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Abstract

Geolocalization of distributed acoustic sensing (DAS) array channels represents a crucial
step whenever the technology is deployed in the field. Commonly, the geolocalization is
performed using point-wise active-source experiments, known as tap tests, conducted in
the vicinity of the recording fiber. However, these controlled-source experiments are time
consuming and greatly diminish the ability to promptly deploy such systems, especially
for large-scale DAS experiments. We present a geolocalization methodology for DAS
instrumentation that relies on seismic signals generated by a geotracked vehicle. We
demonstrate the efficacy of our workflow by geolocating the channels of two DAS sys-
tems recording data on dark fibers stretching approximately 100 km within the Long
Valley caldera area in eastern California. Our procedure permits the prompt calibration
of DAS channel locations for seismic-related applications such as seismic hazard assess-
ment, urban-noise monitoring, wavespeed inversion, and earthquake engineering. We
share the developed set of codes along with a tutorial guiding users through the entire
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mapping process.

Introduction

Seismological applications of distributed acoustic sensing
(DAS) with dark fibers (i.e., pre-existing telecommunication
cables) are growing remarkably in the last few years (Zhan,
2020; Biondi et al., 2021). Multiple studies have demonstrated
how DAS arrays are effective tools for accurately identifying
shallow-surface structures and continuously monitoring urban
noise (Martin and Biondi, 2018; Ajo-Franklin et al, 2019;
Lindsey et al., 2019; Tribaldos et al., 2021; Yang et al., 2022).
More recent DAS experiments showed the ability to record
local and regional earthquakes along tens of kilometers of fiber
(Li et al., 2021; Nayak et al., 2021). Thanks to DAS technology
advances, the range of a single interrogator unit (IU) can now
transform as much as 100 km of optical fiber into an ultra-
dense seismic array (Karrenbach et al, 2021).

When employing dark fibers for recording seismic data
using DAS, the spatial locations of the array channels must
be determined. One could utilize the fiber map provided by
the fiber owner and the nominal channel spacing, usually set
by the user as an acquisition parameter, to interpolate approxi-
mate channel locations. However, telecommunication cables
typically include slack loops placed in manholes for mainte-
nance. In addition, fiber layouts could present complicated
geometries or suffer from inaccurate mapping. These compli-
cations prevent accurate interpolations, especially when the
interrogator records data along tens of kilometers of fiber. For
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this reason, a standard procedure in the field is to perform a tap
test (Martin et al., 2017; Klaasen ef al., 2021). This procedure
consists of a series of controlled seismic sources (e.g., weight
drops or a sledged hammer hitting a steel plate) conducted in
the proximity of the recording fiber cable. Each point-wise
source provides an accurate location of the closest excited
DAS channel, which usually records the maximum amplitude.
The major drawback of this approach is its cost and time
inefficiency when applied to large-scale DAS arrays, where
hundreds of sources are needed to accurately map the entire
array.

Dark fibers are often located along other extended infra-
structure, such as roads and highways. Such fibers, when trans-
formed into a DAS array, can clearly detect vehicles moving in
their proximity (Huot et al, 2018; Liu et al., 2018). Recently
published studies described the ability to monitor vehicle traf-
fic and characterize the near-surface properties using such
vehicle-related signals (Wang et al., 2020; Yuan et al., 2020;
Lindsey et al., 2020). Because DAS can detect car-induced
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deformations, we can avoid using point-wise controlled
sources to locate DAS channels and instead employ a geo-
tracked moving vehicle generating seismic energy and quasi-
static deformations along the recording cable (i.e., strain sig-
nals that do not present a wave-like or propagation behavior).
The vehicle’s position is tracked using a global positioning
system (GPS) device and the recording DAS clock is GPS
synchronized. The vehicle locations are then used to accurately
locate the closest channels excited by the moving car. Yuan
et al. (2021) described a similar process applied to a small-scale
DAS array by leveraging the constant-speed drives of a GPS-
tracked vehicle. Our study extends the application of this idea
to large-scale arrays presenting complex fiber geometries. Our
methodology dramatically diminishes the time and cost of
any point-wise tap-test field experiment. We first describe
our vehicle-based tap-test method, and then demonstrate its
usage in locating the channels of two DAS arrays recording
data in the Long Valley caldera area in eastern California,
whose combined range reaches almost 100 km. Finally, because
our workflow is based on interactive interfaces, we include the
implemented software and a short tutorial describing the code
usage.

