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Abstract Unmanned aerial spraying using a multicopter has attracted attention due to its high work
efficiency and convenience in Korea. In order to solve the drift problem in aerial spraying, an air
induction(Al) nozzle was developed. The aim of this study was to evaluate the field adaptability of the
Al nozzle by analyzing its effects on the performance of unmanned aerial spraying in rice fields in
various spraying conditions. An experiment was conducted at three different flight speeds and three
different flight altitudes with two types of nozzles(XR and Al) in rice fields. To evaluate the spraying
performance, the coverage and penetration rates were measured by water-sensitive paper. Coverage
with the Al nozzle was higher in all flight conditions. As the flight speed increased, the coverage of both
nozzles decreased linearly. As the flight altitude increased, the coverage of both nozzles also decreased
linearly. The penetration rate of the XR nozzle was smaller than that of the Al nozzle. It was found that
the Al nozzle had better spraying performance than the XR nozzle. In terms of flight speed and altitude,
it is necessary to find an appropriate spraying condition for work efficiency of the unmanned aerial

spraying system within the limits.
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Fig. 1. View of experiment field

Table 1. Environment condition

Plant Atmosphere
Density Length Temperature Wind speed
15.2 ea/nt 86 cm 254105 T 0.73+0.18%
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Fig. 2. Unmanned Aerial Spray System (SG-10P)
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Table 2. Spraying system setting value

Nozzle Pressure VMD Flow rate Spray
(per nozzle) angle

XR 280kPa 189 m 780LPM 110°
Al 280kPa 384 im 775LPM 110°
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Fig. 3. Image Analysis system
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Where, PR denotes penetration ratio
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Fig. 5. Effect of flying speed on Coverage
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Fig. 7. Effect of flying altitude on Coverage
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Fig. 8. Effect of WSP height and flying speed on
Coverage
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Table 3. Penetration rate of XR, Al nozzle

Flying speed Penetration (%)
XR Al
2m/s 12.8 33.2
3m/s 13.5 27.1
4m/s 37.8 587
Average 21.4 39.7
H|Y £7} S7bsks 44 AFe0] S7IstoH A

A Bhe] Ege S oJg FPol itk metA
ug Smeh o] o HRYIE WAV ol
E £ 94Ee] Rgo] At 60 % olsfelx A7
12 %714 oA B 2B B F Belo] W Sof
of S oFle] A9 ol Teslel BAFS F7HAIA

of g Basl AT
4. 48
PATA Aol Bt e FaAdE
719 BAEOR AYIE HIARE gt 91

Mgt iEE AleE3 #3 XR =52 085 }01
et 25 27004 A BAE F@sk BA s
St Al =29 @ A3 Brkelalth 43

0219 990l A ¥ ZAoA 3519l om ZEH
EE o]8ste] A +Yoitt. &2 XR &3}

o rlo m[o

807

O

Al 222 AFG3IAT 7} it 2709] ES 0|85
of ZFA. 5 *o% 42 %’4 st A=AE OlQﬂ
of H8 &&=, Wik, T FFO OE TEeS
H3191, AE Y Eolo] o2 1=8g o]gslo]
&% B BAst v oot 7}1—,}

1. Al =53} XR =58 ¥|ue 23 2E
o4 A9 WEgo] o %A et XR =2g
Asto] ARgsl71ol] HRLstoirt. ol Al ko]
At o AN ZuEo] ofgt Je d w
wjEo]ct,

Hl8) S5k Z714E wugo] Fastart. of
£ UPSEE Z7Iel] AR HelgEo] W]
2719] Z7tot 2ElQ] 28 Z7P7} SR ShaRE
£ ORI BN Z7MA BE JAY BT
el RS aARY] ol
Hlg Tk F71E4E HEEe et of
L Hgu e} ol A EEo] RRIZO 1
oAt 9] WAHY BA=Fo] 7+AGHY Y] R
oltt. & Yelsls Aot Fvlel: wE SwE
502 Qsjo] Hlato] S Zhs4ol S
CHY £59) v 1% BE ZUlel= AL FY
B2 SR A7) 4B A B ¢
488 Yol Al UR 19U A7S B9
of 4P BT 2
A89) 49 Al 0] XR 3ol volo
o] w4t <5 YA VMD7F A &84
B 248l oIt IS Ao @ ol P
= Ao . F =E B I3
1 60 % ojstz UEht AR TA| EFo| et
EARRS 249 Bas} ok v SR oie
AEgo] Wat k.

