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1 Introduction 
 
Understanding the exact nature of the coupling of the optical fiber in response to seismic waves 
in a variety of settings is key to quantitative interpretation and modelling of seismic data 
recorded by Distributed Acoustic Sensors (DAS). While field experiments are very useful for 
gaining understanding their interpretation is complicated by variations in the conditions along 
the fibre, such how “straight” the fibre is at a given location, and the properties of the 
surrounding material. Lab-scale experiment can be useful for investigating specific parameters, 
since they allow for precise control over the local conditions over short lengths of fibre. This 
activity works towards the establishment of a lab-scale test bed for characterizing fibre optic 
response to seismic disturbances.  
 
Using a small-scale (~20 cm by 30 cm) laboratory setup, we measure the exact strain response 
of a fiber to a known source. The source is a small metal ball on a pendulum that impacts the 
side of the testbed. The fiber is embedded in sand. The strain in the fiber is measured using a 
high SNR interferometric approach and represents total strain rather than a distributed 
measurement. The signal is also measured by a co-located geophone in the testbed. Tests show 
that the signal and the source is highly repeatable, and that the geophone signal (velocity) is 
consistent with the measured strain.  
 
In parallel with the experimental lab-based tests, modeling is conducted using a finite-difference 
code to evaluate the accuracy of the modeling and to identify any systematic bias. The modeling 
includes a simple source, velocity model, and fibre geometry. We assume perfect coupling of 
the fibre to the media and focus on waveform shape rather than attempt to predict absolute 
amplitudes, although in principle this could be achieved. These Initial 3D finite difference 
models demonstrate a reasonable fit to the measured data. 
 
  



   
 

6 
 

 

 

2 Description of Dataset 
2.1 Experimental setup 
 
The aim of the experiment is to measure the seismic response of a single 0.2 m length 
of optical fiber.  This length is shorter than a typical gauge length for a Distributed 
Acoustic Sensor (DAS), which is ~ 10m. For the sensor response measurements, we 
used a fiber-based interferometric measurement to measure changes in the fiber 
length as a function of time. The interferometry (passive homodyne) is implemented 
with a 3x3 coupler, two-photodetector phase recovery scheme. The fiber was 
embedded in sand. A geophone was used to provide reference velocity measurements 
and to measure uniformity of the impact signals between different experiments. A steel 
ball bearing pendulum impacting on the side of the container was used to generate the 
seismic signals.   
 

 
 
Figure 1) Experimental setup (a) Top view (b) side view 
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2.2 Variables tested 
 
The cable type was held fixed throughout the investigations, and was a BRUsens DAS AC4 fiber 
cable that is specifically designed for DAS applications, see the appendix. The sand was also a 
constant throughout the experiments. 10kg was used, the following distribution of particle sizes 
was measured using a series of sieves: 
 
Size >2.36 mm : 27% 
1.00 mm < Size < 2.36 mm : 21% 
250µm < Size <1.00 mm : 40% 
Size < 250µm : 12% 
 
 The variables that were controlled were: 
 

• The angle between the swing arm impact axis and the fibre. (0◦,45◦ and 90◦) 

• The sand saturation (wet/dry) 

 
Some example datasets comparing the fibre optic sensor data against the geophone data is 
shown in figure 2). The data shows the influence of impact incidence angle and sand moisture 
content on the measurements.  
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Figure 2) Response of optical fiber (blue) and geophone (red) component parallel fiber axis. Top left: Impact along fiber axis, 
dry sand, Top right Impact across fiber axis, dry sand.  Bottom left: Impact along fiber axis, wet sand. Bottom right: Impact 
across fiber, wet sand. 

 
To gain more insight into how the frequency content of the response varies over time, we 
performed continuous wavelet transforms of the signals. Figure 3 shows results using the 
Morlet wavelet. The impact is characterized by an initial contribution of a broad frequency 
which then later settles into a periodic response at around 50 Hz. The wave propagates parallel 
to the fiber in this case. The wavelet transform is similar for the perpendicular case. 
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Figure 3) Wavelet transform and corresponding response for the fiber (top and bottom left) and the along axis-component of 
the response of the geophone (top and bottom right). The results correspond to a source impact directing along fiber 
direction, and with the fiber embedded in dry sand. 

 

2.3 Modelling work 
 
We used SW4, a 3D finite-difference code, and a point source to calculate time histories of the 
strain (as measured by the fiber) and particle velocity (as measured by the geophone). For the 
inital case, a homogenous velocity model with high (2.25) Vs/Vp ratio was assumed on a 
computational domain that approximated the testbed (Figure 4). Several point source functions 
were tested and we settled on a combination of two Ricker wavelets separated in time by 0.13 
s. 
 
SW4 can generate both the full strain tensor as well as the three components of the particle 
velocity. We chose the strain component (Syy) along the fibre and the particle velocity along the 
fiber. We note that in theory, the strain and the velocity time series should be related by the 
apparent velocity of the seismic waveform (e.g. Lior et al., 2021) and this is apparent in the 
synthetics. Comparison of the synthetics and the recorded data, after lowpass filtering at 40 Hz, 
show a reasonable match (Figure 5).  
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Figure 4) Schematic of modelled system 

 
Figure 5) Simulated and recorded waveforms, low passed filtered > 40 Hz  
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3 Data Access  
 

3.1 NORCE 

All data recorded by NORCE are backed up on NORCE’s archives. Any requests for data should 
be made to NORCE. 

3.2 LLNL 

The SW4 code is open source and available at: https://geodynamics.org/cig/software/sw4/ 
  

https://geodynamics.org/cig/software/sw4/
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5 Applications 
 
The main intention of the work is to gain understanding of the fibre transfer function as a 
function of the experimental conditions.  Work is ongoing to build the dataset to cover a wider 
range of different situations such as different types of surround materials and different cable 
types.  
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Appendix: AC4 fiber optic cable 
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