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Research Review of Landslide Monitoring Methods Based on

Integration of Space-Air-Ground-Interior
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'School of Earth Sciences and Engineering, Nanjing University, Nanjing, Jiangsu 210023, China;
’School of Computer Science, North China Institute of Science and Technology (National Safety Training Center of
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Abstract Landslides occur frequently in China, often causing serious property losses and casualties. Therefore,
scientific and effective landslide monitoring is of great significance for disaster prevention and mitigation. In recent
decades, with the continuous development of monitoring technology, the level of landslide monitoring has been
observably developed and improved in recent decades. It has gradually transferred from the past low-precision, point-
type and manual monitoring to high-precision, distributed, and automated monitoring, which strongly supports the
ability of governments at all levels from the national to the local level to cope with landslide disasters. In this paper,
the current landslide monitoring methods and techniques are summarized and evaluated from four aspects: space
(space satellite remote sensing) , air (low altitude unmanned aerial vehicle remote sensing), ground (surface), and
interior (inside the landslide body). The application method and effect of distributed optical fiber sensing technology

in landslide monitoring are described, emphatically. The results show that the multi-source and multi-field
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monitoring inside the landslide body can obtain the multi-field information of the landslide, and the correlation model

of the multi-field information can be established through further analysis, which can provide reliable data support for

the evaluation and management of the landslide stability and has good research potential and application prospect.

Finally, a new thinking of accurate and reliable monitoring, prediction and early warning of landslide deformation is

proposed in this paper.
Key words

optical communications; landslide monitoring method; distributed optical fiber sensing technology;

multi-source and multi-field; integration of space-air-ground-interior

OCIS codes 060. 2310; 060. 2370; 060. 3510

1 7] =

Ay T TR B L MR AR A R R MR
REO M TG E A oy ) AR L TR E R
i 2019 47 4 [ My T 0 i, 2019 4F 4 [ 3k & Ak
b BT g E 6181 L, Hoh i M K FE R M E, R R
422078 , 7 T HL SR E S 68. 270 .

Uy ELA — AR S R R R — R
T, B —B oA LR M X — s iR kR
WEh G W B — b A R Y M T K E
9 TR A 7 DA B N R R A 0 7 v R B R AR AR
AL 2 AT ok B ROME Y JEHE . i, 2010 4F 6 A
N A S Bk AR, o R 107 A Bt
20154 12 A, TEINOG BA 8 DX 0 3, 75 B 73 ABE T,
4N RBERN 3305 by S B . seAh R TR
F M X M T A% 1R 5 A% AR I XSk P ik AT TR IR
7Y 5 A B R TR Y, B A B A T T
AE R B K&, DR, S it W Ik ) o
Bij 9¢ U 9 Je AR e RS A= i e i 4 B OB

2 WBCRIE IS ik B A5 BUIR

FI 20 22 vy NS0T o Xk 9 5 A s i B AR
TR T WS . BEERHE R AR E
Hid 2 AN T FaELRETANMETR A
W RSB EOR W KT = CR= A AL
REBETHHEARSE) KUEZE T AR, b
F, 24D PO B ] N CE LR ER, 23
A FOCLF W M HEARSE) SFE 2 A T7 i o 20 AL AR
ARG BE L A gl B I R W DNRE 2 R R T i s I Y
EET T
2.1 ETKRZIEEREANBREREN
2.1.1 GNSS Lm3 R

IR, 76 3 3 28 T W0 J7 I, 42 BRSA0 TLAR AR
G2 (GNSS) Wi I H2 AN e 0 2 W72 —

GNSS & i 2 3K0E A R G (GPS) A& 9 TLA &
it Z4: (GLONASS) dbt 3k S A& R4 (BDS) |
) g TR ST &R 48 (Galileo) DU A4S F & 48 41K,
HRZHTREHH DEEE HimiiER5E K&
FH P OB =36 43 4 B . iz E e Bl TR
RN W R ) A (= a7 N e W e
B, I A b 22 R B B8 W s i 6 B o AR R E A
77 KA, GNSS 22 037 7] 43 S0 465t 52 {57 FUA X 58
AL TR L o Ak 7 2 B W BL ) B i &
A AT R BAE S e e as TRl AR AR L R X A
J& FH AL T AN [l A7 B 0 2 WOL ] 25 08 0 A ] g T8
{55, DL € 2 & 32 MWL) AR X 7 & 19 %8 1 J5 =X,
— RN — SR E W 5 — S R T
R

(a) \ ) LY
A -~ I

F Ny P

u‘.

