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Considerations for Lower Layer Atmospheric Wind Observation Using Unmanned Aerial Vehicle
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Synopsis

This manuscript describes an approach a rotor-based unmanned aerial vehicle (UAV)
that measures the lower atmospheric wind. The propeller downwash effect on the
measurements of wind speed using UAV equipped with anemometer was validated by
indoor experiments. To maximize the potential for UAV equipped with anemometer to
provide reliable wind observations, it is important to have an understanding the
downwash effect quantitatively for the combination of UAV body, wind sensor and
sensor layout used. The optimal observation protocols to get the vertical profiles of wind
using UAV were found by the comparative observation with Doppler lidar. The vertical
profiles of wind observed by UAV which was moving upward or downward vertically at
1 m/s showed a good agreement with lidar measurements same as hovering UAV
measurements. The developed method was applied to field observations near a volcano,
and characteristic vertical profiles of wind were captured. The feasibility of wind
turbulence measurement by UAV equipped with high time resolution anemometer was
also investigated using the tower-mounted reference instrument.
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Fig. 1 Drone installed with ultra-sonic anemometer and
thermo-hygrometer.

Table 1 Drone specification

Brand name  SPIDER CS-6 (Luce Search Co., Ltd.)
Size 950%x950%400 mm
Weight 3800 ¢g
Flight .
Max 25 min
Endurance
Pay load 4000 g
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Fig. 2 Experimental apparatus layout in the indoor drone
test field.

Fig. 3 Hovering drone installed with ultra-sonic
anemometer at 2 m from floor.
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Fig. 4 Box plots of wind speed measured by drone during
hovering.
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additional experiments

Fig. 5 Comparison of down wash effect for wind speed
measured by drone. W(BG) means background wind
(indoor wind). W(raw) means raw wind speed measured
by drone without correction. W(bias) means corrected
wind bias caused by down wash effect, calculated from
W (bias) = W (raw) — W (BG).
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Fig. 6 Comparison of wind speed (left chart) and wind
direction (right chart) between lidar and hovering

drone.
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Fig. 7 Comparison of wind profiles between lidar and
moving drone. Left charts show wind speed, right
charts show wind direction. Top charts show the
data of moving speed at 1.0 m/s, bottom charts
show the data of moving speed at 3.0 m/s. Legend
symbol(1) represents the data measured during
upward moving, symbol({) represents the data
measured during downward moving.

— 286 —



AFEMmPE L RAEE S E2EHLZ Fe—i(C
XV EZo R A EHEICBIR T 58I, fESET
BARY T LUCRIT D2 E THREDHWT —Z N
BONDZENMHERTE. /-, Fo—r i
FHZBB SR o3l 2520 ThH, B
ENHEN 1.0 m/sTIE LA - THREEL LIy 7T
— T4 —LRIEOHRET T 7 A NVPEBTEX S
Lo LHBIND. — I TEREEEN3.0 misiZie b
&, R JEGE 4l RN 3 2 ATREME S R &
oo L, I OREILAGE DO 7 m T ER R
DR L R, BN 28K, Bt o9,
U EAILEIC L > THEDL D RN H 5 AT
BETIHIREThHD.

3.3 FA—VICKELEZROHAEN (KRR
FFGPV & D LL &)

AR TIE, THETICEEE AR LE R
n— kY, E7 44— FIZBWTH B2 RS
Wz 2EFERL, EATEEOFMEZIT> TE 7.
ZITHE, INETOBBMEFO S L, KK R

MEGHDFRE T 1 7 7 A NV ER X T2 — A2 T,

Fe— 2 L 5 8HfE & KRITGPV-MSMIZ X % &
FIOAE & R LR R WS+ 5.

(1) #AaME

MR ER B OFEMIL (Fig. 8 OH]; HEE408 m)
IZBWT, 201841 A K — 12 L 5 EZE o\
Z M L7z, i L7 Ke— |XSPIDER-CS6, #if
L7 B v IEFT-702CTH 5. B 7 e ko
B OBESE CIpMTORNY 752 LT
H b2y 221000 mE T o JEl A EGE O G A2 3 27

-7z

Fig. 8 Location of observation site. Drone observation
site is marked with a red circle. Grid point of
GPV-MSM for comparison of wind profile is marked
with a blue rectangle.
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Fig. 9 Comparison of wind profiles between drone
measurements and GPV-MSM data. Left charts show
wind speed, right charts show wind direction.
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Fig. 10 Satellite image of observation site. Green arrow
shows prevailing wind direction during observation
period.

Fig. 11 Hovering drone at Site B nearby meteorological
observation tower equipped with ultra-sonic

anemometer.
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Fig. 12 Comparison of wind turbulence measured by
hovering drone and meteorological observation
tower; (a): Time series of 10 Hz wind speed; (b): Box
plots of wind speed data during 10-min; (c): Wind
turbulence spectrum. Grey line shows the slope of
Kolmogorov-law.
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