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Long Beach Array (2011 — 2012) ..

http://web.gps.caltech.edu/~clay/LB3D/Survey.html

1-405 and other roads
in East Long Beach, CA
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“ Nakata et al., 2015


http://web.gps.caltech.edu/~clay/LB3D/Survey.html

Cities are wired internet hubs
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Cities are wired internet hubs

* Fiber is correlated to road/rail (93% in USA)
CenturyLink owns 5.6 Gm of fiber, adding 1.9 Gm in 70 cities

Wikl Reseirch § Seavalting
CN e Peote Maps » Qutibuses
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NYC Internet Master Plan Jan 2020

Map 2: Number of Commercial Fiber Internet Service
Providers (ISPs)

Source: December 2017 FCC Form 477 Version 2 data, analyzed
by the NYC Mayor's Office of the CTO.
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Cities are wired internet hubs

* Fiber is correlated to road/rail (93% in USA)

* CenturyLink owns 5.6 Gm of fiber, adding 1.9 Gm in 70 cities
uploads/2020/01/NYC IMP_1.7.20 FINAL-2.pdf [\ ETo\AS [T EAV/RE EUR RY S0 oT=T ol o] [e 1ol ¢



https://tech.cityofnewyork.us/wp-content/uploads/2020/01/NYC_IMP_1.7.20_FINAL-2.pdf

Cities are wired internet hubs
What if we could use this for geophysics?
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Distributed
Acoustic
Sensing

turns a fiber-optic cable

into a massive 1C e
seismic array /;/
(of strain-rate sensors). '\

Fiber-optics have imperfections
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Distributed
Acoustic
Sensing

turns a fiber-optic cable
into a massive 1C
seismic array

(of strain-rate sensors).

I — WA bnt S A A L
10000000 00000 0000000 0000000 . 00
3’:’:‘:’.’0’3’3'3':’o’:’:’g’ '0/0/0/0/0/00/0 000000000

o Sl I e S el e el e, el I e e Sl Sl e el o el o e, e, Sl S

Patata b tobo b bttt tatatotodoto bbbt bl
e seiesvesels, e seesess

() o,
+
000000 0000000 00000

NAS-COSG Webinar 2020, COVID-19 DAS Vehicle Observations, nlindsey@stanford.edu

Some Common Recording Parameters:
Laser pulse width ~ 10 —40 ns

Spatial sampling (Lg) ~10 m

Maximum aperture ~ 30 km (standard fiber)
Laser pulse rate (t') ~ 10 - 100 kHz

Digital sampling ~ 100 — 1000 Hz

Data flowrate ~ 0.01 — 10 TB/day

Backscattered light
® returning to the iDAS Acoustic field

Wy Laser pulse propagating

o o through the fibre
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9:54:30 Bus stopped.
people got off the bus
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Footstep detection with DAS

Jakkampudi, Shen, Li, Dev, Martin, Zhu (The Leading Edge, accepted)
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Rose Parade observed with DAS

Wang, Williams, Karrenbach, Gonzalez Herraez, Martins, Zhan (Seismo. Res. Letters, in press)
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Rose Parade observed with DAS

Wang, Williams, Karrenbach, Gonzalez Herraez, Martins, Zhan (Seismo. Res. Letters, in press)
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Stanford DAS-2 Experiment
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Persistent noise
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DAS observations
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DAS observations

Amplitude [dB]

Broadband DAS records
on the order of 108
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Vehicle detection

Daily template is the median of 198 triggered detections for 01-Mar-2020
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Vehicle detection

Loading/unloading
events

Daily template is the median of 198 triggered detections for 01-Mar-2020 /
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Vehicle detection

Loading/unloading
events

Daily template is the median of 198 triggered detections for 01-Mar-2020 /
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Vehicle detection

There are 3082 matches to Daily template using CC>0.7 for 01-Mar-2020
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Vehicle counting

= = Google Mobility Data (SF Bay Area)

Apple Mobility Data (Santa Clara)

Lower Sand Hill Road
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Peak due to supply runs?

Vehicle counting
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Connecting Geodetic and Seismic Observables
/\ /\

Geodetic roadbed deformation

Upper Sand Hill Road Dynamic surface waves

—— Lower Sand Hill Road
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Connecting Geodetic and Seismic Observables

Cumulative strain (per day)

Surface Wave Energy Per Vehicle
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Linear relationship between strain and vehicle count

Do parameters hold in other areas?
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Summary of Findings

Fiber beneath urban areas enables vehicle counting
Business traffic reduced 50% immediately

Hospital traffic changed more slowly

Linear relationship between strain and vehicle count

Thank you for listening!

Learn more about fiber sensing:

% 35

IRIS te”

Distributed Acoustic Sensing
Virtual Workshop and Tutorial
August 10,12,17, 2020

https://www.iris.edu/hg/event/2020 DAS Workshop
https://www.iris.edu/hqg/initiatives/das rcn

Watch a tutorial on DAS:
https://www.njlindsey.com/

Read the paper:

Lindsey, N.J., Yuan, S., Lellouch, A., Gualtieri, L., Lecocq, T. and
Biondi, B., 2020. City-scale dark fiber DAS measurements of
infrastructure use during the COVID-19 pandemic. arXiv preprint

arXiv:2005.04861.

Contact me:
nlindsey@stanford.edu 31


https://www.iris.edu/hq/event/2020_DAS_Workshop
https://www.iris.edu/hq/initiatives/das_rcn
https://www.njlindsey.com/

Supplement



Stanford DAS-2 Experiment Roadbed Testing

410 412 414 41 41 42 41 412 414 416 418 420
Channel (8.16 m/channel) Channel (8.16 m/channel)



https://arxiv.org/pdf/2006.01360.pdf

