Development and testing of instrumentation for ship-based UAV measurements of ocean
surface processes and the marine atmospheric boundary layer

Benjamin D. Reinemant? (reineman@ucsd.edu), Luc Lenain?, Nicholas M. Statom?, W. Kendall Melville2:1
IMechanical and Aerospace Engineering, 2Scripps Institution of Oceanography, University of California, San Diego 9500 Gilman Dr., La Jolla, CA 92093-0213

=< UCSD | Mechanical and
Jacobs | Aerospace Engineering

1. Introduction 3. ScanEagle flights from the R/V Roger 4. Air-sea fluxes measured during low-

We have developed instrumentation packages for Unmanned Aerial Vehicles Revelle, October 2012 altitude flig ht

(UAVS) to directly measure air-sea momentum transfer, latent, sensible, and 1 Pacifi . WY 11 flihts i ] Flight ’ ht-and-level flights f he R/ e (0° . titud
radiative heat fluxes, and surface topography.  Equatorial Pacific Ocean (0°N, 140°W); 11 flights in 10 days, 70 flight hours. » 10-km straight-and-level flights from the R/V Roger Revelle (0°N, 140°W), 30 to 70 m altitude.
The low altitude required for accurate air-sea flux measurements is below the . Ir_1clhudeddtwo 11-r_1r_ back-to-back flights of the Flux payload UAV, capturing day-to-night and . U_se ccl)variangelof vertical windl (W) w:th Iﬂuctuations I horizqmal w(ijnld (u'),hmoii:ure (q'), and
typical safety limit of manned research aircraft; however, with advances in laser night-to-day transitions. virtual potential temperature (6,') to calculate momentum, sensible and latent heat fluxes.
altimeters, small aircraft flight control, and real-time differential GPS (DGPS), it Is « Demonstrated vertically-stacked formation flying, with the upper (300 m) imaging UAV | Sample time series from 30-m UAV flights. Note the coincidence | Scatter plot of turbulent
within the capability of the UAV. Ship-launched UAVs can greatly Increase the maintaining the low-level (30 m) flux-measuring UAV in the field of view of its cameras. oeaks in vertical wind, water vapor, and temper'ature. water vapor vs. vertical wind.

range of atmospheric and oceanographic measurements well beyond the immediate
vicinity of the vessel, and enable investigation of spatial variability.

1

« Real-time graphical monitoring of atmospheric data permitted real-time mission planning to
explore areas of interest.
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_~ Boeing-Insitu ScanEagle 2u® Accurate air-sea measurements will
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near-surface atmospheric profiles to

surface fluxes. These relationships are

. essential  for Improving  ocean-

- SadiL Y & Turbulence atmosphere coupled models for scales

wihgs;;gm y' 8 st P ranging from local weather to extreme
' e weather events to global climate.
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: y Sample Integrated cospectra
| ' | ' (“ogives”) from 30-m flights showing (a)

