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Design of Synchronous Detection System of Missing Filling Seeds and Suction
Hole Blocking Based on Beam Blocking for Small Vegetable Grains
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(1. School of Engineering, Anhui Agricultural University, Hefei 230036, China
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Abstract; In view of missing filling seeds and suction hole blocking in the seeding process of small grain
vegetable seeds in the pneumatic seed metering device, an approach for synchronous detecting the missing
filling seeds and suction hole blocking of small grain vegetable seeds was proposed. Using the external
interrupt and timer interrupt resources of ARM embedded system, the detection system determined the
rotation speed of planter plate with a rotary encoder and adjusted the time window and the theoretical
pulse frequency in real time. Then, the detection system collected the output pulse of the laser sensor and
obtained the actual pulse frequency. By calculating the theoretical pulse frequency and the actual pulse
frequency, the rate of missing filling seeds and rate of suction hole blocking were measured synchronously
and displayed on the touch screen. With a synchronous detection by high speed camera system,
experimental research on pneumatic precision metering device was carried out with the detection system.
The seeds of three kinds of vegetables, such as white radish, middle double 11 rape and Shanghai
pakchoi, were selected as the research objects. The test factors were the speed of planter plate and
vacuum degree of suction chamber, and the rate of missing filling seeds and rate of suction hole blocking
were used as test indexes. Experimental results showed that the system can adjust the time window
automatically according to the rotation speed of planter plate. The relative deviation of missing filling
seeds rate was not more than 1.67% , and the relative deviation of suction hole blocking rate was not
more than 0.95% . This detection approach effectively solved missing filling seeds and suction hole
blocking synchronous detection of small grain vegetable seeds in real time and provided a basis for
analyzing the cause of seed drain and seeding device improvement design.
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Fig. 1 Three dimensional structure diagram of

detection system
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Fig.3 Technical roadmap of detection system

HARSNE 7 1 - 5 1 HE R 2 55 € 5% 2 B & 14 e
B[] 25 P, A0 42 1 5 208 Ao SR AR e e i 1 4% 1) B o
Jok e, 0 R 25, TR B e R L ] 7
15 A BEHE R 85 i ARt T B A7 18 42 (Y I ) 2 1
A ) 5 9 P S0 38 o IR | G IR 8 e T B RCR AR X
S RO e T i o o b A5 5, SR SE PR K e R
E 3 T B 18 K e A 5 R S B K i 3 R S 15 5 [
A0 E T 7T R W ALYE JE R
2.2 ®WEHFRI

Ao 28 45 3 oy A R0 0 TR S 4R, vk
BEF 32 B A D PR AR B (S R AR R AL
L L PR 2 B o G A 4 T R 32 R
JiI STM32F407ZET6 f Ak #il i , >R 42 Jie 4% 2 A% it 55 X
VIR S iy AR i QUK = N 8= IR
E6B2 — CWZ6C TS Hi g% gm i 4% 5 DSS —50DN Xt

5RO AL S 2% s E6B2 — CWZ6C 4 i v g % 4 T
LT R A K A B Y R T T 4 A
JO7 P F i, DA R TR S b PR A PE2
1 ;DS5 — S0DNT Xof S5 7 38 ' A% IR & 5 s — AR 45
ROt e I O B R A Ui, R OB R
DR e R ) A A T s 7 5 AL 3 A 0 5 o, 1 DSS —
SODNI 2 6] 4% i o T 082 AL 3% ZE 15 O, b 24 24 3
1t PCO 171 2R £ Hz W o 4y 1 bk, 2_ DS5 — 50DN1 %
it A AG T U 701 D0, TR Ak FRL 28 58 5 PEO 11 OR 4R
el bk ob s AHLAE B HOR ] USART_HMI H
PV i P57, A B2 5 PA2 (PA3 IR AR AL Hi
B s VA HOCR F 12 V B, TS LA 2
[F) 25 A 00 2R 0 4 o v B L A TRT 4 TR o
2.3 EHIIEE

ARG ARG, VR A eb R A e b
YRR I HE A 2 5 v 5 T ok e A R 7R S
(14 EF ) 6 11 PR 3 300 SR B T X6 93016 A2 TR A28 Y6 B 1y L DB
URBICRI S [ YRR, 3 TG 6 W L 3 2E S U A L AT
(7] A5 A 00 5 30 o %o B3 ok v A3 23 5 52 B Jk e A 246 52
Jtis 5, TE R R AR G LA E R IR TE A -
o Kl RGEAR PR S R .

