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The number of Distributed Acoustic Sensing (DAS) research datasets is increasing rapidly
and cover a range of applications, from ice movement to subsurface monitoring to
earthquake hazard. As the number of available interrogators increases, it is expected that
the need for archiving of the datasets will also increase. Long term archiving faces two
main challenges at present: the need for large amounts (100’s TB) of storage and a
standardized metadata format. As part of the DAS Research Coordination Network (RCN),
a DAS data management working group is constructing a metadata model for DAS data.
The objective is to develop a common metadata standard for archival purposes and to
guide data collection at experiments. The metadata requirements include: 1)
accommodation of most use cases (data collection scenarios); 2) permitting of cloud-
based processing; 3) allowing of pre-processing; and 4) reduction of the burden of data
transport. We propose to divide the metadata into distinct groups consisting of overview
(basic information about the experiment), acquisition (type of interrogator and acquisition
parameters), and cable and fiber descriptions. A subset will be denoted as “required”
metadata, and standard metadata principles, such as findability, accessibility,
interoperability, reusability (FAIR), and machine-readability, will be adhered to. The
purpose of this presentation is to inform potential users of these efforts, encourage

adoption of the proposed standard, and invite community input.

Objective: What are the minimum technical specifications required for DAS
(and how might they be organized?)
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Metadata Requirements

* Accommodate most use cases (data collection scenarios)

* Permit cloud-based processing

* Allow pre-processing

* Accessible, i.e., the data should be contained in an open, non-proprietary format.

* Facilitate discoverability, i.e., the metadata and data should be easy to find and interpret by both humans and
computers.

* Reusable, i.e., the metadata should be sufficient to allow the data to be re-analyzed in future research.

Overview metadata
Gives a high-level overview of the DAS deployment. This metadata group is intended to describe the
geographic location, or region, of the installation and dates of the project. This metadata group is intended to
facilitate discovery based on spatio-temporal searches. It also describes the provenance, or origin, of the
data set.

Cable and fiber metadata
Describes cable environment and the fibers used within the cable. More than one cable may be used over
the course of an experiment and there may be several fibers within a cable. The intention is to uniquely
identify the fiber used to make the measurements.

Interrogator metadata
Contains information about the interrogators used. More than one interrogator may be operating during an
experiment. Each interrogator is described in one interrogator metadata block. The metadata consists of a
unique identifier, the interrogator model, and the unit of measure.

Acquisition metadata
Contains information on data collection, sample rate, pulse length, gauge length, channel spacing, and signal-
processing steps.

Channel metadata
Describes each individual channel along the fiber, e.g., position, pulse direction, and location method.

Overview Metadata: Who, what, where
why.

Location/experiment

An experiment may collect data on
multiple fibers or cables. Each cable/fiber
segment should be time (start and end)
and location stamped.

Cable/fiber Metadata: Type of cable and
fiber(s); connectors, time-stamped,
installation type. Location.

Cable/fiber(s) [1...N]

Interrogator(s) [1...N]

Interrogator Metadata: Time-stamped,
model, timing source, installation.

Multiple interrogators may be used.

Acquisition
parameters

Acquisition Metadata: Time-stamped; gauge
length(s), sample rate, pulse characteristics.

A series of data-takes, each with different
or similar acquisition profiles, maybe be
acquired. Each is associated with
channel data and linked to a specific
Channel Metadata and Data: Time and cable/fiber combination and interrogator.
location stamped. Each channel

associated with specific cable/fiber.

