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Design and Experiment of Regulation System for Air-assisted Bi-variable
Seed Supply Device for Oilseed Rape

ZHANG Wenxin' ZHANG Dongjin' DONG Wanjing'”> WANG Sida' WANG Lizhou' DING Youchun'?
(1. College of Engineering, Huazhong Agriculiural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; Aiming at the problems of slow response speed and low precision of the decision-making model
in the existing rapeseed direct seeder control system, which lead to decreased operation efficiency and
large seeding quantity error, a control sequence decision-making and regulation system for rotational
speed-working length bi-variable seeding was designed based on the air-assisted bi-variable seeding
device for rapeseed. By analyzing the algorithm mechanisms of the multi-objective Ivy algorithm
(MOIVY) and Lévy flight algorithm ( LFA), a multi-objective fitness function involving seeding error,
controller response time, and coefficient of variation for inter-row seeding quantity consistency was
established, and an LFA — MOIVY control sequence decision-making model was constructed.
Comparative simulation experiments were conducted to verify the superiority of the MOIVY, DE —
MOIVY, and LFA — MOIVY algorithms. The results showed that when the target seeding rates were
1.5 kg/hm’, 3.0 kg/hm®, 4.5 kg/hm’ | and 6. 0 kg/hm’, the average Hypervolume ( HV) values of the
LFA — MOIVY algorithm were 2.35, 2.63, 2.02, and 1.98, respectively. Its Pareto solution set

exhibited comprehensive coverage and uniform distribution, and its overall performance was superior to
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that of the other two algorithms. Bench comparison tests indicated that compared with the traditional
decision-making method, the LFA —MOIVY seeding decision-making method reduced the relative seeding
error by 0. 76 percentage points, the coefficient of variation by 2. 43 percentage points, and shortened the
response time by 0. 14 s. Pavement tests showed that under the dual changes of different operation speeds
and seeding rates of the rapeseed direct seeder, the relative seeding error was no more than 4. 5% , the
coefficient of variation was no more than 6.2% , the response time ranged from 1.59 s to 2. 61 s, the
rotational speed control accuracy was not less than 97. 6% , and the working length control accuracy was
not less than 98. 6% , all of which met the requirements of national and relevant industry standards. Field
tests demonstrated that when the seeding rate was 4. 5 kg/hm” and the operation speed was 3 ~12 km/h,
the rotational speed adjustment range was 18. 8 ~47.0 r/min, the working length adjustment range was
19.0 ~ 30.0 mm, the seeding accuracy was increased by 3.41 percentage points, the coefficient of
variation was decreased by 2. 24 percentage points, and the response time ranged from 2. 10 s to 2. 86 s.
The research results can provide a reference for the precision seeding regulation technology of small-
seeded crops.

Key words: oilseed rape; bi-variable seed supply device; decision-making model; multi-objective Ivy

algorithm; Lévy flight algorithm
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Fig. 8 Fitting curves for variation rotational speed, working
length and response time
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Fig.9 Rotational speed — working length — coefficient of

variation relation surface graph
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fifk £ 313 S i 0 4 A Y 0 LR BE X LG IR
3.4.1 WIS KSR E

15 B 16 35 55 Ol - Matlab 2021a, Windows 10 $5
YEZ& 4t , Intel (R) Core (TM) i5 — 10300H CPU @



%11 3 FRICRK 4. 3

6 AL 2 1 o 5 R 4 R B 5 K 227

2.50 GHz v Je 4b 3 45 3 90 % B o KAk AR EOh
300, P 5 AR B 4 B Ry 258 B LA B3k 19 56 o A R
90.35,DE S i 4R R F o 0.3, 38 ARl
0.6,MOIVY Bk K H 18 0. 15, 4 K By B ok o
FECN 0.4, 0 R ECH 0. 896,

U7 H K 5 H AR 3 R R 4> 5ok 1.5.3.0.4.5,

6.0 kg/hm* VE V7 FF 4 6 km/h, HL HAE b 18 55 A
2.3 m, W HARHERN & ¢, 0
60Bv, Q
7 ="667 (7
A B—HLEAE I IE 5E , m
HAEW#E ,m/s

Q— HFpi% i, kg/hm’
3.4.2 HvERedr AL
=2 B b A0 5 M BE PE Al B9 B0 3R AR,
FH T £ 2 835 A2 Y Pareto fif 48 T S IE %) H #1238 [A]
PR HE R AR AR 26 A 4 78 H bR 23 (8] op BT 7 25 1978
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Fig. 12 Seeding rate — rotation speed fitting curves
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FRICRK 4 ek AU

