28

H37E HEI12M I W Vol.37 No.12
2021 6 H Transactions of the Chinese Society of Agricultural Engineering Jun. 2021

3% 10 SR 9 R H T B AR R
AREL % M5 BB, FHA

(PR R TREBOR ¥ Be, HLK 400715)

O A E AT R E AT R ik 2 R v AR S R A B A A, AZATF SR T — AR HERE A O A AR AT AR A E bR
it B et 2 AR R/ BT, HEIESCHE E M I 2258 E S AR SR R AR B SRR B St RS %38 E R
AMERL AR, R CRR RSN A . RO AL RS SN PRI SR et 20, Af P R AL S At I R A 7 0k
WHPE, DL STM32F407VET6 S A HIUNAZ O BETH T 1588 . BILMRE . BENE. BRI 3 FEtkiiLe iR ie sl fre T
A EHEATE A OTF AN R T IR, AN DD E SH R M C R, E R R AT 0.93;
ST ERAR IR B B IE S AR T T2 A AR DL R SRR R EAR 4 AR R 96 R I HE IR R U o
FENELRIGLERE, PARHATA BRI E 525 5 B hRiEIE EAAHR ZR RN 5.17%, LR RZEEHKN 1.47%, AITEMEE
ARSI TR R RO AR o AT AT SR el ) Sht REMEAER G 45 SRR B, SR SR A & 544 2 H AR R &
ASHRZR KN 4.83%, A5 REURKN 6.96%, HIEALILE R w2 EAVEE N TE . 2258 S RIEIN w2 BA RN
SRR, SN FE RS AR BB KR B A, R R E NN R T R R E SRR .
KR R, K, T HERREE, a4 R

doi: 10.11975/j.issn.1002-6819.2021.12.004
PEISES: S224.21 XHRERD: A

BM®E, K6, Fdm, F wEREASHNEFETEREES REJ].
doi: 10.11975/j.issn.1002-6819.2021.12.004 http://www.tcsae.org

Bai Qiuwei, Zhang Xin, Luo Hongpin, et al. Control system for auto-targeting precision variable-rate fertilization of fruit trees in
a greenhouse orchard[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2021, 37(12):
28-35. (in Chinese with English abstract) doi: 10.11975/j.issn.1002-6819.2021.12.004

XEMHS: 1002-6819(2021)-12-0028-08
Rl TR, 2021, 37(12): 28-35.

http://www.tcsae.org

51 &

sk A3 BRAE B0 B R R 1 3k T A T R 1 A
P AR R AR R e . R A R 2 O TR o PR ) A 4

TR RIE. B WSO R SHEHUES ERE MK
R BN R BRI R, AT, nmRw KR
HRA R e 0 B R AR 2 S B R
Ly 3 SR Tl 475 % RN Tt AR R 7 =, 5 350 1 SR e AEAS
&, ARRMERSE, BRI, X R
Bais g,y /A0 B, 1t AT HLAE, 2 AR K,
BERT DASCEE 39, SCREMSIR SRSz R ), ey s AR
L B ARE T it A 2 v 75 A R 11 1) R

N T R R IR P 2Rk B 4% T IR, BE TN SRR
I 45 ¥ T 200 HE IR 3 B R 5 1) R gk AT T R A0
Chattha 215 1 25 i I 8025 Bt E AL M R 47 5k, 52
T A ] . Przywara 25T T B0 EUIE
WLEE K S 3 AE S B00 R 38 S5 25 18] A0 A IR R i . 400
I A e N 2y IR MRS R T T 2 RS HEHE R
FEMps il R4, AL B ah— Bl KHEEE N 37.05 g.

