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Fig.1 Overall structure of toothed disk type dibbler
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II -2.Upstream area of the seed carrying region IIl.Seed transfer region
IV. Seed discharging region

@ 2 J)\’_:&i\/\%\‘ﬂ nal/ﬁz/%;\gﬂ":%@
Fig.2 Schematic diagram of the working principle of the toothed
disk type dibbler
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Fig.3 Monitoring system structure schematic
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Note: F,. is the centrifugal force, N; F), is the support force of the type hole wall

on the seed, N; F; i is the friction force between the seed and the type hole wall, N;

 is the angular velocity of the dibbler, rad's™; a is the angle of rotation of the
seeding disc, (°).
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Fig.4 Analysis of the force on cotton seeds in the medium size
hole of seed carrying area II-2
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Fig.6 Laser-to-sensor circuit
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Fig.7 Laser-to-sensor
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Fig.8 Switching Hall sensor and circuit
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Fig.9 Design of Hall sensor and magnet mounting positions
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Fig.10 Optical signal processing circuit

2.4 FTZBEREOBLE

AP nRF24L01 JC4IEAS B SRR LS
LA B 2ty 35 5 AL (8] P A5 4. nRF241L01 & HH
NORDIC 2 &A= TAELE 2.4~2.5 GHz [ ISM 4B
R TERWOR A A, HEEOBIHAE CSN (k) .
SCK (IFEFZE) . MISO (¥l H#EL) « MOSI (¥l
BHEL) . IRQ (RS ) Al CE (BEEHIZ) , 1)
R0 3l 2 «

CSN: nRF24L01 JEZRBEHRM A IEE 54k, 29 CSN
RIS, HEN TR

SCK: nRF24L01 JoZk#idudnt SPT (AR ATHz) I
Bh STM32 Hu HLIsAE .

MISO: M SPI ##lifit, & SPI HHEHIA

MOSI: M SPI ##infi N, £ SPI Hdinfih .

IRQ: nRF24LO01 iz i{E 54, ERAREE
PR, SRR L.

CE: 4 CSN MN{KH-FHf, CE FIZF{fds —fikH
nRF24L01 LR RE L,

¥ nRF241L01 TLL&MBEFRINE CSN. SCK. MISO.
MOSI. IRQ. CE KJ 6 Mz 545 STM32F103C8T6 .4
WL PAL. PA2 Fil PAA~PAT 5 Al
2.5 AWK Eim

ALl R EARA AL S N
DMT80480L070-15WT Ha BHL = fi 458 5 5€ Bl AH 56 2 401 1%
TE NS B ER. AMIEZ EZiminE 11 s, &EHTF 6
ATA 12 ATHRIERE EREFIL, S F B RIREAT U
2 AL SRS A% B S B L R T UG
SRR WAL E . SUOR. B. BEhEE
AR 7 BGE S BUE I B R, B RS I 4] fn4r
TR, ZRITNIESR, AT M. 55T/ m T
SE AT, 24T 2 7 CEEHUE INIR I k7 e .

Y b B BBk R e, JEAE PR 3.3V O
M AR IEAE S (TTL B /R0 N & AE P
(CMOS H~F) , 5 3 fLas i 4 00 T8 F [R5 o0 B
[ (USART) #HATHHELS . TAERN X TE TR

FIEHHE (TXO SIAAECEEE (RXD 5115 354 57 A
RG] PR RIAT

B 11 AR ZAR
Fig.11 Human-computer interaction terminal

3 HEMRFEHRMALIT

WA SR P Ot BRI F5R
EriEFE. FYABE TRF RN CAIEE TR
WM B F RT3t AP RE C B85 %W
e RGP 12 Pis.

BEMRZH

Gl A
A 7K
o l S M
j“**?;;, REFUET Ty
sz ZN D 'j:?‘_\'jf?$ﬂ‘%/f§7_\'%( PWR UP:]) EING]
PRIM:RX:I, Y
CE=1
MAfi;ﬂ&*ﬁxt A
PWR_UP=I,
PRIM_RX=0,

CE=1JE N RIEAA

[ e | okt |
I T

MRS BL

#: PWR_UP. PRIM_RX %354 nRF24L01 55 257788 (0x00) HI% 1
RLANES O f7; CE sz Lk,

Note: PWR _UP, PRIM RX are bits 1 and 0 of the register (0x00) in the
nRF24L01 chip, respectively;CE is the module control line.

