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Fig.1 Rice-wheat dual-variable precision fertilizer applicator
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Fig.2 Principle diagram of variable fertilization principle
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Input layer Hidden layer 1 Hidden layer 2 Hidden layer 3 Output layer

e x[0]~x[3] A B N JE B 44 BN RFAL 5 A[0]~A[4]. ATO]~RT4] B
hO1~h T4] 43 5 R BT — N1 A R AR &N 50 o U 31 S A
Rt sy BRI S .

Note: x[0]-x[3] represents the four input features of the input layer; A[0]-4[4],
h'T0]-hT4], and h'[0]-h'T4] represent the outputs generated by the linear
combination of inputs and the activation function processing of each layer's
previous node, respectively; y represents the overall output of the model.

B3 MLP A %A
Fig.3 Structure of multilayer perceptron ( MLP )
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Fig.4 Flowchart of levy flight algorithm-particle swarm
optimization-multilayer perceptron algorithm
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Fig.6 Effects of single and interaction factors on fertilizer distribution
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Fig.7 Normal distribution of externally studentized residuals
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Fig.8 Preliminary model of LFA-PSO-MLP
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Fig.9 Progressive optimization process of R* of LFA-PSO-MLP model
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Fig.10 Convergence curves of R* for three models

HiE 10 %1, MLP B8 R® 7E 100 1R 2 U8L,
£ 100~300 AC PR Wi 8, I 78 300 fC)E# T 1; PSO-
MLP 55 () R 7E AR FF 4R & T [0.975, 1], {H R WS
BOK, MELAREEWE XY MLP IS8 ALK,
HAFEZA SRR s f#, BT PSO W] RETE 2 /N R i
i 2 MBkER, 51k R® Wish; A3 LFA-PSO-MLP 57
FEIE A AR PRIE TR E W SL, 0~50 PIEAR A I i 8L,
HAERMNEB BT 1.

FRARLYNZE 10 R A2 E LS AREATIE AR 500 YR
11 R* LS P HIMIN IR % (MAPE) 530155 3 Fin.

s EE R e, MLP AR Y A B8 i A HalE A 10
PN 3 F 04 500 4R AT IE B R A&, i R A

MAPE {##: AN4% ;. 1fii PSO-MLP #l LFA-PSO-MLP 5 #!
TE 10 RINZrP B RAE 500 LB 52 & FHERAMNE
F) 500 AR 2 Pl A I RS FE S i v, TG AL A AR
B A B TR AR AN 32 K T3 RS B = AR e s, oA
I E FLA AR = N 500

=3 RAN)IZH R 71 MAPE
Table 3 R? and mean absolute percentage error obtained from
model training

IR B MLP PSO-MLP LFA-PSO-MLP
Number of training iterations R*> MAPE R*> MAPE R°  MAPE
1 0.992 2.87 0.998 1.93

2 0993 279 0999  1.80
3 0989 299 0998  1.83
4 0995 2.80 0.998  1.89
5 0.987 3.08 0999 1.77
6 0.943 13.01 0.989 3.02 0999 1.80
7 0.991 294 0998  1.84
8 0988 299 0998  1.84
9 099 296 0999 1.79
10 0992 292 0998 1.84
¥IME 0988 295 0999 1.83

FE A& HREL 300 / 50

52.1 ARSI

Kl 10 #, MLP BRI T WNWIGR SAB IS, EIHU
A 100 K5 125 g sk, FEA 300 K5 12 s
H#aTFasE (i 8 PSO-MLP HERY {30l & ih 2R 1 & b T
WARES, HMELLE RN SEK; 1l LFA-PSO-MLP #5 4Y
2 7 NwIE s s A, RIS 50 RG22
SOt TR e I AR BT LS 3 (e R0 IE R | o o
SR T arm, BARSRR I E £,
522 ARG MEFZE

3, FEIEAR 500 G R, MLP AL R N
0.943, MAPE 4 13.01%, KT HAWPMAER; /5 M
F BARZE /N, {H LEA-PSO-MLP ] R* Lt PSO-MLP
JW/NT 0.011, MAPEE/NT 1.12%. &5& —FH AT
W AR, A ELE 1 LFA-PSO-MLP f L& F2 E 0 T
PSO-MLP, B \EEARfL G KIMKE, LFA-PSO-MLP
T 55 A Y R A TR L RO RO T A

25 FRTR, T LFA-PSO-MLP f#)HE IE 5 F ) 4 7Y
TEUSCSICPE ROl A R BT 7 T A0 T He A e R AR Y, 7EHEAR
B A B A KA. R AR SR ] LFA-PSO-
MLP 55345 7 tof J5 - HE I 25 AR A ol ) S 2 o000 A
RUBATH 3
5.3 ET LFA-PSO-MLP FIHFAE £ FUM4E R 45 4