Wk H3A: 2021-03-06 &7 HIA: 2021-06-09

HEETH: ERTEARCHSMNAKELTEMTHE (cstc2019jscx-
gksbX0001); FERRNTRIZE SIH (cstc2018jszx- cyzdX0051); H e mfsdt
AR5 P T H  (XDIK2020D017)

PE#F R ARkE WA, BRI 7 o RGNS 8 B

Email: baiqiuwei5@126.com

KIBEER: 2060, #%, AT, BT ke 58 el

Email: liguanglin@swu.edu.cn

T RO S XA i A A e ) 81 A TV
A ] Tt AR 45 RT3 T EAT T AR R . A
ST 2F-6-BP1 AVASRACALHEACAHL, R AT
BN 731 go TEN R T BURLAL IR K S % R e
PEv e EMICRE, T8 UL L KRS LR
ErIEMIER RS PO PR e IR e AT TR
PRSI, KRGS IE ¥ R . X IE T 2%
i £ 2Ot N 2 B AT TR IT, R IR AR R ORI
14~56 cm’, i 2 T KB IEite FH 228 52 A 1 it A 2 75
Ro FREFPUERP R R BSKEBELIX T
— Tl %tk 2 o R AR R AR L . B Y
MRS BEHEIE BT 1 B e AR A A, S T A
NEALR 200 g HYAR B RIE o« AT AR B AT e B A5
RGBT Z R XK EAEY), H AR AT,
it 2 [ B2 AR AN K R SR A, A 5
HERE R AT #2840/, 2 AR . T e et XR
R R 2, RRIENA -, LR+
TAE L ST38AT BRI A, [N R B SRV IR AE, 3k
NEENRZE, FRICELRIRIZR . soh, DA SMERE CHRIESS
RS AR O RVE AL, AR 2 R A HLILEE
FAREREAE SR ER (— Bk 1.5~2.5kg) P,

B SR P R SR T, ASSCRIT T 1 ORSHEAR B S
FLHEAL S B SR RS R BOL T IE AL K RN A



12

FRKESS B0 SRl B S RS HEAR B AL Fs ] R 5 29

EBIXTHE, LT R AR T S LA
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T R -5 AT A7 SR el A

1 FHETEEMMNERBRELSHS TIEREE

1.1 EE{REEH

i JE 2 B HEAE 28 A4 ) RSt Rl HEAEAS B AR
. HERRRS . HEARE . BEREHR: B RRORE
STM32F407VET6 ¥ 7 Hl. 86 sb it Epl. 42 2Bk
Hly BXENEE. BEAHEE. TFO2 BOGHIALERES. BI/RMERK
A 4x4 SEFEREAL. LCD WHdh B nan s, HEd E 45
NEEWE 1 FTR.

\ . - /”‘

LAx4 FERPEREE 28R 34EHIM  4.3B3hEs 1 5.86 ABHERNL 6.k
Has 7SR LA 9.F I 10.0KE% 2 1LHEE 120K
RS B3RO EEMLRREE | 140 RES 2 15 2085 16.4F
Mgt 17.42 SOPHERNL 18RI

1.4x4 matrix keyboard 2.Display screen 3.Control box 4.Driverl 5.Type
86 stepper motor 6.Shaft coupling 7.Synchronous pulley 8.Synchronous
belt 9.Rechargeable battery 10.Driver 2 11.Fertilizer pipe 12.Hall sensor
13.Laser target sensor 1 14.Laser target sensor 2 15.Screw slide rail
16.Fertilizer discharging wheel 17.Type 42 stepper motor  18.Fertilizer can

B1 gt daiishsin
Fig.1 Structure diagram of auto-targeting precision variable-rate
fertilization device

1.2 TAERIB

Z I B LA R F ARG U A, A SR 2
K2 Fiom, H 4 AN] A SRR/ NS 2R, 42 50
At AU S . AR, SR SHEEAS R
FHIE, 86 B IE LB ICHIZS S HEAESS ERAE. A
PEMEIS, i RGARYE R TR IEE O EER A ZROR,
Eb S S 4R P & 150~360 kg/hm* (ND . 90~ 180 kg/hm?
(P,05) « 150~390 kg/hm® (K,0) P8, MG EEIEE N
200~450 kg/hm® (N) . 100~250 kg/hm® (P,05) « 150~
400 kg/hm?® (K,0) P71, L3t A Bk s B T B ) 15% ~
400%™ | WEEAE CRFEI N RM EE—RAE 1~
5m ZMED AR CREEE TR E— By 0~
2m/s™D) , ASANTHERSCAE AR (0~163.2 cm’) %%
B (0~200 r/min, #T 2000/min I 253E KL/ R
R Bz 42 SOPE N UG HES A e G R SR 1
O, 2] 86 APk NIRRT HEALAC 318, HE
JRAR BRSNS IR AL A58, SO TR IA AR AR U R 2
N TSt TNy ) eSS £ 3 k12 23V SN2 N 2 Do = VA=A
T CRAR SRR SE

