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Abstract This paper has studied about the development and application of landslide collapse prediction real-time
monitoring system based on USN to detect and measure the collapse of landslide. The rainfall measuring sensor,
gap water pressure sensor, indicator displacement measuring sensor, index inclination sensor, water content
sensor and image analysis sensor are selected and these are applied on the test bed. Each sensor's operation
and performance for reliability verification is tested by the instrument which is installed in the field. As the
result, u-IT based real-time landslide monitoring system which is developed by this research for landslide
collapse detection could minimize life and property damages because it makes advance evacuation with collapse
risk pre-estimate through real-time monitoring on roadside cut and bedrock slopes. This system is based on the
results of this study demonstrate the effect escarpment plan are spread throughout.
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[Fig. 1] Configuration of Monitoring System for Landslide
Collapse
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[Table 1] Standards of Hazard for Rainfall

Hazard Management standards(Including all Items)

Normal No rain

(1) Rainfall/12 Hours Last : 80mm (National
Weather Service rainfall warning :NWS-R.W.)

(2) Rainfall/Hours : 10mm or more

(3) Rainfall/10minutes : 30mm or more

Caution

(1) Rainfall/12 Hours Last : 150mm(NWS-R.W.)
(2) Rainfall/48 Hours Last : 200mm or more
(3) Rainfall/Hour : 20mm or more

(4) Rainfall/10 minute : 40mm or more

Seriousness

(1) Rainfall/1Day : 200mm or more

(2) Rainfall/48 Hours Last : 300mm more
(3) Rainfall/Hours : 30mm or more

(4) C. Rainfall/3Hours : 100mm or more
(5) Rainfall/10Minutes : 50mm or more

Alarm
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[Table 2] Standards of Hazard for Surface & Underground
Movement

Management standards(Including all Items)

Hazard | Displacement of Surface and Ground : DSG

(1) When DSG occur Less than(~) Imm
DSG |(2) Case cumulative DSG 5mm/15days

Normal (3) Case cumulative DSG 5mm/30days

@SS (1) When coordination was expressed
G in the resolution

(1) Case DSG 1mm~ / 24Hour(H)
DSG |(2) Case C-DSG 5mm/Day(D) during 5Days
(3) Case cumulative DSG of Smm~ /15Days

Caution (1) Case cumulative DSG 15mm-50mm /
GNSS 5Days in the same direction
(GPS) |(@) Case cumulative DSG of 20mm-50mm

/15Days in the same direction
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(1) Case DSG 5-50mm /~24Hours
DSG |(2) Case DSG 5mm ~/ Everyday
(3) Case Cumulative DSG 50mm ~/15Days

Seriousn
ess (1) Case DSG 10mm ~/Everyday

GNSS | ¥ Comparison Before Day in the Same
(GPS) Direction(CBDSD)
(2) Case DSG 50mm~/~15D(CBDSD)

(1) Case DSG 10mm~/~1Hours
(2) Case DSG 15mm~/~2Hours
DSG |[(3) Case DSG 30mm ~/~6Hours
(4) Case DSG 50mm ~/~24Hours
(5) Case DSG 100mm ~/~30Days

(1) Case DSG 10mm~/~1H(CBHSD)

% Comparison before Hours in the same
direction(CBHSD)

(2) Case DSG 15mm~/~2H(CBHSD)

(3) Case DSG 30mm~/~6H(CBHSD)

(4) Case DSG 50mm~/~24H(CBHSD)

(5) Case DSG 100mm ~/~30D(CBDSD)

Alarm

GNSS
(GPS)
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[Table 3] Standards of Hazard for Piezometer

Hazard Management standards(Including all Items)
(1) Case Increasing of Pore Water Pressure
Water(PWP) Zero
Normal (2) Case just return to first state
after Increasing of PW
Caution |(1) Case of continuously increase of PWP
Seriousness |(1) Case 70% of height from surface of PWP
Alarm (1) Case 90% of height from surface of PWP

[Table 4] Standards of Hazard for Soil Moisture

Hazard Management standards(Including all Items)
N ! (1) Case ~10% of Soil Moisture in Sandy Soil
Tm
orma & Cohesive soil
Cauti (1) Case ~20% of Soil Moisture in Sandy Soil
ion
auto & Cohesive Soil
(1) Case ~27% of Soil Moisture in Sandy Soil
Seriousness or Case ~30% of Soil Moisture in
Cohesive Soil
(1) Case ~34% of Soil Moisture in Sandy Soil
Alarm or Case ~40% of Soil Moisture in
Cohesive Soil

[Table 5] Standards of Synthesis Hazard

Comprehensive management standards

Hazard
azar ( Including all items )

Normal [(1) All Sensors is Normal

(1) Case Caution Level of Rainfall and Surface
(2) Case Caution Level of Rainfall, Piezometer,
Soil Moisture

Caution

(1) Case Seriousness Level of Surface Displacement
and Rainfall

(2) Case Seriousness Level of Rainfall, Piezometer,
Soil Moisture

(3) Case Caution Level of Rainfall and Seriousness
Level of Surface Displacement

(4) Case Seriousness Level of Surface Displacement,
Piezometer, Soil Moisture

Seriousness

(1) Case Alarm level of all kind of Sensor.

Alarm  [(2) Case Alarm level of Surface Displacement

After perching rain
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[Fig. 3] Configuration of Monitoring System Based on
u-IT

[Table 6] Specification of Sensor Node(USN)

Part Specification
Power Output 2mW(1Channel/16Channel)
Protocol Zigbee 2.4GHz
Distance Indoor(180m), Outdoor(16Km)
Topology Point-to-Multi Point
Frequence 2.4GHz
Manufacturer X-Stream
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[Fig. 4] Screen of Collapse Prediction and Normal
Measuring
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[Fig. 5] Measured Graph of Rainfall
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[Fig. 6] Hazard Output of Rainfall Gauge Data
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[Fig. 71 Measured Graph of Tilt Tension Wire
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[Fig. 8] Hazard Output of Tilt Tension Wire Data
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[Fig. 9] Measured Graph of Soil Moisture
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[Fig. 10] Hazard Output of Soil Moisture Data
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[Fig. 11] Measured Graph of Piezometer
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[Fig. 12] Hazard Output of Piezometer Data
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