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From classical mechanics, 3-component translational (Tx, Ty, and Tz) and 3-component 

rotational motions θx, θy, and θz)  are required to describe the motion of a rigid body as shown in 
Figure 1, and 6-component strains are also required for a deformed body (Bath, 1979).  

 
Figure 1. Translational motions (Tx, Ty, and Tz), and rotational motions (θx, θy, and θz) along 
the X, Y, Z axes, respectively. 
 

Seismology is based primarily on the observation and modeling of three-component 
translational ground motions.  The importance of measuring both rotational and translational 
motions has been recognized recently as shown by the interests in an international workshop 
(Lee et al., 2007) at: http://pubs.usgs.gov/of/2007/1144/

  
Rotational ground motions can be measured by:  
• An array of translational accelerometers (e.g., Spudich et al., 1995;  Huang, 2003), or  
• Rotational sensors directly (e.g., Nigbor, 1994; Takeo, 1998; Huang et al., 2006). 
Because rotational motions will be most pronounced in the near field of earthquakes, we 

chose a site where a major earthquake (Magnitude 7 or larger) is anticipated.  This will also 
provide critical data for earthquake engineers.  Our instrumentation plan includes: (1) rotational 
sensors, and (2) multiple accelerometers in an array formation to study acceleration in details and 
to deduce rotational ground motions independently.  Deployments in both free-field site and in a 
building are critical in order to understand the impact of rotational motions on the built 
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environment.  In addition, a broadband seismometer that can record on scale up to 2g 
acceleration (traditional broadband seismometer will be off scale at ~0.01g) will help us to verify 
the ground velocity deduced from ground acceleration.  High-speed GPS instruments and strain-
meters will also be desirable for deployment in the future.     

 

 
 

Figure 2. This figure is modified from Chen et al. (2001).  Figure (2a) shows the tectonic setting 
of Taiwan.  Figure (2b) shows a detailed map of the “Study Area” marked in Figure (2a).  The 
Meishan earthquake of 1906 ruptured the Meishan fault shown at the lower left-hand corner of 
Figure (2b). 
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Figure 3a. Map showing location and displacements on the 1906 Meishan fault trace as mapped 
by Omori (1907). Displacements given in centimeters; numbers with arrows indicate horizontal 
displacements; numbers without arrows indicate vertical displacements; bars on downthrown 
side.  (From Bonilla, 1975, Figure 2). 
 

 
Figure 3b. Existing instruments in the vicinity of Meishan fault. The “Red Square” is the NCCU 
campus site.  See text for explanations. 
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Figure 4.  A Google map showing the location of the CCU Array with stations 1, 2, 3, 4, and 5 
along an approximately straight line oriented approximately southeast-northwest, and stations 6, 
7, 8 and 9 oriented northeast-southwest (upper left hand of the photo).   
 
 
      An accelerometer array was installed in the Seismology Institute Building in 1993 using a 
duplex PC-based realtime, 16-bit, 32-channel seismic data acquisition system designed by Lee 
and Shin (1997).  This CHYBA1 building array consists of 20 un-axial accelerometers, and one 
3-component accelerometer just outside the building.  All sensors are connected to the data 
acquisition system by cables for simultaneous digitization.  It has been in continuous operation 
and has recorded hundreds of earthquakes.  The data acquisition system was replaced by a 24-bit, 
32-channel datalogger (Model SAMTAC 700 by Tokyo Sokushin) in October, 2007.  Triggering 
threshold level is now set at 1 mv (~0.8 gal).  After it is triggered, the datalogger records the 
event with 20 seconds of data before the trigger time and 15 seconds of data after the event is 
declared over.  Locations of the accelerometers are shown in Figure 5. 
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Figure 5a. Cross section view of the accelerometers installed in CHYBA1 Array. 
 

 
 
Figure 5b.  Plain view of accelerometers located in the first floor. 