PRI B TT 1A
Moving direction of
retaining fertilizer
block

LEeahk 285008 3 442 AUDHERNL  SERENER 1 6.2ZFTi AL
TIERAT  SIEFARE 9.86 sUBHERNL  100KMES 2 11 FP

1.Axis of rotation 2.Retaining fertilizer block 3.Groove 4.Type 42 stepper
motor  5.Step motor coupling 1  6.Screw slide rail 7.Connecting rod
8.Synchronous pulley 9.Type 86 stepper motor 10.Step motor coupling 2

11.Synchronous belt
B2 HeRsiRER
Fig.2 Structure diagram of fertilizer apparatus

2 REHRESHEEEHIRE

2.1 SMERKIR R HBERYIIE

PRI A F I AT AR R, IRE 6 FhHEARFEAE O
FEREATIRAL, FFEEAE 43508 108 90 72 54 36+ 18 mm,
AN DR RR YN 1414 117.54 94, 70.5. 47 23.5 cm®,
BHARIKA LN VL Voo Vas Vs Vs Vi, 23 51EEUE
FEN0.75 glem® (R 0.84 g/em® IE A AE. 0.89 g/em®
PN AR 3 FhoR AR GIEHE A 3 HE AR il 1 &
Je, R AR AR FR IR LS R AE R R 15 2 ARl R
WHERE R my, 15 HLEEHIHEAESE LA S r/min 3 FEHEAR
SR A S PRHEE R, FESHEAC S Se PR HE AR R
Gt RWE 1 fion. WNE 1 aTLUES, AR OHFRE
TEOL T BN TS v/min B A SEBRHFIE & 5 3R HEAL & 1
FHXTIRZEITE 4.5% LA, FERESHEARHERS, mTdt—PH
TR AR A .

Fz 1 HESEEORKRERHEE

Table 1 Groove volume and fertilizer discharging quantity of
fertilizer apparatus
JEARLFRE W PG HE R & SERR AR & AR 2
Type of Grc(')ove Theoretical Actual fertilization ~Relative
fertilizer fertilization amount/g amount/g errot/%
Vi 105.75 103.60 2.03
V, 88.13 86.87 1.42
IRZ V3 70.50 69.42 1.53
Urea \"2 52.88 51.81 2.01
Vs 35.25 34.24 2.87
Vs 17.63 16.86 4.34
Vi 118.44 121.04 2.2
N V, 98.70 101.74 3.08
CE eriE q V3 78.96 81.25 29
ompoun
fortilizer \A 59.22 60.79 2.65
Vs 39.48 38.80 1.72
Ve 19.74 18.91 4.2
Vi 125.49 126.13 0.51
AL v, 104.58 106.84 2.17
e
Oﬁ (e Vs 83.66 83.00 0.79
co;ii‘ﬁg gV 62.75 62.98 0.37
fertilizer Vs 41.83 40.59 2.96
Vs 20.92 19.99 4.42
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2.2 HREFEAEFERTHHEERE

ARG LR ZE . BEE. AIEAE 3 FiAFH
WORL AR RS R, SRR 1 T 6 Pl 4R
IR THEAR R R e, EEABERE TG, WK 3
Frs o

30K 3 R AR FHHEAC AR 6 FPRE AR LA 104
20+ 30. 40. 50. 60. 70. 80. 90. 100, 110, 120, 130,
140 t/min FATHEIREAR €. dRE N, TSRO AhcE %
M, Fa ) 25 P IR 50 e HEAR AR HEAE 2 18 (1 Bl 4 MRS ED
HEAE &8 i BT RO YRR AR 2], B AR R
TERFFOEE NEAE 3 JGR%, @i 3 ORI r I
SRNHEPE 2 Bl S HEIE & M wo 6 FIFE DARFUT, 27500
3 FRURLAEAHE % HE AR SS 54 T R (1 AR 1 S bR HE AR
(M /8) TS, & T A OS2 b i = A 4
Fiso

4 b, MHEHFEREE T, AR RS DR Ak
L EMATR 6, HEAES SBAEED, Al 2 AN [ /N 5w
AR EAFI WSO EHEIRRAE OO/ —E i, B
EES SL R AN, BAANRE O RO HEAE R RS, X R
HEAE & S HER R e i g AT —n e M A 0, S
Z 6] [ — JCER 1 [R] AR 2 Sy

m, =an+b QD)

X n NHERRACHEBE S, t/min, m AR CHEAE

g a. b AP BIA—TELMEE AR R BRI R, REE
B RAMIOERR, a0 b SEARHIR. %% EH
AT RSV, 45 R 2.

