhe, HU Huanxiao, DENG Chao. Study on the application of K-means clustering algorithm and neural network in
slope stability evaluation [J]. Journal of Water Resources and Water Engineering, 2017, 28(3): 198-204. (in Chinese) )

ERA, 1, S, . ST RN B K-S R IFE LB gk i 27 L] 5 b TSI, 2018, 40(1): 74-
81. (WANG Junjie, FENG Deng, CHAI Hejun, et al. Dominant discontinuities based on stereographic projection and K-means
clustering algorithm [J]. Chinese Journal of Geotechnical Engineering, 2018, 40(1): 74-81. (in Chinese) )

oL, Vi, B, 45 TGRSR ISR B L B IA EEfE R 9 1], A S ERE TR, 2020, 27(1): 62-68, 74.
(WANG Zhuo, XU Qiang, WEI Yong, et al. Risk classification of cracks in the loess platform edge based on statistics and
cluster analysis[J]. Safety and Environmental Engineering, 2020, 27(1): 62-68, 74. (in Chinese) )

WANG Y K, HUANG J S, TANG H M. Automatic identification of the critical slip surface of slopes[J]. Engineering Geology,
2020, 273: 105672.

Bk, SRR, 2T PHL R TR PR Y AR RE PR B T ER R 0], KA 2241, 2007, 38K T11): 682-686. (JIN
Yonggiang, SU Huaizhi, LI Ziyang. Slope stability projection pursuit clustering analysis based on harmony search [J]. Journal
of Hydraulic Engineering, 2007, 38(Suppl 1): 682-686. (in Chinese) )

DYSON A P, TOLOOIYAN A. Prediction and classification for finite element slope stability analysis by random field
comparison [J]. Computers and Geotechnics, 2019, 109: 117-129.

FEAR. BEEZ IR R S S (M. 28R, Jbat: AR = AL, 2017. (WANG Zhenwu. Principle and implementation
of data mining algorithm [M]. 2nd ed. Beijing: Tsinghua University Press, 2017. (in Chinese) )

FIRIE, BRUFIR, £R K, 4F. PSO-PPRLTUAE A 1 o AR P ¥EAN rp A9 I [O]. K AL RETRRES7, 2011, 29(1): 79-82. (SI
Junyan, GUO Haiqing, XU Fei, et al. PSO-PP model for high rock slope stability evaluation and its application[J]. Water
Resources and Power, 2011, 29(1): 79-82. (in Chinese) )

GOLDBERG D E. Genetic algorithms in search, optimization and machine learning[M]. Boston: Addison-Wesley Publisher,
1989.


http://dx.doi.org/10.12068/j.issn.1005-3026.2019.03.022
http://dx.doi.org/10.12068/j.issn.1005-3026.2019.03.022
http://dx.doi.org/10.12068/j.issn.1005-3026.2019.03.022
http://dx.doi.org/10.12068/j.issn.1005-3026.2019.03.022
http://dx.doi.org/10.12068/j.issn.1005-3026.2019.03.022
http://dx.doi.org/10.12068/j.issn.1005-3026.2019.03.022
http://dx.doi.org/10.11779/CJGE201801006
http://dx.doi.org/10.11779/CJGE201801006
http://dx.doi.org/10.1016/j.enggeo.2020.105672
http://dx.doi.org/10.1016/j.compgeo.2019.01.026
http://dx.doi.org/10.3969/j.issn.1000-7709.2011.01.025
http://dx.doi.org/10.3969/j.issn.1000-7709.2011.01.025
http://dx.doi.org/10.3969/j.issn.1000-7709.2011.01.025
http://dx.doi.org/10.12068/j.issn.1005-3026.2019.03.022
http://dx.doi.org/10.12068/j.issn.1005-3026.2019.03.022
http://dx.doi.org/10.12068/j.issn.1005-3026.2019.03.022
http://dx.doi.org/10.12068/j.issn.1005-3026.2019.03.022
http://dx.doi.org/10.12068/j.issn.1005-3026.2019.03.022
http://dx.doi.org/10.12068/j.issn.1005-3026.2019.03.022
http://dx.doi.org/10.11779/CJGE201801006
http://dx.doi.org/10.11779/CJGE201801006
http://dx.doi.org/10.1016/j.enggeo.2020.105672
http://dx.doi.org/10.1016/j.compgeo.2019.01.026
http://dx.doi.org/10.3969/j.issn.1000-7709.2011.01.025
http://dx.doi.org/10.3969/j.issn.1000-7709.2011.01.025
http://dx.doi.org/10.3969/j.issn.1000-7709.2011.01.025

%5 Wi, A BET s SRISAZ R A R 15 (6 s R 24 101

Reduction of multi-point displacement monitoring data of reservoir bank slope

based on spatio-temporal clustering mining

CHEN Bo"?, ZHAN Mingqiang"*, HUANG Zishen’

(1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China; 2. State Key Laboratory
of Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China; 3. PowerChina Zhongnan
Engineering Corporation Limited, Changsha 410014, China)

Abstract: The instability disaster of reservoir bank slope will cause huge losses to the benefit of the project and the
safety of surrounding life and property, and the displacement monitoring data can directly characterize the safety status
of reservoir bank slope. In view of the traditional deformation and displacement analysis, only a single monitoring point
is considered, and the similarity and relevance of displacement between different monitoring points still need to be
excavated. Based on the clustering method in the field of spatio-temporal data mining, considering the attribute
characteristics and spatial characteristics of measuring points, K-means algorithm is used to measure the similarity
between measuring points and realize the division of measuring points; based on the division of measuring points, the
projection clustering algorithm optimized by genetic algorithm is used to map the high-dimensional data to the low-
dimensional space. By extracting the characteristics of measuring point data, the purpose of screening the measuring
points needing attention and compressing the data order is achieved. Based on practical engineering data, it is shown
that the spatio-temporal clustering mining method is convenient and effective, and gradually reduces the monitoring

data of slope displacement. The method can be used for monitoring data mining of similar reservoirs.

Key words: reservoir bank slope; displacement; spatio-temporal data mining; partition clustering; projection clustering
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