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Typical seismic station 

SUPPORT EQUIPMNET 
-communication units 
-power supply 
-local seismic data storage 
-… 
 

SEISMIC EQUIPMNET 
-acquisition unit 
-seismometer 
-accelerometer 
 

UPS >9 days 

UPS >20h 



Seismic Network of the  
Republic of Slovenia 
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data centre :     2  x  YES 



procedures and  tools 

simple                       complex            

 

 real time                                 post festum  

                                                           (‘better late than never’) 

 

remotely                                                 “on site” 

 



simple SOH monitor 



simple SOH monitor 

acquisition unit GPS UPS communication status 

seismometer 



Example: 3 events 

communication breakdown between the central and acquisition unit 

communication breakdown between the central and seismic stations 

no 230VAC power 



simple SOH monitor 

temporary and other locations 

accelerograph 

Seismic Network of the  
Republic of Slovenia 



EXAMPLE:  lightning strike 

<0.3km 

tE tLS 
tE   =    tLS 

Event:   
-equipment failure 
-communication failure 



EXAMPLE:  lightning strike 

LEGS 

PDKS 



lightning strikes (LEGS) : 2017-06-25  

LEGS 

Time (UTC) Distance Description 

11:41 0.14 km modem failure 

16:38 0.26 km GPS antenna failure 



lightning strike (PDKS) : 2017-09-16 
Time (UTC) Distance Description 

18:17:58,0 5 km pulse (seismometer) 

ACCELEROMETER 

SEISMOMETER 

after such an event, the relay remains open 
 



Correlation coefficients 

                        (measure linear dependence between components) 
 
 

Q730 CONNECTOR CMG-40TB  &  LIGHTENING 



CorrCoeff & PSD 
                                        (calculated for each previous hour) 

Corr 
Coef 

Inputs:  
- seismic data with a length of one hour 

Outputs: 
- Correlation Coefficients (CorrCoef) are calculated between EW, NS and Z 
components of seismometer 
 
-Power Spectral Density estimates (PSD) are calculated for all seismic  inputs 
(Seismometer, accelerometer) 

PSD 

input 



PSD 
                               (last 24 hours  - simple SOH monitor) 

ACCELEROMETER 

SEISMOMETER 



PSD  monitor – last 30 days 

ACCELEROMETER SEISMOMETER 



PSD monitor- We Liked 
  to detect (atypical)  errors 

CMG-3T seismometers: an abnormally increased  
instrumental noise at one component 

Solution (often but not always): lock / unlock 



PSD monitor- We Disliked 
                                   minor errors can be overlooked 



built into the acquisition units 

USE OF TEST (calibration) SIGNALS 
 

The start of the process is on demand,  
everything else is done by automation,  
including the analysis of the response 



TEST SIGNAL - STEP 
                                          

response 

down 

output 

up 

To, 

input 

β To, β 



STEP- We Liked 
 we can detect errors in the Host Box (STS-2) 

-the problem is humidity 
-3/5 defective HOST BOX  were identified 



STEP- We Disliked 
 

- there are no seismic data at the time of the test 

- some critical errors can be overlooked (e.g. cable failure) 



quality control of seismometer and 
accelerometer  

 
                                         

A - the transformation matrix that maps the detection of accelerometer into the space 
of seismometer detection 
 
Estimated parameters from the transformation matrix A: 
•  amplitude correction factors 
• orientation misalignment 
•… 
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QC example: STS-2, EpiSensor 

                                        
SKDS 

Date  amplitude correction  

EW NS Z 

2016-08-24 0.99 0.99 0.99 -0.3° 

2016-10-26 0.99 0.99 0.99 -0.3° 

2016-10-30 0.99 0.99 0.99 -0.3° 

2017-01-18 0.99   0.99   0.99 -0.3° 

regional earthquakes 



QC example: STS-2, EpiSensor 

Date  amplitude correction  

EW NS Z 

2016-08-24 0.98 0.99 0.99 3.0° 

2016-10-26 0.57 0.98 0.99 5.1° 

2016-10-30 0.98 0.99 0.99 11.4° 

2017-01-18 0.98   0.99   0.99 -1.6° 

                                        
BOJS 

regional earthquakes 



QC example: STS-2, EpiSensor (LJU) 

                                         

Date  Mw LJU  amplitude correction  

EW NS Z 

2018-01-17 3.5 1.00 1.25 1.00 0.3° 

local earthquake - conditional suitable 

NS component of  EpiSenosr: 
-must be multiplied by 1.25 
-PSD was unusual high. 
 
Action: off/on the accelerometer  
 
 
 



                                         

QC - We Disliked 
 

QC - We Liked 
 

•  a large number of seismic stations data can be processed precisely in a relatively short time 

•     a strong seismic signal is needed  



control of new/’from repair’ systems 

individual approach 



control of new/’from repair’ seismometer 

q
2x

q
3x

q
1x

r
2x

q
2x

q
3x

q
1x

Ax   y

Tasič, Runovc: the development and analysis of 3D transformation matrices for two seismometersL; Journal of seismology, 
(DOI:  DOI: 10.1007/s10950-014-9429-0) 



control of new/’from repair’ seismometer 

Tasič, Runovc: Seismometer self-noise estimation using a single reference instrument, Journal of seismology, 
(DOI: 10.1007/s10950-012-9355-y) 



2 x STS-2 seismometer 

Tasič, Runovc:Determination of a seismometer's generator constant, azimuth and orthogonality in three-dimensional space using  
a reference seismometer, Journal of seismology,(DOI: 10.1007/s10950-012-9355-y) 



Improvements - Seismic Network of the  

Republic of Slovenia 



Improvements - Seismic Network of the  

Republic of Slovenia 

seismometer max. amplitude 

CMG-40T 2,5 cm/s 

STS-2 1,3 cm/s 

CMG-3T 1,1 cm/s 

CMG-3ESPC 0,9 cm/s 



waterproof 

                                         



waterproof 

- additional archive backup 
- modem control 
- water-level control 
- temperature monitoring 
-… 
 

 



ANNUAL ANALYISIS 
(in the end of the year) 



….of course there are many more small tasks…. 



thank  you 


