
Distributed Acoustic Sensing (DAS) for high 
resolution and high scale geophysical imaging

DAS configuration best practices

• Jack Maxwell
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Outline

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

•DAS Setup wizard

•Sampling frequency

•Optical fibre losses

•Gauge length

•Dynamic range

•Comparison with Geophones
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Configuration Wizard

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

• Gauge Length

• Physical Fibre Length

• Sampling Frequency

• Spatial Sampling Interval
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Gauge length

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

Source 

Signal wavelength?
𝑣 = 𝑓𝜆

Choose  GL < 𝜆
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Gauge length

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

Velocity

Displacement 𝑢𝑥

DAS

= velocity differential

GL < λ/2
Good sensitivity

Travelling wave

𝑑

𝑑𝑡

Diff
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Gauge length

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

Displacement 𝑢𝑥

GL ≈ λ
Zero sensitivity

Travelling wave

Diff

Velocity

DAS

= velocity differential
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Gauge length

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025
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Short 
wavelengths

Signal wavenumber – as 
projected along the fibre
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How Pulse Width relates to Gauge Length

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

One point on fibre contributes to ‘pulse length’ in signal

Each scatterer reflects an ‘image’ of the pulse

10 ns → 1 m length
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How Pulse Width relates to Gauge Length

Instantaneous signal comes from ‘pulse length’ of fibre
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How Pulse Width relates to Gauge Length

Phase signals must come from distinct fibre 
segments

Rule: Pulse length = Gauge length ÷ 2

e.g. 10 m GL → 5 m / 50 ns pulse

Longer pulse → greater 
Intensity signal
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Gauge Length

Gauge length defines:

• Minimum clearly detectable wavelength

• Pulse width (optical SNR)
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Physical Fibre Length

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025
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Physical Fibre Length

Detector signal

Acoustic noise

Optical SNR → acoustic SNR
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Physical Fibre Length

Detector signal

Acoustic noise

Connector losses
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Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale 
geophysical imaging” Trieste, 17 -20 March 2025

Physical Fibre Length

One-way transmission 𝑇1

OTDR = 10 log10 𝑇1

Distance

0 dB

-3 dB

-6 dB

-9 dB

Note: detected signal 
undergoes two-way 

transmission 𝑇2
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Physical Fibre Length

Fibre distance

Ti
m

e

D
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DAS
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Physical Fibre Length

DAS 𝑥

𝑡



18Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

Physical Fibre Length

DAS
𝑥

𝑡
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Physical Fibre Length

Maximum Laser Pulse Frequency: 

𝑓𝑀𝐴𝑋 ≈
108m/s

𝐿
=
100 kHz

𝐿 [km]

• 10 km fibre: 𝑓𝑀𝐴𝑋 ≈ 10 kHz

• 30 km fibre: 𝑓𝑀𝐴𝑋 ≈ 3.3 kHz

Rule of thumb: 
10 km at 10 kHz
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Physical Fibre Length

Time

Detector 
signal



21Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

Physical Fibre Length

Can you average traces over time?

Average before 
processing

“Time 
decimation”

• Reduced acoustic bandwidth

• Lower data rate

• Optical SNR resilience
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Dynamic range

• Raw DAS data = phase change across:
• 1 gauge length
• 1 time sample

• Signal ∝ GL
• Signal ∝ 1/𝐹𝑆
• Maximum signal = π

Maximum dynamic range when:
• Shorter fibre
• Highest sampling frequency
• Shortest gauge length
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Physical Fibre Length

Can you use enhanced backscatter fibre?

Standard fibre
Loss: 
Signal intensity: ✘✘
Signal phase: ✘✘

Highly doped fibre
Loss: ✘✘
Signal intensity: 
Signal phase: ✘✘

Continuous enhanced fibre
Loss: 
Signal intensity: 
Signal phase: ✘

Precision engineered fibre
Loss: 
Signal intensity: 
Signal phase: 

Enhanced 
fibre signal

Constellation fibre:
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Physical Fibre Length
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Physical Fibre Length

Physical fibre length affects:

• Maximum sampling frequency

• Dynamic range limit

• Optical signal profile and SNR
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Spatial Sampling Interval

                                           

             

               

               

                                              

Rule of thumb: Gauge length ÷ 10
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Spatial Sampling Interval

Fibre 
stretcher

iDAS

3 m rising edge
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Spatial Sampling Interval

30 m rising edge
Fibre 

stretcher

iDAS
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Spatial Sampling Interval

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

Spatial Sampling Interval affects:

• Maximum spatial resolution

• Data rate
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Configuration Wizard

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

User parameters Internal parameters – do not change
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Configuration Wizard

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

1) Increase Launching 
power
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Configuration Wizard

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

1) Increase Launching 
power
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Configuration Wizard

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025



34

Configuration Wizard

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025
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Configuration Wizard

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

2) Increase Receiver 
amplifier power
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Configuration Wizard

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025
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Configuration Wizard

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025
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Configuration

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

Remaining 
settings to adjust
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Configuration Editor

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

• Only change these
• Change other settings via wizard
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Configuration Editor

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

Saving settings
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Settings trade-offs

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

Maximum acoustic SNR
• Longer Gauge Length
• Minimum fibre losses
• Enhanced fibre (Constellation)
• Optimal Laser Pulse Frequency

Sampling frequency
Dynamic rangeData volume

Gauge Length
Acoustic SNRDynamic range

Spatial resolution

Spatial Sampling Interval
Spatial resolution Data volume

Dynamic range:
• Maximum Sampling 

Frequency (shorter fibre)
• Minimum Gauge Length

Minimum data rate:
• Lower Sampling Frequency
• Coarser Spatial Sampling 

Interval 
• Shorter saving fibre range

Finer spatial resolution
• Shorter Gauge Length
• Shorter Spatial Sampling 

Interval
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Comparison with Geophones

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

Velocity ሶ𝑢𝑥 =
𝑑𝑢𝑥

𝑑𝑡

Displacement 𝑢𝑥

DAS
ሶ𝑢𝑥 𝑥 − ሶ𝑢𝑥 𝑥 − 𝐿𝐺

Geophone

𝑑

𝑑𝑡

Diff

DAS ~ Geophone 
spatial differential
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Comparison with Geophones

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

Velocity ሶ𝑢𝑥 =
𝑑𝑢𝑥

𝑑𝑡

Displacement 𝑢𝑥

DAS
ሶ𝑢𝑥 𝑥 − ሶ𝑢𝑥 𝑥 − 𝐿𝐺

Geophone

𝑑

𝑑𝑡

Diff
Uniform velocity 

→ low DAS 
sensitivity
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Comparison with Geophones

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025

P-waves S-waves
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Comparison with Geophones

Training current RI staff and user communities:  "Distributed Acoustic Sensing (DAS) for high resolution and high scale geophysical imaging” Trieste, 17 -20 March 2025



THANKS!
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