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Design and Experiment of 3YZ — 80A Crawler Self-propelled
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Abstract; Aiming at the problems of high labor intensity, low efficiency, poor penetration of traditional
plant protection machines, and poor walking stability under narrow row spacing in the middle and late
stages of corn, 3YZ — 80A crawler self-propelled corn interrow sprayer was designed according to the
requirements of corn planting agronomy and pest control in the middle of canopy. The machine was
mainly composed of an adaptive profile track differential drive chassis, a Y-type dual-nozzle pulse spray
device, and a spray monitoring system, which can meet the space requirements for plant protection
operations under the narrow row of corn leaves below 600 mm. In order to improve operation efficiency
and spray effect, the spray angle, nozzle position, and spraying distance were taken as experiment
factors, the volume median diameter Dy, was used as the performance evaluation index of spray system,
the quadratic rotation orthogonal combination experiment was carried out. the variance and response
surface analysis of the data were carried out by using Design-Expert 8. 0. 6 software, the mathematical
regression model between the experimental factors and the indicators was established, and the
significant factor was analyzed. The influence change rule of the evaluation index was obtained, and the
optimal combination parameters of the nozzle were obtained: the Y-type spray angle was 60°, the
position of the liquid nozzle on the nozzle was 0. 61 m, and the distance between the spray nozzle of the
fog machine and the receiving surface was 2. 37 m. Field test results showed that with the increase of

operating speed, the effective prevention and control area of the self-propelled interrow sprayer was

W e H 9. 2021 =05 —-17 &8l H 3] . 2021 — 06 —25

EE€WAB: MK ARBERETH (52175212) % #0488 B 7 213 0 H (GXXT — 2020 — 011) 1% #04 & AL & 1F B 6l 2 5605t |
(GXXT-2019 -036)

EHEE A F4H45 (1989—) , 55, VR 18+, 322 N8 R AR AL 45 3 5% , E-mail : wangww0618@ 163. com

BSEE: FRBIW(1979—) , B, #4047 , i+ 4 S0, £ AR REA AL A 5T, E-mail; 1qChen@ ahau. edu. cn



59 1)

FEA A 5. 3YZ—80A BJEAH A LR £ KATRIBEZE Pl 55 107

significantly reduced; when the range was 0.6 ~ 1.1 m/s, the droplet coverage was more than 10%

effective. The spraying width was 6 ~8 m; when it was greater than 1.3 m/s, the effective spraying

width with a droplet coverage greater than 10% was less than 4 m. The research result can provide

technical support for the development and improvement of narrow row spacing plant protection

equipment applied to high-stem crops.

Key words: sprayer; summer corn; crawler chassis; pulse type; volume median diameter of droplet
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Fig.2 Interface of sprayer control system
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Tab.1 Major performance parameters of crawler

self-propelled sprayer
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Fig.3 Structure diagram of sprayer system
2 BEENKBEBEFIRIT

2.1 BHRKRBITERFIZIT
2.1.1 JEH AR IR SR A AE

JE T IS A BT HE LU /s (RN PEREAL B A
PN B ) AR A O R T R AT ) 15 25 L
UK S B ok, HOR S Z a8 4 s, i T B R AT
[i1) 3t 6 2 5 KB 6 AT, i 2 B )2 g DK AN - s 25 L AR
b i v By B A A O 5 O, SR B AR UK R
5 2 AT B SOOI TN TR SR T A A
TEJE AT A R A 3 N T 8 B AR R B i
JUE A8 B8 T IR B S 7 388 [ 0 1 B S0 HE AT 3
PR A AR T WAL IR E BLRE T o TR
K2 AR 0.5 kW HE LA 45 N-m 19 5 it
JC kil B, ML T 0k 22 3 4% A Sy JE A IS A A B 3 B ) o
L PR B e B ik B R A DR AR M R A A A
SIA ., MR E KRR AT I SR, i B A IS B AME
R (K x 55 x &) 1400 mm x 380 mm x 250 mm,

9 8

s
K4 g ISR AL A s B
Fig.4 Structure diagram of crawler driven chassis
Lopgdas 2 9K bl 3T 4 B S5 ik E R
6. KRR TORER 8. EH 9 REXA  10. WK

2.1.2 FE ARG R

JE A A UK Bl R A Ll B 4 455 1 ol BH g A
Bl iy BEL 3, JHG o B i ) 0 R R G 0 KT AR



59 1)

