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Design and Experiment of Maize Fertilization Control System
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Abstract; In order to realize the positioning and quantitative fertilization of maize in seedling stage under
farmland environment, a control system was designed, which was based on machine vision to position and
fertilize maize in seedling stage and improve fertilizer utilization rate. The control system controlled the
maize positioning fertilizer applicator to travel in the field through the self-driving crawler. The fertilizer
applicator realized intermittent fertilization according to plant location by using the structure of slice
fertilizer discharger. After collecting the images of maize canopy at seedling stage, the area of maize
plants at seedling stage was small, and there were many collected images without maize. In order to solve
the influence of the above problems on operation efficiency and accuracy, the system used color features
to distinguish a large number of background images and misrecognized plant centers during continuous
shooting. By adding image preprocessing and algorithm post-processing, the method of plant center
recognition and location was improved; in order to solve the problem of fertilizer lag caused by fertilizer
falling time, system response time and positioning error, the compensation model of fertilization lag error
was established, the relative distance of fertilization was calculated in real time, and the time of fertilizer
falling was calculated accurately, which improved the control precision of intermittent automatic
positioning fertilization according to plant. After experiment and verification analysis, the improved plant

center location recognition method obviously reduced the image processing time and improved the
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robustness of the algorithm ; according to the amount of single fertilization, the fertilizer applicator was set
three gears (7.25 ¢, 14.5 g and 21.75 ¢) , and the coefficient of variation of fertilization stability, which
was 1.93%, 1.87% and 1.93% ,

respectively. The control precision of the actual fertilization amount and the target fertilization amount of

represented the stability of fertilizer application per plant,
the fertilizer discharger was more than 95% . The average error of the distance between the actual
fertilizer drop point and the target drop point can reach 3.2 cm, which met the basic operation
requirements of location fertilization. The fertilization control system designed can realize the quantitative
fertilization according to the location of maize plants at seedling stage, and achieve the purpose of
reducing application, improving quality and scientific fertilization.

Key words: fertilization control system; machine vision; seedling maize; intermittent positioning

fertilization according to plant; identification and location of plant center
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Fig. 1 Flow chart of real-time identification

algorithm of corn plant center at seedling stage
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Fig.2 Schematic of fertilizer discharger
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Fig.3 Schematic of camera coordinate system and

fertilizer applicator coordinate system

HR 4l 5 A A7 B 1 2, it FES R S B A 4 R 2 e
TSR T A8 A P R A, AR SCOR P B Y AR
RS

Y, =Y, +L-Y, -V, (3)
Aorf Y, —— H bR AE A5 A bR
Y,—— F AL I [l i) £ ok
Y, —— T RAT R S AN R B S A AR
Y —— T KO 5 A AL R A AR K P TR,
it AEAILAT 2E 7 ] 1 1 S B 2% () A A

24 HERE F1 R S A B S R OK A e
B4 ) 2R g8 & A8 A HEA TR AL o 38 ak X [ it A A
PLI I, e B I o A Jite A 2o 2 o A7 A8 W I e A
) [ 1, 32 A7 DL U2 52 )

(U%%mﬁﬁ@oiﬁﬁ%%ﬁﬁ%%ﬁﬂ
B R] 5 HUBH 2R 48 0 e g B ] 5 B A7 AIL S R A AL ER F R
15 B ZE B 5 HEAE 1104 HERL T 9% B 1] 5 5 R SE AR H 4T
A BRI B 1% B 30 Ak BRI i 1]

() EMREM IR ZE, FREAEMYLIE T )
B, 5™ A W AR 5 PRAT 3 i b i) R 2 T B AL



I SRR AR HETHLEALAE Y R OK E A R AR 1 R S v 5 69

JE KRR 7 AR E i 22 5 TR LR £ R 3P &,
RO E M IR E
B0 DA R 22 7 A 1 IR A BF 5 3 el /) e

132 BT 40 36 0 P 5 v s B 2 e R 0 O 8 TRl IS
W S A, DL H ) R AL, B — AR
B R TIR ZEAME TR AN
Y =Y, +L-Y,-Y,+Y, (4)
A Y, —— AT IR ZAME I R, T DL R
GE

2 REREHIEIT

K E 7 e AE AR AL AR B ) 3% 22 AT R R R,
XIMEA AHHL LA B 4 77 2 52 iR 45 40 1 30 K
TSR AR L T O R AT TR RO A% i 2 R O L
TE AT B HL 38 A7 K 2 A it S #2124, 2R
BLAS AL 58 J7 36 U 78 AL B R MR G , 52 30 2 7 AT £
A5 BB R AR R | E A R ] GE E RS232 5
TTL B 5 T A AU AC AT RS R b AT A5 . T
AL AL T G B s I 0 A it NE AL AR R, 5 B
BILRE 57 B9 35 K PR 7 B LA, B 2 22 {0 O 2 e, 42 7
IR JIE 5 5 e i) g e e sSOPROE JE o X 38 A AL 1T 4
IR

B4 T K E A it IE AR HIL
Fig.4  Prototype of corn fertilization
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Tab.2 Basic parameters of ranging encoder
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Tab.3 Basic parameters of fertilizer discharger
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Fig. 6  Flow chart of corn fertilization control system
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Tab.4 Basic parameters of positioning fertilization

prototype
2 Kl
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Geit SRR ok BB A R BB Ak B
IFI), 25 R A0 5 Fis o
x5 BERTAEF RSN E
Tab.5 Statistics of system response time after
image preprocessing
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Tab.6 System identification result setting
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Tab.7 Statistics of fertilization results
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