EFHHE R M S 8s, @ THR S
T % -2 S A HE AR i A AL TN ASE Y o Sy 96 31F 12 T A 2 ()
SERMEFIZ ARE T, ASCERFARSIMINZN 15 HIGUFLE,
o TR Y (i B0 S . TR T HEIE E, IR S
O UFSE I HE A S AE Fe A, R MAPE X5 84 40L& 72
M — 25 0Py o BRAIEAELAD FRINAEL 10 5 b i i3k 4 B,
AIXHRZ A 11 foR

A, WATERE - AL A A HE AE B 56 A AN
TOE 2 22396 ERESh, Has KM R 24 3.99%,
HB/NHXTIRZE N 0.48%, XL ZEAE 53 312N 69.86 g/min Fl
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LD 56 25 : FE T 22 2 RS LASE 28 (1 g 2 SO0 2 s 4 it E AL JES 55 s 57

6.93 g/min, PR IRZEEN 2.47%; SR ETGNEAE S5
6 3IE B O AR R 22 BRAE 0.5%~4% Ju B N i zh, (3
PRI EN AR . XU LMP RER (TR B R, AL
BT, 5B T HE T 25 PR A0 T 1 HE A = 0 1
TR, RS SRR T H PR HEAE & 1 R - I ) ) A
A (inverse LEA-PSO-MLP) [I#4 i 2& 14

x4 HEEWEESFUMERXTEE
Table 4 Comparison between validation and predicted values of
fertilizer application amounts

. . I EE Sl A e
o) JFEE #53E Speed Verificati THE X ZE
? Opening L/ N/ Crication .o gicted value  Relative
No. mm (r'min ") value Ql/ P/(g-min") errot/%
(g'min’)
1 23 23 1020.438 1034.406 1.37
2 23 33 1390.638 1419.156 2.05
3 23 43 1751.322 1821.186 3.99
4 23 53 2151.618 2213.298 2.87
5 23 63 2504.772 2595.048 3.6
6 35 23 1435.152 1428.222 0.48
7 35 33 2044.548 2003.796 1.99
8 35 43 2627.13 2559.702 2.57
9 35 53 321291 3156.564 1.75
10 35 63 3829.41 3721.314 2.82
11 43 23 1 866.858 1 824.606 2.26
12 43 33 2642.034 2556.012 3.26
13 43 43 3415.578 3322.296 2.73
14 43 53 4182.63 4065.072 2.81
15 43 63 4911.174 4791.09 2.45
ig — HHX % % Relative error
£ 35 /\/\ = FHIHRHEZMAPE
& 3.0
g 25 A /\\7/\/‘\_
mzo// N/\/
K 1.5
1.0
Z 05
1 234567 89101112131415
¥ 5 Serial number
B 11 BiE i A FURME egAaxtiR £
Fig.11 Relative error between validation and predicted values

6 ETHIrHIEEMHESE T E 53R & =
W

SN S EILRE 2 X0 A E e AR ATLRS I Ab B S 4
Hil— b 5 B ahth, BB IR R4S AR R
WSR R SR A AR R HARHEIE R, DL LMP SA2ERtARAY,
HCHENE 25 0T 2 5 el S 4556 . 32 A Visual-Studio-
Code 1.88.1 B fF, FIHEE 545 LMP e U A, %
5T H bR HE R & I B T s 1) TS B (inverse
LFA-PSO-MLP, ILPM).

BR] DL A HE A S AT - i S B s 1) TR £ 285
RBAME—, FEAS ] H AR HEIE R ILMP T30 4
Wite S5 CHR [21] 777, LRGSR S 4a il SR ms 52
fith, FEAS[R] H AR HEAE R X 8] fCHE AT 25 T B A0 3 B 1
A X B R —ANHFE,  IXFETT DA I B - 1 S U
HIMMNARA, KigwMER T &, [F b HEAE
3, EEmfaatt. NEUMNRIRIRZE, PLER 4 9 9 NIGIE
1B H5 4 Ay B 1m) T i Be HHE BR i, R0uh B AR AR BB
FEIX[HE [1 000,2 5000 BF, FFEEN 23 mm; [2 500,4 000)

T 9 35 mm; [4 000, 55000 I, JTEJY 43 mm, 3
7 5 1 PR 6 o

WMIGEE RN 5 i, Bl S %85 TONE AE T %
E KN 2.52%, B/ 1.06%, FEIAHNHREZE A 1.82%,
X TLMP R 7R A DL G b Ak R 3 T H A HE R B A 1
WATHEAR ST S . Bl A R, N R EE R B
JEAS I 2 48 55 A8 B AR SR R G, SEILRE 22 DU R
Jite RE AL 42 — A A fl e 2 S it

