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Timing Quality 

Data processing  
efficiency 

Knowing the quality  
Enhancing the quality 

Towards Near-Real Time InSAR Deformation Estimation ? 



Towards Near-Real Time InSAR 
Deformation Estimation 

• Structural dynamics from ground based radar 
system 

• TCP multi-temporal InSAR model 

4 



How much cn these structures move ? 



It is the world's ninth-longest 
span suspension bridge, and was the second 
longest at time of completion. 

The span is the longest carrying rail 
traffic. 



Date: 28th, Mar. 2016 
Distance: 80 ~ 1500 m 

Elevation: 10 deg. 
Temperature: 20º  



GPRI Instrument 

❖ GAMMA Portable Radar Interferometer (GPRI) 

Frequency 
Range 

17.1 to 17.3 GHz 
200 MHz BW Wavelength 17.4 mm Measurement 

Range 50 m ~ 10 km 

①  Antennas 

 (slotted-waveguide antennas) 

②  Antennas tower (GPS) 

③  RF electronic assembly 

④  Azimuth scanner (panoramic) 

⑤  Instrument controller   

⑥  Battery pack 
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Resolution of GPRI 

❖ Slant Range Resolution 

∆𝑅𝑅𝑠𝑠𝑠𝑠 = 𝐶𝐶⋅𝜏𝜏𝑝𝑝
2

 =  𝐶𝐶
2∙𝐵𝐵𝑤𝑤

 

❖ Azimuth Resolution  

∆𝑅𝑅𝑎𝑎𝑎𝑎 = sin(Θ−3𝑑𝑑𝑑𝑑) ∙ r 

(200 MHz, 0.75 m) 

Bandwidth 

Azimuth beamwidth 

Slant range 
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(Werner et. al, 2008) 

Relationship between azimuth resolution and slant range (azimuth beamwidth = 0.385 deg) 



Accuracy of GPRI 

❖ Accuracy of Deformation Measurement (ideal condition) 

𝜎𝜎�𝑑𝑑𝐿𝐿𝐿𝐿𝐿𝐿 = 𝜆𝜆
4𝜋𝜋

 ∙ 𝜎𝜎𝜑𝜑 ≈ 𝜆𝜆
4𝜋𝜋

 ∙ 1
𝑆𝑆𝑆𝑆𝑆𝑆

 (Werner et. al, 2012) 

❖ Accuracy of Deformation Measurement 

𝜎𝜎𝑑𝑑𝐿𝐿𝐿𝐿𝐿𝐿 < 1 mm (1 km distance) Normally: 

(dependent on the atmospheric phase screen along LOS) 
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Types of Data Acquisition – FAS 

 Fixed azimuth scanning – FAS (1D) 
 

Radar signals are transmitted and received along constant directions. 

 1D map  

      (only a range plot in fixed direction) 

 High sampling rate  

      (up to 4kHz, 250 µs per sample) 

 Dynamic monitoring  

      (rapid deformation & transient analysis) 
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Types of Data Acquisition – RAS 

 Rotating azimuth scanning – RAS (2D) 
 
 
 Radar images are constructed by rotating 

the antennas in azimuth around the central 
axis of the tower. 
 

 2D map (range & azimuth) 

 360º with steps of approximately 0.1º 

 Static monitoring  

      (large area & long-term deformation ) 
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Experimental results in TMB – 1 
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no train passing      One MTR passing          Two MTRs passing 



Experimental results in TMB – 3 
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Vertical Displacement maps  



Experimental results in TMB – 6 

15 

● Red (upward) ● Blue (downward) 50 



Hong Kong ICC Building 
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510m 
Sea Level 

5.3m 

504m 

72.44m 

472.6m 

7.5° 
35° 

Observation date: 2016-12-10 
Distance: 300-750m 
Observation duration: 300 秒 
Samples: 12500 
Antenna angle: 25° 
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Hong Kong ICC Building 



Slant Range 
T

im
e 

20161210 (UTC) -8.7mm 8.7mm 
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Slant Range 

T
im
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-8.7m 8.7mm 20161021(UTC) 
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TCP InSAR Modeling 



Features of TCP Method 

• May include temporarily coherent points 
• Easily parameterize various errors and 

estimate them (e.g., deformation, topographic 
errors, orbit errors) 

• Rigorous least squares solution 
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+ 

D1, H1, O1, …  

D1, H1, O1, …  

+ ? 



台湾滑坡灾害普查：基于TCP和GNSS的广域监测实例 

（1）基于InSAR的全岛范围地质灾害普查 
 
数据：L波段ALOS/PALSAR数据（>350景） 
时间：2007-2011 
处理：TCPInSAR软体 
产品：全岛范围的地表形变速率及形变序列 
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PLAPAAX TT 1)(ˆ −=

Least squares solution in TCP: 

12
0ˆ )( −= PAAC T

X σ

Covariance of least squares solution: 



30 

THANK YOU 

The Hong Kong Polytechnic University 
xl.ding@polyu.edu.hk 

X.L. Ding 
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