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Orchard Toward-target Variable-rate Fertilizer
System Supporting Fault Alarming

Zhai Changyuan Yang Shuo Zhang Bo Li Hanzhe Zhu Ruixiang
( College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract ; Recently, ditching continuous fertilization and digging fertilization are the two main approaches
for orchard fertilization in China. However, orchard ditching continuous fertilization always wastes a large
proportion of fertilizer while digging fertilization manually is backbreaking work. Based on common
ditching fertilizer devices, an orchard toward-target variable-rate fertilizer system was designed, which
mainly included an orchard hole fertilization precision fertilizer feeder and a toward-target variable-rate
fertilizer controller. Fertilizer ejecting times of ejectors with different sectional areas were obtained by
using a high speed photography, and quantitative hole fertilization was realized through using grooved
wheel mechanism. A new fertilizer ejecting monitoring method using a horizontal rotating fan was put
forward, and a monitoring device was designed. Then the orchard hole fertilization precision fertilizer
feeder was designed and developed. The toward-target variable-rate fertilizer controller was developed
based on a microcontroller STC12C5A60S2, a photoelectric sensor used to detect orchard tree trunk was
adopted to obtain fertilizer ejecting position, and an approach switch sensor was used to acquire speed by
detecting wheel rotation. Laboratory experiments were carried out by using self-made test platform. The
results showed that when the application setting was one of the 1 ~5 grades, the maximum error between
the average amount of ejected fertilizer and theoretical amount was 10 g, with maximum variation

coefficient of 4. 6% ; the range of average fertilizer length was 20.2 ~ 40.9 cm; the maximum and
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minimum fertilizer position offset errors were 5.5 c¢cm and 0. 6 cm, respectively, with average standard
deviation of 4. 26 cm; in each fertilizer ejecting process, the monitoring device could get the on-off signal
two times at least, and the accuracy of fault alarm was 100% . Field experiments showed that the
accuracy of fertilizer ejecting was 97% in selected 100 wolfberry trees. This system could control fertilizer

seeder based on real-time orchard tree detection, monitor fertilizer ejecting for fault alarm, and meet the

need of orchard ditching fertilization with toward-target fertilizer ejecting requirement.

Key words: Orchard fertilization
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Fig. 1 Structural diagram of orchard variable-rate fertilizer
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Fig. 8 Fertilizer ejecting flow rate experiment by

using high speed photography
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Tab.1 Results of fertilizer ejecting flow rate
experiment by using high speed photography
H S Vg
ty/s ty/s 0/¢
/cm /cm? /(grs™h)
2 100 0.0320 0.096 0 2093 1507
3 66.7 0.0305 0.107 8 1858 1338
4 50 0.028 0 0.1123 1782 1283
5 40 0.0205 0.1130 1773 1277
6 33.3 0.0172 0.1282 1561 1124
7 28.6 0.0193 0.142 8 1401 1 009
8 25 0.0157 0.167 8 1191 858
9 22.2 0.0135 0.1712 1169 842
10 20 0.0130 0.1850 1082 779
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Tab.2 Speed experiment

S B B RO AH
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Tab.3 Laboratory performance test of toward-target fertilizer ejecting

Aok ATHEEIE O HAURHE T HERE HEAE SRR mASHTE PR IR HERE < 2
P /(kmeh™h) /g MBR/g BRMEZR/s BRAK/%  HE/em FRMERE/em KE/em ARifEXE/em B R/ %

1 1.15 212 220 10.0 4.6 -5.2 3.9 20.2 1.7 8.3

2 1.17 424 427 6.2 1.4 -4.3 3.9 29.5 2.6 8.9

3 1.04 636 639 12.8 2.0 -4.0 3.7 33.8 2.3 6.7

4 0.83 848 850 5.2 0.6 -5.5 3.6 39.1 1.1 2.8

5 0.81 1 060 1050 15.1 1.4 -0.6 6.2 40.9 2.1 5.1
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Tab.4 Performance test of fertilizer ejecting

fault monitoring device

RN CEFHINMRREC  INRREORHEZE e/ NRR RS
1 4.2 1.4 2
2 5.8 0.6 5
3 8.2 1.0 7
4 10.0 0 10
5 14.7 2.8 11

T 0 25 TR e BT 2 TR /N HE I 1 O AR AR
1) JCHEAE 8 7CHE A B 25 5 o o S 0 I B T 5L A
e I L P AR U B /N R 2 Uk R T v R
1 100% o BEASREEEPY A WY LED [N AR IR ECT- 3
AR ] 4.2.5.8.8.2.10.0 . 14. 7 ¥k, [N 1R W EUAT
WEZE B KR 2.8 WK, 8 A b 136 B T HE IS i A 0 2
BIBfTRE, TAEAHE,

2.5 HiEKE

FH B] 2056 1 32 S8 H By T 56 0k xS HE E B i
BTk . SR R AR I R L RS S
e 30 25T i NS PG & 22 3 (&1 9) L 75 75 4 T Y
84y T v i £ M AC R AR M B VR AL AT M AT A
ZEIE MBS .