LOEKME 2. 57 BBkl 3. MASARIEREE 4. HEIRHE 5. 42 DaEtHNL
6. BhAs 1 7. 4FTIEL 1 8 WRME 9. MBWE 10, BAmAR 2 11
86 WHEHIHL 12, ZAFIHL 2 13, WMEhEE 14 STC12C5A60S2 f% il &
15, $EHIFE 16, 4x4 JERREEAE 17 SORBE 18, ELVLALIR

1.Fertilizer can 2.Type 57 stepper motor 3.Angular displacement sensor
4 Fertilizer discharging wheel 5.Type 42 stepper motor 6.Step motor
coupling 1 7.Screw slide rail 1 8.Plastic bucket 9.Synchronous pulley
10.Step motor coupling 2 11.Type 86 stepper motor 12.Screw slide rail 2
13.Driver 14.STC12C5A60S2 control box 15.Control box
keyboard 17.Display screen 18.DC power

B3 ZhXkFe

Fig.3 Laboratory test platform

16.4x4 matrix

140
= 120 *V1 = 140 b
S 1iof =V2 & 130 5 139
S8100 ¢ V3 £9120 E2110
EH22 90 o va g 2119 =3 £ 100
25 5 80t E=bcRe] 2SS 90
g5 =229 =Tg
TRo 10 TRo & =80 %
O==% 60 O=% 70 O=%
£5E S0 £55 £55 8
<_: = 40} > J ™ <_:: < ‘518 <_:: < 40 Xy
BoE 30 . Xy B2g S0 T #2IE 30 .
S& 2Ur o A S & 20 * ZE 20 )
%M 10 ”'0,.,,..,. oo o o g— 1] R —— oo o 3% E 10 MR ey S o 999999
0 20 40 60 8 100 120 140 < 0 20 40 60 8 100 120 140 < 0 20 40 60 8 100 120 140
HENE S E FENERE Fo i3 He e S 5
Rotation speed of fertilizer discharging wheel/(r-min‘") Rotation speed of fertilizer discharging wheel/(r-min™")  Rotation speed of fertilizer discharging wheel/(r-min™")
a. JRE b. ZAEIE c. AHESE
a. Urea b. Compound fertilizer c¢. Organic compound fertilizer

B4 B4R TR0 XRHRE

Fig.4 Actual fertilizer discharge of a single groove at each speeds

HI3% 2 AT AL, AN [FIRURL AL ARHAE 2548 (AR T 2 57 11
— LR AR e R R MEIIA/NT 093, PE
J/NTF0.000 1, W 6 Ak AR S FLS R 1 HEAE

o 5 HENEAS Bl 2 8] 1) — o 2R M B U3 5 R 4 R )
B & ERE, ALFREX, BEEN99.99%, ~#HE
MR R,

x2 ERLERE5EEMRE

Table 2 Regression results and significance test

o K& HEHE HIE AR
- Urea Compound fertilizer Organic compound fertilizer
Groove
a b R? P-value a b R P-value a b R? P-value

4 -0.5364 118.73 0.93 2.03x10%  -0.6747 1369 0.96 7.8x101°  -0.6975  144.39 0.95 1.98x10”
V) -0.4514 100.05 0.93 245x10%  -0.5671  114.96 0.96 7.01x107"°  -0.5959  122.65 0.95 2.45%x10”
Vs -0.3647 79.901 0.94 1.39x10°%  -0.4576  92.179 0.96 5181070 -0.4596  94.427 0.96 1.92x10”
A -0.2763 59.348 0.94 7.07x10° 0334 67.182 0.97 1.67x10"  -0.3522  71.856 0.96 1.24x10”
Vs -0.1905 39.099 0.96 1.08x10° 024  44.077 0.98 2.63x10"" -0.2369  45.849 0.97 9.58x10™"
Ve -0.1005 18.402 0.98 1.56x10""  -0.1098  19.141 0.97 3.59x107"°  -0.1208  21.179 0.97 9.08x10™"

