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Abstract ,
Particle-loaded convective vortices, or dust devils, are coherent, columnar C orr elathn H car tb C at D C te CtOl‘ Wavele t D C te CtOl‘

shaped, fast rotating, dust-laden vortices at least one meter high and lasting for at
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: _r : : Goal: Distinguish peaks due to dust devils from background noise via wavelets
Goal: Build a detector of the characteristic vortex heartbeat signal observed on Hyperion pressure sensors S P S

least 10 seconds. These vortices are created from heating of near-surface air Stebs: :
b insola q b oundary | Dust dec] cps: Methodology Processing
y ll’.lSO ation and SO are su ]CCF to boundary layer processes. | ust devils 1. Build templates of SYﬂtthlC VOrtex pressure 31gnals as €Xp€Ct€d for Hyperlon pressure Sensofrs 2 statistical significance testing of wavelet power at time index 1,. Decimate time s.eries from 1000 Hz to 25 Hz sampling rate through a 2-stage decimation process.
consist of reduced pressure at their centers and are observed moving across pres- 2. Create algorithm and methodology to etficiently calculate the correlation coetficient between templates and data streams n and scaling s, |[W, (s)|? to detect dust devils: Final filter cutoff is 10 Hz.
sure sensors as a pressure dip of varying duration (full-width at half maximum, 3. Test robustness of correlation method on synthetics s ) Correlation Coefficient WP 2 2. Window the signal into chunks (~ few hours)
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boundary layer, but it also has implications for the risk to life and property posed oso] | torentzianproritd|  to be observed by a Hyperion sensor, _4_{;____ : Re d NO 1se Emp 11.1 C al MO d elln g Goal: Determine background noise model
: - - - - € 025 ing the above formula. Th theti o o 10° ' ; . .
by these vortices. Furthermore, automatic dust devil detection may improve un- F | uing the above formula. The synthetic | Bemerm S EE Spannlng multlple years
. . . . . . 3 oo = ust devil has a pressure dip of 0.75 e e
7 : 11 : " " ~0-501 { FWHM: 10s 5000s. The predicted signal on the Hy- As the correlation coefficient is sensitive to the phase (not amplitude) of the signal, our tem- Atmospheric dynamics follows energy cascade: 24 hours a day, red noise p arameters
standing the occurrence and variability of dust devils on Mars, which is answer- 105 - - v P P gnal, pheric dy By on X stations.
> ~0.75 - Pressure Dip: 0.75 etion sensor has the characteristic : - larger eddies dissipate to smaller eddies.

: .. X i p p plates are created via a range of FWHM, which alters the shape. g P @ ‘ Compute 0
able tO scver al hlgh-pl'lOl’lty gOﬂlS sct fOI' th by the Mars Exploratlon Program 0] | ; fo = 50905 . heartbeat shape. We note that the signal strength 1s much lower for FWHM > approximately 100 s. *  Pressure fluctuations (e.g., infrasound) follow same pattern. £ ‘ \ Fiter » Deconvolve » Sdgz‘gti;' » Fit model » [[:.;Ei:]
Analysis Group (MEPAG) See IDC Global Infasonic Noise Model (Brown e, 2014). > e

