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Fig.1 Structure diagram of air suction feeder
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Fig.4 Encoder pulse signal schematic diagram
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Fig.5 Size and installation diagram of photosensor
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Fig.6 Seed suction status detection system composition
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Fig.7 Detection system circuit diagram
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Fig.8 Flowchart for detection of seed-sucking status
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Table 1  Sensor pulse width of single and double seeds
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pulse width
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9 1.09D, 1.84D, 1.69
10 1.05D, 1.74D, 1.66
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Table 2 Detecting system factor level for contrast test
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Note: SDSPS means discharging plate suction performance detection system in
this paper; SDSIP means seeding detecting system based on image processing;
P=2 kPa, P,=2.5 kPa, P;=3 kPa; »;=50 rmin', »,=66.7 r-min'. The same
below.
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Fig.11 Test results of discharging plate suction performance
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TEXTZRE AP IME I S FERE, A SCKT SDSPS #:l &4t
A1 SDSIP A6l R Gt I R M AT S LE AT o ARG
ZNRN:

|5 -A
T=""—"1%100%
F

P TR, %; F BRI, % FN
WP G A R IME, %o

(3

w
W
1

F 3 SDSPS #M RFEHEIMIRESITER

Table 3 Relative error statistical results of

detecting system SDSPS
{E Mk Z&A14 Operating conditions -
. SES HEAR e m Relj?iiq:efrfr/%
Negative pressure P/kPa Seeding speed w/(r-min)

50.0 0.31
2 66.7 0.21

50.0 0.31
23 66.7 0.10

50.0 0.20
3 66.7 0.31
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Fig.12 Relative deviation of 2 testing device under different working conditions
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Table 4 F-test of experimental results for seed acceptance rate

G - SDSPS SDSIP
DUk + N N — NN
Negative Rotate speed PEIE ik bR L I % bR df F Poos
pressure/kPa Jrmin')  Average value of seed Variaﬁce Stal?dz.lrd Average value of seed Variaﬁce Stal?dz.lrd
acceptance rate deviation acceptance rate deviation
5 50.0 96.71 0.30 0.55 96.42 0.36 0.60 4 0.68 0.43
66.7 96.39 0.52 0.72 96.21 0.40 0.63 4 0.22 0.65
55 50.0 97.30 0.32 0.56 97.59 0.29 0.53 4 0.75 0.41
’ 66.7 97.09 0.34 0.58 97.20 0.18 0.42 4 0.10 0.76
5 50.0 98.01 0.45 0.67 98.20 0.20 0.45 4 0.31 0.59
66.7 97.58 0.18 0.42 97.90 0.35 0.59 4 0.86 0.38
x5 RMEERRN TR
Table 5 T-test of experimental results for seed acceptance rate
SR _— SDSPS SDSIP
UAPAS EPL
Negative Rotate speed EE Fi SEIE S dar ‘ Poos(AUE)
pressure /kPa /(r-min™") Average value of seed Variance Average value of seed Variance
acceptance rate acceptance rate
) 50.0 96.71 0.30 96.42 0.36 4 0.84 0.45
66.7 96.39 0.52 96.21 0.40 4 0.41 0.70
55 50.0 97.30 0.32 97.59 0.29 4 —1.60 0.18
. 66.7 97.09 0.34 97.20 0.18 4 -1.12 0.33
3 50.0 98.01 0.45 98.20 0.20 4 -0.41 0.70
66.7 97.58 0.18 97.90 0.35 4 -0.71 0.52
12 REMIRG PR 2 Kifb7. Kk, SDSPS HIAMI{E
bw‘ HEX T RS B A B w5
= N s, Y
mgs‘ TR 6 BRI 5 SHE R 2, R
gz EEETF:
=g AT
= 5
84 1) AEAEZ AN SRS I ok, 734 s PRIAE T
2 KLfp 7 L AR R, EEE AR, M rE
0‘5h15m25m35m SRR RAEAT 1.5 150 THI%E;
Wﬁ%ﬁgﬁga 2) ZWAERRIE N T S2brME, i L REET
a. N Ay N,
a. Obtain data from SDSPS AAAENBER AR ALIR b T 2 T 2 KA1 (50, SDSPS
12 KRG R EAE 2R T 1K
»1° 3) AFAEIN N R A A N T bR, BRI R
=] N (=} 5] AN 5
=5t R e, A FC IR R AE A% R B AL B AR R IR
o > S, a2l ~ = K73
£z SHEZHT, FER TR R MR L I 4
§° T T SN FLIR R R R 28 56 3247
2 Wit RbRic, IR HLARILEATHR S . 78 LA o
0 Sl Js W B 3035 4 FBEOVER, B AT AT HER S R G A, H T
tion 3 N \ N TR
b, PR ACE G HE AP FE BB i BRI AL, A SR I T T
b. High-speed video capture data EF% }I’]:ZEE fﬁ: @{ ?E ﬂ] P %
B 13 At XIRIAG HEAE £ BB LR A & 4.4 MERE
Fig.13  Seeding quantity of each suction hole of discharging

plate obtained in two ways
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Table 6 Relative error statistical results of seeding quantity for single suction hole of SDSPS detection

