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Design and test of self-adaptive variable spray system of UAV
based on neural network PID

CEN Zhenzhao, YUE Xuejun, WANG Linhui, LING Kangjie, CHENG Ziyao, LU Yang
(College of Electronic Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] The change of flight speed in constant flow spraying process of traditional plant
protection UAVs causes nonuniform pesticide application, and the common control algorithms cannot meet the
requirements of the real-time and stability that UAVs variable spray system needs. To solve these problems, we
designed a self-adaptive variable spray system of UAV based on neural network PID. [ Method] The flight
speed of UAV was measured by wind pressure transmitter. According to the flight speed, we used pulse width
modulation (PWM) for self-adaptive variable spray. At the same time, we measured the actual spray flow with

the flow sensor and adjusted the spray flow with PID control algorithm based on BP neural network. We used
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MATLAB to construct PID control algorithm with BP neural network and compared with PID, fuzzy PID and
neural PID control algorithms. In the field experiment, we compared and analyzed the effects of constant spray
and variable spray based on changing flight speed. We used water-sensitive paper to obtain the distribution of
droplet deposition, and then evaluated the uniformity of deposition distribution from the whole area, flight
direction, and spray bar direction respectively. [Result] The simulation result of algorithms indicated that
comparing with PID, fuzzy PID and neuron PID, the rise time of step response for BP neural network PID was
28.57%, 84.73% and 31.03% shorter respectively, the average error of sinusoidal tracking was 63.01%, 87.03%
and 0.58% lower respectively, the average error of square wave tracking was 74.00%, 79.53% and 6.80% lower
respectively. Additionally, the BP neural network PID had strong robustness, 0 static error, and lower overshoot
(1.20%). The comparison of the spray tests showed that this system can automatically adjust the spray flow
according to flight speed. The average deviation between the actual flow and the set flow was 8.43%. Based on
the testing results of the water sensitive paper, variable spray decreased the coefficient of variation of droplet
deposition in the whole area by 26.25% and in the spray bar direction by 18.79% on average compared with

constant spray. [ Conclusion] The research results can provide a basis for the application of variable spray
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technology in precision agricultural aviation.
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Fig. 1 Picture of variable spray system for UAV and its control structure

FRAE WA 3 2 AR SRR A B WY
T AN L AR A o A B R LS XU AR 3%
A AR AL KA o IZAEHER FH QD-P6000 K 1A%
AR AN AT =AM K, B OEM
ik s B 20 22 e A Ak 4 285 1 B, B LN 12V, &
FEYE A 0~50 Pa; it B A% 245 8 505 MI-HZ41C,
MEVEEY 0.30~3.50 L/min, TAEHE AN 5V, HE
IR TG B R AR SR T KR . AR B AR HCR
F STM32F103ZET6 its F E iz, Bt 48 H
PEREN 32 i Cortex-M3 R FI¥) RISC W%, TAES
24 72 MHz. Wi Z5 153 e 28 B0 Rl s 7K 2 A v
SLZH R, B K IR N 12V, BUE %N
45 W, Ft KJE 1124 1.00 MPa, 5 K& 9 4 L/min; W
SN S AR T Sk, b 7Y 5y 8 [E LECHLER
) ST110-03,

RN EATAELREU T, REG0ETREAR %
AR ANLBN R W RS 5, @it AD # i J51%
NHFHL CPU #HTALEE, CPU MR 2 it 5 H K
AT IR FE s B 7 HUARSRE 25 A M 5 8 PWM #54il{5 5
(1 5 723 b, I d 40 I 8 2 M T S0 30 A% B 555 A
B B S I R U S 25O s B ML R S B I
5 H bR R B &M% PID HiE AR IE
72, M35 I R e 245 1) B 11

12 ARG BRENTEHMZERITHRE

I AR T 55 1) S I 2 i I B B L
HAE B PWM 3 2 R B8 A, ¥ PWM £
E5 MR E A 10 Hz, 508 PWM #4i1{5 5 1 5
T, AN TN FREEEE S 30 s, F B IREE BT
Skngt 25 A AR AR, AR e E N E . AR
X745 [E LECHLER &R 4 FhWIHE ST110-01,
ST110-02. ST110-03 F1 ST110-04 #4177k 5, 45 R
Wk 2 fros.

