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A Landslide Monitoring Algorithm Based on Grey Prediction
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Abstract: Aiming at the problems of low monitoring accuracy, poor real-time and low automation
of current landslide monitoring technology, a landslide monitoring technology based on grey pre-
diction theory and robust adaptive Kalman filtering is proposed. Robust adaptive Kalman filtering
technology is applied to fuse and analyze multi-source data, including real-time dynamic (RTK)
carrier phase differential positioning data, UAV photogrammetric data, and geobelt sensor data,
so as to improve the accuracy of landslide deformation monitoring to the millimeter level. RTK
technology and geobelt sensor are applied to overcome the influence of weather conditions and veg-
etation coverage on landslide monitoring. The grey prediction theory is applied to predict the de-
formation of the monitoring points of the mountain landslide. Combined with the criterion of the
creep tangent angle, the classification of the early warning grade of the mountain landslide is real-
ized. The simulation results show that the landslide monitoring technology can successfully realize

the landslide prediction and early warning function.
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Fig. 1 Deformation curve during the evolution of

mountain landslide
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Fig. 3 Landslide monitoring system
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Fig. 9 Accuracy analysis of UAV photogrammetry
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Tab. 5 Description of alarm level data simulation settings
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Tab. 6 Alarm level data simulation setting results

7130 el s | (e | A1 11 40 - T Tt T i T
7(14 6(12 5(10 4(8 3(6 2(4 1(2 (U %) 1(2 2(4 3(6 4(8
KHDD KD PN KHD KA KD KD KIg) K K FNED)
HUH I _ _
. 2.08 3.07 4.70 7.39 11. 95 19. 66 32.77 55.01 92.85  157.14  266.42  452.22
A% /mm
waER : "
1.03 1.62 2.49 3.93 6.37 10. 06 17.02 29. 42 45.16 84.16  142.27  231.36
(mme+d 1)
VIEV: VG 0 21. 32 29.93 42.52 55. 26 64. 86 74. 77 80. 82 84. 37 86. 75 88. 09 88. 61
T4 S5 2 0 1 1 1 2 2 2 3 3 4 4 4
5.2 HEBHEN Kalman BB &S PR 25 0 L R T B T 0 T R AROCRCHE HE A BT

2 A 18 N Kalman i 35 555 19 800 il 200OR 32 2058

R AC B 2d RAE 500 At THHE chmaniE LR U B

BB A RTK BEMCBLR WM. $hxt s g hce (D MIORORRLE SR RS .
W R A A T LI SR 51 79 51 g 2% P AL Kalman 5D O SO XT H AT
10 B B 10 o (0924 %% FE B Kalman

M 0 A5 A R 22 3 Y Kalman 7 95 ) s .
2= 3y H =] 4 ) y A L M “Au\: > 47 %‘TI A Y, Z AR 92 S Ry
PR R P I A R 2t g DR IR R BB A RE 2L R RTK



511 — b T (O T B B2 S R Kalman 3 D4 A0 2 38 0 54 % 49
SE LI T AR W DN R 2 0 AR R b AR IR AR I SCROHER AL BIORS B 20K, O 2205 1 L AR R S 0
T Wi W Al PR SR RN B B B O AR B SRR TR o 9 Bl A

H. MRERILANFEZMEMEZMEEGFR M2 5.3 EFREHNELETYLAHENTD

5+ T Bl A1 RTK #8841 VS S, of LA 3 58 ik

AR G, AE LR B A S, AR IR BB Rl A AR
RERPEANEZHBEZMENEBNEE « =
0.0015(mm « d" %),

=}

SO

I R B

— B2 30 Kalman][§ «EZJW%Hﬁ
| — B

. j:TT’f JERIE 7
L o RTKENIT

/5
JEAR W

1 1 Il 1 1 1 1 1 1
50 100 150 200 250 300 350 400 450 500

Serial number of data collecting for the same period

HZ BiE N Kalman 78 i B /5 048 %T bk

Fig. 10 Data comparison before and after

10
robust adaptive Kalman filter

M 10 AT LA B 0 i e SIOT R e 2 05 EE 1Y
T RAE N 5. 984mm, & /ME N 5. 570mm, 5 % 4] 1%
B EAE 5. 8mm Z [ AR 2 AT 0. 23mm, 1 2
mm IS BE oK . R IR S, i T T i
9T st 22 A i B Kalman 83 SOR 193X — 1
Bin B A 3 P L H ORI RT R e 3t ke AR A 22
Pt 2 A i N Kalman 8 % 2 5 09 W5 000K B2 L 6 2 A<

®R

Kalman J& I il & 9 4
B T A8
LHAEG

P B e AR e O

e T B 1 E A T 45 2R JRURE UL K dE )
FEAn P 11 Bz . X He & 3R s A 900 i 280
2% 3k R €5, T B A 3 A4 K

o 2 S R ) B R AR i
» B 2, T30 B3 T 00 ) T A 5 A
 THUIZOCR R4

JRARTHEN PRS2 AE B SOCR P

,—uﬁmMﬁgﬁﬁ%&

e

Deformation value/mm
h

6
Periods/d
REFNELNETH

Effect diagram of deformation prediction

A 11 R E
Fig. 11

based on grey prediction theory

R 8, T F 3 T A5 2 g DR A A R L
F TN RS R R K 6 I B e TR AR Fm
S5 JAT 2 0 T A g 5 RN R B R ) T A R
%$ﬁ€wﬂﬁ%4%ﬁ%tﬁﬁ%ﬁﬁﬁmﬁmﬁ

Fx7 REMNELMNELSFEHBEERITLL
Tab.7 Comparison of grey prediction theory prediction grade and original data grade
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Tab. 8 Experimental results of alarm level data
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Fig. 12 Effect diagram of deformation prediction based

on grey prediction theory (without Kalman filter fusion)
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Tab. 9 Comparison of grey prediction theory prediction grade and original data grade (without Kalman filtering fusion)
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