Bold: required
Figure 1. Schematic of metadata

Overview
Overview Metadata Required Metadata Type | Description
Description of geographic
Location Description Yes Text location e.g., Parkfield, California,
USA
Deployment Type Yes Text Permanent or Temporary
A network name should be
managed by an organization that
Network Name Yes Text is accepted by the international
community to avoid duplicate
DAS project names
Data collection site Ves Toxt Name of data collection site e.g.,
name SAFOD Borehole
Prmcu?le Yes Text Point of Contact
Investigator(s)
Start Date Yes ISO 8601 Start date of data collection (UTC)
End Date Yes ISO 8601 End date of data collection, (UTC)
Purpos.e of data No Toxt Brief explanation (1 or 2
collection sentences).
Data Collection No Text Continuous or segmented
Number of interrogators used to
Number of
Yes Integer collect data over the course of
Interrogators .
data collection
An identifier that uniquely
. . [ ifies th , this i ifi
Digital Object ' identifies the data, t |.s identifier
. Yes DOl link may only become available
Identifier . . . .
following discussion with a data
repository.
If this is a derivative product of
Product ID No Integer the original data, it must have a
Product ID.
. Name(s) of agency that funded
Funding Agency Yes Text the data collection e.g., USGS,
NSF
Funding project number e.g., EAR
-9794799. Should be supplied if a
Project Number No Text number has been assigned by
funding agency(s).
Channel
: M : .
Channel Metadata Required LD Units Description
a Type
Channel ID Yes Integer Uniquely identify channel
Geographic Coordinate system: e.g.,
Reference Frame Yes Text WGS84, UTM
V-coordinate Ves float Latitude/ | Y p05|t|9n of channel within
meters | the defined reference frame
Y-coordinate Error No float meters | Uncertainty in Y location
X-Coordinate Ves float Longitud | X p05|t|9n of channel within
e/meters | the defined reference frame
X-Coordinate Error No float meters | uncertainty in X location
Elevation [m] No float meters Height above Sea level in
meters
Elevation error No float meters | Uncertainty in elevation
Depth Yes float meters Depth (positive for depth
below surface)
Depth Error No float meters Uncertainty in .eleva’Fl_on, depth
below surface is positive
Strike No float degrees Strike (?f channel, deg_r.ees
clockwise of east positive
Strike Error No float degrees Uncertainty in strike
. [ i fch I
Dip No float degrees orlgntatlon of channel wrt
horizontal
Dip Error No float degrees | Uncertainty in dip
vesif X Example: Tap tests, GPS
Location Method andY are Text pie: 1ap ’ ’
: survey
provided
Direction of Laser No float degrees | Azimuth
Pulse
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Cable_and Fiber . Metadata . -~ NHERI Levee - Horizontal DAS data collected using active
g Required T Units Description
Metadata ype source
A term that identifies the fiber We use a segmented active source recording of horizontal DAS array from the
. . used within an experiment, e.g., NHERI Levee Imaging Experiment as a test case for the proposed schema.
Fiber ID Yes Alphanumeric ) .
alpha-numeric code defined by
the researcher, default = 1 Figure 2. Seismic source generated using vibroseis truck at various shot
s . \ Date.Ti S0 8601 | | lation ti £ the cabl positions (round markers) recorded by a segment of horizontal DAS array
tart time ° ate-Time nstallation time of the cable buried in shallow trench (blue line) at Black Hawk Levee, Louisiana. Two km of
. . fiber optic cable had been installed in both surface and borehole arrays as a
End time No Date-Time ISO 8601 | Removal of the cable P ] i : ) ) y
means to image the levee at high spatial resolution and monitor seepage.
. Example: tightly buffered, (Cox, B., 2021, Distributed Acoustic Sensing (DAS) data from the NHERI@UTexas Thumper
Cable Characteristics No Text . )
armored, gel-filled Shaker Truck and 240m of Fiber Along the Blackhawk Levee)
Cable Installation Examples: Conduit, trench, Googerarin FigUre 2
. No Text . . T
Environment outside borehole casing, wireline
Cable Model No Alphanumeric Cable manufacturer model O . C bl d fb
Cable diameter No float meters . : —
Guvarls [V siscsis Required Description Cable and Fiber Metadata Required Description
Connector No float meters List of coordinates of connectors . RN . Fiber ID Ves 1
Coordinates (if any) along a cable. Location description Yes Section of |'\/|.ISSISSIppI River levee in Black
Hawk, Louisiana Start time No
Fiber Mode No Text Example: single, multimode Deployment type Yes Permanent End time No
!:iber refraction No float A measure O.f the speed of light Network name Yes e.g., MRL (Mississippi River Levee) Outside plant (OSP) loose tube cable with
index in the material Data collection site name Yes Black Hawk Levee Cable characteristics No Eo:c]rcugated steel armor and PFM™ gel-filled
Signal loss alon utrer
-g & No float dB/km Example: 15 dB/km Number of Interrogators Yes 1 . _
fiber Cable installation " Outdoor. buried in a shallow trench
Principle Investigator(s) Yes Brady Cox (Utah State University) Environment ° utdoor, buried in a shallow trenc
Fiber Geometry No Text Linear or helical
Start Date Yes 2021-10-22 Loose Tube Single Jacket Single Armor
