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Design and Experiment of Speed-adaptive Control System for Rapeseed
and Wheat Air-assisted Centralized Metering Device

SHI Binbin'  QIN Shaoli' DUAN Kai’ LI Wencheng' LIAO Qingxi'”® LIAO Yitao'"’
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. The Academy of Agricultural Sciences in Xianning, Xianning, 437100, China
3. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract: Aiming at the problems existing in the open-loop electric-driven seeding process of rapeseed
and wheat for the current centralized air-conveyed combined seeder for rapeseed and wheat, such as the
lack of dynamic response of seeding rate to the operating speed of the machine and real-time monitoring of
the machine’s operating status, which result in large errors in the actual seeding rate of the seeder and
cumbersome operation procedures for the operator, a speed-adaptive control system for rapeseed and
wheat air-assisted centralized metering device was designed. The system was controlled by an STM32
microcontroller. Utilizing human-machine interface information exchange to adjust the seeding rate,
precise speed measurement via non-contact radar, and real-time operation posture detection through an
inclination sensor, it realized the selection of seeding conditions and accurate identification of the
operation state for the seeder, combining with the speed adjustment of the metering device and the
dynamic matching of the metering device’s drive logic, the automatic control of the electric drive seeding

for rapeseed and wheat was achieved. The experimental results showed that the radar field speed
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measurement method had an error of no more than 2. 76% and a stability variation coefficient of no more
than 4. 12% under different ground conditions, significantly outperforming the ground wheel encoder
speed measurement method. The inclination sensor had an angle detection error of 0.13° ~ 0.15°,
enabling accurate detection of the seeder’s operating posture. Under the field seeding conditions, the
control system could achieve speed-adaptive seeding for both rapeseed and wheat at different operating
speeds, with the control errors of rapeseed and wheat sowing rates being less than 2% and 3.5% ,
respectively. The field experiment results showed that when the seeder equipped with the speed-adaptive
control system was actually used in field operation, the consistency variation coefficients of the number of
plants per row for rapeseed and wheat were 8. 59% and 12. 96% , respectively, meeting the requirements
of the sowing operation standard for rapeseed and wheat. Moreover, compared with the traditional open-
loop uniform speed drive method of the seed metering motor, the consistency variation coefficients of the

number of plants per row for rapeseed and wheat were decreased by 8. 33 percentage points and 5. 06

percentage points, respectively.

Key words: rapeseed; wheat;

centralized metering device

0 5

M N2 R TR E b XA 2 T2 R AR
Yy, P9 5% 0L AR, BLA AL RS B TR AL JF R
a3 E R I N T i W A ' N 14
A B R ML R Ak i T R A 28 AR AL A
g5 2™ o AR S A HERS LA A0 O 2R A X
Pl 24T T 3% 43 BE , B A B S8 RO R i oaE
STV o SN (B Q= v S W I P A £ RS
) 6 il 2 A v Y

Ak EHER TAE Rty AP TR Fh L f R 53
Pie B S Ap A5 s R R AL AT A o R s O 3
/NZE R P B HE R M RE RS M, 5 38 A DG B A
T LE " AOR R T4 HE S LR S
N B Ve S | € S £ = Ak A S . WG -4
BRI R TIRAWSY, H AT C 3 A 50 S AL HE A%
AR S HEFr . FE R AR A B R ke,
FEHEAS A E AL B IR 4 2 2 AL R AR L
fE R AR B RS A SR B
R 2 N DA N A b < K i = 2 Fu ]
A T M AN GPS 5 HUE R AL M T
I e A oAU L i 1 A S AR e = N VA -
T B G RAS RO LA TOLE BT
T Ay ST A S T R A R T 4
WAL 1 s R O Se B AL A Bh
R AR VR B AL T B IS S 8 (H A MO 2 X
H—VEY TR, HLA- R (] filA R B AL fif D
Tl NZE SRR SR 2= SRR L A Bk
Pl il RGEHE S, 345 H F i 22 e A A% U AL
SR ALHE VR ML B A7 2R H BL T 2 0 152 3 3 K Bl HE
il e 00 Bl = X B LA b S g4 HE ol S B0 2

il

speed-adaptive control system;

dual-purpose seeding; air-assisted

N7, 3 S5 b AL ) 5 P4 i B i o 4 (] R
ZEBER o A, 7 TH R ARl v B3 4 bR 25 41, 4% Aol
PLBAAAERE 2 4wk VA3 S AR IR S, BLA 54
FGER DL X AILRATE Ml AR 285 8 0 e F 57 HE Ao 45 i 7
R B I TT , HERh 8 3 5 A7 T A TR E R i B
B [ IR P ML RS P e b D4R SE PR AR
ik 25 B B R A BB DR AR B R BOR 5 AR
Fof R 25 DR A A Ao BR 2 T 7 45 IRD R, A O BR A T %
AL A R S Al 2R