Methodology
The overall workflow of our vehicle-based workflow can be
divided into three main steps:

« create a vehicle location-time curve,

o process strain records and remove channels belonging to
fiber loops, and

o calibrate the location-time curve against processed strain
records.

The first two steps are independent from one another,
whereas the final calibration must be performed after complet-
ing the previous ones (Fig. 1).

We start by projecting the vehicle locations onto the closest
fiber latitude and longitude points. The fiber map is usually
obtained from the owning telecommunication company. The
provided fiber map is assumed to be precise (i.e., to allow the
clear identification of the geotracked-vehicle signal), and our
process enables the accurate positioning of the DAS array
channels. To each fiber location we assign a relative distance
with respect to the IU position. This function represents the
piece-wise distance along the curved fiber and not geographical
position from the reference point. With this process, we can
define a curve that is the vehicle position along the fiber as
a function of time.

The strain recordings represent the other necessary input of
the workflow. We apply a band-pass filter between 0.5 and
15 Hz to the recordings and use them to identify and remove
fiber slack loops, usually located in correspondence with main-
tenance manholes. DAS channels located within fiber loops
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Figure 1. Vehicle-based tap-test workflow schematic describing
the necessary steps to locate distributed acoustic sensing (DAS)
channels. The solid-frame boxes represent the inputs and outputs
of the calibration steps indicated by the dashed-frame boxes.

exhibit poor coupling and hence cannot provide any useful
strain measurements. In addition, depending on the dark fiber
properties (i.e., optical scattering properties and coupling), some
DAS channels may show unusable high or low amplitudes and
should be ignored during further analysis as well. An initial esti-
mate of these uninformative channels can be done by computing
the following quality factor Q for each channel:

Q(ch) = [E(ch) - pgl/ o, (1)

in which y and oy are the mean and standard deviation of the
signal’s energy computed across all the channels within the
strain recordings, respectively, and E represents the energy
within a given channel ch (i.e, sum of squared amplitudes).
Any channels having a Q-value above a certain threshold are
considered anomalous. In our tests, we initially choose this
threshold to be equal to 1.5 to help the initial identification
of bad channels. Even though this process provides an initial
guess for bad channels, we found that a visual inspection and
selection must also be performed to identify these channels
accurately. A higher value should be used in the presence of
strong site effects or clipping effects due to the limitation of
DAS dynamic-amplitude range. In the next section, we show
an example of this process in which a local earthquake is used
to remove bad channels from the DAS records. This removal
process only needs to be performed once, because the indices
of these uninformative channels do not change over time assum-
ing a fixed channel-spacing parameter. Finally, to use the DAS
data for the channel-localization process, we filter the recordings
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to retain the frequency between
0.5 and 2.0 Hz, which is the
band containing most of the
quasi-static defor-
mation.

Once the aforementioned
steps are complete, we proceed
to shift the vehicle’s along-
fiber distance curve to match
the peak of the corresponding
quasi-static deformation
recorded in the DAS data.
The first-order shifting, within
approximately the duration of
the signal (ie, 1 s of the
assumed tracked deformation),
is performed manually. The
final matching is done by auto-
matically picking the maximum
of the envelope of the strain
within a 1 s window. This proc-
ess allows us to select times for
which our tracked car induced
fiber deformations are recorded
by the DAS system. Because the
car’s position for each time is
known and has been projected
onto the closest fiber location,
we can assign this location to
the channel in which the dis-

vehicle

123°W 119°W 115°W

Figure 2. Location of the field application. The fiber position is depicted by the red line, whereas the
blue lines depict the existing road network. The black dashed line indicates the Long Valley caldera
contour. Part of the fiber is located in the proximity of the I-395 highway (green dashed line). Other
sections are placed along secondary roads or dirt roads. The red star denotes the epicenter of local
event considered during the calibration and verification steps. The inset in the top right corner

shows the area location (red rectangle) in the United States.

tance-time curve matches the

corresponding  vehicle-gener-

ated deformation. We perform

this procedure in a piece-wise fashion and calibrate only chan-
nels for all cable sections in which the tracked vehicle induced
identifiable quasi-static signals, which limits the accumulation of
errors from previous fiber sections and potential inaccuracies
from the bad-channel identification step. The accuracy of the
channel locations depends on the GPS spatial accuracy and
the assumed fiber location. If both are obtained using commer-
cial GPS systems, their accuracy is on average between 1 and 5 m
in most encountered field environments (Wing et al, 2005),
which is much shorter than the commonly considered wave-
lengths of seismological applications (i.e., tens to thousands of
meters). The overall DAS-channel mapping accuracy would
decrease if an imprecise fiber map is available.