e P-value FBERONRIIMER; a b 05Dy — etk IR i RO 3 &

Note: P-value represents the probability that the model is false. a. b is the coefficient and constant of linear regression model.
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2.3 TERBIEHIHEE
2.3.1 BArlegh &R EXEegX A
MR 2 e A H bt JE FE b AT AR, SRR H bR
i AE B S HEAR A i . MEAE TR . HEAESRE AR RN SR
Wi 2 EAAZ B RIRRN
m,=4-n-m, -d /(60v) 2)
b om AREREN BAIEE, g, 4 NPRRENTEEZ
BHE, m, n NFHFIEREEE, t/min, v AREIEZE, m/s,
me N HEREEE AN RE CHEAE R, go Kl (D) RN ()
A
di 2
m, —E(an +bn) (3)
HEE R M DR RN, 3K (3D 1 as b A
HHEE .
2.3.2  Hefedbdtbik s RN
FER I R AR R, MR S AT RN
R ErT, o3 EAM e, kAR R ARl
B, AT ) AR A T o e IR 2 TR A, LSRR E
M E RN . A (3) Bl

15m,v

an® +bn— =0 4>

X (4) o on BEAT RS
bt b’ —(~60amy | d,)

1 (5
2a
—b—\[b* —(~60am,v | d,)
2a

A a KB AT, b BMERNIE. 2% E2 F a. b
FHERAR (5 « R 6) rarsn, =X (4) EHIE
RIS, ny BMEAE 0~111 v/min Z[8], n, FI{EAE 87~
222 r/min Z 18], n,<n,; % m, 8 v N 0B, NFEEHEE,
m 5T 0, FHEAHE, fFEEFERSEN, n A%T
0, REAM, AFRELEFREIEEN; M (5 fEXR
HERR AL R, 2 AN R G AT R R A B
B .
2.3.3 AR A ShimFEAN
TEHERESRE AR B TRy, B, MRIERMHE
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2
y Xl (8
60|a|ml.
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1 HHEAE AR CVARRR, i A 2R i AT AR 4 e A
SRR AR AL 8 e R FLAR A E

3 EH RGN
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N, RIEEST IR R, R C iIBEHRE R
B E s #eAR S R R, HEERAENE S fR.
RG FRENSE, B 4x4 FFEEE R EATR AR,
ANBWEEES ®EMEZER, B8R
STM32F407VET6 448 L 4AF B )k BN, 7= 4w i
i 2 Lk T PWM gl 42 05 i LIE S HE L 2%
PARE S A A5 RS B R AR TUARRR, T R A B S B A ) it
REZETH, MO TR A AL BRI e PR BN T Boe R (&
SE R AR AR O TR A B8 5 TR fize ity B S S5 7 P
M BB ), IRABI R, S AR
(5D PO HE LR BT T e, I 7= AL A N AT )
PWM dziil 86 APk LIRS, w5 shHEIEFF B e,
O T A AR AR PR AN TR e R, R
FIRWEZ, 86 B HNLT L), Aitie.
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Fig.5 Flow chart of auto-targeting precision variable-rate
fertilization control for fruit trees
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PE— A 3~5m, 47HEN 3.5~6 mPY, A0 27 i i AE
MR S BETE 3 m LR, S 2R 1~1.5 m, WiEE
TR 70%~80%, MIRIFEEE 02~1 mPY, #RKHAHL
REZE AL RE R EAE )7 2, AEEAT 2 i AE,  HE AR
IRt KA 22 it DRI it A o s P RSSO e L 5
DAIFEARATER N 3 mx4 m. /ZEEAEN 2.5 m L4 1 REE
FHAZ SR ) o 1 B ot AR it AR 98 AR PP AR ARA T B
N3mx4m. EEEAN 1 m a4 RISEE R T .
4.2 REHZE
4.2.1 EAENE ZHILRE