BEXT B3 R R, AR SOV — A 22 R Ak
AF HEAS B 2 ) AR G, SR AL SR T 7 B S L, T AR
P ARk i SR e i /N AR A, ELRE IO 2R AR
P-4 e A 5 3 o S TR R R S ik 3 L/ 2 HE
ol S 3 A PR R o, S IR A % I A2 HE R i S
Vit 3 4] R 5 30 O 1A 1 AR WL R AR TR L A5 S
AR INEL, LS SRR b DL A AR 2 S i s R AR
HE AR Nz 17 22 48 Sh R

1 REHHRIERE

1.1 REREEN

T 22 e A% A HE 25 B o 2 ) R 48 =2 i AL
o g gl 2% L ANHLAE B B A A2 e ARk AR HE
Ena FUIECY | EoIN R B2 N S| N Rl e & ([
PG 4 A L, R AR EE R R 1R .

BLE P e i 45 R G (s Bk A 38 ) is 5
sy s AALEE B BF e F T 1% 8 A L 2 850 52 R
AL T 005 B 5 VF i 3R A6r I 2% H T 552 B 4G 000 4%
FRAILAE Ml 3 B8 5 A M 26 25 A 0 25 FH - S B A 000 2% o
BUVE Y B 6 T 2228 HE b 42 1 & ] 00 i L
R NS A s i Al A i S B R )
2 e A% 2R HE A% HERh b % 2l B AL S Rk



80 & ok L

L

2026 4

3Rz 3Rz

B SRR R g R g i
Fig.1 Structure diagram of centralized metering

device control system
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Fig.2 Distribution diagram of control system hardware
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Fig.3 Control system flowchart
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Fig.4 Working state determination method of seeder
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Fig.7 Hardware circuit diagram of onboard central controller
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Fig. 13 Test platform of seeding rate control model
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Fig. 14  Change curves of motor speed in rapeseed

and wheat seeding condition
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Fig. 15 Change curves of seeding rate of rape and wheat
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Tab.1 Factors and coding of test
Yt B - Ak
TR/ (°) R/ (km-h ')
1.414 60. 00 6. 00
1 55.61 5.27

0 45.00 3.50

-1 34.39 1.73
-1.414 30. 00 1. 00

x2 BBEHAEREER
Tab.2 Experiment design and response values
e ISk T 381 I A X

e X, X, R Y, /%

1 -1 -1 13.24

2 1 -1 6. 06

3 -1 1 19.37

4 1 1 4.99

5 -1.414 0 31.51

6 1.414 0 5.73

7 0 -1.414 0.70

8 0 1.414 1.28

9 0 0 0.63
10 0 0 4.35

11 0 0 1.88
12 0 0 3. 11

13 0 0 0.17
14 0 0 3.97
15 0 0 0.29
16 0 0 0.12
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Tab.3 Analysis of variance results of relative error

Ty 25 2 Rl 4 H R F P

H 1.040. 58 5 38.19  <0.0001 ™
X, 420.70 1 77.19  <0.000 1"
X, 4.31 1 0.79 0.394 8
X, X, 12.97 1 2.38 0.1539
X2 602. 44 1 110.54  <0.0001**
X2 0.15 1 0. 028 0.8716
P2 54.50 10

L) 32.48 3 3. 44 0.080 8
2% 22.02 7

eyl 1.095. 08 15

TE xRN P2 (P <0.01)
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Fig. 18 Field tests of radar velocity measurement accuracy
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Tab.4 Speed test results of different surface conditions

PRI b % e ) 25 Wik
=2 T.1% P4 W HAE/ W33 AE/ Fasethar  MIXHRE2E,  WE{E/ g  MXRE/
(km-h™")  (km-h™') HE¥K/% % (km-h™") SRR/ % %

1 2 1.45 1.25 26. 86 13.79 1.49 2.92 2.76
2 %3 1.86 1.79 4.79 3.76 1.84 2.77 1.08
3 % 4 3.44 3.53 2.72 2.62 3.45 3.70 0.29
4 s P2 2.21 2.19 3.71 0.90 2.15 2.89 2.71
5 e 3 2.86 2.55 20.22 10. 84 2.81 4.12 1.75
6 e 4 5.55 5.63 4.27 1. 44 5. 40 3.51 2.70
7 %2 1.43 1.35 3.77 5.59 1.45 2.11 1.40
8 %3 1.82 1.85 1.69 1.65 1.83 1.98 0.55
9 - % 4 3.13 2.69 10.23 14.06 3.15 2.17 0. 64
10 Rt e 2 2.09 2.01 3.94 3.83 2.05 1.86 1.91
11 e 3 2.72 2.36 9.15 13.24 2.76 1.51 1.47
12 e 4 5.07 4.43 30. 44 12. 62 5.13 2.54 1.18
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Tab.5 Test results of operation attitude 61.5- — R 18

recognition accuracy
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Fig. 19 Seeding accuracy test results
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Tab.6 Results of verification test on performance

of automatic seeding
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Fig. 20 Field seeding test and seedling emergence
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Tab.7 Measured values of seedling emergence

in each sample area
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