Field requirements

This section provides a few guidelines that are crucial to success-
fully applying our workflow when DAS data are recorded using
a pre-existing dark fiber deployed by a telecommunication com-
pany. Such fibers are often deployed along existing roads, and
their locations can be obtained from the owner. To geolocate all
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channels in a DAS system, one should drive the tracked vehicle
along the entire cable length sensed by the DAS.

The vehicle position as a function of time is recorded during
the calibration experiment using a GPS tracker. The spatial
accuracy must be below the nominal channel spacing to cor-
rectly track the vehicle within the strain records. In our case,
we choose to employ a GPS tracker whose accuracy is half the
channel spacing. The time sampling rate of the GPS tracker
depends on the vehicle’s velocity and the DAS acquisition’s
channel spacing, which can vary between DAS experiments.
The average driving speed times the sampling rate should
be lower than the channel spacing. For instance, assuming
an average speed of 30 miles per hour, a vehicle covers approx-
imately 14 m/s. Setting the GPS sampling rate to 0.5 s enables
the accurate geolocalization of DAS channels with nominal
spacing larger than 7 m. In our field experiment, we found that
this GPS sampling rate is also suitable for higher traveling
speed (e.g., 55 or 65 mile/hr general speed limit along high-
ways), because the car position can be accurately interpolated
given the usually constant vehicle’s speed.
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To identify the tracked vehicle within the strain records, a
certain distance from other cars should be maintained when-
ever possible. Generally, moving vehicles generate quasi-static
deformation with a dominant frequency between 0.5 and 3 Hz
(Yuan et al, 2020). For this frequency band, the dominant
wavelength of traffic signals is between 500 and 83 mj; thus,
one should maintain a distance between 20 and 125 m from
other vehicles. Finally, we found that performing multiple
U-turns within sections of the cable near a heavy-traffic road
can simplify the identification and calibration of the tracked
vehicle within the DAS recordings. Moreover, looking at
the recordings before performing the calibration experiment
permits determining which road lane is most effective in
inducing observable quasi-static deformation. When substan-
tial fractions of the recording fiber are positioned within high-
traffic roads, this process should be applied during quiet traffic
times (e.g., at night or weekends depending on the considered
area).

Field Application
To show the efficacy of the proposed tap-test approach,
we describe an example in which the channels of two DAS
arrays covering more than 90 km of dark fiber are accurately
geolocated for seismological applications. We deployed two
OptaSense Plexus IUs within a telecommunication hub located
in the city of Mammoth Lakes in eastern California, as shown
in Figure 2. The red line in this figure depicts the geographical
layout of the dark fiber used during this experiment. The
fiber runs approximately northwest-southeast across the Long
Valley caldera. Part of the fiber is located next to the I-395
highway, whereas other sections follow secondary roads. The
fiber is encased within a high-density polyethylene conduit and
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Figure 3. Hour-long data recorded by one of the two DAS systems
within the Long Valley caldera showing the vehicle-induced
deformation. The deformation caused by the southbound traffic
along the 1-395 highway is visible approximately within the first
1600 channels. The color version of this figure is available only in
the electronic edition.

buried at an average depth of 1 m. One of the two DAS units
interrogated the cable segment north of Mammoth Lakes,
whereas the other unit interrogated the segment to the south.
Both instruments were set to record data using 5000 channels
with a nominal channel spacing of approximately 10 m (i.e, a
combined sensing range of 100 km), and a gauge length of
20 m. The raw data sampling rates of 1000 and 2000 Hz of
the two units were downsampled to 200 Hz. The seismic energy
due to vehicle movements along the roads located in the vicinity
of the fiber can be clearly observed on the strain records (Fig. 3).
The shown data belong to the south system, and we can identify
the section of the cable located along I-395 (i.e., approximately
the first 1600 channels). The channels between 1600 and 3500
are located on secondary roads, whereas the last 1500 channels
follow a minor quiet dirt road east of Lake Crowley. In the initial
section, stronger energy is recorded from vehicles moving away
from the IU, suggesting that the position of the cable is closer to
the southbound lane. During the tap-test experiment, we can
easily identify the tracked vehicle on the real-time data stream
when driving in not high-traffic roads. This identification is cru-
cial to the subsequent calibration step. To achieve this goal in the
field, we employ a laptop computer and a smartphone mobile
hotspot to remotely connect to the IU computer and monitor
the data in real time.
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Data processing and geolocalization

