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報告大綱:

•地動旋轉量(Rotation)的觀測與應用

•地震源與波傳的數值模擬

•高頻GPS的地動觀測及其應用

•簡介DAS觀測原理及其應用



地動旋轉量的觀測與應用







Single Component
Rotation (Wz)





Observation of rotational deformations after earthquake

the Great Shillong Earthquake in 1897, India



Array-derived rotations



Huang, 2003 (GRL)







Portable rotational ground motion sensors for local earthquake

製造原理: Sagnac effect



討論：地震學上應用(六分量地動觀測)

•地下構造推求

•地震定位

•地震波入射方位尋角

•震源破裂過程



討論：地震工程
• Rotational motions (地震） Torsional motions （工程）

• The lateral and torsional modes are coupled if the structure is asymmetric, 
that is center of stiness differ from centers of floor mass

• Rotational motion was responsible for the splitting of peaks in their 
resonance frequencies (Ghayamghamian, M.R. & Matosaka, M., 2003) 

• the local rotational motion may appear to be due to wave propagation in 
heterogeneous soil layers at the site

• The effects of torsional response and or coupling of motions may 
remarkably change the site amplification characteristics at the site





Nanao Array (南澳)

Nanao array is organized by 
Wu-Cheng Chi (since 2011)

BlueSeis-3A

110m

STS-2

You are welcome 
to request data.



動態應變量的觀測與應用
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1999 Chi-Chi Taiwan Earthquake

Strain Deformation
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1935  Central Taiwan Earthquake

Strain Deformation
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SMART-2 

Array

1999 Chi-Chi Taiwan Earthquake
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80 m

Strain Guage

Hualien Large Scale Seismic Test (HLSST)
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Array recorded translation ground motions (Vertical component)
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Array recorded translation ground motions (EW component)
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Dynamic Strains and rotations (aftershock)
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Previous Rupture process reports of the Chi-Chi EQ 

HLSST

Array



地震源與波傳的數值模擬



解析解 vs 數值解















1999 集集地震破裂滑移分佈

Lee et al., 2006, JGR.











高頻GPS的地動觀測及其應用



Review of GPS positioning
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Tectonic plate movement observations from GPS







Dealing with clock errors

• Undifferenced observable

• Estimate both receiver and satellite clocks

• Precise Point Positioning – Fix prior satellite clocks and estimate only 
receiver clocks

• Parameter hungry

• Double-differenced observable

• Undifferenced observations to 
two satellites at two stations

• Form two between-station 
differences and then 
double-difference

• Common clock terms difference

Station A Station B

Satellite j
Satellite k



Double Difference vs PPP

Similar precision possible in 24 h solutions 

• Software

• Few software do geodetic PPP (GIPSY mainly)

• GAMIT/Track are Double Difference

• PPP requires extra care

• orbit/clock errors (some periodic) map 1:1 into positioning

• DD is more precise when short-baseline relative motion is all that is 
required, but depends on base station



GPS Seismology

Miyazaki et al., 2004; Larson, 2009

GPS as a strong motion instrument



GPS Seismology (位移量測)

Miyazaki et al., 2004; Larson, 2009

1. High rate GPS is an extra sensor

2. No clipping

3. Strong motion

4. No more double integrating 

acceleration

5. Static offset displacement

6. Direct link between coseismic 

and postseismic

GPS as a strong motion instrument





Hung and Rau (2011)
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NUM (STA) =  149 AV. DIST (KM) =  2642.6



HWBS          /Users/HWBS/Projects/EQ_STRAIN/GPS1Z_TW_2013/SACDATA  f002.sgf Wed Aug 21 20:08:49 2013 

UD-COMP (1HZ GPS)  



HWBS          /Users/HWBS/Projects/EQ_STRAIN/GPS1Z_TW_2013/SACDATA  f001.sgf Wed Aug 21 20:05:27 2013 

EW-COMP (1HZ GPS)  



HWBS          /Users/HWBS/Projects/EQ_STRAIN/GPS1Z_TW_2013/SACDATA  f001.sgf Wed Aug 21 20:07:56 2013 

NS-COMP (1HZ GPS)  



Snapshots of Ground motions







簡介DAS觀測原理及其應用



Distributed Acoustic Sensing 
(DAS)

















討論:

•地動旋轉量(Rotation)的觀測與應用

•地震源與波傳的數值模擬
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Thank You!