6 STI10-01 SEFRME ¥
-------- ST110-01 k&

o ST110-02 P3N % Jfifit Actual spray flow of ST110-02

— — ST110-02 HiIZE At Curve fitting flow of ST110-02

e STI110-03 SEZPRIE 55 it it Actual spray flow of ST110-03
—-—- ST110-03 HZH Vit = Curve fitting flow of ST110-03
ST110-04 S2F5ME % 3t Actual spray flow of ST110-04

[ ——— ST110-04 #hZE4U. & it Curve fitting flow of ST110-04

it Actual spray flow of ST110-01
&t Curve fitting flow of ST110-01

3.0+

~ 25

£

g 220F

a2

= L

w1

2

=10t o
0.5

0

30 40 50 60 70 80 90 100
7 2% [t/% Duty cycle
2 ATHES54MEEHREREXRE
Fig. 2 Relationships between duty cycles and spray flow
rates of four types of nozzles

1020



B 4 ]

HPRE, 45 He T R2% PID fTC AN E & R B % R G it 5k 103

f P 2 %0, ST110-01. ST110-02. ST110-03
A ST110-04 HY ws I 5% 25 It & Y0 Bl 43 301l o 0~0.98.
0~1.78. 0~3.28 A1 0~3.30 L/min, 5 %% EL i 575 Bl 4
BN 9%~45%. 10%~46% 8%~45% F1 8%~28%, A=
R T BRI S s, B b2 R e
BRI R BRSO T R, I A RS
KA ST110-03 RUmimE . 4 (5 2= LUK T 8% I, R fi
FOLEIEREIBE BMEREN 0, HHT L2
45% I}, Wi & O T A20E, halig K 23 T, mi
FMEREAAZ . R ARG R T K, X ST110-
03 AYMmFEE RN 5 25 bE 10%~45% JaFlHEAT 5 25 E
Lt s G 5ok R ST, 45 R 3
Fiw e
KA 3 R Z WAL E TR, iS5 2 b 5 S br
W% 25 i 2 () 1Y) O AR
Oyout = 60.46x° —80.59x% +36.99x-2.63, (1)

A, Oyour T8 BRI 5 I i, L/min: x &R 42
Fbo P 3 i il 2 S s B o UL il 28, A
[P E REUR?) N 0.99, AL E R

REMWE 5 RS T HEE BT B
TN R, AT AN AT B R P B S R S

3.0

25

£

g 2201

= 2

ﬁ )

i

e 1.5+
1.0} o SEBRIE 5 & Actual spray flow

— AU A& Curve fitting flow

0.5 .

1I0 lIS 2I0 25 3I0 3I5 4IO 4I5
525 /% Duty cycle
3 ST110-03 MM =L SRR ERBMX R
Fig.3 Relationship between duty cycle and actual spray
flow rate of ST110-03 nozzle

SCHR [17] IR
Nvd
Orin = 6667 2
K, Qi NERRWEF I &, L/min, N A ALK
KA E, L/hm®, v 6 AN CATH B, m/s,
d NWlE, m.
ERRG T, HRGEN 5 m, AR 250 & %
NS5 Lhm?, 25630 (D)(2) 118 “ITIHEE (v) 55T
b (x) BIR &

1
X =[o.003 73v+(0.003 73v — 0.026 4)> —0.002 537 — 0.026 4] g

0.006 52/[0.003 73v +(0.003 73v —0.026 4)> — 0.002 532 -0.026 4] +0.444,

1.3 #HEZML% PID RIS H &AM

PID s il [ Ll A5 1 B e MR AT PTSEPE R
AU B V2 A%, B R B B2 £ 8 52 (1) PID 2
il 2 H 00 e b e TR L 4 o) ok R o DLAS 3 AR
E o ASOR 428 1) 02 S s B B 2 1) — Pl R R 4 o) 38
T, AEUBOR 428 i) 5 K PR i A2 27 3] R ) ZE FIAR S K
FEAR o AT 70K 30 G BB B 2 21 R E IE BLRE T 1)
BP #4828 Fl PID &5 & 78— k2, 7] DATE 45 %
PID il 2% S50, LAl /2 SERT il (i 2k . 3T
BP #4245 PID [)748 5% 55 5 4t (14 i) Jif 2 14,
Wk 4 B