5 YRR i AR B 1 3. SR STC12C5A60S2
TR LAz 57 25 1k FLEE Bl A0l it A 254 et ol 3 A
th, GEEIBATIEA], CEAOLIE AR PR B A5 T SR e 2 AR
W, S FEEh . BERLIEALES, BN B bR e e R R
W ek 2 AR E B T HEIRAC RS CUARRR, i A R AR A
W58 RO B 547 B B, #5857 STM32F407VET6
WRIE (5 PuditFHRR T R Ee#, =k PWM s
il 86 ik HANLAL B, SRR RS B a2 i) o

MRIEFFEFRATEE 3 mx4 m HRREEFHE R, #eH
FRR R E BN 20 250 3 m, BEAA Y 833
BRA, AR RS N RN 46.2%, EEIEE N P,0s.
KoO 3 H108 15%, HRRE R gkt &8 78~
800 g%, ZE SRR A PR & 1.5~2.5 kg,
TE FLAR S B A it A B 23 A BRI IR 25 50+ 100+ 200,
300, 400 g, HikiEANE 500, 600, 700. 800. 900 g,
WikiA PR A AE 1,500, 1,800, 2,000, 2,200, 2,500 g,
WO AT TS . AR 48 F el /= B4R I H bRt IE &,
2 A HOU e A 4 A RAT BB 0 8 2 1. 0.5 my/s. [
—HbEEEES 3 ARK, 8 PR B E S
REARL TR AR R LR AR R, JE I 3 ORI E I
L it e f AR S R AL

4.2.2 RE QS IeL ZHLIRE

Wt N B AR ERAE TR AU 4 b, ETUR R R
WA A Bl 2R 47 B Bl #E AR B A e, Wil 6 B i)
P KA 2 it 2D T R R U], s R AR R i A L S
IR G A% 9 BRAS[F] (R GA TERTRLPR 2 204 50
80 g, EANHE 150, 180, 200 g, AHLEAAE 400, 500,
600 g, 1CA mi~my, XN JEEAL5 79 0.8+ 0.9+ 1.0.
0.9. 0.8, 1.0, 0.9, 1.0. 1.2m, iEHNd ~dy. FFEIRLE:
REREA, ARYE SR H bR IR A R BAR, N NEREE
JEZETELE 0~1 m/s Z[A1384k, R FHEE /R A% I35 SN Aar il
MR ZEATBE T, B0 T AL B B 3h IR MR
EXTREREAT, [F-- BARi IR E E R RIS 3 ), BT
TERM 2 T 07, FREUSE T R RERL T 245 31 52 b it AT
&, JEPESE 3 RSP E SRR 5 R X
it L iV BB RS R 2 pi 5 Ao g 2 0 % 1) R B AT
M, ¥ 3 KR FEME S e vk s iR . 2

Ho6 RHE AR THELKE
Fig.6 Auto-targeting variable-rate fertilization test in orchard
4.3 REHERE5HH
= AR AR R AR AR 45 R AR 35 R B Zh i 4EAR
it LI A5 R A3 4.

3 ERFERNTERARIELER
Table3 Results of indoor simulated variable-rate fertilization test

» 2 i 3 B HL kit 5 2 B 44 = = w5 LA A i =
ﬂE*ﬂrﬂJ%'Type th;ig;ﬁgﬁ Caﬁﬁiﬁfmﬁetg of Tangj?jfﬁn}lEi of i A:rlz:—\giﬁfiiffi fj‘ial *ﬁ.ﬁ RE C()%;fjl‘c/iiff[ of
of fertilizer fertilizing vehicle/m.s™ fruit tree/m fertilizer/g Groove fertilizer amount/g Relative error/% variation/%

2.5 50 Ve 524 4.87 0.58

2 100 Vs 1003 0.30 1.31

JRZ Urea 0~2 3 200 Vs 192.9 3.53 0.83
2.5 300 v, 295.0 1.67 0.03

3 400 V3 388.6 2.85 0.54

2 500 v, 525.8 5.17 0.67

HE 2.5 600 \E 592.6 1.24 0.59
Compound 0~1 3 700 Vv, 676.6 3.35 0.36
fertilizer 2 800 Vv 774.7 3.16 0.34
2.5 900 V) 910.8 1.20 1.21