AR R E R R A kI 5 IR 229

U AR SC PR T R R R B B 3.40% ~
5.57% , V378 5 R 4. 4T % A% G e 36 7 15 78
SRBOEEN 5.04% ~8.70% , V¥ 5 ZEH
6.90% , X Lt 43 B T 1, AR SCH R T 1 1 A AT G o —
MR R R IR T T 2.43 M H 4
SRR TG AR, i LFA — MOIVY 4% Ff 2k
SRR AL 5 0 45 T e 510 % 8 v 9 o 38 A0 1 R R
PEFOR B, B 13c 43 Ml A, 78 28 00 P 3 A5 7Y
ARG , RGN A T — i A SR
D7 e S 1] R 0. 52 ~ 1. 24 s, SE ¥ F ] K 0. 96 s,
1% 55 T 5 T 15 W) o B[] 24 0. 60 ~ 1,39 s, 5F- ¥ 5[]
110 s, % A3 AT AT, AR SO SR 5 vk 1 e g R )
BAGG IR T4 T 0.14 s, £ B i LFA —
MOIVY & i ghe 56 45 20 05 4k S5 1 42 1) 7 37 mT A 5 42
R AR ROR

LEAHTAI AL, LFA — MOIVY 4% F ge 5 0 352 2
GEAE IS HABHLE L T, nT P B2 A A R
Az U - TR R P A, R TR R A L R
BB TR AR

4.2 HERXR
4.2.1 %Ik

Sy 38 UE 5 e A 2k XU i O A R SRR
fiE ,2025 4F 10 A T 1 Jb 45 22 B o ANl 56 7 5 &k

SHEOR I E AR, 455 NY/T 2208—2012 (1
SEATENLAL A 7 F R B ) Ve BB 45 A5 BRI
JNE 4 o AR M R S , 3K 0 48 A S HE BB A X R
25 SATHE i — BOPE A S AR BOR e B A A R
R R B PO (R4 8 1R 3 0 4) 4
7 A 3 B 29 3.0.5.8.9.1.12. 1 km/h, i %
Tl -3 FH A2 ol 2% 520, 3 50 15 15 B R &= e ) ok
1.5.3.0.4.5.6.0 kg/hm* ,/E\VFEES H 50 m, L EL7F
Al i B v AT s o) 3 e A AL SRR, Horp
JeRR B TR 15 m, PR P S AR EA T 20 m,
JE VI PSR AT B 15 m, 430 7E 0,15 .35 .50 m Ab i ¥
B s, MRl 3 FE AR AL 43 5 I 4— 15 311k 4 Filis
14— 1S5 ) E PR fh B, T3 A ¢
PEREFE bR IR 45 H AR 1 Frs R W HI R 4
AN FE T, A B A A - TAER P AIE
AT G oA R B A5 R & 15 (16 FR .

B4 SRR E G

Y I RAE SRR IS, K 14 s . KIE AR Fig. 14 Sowing performance road surface test
F1 BERBER
Tab.1 Results of road surface test

PR 3 B/ it/ e HATHE R/ g HERPAR S & AT HE B — Bt
(km-h~") (kg-hm %) #FE/g 1 2 3 4 5 6 7 8 iRE/U% EREB/ % Bif ] /s

1.5 17.17 2.2 2.3 2.0 2.1 2.1 2.2 2.3 2.3 2.5 5.1 1.59

3.0-9.1-3.0 3.0 34.34 4.1 4.0 4.1 4.1 4.6 3.9 4.0 4.0 4.5 5.2 1.97

(K 4—-E 31K 4) 4.5 51.52 6.4 6.6 6.9 6.7 6.9 6.9 6.7 7.5 4.2 4.7 2.20

6.0 68. 69 8.3 8.3 8.9 8.0 7.8 8.0 8.1 8.5 3.5 4.2 2.37

1.5 17.17 2.2 2.3 1.9 2.2 2.1 2.2 2.3 2.3 1.9 6.2 1. 81

5.8—12.1-5.8 3.0 34.34 4.1 4.0 40 40 4.7 42 4.0 4.0 3.9 5.9 2.41

(HlomEm4-ml) 4.5 51.52 6.7 6.4 7.0 6.3 7.0 7.0 6.8 7.4 3.3 5.2 2.53

6.0 68. 69 8.6 8.2 7.6 8.5 8.2 7.9 9.0 8.5 3.2 5.2 2.61

4.2.2 SERAH

e 1 a0, #EFhi 1.5 ~6.0 kg/hm’ , HL B
PR 38 B2 A8 A R A 4—785 3% 4 I, 728 T 5% b AH X
WREVLHIN 2.5% ~4.5% ,SA7 o — B AR &R
WIGH N 4.2% ~5.2% , W )3 B 18] 95 F Ry 1,59 ~
2.37 s HAE M RO B 14— I, 2R 58
RERDAHRR ZETEE N 1.9% ~3.9% , & 4746 — 5
A S REGE N 5. 2% ~6.2% , Wi I I [A] 3 A
1.81 ~2.61 s, #5 W45 b W 75 & [ Z FAH AT AR
HEZESR o R &1 1S W] 7E R SRR AR AR B T

