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Design and Experiment on Photoelectric Detection System for Flow Rate
of Granular Fertilizer Based on Airflow Assistance

MEI Bosheng'? FU Weigiang'? YAN Bingxin'? LUO Changhai' LI Liwei' MENG Zhijun' WU Guangwei'’
(1. Intelligent Equipment Research Center, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China
2. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China)

Abstract.: During the flow of granular fertilizers, they tended to obstruct each other, and the external
wheel-type fertilizer distributor further caused uneven distribution, making it challenging to accurately
measure the fertilizer flow. To address this issue, an airflow-assisted photoelectric detection method that
enabled more accurate measurement of granular fertilizer flow was proposed. An airflow-assisted
photoelectric granular fertilizer flow sensor was designed, utilizing positive pressure airflow to assist in the
reconstruction of the fertilizer flow pattern. A detection model was developed by integrating simulation and
static experiments. The model incorporated fertilizer flow volume as an intermediate variable and
calculated the flow rate through an area element integration algorithm. Using diammonium phosphate as
the test material, static experiments revealed a significant linear relationship between the equivalent
diameter of the fertilizer flow and the sensor’s response voltage. The correction coefficient’s multiple
regression model was determined through calibration experiments, thus constructing the fertilizer flow
detection model. To validate the effectiveness of the method, a dedicated test platform was set up for
verification experiments. The test results showed that under airflow-assisted conditions, the U -V — Q

detection model achieved an average absolute percentage error (MAPE) of no more than 4.55% , and a
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root mean square error ( RMSE) of no more than 3. 82 g/s. This demonstrated that the airflow-assisted

photoelectric detection method for granular fertilizer flow had high detection accuracy and good stability.

Compared with the U — V — Q detection model without the airflow assistance device, the MAPE was
reduced by 2.44% , and the MSD was reduced by 0.74% . Furthermore, with the airflow assistance
device, the MAPE of the U—V — Q detection model was 9.03% lower than that of the U — Q detection

model. The research results indicated that using airflow assistance alone or the U —V — (Q detection model

alone did not achieve optimal detection performance. However, combining airflow assistance technology

with the U — V — Q detection model significantly improved both the accuracy and stability of granular

fertilizer flow detection, providing insights for real-time flow detection in fertilization machines, which

was of great significance for the closed-loop control of precision variable-rate fertilization systems.

Key words: precision variable-rate fertilization;

photoelectric sensor; accurate detection

0 3]

il

il A2 A b A 7 b R AT A B Al BT
A5 ki T B AR T 4 25 e ) 3 O 2 A e
i At 2 2 S T B AR T o AT AR S RS
A 1 42 ) 2R G S PR B B ok i e kL
e, TR R AL e 3 A ARG RS I 7 vk WF 5T B
HEEEY .

] A A1 75 [ T A A 3 F 2 A 6 A T T
TFRRT Iz BTSSR A I B A A R A
VL A 0 7 LA B AR e v M T v | r A
B O I L e WL R e o
A v A N s R i, R R T 1
A0 B I R B 32 ML LR B R R R G T
Pt R I ik 2 ORI R A K R A R I AR
SRRl I T O U A 3 5 R R 3
SHE L S5 30 R B0 R ) 5 L RS R 5 ) o e R o
B EREE, B AR s,

S HL 3 7 R A Y 45 88 % T 792 . SWISHER
ST T — U R R R R R O 2
RS IE TR BRI ES SRR RE A
BRI X FR . 3£ Precision Planting 23 ] #f il
(9 Clarity 248”1 il 48 62 35 9 15 B 4G ) 4% 17
AT IR K % TR 8 135 5 0 9 55 00 A A A o
TR/ LL R A5 AT IO R 2 A L e i st i
T T — ot v 3 e TORL U B BOA R 4 AL R AT
o 02K 3 3o ok e B 7 53R A R e 7R AR
AP EE R 4.3 ~ 7.0 km/h R, K i ok B R R AR T
90.05% ., FNWEHRAE" B T — Bl 4 S ALK il
0L A A B 0 A0 A, P 5 D' o A% SRR RS X
Vil AT SC R . JTANG 261 32 5 & pHL Y 5
T R SIS F ML 3 G 00 7 v BT 2T, MR O A 5 A%
SRS O FEL S () e R B T 0. 992, A Wl A 7 -
Py 3 Ay AR 22 R M 5. 18% o LA A8 R i

granular fertilizer flow rate; airflow assistance;