EFFH % 3YZ-80A BEH HERE KATEBEFEH B 5K K 109

M Eh AR FE . S Dy JA A TR 2 Ak i T A L B2
P, O Sy JE A IS B 10y v T v i Sk O 1] 6 TR
J EE5E B 77 18] o

[B15 iy 2 1l T A0 38 =R
Fig.5 Structure diagram of crawler contacting ground
1 7 158 55 BILJTS o o S T P T 25 0 e 1T A%
DCIRL Y, B35 DX | 5 20 i) 4 Q2 B LA 16 i Lo B
C N1 fi 0 FE e, o P o) BN 1) S5 26 15 T 1%

F,:ﬁ(nE)

o1 )
FeS (-5
st B LB m
C—EwW RO B A EE,N
J— RN R
[y e
Fo—— 4 D B4 8 1 L A7, N
T4 8 3 5 2 1 L 6
() - ()] o
U A1 CFA R I

Af LA K m
I
M, —— 4 I £ 11 L S 46, N+ m
M —— 7 00 4 1] L 46, N - m
M, ——47 WA 5 [ L1, N - m
S0 A4 R ) A 2 O 6 L D A A R 4
K 519 3 47

s -G T
) D ) T

o3 (5) AT, 7 A 3% 3l Bl DN 1a) i O B B

S8V 0N A ) o B — ), DOz A0 1) 3K B
Heohn , Te) At 55— 38 30 190 .

A 3R Bh IS 8 W 7 1) B 3h 0 AR TRy

M,=(F+F.0r
{W,m = (Flpu + F o0
L M, —— B IR h e i KUK 8h J) 4, N-m
W A IR Bl 5 5 KK Bl 0y % kW

9K Sl %6 [ 242, m
IR S T m/ s

ARSCHFEIT A 3YZ — 80A R g A7 [ X K K AT
[F] W55 25 ML G 2% T 5 m Oy 100 kg, JE A POLBE B R
0.35m,JBAF MK L o 1.0 m, BRSNAE T B 4% r
7°0.02 m, 48 [\ fi LB C B0, 175 m, Gk ] ffi 0> B e
W0, 16 m 5% ] By 22 80 w AR Bl B 1 28 f 3991
H0.6.,0. 11 -5 ] 45 8 415 5K 301 48 5 K 9K 3 g
FioM,, R 15.68 N-m, @5 0K 8h 46 fie K 9K 2 D) R
W, 9 0.94 kW,
2.2 BHAABEERSEIEIT

Ik b X & SAILR Bh S W5 A P B4 R I ERRE K o
ZEU BN RN HE A WA P 1 2 T A ) B Ak A /N S5
iR NI DO R 70| GaE W) QUL W E
SER R L, EORGE K R e & 5 A R L, R A
% R G5 FEARSE K v & sh MUK BE J5 B N S Y A B
W Bk Sl R 56 I 5 2k B 5 R AR 9 0 B e R
e NIV T I R 7 U 3h S BT AE F sh W L Ak il
AW 2 H B R 2, TR BN R I A R
WAL AR R 5 G FOK A A2 R
600 ~ 1 000 mm , $& AL 1= B g % & 780 mm , W45 11 %
TEACY TS5, 1 DR A R025 Ak T VR B O 1] KR AT
(] P00 R . Sy BT S 2 R G Y S A 2 S
BB T R AL G AR AR TSI O L IT G
W8, ) B = 24 YR T v S 2 B ) PR O T 3
T 7 AR v S8 LR AR . WA IS LK T iR 248
T2 TR R A P B, 4R AL IS A 4 M 1 O A
M FRE o

(6)

r

v

F6 kiR 25 BLES 4 137

Fig. 6 Schematic of pulsed fogger
LYJEmESL 2. iR 3. R 4. ke E S mEfk
whds 6 MM T EJIE AR 8. A 9. MR ER 10,2
M