Ble& e} Mo ofd gt AERS LA
o AT l=5°] XR k=&°f B|sto] WA ol Hol
o8 Ueht AA A @019 Aol
Selsloict. BT Al 20| HFE Folo] 7
A B3 AN 4 9 AOR Bl E v
o ¥]9) T F7bE WAl w4 &
st

2| E
;él_l_

Yz
o
==

F-lﬂi;‘.jri

=

o]

e]

o r:i ntlo

=

o
rLFl

T

iR

u

[e]

W

ol
o fo W o

J d

O
Oh

OJB'
1

o

MUE

References

[1] D. K. Giles, N. B. Akesson, W. E. Yates, ‘Pesticide



AN &85 =5 A A123d A28, 2022

Application Technology: Research and Development
and the Growth of the Industry”, Transactions of the
ASABE, Vol.51, No.2, pp.397-403, 2008.

DOI: https://doi.org/10.13031/2013.24377

H. Xiongkui, J. Bonds, A. Herbst, J. Langenakens,
“Recent development of unmanned aerial vehicle for
plant protection in East Asia”, Int J Agric & Biol Eng,
Vol.10, No.3, pp.18-30, 2017

DOI: https://doi.org/10.3965/].ijabe.20171003.3248

X. Xue, Y. Lan, Z. Sun, C. Chang, W. C. Hoffmann,
‘Develop an unmanned aerial vehicle based
automatic aerial spraying system”, Computers and
Electronics in Agriculture, Vol.128, pp.58-66, 2016.
DOI: https://doi.org/10.1016/j.compag.2016.07.022

S.-H. Yu, Y.-K. Kim, H.-J. Jun, L. S. Choi, J.-K. Woo,
Y.-H. Kim, Y.-T. Yun, Y. Choi, R. Alidoost, J. Lee,
“Evaluation of Spray Characteristics of Pesticide
Injection System in Agricultural Drones”, /. Biosyst.
Eng. Vol. 45, pp:272-280, Oct. 2020.

DOI: https://doi.org/10.1007/s42853-020-00067-6

R. A. Dafsari, M. Khaleghi, S.-H. Yu, Y. Choi, J. Lee,
“Design and Performance Evaluation of Air Induction
(AD) Nozzles to Reduce Drift Potential for Agricultural
Unmanned Aerial Vehicles (UAVs)”, /. Biosyst. Eng.
Vol. 46, pp.462-473 Nov. 2021.

DOI: https://doi.org/10.1007/s42853-021-00119-5

ANSI/ASAE S572.1. Spray nozzle classification by
droplet spectra, American Society of Agricultural and
Biological Engineers. 2009.

(2]

(3]

(4]

(5]

9

[71 ASTM E799-03: Standard practice for determining
data criteria and processing for liquid drop size

analysis, ASTM, 2003.

M. Salyani, H. Zhu, R. D. Sweeb, N. Pai, “Assessment
of spray distribution with water-sensitive paper’,
Agricultural Engineering International: CIGR Journal,
Vol.15, No.2, pp.101-111, 2013.

(8]

o

7 (Halg]

o

SHSeung-Hwa Yu)

* 20109 24 : Addista g

SUARE (FSAD
o
o =1

20179 29 : Adista oisked
FANART (Z8EAD

20169 7¥€ ~ @4 : 959
e AT

@y Eop
4] 717 - 453, BURE

g

808

0| X| 2(Jeekeun Lee) [Hs)2]

+ 19984 8¢ : MEMEw tighe
HslAgeln gk

- 20004 12¢¥€ ~ 200349 69 : ¥
3 alzAlst B uAE
-4

+ 20034 7€ ~ 20044 8¢ : A&
AFAREALHAAE AV

+ 20044 99 ~ BA 1 HETPSL J AN A ZIR 1

(AT EoR)
oA, GRAE, vl YA S8 BrAay

2 A 5(Youngho Kang) (M3
+ 20229 2¥ - Addigty 594
PN

Hastshe A guto] 4]
S} (dAleR)

20159 109 ~ 20179 109 :
ALY FDA7

20184 1€¥ ~ @A : AE=H7I

&9 SYA7A

(TAEoR
AL 7A - A5 FE8ER

0] & 7(Chun Gu Lee) [H3lg]

AL 594
o] Q4|2 g3t}

- 20099 29 :
g }stoyst
(ZsFAh
202294 2¥ : ety 594
Hstestel o] @ Al AEF St
(ZshAh

202294 3¥ ~ @4 : SH5d

e ARATY

(TAEoR
S&A 71A - A5} TYEEE