LS 5 M Ak 3 e 2 T G T O 2R A ot i G ) A A
(U= Q Kl i) , 75 SEBR TAEIREE R, 5) 2 51 £ Fh
DRI 22 A6 S W, A DO RS 3 52 B . SR P AR R 35 5
B CRE, RTOLLCBE B U R OB R OME ORI R B ME. X
fk [ 19 —20] % B AT LA AT 6% 6 B2 55 K BE A 5
B S P ORI R R ST TG L R B K 5E
5 AR Ok R A 7 R R AR A A ) 15 2
At 2% o SCHk[21 - 22 TH 8 7Ok i A% R i
Tk 5 FiL T A 5 15 B A8 40 TR 22 ] ) 6 B Y i
W THE B E ARSI A e RS 5
FRUT P B R O B R HROIE AR P9 R 3R T =
YR AE 3 5 Bh A DX IR A AE R B AT I A
BUIS Ak, , SR A IR 3 A8 Ak, 0 AR 76 20 25 6 it
iof A B R R AR YE B R B AR R
58 URLIE S

A BB R B I IO A 0% B A
]z B T A A P . ZHANG 45 3t T —Ff
Sk W B A e S R O R O Y
WA TEs L., E s Bt T M ER
Tl B PR A 0 R AR e o b
A RER R . 4 R T — R R R
A A3 3 s, ) XU 25 S DR 2 AR
R BERE I SO B AR 1 AL R 4 RS B
0L 5 T EL AT LG TR R o U I A i A 0 2
B A S X,

Shy S BT AR L e S 2 A G I AR S 4R
Y — 0 5 T U el B 1 0 I O OKG FA 7 35
3 3 T R Bl B2 X R T R I E 47 O
1, B R B S b A A i, SR 4 BB DL S
BIRIALE AT, WEDE A S SR
] (e A0 7 G R L, 8 B B Ol v
R I 7 A2 TR % O 45 AR 06 £, LG I A i B
Sl AR X S L S A A V3 5 P L o 7
T M B A



90 P A1 R S S 14

1 RNRESRG&ET

L1 e EE
St A S RN TR 1RO, 2080 ' S A
(4 21 S YL R B OB AL KL L, 3 3 e Rl 34, Ok
CIE 14 P Ol £ RS 8 D' PR B A 7 AR LU
UL R R /N5 2 W ) D' 58 B BE o UL JIEL AR 3
R RHAL A BUBOR P 2822, e i/
RERHL

SR
L A st 2 R R 1

Fig.1 Schematic of detection principle
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flow detection system
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2000 30. 44 31.50 3.57 1.24
2500 26. 86 27.87 3.91 1.23
500 45.58 43.61 4.55 2.10
1000 34.04 34.00 1.53 0.61
40 1500 38.43 39. 11 1.98 0.91
2000 38.72 38.24 2.82 1.25
2500 39.37 38. 10 3.36 1.36
500 55.54 56. 15 1.54 1.13
1 000 42.32 43.29 3.17 1.70
50 1500 47.55 47.98 1.22 0.79
2000 38.50 39.83 3.34 1.38
2500 46. 54 45.52 2.24 1.12
500 64. 49 66.28 2.73 1.97
1000 53. 41 54.56 2.48 1.57
60 1500 54.00 55.03 2.42 1.55
2000 51.72 50. 58 2.48 1.48
2500 50. 82 52.19 2.93 1.76
500 75. 61 76. 50 1.30 1.17
1000 64. 63 64. 82 1.24 1.02
70 1500 66. 80 67.92 3.00 2.33
2000 59. 06 57.77 2.24 1.44
2500 62. 66 61.69 2.06 1.43
500 80. 44 84. 09 4.31 3.82
1000 82. 88 83.72 1.51 1.59
80 1500 77.56 79.01 1.95 1.87
2000 65. 83 66. 88 1.69 1.25
2500 70. 05 70.70 1.15 1.05
500 90. 24 93. 64 3.63 3.64
1 000 96. 04 95.97 2.06 2.24
90 1500 81.52 84. 50 3.49 3. 44
2000 77. 66 80. 62 3.64 3.29
2500 80. 20 81.25 1.98 1.94
K2 FEFWER
Tab.2 Results of ANOVA
k5 ForM AHE B F P
(X 87.10 34 2.56 4.90  <0.0001
A 16. 09 6 2.68 5.13  0.0002**
B 14. 46 4 3.61 6.92  <0.0001**
AB 56.55 24 2.36 4.51  <0.000 1"
afi % 7= 36. 57 70 0.5224
MR 123. 67 104

s owsx FRLE 0,001 KE25 Sl i %,

MAPE % i Hh BUAE#E <% 7109 500 Pa B, 22 A
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