110 &l #Hl

L

2021 4

2K 55 T R A DR E TS 55 R GEVERE PR AN FE AR
55T AR N 7 T B R K, I A 7 5 T ALY 3
KW S B b i LR S8 n . 24 bk b X &
SHLIh S0 o I, 6 A (10 45 P 2 B0 3 e 28 i 25 1k
T BE % 55 AR 1 e R Y
3 KRG EERSM
RIIEIT5F*E
BT IAERTTRY 3YZ — 80A HIJE A H kR AT
] 55 55 ML g 1) AT S P, O SR WE S5 R G ARk i
Hh S A S B S DR A 36 OGS I 55 I R 52 ) A K
(RIS IRE A oo, L 25 VR M FE TS A e, | Wi BB S
o, ME AR R 2, DL 3 % (K FL A 42 ( Volume median
diameter, VMD ) Dy, >4 Wi 55 52 48 M g 77 0 48 b5 , R H
HELOS B3 B 43 A 3547 25 T R A2 0l 2 , 34>
TR IT R B 25T R — B, 1E sS R 56 i A 4l
W ER 5 W, Gt G BCOFHE, K5 £ 5 %50
M 2 fiR,3 FOSR S E B A& & 7 fis .

2 HBEES5HE

Tab.2 Factors and codes of experiment

3.1

i 5 - ——— ”
WA 2, /() ZGURVEA B xp/mm BEHE RS 1y /m
-1 60 600 1.5
0 90 700 2.0
1 120 800 2.5

S
=

600 mm

K7 NS HHE B
Fig. 7 Nozzle with different parameters
HEEREDH
FR A5 Box — Behnken Hr.0 2 & % 1F = R =K
o BT, AT 17 A, B 8 S g A
K3PR, X, X, X R Fi i (e

3.2

% 3 Box - Behnken iRt RE R

Tab.3 Design and results of Box — Behnken experiment

75 X, X, X, Dso/ pm
1 -1 1 0 54.81
2 -1 0 -1 75.23
3 0 0 0 55.71
4 1 1 0 60. 17
5 1 -1 0 58.11
6 0 1 1 56. 45
7 -1 0 1 46. 88
8 1 0 -1 59.29
9 0 0 0 55.91
10 0 -1 1 45.23
11 1 0 1 76. 14
12 0 0 0 55.61
13 0 0 0 55.75
14 0 -1 -1 52.61
15 0 0 0 55. 60
16 -1 -1 0 47.43
17 0 1 -1 57.85

3.3 EAEBEMEESREEESH

N H] Design-Expert 24 X5 12 46 45 2 17 £ o0
[l 8045 43 AT, 45 25 T R B AR D B 0] I A5 50 5y
Dy, =55.74 +3.67X, +3.24X, -2. 54X, - 1.33X,X, +

11. 30X, X, — 1. 50X, X, +5.37X; —5.98X; +3.28X.
(7)
5 2253 A sk 4 FroR , SRR b AR Dy, Bl AR
AL P /NT0.01, B[] 9 BSR4 2% o« o,
Xy X% X x0xe P N TF 0,01 5x,x, w1 P Y
/NT0.05, Bi B 25 A S HON 5 AR U AR Dy 52
3 FWT I IS AR (A A . BT e s R B RY =
0.9925 4% IF th & R % R, = 0.999 25 #f #4 it
TR 5l G R4, i 8 25 e g
% 4 Box— Behnken Z )& [E 3£ R 5 % 53 17
Tab.4 ANOVA of modified model of Box — Behnken

TR Wy BmME FHA F P
A 1072.78 9 119. 20 103.56  <0.000 1
X 107.75 1 107.75 93. 61 <0.000 1
X, 83. 85 1 83.85 72.85  <0.000 1
I 51.41 1 51.41 44. 66 0.000 3
)%, 7.08 1 7.08 6.15 0.0423
P 510.76 1 510.76  443.74  <0.000 1
Xy %3 8.94 1 8. 94 7.77 0.0270
X 121. 46 1 121. 46 105.52  <0.000 1
3 150. 52 1 150. 52 130.77  <0.000 1
3 45.19 1 45.19 39.26 0.000 4
5% 7% 8.06 7 1.15

a2 0.048 4 0.012

SR 1080.83 16




59 1)

EFFH % 3YZ-80A BEH HERE KATEBEFEH B 5K K 111

FLIH R S BR O, Hh AE R R C, = 1.88%
KR B AR m T B, A, =
37.736, Ut IR R ELA AT PR B
3.4 RS

N T 53 B R ) 38 E AR HTADEA 48 Bk 09 52 0
SR FH 1 5 — PR 28 Ak 1 o 1] KOSP4 A Al 95 A4 R
FXF VA 8 bR 1) 38 B 5 ) 55 5 24 V0 7 L
Jite P B 45 A8 L PR R 6 A R AR 55 i AR B AR Dy, 5
M FF) e 17 16 G0 P18 T o fl BT 8a WAL, XY 5 27
TR THT 1) W e P 5 Ak 1 v () K P B vy =2.0 m, 24
TR AE M AE T A6 R S 2 IR 55 i 4 R
1 Dy 50 b 2 A [ — 53k f1 B2, D, Bl %5 24 W
FEWEAS - (A T 1) 38 2 5 38 KR 0N 2 T W T