 
      An accelerometer array was installed at the northwestern part of the CCU campus, about 300 
meters northwest of CHYBA1.  This array consists of 9 stations; each is equipped with a 3-
component accelerometer (Model FBA-23 of Kinemetrics).  These accelerometers are connected 
to a datalogger by cables.  The present datalogger is a temporary unit of 32-channels with 16-bit 
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digitizers.  This temporary unit will be replaced by an ordered 24-bit, 32-channel datalogger 
(Model SAMTAC 700 by Tokyo Sokushin) soon.  In addition, 8 short-period 3-component 
seismometers (Model L22 by Mark Products) are also placed in 8 stations of the CCU array 
(except Station #3).  However, only 5 vertical components are now connected to the datalogger 
by cables.  Each arm of the array is 150 m in length, and station separation is either 25 m or 50 m. 
 A 6-channel, 24-bit recording accelerograph (Model K2 by Kinemetrics) was upgraded to 
include an external 3-component rotational sensor (Model R-1 by eentec).  This instrument was 
installed at Station #3 of the CCU array in the free-field.  This unit was tested by Robert Nigbor 
in his indoor and outdoor testing facilities in the fall of 2006 (Nigbor and Lee, 2006).  Triggering 
threshold level is now set at 1.92 gal for the internal accelerometer. After it is triggered, the 
accelerograph records the event with 20 seconds of data before the trigger time and 15 seconds 
of data after the event is declared over.   
 A 6-channel, 24-bit recording accelerograph (Model 802H by Tokyo Sokushin) was also 
installed at Station #3 of the CCU array in the free-field.  This accelerograph has a built-in 3-
component accelerometer and an external, broadband velocity seismometer that is capable of 
recording on scale up to 2g in acceleration (Model G3 by Tokyo Sokushin).  John Clinton tested 
an earlier model of G3 and reported his results in Clinton (2004).  Triggering threshold level is 
now set at 10mv (~2 gal) for the internal accelerometer. After it is triggered, the accelerograph 
records the event with 20 seconds of data before the trigger time and 15 seconds of data after the 
event is declared over.   

 
               Figure 6.  Relative locations of the nine stations of the CCU Array. 

Shortly after the instruments were deployed in mid-December, 2007, three earthquakes 
occurred nearby and were recorded: 

(1) Dec. 23, 2007 at 02:12, 23.48º N, 120.40º E, focal depth = 10 km, ML= 3.4           
(2) Dec. 24, 2007 at 18:48,  24.02º N, 120.73º E, focal depth = 23 km, ML= 4.9           
(3) Dec. 29, 2007 at 17:47,  23.46º N, 120.57 º E, focal depth = 9 km, ML= 3.8 
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Locations of these 3 earthquakes are shown in Figure 7.  Not all instruments were triggered by 
these earthquakes.  The recorded data are shown in the following table. 
_____________________________________________________________________ 
Earthquake (2007)     Distance (km)  CCU Array CHYBA1     K2+R1 TS+G3 
________________________________________________________________________    
Dec. 23, 02:12, ML 3.4          11         Yes       No   Yes     No 
Dec. 24, 18:48, ML 4.9          57         Yes       Yes  Yes     No 
Dec. 29, 17:47, ML 3.8          16         No        Yes  Yes     No 
_______________________________________________________________________ 

 
Figure 7. Location of 3 earthquakes (red star with date) recorded at the CCU site (blue diamond). 