A A N S | % somrnnn 205 e
2. Correlation Coefficient Algorithm 3. Svnthetic T e W DT red noise model c(ty5®) | ... L ..
) * ynt etlc eStS rown Noise for each window: >-> (function of ¢, i.e., time of da Nzlo‘g f 2
M Statistics for Seeding * Red (AKA pink, brown, or Brownian) noise: B : | e el and day of year) ’ g a0
M t t ° D Determine window length to cut data & overlap Template\ / D;ta Stream| . ﬁ;,zfegﬁ,fteeeexit', E;ﬁggsnﬂ;rdirerr?neignr::ent power spectral density P(f) « f* with s <0 = spectral density A(f) ;-;1005 | : ;0'6
imiz i ross-correlation 5 (1-100 Pa T & 10° 8
O lva 10 n LO ng uratlon Selmo aCOUStIC Re Cord / E:;?IE:E;éjra"lﬁ'?ali?s?;?mTFFT')d{?f?;;qcpr;ate, Normalization C:(” — ;ri'(fﬂ)'y-i(f)}gf X & y Eygl-ﬁ‘[i,.d‘l(??_ﬁ,go)s) _.g_ fit model Af) = cf* g’ 7 N"‘-‘“.*.*M | ‘ §0.37 i ——— 7
_ i . R - _ R \/;Ir.;(fg).:t.',-(tn)\G/Ibyf:(t)g;t;d 1 (2006) e — = model experimental noise as red noise. E ) < . W 2’ 0l —— — e A
P e > ; R L e 1y QSR e . ibbons & Ringda . = 102 3 ‘ . 0 6 12 18
g 52 rmcrobarorneters 20 Read in Data (6hrs) Qulet data 30 minutes without clear signal repeated for 6 hr 10 Freq (Hz) 1° 10 Local Time (hr)
broadband seismometers, Preprocessing Decide Best CC Matches Statistics from — Example 6 h 403 o -
Demean 500 6hr Segments Vo, witl):asmp € b hr segment
— rom the bestccarray info, Qo ynthetic dust devils — == Freq (Hz)
= 100 geOphOﬂes deployed DoEver'ltsr:rr\"\c::)le FDeci?e rﬁaxttemplgte Inatch (peak) 100 i Eg " T YR Night o« e Night . 5
~ . e @ N 9 8o ik 0 Night 0 Day Preliminary Results ,, _ Niht . Day Key Findings
= OVCI scven years (Wlth some Taper (5%) Get Template match result l = e DoM002018%2019 .| . D5M0020188&2019 D5MO00 ~ 2“.183‘5?;";3 A S e
] . “correlation i | 3 3 ||Og | — G Bl ey [, o S CE A .
gaps>> 31011% with temporary s BT e S [ThrGShOId of True Match & PIOt} = E"Z_l DefecopnT—{ s 1 §¥1% o :t*’*”“? ?f IR 1t 40 - g2 0.2 e 20 | N L N ool . Larger variation of slope values during night hours in
* Apply normalization to obtalin Correlation Coefficignt Decide threshold for a true match > Ec ol u; ] ‘."-:4.; Fet Qo col 3 . u; 1o, 0% : o o T T - summer ., summer 0.1-.;“'. - ) oo e g PO *. . .
SOO_element geophOne \for es;i&:tztggg;gﬁ:;riiﬁf - current beste rray) Plot against data Olous Ao Lo <23<(1 /Det'giﬁ,‘f,n ;01 Jae? ,." o ® # if; Les . §._ ZE :?;::%;"58% ie :'; L i g %, comparison to day |
-arrays. This site is one of the k /[ ] T |ee 2 mmeme) 2 Daeens) g 2 R T St A Lormett elisolnis slope vellnes o v, alllioms b sitoi
ShEb £ 1 Earth with Once completey for all templat/es 102 2006 l 00 100 200 300 0 100 200 300 & 0200 7100 200 | 300 16 "Tl00 | 200 300 distribution, than summer
S | ﬂ f 1 29 - pekestens e ) ’ . nght,s:OMD,Z‘mB e Day, D10MO, 2018
€W places o arth wit § s |25 ] ] | 1 PIOMO 2018 { | ~ Diomo20is i | Dlomo2018 | DoV0 20T Constant at night lower values than during the day
o . " : ] o s 88 % ‘ e e ‘ - .."s. ".-; . X * winter i winter Night ] .
craters (1.e., a Mars analog). Red Noise SYﬂtthlC Data for D5M04 g = o ) © utcHour 8 ml-,f'f.:;'{%w%}“{ m'l'. ‘, ,WJ’}. R ol Los] Constant also sees range of values that will be investigat-
atistics from r Segments 0| S Igp ee el e 0apnt vl S - 2f ] . Y R ., . :
‘E‘ Exam le 6 hr seoment ] jLS(;Ot tics Zsoo?}{aﬁilgmly Gtcnerated Synthetlc Reci Noise for Station D5M04 300 109 4 ~Slope of 1 0 % :.n"."'_'f "l'?’ .{ :: g ' Day# ':._.% ] > ¢ ': e é ° ’ -.":‘!. PG T Cd mOVIHg fOl'W afd
D d .1 h 1 ]i d — §%20 " Synthetlc dus deVlIS %5‘555::::? © ’ £ 10 : o8 - = ° v FWHMloz . a;l £ K 10 0.8. . 10 - -2 . T . Nig:t‘ D10r\.no,201s -2 e Day, D10MO, 2018 g j-'{:;::::.é: ..' ;?%i-?' -'.: :0.;::.: 50;.‘::‘:;&:. .:.u.?."hi' i ...";o
U.St CVI S Cfeate Some t e afg€St amp tU. e ZE 0 WML Pg- E _-—_'__—— 8 -‘“-.,*’5 é 08 300 :23 _ 0 T 1(‘)0 5 203 ' 300 T d T 160 T 260 T 3(')0 T OMOG—M 0 v 100 500 300
. . 5 * | - 2 o Z = s %! :;:;Qg 150 | B ay Day # Day # Day #
signals on the microbarometer network. P \ D13M2 g | < o I — 04k iiad N10¢ TSEIE = 9 <
+ o i - = | A ol S | '3 & S