-

FI1 GNSS WEINHARE (7 5 5o (a) a3 7E A7 5 () FH X
Fig. 1

Positioning mode of GNSS monitoring technology.

(a) Absolute positioning; (b) relative positioning
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Table 1 Space and air monitoring methods

Monitoring

Principle Advantage Disadvantage
method
. o o ) . Monitoring station selection
) Location of the monitoring station is obtained in All-weather and whole- ) .
GNSS ) ) ) o freedom is low and data processing
real time by satellite time monitoring )
1s complex
Image of landslide is obtained by using SAR All-weather and whole- Monitoring point selection is
InSAR satellite, and then the 3D terrain information of time monitoring; high difficult and affected by space loss
landslide is obtained by processing the image precision correlation and atmospheric delay
Unmanned aerial vehicle is equipped with a . .
) . . High precision;
camera, flies and takes pictures according to the . . ) Affected by weather and not all-
UAV automation; intelligent;

designed route, and gets the 3D model of the

slope through image data processing

weather monitoring
not affected by the clouds
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Fig. 4 Schematic diagram of monitoring principle and data

remote transmission of monitoring robot
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Fig. 5 Schematic diagram of landslide monitoring by

three-dimensional laser scanning technique
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Monitoring results of landslide deformation by 3D
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laser scanning technology'*”’
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Table 2 Analysis of main surface monitoring methods

Monitoring L .
Principle Advantage Disadvantage
method
) . ) ) ) ) Measuring range of single robot
Robot Automatic total station monitors the prisms placed ~ Automatic and whole-time )
o o ) o ) o 1s small, but the cost of multiple
monitoring on the landslide in real time monitoring ; high precision o
measurements is high
3D coordinates of the measured object are obtained . ) o
) ) . o Whole-time, dynamic and  Data processing is complex and
3D laser by measuring the time difference of transmitting and | | | o . . . .
. . . . initiative monitoring; high measuring accuracy is easily
scanning  receiving laser and the horizontal angle and zenith

distance of each pulse laser
Ground-based radar sensor moves on the slide
track, transmits and receives microwave signals.
GB-InSAR _ _
The synthetic aperture radar technology is used to

realize imaging

High precision, all-weather

and whole-time monitoring,

precision affected by surface objects
Lack of data processing;
environment of monitoring can

not affected by weather have an impact on results
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Table 3 Comparison of landslide internal monitoring techniques

Monitoring o .
Principle Advantage Disadvantage
method

When the coaxial cable is deformed, the echo signal ) o
) ) S Unable to determine the sliding
will be reflected back from the deformation. The Short monitoring time and low o o
o ) ) o direction; poor sensitivity to
TDR position and displacement of the deformation can be cost; accurate sliding surface . ) i
. . . . o uniform deformation; point-type
obtained by collecting the echo signal and analyzing positioning o
monitoring
the waveform

The probe of inclinometer has a certain angle with ) o
Point-type monitoring and

Borehole the deformation of rock and soil mass, and then Monitoring accurately . ) -
o ) . o o o orientation are susceptible to
inclinometer horizontal displacement of the inclinometer probe direction of sliding .
_ interference
can be calculated using the angle
o . ) ) High precision; distributed
Distributed By receiving and analyzing the scattered light, the o ) . i
] . i i monitoring; high survival Unable to determine the
fiber optic  changes of strain and temperature along the fiber ) _ o o
rate; corrosion resistance; sliding direction

sensing are obtained o
anti-interference
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Table 4 Summary of multi-field monitoring of distributed optical fiber monitoring system
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) o then obtaining the seepage field
according to the characteristic value of temperature
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