FUER R B KA SR TR R 5 61 4 B Rk 30 4R
DPRI Annuals, No. 61 B, 2018

FO—VIC& MBI RKRIREE R FEDR S

Development of Flexible Observation Method Using Drone for Atmospheric Environment

e REEAT « EAPEL « AE LY - REY - /AR

Kansuke SASAKI, Tomoya SHIMURA, Hirofumi TSUJIMOTO® | Minoru INOUE® and
Tomoki KOBAYASHI®W

(1) — B HIEN AAK R =

(1) Japan Weather Association, Japan

Synopsis

In recent years, unmanned aerial vehicles (UAVS), also known as drones, have been
becoming useful platform in such fields as inspection of disaster areas, or maintenance
management of bridges in off-limits areas. In this study, we investigated the ability of
drone as a platform to measure vertical profiles of wind and temperature in upper air.
Temperature and wind measured by the drone equipped with meteorological sensors
were compared to observations by a meteorological tower. The meteorological drone
observation system was applied to real field, and we were able to measure the vertical
profiles of wind, temperature and humidity up to an altitude of 2000m. In addition, the
another approach for wind estimation by attitude of hovering drone was found to be
valuable method for detection of strong wind. Moreover, the feasibility test flights of
drone equipped with SO, and PM sensors revealed the possibility as a new volcanic

observation platform.
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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

2.2 K[REBRIKIE L O LLEER

[ EHBELE Fe— v 2 KRR 8NgkE o
FECTHRNY T SEWMG LT —% %, [EE8H
gETOBNT —F LR L. KBTI,
W oTHE & I JE h) JEGE F (FT702; FT-Technologies), i
EEE ¥ (HYT939; Innovative Sensor Technology
ISTAG) % Rr—IZ#HH L. 7 —ZIX1IRHRT
FT—Fua—IZEHEL, 774 METHRIZT—ZA
I EATo T, RGBSR T ITH R 2B S FE i+
WA= T RT FVICEREISNLTVWDE S55m
DO &= FH L= (Fig. 2). AROFFE TIT KSR B
D E40 mb L < 1E55 miZFRE ST 2 JE H A E
M JEGE R B KL ORI EFH OB T — 2 & Rre— 1
L HBRME L Okt L Uiz, [R8REE 08l
W7 — 213 e LTI EE T i v, Fr—
&R BLIN B O FE B 1320164210 A 26 H 36 &K
V2016411 HIRICER L, G357 74 My DRE
BT —2%52B& L. £774 b, Fr—>
ERBBINEE D40 mb L <IE55 mOEEIZA b
T, SO FR L F10mELN TR K15 A NY
YT EITY, T ERELE. Fr—r Ry
VIEEE, BEBIOCRE—0 6T LAY —
TUTNAEALNIEBESNDIRITEEICIL Y R L

Fig. 2 Meteorological observation tower and hovering
drone. Red circle shows zoom up image of
hovering drone at 40 m height.
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Fig. 3 Field observation site at Sakurajima, Japan. Color

scale indicates elevation (unit: m).
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Fig. 4 Field observation site at Shinmoe-dake, Japan for

volcanic observation.
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Fig. 5 Time series of measured temperature by drone and

meteorological tower.
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Fig. 6 Time series of measured wind direction and wind
speed by drone and meteorological tower under the

strong wind condition.
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Fig. 7 Time series of measured wind direction and wind
speed by drone and meteorological tower under the

weak wind condition.
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Fig. 8 Vertical profile of measured horizontal wind
direction and wind speed by drone and Doppler

LIDAR.
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Fig. 9 Vertical profile of measured temperature and

relative humidity.
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Fig. 10 Relationship between wind speed and tilt angle of
drone (Sasaki et al., 2016).