U/E(R=s FHXT R ZE sl AHXS R 22 AL FHXT R ZE UE(R=) AN 572
Suction hole No. Relative error/% Suction hole No. Relative error/% | Suction hole 1 No.  Relative error/% Suction hole No. Relative error/%
1 9.09 11 0 21 0 31 0
2 0 12 0 22 0 32 11.11
3 0 13 0 23 0 33 0
4 0 14 11.11 24 0 34 0
5 16.67 15 0 25 0 35 11.11
6 0 16 0 26 0 36 0
7 12.5 17 0 27 0 37 0
8 0 18 0 28 0 38 0
9 8.33 19 0 29 0 39 9.09
10 0 20 16.67 30 0 40 0

B 14 ®WiEKEY
Fig.14 Field experiment site

R : 2BDB-6 K S AR & i L FEFHHL
JUIr Puma 2104 $HibL, hEg 37 KRG T, LIERSE
WAL (SC900  Soil compaction meter) 37K 4Pk
{% (TDR300 Soil moisture meter) Az ¥ i1 W A GEAG
ARG bkt BRE. HENKEE, RIS N
8 km/h,

Hg A AR o 25 W b 1 e Aor Ml R 4 %2 36 /£ 2BDB-6
KGAREREFHLI — AR b, LA E H R
[F s 22 1 N GO FEH A 14T St
4.5 HEREERS DR

B SePropifE 5 EE R EE (0.05 m) FHELEL, MREE
(:GB/T6973-2005 Ff- L (K5 %) 3 PR 50 7772 ) 274 W s

SRR R AR AR S R I LR R A
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RIGLE BRI, BWES A TLNEMLL, XTI
W Ah A 2 A, HARGHR ZE T E S BN 3.87%H1
8.42%, HAHXIRZE B NAE /TN 10.34%F1 20.00%. FHE
Fh 2R FOR S R G FEAFAE — @ R 2, &5 IRIR
PRI AEAE R 2, A 2 B R R E T H () R B 1 &
PE DL R AR SRS 2 B B S 5E 0T, AAEM T AL B
Je R B S5 K 2% 3 8O 7 7EHE S BTV R HERR 2% s £ X 2
WRFPRT N AFAE VR 22 o0 AT HL 32 B i DR P TR L 22 Wi 2
PR AR NE HES TR Z, RE0RHE N R
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F 7 RRFERNRIEEE
Table 7 Detecting data of leakage seedsuction
SRz LoalIIEER S AN 572 SRz LoRllTER SHME AN 572
Suction hole No. Detection value Measured value Relative error/% Suction hole No. Detection value Measured value Relative error/%

1 31 31 0 12 25 25 0
2 25 27 7.41 13 23 24 4.17
3 30 31 3.23 14 26 29 10.34
4 33 33 0 15 25 25 0
5 23 25 8.00 16 30 32 6.25
6 21 22 4.55 17 28 30 6.67
7 30 31 3.23 18 24 25 4.00
8 27 27 0 19 22 23 435
9 27 28 3.57 20 25 27 7.41
10 31 31 0

¥J{H Mean value 26.45 27.5 3.87

—_

23 24 4.17




19 3 byt

e AT T 0 05 5 TR e s A 0 B X o 5 W A 1 37

*8 ZRMERNAIIIE

Table 8 Detecting data of multi seedsuction

WAL K E JeIME AN 572 AL e S AN 72
Suction hole No. Detection value Measured value Relative error/% Suction hole No. Detection value Measured value Relative error/%
1 9 10 10.00 12 10 11 9.09
2 12 13 7.69 13 8 8 0
3 11 11 0 14 12 13 7.69
4 10 12 16.67 15 11 12 8.33
5 8 10 20.00 16 11 11 0
6 9 10 10.00 17 10 11 9.09
7 9 9 0 18 12 13 7.69
8 10 11 9.09 19 9 9 0
9 12 13 7.69 20 10 12 16.67
10 13 16 18.75
1 Mean value 10.25 11.25 8.42
11 9 10 10.00
N 9 fias, M SAS BAFXS IR HEAT AL RE, i f, SDSPS Xf TRt AR LW AE, il RSk l{E

BT AT EE AT DG Y, ARSI 2R GOt HE b 28 R I el
BRI P EN 0.33; 2RI P E N 0.06,
B P>0.05, RFTLRMFARAAAE, Kk, Folifg s
LRSS ST E A (=

x9 REKEAELT
Table 9 Variance analysis of test data
R " o
#6#5 Index Meaﬂiéﬁﬁthod Meiﬁigalue Vajrjiafﬁce 005
TR R Al 26.45 11.8 033
Leakage suck AT Sz 275 1
B4 T F il 10.25 2.09 0.06
Multi-seed suction R 11.25 336