Cable model No Series 12
Winding Angle No float degrees | With respect to cable axis End Date Yes 2021-10-22
i i i Cable diameter No
) ) 1. To demonstrate field DAS imaging on a
Fiber Start Location Yes float section of Mississippi River levee for a Connector coordinates No
Purpose of data collection No workshop i i
Fiber End Location Yes float P 2. To assess the extent of internal erosion at Fiber mode No single mode
Mississippi River levee and evaluate the use Fiber refraction index No
Fiber Length No float meters of DAS for such applications
Signal loss along fiber No
Data collection No Segmented
Comments No Text Fiber geometry No linear, order starts from south to north
Winding angle No
In terroaator / nterro ga tor Start Location No 31.232360, -91.653479
g End Location No 31.233023, -91.654428
Interrogator Metadata Required Description
Fiber length No 240 m
. L Interrogator ID Yes 1
Interrogator Metadata Required Metadata Type | Description Comments No
Manufacturer Yes OptaSense
The Interrogator ID uniquely Model Yes ODH4+
Interrogator D Ves Albhanumeric identifies the interrogator used Unit of M v Rad ati ol | Hof e .
g P within the network. User defined. nit of Measure es adians relative to optical wavelength o A Cq UISItIOn
1550.12 nm
Default=1
Acquisition Metadata Required Units Description
Interrogator manufacturer e.g.,
Manufacturer Yes Text i
Silixa Ch annel Acquisition ID Yes Integer 9
A model number or name that Start time Yes Time | 10/22/202120:03:51
Model Yes Text uniquely identifies the interrogator
(e gq iDXS ODH4) g Channel Metadata Required Description End time Yes Time 10/22/2021 20:04:09 (+18s)
] Acquisition sample rate Yes Hz (1/s) 20 kHz
. : ; Pulse repetition rate No Hz (1/s
Measure Yes Text measure: e.g., strain, strain-rate, Geographic Reference Frame Yes WGS84 P (1/s)
velocity Interrogator rate No Hz (1/s)
Y-coordinate Yes 31.232360 _
A C uisition Pulse width No S
q Y-coordinate Error No Gauge length Yes meter 2.04 m
X-Coordinate Yes -91.653479 Number of channels Yes integer | 235
Acquisition Metadata Required ethF():I:ta Units Description X-Coordinate Error No Channel spacing Yes meter 1.02 m
Elevation [m] No Decimation No Integer 20
Acquisition 1D Ves Alpha- Integer User defined, one identifier per .
q numeric g acquisition period, default = 1 Elevation error No Data sample rate Yes Hz (1/s) 1 kHz
Start time Yes date-Time SO 8601 uTC Depth [m] Yes Decimation Yes Integer 0
. ‘ Depth Error No Time Filtering Yes Text High-pass filtered above 3 Hz
End time Yes date-Time ISO 8601 UTC , , o o
Strike No Yes if data Vertical oscillating force sweeping in
Acquisition Sample The rate at which the interrogator . collection is frequency from 5-200Hz over 12
S f
Rate Yes float Hz (1/s) provides output data Strike Error No ource into not seconds produced by thumper
. continuous vibroseis truck.
Pulse Repetition Rate No float Hz (1/s) Number of pulses per second Dip No _
Yes if data
i i Dip Error No ion i
Rate at which the Interrogator Unit P Source file collection is Source_009_211022_200351.sgy
Interrogator rate No float Hz (1/s) interrogates the fiber (pulse Yes if X and Y r}0t
repetition rate) Location Method coordinates are | Google earth kmz file continuous
: provided
Pulse Width No float seconds The width of the puls-e, or burst of -
light, sent down the fiber N South to north (increasing trace
Direction of Laser Pulse No
The length along the fiber between a number)
Gauge Length Yes float meter pair of pulses, determined at
experiment setup DAS Metadata
. total number of channels in archived RCN working group
Number of channels Yes integer data set 6 April 2022
Channel Spacing Yes float meter Spacing (m) between channels
Progress and next steps R 1
Sample rate of archived data set REQUAREMENTS FOR METASATA 3
. th. .II Ith i ‘t‘ IISE CASE SCERARIOS 4
Data Sample Rate Yes integer Hz (1/s) (sanlwsp\?g raetqeui? the?f:icsq:cl)sl 'on <aro .
decimation) * We have developed a set of metadata to describe DAS data — .
Unit of measure of archived data set COI IECtion i APPENIKE, UsEruL s u
strain / (e.g., strain, strain rate, velocity). eduion
Data Unit of Measure Yes text strain rate This may be the same unit as the i i i i rhradueter
. / y H . * Th IS h a S bee n W rltte n u p I n a d raft W h Ite pa pe r' Distributed Acoustic Sensing {DAS) refers to a type of vibration sensing that uses an optical fiber
Ve|OC|ty |nterr0gat0r Unlt Of Measure If the as a continuous sensor [Hartog, 2000). In a typical implementation, laser pulses are sent into the
. . . . . fiber at one end and the reflected back-scattered light from along the fiber is measured over time
data are raw. o Th IS Wh Ite pa pe r WI I I be d Istrl b uted fo r CO m m e nts . :Iiizt;rr;;ﬁrt:ifynamic strain induced In the fiber by transient elastic waves, both scalar and
Decimation Yes Integer Default = 0 if no decimation . . . .
N * We hope to have an international workshop in winter 2022 or
ilter Type e . : —
. I Filtering process applied to time . . .
Time Filtering Yes Text | Treduency | ceries Example: Bandpass 1-100 HZ spring 2023. Let us know if you are interested! o |
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