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Design and Test of Seeding Measurement and Control System for Cotton
Precision Directing Machine Based on Radar Speed Measurement

DING Youchun'? ZHANG Chihai'?> DONG Wanjing'®> ZHAN Zhenyu'? WEI Song'?> NONG Feng'~
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangize River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract: Aiming at the problems of sticky soil in the cotton area after wheat in the Yangtze River basin,
large amount of straw stubble left on the ground surface, the ground wheel driving method is prone to
winding slippage and congestion phenomenon, which leads to leakage of sowing, broken strips, and the
lack of integrated device for cotton seed guiding and performance detection, thus a radar speed
measurement based seeding measurement and control system of cotton precision direct seeding machine
was designed. The cloud — end architecture model of 3-channel independent DC motor speed control and
3-channel real-time detection of cotton seed flow was constructed; the seeding measurement and control
cloud platform was designed to realize real-time collection, display, storage and multi-device control of
the seeding operation parameters; and the fuzzy PID controller was designed to realize real-time regulation
and control of the specified grain spacing at the same time with the speed. Matlab was utilized to carry out
a simulation comparison test between the fuzzy PID controller and the PID controller. The results showed
that the fuzzy PID algorithm model reduced the overshooting amount by 28.95% , the rise time by
28.57% , and the steady state time by 22.22% than the PID algorithm model. The motor control
accuracy test was carried out, and the results showed that the maximum speed error between the actual
motor speed and the theoretical speed was 1. 8% , and the average error was 1. 1% . The results of the

bench test showed that compared with the JPS —16 computer vision test bench, the difference between the
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qualified index, omission index and reseeding index detected by the measurement and control system was

lower than 1.3, 0.7 and 0. 8 percentage points, respectively. The results of the road test showed that the

maximum error between the actual and theoretical number of seed rows was 2. 4% at the operating speed
of 3.6 ~9.2 m/h; the accuracy of single-road detection was not less than 97.44% . The results of field

test showed that at the operating speed of 3.6 ~9.2 m/h, the seeding qualification index controlled by

this system was higher than 90. 81% , the leakage index was lower than 4. 64% ,

and the coefficient of

variation of grain spacing was lower than 14.38% . Demonstration application showed that this cotton

precision direct seeding machine row seeding measurement and control system can effectively improve the

quality of cotton direct seeding machine sowing after wheat in the cotton area of Yangtze River Basin.

Key words: cotton; seeding detection; radar speed measurement; fuzzy PID
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Fig. 13 Schematics of cloud platform web monitoring terminal
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Fig. 14  User device relationship diagram
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AR AL o U5 B, 43 0 B L HL A i R 10 ~
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&2 MySQL #EMEBBIEEFRIZIT
Tab.2 MySQL seeding information database field design

F B4 Kt e ik
timeStamp varchar AN ECHE 1AL B 7]
user_id varchar H Pk =
device_id varchar &2 ke
holes int RIFLEC
plantSpacing double [73iE
perMuSowingVol double LRDATIE 285
vehicleSpeed double KT
targetSpeed double ER7TR B
sowingArea double b T AR
sowing_infl varchar PR ERE R
sowing_inf2 varchar IR 2 R FRE B
sowing_inf3 varchar H 3 B E R

o R 6 IS AR AT I
R AE R K 3 Fros .

WA AL
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Tab.3 Motor speed regulation accuracy test results

FH R B/ SR/ (remin ')

(remin~") 1 2 3 4 5 6 o/%
10 10.18 9.89 10.13 10.06 10.11 9.92 1.80
15 15.21 15.13 14.86 15.19 14.90 14.89 1.40
20 20.02 20.18 19.99 19.78 19.73 20.24 1.35
25 25.16 24.74 24.83 25.21 25.02 24.83 1.04
30 30.17 30.23 29.80 29.98 29.81 29.94 0.77
35 35.23 35.05 34.84 34.96 35.31 35.17 0.89
40 40.16 40.27 39.77 40.08 39.92 39.87 0.68