=) B9

=% 50

(a) x,=2.0 m

(b) 2,=700 mm

P8 22 H R X 55 i AR

WA W) — 7 B, Dy, B WA 0 BG  2 5 ek
AN, I 8b TIN5  E AE A
A 8 R al gk S, B x, =700 mm, W 5 5 Wi R
BN 25 T AR T AR Dy, 19 38 BAE TR 3, Y it
JERCA B 2o (A 1 N VN S <5 = MO NI 0 A
Ly R S 2= ) N A D = S S NI
R o B 8c WL, XY g 5 A AL T ] KPR B
x, =90°, 24U W 7 B 5 i IR 5 X 55 % AR R b AR
Dy A2 HAE W35, 24 24 W e AE W b m] — i
F, Dy, Fifi 5 58 it BE 25 00 39 52 58 08/ J5 9218 1
A W 55 HLIE it P 25 A T [R]— KT B, 25 AR FR
TR Dy, B 25 WY AE A L AL A O A e K
ISR YN =R

(c) »,=90°

A2 52 W 14 1) S 1 T

Fig. 8 Response surface diagrams of interactive factors to Dy,

3.5 BESHWMmE

R A J7 22 43 B ¥ o) Bz T 0 AT 45 2R AR R B OK
1718 W% 25 16 b B2 R A9 A #2 T, ] i Design-Expert
8. 0. 6 A rh iy AL Ak AR B XoF [l A A5 7Y 1 A7 K i, 5
5% 55 S 25 200, 455 TG 55 ML PE g ik 0 5 A DG LIS AR
i i 2 AL 29 A T AR
Dy, =55.74 +3. 67X, +3.24X, -2. 54X, +

11.30X, X, +5.37X> —5. 98X2 +3. 28X°

D, =30 pm

“1<X, <1

s. t.
-1<X, <1

~1<X,<1

(8)
SRR B AR5 S 80 B A D 60° 2
TG A A ) 7 A R A B R i 610 mm 4 55
BILISE 11 5 52 Y8 2 T 114 W8 it . 15 Oy 2. 37 m,

4 HEKE

4.1 RIEEH

R T 2020 4E 8 H 28 H 1E 28U 1 M 1 SR
DX T AR b R A g bl 5 3 (116°97E
33°63'N) & K Ff i 3 b F 47, = B DG/T 031—

2019 UK 55 AL 1 BE IR 56 7 2 A9 — AL 22 ) A JB/T
9782—2014 ( 85 %5 HLAK i JH iRk 36 )7 ik ) #EAF3YZ -
BOA T J 7 (1 7 3 A7 18] W§ 25 AL 1 1] E b 4 A
£ R 9 iR, R 5 e He T Ak 800 m”, - 3
KW R LB, F KRN 12.8% , W JE K
0. 75 MPa, B R A5 2 SR FH A FF 4 4 78 25 Hb 0 BF 10 4%
R IR oK SRR 224k 591,471k 60 m, Bk B
W25 em, KK BN 1.8 m, Rl %5 )i 4 200 Fk/hm®,
R AT ] M RS AT B S I 1. 02 ke/m’, iRX B
309 ) J e X A 55 ML 1T T R S 90°, Jik i 4 R Sy
100 Hz, #h FLREAL T 0. 5 m/s, i 5 A B2 R 15 K .
EmERER .

(b) AR BAAR AT B
B9 JEA B E R B AL

Fig.9 Testing of sprayer in field

(a) IRIRAEHL



112 &l #Hl

M 2= 2021 4

4.2 ABHEREVNETZE

FET i) 5% 55 X 4k 55 8 0 AR 23 A1 4 1 2 ke il 22 )
JR BRSO AR S g A 24T
Mt 55 BIL A Ml 332 M 25 T AR A Y G &R, 4 I A IR
BAITERGEENEEH0.6.0.9.1.1.1.3.1.5 m/s,
A5 KAT 18] PO Hhy 3 2 0 4 B 400 mm (14 77 3 AE I
Jr EATE ST 1~ 10 BRSO, BB AR
1.2 m F ) K AR 4R 20 A3 1% B 1 10 o

Coooococaon oo Qo a
% o o o o o fg o o o o ¢ o %
FE| o o o o o o || o ° o oo |FE
X o o /IT [X.

