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Abstract

Everchanging arctic climate conditions continue to negatively impact the habitat of the polar bear. The changes cause them to
search for food outside of their traditional hunting grounds and potentially encounter humans in locations where interactions
weren’t previously documented. One such occurrence in 2018 found a female polar bear at Summit Science Station near the
center of the Greenland Ice Sheet (GIS) which is over 300 km from the closest traditional food source. In an attempt to mitigate
the safety concern posed by potential interactions, the U. S. National Science Foundation-Office of Polar Programs-Arctic
Sciences-Research Support and Logistics Program (NSF-OPP-ARC-RSL) has sponsored an effort to evaluate new technologies
for use as a perimeter monitoring tool around remote arctic research camps. Distributed acoustic sensing (DAS), a technology
often used for perimeter detection in high security areas, uses fiber optic technology to sense mechanical vibrations due to
seismic or acoustic sources, including foot-steps. The systems are typically very sensitive and can not only be used to detect
an intrusion, but often characterize the type of intrusion. Sensor ground coupling in soil is well understood for these systems;
however, use in arctic conditions with direct snow coupling is not. A range of human foot pressures was used to simulate foot
pressures of various sized polar bears. The very large surface area of the polar bear foot when considered over three points of
contact for a walking quadruped, results in a similar foot pressure when compared to the single point of contact of a walking
human. Using polar bear analogues, we demonstrate DAS performance in direct snow coupling, evaluate the loss in system

sensitivity due to increasing snow pack and assess the effects of extreme cold on fiber optic sensors down to -70 degrees Celsius.
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1. INTRODUCTION

99°W  93°W  84°W 75°W 63°W 48°W 33°W 18°W 6°W0° 6°E 12°E 18°E
Ak W | S N I I T T =

EE——— -

)
I
I
I
I3
’ i
|
I
I
I
I
I

¢ < 8 : Snow Test Cell ol
Polar bear encounters with humans have increased I | N X _.“  Fiber Optic H o
UsS Army Corps in arctic regions where their habitat is changing ' , 8N Acoustic D;t?svste = ——
of Englneers® rapidly (Pope, 2019; Sterling & Derocher, 2012). i — e g \ o
BUILDING STRONGe Specifically, an encounter on June 24, 2018 at the o (4.5 kg) Tamper FIECITEITE (ReElE SUMEES A0

74°N [

NSF Greenland Summit Station, spurred an
investigation into early warning systems in order to
mitigate these encounters. Distributed acoustic
sensors DAS, were evaluated as an intrusion
detection system in a controlled laboratory setting