MR 3 AT, S HE HE A % 3 h 10 ~ 40 r/min
B, PR AR R RBUNT 1. 2% AL SE PRfE
OIS i KR 2ZE 6 N 1.8% ,FHiRZEN 1. 1%
S R A 3O B A O D B Y LS RS RO
4.2 AZFERE

3 JRH S A AR b el R TR kbt it
AL IS & B3 T, Gl 15 R g o 72 o
K T ARAR AL HERR & AL B AL
S b &% | H DR LR AR T e A At il
TEUR I R 5 oA DN e 5 22 2 A HERD &% T O, [R) I
T bR 0 2B " R i N T i DR A R G B
B RS HEE L
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Fig. 15 Test bench
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4.2.1  HERRPERE RS bRl 2 X

R IR FEA R A 3 B2 68 HE R v BE 95 b 1 52 i,
T I HE b BE 45 A I 5 1056, i ] PID RIEEH) PID
P S5 o W IF R . B i AR i H bR RLE
I5em, W FRTHEE N 3.5.7.9.11 km/h 3£ 5
4. fd IPS — 16 BUTT R HLAL v HE R BEAG I 12X 56
B PIORL IR B o AR S GB/T 6973—2005 ( Hpr (R
W) FE ALK J5 i ) P A AR 8 X0 R 98 XOR T
fRB Gt Oy S HE RN P AR TR A

HERp P BE 45 A5 00 5 BB 45 R W 3% 4 B, 44k
M BE Sy 3 ~ 11 km/h B B PID 42 5905 A% 45

B H 95.26% , 75 T PID 5 4 8 ¥ 94. 06% ; H:
I 8 B H R 2.16% , ik T PID ¥ il 5 3%
2.59% ; HREE #4556 R 3.33% X T PID i
B 2.57% o 25 b RO ) S AR 3L T PID 42 4l
L HER R A4S

F 4 HMEAERNERR SR

Tab.4 Measurement test results of seeding performance

indicators %
PID K PID

TEMb 3R 52/ - -

(km-h~") G T 1% T Sy i 4% g
me

Eigi E R Eig Eig i Ei R Eigi
3 96.77 1.21 2.02 97.19 1.20 1.61
5 96. 39 1.61 2.01 96. 80 1. 60 1. 60
7 94.72 2.03 3.25 95.58 2.01 2.41
9 92.43 3.98 3.59 94. 35 2.42 3.22

—_
—_

90.01 4.13 5.79 92.37 3.61 4.02

4.2.2 SR I ke ARG I i I 6

SRy DA AN T) 33 T X e e G 0 4 A 0
(A5 M, FF R S A G 00 2 G 0 B 0 . 6 2
FEUEE HARRLEE R 15 om, 2t 56 30 18 SR 45 E b o
3.5.7.9.11 km/h N 3 Gt G 45 8 50 T B 48 50
FRRAE RS IPS — 16 RIS LB HE R AE 4G ) i
By 63 3R 85 VA 48 B X EE, B UG 5 H 250 A4S
PEECHE , #5153 A .

I 25 R E 16 Fiw, M/E S E R 3 ~
11 km/h B, JPS — 16 T3 L 5 8 56 15 DU 75 47 B
BAEFEBOR /N T 92.1% RIS BN KT 4. 4% , &
FEAREA KT 3. 6% ;X ARG IPS — 16 TG
B HE I R AG I0 328 565 75 070 G 00 285 AR AT L A, T
DL W63 6 4% 18 55 T 36 48 25 3G H8 B 22 A K
F1.3.0.7,0.8 ANEH A b, R I ke B A
RS B 7 B FH 22K
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Fig. 16  Statistical results of testing performance test