We employ a local earthquake of magnitude 3.06 and depth of
8.095 km from the mean sea level (m.s.l.) recorded by the Long
Valley DAS arrays to identify bad channels and fiber loops.
The location of this event is depicted by the red star in
Figure 2. The event ID from the double-difference catalog of
the Northern California Earthquake Data Center is 73491170
(Waldhauser and Schaff, 2008), and its minimum and maxi-
mum epicentral distances from the DAS arrays are approxi-
mately 33 and 55 km, respectively. We apply a band-pass
filter between 0.5 and 15 Hz to the data and remove the median
of each time sample to reduce the common-mode noise usually
affecting the recorded phases. The strain induced by a local
earthquake on the south array highlights the channels that
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Figure 4. Local earthquake recorded by a section of the south-
bound fiber of the south DAS array. (a) The normalized energy of
the signal recorded by each channel. The red arrows indicate the
location of fiber loops. (b) The strain as a function of the event's
origin time and the P- and S-wave arrival are marked on the side.
(c) The power spectral density (PSD) of each channel computed
using the 11 s data window of panel (b). The color version of this
figure is available only in the electronic edition.

are part of a fiber loop (Fig. 4). The limited coupling of the
fiber in these sections also affects their energy content and
the power spectral density (PSD) at different frequencies.
These channels are selected and discarded from the calibration
analysis. This identification process starts using equation (1)
Volume 94 « Number 1
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and is then verified and refined using an interactive plotting
tool. Local and regional earthquakes provide the best
signal to perform this identification task, which on each section
act as plane waves impinging on a fiber (Lindsey, Rademacher,
and Ajo-Franklin, 2020), but traffic energy or the quasi-static
deformation of the tracked vehicle can also be employed for
this purpose (Fig. 5). Figure 6 shows the recorded strain on
a section of the south cable in which traffic noise is displayed
before and after removing the channels associated with fiber
loops. Once the fiber loops are removed, the vehicle signals
present a more coherent and continuous moveout within the
data panel.

The next step is the calibration of the vehicle distance-time
curve with the corresponding quasi-static deformation. In this
step, the car’s along-fiber distance can be shifted by an arbi-
trary positive and negative value along the channel axis.
This shifting allows us to match the car-generated signal with
the actual car position at a given time. The points where the
vehicle-generated seismic energy overlaps with the distance
curve imply that the position of the vehicle was near a record-
ing channel (Fig. 7c). Thus, the car position can be used to
locate a given DAS channel, just like any controlled-source
experiment. The ability to clearly identify this geo-tracked
quasi-static deformation within the data depends on the rela-
tive car-fiber distance. When the vehicle is within 20 m from
the fiber, this signal is clearly visible. In our case, the average
car-fiber distance within the geotracked sections is 7 m.
However, if this distance is greater, then no clear signal is
recorded. For instance, this behavior can be seen within the
recordings between 60 and 80 s in Figure 7. The channels
within these sections are interpolated using either the provided
fiber location or the car positions depending on which one is
Volume 94 « www.srl-online.org
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Figure 5. Recorded strains and corresponding channel energy for
an approximately 500 m section of the southbound fiber high-
lighting the small amplitudes present within a fiber loop. The
color version of this figure is available only in the electronic
edition.

assumed to be more accurate. Overall, this process permits to
locate multiple channels quickly. In this step, quiet roads and
U-turns can be used to easily identify the tap-test vehicle
within the data panels (Fig. 8a). For instance, Figure 8b shows
how the signal recorded on a secondary road is used to track
the vehicle within a busy highway. Moreover, U-turns result in
unique curve patterns that are easily recognizable (Fig. 8c). By
performing this process for the entire cable length, we obtain
the position of most of the DAS channels. The unusually short
sections in which a clear vehicle signal could not be identified
are obtained by a linear interpolation process using the edge
channel positions. The final step is to remap the identified
channel positions onto the corresponding closest fiber cable
points. A final verification is performed by mapping the vehicle
positions onto the closest channels as function of time. Figure 9
shows an example of this verification step for the south array.
The GPS position is transformed into the closest DAS channel
as a function of time (green dashed line), which is then overlaid
to the recorded strain data. In this example, we show that we
track the vehicle along more than 30 km of cable.