2 1500 Vi 1479.7 1.35 0.35

AP AL 2.5 1800 Vi 1846.6 2.59 0.26
cg;ifﬁg q 0~0.5 2 2000 \ 2025.8 1.29 1.47
fertilizer 2.5 2200 Vi 2250.9 231 0.12
3 2500 7 2542.7 1.71 0.10

F 3 = ARG 45 SR IH , B R R AR A it R
E IS bt il 2 5 H bR AL & i KA IR ZE N 4.87%,

A Bt A e KAHN R 2209 5.17%, AN & ETE
B KM IRZEN 2.59%, HiIEEA 7 R m KME N
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1.47%, AIESRRE R B bRt L &8 50~2 500 g Ul
PR HE R it A o % 4 SR T [ 0] BB AR R it A R 5 AR R
AR, SRR A B IR 26 it FH 2 B KA X iR 220 4.83%, &
A A i F 2t e KA R 20 2.87%, A L A B0 it F &

RMXT IR Z RN 3.78%; L&A F R EHKEN
6.96%; V& NEE S AW AL e 210 2 B B i K oN-0.15 m, %4
B R I G R R B KN-0.09 m, TEIELL B R
W 2 B AR VE A

x4 REBHMEEERALELER

Table 4 Results of auto-targeting variable-rate fertilization test in orchard

L e R e i

RS EE R 2 S mAERE R SCPRIE AL T

MXwE BRAK

Type ottt o dmenror Targtamoun S0 Serggpont EpN Avemee e ol Relaive  Coefcientof
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Control system for auto-targeting precision variable-rate fertilization of
fruit trees in a greenhouse orchard

Bai Qiuwei, Zhang Xin, Luo Hongpin, Li Guanglin™
(College of Engineering and Technology, Southwest University, Chongqing 400715, China)

Abstract: Over or under-fertilization has normally resulted in environmental pollution or the reduction of fruit production,
particularly in orchards. In this study, a precise target fertilization device with variable rates was developed for fruit trees in an
orchard. The volume of the groove was automatically adjusted for the fertilizer discharging wheel, according to the diameter of
the canopy of fruit trees, and the amount of fertilizer required by the target. The rotation speed of the fertilizer discharging
wheel was continuously altered with the speed of the vehicle in the process of fertilization. The external groove wheel structure
was adopted in the device to tailor the groove volume. A Lidar sensor was used to detect the canopy position of fruit trees in
real time, thereby determining the starting and stopping position of fertilization. A hall sensor was used to detect the speed of
the fertilization vehicle, and STM32F407VET6 microcontroller was used as the core to design the controller. Three kinds of
granular fertilizers were selected as test materials, including urea, compound fertilizer, and organic compound fertilizer. The
amount of fertilizer discharging was also calibrated under various speeds of fertilizer discharging wheels with different groove
openings. The fertilizer discharging quantity of a single groove showed a negative linear relationship between the rotation
speed of fertilizer discharging wheel, and the determination coefficient R* was greater than or equal to 0.93. Some
mathematical relationships were established between the target fertilizer amount of a single fruit tree and the rotation speed of
fertilizer discharging wheel, the speed of fertilization vehicle, the volume of the groove of fertilizer discharging wheel, and the
diameter of the canopy of the fruit tree. The control rules of rotation speed were also established for the fertilizer discharging
wheel. An experiment of variable fertilization was performed on the citrus trees in a greenhouse, when the target fertilization
amount of a single fruit tree was changed from 50 to 2 500 g. The results showed that the relative error of the maximum
fertilization was 5.17% in a single fruit tree. Moreover, the average relative error was less than 3%, and the maximum
coefficient of variation was 1.47%. Furthermore, the different granular fertilizers were accurately applied under the changing
speed of the fertilization vehicle. The relative error of the maximum fertilization was 4.83% in a single citrus tree, the average
relative error was less than 4.5%, and the maximum coefficient of variation was 6.96%, and the automatic fertilization was
completed within the diameter of the canopy of the fruit tree. Consequently, the device can be expected to apply the fertilizer on
the specific target, according to the diameter of the fruit tree canopy, suitable for a small or large amount of quantitative
fertilization for the different kinds of granular fertilizer. Precise variable fertilization can contribute to different sizes of fruit trees.
Keywords: agricultural machinery; experiment; design; precision fertilization device; automatic control; orchard
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