74°N

72°N

M

70N Br Control Panel

Fiber Channel Mapping *<= " Waterfall Display & Settings | Arctic Gear

68°N ‘\",, Figure 5. Snow test cell and cold box configuration set up showing control panel, fiber optic Figure 6. Data acquisition in the snow test cell showing DAS system setup, analog polar bear step
where system temperatures were dropped to -70 6N sensor layout, data acquisition system locations, snow compaction, and channel mapping. performance, relative sensor position to step locations, and foot surface area recording.
degrees Celsius. Typically, DAS systems are installed \ | &N S
~ bathymetry (m) 5 125 BESNE Ve
S in the ground mak!ng 't necessary to confirm PASh. o | S osm e A Phase 2 Snow Temperature — | * 4 separate test temperature ranges with as many as 15 e
system performance in snow. Humans were used Photo credit: Pat Smith ool — P P & Y e = e
: : 62N | @ 1001-1500 | ] —— individual polar bear analogues per test. s IS |
to replicate polar bears walking near the sensor. Figure 1. A) Photograph of a polar bear at Greenland @ oz [y . \ I - .. I P Y g ) dp o | ; =
Functionality with snow depth and extreme cold Summit Station, June 24, 2018 (Katz, 2018); B) Breeding ¥ adull female| €@ 3001-6500 \ o Nessuements Window noe soles were photographed relative to a scale, an oA i
was evaluated season movements of pack ice polar bears, relative to 1_ adult male | @ >6500 i §_zs- \ / <hoe surface area was calculated. .
Greenland Summit Station (after Laidre et al., 2012). W SEW SIW 4EW ASW AW 30W 36W 3W 300W 27°W | \\// * Shoe surface area in conjunction with the weight of the 1
participants was used to calculate foot pressure. ;
2 SNOW COU PLED DISTRIBUTED ACOUSTIC SENSINGO Theory & Approach TEsEp e iy SN Sy ;?3/190:00 5/4/1’9,0:00"/ 6/5/19000 6/6/19 0:00 6/7/19 0:00 6/8/19 0:00 6/9/19000 \""‘5110/139\90 6/11/19 0:00 6/12/19 0:00 * FOOt pressure Of the partiCipantS was then rE|ated to 4? s 4
’ ’ Glsshiciecuss | @ @ | B) polar bear foot pressure to classify small, medium, large, o ¢
A) Backscatter \ 9) . POLAR BEAR # 11: SNOW (-31C); AIR(-39C); SIZE (LARGE) i d I | b 3: '
Typical system components: S— ' ' ' \ ‘ ‘ pepth (] and extra large polar bears.
1. A sensing fiber optic cable (20-40 km in length). L {4 —j * Polar bears .tend :IO walk W'.t: 3 points of fround contact s
2. A class 4 laser/computer central processing unit (DAS). Na “a--vv\i' t gt any onle tlrtr;e. urr\nans wit cl)ne pC:cmttO COntiFt- o .
* Since polar bears have very large feet, sometimes up 0 - 4 6
g
. . . . . . . ¢ Sensing Fiber AL : : .
Measurement: Mechanical waves (sounds /vibrations) cause fiber impingement, resulting . N 30cm in diameter, when compared to the relatively small Figure 8. Foot surface
. . . “AP Sensing 2016 Detector Acoustic Event "' 3 . . )
in laser backscatter and subsequently, measured signal (figure 2). o 0K g surface area of a human foot, a human can easily provide area  calculation for
B) : comparable foot pressures. ;‘i*z':tm" to polar bear
. fo . . . fo . . . Os
Classification: Signal can be classified into different target types based on amplitude, . soinorss, [ e
spectral response, spatial foot print, and duration. 2 |
z Raman
= anti-Stokes - - - - Raman Stokes °
N A 5. CONCLUSIONS
Approac ‘ z op l . q Stepping Move to Stepping Descend Close
. . . . = Compressor = Front Back Back  Stairs/ Open Door Door . . .
Phase 1- Confirm very low temperature functionality of fiber (-70C). MTS 3 | o o Door Door B o =0 L il iy Phase 1: Extreme cold temperatures should not impede fiber performance, with the
environmental chamber. e (S experiment exhibiting an increased signal to noise ratio at colder temperatures.
Phase 2- Confirm snow coupling is appropriate for this target. Assess effects ‘ Folen slghal wavelength Figure 7. A) Snow ¢ ure at 0.4m depth for the duration of the test: B)
. . . . igure /. NOW temperature a 4m aep or e duration o e test,
of burial in snow / signal reduction. Cold box test cell. Figure 2. A) Schematic describing fiber optic sensor processes; B) DAS results for polar bear #11 at -39C air temperature and -31C snow Phase 2: Snow coupled DAS testing using very light polar bear analogue steps,
Phase 3- Perform proof of concept at Summit Station (Summer 2020). backscatter signal intensity and uses including DAS and distributed temperature. Note recognizable step patterns and significant amplitude to demonstrated detectable signals at depths of at least 0.65m in the unprocessed data.
temperature sensing (apsensing.com). depths approaching 1m.
° = A) -30C Drop Hammer Test B) -50C Drop Hammer Test C) -70C Drop Hammer Test . VV
3. PHASE 1 - EXtreme COId Flber TeStlng ' . I:r. PB: 2019-06-19 14:34:01 UTC PB: 2019-06-20 12:26:21 UTC PB: 2019-06-21 13:52:50 UTC PB Channel 8: 2019-06-21 13:52:50 UTC 8 AKNO . LEDGEMENTS