Several are visible (highlighted in lavender) E-il Detegtio ———————— T —e 30 I [ GI 4 | S 5 g | ;
: : - ey - 10°Syn 10° 105y, FWHM1O’ 0 100 2 Tandineslly, o - dlly °
er station over this one hour snippet of data WMW cEo . yn-FWHM rates Datections Oniy Syn. Amp (Pa) e 00 frg10? 000 pet. FWwHM10? 1
’ from S °P 2018 i «— etetton, it e T 1° SmAmp a0 ) COIIC us101s
rom summer . D10MO Ca _ N S : : : — . . i i
’ ¢ I l IR T Y 5 Quiet Data & Red Noise Synethetic Test Findings Promising results from the correlation detector, will be extended to more stations across greater number of days
e 1 " Synthetic Matches Detected FWHM
| | | i I I I V= i y . « . . . . . . .
0 10 20 30 40 50 60 §§ 0 “E 1|" '“g"‘*['m H"S* L‘TéHour :ﬂ Higher CC for larger amplitude, lower FWHM (<100 s) Wavelet detector also shows potentlal from initial white Gaussian noise apphcatlon
e s A ° 0 — Few false detections, majority clustered > 100 s FWHM . . . . . .. . . .
PI’ O] cCt Plan e e e — B Red noise empirical modeling suggests atmospheric complexities that will be investigated
1 6
5 Al stations Summary Preliminary Single Day Results
Phase I: Develop Database of Vortex Detections across the study period 3 - ~|E Stations in areas with more vegetation have fewer detections R f
' i i Station Map £ =i, i.ciistia |7 (¢, 120MD, 120MG) CICIrcncCeEs
Process data from multiple years of microbarometer recordings oponviap  f el ientbed More detections at a station in a low-vegetation, low surface
Develop & apply detection algorithms T_‘ - 60 oy 120 ° roughness (c.g., D5M00) Brown, D., Ceranna, L., Prior, M., Mialle, P. & Le Bras, R. J. (2014) Pure Appl. Geophys. 171, 361-375. doi: 10.1007/s00024-012-0573-6
2018 / 185 2018 / 185 0.8 Gibbons, S. J., & Ringdal, E. (2006). Geophys. J. Int., 165(1), 149-166. doi: 10.1111/j.1365-246X.2006.02865.x
S ) e eee O ® e 120MB © o o0 o a o
Phase II: Quantify vortex occurrence patterns | R : Jackson, B, Lotenz, R. D. and Davis, K. (2018). Icarus 299 166-174, doi: 10.1016/j.icarus.2017.07.027
. . eq . e 120M6> [ ] [ ] ®e
Station variability, seasonal / diurnal cycles & topography 7 20 o %fﬂws 0 ¢ o ¢ Jackson, B. and Lorenz, R. D. (2015). J. Geophys. Res. Planets 120, doi: 10.1002/2014JE004712
€ 21 'D5M00 Zoom :::;r:f: 10 © 0L 120M0 s s : x .
SE | P o | 5& (Mos e S Lorenz, R. D. and Jackson, B. K. (2015). GeoRes] 1-11, doi: 10.1785/0120150133/
. : : 0.6 e . - polpe ® ’ . .
Phase III: Track discrete vortices S . | “ : : L D5MD2 oo o e °®o Lorenz, R. D. and Jackson, B. K. (2016). Space Sci. Rev. 203 277-297, doi: 10.1007/s11214-016-0277-9
. . . . = : = — eo @ e 0O @ O 8cC 0 D5M00s oo o e® o © @ oo o
If dust devils emit detectable acoustic waves, can they be tracked across infrasound subarrays? : - AT L e | R I IR RS || B Lotenz, R. D, Balme, M. R., Gu, Z., Kahanpid, H., Klose, M., Kurgansky, ... and Wei, W. (2016). Space Sci. Rev. 203 5-37, doi: 10.1007/511214-016-0239-2
” { { { 1 ¢ > P - ' 21:30 ' 21:40 _ m : ; "-'f“"."m;f.’:'.’-“;'.,...',:;I:.‘::z':?'%.: ML 17 | | .
B et dievils emit deirecablie selsmie waves, Gan ey oe tradsed with 2 asge N aniy of goojplioncs - S ~/uTC Hour 29 23" 17yTC Hour 20 23 Totrence, C. and Compo, G. P. (1998). Bull Am Meteorol Soc 79 (1) 61-78, doi: 10.1175/15200477(1998)079<0061:APGTWA>2.0.CO;2

Sandia National Laboratories is a multimission laboratory managed and operated by National .

Technol & Engi ing Soluti f Sandia, LLC, a wholly owned subsidi fH well ' ' 1 Eat _ .

Technology Incr.]?fgreter:en% Solu ecy)ar:rt?n Sand IaEnergy’ a wholly owned subsid li'i?'ycz Honeywell This research was funded by the Solar System Workings program as part of the NASA solicitation NNHT19ZDA00TN-SSW. Jet Pro pu Ision Laborat ory San_dla

under contract DE-NA0003525. . . . Nﬂthﬂﬂ'
IVA S saone California Institute of Technology Laboratories

Sandia National Labor mult' labor. aed and operated by National Technolog & a Solutio deLLC wholly
subsidia ny yweIIIt nal Inc fth USDprtmeth rgy's National Nuclea " Set tyAdmlntt under contract DE-NA0003535.