MR 44 b g A it JIE 5K, 5 48 A AT SR 19 HE JIE
0.6 ~0.8 kg/B RPN E R 0.6 kg 14,
ISR I 2 T AE 100 AR SEHEREAR B0 o B NEALF- 1
Pt o 1.0 km/h, 3% 22 T AE (%) 100 A1 g AL B
WA 97 MRHEAT T HERRHEAE 5 B TR A T AR A

B9 R
Fig.9 Field experiment
LAGRdl 2. fF s 3. fdfld 4. 004 5. HkALAE 6. Sl
7 I 8. LLAMRIN L AR

TE AR T RUAR PRI A2 AR A PR D00 07,3 BROR £ 0 2
1117 A HEAE , HE N WE 8 5 97 % , W6 2 T 451 1 7 CHE
MR R bl TARZESR . ks R b, A 6 UCHERE
S H TR ) P TR] R 7 4 R SR R B R, A A
AR R B RS AR FRSH A, 25 3k ek b AT X
9, A 2R e s 0 R B A b AT SR AL B

3 Fig

(1) RJURE TR 5 i , 5 T35 3l 2% T 6 it e
PLRBCHH T — M B R, Z R R EEHA
75 X A S A ) e R R TIE A% BE A6 AR 40 R IE
PHAL B, S BURHE I AL , I B AT HIE AL ik B 1 0 4
B

(2) $& iy T — Bl ML 7 36 F B0 T HEE thi
02 B, FLRE T Bt NE ML 9 3l A9 52 0, H1E A W 00 A
ik 100% ,

(3) R m R LR, KA T 4515 19 HEE A
&t AE 1 AT AR 3 e it 6 56 T 3% HE FE 4% RE % 5X
PO ~1 kg MBI AT T, 7CHRIE A BE 5 A 2 3
1E 40 em LAY, BAT R4 9 BXRCR o i BE 47 i
JEAE 0.81 ~ 1. 17 km/h NAZ LI, S AN JIE 2 #4547 F
PIHEAC 5 S HEL B B R IR 22 10 g, HEAL B
A SS RN 4.6% .1.4% .2.0% .0.6% .
1A% 5 ff #% BB 45 X {H e K9 5.5 em, fie /N R
0.6 cm, fF% Hi B r E 22 7 2 {H 4. 26 cm, i 2 R
D] A2 £ A ey A 42 o) A0 0 B e I ) 5K

(4) HEHA 5 B, X S HE AL HERR Ry 97%
R PE X HEAE A 285K 0 5 32 RS 2 B A B A
N AERAL TR BRHEAE , BR A e A B SR AT PR AN, %
XA R HENE RGAE LT PEBE T J5 A T 8

2 £ x W

U 3B, TR WA . T it AL DL AR 16 2 J BUR S 3 3 0 M7 (). AL TF %2 5 %% 45,2009 (9) :6 - 9.

Gong Yan, Ding Suming, Fu Ximin. Mechanization development of China fertilizer situation and countermeasures[ J]. Agricultural

Development and Equipments,2009(9) :6 —9. (in Chinese)