SRR EAACT PID 21, FH AR A,

u(k) =u(k — 1)+ [e(k) — e(k — 1)]Kp + e(k) K1+

le(k) - 2e(k— 1)+ e(k—2)]Kp» (4)

o, Kps Ky F Ky 439904 PID #3645 1 LL g B0

RS B e(k) N k B2 ()55 25 Bl 22, w(k) A9

k B %1 PID #2125 4t (0 4% 1) Fo B . AT 2R A

(PRI 25 E i N 2 B2 2 g i 2 A, TN

JZ2 BaE 2 Mg 2 B4 e AN B0 B 3.4 A3,
AT BP fPE W 48 gE /5 s

1 (3)
3
BP &M 4%
BP neural network
Ky | Ki| Kp -
vv v BEBIE RGO,
PID #= il #% »| Variable spray |—»
PID controller system
Bl Oy NREME S5 U 5 Oyou A SEFRWE S s ¢ AT WIS i

5 S R 5 O B (0 225 K Ky R Ky 43 9 PID 4% 1 85 1) LL il B
o F B u R PID 42 a6 i 42 ] F R E

Orin © Set spray flow; Oy, : Actual spray flow; e : Deviation between set
spray flow and actual spray flow; Kp, K and K, are proportion, integral and
derivative of PID controller respectively; u : Control voltage value of the
PID controller output

El 4 FHT BP #HEMLE PID HEEMRE ARG AEH RIEE
Fig. 4 Control principle diagram of variable spray system
based on BP neural network PID

W 5 Bras, FNE R 3 AN 0N e(k)s
e(k-1) Fl e(k-2), i th E 1 3 A 2 308 Kps
K F Kp!'™, BP #H& W 4 BAR % 2] 774k Jod #E 22%
AN SR 1 T B A R I 6 FTR .

KR AG IR T, 38 2 5 R %)
MBI AT SE, REMRHER (2) tHH B BARmE
WEAE NS RGN L, T 5 S brmt i =



104 g A LR 22243 (http://xuebao.scau.edu.cn/zr) 40 3%

5 mm R 22, 0 2 1E i 24 25 5 N J2 1
N, L BP #4410 B B i K K A
Kp % PID #5128, PID 4% il 2 4 1 4% 1 B . (), 38
A PWM Y AE 5 10 o 25 g ) o (BT I
BEAT R, B 5 B BP #4045 1) 8 5E i 15 5K
BRIt 553t F -5 8 S YL A 1) (i 2 AN T sk /)

2 EAHESHEEREZT

AR = =

Input layer  Hidden layer  Output layer 21 FHIEZEMBE
5 BP MZMEEHE N T BAIE BP 1 Z 4% PID X AR Wt RS
Fig.5 Structure diagram of BP neural network WAL B, N MATLAB B i & 1
BP #iZ2 p 44 PID §idk, XL BEAT 1B BERWA R 1E5%
prm BB 7 UL BRER 07 0, I 5546 5500 PID L3 A%
(8 RE P HI OB PID A28 e PID #EAT XS EL . 1%
4 1) PID % | 2 $U I Kp=1.00. K;=0.75 Al Kp=
i R TR R 0.15: LI PID /75 PID SRR I, LI A0
coefficient i%§§51£$1/|5j.‘3§@)\’ %Uﬁﬁ*ﬁﬁﬂ%ﬂﬂﬂiﬁ?ﬂ‘ﬁ*ﬁfﬁﬁ
3 HET ARS8 #40 PID 45 HR 2 s &
STAE AT R S B AR JG, F F Hebb 2% =) F 3k 47 AU A 5 37, 2% 2] 08
Collection of flight sgeed arig calculation of % ,7:0'20; BP 5913 gﬁ:mgg PID %)EH 3-4-3 ééﬁ:/g, %2
i K =0.20, HEHE R 0=0.01, KL ATHI4A (5L

l€

_ vy X 18] [—1,1] BIBEALEL.
KAE PR 55 i B S H AR (1 2 A
Collection of actual spray flow and calculation of the 22 ﬁtgﬂ USE S
deviation between the set spray flow and the actual .‘Lﬁ EI@ ﬂﬁ ] ,fj ﬂ: )““ ;J:‘\ fé‘ }““ J\I\] ﬁj 9&/5‘[ X ﬂg Fﬂf‘j Zg N4
spray flow . o ’ = .
KEFZCF R AL, SR 3 emx8 em [ 7K B ARAS I
TN R4 % 2T RN S, 7 M5 55 5 e o) AT 3 A, AR RAT T A ARG 5 m %]
K,v K K, =Ty A f 3 N[O,
Calculation of input ang out}l)ut olt)’ neurons in each layer %ﬁ A s iﬁﬁé ‘I{_:T‘ ’ E HEH AT lﬁ“ [A]f% 1.25 m
of the neural network, and get K« K+ K} YIS B E B RAE A, 1 ORI h 5x5 N RFE
v 1, IR 7 R
145 PID b I
Incremental PID control b ’?im ﬁi R )
roplet sample point 5m
: / N
TR R % 1.25 mf
Calculation of reverse error
BUEEE )
Update of weight i
T No