100 140 160 180 200 220 240
Time (s), starting 16 Oct 2012, 08:12:00 (UTC-10) momentum ﬂUX (p<U'W'>, Wlnd StFESS),
| aunch and (b | Preliminary atmospheric and surface measurements from (b) latent heat flux (L,<q'w>), and (d)
- . gum t ScanEa? € (a)haun(; and (b) shipboard instruments (lines) and UAV Flux payload (markers) sensible heat tlux (pCy<6,'w'>). Low
2 " Sca n Eag Ie SCIentIfIC pEY|OadS ;ecmilery roml the R\; Flzoger during an 11-hr flight. The UAV flux calculations are made using frequencies asymptote to the final flux
; S U?A\\/\e/ e(i:I (€) pamlacl)gaed) Oacqo}?/eeé integrated cospectra from 240-s (~5 — 7-km) segments. U,, =7 estimate. 240-s (~5 — 7-km) segments are
* Integrated into Boeing-Insitu ScanEagle platform: uxpay ul —_8mst. used.
: : : by upper UAV (Imaging ,
* 3.11-m wingspan, 22.0-kg maximum takeoff weight nayload) while in vertically- £ —— — i & .
_ : £ 800 5 -
» 2 -3 kg payload, >11-hr endurance, on-board generator to power electronics stacked formation, 2g Y BN 2 oo B 7
. : : 5 & S — /.
« Pneumatic launch, vertical line recovery (both at-sea capable) SeanEagle fliaht track | E o S N\ Lk "/ //f
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9-port turbulence probe Winds, mﬁmirtum UXES, fast-response Included helical soundings 100' to E 24 e :ff(sslﬁﬁacle7(i1;p) [ —ry. 17m)77 = 200 g
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Hur_nldllty/temperature H/T profiles and bulk fluxes @ | - level legs down to 30 m. Shown is 2 SZ s o 5 NI \‘\m :
é\ga_tll_sa a) _ p:ﬂgbg ence hKrypton ssT  Lidar — | SN S SN ANEROWE o example of the 1-Hz real-time @ o o UAV(0m) 605 ° T T
Sensor (Everest SCI.) SST, frontal Processes ygrometer (in rear) A T e e heri d - Ni a o & UAV (90 m) 40 B .50 E
ical ible heat fl SSe e am= e e === atmospneric data, In this case . al o X — sipcoarE30)|| " §C 50 g
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“RADIOMETRIC” Payload Wind Direction (deg) Water Vapor Concentration (g m'3)
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Radiometers (Hukseflux) radiation budget, SST  Pyrgeometercigi, 1300/ ‘ W% \:’  We have developed instrument packages for UAVs to measure meteorological variables,
giT Senssr (E‘ﬁlrelit S‘i") ~— >ST = | 2, o0 AN N\ ‘\ surface wave fields, and air-sea interaction, including momentum, energy, heat, and moisture
sysiem , KOnNtron dla acquisIition : P \ ~ - - - -
DGSS y(NOV A(\tel) ) Georefgrencing 5o facing down. O . <§ AN \ fluxes. Instrumentation has been calibrated and tested with ground vehicle platforms and
NG 7 10 AR . . . . .
SST, video ' " \5; "h @\ .‘ with engineering flight tests over land and water (Reineman et al., accepted by J. Atmos.
¢ | \ " h |
“IMAGING” Payload o YN Lty » and Oceanic Technol.).
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Llaser a't'meterD e Lt Surface waves, a/c control & SEC. 53D S k\f 0 U ( — 16 0ct 0132 ~‘ » Measurements taken at low altitude (and with no human risk) within the boundary layer
(Measurement Devices Ltd.) power supply £ OIN! ) WA — o022 permit accurate determination of atmospheric state near the sea surface, and of surface stress
Digital video camera Ocean surface processes g 700 v 7 —16 Oct, 02:45 ) : . . . : . . . : :
) " ’ : v W ‘Op% —coe o Y d its relationship to th field, includ tial evolution. With vertically-stacked
(Prosilica) wave kinematics and E o \ WA a4 ( (Y 16 Oct, 0321 \ and its relationship to the wave field, including spatial evolution. With vertically-stacke
breaking " K \/, 2 (;a: ‘/ 16 0ct,04:14 flight, there are coincident measurements of surface wave field kinematics and topography.
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SST sensor (Everest Sci.) SST, frontal processes camera " ) 7. woreszr G ) - Demonstrated scientific missions with ship-launched UAVs, showing the potential to greatly
Humidity/temperature H/T profiles and bulk fluxes : , (3 16 Oct, 06:37 NP/ _ . ..
(Vaisala) 4 » Lo (f ‘ 16 Oct, 06:48 Vi } extend the reach of atmospheric and oceanographic research beyond the vicinity of the vessel.
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FLIR A325 LWIR camera SST, fronts, ocean surface - f}@l‘ 200 VoYl X D bl l " * Interactions between the atmosphere and ocean occur at small scales but have significant
' AN ¢ . e ( ] ) ; ] ; “y. ; ; .
DA syt (NI KorGor Datgrggez?;sﬂon 100 K b ‘ e Qe o ..\A impacts on global circulation and climate variability. Accurate in situ measurements in near-
DGPS %’N v Atel)’ Georef(grencing o i . . " 34_160“’ 10:90 surface environments are essential for improving numerical model parameterizations and

Wind Speed (m s™) Virtual Pot. Temperature (C) validating satellite flux products for global coverage.



