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Fig. 6 LOF curves of accumulative displacement,deformation rate and acceleration vs time
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Multivariable local outlier factor based early warning method for slope landslides
YANG Hongwei' , HU Jiang? , HUAI Xianfeng' , MA Fuheng® , MA Zi'ao'
(1. Construction and Administration Bureau of South-to-North Water Diversion Middle Route
Project,Beijing 100038 .,China; 2. Nanjing Hydraulic Research Institute , Nanjing 210029, China)

Abstract: Creep-type landslides generally have three stages from deformation to failure such as initial deformation, uniform de-
formation and accelerated deformation. According to the characteristics of deformation stages, a variety of landslide warning
methods, based on thresholds such as cumulative displacement, deformation rate, and acceleration being proposed. In recent
years,data mining technique has been applied to landslide warning. However, related researches have neglected the mining of the
spatial deformation characteristics of multiple measuring points and the evolution laws of multivariable for landslides. There-
fore, the data mining technique was applied to propose a landslide warning method based on the threshold of local outlier factors
of multivariate monitoring time series. The proposed method can provide a reference for the judgment of the creep-type slope
stages and the early warning of landslides.

The dynamic time warping method (DTW) was used to calculate the distances among the deformation time series of multi-
ple measuring points of the slope,and the Huygens theorem-based ward standard was employed to determine the clusters of the
deformation measuring points. The similarities of the deformation laws of multiple measuring points were identified, and the
spatiotemporal deformation evolution law of the slope was analyzed. Considering the multi-variables such as the main influencing
factors and the multiple deformation measuring points, the local outlier factors (LOF) of the multi-variable time series were cal-
culated,and the abnormality existing in the multi-variable change processes was analyzed. Based on the statistical methods, the
early warning thresholds of LOFs under different confidence levels were determined, to divide the initial, uniform, and acceler-
ated deformation stages of the landslide. Examples of Wolongsi and Xintan landslides were used to verify the effectiveness of the
proposed method,and then applied to the creep-type landslide early warning of a canal slope.

Two days before the landslide is the critical point of the accelerated deformation stage of the Wolongsi landslide. The LOF
values of the cumulative displacement and the deformation rate of the deformation of the measuring points exceeded the thresh-
olds at 95% and 99% confidence levels before two days and one day of landslide. The Xintan landslide experienced four stages:
initial deformation, uniform deformation,acceleration deformation,and sharp acceleration deformation. The landslide entered the
accelerated deformation stage in July 1982 and occurred on June 12,1985, The time series of the two measuring points Az and B;
have high similarities. During the uniform deformation stage, the LOF values of the cumulative displacement in each rainy season
had a corresponding increase process. In May 1982, the LOF values of the cumulative displacement exceeded the 95% confidence
threshold. The LOF values continued to increase,approached the threshold of 99% confidence in August,and the LOF values of
the deformation rate began to be at a higher value. In July 1984, the LOF values of the deformation rate exceeded the 95% confi-
dence threshold many times,and in May 1985, it rose sharply and exceeded the 99% confidence threshold. The LOF values can

identify the accelerated deformation stage earlier. The canal section X+ 740~X-+860 of a water transfer project had a deep ex-
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cavation slope. Three variables such as the rainfall and the cumulative displacements of the two measuring points 805-3-m and
835-3-m were considered. The LOF values of multivariate fluctuate slightly during the initial deformation stage. After entering
the stable development stage, the multivariate LOF values fluctuate slightly, much less than the threshold when the confidence
level is 95%. This canal slope was in a relatively stable development stage.

The DTW based similarity measurement method can better reflect the correlation between the displacement time series of
slope deformation measurement points. The clustering of the time series of the deformation measuring points can reasonably di-
vide the measuring points into clusters. These can reflect the spatial similarity and heterogeneity of the change laws of the slope
deformation measurement points,and facilitate the identification of the shear characteristics of the slope deformation. The LOF
values of the deformation process have significant abrupt changes in the initial and the accelerated deformation stages. The LOF
threshold based statistical methods for early warning of landslide is determined to divide the deformation stage and its evolution
process can overcome the limitation of human estimation. The LOF value is more sensitive to time than human judgment estima-
tion, The proposed early warning method based on the multivariable LOF is highly reliable and can gain more time for taking
emergency measures, The multivariable LOF values among multi-measuring points and external factors have the higher self-ad-
justment ability and better robustness. The landslide warning based on the multivariable LOF value thresholds can avoid the
misjudgment of the landslide caused by the fluctuation of the measured value of accidental factors.

Key words: slope; deformation; landslide; early warning; data mining
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