RATIT I
Flight direction
7 HEHRTEE
Fig. 7 Schematic diagram of test scheme

IR H A5y IMR-V 1000 1975 JiE 38 6 A

Bl ZTEAMLETE SN 5 kg, AEALIEEES 3~6 m/s,

ZEfUIN TA] 2 8~13 min, F5EAHIT 78 1) o AL AL B
6 BXERRZE 5 248 TN AT R I B A7 4% T SD k.

Fig. 6 Flow chart of algorithm TR I A& 7E 09:00—12:00, KNG B, P45

i 2 AR R 2
Does the flow deviation meet the
requirement?



B 4 ]

HPRE, 45 He T R2% PID fTC AN E & R B % R G it 5k 105

FEN 30 °C, “FEIVEREN 45%, KA AR EE R, R
ANT 1 m/so BERRE AR Y, F5 64 PR TS AALER B9
T 2 m A8 AT, 70T 3 IR WS A 3 IR
T 5 R AR . BRI S R &R A
KBS, 73 AbRid B A7
23 BREESHBAMNSHEE

W% 25 58 73 AT 1) 5 1P e W 55 o & 110 2L PE AN 4
B, BT AR AR BT 55 3 48 IR 55 o &, X S EE
55 FAR BT 55 (1) 55 1 50 A0 8 ST PR EAT T X EE 3 AT
AT 58 W% 55 1 43 A7 3 53 SR 25 i UUAR i AR
R (CV) RETR, &7 RZEGR/N, FoR 70 A1k
A9, MR TE AAUAE SEBRE MV FEAS B AR UE I Z15)
HORAT, AR e B S 77 2 T PLBURGHE FE K
I DX S5 R DU BB, DAL/ 3 TR g X3
Z5 T UTAR BB, AT 32 Bt 55 6 00 A 25 &) 1 B
%o 38 3 B MV E & AT I #F DepositScan i 45
AR R K B R AT 23 T 15 21 25 g DU R
AR FUIE 55 5 4 A 8 SV S TR E I R 7 R
R, S KA AN FRUORE TS,
HAHRSHRIIEE T7iE%.

C = S/X x 100% 5)

S = JZ(Xi—Y)Z/(n—l),

o,
i=1

K, CHERRE %, S NERMITERMEZE,
X NE U &, pg/om? .

S UTAR B AR S R AT LU 3 AN T T AT
T, A3 R R X 3 T AL AT [ RS AT
P4, FESAR X b, 5K (5) BIER AN 1 kikEe
TN RAE SSRGS, B 8 9 KA RN G 1R R AT
J7 ) b, R 1 R IR AR (AT 1A KA
R MUTRE SR E WS, B8R & 8RR
RUATEG WA 7 17 B, SRR 1 il &
AT CRATIT D) RAFE U Z W IR &R P IME JE )
6, BHEE R NS

3 GRG0

3.1 FEHERAERE

43Xt PID. #58 PID. ##14£8 7C PID Al BP 148
W 2% PID 4 P il 57 3047 By BR g 92 475 32, FEAE
3s AN 1T ANTHAES, BHRAS I 4 Fhiz il bt
T o 4 P i) S0k A B B e 8 40 B 8 TR, H
8 TT LA H - Fofr s ] B A 1) 192 (1) 32 B BE 4 b
W 1 frR.

f# 1 A%, 78 b JHE 8] 7 T, BP # 4  4%
PID JiT 75 I 1] d5¢ 75 76 68 8 & J7 T, BER PID [
PWER/N, (5 BP # 2 M %% PID KIS IHEIIEAR &R

1.2

1.0 [ | - /A\¥//‘;AJJ>§H\% S
= gslfl 0 TR Expected output
EE ——BP #iZ [ 2PID
54 = 0.6 H! BP neural network PID
i z il N STi
= & i fiigz o PID
2k P04 Neuron PID
& i e B PID