5 ILMP fREFNLE
Table 5 Result related to inverse prediction of the ILMP model

o = ] S T T -
[ W
o Verification . Reference  Predicted value .
= Opening L Relative error
value Q/ value N/ N/
No. .5 /mm L 7 1%
(g'min ) (r'min ) (r'min )
1 1020.438 23 23 23.53 2.30
2 1390.638 23 33 32.48 1.58
3 1751.322 23 43 43.96 2.23
4 2151.618 23 53 54.01 1.91
5 2627.13 35 43 42.39 1.42
6 321291 35 53 53.64 1.21
7 3829.41 35 63 64.59 2.52
8 4182.63 43 53 54.12 2.11
9 4911.174 43 63 62.33 1.06

7 RIGIEIE

AYSAE LPM A1 ILMP M8 A Rl 474, 77T
IR G A BARA N R VE [ 58 FH R R 5k O FE
2 AR A AR ML BRI 36, RIS 12 FTam.

B 12 #HeieisiEXie

Fig.12 Fertilizer distribution verification test

7.1 LFA-PSO-MLP HE & FUNiK 38

W WA LA AT HER A 1 m/s, FERERS AT R
9 [20 ~45 mm], FEETEHEDY [20 ~60 r/min]; A 1R
FHURL A B 5 1E 6 SR A AT BR A W) 1R 52 4 IRk,
173 FIF FE RN 2R, BN 1 min (HEIE R
10 K, AR RHEIERIG T BE L AN HE T 2 S
i, FF5 LPM A3 H (0 HEAE & FUmME Mo e, 53
5 SiME A R 22 . S HERE IS 15 2 0 HE IR & 52
FNFFIAE LA AIRHR Z a0 6 Az, LPM R HEAE &
TR RE W B 13 Fow .

Fow, £ 10 PRI E-HEA G H, HEs
{6y SEZ 3000 L R0 0L 4 ) 43 AT AE 1 388.74~4137.22 g/min
F1 1 466.27~4094.76 g/min i [ N, 34738 2 1E % 19 HEAE
Pt o L ST AR 0 TR 1) B R AT R 22 5.59%; B
ANAH TR ZEN 1.02%; AR P 3 A X 1R 22 8 3.49%,
AEXT R ZER /N, Ut B OIS FE v o ] 13 R BFIAIR I6HIE
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FIFRINE 5 S B I AE AL B Y A — K~ B, H
ZEAHBUN, Ui IR BE S TR AT A & SE PR HEAE TS DL o
&6 HEAEE R SNME R TN E R AR K BUE
Table 6 Measured and predicted values of fertilizer distribution
and their correlation data

RIBFEE TP FdAs  HEEsiE HLETIME MRE

No Onenin Speed Measured Yalue Predicted Yalue Relative
i PERINE  ombination /(g-min™") /(g-min™") error/%

1 25 30 1388.74 1466.27 5.59
2 25 40 1822.21 1886.69 3.54
3 25 50 2330.98 2276.31 2.35
4 30 30 1 649.75 1580.16 422
5 30 40 2207.43 2101.32 4.81
6 30 50 2431.96 25313 4.08
7 40 30 2269.11 2173.96 4.19
8 40 40 2897.16 2926.71 1.02
9 45 40 33474 3210.62 4.09
10 45 50 4137.22 4094.76 1.03

74500

E 4000

£ 3500

=2 3000
-
# g 1500

§ 1000

s 500 . . . . .

= 0 500 1500 2500 3500 4500

T e

Estimated value/(g-min™)

B 13 #F LFA-PSO-MLP 2% 44 HEAe & Tl b 48
Fig.13 Fertilizer distribution prediction performance based on the
LFA-PSO-MLP model

7.2 inverse LFA-PSO-MLP F E-45iR UMK 38

FESIE LMP AR AT S A e, Tt —
Al ¥ B ILMP B A ) it JE WL HE I XS . A valae
FEAEHLEL 1T m/s AOE B 2R AT B 3L 6 K, AR AR LT
B 180 m*, W& id s 0 H A HFIE & R 2 ILMP
RS S A5 T 5 el 515 2R S PR IR &, DU XS
2RV FR bR, VPAN S B ILMP A58 J5 it AR AL ) HEAE
ROR, W EIR L 7 fos.