. o © o o Iﬂj o o o .
o © o o o o o o o o c o
nnnnnnnnnn ﬁ U R yﬂ:o
ﬁ] KA AR
10 K SR 485y A
Fig. 10 Distribution of water sensitive test paper
4.3 KBRERSHH

HI ] Deposit scan 55 i 1 3 FC 0 XoF A B 19 7K
PR AT 448, A HCHAL T TR AR 55 A HOR 5 T A
Gl TR T A0 JE A A E 24T 1] 55 25 HLAR . 3
JEFERE , T ORAT 1 I 49 45 — 51 A ) 4 5 19 7K B 4K
PR S, B P P

WnE 1T FroR M O 0.6 m/s B, 1 ~3 51 i
b 25 T A A R T A KT, 24 IR I R
T2 m I 55 A i RN R R e 7 ~ 9 B 5 i
B RYERE T — N EAROKCE, 25 OR RS 10 3]
I, 2500 7 o N 2 10% o AR A AG I Y 55 35 R A
R 3 51 5530 B St R e, 5 R AR HIURE B, BT 45
WMERAR R ZERR o B B A B s M, 25 1A AR
AR Dy 1B A8 W/ o 2 R B T 55 A Rk IX 0
I, 2RI AR BN, Al BE A2 2 SR AR o

SERRWAE AL ZAE 0.6 ~ 1. 1 m/s JE N, Al
3 50 14 ) — e J2= i B ) 25 3 B i AR AR AR A [ 6
52 X SR P 5 i BT i 4R A A o R o T e
M W AR T 10% 1A RO IE 584 6 ~ 8 m s fF

0.6 m/s
0.9 m/s
1.1 m/s
1.3 m/s
1.5 m/s

P11 S T ol 8 JRE T 250 A i R 0 A

Fig. 11 Droplet distribution coverage at different speeds

3 EER 1.5 m/s B, 5500 3 5 B D AR, 5 T
TR T 10% 14 B0 HE IR 56 A 2 4 me fyn]
15 BEE AV 4R 5 ,3YZ — 80A BB [ & R AT
[i] 155 55 ML A 2650 77 s R ol T B W B

5 #ig

(1) & X B E KA 5 8 3047 15 iR e UF B G
SE I 1) 28, 45 5 K Al A 20 AR B o )2 o 1R Bl
TAIER & T 3YZ - 80A BB [ kR E kAT
() R 58 55 B, B AL 82 1 R 28, BE A% 0 /2 T° 600 mm
(78 AT I T K TRE 2 v B AR 1) 2 ) R R AR TR A
HREAL R .

(2) & TF T A 5 N H 2% 1 05 T8 8 7 3K 2l IS £,
A S THE 55 HLAE R R AT 4 b 2 1 Bk s B8 g 5 it
1Y Bk A R AT Rl i B, O o =
B O R I A L A U, T T B PR M
febn 5 & 52 R B8 BB AL, Jr 1 S
O VEFE bR 0 5 el A2 A R A5 3 AR e I A
SR B A 60° 24 W 1 WA Y L Dy BE B AR
% R Ui 610 mm K Z5 HILIE 15 52 I 3R 1T 1% 1 it B 25
5 2.37 m,

(3) H ] 32 56 2% B B A A ol o B2 4 i, 3YZ —
80A HYJE T FH AE AT 8] 55 25 LA 8 7 428 X I8 b =35
%o AR EEAE 0.6 ~ 1. 1 m/s Y5 N, 55 1 1 i
HRRT 10% WA OBt R 584 6 ~ 8 my /Rl 3 &
NS m/s I S5 3 RO 10% B A AL Wi 1R
FEAE 4 m,

z £ x #t

[1]
[2]

(3] BRELI,VFNG  A0{ 5T, 45

bR, BER, W, FORRREESH LR RGIM]. duat. b EA OB E SR R, 2009.
PRELI, 4585 40, 55 /N RE AT IE BT E R AUMUE BB A& Uit 0y ik [ M. JE5T Rl Hh ik, 2020.
7 Hb B A AR B B 25 30 R G i SR8 [ /0L ], Rk HLA 4 ,2019,50(9) 25 - 32.