0.2 Fuzzy PID

i ——PID

05 1.0 1.5 20 25 30 35 40 45 5.0
t/s

8  BAERNE R E

Fig. 8 Diagram of step response

*1 MmN EE M REIER

Table 1 Main performance index of step response

PERERRbR tepls  EHEY% TR RZE%
Performance index  Rise time Overshoot Stable error
BP £/ 4% PID 0.20 1.20 0
BP neural network PID
#1Z87C PID Neuron PID 0,29 1.20 0
il PID Fuzzy PID 1.31 0.30 0
PID 0.28 14.90 1.30
G2 TS L s TERRAS IR ZE /7 TH, BP #1284

PID. #1455 PID MR PID MRS R ZEH N 0, 1M
PID }y 1.30%; fEHTTHuME 77T, B 8 7 %0 BP it
2 M %& PID FIFHZ 5T PID X A K, #RE PR K 2
FFEIRAS, T PID FIAH] PID )75 EEECK [ I [A]

NT AR AT IX 4 PR, AT IESX R
RN I BRI O B o IR 5% R IBE B RN IE 5% BRI R 22
B L 9, HIE 9 w40, PID £E 0.50~2.50 s /8] H
IR, BAETRAE BT Ak 2 I B B AR,
TR, 7 IESZERER PR 2 1, BP #1425
PID >4 0.017 2 L/min, #£:5¢ PID 4 0.018 5 L/min,
FORI PID 9 0.095 7 L/min, PID ¥ 0.046 5 L/min, 14
B PID (1) 1E 5% BREF 1R 2238 KT BP #£2 %% PID Al
$2: 58 PID, BP #£2 / 2% PID M T-151% 2 85t/ o

J7 B B EE RN 5 R 2 R L 10, H
Kl 10 mI 1, PID 8 J7 % SR ER EARBNELK, BH)
PID 7E L FHFI T BEBY BUR ZE 8K . 7R IR 2 b,
BP #1224 PID A 0.031 5 L/min, #1475 PID N
0.033 8 L/min, #if PID 4 0.153 9 L/min, PID A
0.121 2 L/min, 4 PID 1 PID ) J5 i BRI 1% 2238
KT BP #1 M %% PID FIAZ: ¢ PID, BP #1485 M 4%
PID H°F35) 1R ZE B /N o

CED 4 Fhis i EVRAE B BRI B, 1F 5% BR A T
PERER IR I, BP £ 4% PID b FHi (Al i Ji, A



106 Horg RO K 2= 53R (http://xuebao.scau.edu.cn/zr) 40 5
— W ER L —— BP MR %5 PID ——MZTLPID ik PID —~— PID
Expected output BP neural network PID Neuron PID Fuzzy PID
0.2
1.0+ ~ o1l
o g
e 08 g é
E 2 6 2%
Or )
s= W E
ﬂl\fﬂﬂ ] 0.4 9% Gy
B e 2
2 o=
&R =
= 02 ik o
=
0F
1 2 3 4 5 6 7 8 9 10
t/s tls
a: IR R ER b: IESZ IR ER R 7 B
a: Diagram of sinusoidal tracking b: Error diagram of sinusoidal tracking
9 FEZRIRRIREE
Fig. 9 Diagram of sinusoidal tracking and its error
— W ER M —— BP M4 M4 PID ——-MWEITLPID e B PID  — - PID
Expected output BP neural network PID Neuron PID Fuzzy PID
14, LSy
,\\ ’/w\ " [l\\ o L ,Tﬁ
= 12 ,’,‘Lvrl” it T £z Lor
= 1.0 i 57 I A l' Eé
éB . ‘1‘1 . y‘ 4%0.5_
. I | H =
2 08 :' | BE oo hie
ﬂﬂlﬂﬂ 8 f i x K2 z
= E000 J A L
B 04 1 i s 2
= I / Ko, R m
02F - Ut 4K
H (I RV
0 4 s s s L L L L L L ' -15 L L L L L L L L L '
1 2 3 4 5 6 7 8 9 10 0 01 02 03 04 05 06 07 08 09 1.0
t/s t/s

a: 7R R

a: Diagram of square wave tracking

b: T PR R R 2

b: Error diagram of square wave tracking

B 10 FiZREERIRER

Fig. 10 Diagram of square wave tracking and its error

B b R O AR RS 2 R GUTE T AL S
B d5 i seet v, BG 2z, PR ER/D, hit
Pk om, Aede M AR R AR AR E M, B = B Y
PID K, {EAH] PID f b i [ KK, ASBEAR 47 Hb
O H IE AR WSS R R T, B BP AW
2% PID MR IHEAL Y 1.20%, JI7EA RGE AT 21
Ta P .
3.2 HiE{Elk

