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Abstract; To study the wind field pattern created by unmanned aerial vehicles (UAVs) in agricultural
chemical applications, triggering the wind speed sensors distributed in crop canopy along the flight path
simultaneously when the UAV passes over each of them is critical in capturing the instantaneous wind
field data. However, in many cases the measurements were triggered manually by human vision which
reduced the timeliness and validity of the data. The data acquisition triggering method was improved and
automated for wind speed sensors by predicting the exact UAV flyover timing with accurate geo-location
information from an onboard Beidou positioning system and the modeling of future flight status based on
past flight data given that agricultural UAVs usually operate at low speed and low altitude without
overload. Since the weed speed sensors used could only record data for five seconds, a flight status
prediction model was developed to determine the triggering timing for data acquisition based on the
consistency and stability of the flight direction, speed, and altitude within a certain period of time.
Extensive field experiments were conducted, and the model predicted and wind speed sensor measured
maximum wind speed data were compared. No significant difference was found between them at a 99%
confidence interval with a P-value of 0. 956. With the improved triggering timing, the averaged maximum
wind speed in X, Y, Z axes occurred at 3. 036 s, 2. 427 s and 3. 145 s, respectively, of the five-second
logging period with standard deviations of 0. 79 s, 0. 87 s and 0. 98 s, respectively. The maximum wind

speed, which corresponded to the wind speed when the UAV flew over each sensor, measured by the
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improved data acquisition system was ensured to be captured now within the five-second optimal logging

period of the wind speed sensors by the improved aerial-and-ground-sensor cooperative sensing system.

Key words: plant protection; Beidou positioning system; unmanned aerial vehicle; sensors; airframe-

ground coordination; state prediction
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Fig. 1  Sketch of wind field parameter sensors on ground
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Fig.2 Sensors of UAV and airborne Beidou

positioning system
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Fig.3 Cooperative working period of UAV sensor system
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Fig.5 Relationship between speed and distance

5

INEREE/ (m - s72)

-5

0 SI 1b 1‘5 2I0 2I5 3I0
FEES/m
6 i B 5 i e ok AR

Fig. 6 Relationship between acceleration and distance

550 KBS 1 RS R 2 R O R 4
i A 18] {EL 06 200 A2 T i B2 B B0 19 JUIAT BRI 2
SRR A R Z I R B AR A T 2, NER 1 i 5 12
MCRATH L FEARGERFAE 0.5 m/s ZA7 , AR 12 fTF
IREIER 20 R RATE B AR

IS P, 18 6 sy 1 oad iy BEAY R 204 1 A
THIE. A 2 ST 25 20 A1, I B2 A A AL i
JERHE 0.5 m/s™, HNSE 12 IR Rk T %,
i £kt U S iy Wi S B 1 I i BOIR 25 0 AL i
JEP AR, FAT R JEE )RR DR AT 0

Xt A SCI0 LR B KU A9 1ML T7 58, JE AL

R HE W7, A R AT RS 5 B — gt 2 A
TE N 22 2 i B2 B8 il 2 i Wi SOk 247 1 W, o
2RSSR AT R JE AR ZS AT S50, 75 A R F
AT HTESRE D, r N JEE it 4R A B eR B0 A

W S (B A
0. 189 54" —0.885 7x +0. 975 2
S = 4 +0.2979 ()
AP EHZSHS TN M J7 7% (Sum of squares error,
SSE) N 1577 ;8652 R BN 0.92; H 5 RE M 0.9;
YoM 20 0.3139,

Z R b SSE 5 RMSE B/, P R85 H E &
B T 1, UL ek SRR AL I X D, R AT i — 2P IR
SR . X (1) #RAT WSO B, 12 R K A Sk
F I AE%0.1895,

To NALARZS W] 0 M AT S8 5 20— 2D o 2 T 3
FORS G 51 e, B IR S B T A P A e AL
W% HE D, AL G 5 38 S50 e A PLER
BRAE AR AL E PRI E] T,