B 12 A Gk ptAAZE
Fig.12 Monitoring system software flow chart




14 Ll THE2AH (http:/www.tcsae.org) 2022 4E
FREFHRFN ST, 5EET T @@E
ZIAFHE M, RS SI SR TR B9 Kot th TR % i 1171 ADGUSHE T

RAACHE T2 718 B ML N R W5 5, X 2 Bl
K. SRBOR A M AT, IR AR, B
KB W EBIE, RABNEFERERE . LLIEE
TRE T MR HLAR 3 S (15 2 B A 2 = F L
HAEMBLE R EIR . AW EFREF & T B R R bt
SR B2, A ERENE RS AN H.

BN RS )G, LS OFIRE . nRF24L01 TG
LRALEBL S I L fl B R A 5 ) IS AT WA A B A

55 RERLBEX /O DHHTE X 58164k, AL
FEAT A ER AN W15 5 #2Ul . W TIMI1. TIM2 1 TIM3
NI, TIM4 iy 281850, TIM1 F % 8 /R 1%
SR E TS S EG TIM2 T 680 X 46 78 4% Jgk
A bk eh A AR TG TIM3 B TR oe
SR TR AR SRR B A 1 Bk B AR A R BRI B R T R A
PAT I /N F15 5 R A LB i B S5 T (], 3 2 24T
EIMTR

H abH e AL R AR 5, 8 R EURRAT B
B AR NEL, S RE R R AT IR dE NY/T
987-2006 i/ CARMLAE ML T ) PO, it 4 3 P Bt %
BREHEIS AR, SE S RBUNTI IR 2R, 2K
RIFH AN

B AR =R B HOCOEIRS B (3)

WEI 2= K
§7G$=§§%%§é£25xuM% (4)

0 (4) THEAS RS CR G R S R B AT
XPLE, I AR R, A MIME > BE, TR,
RZARE

TS TR e TVIgA 1, B CSN N, %K
P AW 5 N Tx_FIFO 2247 X . i1t % & CE.PWR_UP
FPRIM_RX 228§ 5¢ iR 16 1 B ISR s 4k . 20 2]
RiEB ARG 4K, PWR _UP=1, PRIM RX=0, CE=1 f
{355 10 us PA_E, BLKF nRF24L01 ToLR R % By KI5
X, HAUTHIRZAX, S5 NRKIE: B
nRF24L01 TG 28 B He 432 52 3 2 S 34 48 2 1F, PWR_
UP=1, PRIM_RX=1, CE=1, HI¥ nRF24L01 JC£#ibei%
B OO, SRRSO .

AWAZ B AT DGUS R B T %1, DGUS
HAFAHERFE A 13 Fi~. DWIN FECES 2, i
Excel FAfFid3% ., BEH AR SRR id ks 20, FIH PS
BAF (BRI AT RS AR TR
Wit. BT, ERAERASEN 65k . H—=
H, TEAR B XK IR EC B S N . RTC WE . FEAfh
. IR A SHOCE S i AR bR 2
WA R, AR, RTC BRZAr sfds 4. ¥ A
T A5 2 5 e B g ot R i SR N B8 58 17 B ATk
28] BB DY, AR L E SCHERI A SD RN 3 DWIN
B, B sE sfi e & B T

(DWIN_M600 BOOT) [ ] (il SDKTH40)

[]
R STV
DGUS 1l b | so KB i

+ DWIN OS{jj ¥ o MR EPI X 3%
o RGLIEAT A2

J#CONF IG. TXTHC &
XFDWIN i 4 7 i &

Bk i
(RTC. 55555 r )

(]
INZR13 BINFf LT
IR 14 BIN S -8 g

H e m—w'—rpqﬁ JSE
A A 4R ETN =, AEER
CRPVBARAEED) | e e T i e

[]
Al 4 Tie 8 27 (7 8 MO AL

CHTIBE I FALEIZBIND || CREFERs] . ot i b B
|

TiSD/SDHC

B SDRECE. N, TI%
(DWIN_SET3(:392)

AR MBRE R TF69) [

INIRIFEAT—IK
DWIN OSFE/T
(23.BIN)

AbEL ) 1)
80/120/160/200 ms ).