of guide seed detection device
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T AEYERE 5 A0 AL Fh 4G T v B P L2024 4F 4 H
WA A <2 i o A b R R A 5T A K Rl T R
T , K Al A% P 0 45 2R 0 5 4 7E DR W e 1Y
FRAEKG & B HL b IR HL 4220 12 VB L U
HEr, BEE 100 m FL AR X B, 15 2 #i A6 B brokn
FE R 15 em, I FR 38 46 FORLECH 667, 43 5] DL 4 47
HLARII 44 (3.6 km/h) . T £5 (5.8 km/h) v I 4%
(7.2 km/h) T IVES(9.2 km/h) 3 4 Fp T 50 58 B FF-
JRARTS , I A T FoAS: 0 2k AR o 1) R I o oA 4 HE
M RRAE AN, 3 05 40 45 AL 3, 57 AT 3K 3
AW B, a0 A AR I 45 AR G S I LR A R Ak ) R
BE o a0 2 RS A G ) 2k R i O A v
R e E A 3 U, O A, e s an ik 5
IR BT 206 v B Ik R AT 4 b, IRl 17 BT
TN
®5 KERBER

Tab.5 Pavement test results

R EZ/ WNASEE sk RIUEE  SIBREE RN ME
(km-h™")  B/m 45 g AL R/ %
1 659 664 99.25

3.6 97.75 2 651 659 98.78

3 650 657 98.93

1 652 661 98. 64

5.8 98.24 2 654 665 98.34

3 649 657 98.78

1 670 683 98.10

7.2 102. 41 2 664 675 98.37

3 668 678 98.53

1 642 658 97.58

9.2 97.63 2 649 661 98.18

3 647 664 97. 44

10~
— {ElSERE3.6 km/h

— Rk ES.8 km/h
— Rk ET.2 km/h
— Rk E9.2 km/h

PR/ (km - b )

0 éO SIO 160
HiF (7] /s
B 17 Al AR Ak il 2k

Fig. 17 Machine speed change curve
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Fig. 18 Field tests
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Tab.6 Results of field tests

HILEL 3 JE/ i i/ A% FE Wik WA R
(km+h™") cm /% B/ % B %
3.6 15 95.93 1.97 9.87
5.8 15 94. 47 2.15 9.75
7.2 15 93.16 3. 81 10. 62
9.2 15 91.92 3.62 13.84
3.6 ~9.2( 7)) 15 90. 81 4. 64 14. 38
il B BT R
5 #ig

(1) BEIF T — ol 35 000 5480 25 35 109 A A6 RS o2 HE o
M R G0, M T 3 [ 37 B O F AL TR o O 3
TSR] PID 5303 S P A I 42 o, DA AR A R
FPZEsk . Matlab {j B X L 25 5 3R B, SR PID 4503
HERY LY PID 55 vk A5 7Y 68 ) £ [ AIK 28.95% , b Tt A
(] 2> 28. 57 % R AS B[Ryl 2> 22.22% ., HEFh 2% 5K
Sl HL AL ORI 56 v 7E 5% B ] 10 ~ 40 r/min

P, EL AL S B 7 3 5 O 7 IR KR 220 1. 8% i
JE A HE I AR 4 ) 2R G O RG JE EEOR

(2) BT T 5 FloRG: 00 25 T S5 A G A AE
THEEMGER . KB R L, 5 IPS - 16 AL
PLAER I 5 A L, T 5 2R 48 K T A5 A% 35 50 TR 3 4R
BOEBIE B EMT 1.3.0.7.0.8 N 4. B
17t 56 25 T 3% W, % FiORG T 7 359K 0 ofE B R N
98. 41% , W& K M AEH R A /NT 97. 44%

() B TR W = F &, 9 BN I 5 4%
il 2 G WL K 8 A5, IE X S B RS S
it S5 S B AT 2= A7 %, 0T SEBRAE B A L 2 BT 46
JE A B R R L BCHE OT AL B R OGS B s AR
EArE &S Eay N

(4) H R0 25 R R W, M AE L 3 R 3.6 ~
9.2 m/h I, A Z G5 ¥ il 19 8% Bh 4 46 48 SO N T
90. 81% , K IEHUA KT 4. 64% i BE A 5 RECA
KT 14.38% Pl ZRGE TAEREE , i AR A6 & Fh 5
77
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