1.2.4 AMATHRCR S AR IR A ¢ 1 &

ARG B AU A TS A LB SRS, — J7 w5
B T A AR 2 B LI B, 55— O T R
i R AAE B — A i R AR T A dE . X RAT R Y
D& , 292 B &0 B AR 88— 51 finid B2 69 45 1,
it X e AL AT 8 A 9T 455 AT R ) B
Al B G — A8 R RIS AT EORAS B R 46 A (H o
TR EAL AR 2 B UL A i H R, S o — 2
Xof W AL £ T 23 A T, A R A ) il R OR B
1f A ) 220 W% M e, ) 4R 3 i R o (A Y
RIS TE AL AT SR 3 A S R Ao

B 2 AT R B R s U R
s B HCECAH 19 25 sl

(2)
X e,




5 6 1)

¥ s ES IR ER G M 7 R, Ach%
JE B TE B B KU i Ak 5 58, B AL A i i B
2 RAT, AL AN K, R B Q K 2 P9
MR MR 0.045 3 m ([ RS L, 2SS 2
%) 19— 0.022 6 m ™' &7 o B Y A (H
20 f) BRI AP R A 13 5, 5 13 AL Y il
0.0155 m™" /NFHIH Q0 4L 4 H UG 1 85 25
5512 fM iR A 0.013 5 m ' RN FEIMHE Q.
HEGEI R 10 B RK 0.037 7 m ", KT
BIE Q,, JEIF Al 25 10 £ A5 o Jo A AL AT 3 S0IR 35
AR 5 o, T E 55 10 2258 20 SR MBI T
10 s YA CATIRZS , 48 T LA B0 JE A BL i A7 4k
N

R o

350
3.0

.25

S0k

E

w13t

ol 0.0135 m™!
’ 0.0351 m™!
sk " 0.0155 m’!

......... O3

0 1 2345678 910111213141516 17 18 19 20

/s
7S
Fig.7 Real-time consecutive speed
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Tab.4 Predicted data and actual data of 7
i [ /s 21 22 23 24 25 26 27 28 29 30
T 5/ m 29.592 32.916 36.495 40. 329 44.417 48.760 53.358 58.211 63.319 68. 681
SEPREE B/ m 29. 124 31.79%4 35. 546 39.378 43.352 47. 446 51.618 57. 821 63. 020 66. 003
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Tab.5 Occurrence time of maximum wind speed

e 3 g A Je KA H B 21 /s REE S
X 1l Y i Zi g/ (mes™!)  HE/m
1 1.7 1.5 1.3 3.089 0. 852
2 2.8 2.0 2.2 4.827 1.024
3 3.3 1.8 2.5 5.969 1.079
4 2.4 2.2 3.7 5.356 0. 890
5 3.2 2.5 3.0 8.057 1.127
6 2.5 1.8 2.7 7.921 1.242
7 4.6 4.6 4.7 4.090 3.080
8 3.3 2.7 3.8 5.555 2.282
9 2.4 1.8 2.8 7.704 1.785
10 3.8 3.0 3.7 7.041 2.380
11 3.4 2.8 4.2 6.559 1.812
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Tab.6 One-way analysis of variances
TEKRWE ¥ AmE RMSE F P
HFwm  3.2952 2 1. 647 58 2.11 0.139
BEFLIRZE  23.4345 30 0.781 15
A 26.729 17 32

H 3R 6 Al 1, P fH 2 0. 139, KT B 3 kK
0. 05, #4252 SR BEAH SRR, AT 3 ) XU B R
1B R BB 2] SR B S 2 DX, 3 T ) XL
JE AR Ak EL AT B ] — 3