AREELXH I T 1) S5k 7728
(14.BIN. FJ#.
Bedls )

B 13 DGUS #t 4 2infz A
Fig.13 DGUS software processing flow chart

4 BMARZEERERE

4.1 BRRAREESFHE

RNEAEWE I RS HER T, Ea RIS R
(RIS 7 AT T e B A Ak 7 ORI 23 U IR
55 I HEREG 78 SRRER PR RIGAEA, SR 15 9K
PIRAE G B0 SR . IR G WE 14 Fos. BREE4.
FhERAT . INRLERHRSS . FRRE. R HBINL. SRR X
NN W ARG, WEEE. EME. 12V Bl

L12v &t 2RSS 368 4haUUER SHME 6 MR
THME SIMEEE
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6.Seed bed belt  7.Inoculation box  8.Speed control unit
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Fig.14 Performance testing test rig for dibblers
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BRI FHIGRSE TAEREIE R, RS0 2 B 5 IR
FEARAR, FEEEN 100%, T2 MR .

Fx1 TEREHETERNBELHENLER

Table 1 Results of monitoring the number of revolutions at
different speeds
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Table 2 Results of monitoring the number of qualified holes at
different speeds

KARATE .

Sneed of the PR EHE L A g B R
P dibbler/ Actual number of Monitoring number of  Monitoring accuracy
(rmin’) qualified holes qualified holes of qualified holes/%
30 299 296 98.99
35 299 294 98.32
40 300 292 97.33
45 300 291 97.00
4.2.3  wERHUEN R R 5 57

R T 2RI B 3 B, 4557
RW: BETHRAS TARRESR R, M AR 402 R IR P
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W RSk
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Table 3 Results of cavity number monitoring at different
rotational speeds

XA A e PR E LAREVAE ¢ NN TR
Speed of the Actual number  Monitoring number Monitoring accuracy
dibbler/(rmin™") of holes of holes of holes/%
30 90 87 96.67
35 93 89 95.70
40 93 88 94.62
45 92 86 93.48

T S SEBR¥E S % 04 2l P % i
Speed of the Actual number of  Monitoring number Prec?si;; %
dibbler/(rmin™") revolutions of revolutions °

30 50 50 100

35 50 50 100

40 50 50 100

45 50 50 100
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Fig.15 Field test
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HH [AJAAR 6 22 8 (1) 5 4 7 CBUIS TURS 5 MG 96.17%,
HeHUAAHLE, WK R T 0.83 ME A X
B MRS FE B AR N 93.11%, S5EZURGM L, WMk &
BT 037 ANED A, (HEERGRE FEARED 14
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FIH F RIS R G il 5 N TS o i A i oy 22
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Table 4 Results of field trials of monitoring systems

gy TERE S RRERE g s

B B

WA AR A RS

Travel 5 Numbe}‘ of Actual number of Actual number Monitoring number of Monitoring number Monitoring accuracy Monitoring accuracy
speed/(km*h™") S?\II];Or qutill‘i:gzinggies qualified holes of holes qualified holes of holes of qualified holes/% of holes /%
1 1071 1052 19 1030 18 9791 94.74
2 1071 1055 16 1028 16 97.44 100
3 1071 1050 21 1026 20 97.71 95.24
23 4 1071 1052 19 1026 18 97.53 94.74
5 1071 1051 20 1022 19 97.24 95.00
6 1071 1053 18 1023 17 97.15 94.44
1 1071 1056 15 1025 14 97.06 93.33
2 1071 1052 19 1020 18 96.96 94.74
3 1071 1052 19 1022 18 97.15 94.74
30 4 1071 1055 16 1025 15 97.16 93.75
5 1071 1053 18 1018 17 96.68 94.44
6 1071 1051 20 1021 19 97.15 95.00
1 1071 1056 15 1023 14 96.88 93.33
2 1071 1052 19 1018 18 96.77 94.74
3 1071 1052 19 1015 17 96.48 89.47
= 4 1071 1054 17 1020 16 96.77 94.12
5 1071 1055 16 1018 15 96.49 93.75
6 1071 1054 17 1017 16 96.50 94.12
1 1071 1053 18 1015 17 96.39 94.44
2 1071 1056 15 1014 14 96.02 93.33
38 3 1071 1055 16 1014 14 96.11 87.50
4 1071 1054 17 1012 16 96.02 94.12
5 1071 1053 18 1013 17 96.20 94.44
6 1071 1054 17 1015 16 96.30 94.12
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£S5 EERE. ERE AR
Table 5 Number of qualified holes, number of holes F test

ipeiedis A G W System monitoring L 52l Manual measurement
HH Ttems Travel FHE Ti% VR THE ik VR 4 Fii Poosfl
speed/(km-h™) Average Variance  Standard deviation ~ Average Variance  Standard deviation