CHEN Liqing, XU Ming, BAI Rengui, et al. Design and test of auxiliary driving system for high-gap plant protection machine

[J/OL].

Transactions of the Chinese Society for Agricultural Machinery,2019,50(9) :25 —32. http: / www. j-csam. org/

jesam/ch/reader/view_abstract. aspx? flag = 1&file _no = 20190903 &journal _id = jesam. DOI. 10. 6041/j. issn. 1000-1298.

2019.09.003. (in Chinese)
[4]

PRESAE, 22 M, 2Rk T°, %5 AR TE A ML ZS ORGP Ml A 808 P2 51K [ )], ARl D447 ,2017,33(7) :82 - 90.

CHEN Shengde, LAN Yubin, LI Jiyu, et al. Evaluation and test of effective spraying width of aerial spraying on plant protection



59 3 FEA A 5. 3YZ—80A BJEAH A LR £ KATRIBEZE Pl 55 113

[5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

UAV[]]. Transactions of the CSAE,2017,33(7) :82 -90. (in Chinese)
o 19 I3, K W P, AL /N BTG A LA 25 BTN 7E K B I 25 T T AR A A Bk B OR SR B VA ROCRBIR [T ] AR
$7,2013,39(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)
AEHE BB A R BT RS BRI R AR S ML B SR [T ). Rl TSR ,2015,31 (35T 2) : 60 - 68.
YUAN Jin, ZHAO Xinxue, LI Ming, et al. Design and experiment of highland gap sprayer and tunnel type sprayer[J].
Transactions of the CSAE, 2015,31(Supp.2) : 60 —68. (in Chinese)
e e A s R RF4F . BT AR IR WS 1R B SRS N B SR [T]. el TR 4% ,2017,33(1) .70 - 76.
LI Longlong, HE Xiongkui, SONG Jianli, et al. Design and experiment of automatic profiling orchard sprayer based on variable
air volume and flow rate[ J|. Transactions of the CSAE, 2017, 33(1): 70 —76. (in Chinese)
CHEN L Q, WANG P P, ZHANG P, et al. Performance analysis and test of a maize inter-row self-propelled thermal fogger
chassis[ J]. International Journal of Agricultural and Biological Engineering, 2018,11(5): 100 - 107.
PREZI, VB, A AL , 2. RSB ML RS 5 [J/0L]. R HLH AR ,2019,50(1) 122 - 128.
CHEN Liqing, XU Zezhen, XIE Binbin, et al. Design and test of electronic control system for unmanned drive sprayer[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2019,50 (1) :122 - 128. http: / www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1 &file_no =20190113 &journal_id = jesam. DOI; 10. 6041/j. issn. 1000-1298.2019. 01. 013.
(in Chinese)
PETEINATOS GERASSIMOS G, BENJAMIN K, et al. A new logarithmic sprayer for dose-response studies in the field[ J].
Computers and Electronics in Agriculture,2019, 157(1) :166 — 172.
FE A5 RT3, AR B, 55 AEAR TE AL T RS X TR 2 AE AL AR 52 L1/ OL ). Al ALBRAE R ,2021,52(1) +40 - 48.
TIAN Zhiwei, XUE Xinyu, XU Yang, et al. Effect of plant protection UAVs downwash on crop canopy[ J/OL]. Transactions
of the Chinese Society for Agricultural Machinery,2021,52 (1) :40 —48. http: / www. j-csam. org/jcsam/ch/reader/view _
abstract. aspx? flag = 1&file _no = 20210105&journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298. 2021. 01. 005. (in
Chinese)
PO, WREZE, EHE, 5. 25 5 KU Y X 88 % 25 AL B 24 0 W6 3 F) 2% A 5 3080 [ /0L ] A lk B 27 4 , 2018,
49(6) :48 -59.
QUAN Longzhe, LI Yajun, WANG Qi, et al. Modeling and testing on liquid pesticide spray of serial manipulator target
weeding robot considering wind disturbance[ J/OL ]. Transactions of the Chinese Society for Agricultural Machinery,2018,49
(6):48 = 59. http: / www. j-csam. org/jcsam/ch/reader/ view _abstract. aspx? flag = 1&file _no = 20180606 &journal _id =
jesam. DOI:10. 6041/j. issn. 1000-1298.2018. 06.006. (in Chinese)
A, DORR Gary , FRINGSE , 55 3 TE M5 3k 55 0 A2 23 A5 KU 8% [ J/OL] . Al HLB 241 ,2012,43(6) :53 - 57.
ZHANG Huichun, DORR Gary, ZHENG Jiaqiang, et al. Wind tunnel experiment of influence on droplet size distribution of
flat fan nozzles[ J/OL]. Transactions of the Chinese Society for Agriculture Machinery, 2012, 43(6) : 53 =57. http: // www.
j-csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no =20120610&journal _id = jesam. DOI. 10. 6041/]. issn.
1000-1298.2012.06.010. (in Chinese)
X% B %L RO, A NBUR RO AR LS Z T & S R 58 [ J/0L] . ROl MUBE A= 4 ,2019,50(4) 1156 - 162.
LIU Lu, YANG Lu, GAO Guanguang, et al. Structural design and test of wheeled tobacco plant protection mobile platform|[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery,2019,50(4) ;156 — 162. http; / www. j-csam. org/jcsam/
ch/reader/view_abstract. aspx? flag = 1&file_no =20190417 &journal_id = jesam. DOI;10. 6041/j. issn. 1000-1298. 2019. 04.
017. (in Chinese)
LA, Mg XUER A5 JE B E AR E B S xR RGE B MUY L]/ OL]. Al AL 4R ,2016,47 (35 T)) :189 — 195.
JIANG Honghua, BAI Peng, LIU Limin, et al. Caterpillar self-propelled and air-assisted orchard sprayer with automatic target
spray system[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2016,47 ( Supp. ) :189 - 195. http: /
www. j-csam. org/jcsam/ ch/reader/view _abstract. aspx? flag = 1 &file _no = 20165029 &journal _id = jesam. DOI; 10. 6041/j.
issn. 1000-1298.2016. S0.029. (in Chinese)
TEAR BT ks 5. ko sCUm 2 K 2 ML) 25 KGR AR 25 28R 0 B [ J/OL ). ROl HUAR 27 41 ,2020,51 (11) : 113 -
122,130.
WANG Dong, CHEN Qing, XU Linyun, et al. Analysis on atomization effect of thermal atomization pesticide for pulsed
smoker/fogger[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(11) :113 - 122,130. http: /
www. j-csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1&file_no =20201112&journal _id = jesam. DOI; 10. 6041/].
issn. 1000-1298.2020. 11.012. (in Chinese)
BT, AN VMR 5 kb =00 55 7K 25 AL T AE MR A5 R R 52 [ J/0L ). ARl HLAR & 4 ,2019,50(11) :85 - 91.
JIANG Xuesong, ZHOU Jie, XU Linyun, et al. Influence factors of working frequency of pulsed smoker/fogger[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2019,50(11) :85 —91. http: / www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1&file_no = 20191109&journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298. 2019. 11.
009. (in Chinese)