HR XY Z J5 1) KU S5 KAE B s 20 s o 25
43 0.79.0.87 .0.98 s, 5 1 X Y. Z J ] KLk
B A B 20 (8 4 50 Sy 3. 036 .2.427 3. 145 s,
3 Jo) DA e R H BN 220 55 4% B8 ) g 9 R R AN
JE s, BERH 3 1) JRUGH B KAE IS Z07E 5 s RAEE
BN EA BRI, B X mEpE25 -~
3.5s RIRN, Y [ EPTEL 7 ~2.7s KIKN,Z 4
WAE2.5 ~3.5 s KB N X 5 2.2 95 B 40 A 1 45
T KU fie KA BB 20 1 43 A 1 9% SR A — B AR
/INE I B P AR A — B, TR IRHIE B T e A HLAR 25
U B 3 P o

B a2 Y I XU e R B ) 8 R Sk F
BHEET X mY5 Z i, Xy Z m W Ea o g Ix
il o 3X o AL IR W 2K A AL SR JE R T )
LY FETC ML CAT Iy 1) b Y [l A A R X 1
5 ZmEE, X Y5 7w g A, Y RGH
J5 16 5 Jo AN AL RAT J5 1l 2 L, XU i K R o )2 A
A 2 BB o

3 &

(1) FE AL [E] P oMb A bR 285 A B — o i 82 4R
AT BA WM, H A8 E ]I EOIR S 1R R R
2, FH LA S I T30 3t v DR A2 e AR A 1] A P
IRl JC AL QAT IR [ 2 2R A

(2) R FAA S AR A Al 55 B 7 %, 6 A HL
FEL ] A b R A AR 285 T 00 e 40 -5 5% o O 00 265 40 £ )



5 6 1) PR T A TR U Y E] AL 1 s 2R 58 P [ R 4R O ABE S 253

BAGRE N 99% K-, JoZ2 SR AMER P {E 0.956, 40 AYMERN 0. 139, 3 W& 2 0. X\ Y. Z 1) XUk fi
LURE K0 0. 998, AT LI i f 3 5 Tt AR H BRI 20 45 1 22 23 53] 9 0.79 0. 87,0.98 s, i