R7 HEHILMP RER B HERL R
Table 7 Fertilization results of the fertilizer applicator equipped

with the ILMP model
R bRk - - S - i
L T IT S YT F e S Tt £
= = .
Measured Measured value per Relative error
Test  Target value / time/(g-min ") 1%
No. value/g & &
1 5612.93 5260.72 3507.15 6.70
2 5960.31 5605.16 3803.44 6.34
3 5821.91 5428.03 3752.02 7.26
4 5647.63 5293.44 3528.96 6.69
5 6064.18 5655.98 3770.65 7.22
6 5777.36 5645.73 3763.82 2.33

79, WEAEALE E bR HEE 5 SRR L & AR
W22 ITE [6.34%, 7.26%)] X[ P, 35 HE IR FE N
93.92%, AL, WIS RAFE U . X Ul B A
ILMP 58 784 [ % 22 X038 4 1 Jie AEATL 1 HF A 288 SR A
RS S HEAEAE L 23K

8 & i

1) 385 B3k 4E K AT % (levy flight algorithm,

LFA) . HiF #5775 (particle swarm optimization, PSO)
(AR AL T 3R 22 2 03 R 28 i 48 N 4% AR Y Cmultilayer
perceptron, MLP) [FJRJENLEE, &1t 7 i EFIEH AR
2, 18 AT Visual-Studio-Code 1.88.1 FJEE AL 1L
T 3T HERE A T B AL ) LFA-PSO-MLP HE AR &2 7
PR DL K BT H ArHEIE &1 inverse LEA-PSO-MLP JT & -
FETR TR o

2) %f MLP. PSO-MLP 1 LFA-PSO-MLP = fii fii %
I Gret FBEAT 04T, 45 R LFA-PSO-MLP [ R® 1
IEACE FE A AT PR A S 0.999, SFHIA KR ZE N 1.83%,
BT H AR PRI AL T I UE A 50 UE 6 4 R R
A5 TR AL 5 36 IE 45 I S UE (B 3R 2N 2.47%; ILMP
PR () 56 IE AR B8 S S AR X R ZE N 1.82%, TN
IR BT

3) AR RS (NDV) Bl AR,
FATC 2 2 BRIP4 I 2 A5 R, ) Ja el 22 U o s 1 it
FEHL SIS 4% — R AL 22 G5 . LMP FH JE) R 56 vk 2 T £
SE AR ZE Y 3.49%; ILMP HH ()32 6 A5 70 F5000 () ~F )
FEREKE FE N 93.92%. bt B 2 TN A 7Y AT DL 4 it % H
FrHEAE SR R v SO AT 7 T B R S S A, ek
R A L v 2028 e AR b, S B G FE R A £ AL R
FARUGT RS I ORA, R THAEAS a5 22 55 AL ai
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Research on fertilizer application strategy for rice-wheat dual-variable
precision fertilizer applicator based on MLP

SHI Yinyan® , XIN Yapeng® , WANG Xiaochan' , ZHENG Enlai' , SHEN Cheng? , ZHANG Zhao®

(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China; 2. Nanjing Research Institute for Agricultural
Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China; 3. College of Information and Electrical Engineering,
China Agricultural University, Beijing 100083, China)

Abstract: Variable fertilization is an important technical approach in implementing precision agriculture. The method of
external groove wheel-type variable fertilization with dual regulation of speed and aperture is a typical operation method for
crop production (planting) in rice-wheat rotation areas. In response to current issues with variable fertilizer applicators such as
slow control system response, inaccurate prediction models, large fertilizer amount errors, and insignificant effectiveness, this
study, based on a self-developed dual-variable precision fertilizer applicator for rice and wheat, proposed a method for
constructing a fertilizer amount prediction model based on a multilayer perceptron artificial neural network using mathematical
statistics and machine learning methods, and verified its effectiveness and applicability. By analyzing the algorithm
mechanisms of the levy flight algorithm (LFA), particle swarm optimization (PSO), and multilayer perceptron (MLP) neural
network models, and combining the dual-variable fertilization method of aperture-speed, a fertilizer amount prediction model
based on LFA-PSO-MLP (LMP) was constructed. The model incorporated the aperture-speed-fertilizer amount relationship,
improved algorithm structure through normalization, regularization, etc., conducted parameter optimization and model training,
and compared the MLP and PSO-MLP models to obtain the optimal LFA-PSO-MLP fertilizer amount prediction model.
Furthermore, an inverse LFA-PSO-MLP (ILMP) prediction model was constructed to quickly calculate the required aperture
and speed based on the target fertilizer amount. Experimental results showed that the LFA-PSO-MLP model converged in
about 50 iterations, with an R? value of 0.999 after 500 iterations and a mean absolute percentage error (MAPE) of 1.83%,
which was better than the other two models. Validation tests of the LMP model yielded an average relative error of 2.47%
between predicted and validation values, while field experiments showed an average relative error of 3.49% between predicted
and measured values. For the ILMP model, the average relative error for rotation speed prediction was 1.82%, and in field
experiments, the maximum relative error between target and actual fertilization rates was 7.22%, with an average fertilization
accuracy of 93.92%. This indicated that the fertilizer applicator equipped with the ILMP model performed well in fertilizer
application. The study demonstrated that the proposed model construction method can ensure the accuracy of fertilizer amount
prediction while improving computational efficiency, achieving fast, precise, and efficient variable fertilization, and improving
ecological and economic benefits.
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