Figure 10 displays the channel locations with every 1000th
channel marked. The instruments are located in the proximity
of the zeroth channels, which are inside the Mammoth
Lakes telecommunication hub. The last north-system channel
reaches Mono Lake, whereas the south-system crosses the Lake
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Crowley dam and ends in an uninhabited region. The approx-
imately 9000 useful channels of the two DAS arrays cover more
than 90 km with approximately regular spacing of 10 m (see
close-up in Fig. 10). The mean channel spacing is 10.1 m with a
standard deviation of 1 m, which is close to the set optical
channel distance of 10.2 m.

The combination of two DAS IUs permits recording of local,
regional, and teleseismic events with a large-scale and dense linear
array. As an example of such recordings, Figure 11 displays the
strain induced by the same local event of Figure 4 in which P- and
S-wave arrivals are clearly distinguishable. By calibrating the
channel positions and removing the fiber loops, we produce lat-
erally continuous waveform data plotted using the correct channel
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Figure 6. Recorded deformations along a section of the cable
(a) before and (b) after removing bad channels and fiber loops.
The red arrows indicate the fiber loops causing the gaps in
recorded vehicle signals. The color version of this figure is
available only in the electronic edition.

distance covered by the fiber (Fig. 12). Moreover, scattered surface
waves generated by the P arrival are also visible between 10 and
35 km. The described process enables the possibility of rapid
deployment and calibration of DAS systems to record postseismic
processes after major earthquakes, which is critical to characterize
the seismicity of an active fault (Li et al., 2021).
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Conclusions Figure 7. Vehicle-fiber distance and signal tracking plots. (a) The

We present a novel and efficient methodology to map channels
of a DAS system recording strain data using telecommunication
dark fibers. Our workflow relies on a GPS-tracked vehicle
moving in the proximity of the sensing cable. This approach
can be applied whenever paved or unpaved roads are close
to the detecting fiber. We describe the necessary steps compos-
ing our procedure and discuss the field requirements to apply
it. We show how uninformative channels can be identified
and removed from any further data analysis and how the
geolocalization process is performed using the quasi-static
deformation induced by the GPS-tracked vehicle. Our pro-
cedure greatly diminishes the fieldwork time compared to
point-wise methodologies and enables the prompt deployment
Volume 94

Number 1 www.srl-online.org

January 2023

Downloaded from http://pubs.geoscienceworld.org/ssal/srl/article-pdf/94/1/318/5756852/srl-2022169.1.pdf
bv California Institute of Technoloavy 7zwzhan

known fiber location (blue solid line) and the global positioning
system (GPS)-tracked vehicle position (green dashed line) plotted
along with relative time marks used within the three panels. This
marks highlight that the vehicle is moving from northwest

toward southeast. (b) The car-fiber distance as function of time.
(c) The GPS-tracked-vehicle-distance curve (blue dashed line) on
top of the envelope of the recorded strain. In this panel, the black
traces are the strain envelope for every 20 channels. The color
version of this figure is available only in the electronic edition.

of DAS units to monitor aftershocks of large earthquakes or to
assess any other seismological phenomenon related to geo-
hazards.
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Figure 8. GPS-tracked-vehicle-distance curve (blue dashed line)
alignment with the recorded DAS data within (a) a quiet road and
when the car stopped at two traffic stops, (b) a highway section
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followed by a secondary road, and (c) when performing three
U-turns.
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Data and Resources

The source code used to calibrate the described two systems can be
found in the GitHub repository (https://github.com/biondiettore/
DAS-taptest-widgets.git, last accessed August 2022). In addition to
the interactive Python widgets, the reader can find a tutorial guiding

Figure 9. Verification of the final channel positions using the
recorded DAS data during the tap-test along the south array. The
green dashed line displays the closest channel for each position
of the GPS-tracked vehicle as function of time.

a user throughout the entire locali-
zation procedure (i.e, from bad
channel identification to calibra-
tion step). The tutorial allows the
reader to download the data part
of this work. The supplemental fig-
ure S1 shows the same local event
as in Figures 11 and 12 in which
the channels are sorted by the epi-
central distance computed using
inaccurate interpolated channel
the calibrated

positions  and

locations.
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Figure 10. Final channel positions of the two DAS systems. The overall distance covered by the
useful channels is approximately 90 km. The red, green, and blue curves indicate the fiber, DAS
channel, and road map locations, respectively. In the inset, the same color scheme is used to
indicate the displayed variables.
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Figure 11. Local event of magnitude 3.06 recorded by both systems. bottom panel presents a more contiguous amplitude variation
Strain records (a) before and (b) after the calibration process. across the channel axis. The color version of this figure is available
Because all channels belonging to fiber loops are removed the only in the electronic edition.
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