 

In the following pages, some sample records are shown for the Dec. 24, 2007 earthquake.
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Figure 8a   Translational acceleration recorded by the K2+R1 accelerograph from the December 
24, earthquake (ML 4.9; distance ~ 57 km).  The upper frame shows the acceleration in m/s2  for 
the north-south (N), vertical (V), and east-west (E) component.  The corresponding spectra are 
shown in the bottom frame.  
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Figure 8b.  Rotational velocity recorded by the K2+R1 accelerograph from the December 24, 
earthquake (ML 4.9; distance ~ 57 km).  The upper frame shows the rotational velocity in milli-
radian/s  for the north-south (N), vertical (V), and east-west (E) component.  The corresponding 
spectra are shown in the bottom frame.  
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Figure 9a.  Translational acceleration recorded at Station #1 and Station #2 of the CCU Array 
from the December 24, earthquake (ML 4.9; distance ~ 57 km).  For each station, the longitudinal, 
transverse, and vertical components are shown in sequence. Records at the other 7 additional 
stations are available, but are not shown here. 
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Figure 9b.  Translational velocity recorded at Stations #1, #2, #4, #7, and #8 of the CCU Array 
from the December 24, earthquake (ML 4.9; distance ~ 57 km).  These records are from the 
short-period L22 seismometers (vertical-component).  The amplitude scale is arbitrary because 
calibrations of these seismometers have not been made. 
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Figure 10. Translational acceleration recorded at the CHYBA1 Array from the December 24, 
earthquake (ML 4.9; distance ~ 57 km).  The 3-component accelerometer just outside the 
building is recorded as CH01, CH02, and CH03. The amplitude scale is arbitrary for plotting 
purpose.  Each trace fills up the allocated plotting space. See Appendix for channel and sensor 
locations. 
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Summary 
 

This document is intended as a brief progress presentation of deploying a prototype, next-
generation instrumentation system (PNGIS) for monitoring earthquakes in the near-field: 

  
 For both seismology and earthquake engineering.   
 To record both rotational and translational ground motions in 24-bits. 
 To record on-scale from an anticipated major earthquake (magnitude 7 or greater). 
 Using commercially available components; modular; Internet accessible.   

 
It is the first of its kind instrumentation system of the world: measuring rotational ground 

motions by two independent methods, and measuring ground motions in free-field and in a 
building nearby. 

 
Initial deployment of this GNGIS at the National Chung Cheng University campus in 

southwestern Taiwan was completed by mid-December, 2007.  This GNGIS consists of two 
arrays: (1) the CCU Array located at the Meishan fault which was ruptured during a major 
earthquake (magnitude 7.1) in 1906, and (2) the CHYBA1 Array in a 5-story building.  These 
two arrays are separated by about 300 meters.  Within 2 weeks, the GNGIS recorded 3 nearby 
felt earthquakes.  

 
The CCU Array has 9 stations arranged along two lines of 150 meters in length, and station 

spacing is either 25 or 50 meters.  Each station has a 3-component accelerometer. These nine 
accelerometers are cabled to a temporary 32-channel, 16-bit recording datalogger (which will be 
replaced by a 24-bit recording datalogger soon).  Short-period, three-component seismometers 
are also deployed in 8 of these nine stations, but only 5 of the vertical-components are cabled to 
the datalogger.   
       

At Station #3 of the CCU Array, two 6-channel, 24-bit accelerographs are also deployed.  
The first accelerograph has an internal 3-component accelerometer and an external 3-component 
rotational sensor.  The second accelerograph has an external 3-component accelerometer and an 
external 3-component broad-band seismometer capable of recording up to 2g in acceleration.   

 
The CHYBA1 Array has 20 uni-axial accelerometer deployed in a 5-story building and a 3-

component accelerometer just outside the building.  All these accelerometers are cabled to a 32-
channel, 24-bit recording datalogger.  In addition, three 3-component rotational sensors will be 
deployed in the CHYBA1 Array in the near future.  

 
       A 39-page report was released on January 16, 2008, and is available upon request.  Since 
then, one more felt earthquake (M ~4) occurred nearby on January 23 at 19:14. Like any new 
instrumentation system, several iterations are necessary for improvements to reach our goals.  
We welcome comments and suggestions.  Please send email to Willie Lee at: lee@usgs.gov
 
 A Special Issue of BSSA will be published in May, 2009 on rotational seismology and 
engineering applications.  More information about rotational seismology can be found at: 
http://www.rotational-seismology.org/
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