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Abstract 
 
Most test methodologies referenced in this Test Definition and Test Procedures were designed by Sandia 
specifically for geophysical instrumentation evaluation.  When appropriate, test instrumentation 
calibration is traceable to the National Institute for Standards Technology (NIST).    
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INTRODUCTION 
Scope 
This Test Definition and Test Procedures for the Evaluation of seismic sensors defines the process that 
can be performed as part of the evaluation and testing of geophysical sensors, digitizers, sensor sub-
systems and geophysical station/array systems. 

Background 
A seismic sensor can consist of a single axis individual element or a combination of individual elements.  
The single axis element can usually be configured as a vertical or horizontal element. The three axis 
element usually contains a vertical element and two horizontal elements all aligned orthogonal to each 
other.  Other mechanical configurations mathematically rotate the data to vertical and horizontal 
components. The seismic sensors are usually built to be installed in a seismic vault or deployed in a 
posthole or borehole. The interface to the earth is usually through attached feet, a borehole lock or can be 
buried in sand.  The seismic element converts ground motion to analog signals.  The analog signals are 
sent to a Digitizing Waveform Recorder (DWR) to be either stored on local recording media or sent to a 
central recording facility for storage and/or analysis. Digital seismic sensors, sensor and digitizer 
integrated in the same package, output data in digital form. The seismic sensor usually provides a 
mechanism for external calibration of the sensor or an indication of operational capability. The sensor 
output can be a voltage representation of units of velocity, acceleration or a combination. 

Objectives 
The objectives are to evaluate the overall technical performance of the seismic sensor and provide a 
general performance check of the calibration capability.   

The results of these evaluations can be compared to the manufacturer’s specifications and any relevant 
application requirements or specifications. 

TEST AND EVALUATION PROGRAM 
 
Test and Evaluation Background 
Sandia National Laboratories (SNL) Ground-based Monitoring R&E Department has the capability of 
evaluating the performance of seismic sensors for geophysical applications. 

Seismic Sensor Tests 
The following set of tests has been developed to evaluate seismic sensor performance. 

Sensors with Internal Pre-amplifiers 
 
Some sensors may have internal preamplifiers.  Some may have external or separate 
preamplifiers to match the sensitivity of an application sensor to a DWR.  Some sensors 
may depend on the DWR to provide sufficient gain for the required application.  The 
analog amplifier/preamplifier is considered to be part of the sensor for this test plan.  
 

Sensors with Internal Digitizer 
 
Some sensors may have internal high resolution digitizers. The sensor may be a 
true digital sensor with the digitizer designed into the sensor feedback electronics 
or a separate digitizer integrated to the sensor analog output in the same package. 
Both types of sensors have digital output with internal or external data clock to 



8 

provide a digital output. The actual response of the true digital sensor may be 
difficult to determine. The response of the integrated sensor/digitizer is 
determined by the response of each component.  
 

General Seismic Sensor Tests 
Seismic Sensor Characterization 
     Response Model Determination 
Seismic Sensor Performance Tests 
     Seismic Sensor Self-Noise (SS-SN) 
     Seismic Sensor Response Verification (SS-RV) 

Seismic Sensor Calibration Response (SS-CR) 
 

Temperature Tests 
Seismic sensors with sub-nanometer resolution can be affected by small temperature changes.  A sensor 
may be required to operate over a range of environments from arctic to desert. Also, depending on the 
type of installation, the seasonal and diurnal variation can be significant.  Tests can be performed at SNL 
to determine the sensor’s sensitivity to temperature over a range from -65° C to +125° C. 

Temperature testing can be performed at the high and low end of the manufacturer's temperature 
specifications or over the range for the application requirements.  Unless otherwise specified, the 
temperature is changed slowly and the sensors internal temperature is allowed to stabilize before testing. 

SEISMIC SENSOR TEST DEFINITIONS  
 
Seismic Sensor Tests 
 
Seismic Sensor Characterization 
The seismic sensor will be characterized using manufacturer supplied data to determine sensor gain, 
sensor bandwidth, theoretical self-noise and output impedance.  Ability to calibrate is determined.  All 
factory data should lead to a mathematical response model and calibration transfer response. 

Seismic Sensor Performance Tests 
Seismic signals are used as test stimuli to measure sensor performance.  Sensor nonlinearities add to the 
self-noise of the sensor. 

Seismic Sensor Self- Noise (SS-SN) 
Purpose: The purpose of the seismic sensor self-noise test is to determine the sensor self-noise in the 
presence of low seismic background signals.  
 
Configuration: Two or more sensors are installed side-by-side in a seismic vault or stacked vertically 
in a borehole.  The sensor outputs are connected to a data acquisition system that samples the data 
synchronously. Data are acquired during low seismic backgrounds.  
 
Evaluation: Coherence analysis noise-power computation provides the noise-floor of the sensor pair 
for low seismic background stimulus. If three or more sensors are available, the use of Three-Channel 
Correlation Analysis techniques can derive individual sensor responses and self-noise. 
 
Seismic Sensor Response Verification (SS-RV)  
Purpose: The purpose of the seismic sensor response verification test is to verify the seismic sensor 
sensitivity and response using seismic background signals and a reference seismic sensor. 
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Configuration: A characterized reference sensor and one or more of the sensors under test, are 
installed side-by-side in a seismic vault or in an adjacent borehole.  The seismic sensor outputs are 
connected to a data acquisition system that samples the data synchronously. Data are acquired during 
moderate seismic backgrounds and events.  
 
Evaluation: Convert the data from each seismic sensor to ground motion using the sensor response 
mathematical model for each sensor.  If the sensor response models are correct, the amplitude 
response measurements in earth-motion units will be identical.    
 
Seismic Sensor Calibration Response (SS-CR)  
Purpose: The purpose of the seismic calibration response verification test is to verify the seismic 
sensor calibration transfer response using voltage or current signals from a signal generator. 
Calibration signals can be flat to velocity or acceleration. 
 
Configuration: Sensor outputs are connected to a data acquisition system that samples the data 
synchronously. Use sensor appropriate method for initiating electronics step or other calibration 
signal. 
 
Evaluation: Use analysis method appropriate to input calibration signal type to extract sensor transfer 
function and gain for sensor under test. 
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