2 A, BEURME BV S TR PR RN T R = E AL G AR (7] ek TR AR ,2010,26 (11) :204 - 208.



£ 10 3] BGE 2%« SCRF RO B9 el X A% A AL R ¢ 23

11

12

13

14

16

17

18
19

20

21

Yu Long, Hong Tiansheng, Zhao Zuoxi, et al. 3D-reconstruction and volume measurement of fruit tree canopy based on ultrasonic
sensors[ J]. Transactions of the CSAE, 2010, 26(11) ;204 —208. (in Chinese)
Alexandre Escola, Santiago Planas, Joan Ramon Rosell, et al. Performance of an ultrasonic ranging sensor in apple tree canopies
[J]. Sensors,2011,11(3) ;2459 -2477.
XA, A . OGN BE A SRR S 2 = Ak A g T [T B e 4 ,2012(7 ) 245 - 47.
Liu Hua, Yao Yaohua. The application on 3-D construction of fruit tree canopy using laser ranging[ J]. Modern Agricultural
Equipments,2012(7) :45 —=47. (in Chinese)
AT, B, AR AF L LR Ll SR S R R RO I R Ty vk R [T ] A BLR A 4, 2013 ,44(8) 1224 - 228.
Yu Long, Huang Jian, Zhao Zuoxi, et al. Laser measurement and experiment of hilly fruit tree canopy volume[ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2013 ,44(8) :224 —228. (in Chinese)
ERE &k, FE, Sho S AR B BORDE R I A [T ] RO AL A4k ,2015,46(3) :59 - 72.
Qiu Baijing, Yan Run, Ma Jing, et al. Research progress analysis of variable rate sprayer technology[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2015,46(3) :59 —=72. (in Chinese)
X4 e FRPERE T O R AF . ) ST 25 21 AR A 1 BT 5 ER BE B [T ] LRl B 4% ,2013,41(7) 368 - 370.
Emilio Gil, Jordi Llorens, Jordi Llop, et al. Use of a terrestrial LIDAR sensor for drift detection in vineyard spraying[ J|. Sensors,
2013, 13(1) :516 - 534.
Sanza R, Rosella J] R, Llorensb J, et al. Relationship between tree row LIDAR-volume and leaf area density for fruit orchards and
vineyards obtained with a LIDAR 3D Dynamic Measurement System[ J]. Agricultural and Forest Meteorology, 2013, 171 - 172
153 - 162.
AT B FIL, 55,55 A RHEEARRI 48 B30 58 [T]. Rl TR =4 ,2012,28(2) 118 -22.
Zhai Changyuan, Zhao Chunjiang, Wang Xiu, et al. Design and experiment of young tree target detector[ J]. Transactions of the
CSAE, 2012, 28(2):18 —22. (in Chinese)
A, £ 55, AR R, 55 BT PLC AR H i AR FE i R vt 5l [T ] Ol MLm24 4k ,2007,38 (11) :84 - 87.
Shao Limin, Wang Xiu, Niu Xiaoying, et al. Design and experiment on PLC control system of variable rate fertilizer[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2007 ,38(11) :84 —87. (in Chinese)
Tedf MR AR R, A5 JE T CAN M MIRG 2R IEIEVE B M E RGBT [T]. P E R4 ,2013,34(4)
234 -238.
Qiao Lu, Ji Changying, Ren Yimin, et al. Based on the CAN bus of electronic control system of mixed fertilizer applicator[ J].
Journal of Chinese Agriculture Mechanization, 2013,34(4) :234 —238. (in Chinese)
RS S, X TR 2R S 0 T e U it A A T A AR T R [T Rl AR 24, 2011,27 (11) 1134 —
139.
Gu Yuxue, Yuan Jin, Liu Chengliang. FIS-based method to generate bivariate control parameters regulation sequence for
fertilization[ J]. Transactions of the CSAE,2011,27(11) :134 —139. (in Chinese)
H#E, il Bt Wt , 3. JE T R Bk B i IE AL RS MRS [T ], B E RS HR ,2014,35(1) 129 - 137.
Tian Geng, Qu Guibao, Pan Shiqiang, et al. Study of variable fertilizer applicator based on hydraulic motor controlled by electron
[J]. Journal of Chinese Agricultural Mechanization, 2014, 35(1) :129 - 137. (in Chinese)
BRAZP SO, T %, % 6T CAN B2k i 48 B AT 4% i B3t [ T] . R AL = 41,2008 ,39(8) : 101 ~ 104.
Chen Liping, Huang Wenqgian, Meng Zhijun, et al. Design of variable rate fertilization controller based on CAN bus [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2008,39(8) :101 —104. (in Chinese)
KA, EF AL, 5. B 426 2048 i IS IO I 3 i Sl [ T] . Al TR % 4% ,2012,28(6) :20 - 25.
Zhang Rui, Wang Xiu, Zhao Chunjiang, et al. Design and experiment of variable rate fertilizer spreader with conveyor chain[ J].
Transactions of the CSAE, 2012, 28(6) : 20 —=25. (in Chinese)
ka5, A A AR A T A Ty i R A e IR AL B S [T ] A E SR SRR 2R 4, 2014,20(3) 1726 -
736.
Zhang Yungui, Qiu Jianjun, Li Zhihong, et al. Design and testify of a sell-manufactured fertilization machine for tobacco variable
fertilization based on soil nutrient variation[ J]. Journal of Plant Nutrition and Fertilizer, 2014, 20(3) :726 —736. (in Chinese)
INERE BRI /N T, S A it AR AL G B BOR BT S AR 23 4 [T 1. T oA 2% ,2014,42(2) 333 - 339.
FFF BRI, S, R G IEHL A SRR ()], ol TR %4 ,2004,20(5) 114 - 117.
Wang Xiu, Zhao Chunjiang, Meng Zhijun, et al. Design and experiment of variable rate fertilizer applicator[ J]. Transactions of
the CSAE,2004,20(5) :114 —=117. (in Chinese)
R, 3K/, S0 ™ H L 55 2F-6-BP1 B 5 i JIE it IE ALAA i 530 [T ]. Aol AR %4 ,2012,28(7) : 14 - 18.
Wei Liguo, Zhang Xiaochao, Yuan Yanwei, et al. Design and experiment of 2F-6-BP1 variable rate assorted fertilizer applicator
[J]. Transactions of the CSAE,2012,28(7) :14 —18. (iin Chinese)
FEE O MEIEN ST 5 B sRR )] A% L ,2010,31(7) :66 - 69.
Li Xuewei. Parameterized design and automatic assembly of geneva mechanism[ J]. Packaging Engineering, 2010,31(7) :66 —
69. (in Chinese)