PR ARM i A 5K R 48 1 2038 b 7 15 5 1) g o
DR % 5, A% O A T 8 T T B e B 8 1 B ok o8
U0 5 b 48 50 T K 224 i B TR T 3 W R AT O
TR U U A B, AR T R A T 0 Y AR
FIURE B

R HERD 84 & ASURAL, HERP 855 30 1 Bk W,
e Jir 5 F [0 Ay — A G 0 JE 30, Bk O BsF ) 7 1T 0,5 N,
TECAEL /), G 0 ) 300 e, S e R o U A

60NN,

(1)

w;

(2)

L w——HF A H s
HEBh 8544, 1/ min

Sf— B Bk i 4 R, He

1 1B A T WA L 3 2 1) SO A% R A — > 1 [
H o, PGB TR BN o, A% 0 45 i 245 2R SR R
BEL BT U B, 330t W AL B 2 S B ok oo 0 5 R i AL B
FERNy

z

t

fb=w—”i (3)
Xb
Pb:WxIOO% (4)
Horf N =kS (5)

n

X, = Y LU =fidwy + -+ (f, =fi)w, ] (6)

i=1



2018 4

A Pl M ¥
o ) 5V
[vecoutsy Tedfs [JUsaRT2_RY
— 3 PA2/USART2_TX/ADC123_IN2/TIM5_CH3
5| VEC_OUT 12V USART2_TX|
, ] P — L 2 = PA2/USART2_TX/ADC123_IN2/TIM5_CH4
VOC_LINT 12V, s[vecour 12 v 5
— 3— - 1>y USART_HMI
J|yecour2y 2
LND z S|vecour 2y 1!
< p)
ol Yecoursv T
CND | 38573008 1_TX
12V
Tvedy
J__Z
GND == -
15 2_DS5-50DN1_TX
e GPIO_EXTIO
BATTERY " P02 po/GPIO_EXTIONGPIO_INPUT/GPIO_OUTPUT
L
GND | 58575008 1_TX
12T v
IVCC]
2 B
i [CPIOEXTIO o pro_EXTIO/GPIO_INPUT/GPIO_OUTPUT
L
(1’;”3 2_DS5-50DN1_TX
ved, )
2 GPIO_EXTI
—P 1 PE2/GPIO_EXTIO/GPIO_INPUT/GPIO_OUTPUT
GND e STM32F407ZET6
B 4 K R G 4 i He 1
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Tab.1 Physical properties of test material

ok A RS/ HIE &K

i /g (mmxmmxmm) /% /%

LEEW | 5.5 2.79x1.98x1.75 76.35 7.06

HRL L1 R s 4.66 198 x1.94x1.89 97.79 7.64

IR 2.25 1.62 x1.53 x1.46 94.77 6.97
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Fig.6  Test devices for detection system
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Tab.2 Comparison of suction hole blocking rate by system detection and high speed camera system

under different working conditions %
P~ W 28 .55 JE / Pa
A (remin-1) 1 000 1500 2 000 2 500 3 000
P, G, E, P, G, E, P, G, E, P, G, E, P, G, E,
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FEHEY b 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
70 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HX 11 59l R 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
70 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10 0.61 0.72 0.11 0 0 0 0 0 0 1.94 2.33 0.39 2.78 2.83 0.05
30 2.78 3.22 0.44 2.83 3.28 0.44 4.67 4.94 0.28 3.89 3.94 0.05 4.67 5.06 0.39
ki 50 9.56 10.39 0.83 5.22 5.78 0.56 7.22 7.83 0.61 4.72 5.39 0.67 6.06 6.39 0.33
70 6.17 7.06 0.89 7.39 7.67 0.28 6.50 7.22 0.72 6.06 6.83 0.77 7.89 8.39 0.50
90 2.17 2.22 0.06 6.50 7.39 0.89 4.33 4.61 0.28 10.22 11.17 0.95 4.94 5.28 0.34