114 YA T A 2021 4

[18] DORR G J, HEWITT A J, ADKINS S W, et al. A comparison of initial spray characteristics produced by agricultural nozzles
[J]. Crop Protection, 2013, 53 109 - 117.

[19] #M= JHEV, &8 %E. REWEFEMAES NS ETMABCR MM [T]. Ok TR, 2014, 30(1) : 40 - 46.
XU Linyun, ZHOU Hongping, GAO Shaoyan. Effect of structure parameters of exhausted tube in steady fogger on
thermalatomizing effect of hot fogging concentrate[ J]. Transactions of the CSAE, 2014, 30(1): 40 -46. (in Chinese)

[20]  #AZL, b, EPRA, 5. B RATIE sFL /OB AL i 5 [ T]. folk T2 %4 ,2016,32(24) :26 - 35.

HU Hong, LI Hongwen, WANG Qingjie, et al. Design and experiment of targeted hole-pricking and deep-application fertilizer
applicator between corn rows[ J]. Transactions of the CSAE,2016,32(24) :26 —35. (in Chinese)

[21] LIZQ, CHEN L Q, ZHEN Q, et al. Control of a path following caterpillar robot based on a sliding mode variable structure
algorithm[ J]. Biosystems Engineering, 2019,186(11) :293 -306.