6 45 AL R RO AT E A E D 26.45 Hi, SEI
HPIMEN 27.5 K, ZWRAESIMERMEN 1025 R, 5
MMERMEDY 11.25 Ko ARG IS A5 RIEHE R, T
R 2 W R (R B RN 22 B B, AT R
HERD AR IR A I 2R GE3RAG HERP B IR AR AS 5 AN T
S A5 SRR B A O, B Z N iR A
[ S o N2 P P BA A s

Sy A F AR IS B AR B R 22, 0 T el T H )
R TARBEIM = A 1R E, W FR 2 — BT,

5 & g

1) ARSCEE T AR HERR 2 1 HERh 2R R R A A I
R4, PR EL RS Rk E S HE &1
%, IRECHERP SRR FL AR L

2) HETgmhtae o HEA AL SR ALIEATAR S, IAS
WAL G5 o 43 A 20 Gt 2% 5 1% TRES 1 ik v {5 5
TIHAT GRS R HER B2 IR FLIRFR PR BE, R H R
IR FE S .

3) XZRGHAT T, Z555KH SDSPS AHELT
SDSIP [ KAIRHRZE A 0.31%; ER—1FALEET, =
ZWREEE AT, B F R TR (a=0.05) 75
2 RGN RS ZEAE BE—EG B

5 SEBRAE AR Z S ME 73 N 3.87%F1 8.42% .
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Detecting seed suction performance of air suction feeder by photoelectric
sensor combined with rotary encoder

Jia Honglei'?, Lu Yun*?, Qi Jiangtao™**, Zhang zhe'?, Liu Huili*?, Li Yang"®, Luo Xiaofeng*?
(1. Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun 130025, China;
2. School of Biological and Agricultural Engineering, Jilin University, Changchun 130025, China;
3. Graduate School of Agriculture, Kyoto University, Kyoto 606-8502, Japan)

Abstract: The air suction type soybean seed-metering device is the core component of the air suction soybean planter.
Therefore, the stability and reliability of the machine in working determines the seeding quality of the whole machine.
Therefore, high-speed and precision sowing is one of the main development directions of soybeans, corns and other sowing
crops. The working state of the seeding machine in the working process is difficult to be directly observed with the naked eye.
Once the fault of the metering device occurs, it is very difficult to find and deal with it in time. In this paper, the application of
air suction type seed-metering device in high-speed and precision seed metering was discussed, and the seed disc suction
performance detection system (SDSPS) was designed. The system used a concave photoelectric sensor to collect the
information of seed suction of the platters and used the photoelectric rotary encoder to collect information of the rotation angle
of the seed-bearing shaft. By processing the output signal of the photoelectric sensor and the pulse signal of the photoelectric
encoder, the seed disc suction performance detection system (SDSPS) can detect every suction holes’ sucking condition, so
that the working condition of the whole metering device can be detected. It is of great significance to improve the working
performance of air-sucking soybean seed metering device. Bench tests were carried out under six working conditions, and the
experimental data were collected. At the same time, the feasibility tests were carried out to detect the absorption of single hole
to the seeds. All the test data were collected and compared with the test data of the commonly used system which called
Seeding Detecting System based on Image Processing (SDSIP)). Through F-test and t-test (¢=0.05), it was found that the total
variances of the two systems were the same and the mean values were the same. The results of accuracy analysis showed that
the maximum relative error of SDSPS was 0.31% compared with that of SDSIP. The results of system stability analysis
showed that the fluctuation amplitude of SDSPS was similar to that of SDSIP, and the maximum relative deviation between
SDSPS and SDSIP was less than 1%. The maximum relative error of the SDSPS in the detection of the suction amount of
single suction hole was 16.67%. Through the field test, for the effects of SDSPS on the amount of seed lost and the amount of
multiple species absorbed, the average relative error of detection value and real value of detection system was 3.87% and
8.42% respectively, and the maximum relative error values were 10.34% and 20.00% respectively. The reason for the error is
the complex conditions of the fields, such as the uneven surface environment and so on. The vibration of the machines and
tools caused by the rough ground makes the data measured by this method deviate, resulting in abrupt errors. SDSPS can
effectively measure the seed absorption performance of seeding suction. There is also a high reliability in the detection of the
amount of seed absorbed by a single suction hole. It can provide technical support for the performance detection and
improvement of the air suction type seed-metering device. The test system designed in this paper can effectively detect the
working performance of sucking holes in the metering disk. It can also find out the problem of seed suction hole, and provide
reference for subsequent improvement and performance improvement of seed tray so as to speed up the research and
development of the metering device.

Keywords. agricultural machinery; sensors; seeds; air suction feeder; seed suction performance; detecting system