(3) R 3 1) Mgt KA B 20 BA —2ebe B3 ja) RUS de R A BRI Z0 7 S s SRR N B AT

B BETE AT LA T 95 % MY K-, BRI (AR SE W] A XS, Bk 17 28 40 R o I 220 F) HE A 1V o

10

11

13

14

15

& % x Wt

BEBT T, 2 EM. EEAIME HARIDRFR REHEHTLI/OL]. LV HIREMR , 2013, 44(5) :194 -201. htp: // www. j-
csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 20130534 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-
1298.2013.05.034.
XUE Xinyu, LAN Yubin. Agricultural aviation application in USA [ J/OL]. Transactions of the Chinese Society for Agricultural
Machinery,2013,44(5) : 194 —201. (in Chinese)
ff s, sk . RATAPIR G RREH[T]. IR, 2014(1) 1 -5.
HE Yong, ZHANG Yanchao. Status quo and development trends of agricultural UAVs[ J]. Modern Agricultural Machinery, 2014
(1):1-=5. (in Chinese)
JAERE, M, D80, 5. P ERT A AR B AR BURT K A (1] Rk TR, 2013, 29(24) <1 - 10.
ZHOU Zhiyan, ZANG Ying, LUO Xiwen, et al. Technology innovation development strategy on agricultural aviation industry for
plant protection in China[ J]. Transactions of the CSAE, 2013,29(24): 1 —=10. (in Chinese)
ZmH, BRit, FEALE. T HRANZERGEIERENE TR B L LEHREGREH[T]. mEEHLAR, 2015,
41(1) :159 - 166.
PENG X Y, CHEN C, RAO Z Q, et al. Safety inspection and intelligent diagnosis of transmission line based on unmanned
helicopter of multi sensor data acquisition[ J]. High Voltage Engineering, 2015, 41(1) :159 - 166. (in Chinese)
WA, WROE, AL, %, BT R ARSI R LSS S BE Ak [T B RE SRR, 2016, 31(4) .
746 - 753.
P, U, FROL. BETEEEDEEARNEREREMORI]. st iR, 2006, 36(5) .5 -8.
LU Zhiwei, LI Ming, JI Xiaoguang. Research on radar searching volume based on mutil-sensor cooperation technology [ J].
Aeronautical Computing Technique, 2006,31(5) :5 -8. (in Chinese)
JIN Y, MINATI A A, POLYCARPOU M M. Cooperative real-time search and task allocation in UAV teams[ C] // Proceedings of the
42nd IEEE Conference on Decision and Control, 2003 ,1.7 —12.
GROCHOLSKY B, KELLER J, KUMAR V, et al. Cooperative air and ground surveillance[ J]. Robotics & Automation Magazine
IEEE, 2006, 13(3) :16 —25.
ERMAN A T, HOESEL L V, HAVINGA P, et al. Enabling mobility in heterogeneous wireless sensor networks cooperating with
UAVs for mission-critical management[ J|. IEEE Wireless Communications, 2008, 15(6) ;38 —46.
OLLERO A, MARRON P J, BERNARD M, et al. Aware: platform for autonomous self-deploying and operation of wireless
sensor-actuator networks cooperating with unmanned AeRial vehiclEs[ C] // IEEE International Workshop on Safety, Security and
Rescue Robotics, 2007 :1 - 6.
MREFLL, PhVE, X655, FeE g T2 AR R SR IR A S [T]. Rl 44 AR, 2014(1) 16 - 11.
LIN Weihong, SUN Xuegang, LIU Fei, et al. Status quo and development trend of agricultural aviation in plant protection in
China[ J]. Agricultural Equipment & Technology, 2014(1): 6 —11. (in Chinese)
[ , REW, BRI, SF. /NI AL A T TE R Y 25 U0 AR 20 Al B ORI B in ACR AR [T ] AR
1, 2013, 39(2) :152 - 157.
GAO Yuanyuan, ZHANG Yutao, ZHAO Youcheng, et al. Primary studies on spray droplet distribution and control effects of
aerial spraying using unmanned aerial vehicle (UAV) against the corn borer[ J]. Plant Protection, 2013,39(2): 152 - 157. (in
Chinese)
BERT T, BRE, 2 RM 5. JC LR R Bt 2 e K R R [ J/0L ). AP AL A% 4%, 2013, 44(12) ;94 - 98. http: /
www. j-csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1 &file_no =20131216&journal _id = jesam. DOI;10. 6041/j. issn.
1000-1298.2013.12.016.
XUE Xinyu, TU Kang, LAN Yubin, et al. Effects of pesticides aerial applications on rice quality[ J/OL]. Transactions of the
Chinese Society for Agricultural Machinery, 2013 ,44(12) . 94 -98. (in Chinese)
Bk, JIEM, WIS RE R A TN HE AU BN IR EL SRR [T]. Rl TR, 2014, 30(10) :10 - 17.
LI Jiyu, ZHOU Zhiyan, HU Lian, et al. Optimization of operation parameters for supplementary pollination in hybrid rice
breeding using uniaxial single-rotor electric unmanned helicopter [ J]. Transactions of the CSAE,2014,30(10): 10 - 17. (in
Chinese)
KT, S, WKL TR 2R e R b S T AN B R SRR [T ], Aol TAR2A4R , 2014, 30(11) :1 -9.
LI Jiyu, ZHOU Zhiyan, HU Lian, et al. Optimization of operation parameters for supplementary pollination in hybrid rice
breeding using round multi-axis multi-rotor electric unmanned helicopter [ J]. Transactions of the CSAE, 2014,30(11). 1 -9.
(in Chinese)
(T #5277 ;1)



5 6 1) THA] A A [ T E AT AR /D 22 06 A o M R AE B 5 271

14

20

21

ADUGNA D B, ZEWDNEH Z, FIKRE L, et al. Analysis of coffee ( Coffea arabica L. ) performance in relation to radiation level
and rate of nitrogen supply II. Uptake and distribution of nitrogen, leaf photosynthesis and first bean yields [ J]. European Journal
of Agronomy,2018, 92.107 - 114.

iR, WG, A . T R A B B AT S N 50 - BT 4 RS LR A [ T]. Molk Bh2f 15 ,2017,30(3) 2465 - 471.

