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Design of an intelligent seed sorting machine
based on machine vision

FENG Yubo, ZHAO Xiaoshun’, FAN Xiaofei, TIAN Ruitao, LIU Jingyan, SUN Lei
(College of Mechanical and Electrical Engineering, Hebei Agricultural University, Baoding 071000, China)

Abstract Current seed sorting machines on the market are mostly traditional mechanical or semi-automatic
type, which have low automation level and low sorting accuracy. In view of the problem, an intelligent seed
sorting machine was designed based on machine vision technology. It is composed of transmission
system, seed-feeding system, image acquisition system, seed-screening system and control system.
Taking the ‘Zheng Dan 958’ corn seeds as the research object, the horizontal distance of the seed flow
and the transmission speed of the conveyor belt is tested as the preferential conditions to determine the
pressure value of the optimal air pump and the controller pulse frequency. A total of 960 seed samples (The
number of high-quality and inferior seeds was 824 and 136, respectively.) are identified by the target
detection model. The quality of the seeds was evaluated, and the seed state is marked and coordinate
recorded. The PLC (SIMATIC S7-200 CN, CPU224XP) sorting module was used to control the direct-action
solenoid valve set to perform sorting tests on the seeds. The results show that: 1) The pressure value of the
optimal combination air pump is 0.3 MPa, and the controller pulse frequency is 3 175 Hz. 2) The
recognition rate of high quality and inferior seeds was 93.69% and 91.91%, respectively, and the seed
sorting rate was 89.6%. In conclusion, the machine can effectively meet the seed sorting requirements.
Keywords machine vision; seed sorting machine; seed; line scan camera; PLC
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1. Air compressor; 2. Direct motion solenoid valve set; 3. High

quality seed box; 4. Inferior seed box; 5. Conveyor belt; 6. Encoder;
7. Linear light source; 8. Line scanning camera; 9. Electromagnetic
vibration material feeder; 10. Multistage seed separation device;

11. Upper position machine
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Fig. 1 Hardware structure of the intelligent seed sorting machine
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Fig. 2 Flow chart of the intelligent seed sorting machine
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Fig. 3 Structure diagram of the transmission system
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Fig. 5 Multistage seed separation device
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Fig. 6 Working principle of line scanning camera and light

source construction
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Fig. 7 Schematic diagram of the direct-action solenoid valve set
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Fig. 8 Schematic diagram of the seed-screening system
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Fig. 10 Flow chart of the multispectral image processing
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; HLNEE SR k- A , NN B3R AE T /s
LS il 7 53 308 K/ kE I B U A/ 9% i r oy /% .
Number of test sets ) ) o ] Each piece
Seed type ) o Seed sorting Test set identification rate  Seed sorting rate .
identified takes time
fIt Bt High quality 772 93.69
112 89.6 0.24
4 5t Inferior 125 91.91

2.3 FFIFIE RS EERELR
2.3.1 PLC #1425 & 3t
PE ] F S7-200 19 2% 72 K 148 >R FH % £F Windows

R STEP7-Micro/WIN V4.0 SP9. PLC #: 4l
U 4 ) E R IR T S LR T TR A PR v
K Ah 7 S, 45 B0 4 TR RR T 0047 B AR B, T



210 0 LN ES I Y NS S 4

2024 4F 55 29 %

B AR A H & % 2 SIMATIC S7-200 CN i il 47 45
e, H RSN TR B9 XY AR AR I 4 9 DTS 5 2
Xt )R RE R 7 B . 3 B ML R RS-485 5
SIMATIC S7-200 CN # 17 H H ¥ 1 15,
SIMATIC S7-200 CN ¥ 22 2 19 7+ AL T8 2 i
FL R 18 A7 SR 9 ) 19 A A B A X B A o
L L SIMATIC S7-200 CN [+ 53 HL S 15 45 B 1
Ivi) 15 7 2 126 A O VR T AR ST 53 el 1 i ) b1 T
U WA B T CTO i P 42 4 A A0 1R, 4 o R
T 18 i e M 45 S5 - B P B A
0.5 s BITTaF, W FF 5 1, f w6 R G AT, 58 R+ 43
P& . SIMATIC S7-200 CN #% i # 5 W K 11,
SIMATIC S7-200 CN AN W7 4 i1 454~ /1N fL 1 i k <
FLETEIE S AT, TE DRI 52 I s R A, R 3k S A 2%

XS R AETE 8 25 B
257
[
V1.0 T37 Q0.0
— )
Q0.0 T37
—] N TON
54PT 100 ms!

11 SIMATIC S7-200 CN=HI 2R
Fig. 11 Diagram of SIMATIC S7-200 CN control program

X F SIMATIC S7-200 CN 5 il £ /> By, 7% i 2
AT 4y FR Y AT &N, 43 T 4F SIMATIC S7-
200 CN 1Y B it B i 4 RIS
2.3.2 AFiEik A G e oA A

R PR UE - BB B 1 B 40 8, T X O S H R
(TR W) B vk 11 B = MO R B i 50BN
H e A 000 455 750 S Pl A% A G &5 2R, 1 SIMATIC
S7-200 CN 43 1B AL He i 47 #2224 4000 Foki Sy 45 ot
Foft =7 1sF, 3 4 ERL 0 1 5% A I 4 WA R D T, X6
T MG HE S 1E . P FAEAL R s 2 Ty
AT ULIE 12,

il DA PG R 4R XI5 38 53 35 7 8 114 32 Bl ok A T
O3 R Bl AR LR FAALIE R J7 245 26 45 8 4 i 1E
L RENIE R (L) FhF AL AR I % % B B
BICL)FAh T B 50 V5 B (L D3 B .

FE Ly Berh, B B A% 3% 51 3 B8 3, 42 3l i
B8] T A X

ﬁ:Ll

v

(5

éJé%‘J?ﬁfme\.

/
/
/
H
/
/
7
!
!

YRR

e { TE
Ly B0 WORT LR S T 0 348 330 0 o 1 R 2
B0 L SR T e {5 6 00 G A R B 5 L, 0 T3 A o
B B F T B ) G R R T B % T s
FEER 5K T T 5 6 N R R A

L, is the distance that the seed moves from directly below the

camera lens to directly above the center of the conveyor roller; L, is
the moving distance of the seed on the edge of the conveyor roller; L
is the sliding distance along the falling slide; F is the resistance of the
seed slide process; G is the gravity of the seed slide process; a is the
angle between the falling slide and the horizontal surface; N is the
resultant force of the seed slide process.
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Fig. 12 The movement and force analysis of the seeds on the

conveyor belt
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