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   Data Synchronization 
For proper analysis of the seismometer data, we must ensure that the 
separate seismometer stations are synchronized, since the raw data lack 
the needed precision. 
 
• Using the microseism 
 The microseism provides a consistent signal at a specific frequency that 

we can use to identify otherwise indistinguishable timeshifts.  

   Summary 

Seismic Data 
• We use seismic data to characterize the seismological environment of the 

Homestake mine and to investigate the possibility of underground 
detectors in general. 

 

Data Synchronization 
• Due to slight discrepancies in the internal clocks of the different 

seismometer stations, we develop a means of synchronizing the data. 
 

Data Corruption 
• The data we are using for this study became corrupted. After developing 

the necessary programs to cleanse the data and abstracting them, we are 
now in the finishing stages of data purification. 

• Needed precision 
   We expect timeshifts between the stations on the order of 

microseconds, and need a higher level of precision than this. The 
sampling rate for most of the seismometer data is 512 Hz, so we cannot 
simply shift the data to other recorded points (i.e. a discrete shift). We 
instead use Fourier analysis to find a smaller shift to assign the data. 

• Cross-station comparison 
 Once we have the data from each station synchronized, we can proceed 

to our analysis. There are many variables of interest to be studied, 
including seismic wave propagation and its variation with depth. 
(Mandic, 2008). The synchronized data from the seismometer array can 
be used to study many of these questions. 

   Data Corruption 

Early in the data synchronization process, the data became corrupted. This 
corruption affected every data file from every seismometer station, and 
changed the layout of the files to the extent that they are unreadable. It 
was therefore necessary to determine a way to cleanse the corruption. 
 
Using Scheme, I designed a program to achieve this. Because of the variety 
of file structures between the stations, as well as the highly varied nature 
of the corruption across the data, a high level of abstraction was needed 
for this program. Efficiency was also a concern due to the large quantity of 
data. 
 
I am now in the final stages of running my code to complete the data 
purification. The corruption as a whole was very consistent across the 
different stations, and a sample histogram of the amount of corruption can 
be seen below. 

FIG. 3: Histogram of relative corruption by file for files from a given station. 

   Next Steps 
The lengthy process of data purification is still underway, but nearing 
completion. Once this is done, we can proceed with the synchronization of 
the data. However, this process is now more difficult because of the 
‘patchiness’ in the data caused by the corruption. New means of 
synchronization are needed to account for this. We are currently in the 
process of developing this method, and my research group is also currently 
working on getting more data from the seismometer array. 

Gravitational waves are a typically elusive subject of study. Advanced 
systems to detect these gravitational waves have been designed and built, 
but interference from various sources prevents gravitational wave detectors 
on the surface from taking lower-frequency measurements. As such, there 
is a growing interest in building an underground detector in the future 
(Mandic, 2008). 
 
An array of seismometers have been established to test seismicity at the 
Sanford Underground Laboratory in the Homestake Mine of South Dakota. 
The results have been positive: background noise that could affect the 
gravitational wave detection has been shown to decrease substantially with 
depth (Harms, J., et. al., 2010). 

FIG. 1: Plot of Fourier transform of 
seismic data. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 