£33 ARAIATEIERZSSEEGRSRNREEI L

Tab.3 Comparison of missing filling seeds rate by system detection and high speed camera system

under different working conditions %
W % BL%5 BE/ Pa
i A %#—1{[ 1 000 1500 2 000 2 500 3 000

(emin™) = & P ¢, E_ P, ¢ E_ P, G E_ P G £

10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

30 6.94 6.94 0 1.67 1.39 0.28 1.11 0.83 0.28 0.69 0.83 0.14 0 0 0

EHEY b 50 23.33 24.31 0.98 2.36 2.64 0.28 2.5 3.06 0.56 1.53 1.94 0.41 0 0 0
70 39.58 40.69 1.11 13.75 13.33 0.42 7.22 7.22 0 2.36 2.36 0 2.78 3.06 0.28
90 52.36 53.33 0.97 23.89 24.86 0.97 16.94 17.08 0.14 6.81 6.94 0.13 1.67 1.53 0.14

10 0.09 0.09 0 0 0 0 0 0 0 0 0 0 0 0 0

30 1.94 1.67 0.28 1.39 1.39 0 0 0 0 0 0 0 0 0 0

P11 S 50 3.61 3.19 0.42 2.22 1.94 0.28 0 0 0 0 0 0 0 0 0

70 10.56 11.39 0.83 4.86 4.44 0.42 1.11 1.25 0.14 0 0 0 0 0 0

90 23.06 24.72 1.67 7.22 8.33 1.11 2.92 3.33 0.42 2.78 2.78 0 1.11 1.11 0

10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

iEH 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

70 0.28 0.14 0.14 0 0 0 0 0 0 0 0 0 0 0 0

90 0.56 0.28 0.28 0 0 0 0 0 0 0 0 0 0 0 0

1000 Pa HEF BERE BA /T 70 o/min (0 16 F B0 AR RIS I 7. S FHLIL FI B 2BFO — 6
AR FLIR ARG T b O 1L B IR WIS R A PLA B, R4S 3 ) o AR O 4T
B 7 00 5 F02 e (. HEF G 66 SR 2 FRG I LXOS4 B SGRL AL KUBLIN % % 2.2 kW . 4G I i
PRI A 5 TR TR A 2 S 24 AVRIAL 12 mm AL AR MO Sy SRS LA
HBK S Fhe SRR I WP 8 R ke i B o P4 L
. YEHEEEBEE 3 NKFE,2. 6 km/h(18 T 3Y) 3.3 km/h

¢ HERE BB ) 405 ken/h (4 109 L 3EE 1098 4 i
3t BB MR SR TR A ECPS G, PR ML R T FE IR A (R 360 4
LI 2 K 22 0 0 A B B0 7 2 Bl WRALMER AR T S WK R I T
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Tab.4 Missing filling seeds rate and suction hole

blocking rate of field test

HLEL i i 2 32/

= P, /% P,/ %
(km-h™")
2.6 0 2.78
i 3.3 0 4. 67
4.5 1.76 5.28
2.6 1.39 0
LT Sl 3.3 5.22 0
4.5 8.33 0
2.6 4.17 0
EHEE b 3.3 15.56 0
4.5 27. 30 0

H /INVRE G SRl 1 19 T T AR FLEE JE AR X T
SN AR HER A7 105, AT RURE 23 78 bk RE A
G AL 3 ZEAE D 4R e HE A gl AR VDA R O
SR EL W ORI A8 5 W DA S — oA 2T B, s T 2
HERp P S5 M DA Bt A o
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