[22]  ORWIAS,BTHH, 2T, 5. R4 AL B w1 IR 3 5812 2 5 3l Ty ke il ge [ 1] Rl AR 2441 ,2015,31(23) :28 - 34.
SONG Shujie, QU Jiwei, LI Yining, et al. Test on motion and dynamic characteristics of driving wheel of steering shaft with
offset chassis of agricultural vehicle[ J]. Transactions of the CSAE, 2015, 31(23): 28 —=34. (in Chinese)

(23] BRa, TR AR 4 A, 55, DR R 45 T PR35 ML S5 W5 7 B0 R R B RO a5 [T ] A AR 9 ,2011,37(3) 1157 - 160.
CHEN Li, DING Kejian, CHENG Beijiu, et al. Application of sedimentation agent to controlling the droplet spread of thermal
fogger and control effect to crop diseases[ J]. Plant Protection, 2011, 37(3): 157 = 160. (in Chinese)

[24] B BRz, IS, 5 X2 BEEAE AL B8 24 3 R HL TAE S B Ae [J/OL] . flh LB 2 4R, 2016,47(1) : 83 -90.

DAI Fei, ZHAO Wuyun, MA Mingyi, et al. Parameters optimization of operation machine for tillage-fertilization and spraying-
filming on double ridges[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2016,47 (1) : 83 =90. http:
// www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1&file_no = 20160112&journal _id = jesam. DOI:; 10. 6041/
j. issn. 1000-1298.2016.01.012. (in Chinese)

[25] JB/T 9782—2014 HY LRy HLAE 8 A5 ik [S].2014.

[26] EMuss, JANg )N 2 AEm, 2. PWM AR BSR4 gl A5 55 2 A B S0 PESE 86 [ 1/0L ). Rl L1 ,2015,46(3) .73 - 77.
JIANG Huanyu, ZHOU Mingchuan, LI Huarong, et al. Experiment on dynamic droplet distribution uniformity for PWM
variable spray system [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(3) :73 =77. http: //
www. j-csam. org/jesam/ ch/reader/view _abstract. aspx? flag = 1 &file_no =20150310&journal _id = jesam. DOI; 10. 6041/j.
issn. 1000-1298.2015.03.010. (in Chinese)

[27] S8, BT U0 , %5 S UIBURE S 800 B R I Sk etk [T ] olk PR 244 ,2018,34(17) : 176 - 182.

GUO Na, LIU Siyao, XU Hui, et al. Improvement on image detection algorithm of droplets deposition characteristics[ J].
Transactions of the CSAE, 2018, 34(17): 176 —182. (in Chinese)

(E#E 155 In)

[18]

[19]

[20]

TIAN Y, YANG G, WANG Z, et al. Apple detection during different growth stages in orchards using the improved YOLO —V3
model[ J]. Computers and Electronics in Agriculture, 2019, 157, 417 - 426.

ZRIE. BT LA LG 0 B A A I AE AR A A A SCBEER B LD ] dE st i [ Rl R, 2014,

LI Han. Study on target detection technology applied on precision agriculture based on machine learning[ D]. Beijing: China
Agricultural University, 2014. (in Chinese)

KRBT A B, A SR T SSD Sk A AR ST AL [T ] b B A i 30,2020, 15(3) ;274 - 281.
ZHANG Enyu, CHENG Yunling, HU Guangrui, et al. Recognition of green apple in natural scenes based on SSD algorithm
[J]. China Sciencepaper, 2020,15(3) ;274 —281. (in Chinese)

REN S, HE K M, GIRSHICK R, et al. Faster R —CNN towards real-time object detection with region proposal net-works[ C ]
// Proceedings of Advances in Neural Information Processing Systems. Montreal, Quebec, Canada; NIPS,2015:91 -99.
BEWAME , ) -, 7 4, 5. JE T 0L Faster R — CNN [ AR A6 1 ) 22 50000 5 5 A2 [ J/OL . Rk HLAK 2 41z ,2021,52(5) -
26 —34.

FAN Xiangpeng, ZHOU Jianping, XU Yan, et al. ldentification and localization of weeds based on optimized Faster R — CNN
in cotton seedling stage[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2021,52(5) :26 - 34. http:
// www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? flag = 1 &file_no = 20210503 &journal _id = jesam. DOI:10. 6041/j.
issn. 1000-1298.2021.05.003. (in Chinese)

HE K M, GKIOXARI G, DOLL A R P, et al. Mask R -~ CNN[C] / Proceedings of 2017 IEEE International Conference on
Computer Vision (ICCV) , Venice, ltaly: IEEE,2017: 2980 —2988.

KINGMA D P, BA J. Adam: a method for stochastic optimization[ C] // In the 4th International Conference on Learning
Representations (ICLR) 2015. arXiv preprint arXiv:1412.6980v9.