NI X,CAO Y H,ZHOU B Z, et al. Light response of phyllostachys edulis under drought stress: based on 4 models[ J]. Forest
Research, 2017,30(3) :465 —471. (in Chinese)

FEA I AR, DA, A BN AR SRR M. Jb 5t B2 ik, 2017 :58 ~ 112.

YE Z P. A new model for relationship between irradiance and the rate of photosynthesis in Oryza sativa[ J]. Photosynthetica,
2007,45(4) :637 —640.

YEZP, YU Q. A coupled model of stomatal conductance and photosynthesis for winter wheat [ J]. Photosynthetica,2008 ,46(4) .
637 - 640.

EARE, DI —, 004, 4. IS BT S AN R [T ] AR 254 A% ,2005,24(5) 2534 - 541.

WANG X Q, MA L Y, JIA Z K, et al. Research and application advances in leaf area index( LAI) [ J]. Chinese Journal of
Ecology, 2005,24(5) :534 —541. (in Chinese)

M-I e AR R G CO, M R AR B RIF ST 8 J [T ] A4 AR 252 41 ,2010,34(6) 727 - 740.

YE Z P. A review on modeling of responses of photosynthesis to light and CO, [J]. Chinese Journal of Plant Ecology, 2010,
34(6):727 —740. (in Chinese)

TR, A . AR G 7 18 TE AR rp R B AR 2 OO TE [T ] N A28 4R A 5 A B4, 2012,32(2) 251 - 57.

YE Z P, KANG H J. Study on biological significance of coefficients in modified model of photosynthesis iriiadiance[ J]. Journal of
Yangzhou University : Agricultural and Life Science Edition,2012,32(2) :51 —57. (in Chinese)

(#5253 In)

16

17

20

21

22

23

24

JAIMES A, KOTA S, GOMEZ J. An approach to surveillance an area using swarm of fixed wing and quad-rotor unmanned aerial
vehicles UAV (s) [ C] /IEEE International Conference on System of Systems Engineering, 2008 :1 - 6.

MATIC G, JANKOVEC M, JURMAN D, et al. Feasibility study of attitude determination for all-rotating unmanned aerial vehicles
in steady flight[ J]. Journal of Intelligent & Robotic Systems, 2015, 80(2) : 341 - 360.

SCHLIPF D, GRAU P, RAACH S, et al. Comparison of linear and nonlinear model predictive control of wind turbines using
LIDAR[ C] // American Control Conference, IEEE, 20123050 — 3055.

LARRABEE T, CHAO H, RHUDY M, et al. Wind field estimation in UAV formation flight[ C] // American Control Conference,
IEEE, 2014 .5408 —5413.

SHAO P, WU C, MA S, et al. Research on key problems in assigned-point recovery of UAV using parachute[ C] // Tencon
2013—2013 IEEE Region 10 Conference, IEEE, 20141 -4.

NO H, CHO A, KEE C. Attitude estimation method for small UAV under accelerative environment[ J ]. GPS Solutions, 2015,
19(3) . 343 -355.

ZHANG X, XIAN B, ZHAO B, et al. Autonomous flight control of a Nano quadrotor helicopter in a GPS-Denied environment
using on-board vision[ J]. IEEE Transactions on Industrial Electronics, 2015, 62(10) : 6392 - 6403.

STOLLE S, RYSDYK R. Flight path following guidance for unmanned air vehicles with pan-tilt camera for target observation[ C] //
IEEE Digital Avionics Systems Conference, Dasc’03, 2003,2:8.B.3 -81 —12.

PAN CJ, GUO Y Q. Design and simulation of ex-range gliding wing of high altitude air-launched autonomous underwater vehicles
based on Simulink[J]. Chinese Journal of Aeronautics, 2013, 26(2): 319 —325.