2.5 1025.83 8.97 2.99 1052.17 2.97 1.72 5 302 013
AT 3.0 1021.83 7.76 2.79 1053.17 3.77 1.94 5 206 022
Number of qualified holes 35 1018.50 7.5 2.74 1053.83 2.57 1.60 5 292 0.13
38 1013.83 1.17 1.07 1054.17 1.37 1.17 5 1 0.50
2.5 18 2 1.41 18.83 2.97 1.72 5 0.67 0.33
2R 3.0 16.83 3.77 1.94 17.83 3.77 1.94 5 1 0.50
Number of holes 35 16 2 1.41 17.17 2.57 1.60 5 077 040
38 15.67 1.87 1.37 16.83 1.37 1.17 5 1.37 037

e dfNE W FHFRRERL: Poos RN ERZVEKT 0=0.05 THEEEZER.

Note: df'is the degree of freedom; F' values indicate the degree of significance; P s values indicate significant differences at the significance level a=0.05.
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Design and experiments of seed pickup status monitoring system for
cotton precision dibblers

Zhang Xuejun'?, Zhang Haitao', Shi Zenglu'*, Jin Wei!, Chen Yong!, Yu Yongliang®
(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumqi 830052, China;
2. Key Laboratory of Innovation Design Laboratory, Xinjiang Agricultural Engineering Equipment, Urumgqi 830052, China;
3. Xinjiang Tiancheng Agricultural Machinery Manufacturing Co., Ltd., Tiemenguan 841007, China)

Abstract: A seed planting dibbler has been commonly used to make holes for transplants and bedding plants. However, the
dibbler rolls with the ground can be easy to vibrate for the undesired empty hole in the seed row during sowing operation,
particularly when turning or moving forward, due to the harsh working environment. Furthermore, the empty hole cannot be
found in time, where the dibbler can be completely closed inside, leading to a large area of empty holes for the yield reduction
when sowing cotton. A cotton precision dibbler has been a high demand to deal with the empty holes caused by the seed
extraction and discharge during hole sowing operation. In this study, a new monitoring system was developed for the seed
pickup in a precision dibbler during cotton sowing. The position of the monitoring point was first determined in the working
process of the toothed disk dibbler. The indoor and field tests were then conducted, where the laser alignment and Hall sensors
were used as the monitoring elements, an STM32 microcontroller was used to calculate the number of qualified holes and the
empty hole rate, and an nRF24L01 wireless communication module was for the human-machine interaction terminal data
interaction. The bench test showed that the monitoring accuracy was not less than 97% and 93.48% for the numbers of
qualified and empty holes, respectively, as the working speed of the dibbler increased in the range of 30-45 r/min. Specifically,
the overall monitoring accuracy was not less than 96.17% and 93.11% for the number of qualified and empty holes, with the
increase of the sower travel speed in the range of 2.5-4 km/h. It infers that the monitoring system of seed extraction fully met
the requirements of cotton sowing. Moreover, the lighting did not affect the monitoring system. More importantly, the
accuracy of the monitoring system decreased by no more than 1%, compared with the bench test. A chi-square test was also
performed on the system monitoring and manual measurement data samples using F-test. It was found that F<F s (6.39),
P 5>0.05 for the number of qualified and empty holes of system monitoring and manual measurement, indicating excellent
accuracy and stability under field operation. Anyways, the monitoring system can be effective and feasible for the seed
extraction performance of the tine disc, fully meeting the requirements of seed extraction monitoring in the cotton precision
dibbler. The finding can also provide a strong reference to promote the automation and intelligence of cotton precision hole
sowing.

Keywords: sensors; cotton; precision dibblers; missed sowing detection; monitoring systems



