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Facts & Figures

Highland Tower collapsed in
1993, Ulu Klang, Selangor,
48 killed

128 _ Landslidesin KL, 2011, 12 people killed

Bridge collapsed in Penang, 2013, 1
killed

> 1 mil people exposed to landslide hazards every year

> 21,000 landslide-prone areas in Malaysia

(16,000 in Peninsular, 3,000 in Sabah, 2,000 in Sarawak)
> 120,000 high-rise buildings over 12 stories tall

> 48,000 dams over 15 m high

> 250 long bridges over 2 km long, hundreds of thousands
of bridges, high risk mining sites, ...
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Rana Plaza, Bangladesh, collapsed in 2013 (killed 1,129)



Existing Ground-Truth Monitoring Systems

Extensometer

Total Station

Tiltmeter

Inclinometer

These are ground-truth
measurementinstruments:

d Laborintensive

O Require maintenance on-site,
thus increasinghazardsto
personnel re-entering potentially
high risk areas
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Urgent Need for Preventive Monitoring of
Structural Health and Earth Environments

v Non-destructive — remote sensing

v" High resolution — change detectionin cm-mm
v Wide area coverage — complete 3D model

v' All weather — 24/7 periodic monitoring

v Real-time online retrieval — early warning

v Low cost — affordable for developing countries
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Remote Monitoring using GBSAR system

Use synthetic aperture processing
technique to produce high
___________ resolution temporal INSAR images
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GBSAR System Parameter
| DesignParameter |  DesignValie |

Operating Frequency 17.2 GHZ
Bandwidth 400 MHz
Waveform FMCW
Polarization single
Transmit Power 1W
Antenna Gain 16 dBi

3dB beamwidth

10° (azimuth), 10° (elevation)

Synthetic Length 1.5 m
Range Resolution 0.5m
Azimuth Resolution 5.8 mrad
Maximum Sensing Distance 2000 m
Sigma naught -20 dB
SNR >10 dB
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Functional Block Diagram of GBSAR
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GBSAR Prototype




Raw SAR Signal Processing:
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Raw I& Q FMCW received signals _

Combining multiple range lines and
perform azimuth compression

IIIIIIIIIIIIIIIIIIII



Preliminary Tests

Range

Range

Azimuth
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Change Detection in mm

Measured Accuracy <5 mm

Range

dR= 1 dp/ 4
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System Verification and Field Test
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Change Detection
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Actual Test Site (Gunung
Pass, Cameron Highland)
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Installation at Test Site
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Test Site: TSO001T Gunung Pass
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Trihedral Location

Trihedral T1(Large, Fixed):
[4.5919070143,101.3433433900]
Altltude = 1320 83 m

TrlhedraITZ(SmaII AdJustable)
[4.5919913487,101.3429884556] | .. ..
Altitude = 1316.69 m

Distance from GBSAR to T1 = 1259 m
Distance from GBSAR to T2 = 1244 m
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Sample data set: 150523-110419L
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Sample data set: 150822-174259R

50822,74259R
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Sample data set: 150822-184126R
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Measured Displacement (0.5 mm/step)
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0.5 mm change detection

Displacement (mm)
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Study Area TS02: MeiHua School, TW

Sensing Distance: 500-1000 m [T
Swath Width: 150-200 m ire | o/
Altitude: ~485-610 m [ ’ | S
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3D Opt|ca| + GBSAR Image
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Taipel Measurement Campaign (02-08
June, 2016)
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Taipel Measurement Campaign (02-08
June, 2016)
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Sample Results: Detection of Vibration
at LRT Station
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Taiwan Tao Yan Train Station
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Changes Detection

.4mm

l-4mm
SRD
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Observation Across Two Different Time
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Observation Across Two Different Time Zone
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Summary

" Ground movements and instabilities such as landslides, falling
rocks can lead to considerable human and economic losses.

= Continuous monitoring on high risk area is important to give
insight into the mechanisms of land deformation.

" |n Malaysia, there are 21,000+ [andslide-prone areas to be
monitored.

= AmmW GBSAR has been developed. It has 0.5 m X 5.8 mrad
spatial resolutions, and change detection capabilitiesup to 5 mm.

= The GBSAR is suitable tool for the land deformation detection,
landslide monitoring as well as man made structure monitoring.
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THANK YOU
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