¥ BT L BP #4845 PID 4% il ik B 1
F| STM32 JF R MR, i N J2 2 B2 (1 3% B AUE
FRG 2 2% 2 R FAUE 2 i 2 A 4k 3
R, VIR BX ) [—1,1] FIBENLEL, H AR 3
PR BRI L E . EEBHEERT S
Fl STM32 ) ROM A 53.75 kb, 5 F N 21%,
RAM  2.84 kb, 5 FHE N 5.9%, Beli /2 R4 )it

ﬁ%ﬁ%o
3.2.1 "EFATHIE AR AT AN K
AT IR FE, 1 F F A & A B 3% S I A ) 2 B 1% 252 97

H, Hirmi Z i EmRER ) RS . ikt
A7 38 L S bR E U A AN E AR5 55 R 1 B o
B AR, B 11 AT, ARG AT HR4E T AML &
A7 T8 B AR A ) T S, SRR EmEE, G
AU RAT SR BERRER, Wi 25 i B, RN AR
IS O P SE PR U S H AR S = T
YIRZEN 8.43%.

5 -
4t e =
~_3 \ \//’\/\ ™ 12 E E
LS '\\/ L =2
28 Y 7 =
&5, o~ 5
= | RN . W&o
-~ KATI& ¥ Flight speed - R
1 —SEBRME S & Actual spray flow W | E
H K155 2 P & Target spray flow
0 . . . . . . . M| PN
5 10 15 20 25 30 35 40 45
t/s

11 YTERESHEREME
Fig. 11 Curves of UAV flight speed and spray flow rate



B 4 ]

ZREI, &5 FE TR M4 PID HIJC AL B & RN AR B 5 R GEHI B0 5

107

322 FARBREASRHAY ZHITHERE
We5E A B 25 %0 BF R MATLAB 344t
A FL & T HL AR 6 2 AN KRR 55 R AR B R AT $ R U

0.1 02 03 04 05 0.6ugem?
I

a =

i Ui & Droplet deposition

AT T IR A

Sample point number of flight direction

02 03 04 05 06 0.7 08ugem? 0.4 0.5

d
S i & Droplet deposition
5

1| : g — 1.

1 2 3 4 5 2
WA 7 1 KA R

Sample point number of
spray bar direction

& 12

AT FERFE TS
Sample point number of flight direction

0 0204 06 08 1.0 1.2 ugem™ 02 04 06 08 1.0
: I .

Z WD Droplet deposition

e
3 U R & Droplet deposition

W7 ) KR KT
Sample point number of
spray bar direction

B 33 3 YOE B S AR B 0 ) 5 TR
BT (B 12). AE 12 T ELE R 5 3 2%
TR E R A TE DL

1.2pg-em?

M PLAA E Droplet deposition

(% I e}

._.
(S}
w
~
W

0.6 0.7 2

0.8ug‘cm’; 03 04 05 06 0.7ugcem

Ui Droglet deposition

3 3 4

W7 )RR KT 5
Sample point number of
spray bar direction

EEMRE (a. by o) NTEME d. e HIRUEFRHESHE

Fig. 12 Distribution of droplet deposition in constant spray (a, b, ¢) and variable spray (d, e, f) test

NS N AR T I 43 A 25 i U AR B TR A A 245
P, 0 BERES 73 Sl ISR X 35 T AHL AT 7 1)
AT 7 a1 T Z TR E A = R E TR AR
Wik 2 fios.

*2 BEREEHIRENTFAY

Table2 Variation coefficient of droplet deposition in

spray test %
WIS BRI /AT AT 5 1#)
Test number Whole area Flight direction Spay bar direction
1 64.45 30.27 38.13
2 32.37 9.10 32.32
3 51.56 19.08 43.19
4 21.29 13.01 16.29
5 43.25 10.57 42.61
6 26.85 15.32 18.94

DIB A5 52RETH 1.2.3 REBHE;2.4 4 6 27
AR 123 REENF

1) 1, 3 and 5 represent the first, second and third quantitative
spray respectively; 2, 4 and 6 represent the first, second and

third variable spray respectively
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