N i — e i Funding for this research was provided under the
e i - e y | Sie—=f=| B U. S. National Science Foundation-Office of Polar 5
Evo—— = 5" - g B == s SN (. | : : f
Fiber Optic Acoustic s E i i3 —— = = o 2 | K Programs-Arctic Sciences-Research Support and | y
Sensing Cabl § = i - AN e i Y G —— — g o
— f === - T T 2 = *- Logistics Program (NSF-OPP-ARC-RSL) for the
. . ‘ ‘ — Time Series ime Series ime Series . . L.
Vibration N 1 st I Go we sw e ww  we LSMALGHMENNERD el opportunity to perform this exciting research.
Dam pening Time (MM:SS) Tiens (riruiee) Time (MM:SS) Time (mictes) Time (MM:SS) P pren ] . ]
Foam s PB:2019-06-19 14:34:01 UTC s PB: 2019-06-20 12:26:21 UTC ; PB: 2019-06-21 13:52:50 UTC Special thanks to Dr. Emily Asenath-Smith who
&l | provided access to the cold box testing facility and
10} . - 10 T . . . .
n External noise = c ol \ . to Mr. Andrew Bernier for his assistance with
= 5 / \\ - =] , e 2 operation of the MTS environmental chamber.
Calibrated & | 1l & | | | ' e ||| i . . ‘ |
S : _ | | £ - - = = ’ 1 o i e Finally, the authors heartily thank the analogue M wrkoch ¥ M. Oren Mr. Ringleberg | 4 Mr. Weale J® -4 Ms. Paguette
. _ - 1 : = P | & ﬁ , l . -
Drop Weight : L | 8 =i mpa g 2 .| | | polar bears for their eager willingness to Figure 9. A variety of analogue polar bears for the Phase 2 testing.
(placed on top of Environmental ~= Humidity readout ® % -5¢ T ' & -5 k] T .. i i
MTS chamber) " Test Chamber | 2 il e g \ I / 2 -4 . o participate in this study and most excellent
-10} ] -10 Measured signal 1 al et L
N il 6 e performances as polar bears.
. . , \ . . ’ . . i . ) -8 " A . \
dan.glaser@Rutgers.edu “$4:00 34:30 35:00 35:30 36:00 36:30 37:00 37:30 38:00 2:00  26:00 2100 2130  28:00  28:30 52:30  53:00 ;:’_330 (MM548=°S°) 54:30 5500
y.I.g @ : y.mi _ . . o _ Time (MM:SS) Time (MM:SS) me .
e NS GG P Figure 3. Phase 1 test using MTS control chamber. From left to right: drop hammer seismic acoustic . . . _ . 8. REFERENCES
source, MTS chamber, inside of chamber with 150m of fiber optic spool and one of the launch boxes Figure 4. Time series data by channel, spectral data, and stacked time series data for A) -30C drop
placed on foam for vibration dampening, MTS control panel, and control panel readout. hammer test; B) -50C drop hammer test, and C) -70C drop hammer test. Greene, H., Glaser, D.R., Costley, R.D., Boitnott, G.E., Hathaway, K., and Weale, J., 2019. Detecting polar bears with buried fiber optic sensors. 2019 Science and
Technology Symposium — US Army ERDC Cold Regions Research & Engineering Laboratory.
. . . . . . . Katz, C., 2018. Polar bears appear where they never were before. National Geographic, https://www.nationalgeographic.com/environment/2018/07/polar-bears-
A test of fiber functionality down to the lowest expected temperature of -70°C was completed. This test was performed in the MTS environmental control chamber. The approximately 150m of summit-station-greenland-ice-sheet-news/
fiber remained on the reel for the test. Launch boxes with 2200m of spooled cable were used on either side of the 150m of sensing cable to replicate a field deployment of 4.5km. Data sets Laidre, K.L., Born, E.W., Gurarie, E., Wiig, O, Dietz, R. and Stern, H. 2012. Females roam while males patrol: divergence in breeding season movements of pack ice
] . ] ] . i ] . polar bears (Ursus maritimus). Proceedings of the Royal Society B 280: 1-10. DOI: 10.1098/rspb.2012.2371 Open
were acquired in 10-degree increments throughout the cooling and warming cycle of the -70° to 0°C range. A drop- hammer, placed on top of the enclosure was used as the seismic/acoustic access http://rspb.royalsocietypublishing.org/content/280/1752/20122371

source for the test. Figure 3 shows a picture of the drop hammer used. The weight was approximately 190g and was dropped from a height of 41.5 cm. Results indicate a reduction in Pope, K., 2019. Dwindling sea ice brings polar bears in conflict with humans. Discover, August 3, 2019. https://www.discovermagazine.com/planet-
earth/dwindling-sea-ice-brings-polar-bears-in-conflict-with-humans#.XT-Njy2ZN24

background noise with decreasing temperature, and improved signal to noise ratio. External noise was observed on some of the channels. Sterling, I., and Derocher, A.E., 2012. Effects of climate warming on polar bears: a review of the evidence. Global Change Biology, 18:2694-2706.



https://www.nationalgeographic.com/environment/2018/07/polar-bears-summit-station-greenland-ice-sheet-news/
http://rspb.royalsocietypublishing.org/content/280/1752/20122371
https://www.discovermagazine.com/planet-earth/dwindling-sea-ice-brings-polar-bears-in-conflict-with-humans
http://Rutgers.edu
http://usace.army.mil