2017/04/19 PM 2017/04/19 PM

H WD H_WS
1050 1050
b o-saimaion. 9P
900 900 | -0 Obscrvation | |
|
750 750 ’Q
E600 E 600 \i
= = i
20 2
2450 2 450 ?
N\
300 300 $
150 150
<&
0 0
0 60 120 180 240 300 360 0 15

5 10
Horizontal WD (deg.) Horizontal WS (m/s)

Fig. 11 Vertical profile of measured and estimated

horizontal wind direction and wind speed by drone.

3.3 FE—2IT& B XILER R DR ER

K — iz &5 kLBl 2 920 L 722018423 H 26
HACEL S 72 8 R B o0 ok [ M BB (3 2| TR H
(201843 H25H) D141[F] & b9~ 5 SR L TR Y
KUTEBTHBRAE BB WKL TH 7225
(KRBT, 2018a; K& /T, 2018b). E£7-, FHAEHEND
DBEETHLEN»ZHEEIFED e o7z. HH
W, R, FRICZEREN 1| > b OEEEL1000 m (M
#1380 m) T TOKILAG A « KILKDEE S 1 7 7
ANTF—H2EES L. kLT A2\ TiL, SOz,
HoSHEEE & 312 kU H 2 F = & O H T BB AE A 5

— 586 —



(<0.1 ppm) THo7=. BIHE THH201843H26H
D SO LN DV T, EIF R AERE L T2 FH A
RO KEKF R R Cd 5 @RI &Y R H
ROALVERI6 km) O H & & A30.004 ppm, /AR R
B (AR 0485911 km)T0.001 ppmTH v (=1
B, 2018), i LIRFEDOHLTOE LR B5EO R
o= OBRIRER EBAMTH D, Fig 12 1TKILIK
(PM1o, PMa2s) RE IR LT, PM2s/PMwokt DEHE 7 1
T ANVOBRARER AR, Fig.12 XY, &k TFEO
50 m (MFH430 m) TiE, PMa2sit11.5 pg/m3, PMio
TL5.6 /M3 Th o7, WH &b B2 SR N
M DA F S, PM2siI 750 m (8441130
m) "C30.3 ug/m3, PM1old & F£1000 m (#5441380 m) T
37.2 png/m3? s KAE RSB S A7z, PMas/PMiobblZ T
JE 2B E R E T4 B OB E EE TIX0.8/I% THER
LTRY, SRET a7 74 VL L CHE R HFHITH
SN o T2, PMasE X OPMaold kLR LAAM T & I
HRL -7 E oo BRI, BB &0 ASER
DHEGEND D125, A EIOBAIKEF KUK O %5
ML TS0 E D NI Loy, 2% % T
TR M ST TSPM (PMao (R0 FH2YS) & PMas®
i EPREE A G L TV A RRE R R T H D /MR
BEFTICI T 5 M B OBLEIEIE, B FBRE CTPM2s?
18.8 ug/md, SPM2316 ug/m3Cd » 7= (=il 2018).
ASEOBIFERTIT Fr— i X VB Sk
AT ALK LRI FE 2> B K IR B O R, MEE D
TEHCR DL ERIBIBET D LIxTERD 2D, 2
Wby KLUHURICH T 5 7 ¢ — v FEIII O FEE %
BAEA, BT — 2 0ERZNL TETHDH. £
TA%IE, Rua— iz X B KIUH ALK ILIKRE O
BLFSRIZOWTH, [ & FERICBRSEC=T
Y v A &% —, DOAS (Differential Optical
Absorption Spectroscopy) Z&x=H\W/=VE—hEU v
VBRI X D B TR ERFE A AT O WER D D
EEZTND.

2018/03/26 PM 2018/03/26 PM
PM Conc. i
1500 1500 PM Ratio
1350 1350
1200 1200
1050 1050
g 900 = 900
- 750 5 750
“ &
< 600 < 600
450 450
300 300
150 —8—PM2.5 —8—PMI0 150 —#=—PM2.5/PM10

0 0
0 5 10 15 20 25 30 35 40 0 02 04 06 08 1
Conc. (ug/m3) Ratio

Fig. 12 Vertical profile of measured PM concentrations
and PMz.s/PMo ratio.
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