R 4 il 1 0 AL Bl oMb 38 8 2 T 49 o iy
1.5 ~6.0 kg/hm” , 3 B A 4k J Ik 4— 5 311K 4 #f,
EETOE TG R 9. 0 ~46. 5 r/min, T AE K B 8 3
il R 13 ~20 mm;; 3 B AR fb R 1> 4— 0 1,
FEOE TG A 14,0 ~65.5 r/min, T /E K BF 45
JEFEN 16 ~30 mm, AHAE &M T Fl-TAERK
JE 5 HIAE 5 RS B 1 16 FT i, d T4 A T g, A
AR IR 45 3K 4,3 iR 1.5 ~ 6.0 kg/hm’
B B % 4 RS BE AR T 97. 6%, T AR K B2 4% kil
RS EEARAGT 98. 6% s tE M E AL N & 1> 45
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Fig. 15 Rotation speed — working length sequence

values under variable-speed operation

1 REFEE A 1.5 ~ 6.0 kg/hm® B, % 3 () 72 8 2 R
T 98.1% , TAEK R HIR FE AT 98.8%
ZEA AT AT R A 2R G0 % A i G AR AN D
JE B AS Ak, Yo RE PR v N7, I 8 VA A S - T AR
B o o P A AL, 156 I OUAE B 0 9 R G AR T SR E 8%
HUAS TR ol 2 B RN 4% 1 SR AR L T, B 4 1 36
4.3 HEKE
4.3.1 5% Hik

Sy K6 58 v S v A 2% XOBUAE i R 4 T ) A
P PERE 2025 4F 11 74 bl 2 22 B AR
b7l 73S 3 5 1l e E ] 7 AR, LR AR L 7 X
R H B R 2 A Ml 3 5 R v S S 1 dn 1A 17
FER o B B o 4.5 kg/hm®, Bl 7 32 48 i
i 520, HERh 11 4rb 22 5% w85 3 B T 30 K6 002 050
SRS S Fh TR A, AR M B AL L R R W R (1K 4
w3 4) N 3 ~ 12 km/h, & TR A 3
A 50 m B0 25 o JE R 40T AU, 24T S0t
Br, R 25 R a3k 2 s,

— BRI LS keg/hm i ) e A A L
— B 3.0 kg/h i () A AR 52
— PERIEA.5 kg/hm2} (44004 RS
——FEBAL6.0 k/hm ] [ R 4 A 1
AR L5 kg/hm? W R B R B
—— J iR 3.0 keg/han T} I I SR A L
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—— FERIEL6.0 kg/hm o () I A A 122
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Fig. 16  Control accuracy of sequence values under

(d) FHEAEHI (3 150K)

variable-speed operation
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Fig. 17 Field test scenarios and rapeseed seedling

growth
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3 ~12 km/h W}, % S A5 Ay [ R 18.8 ~47.0 r/min,
TAER ARG Ry 19. 0 ~30. 0 mm , BEAE M 3 FE (143
T, HERE XS R 22 R 5 T 3. 52% , 5% S0k [9 ] Rk
JEARBE TALGERE R DL SR Ty e 1 3. 41 AN E 48 i, 28
SRR T RREMIRTIETRET 2.24 A5

BB AT R — B R RO K T 6.73% , Wi LI [A]
L 2. 10 ~2. 86 s, il g FE R BT R B G . 25
b U A A AR G RE G K I 1 MM R b SR AR
K, BB ] o AR A e o R A RE S RS AR
o R S A HAR AR AL 2R

2 HEREER
Tab.2 Results of field trials

P/ i ass 0 pawsgs R AT AR AR
T L L L
. mm %% RER/G s
1 6.0 6.8 6.8 7.2 6.1 6.5 6.8 7.0
3.0(fk4) 2 51.52 51.52 18.8 19.0 6.8 6.3 6.5 6.6 6.9 6.5 6.0 6.5 3.33 5.57 2.10
3 6.8 6.3 7.2 6.1 7.0 6.8 7.3 6.9
1 6.0 6.6 5.6 6.3 6.5 6.4 6.5 7.0
5.8(m1) 2 103.66 51.52 28.6 24. 6 59 7.0 6.7 6.8 7.2 7.3 6.6 7.0 3.52 6. 04 2.33
3 6.5 6.8 7.0 6.3 7.0 7.0 7.4 6.6
1 6.8 6.5 6.8 6.7 6.5 7.0 6.5 7.0
9.1 (& 3) 2 155.17 51.52 37.2 28.0 6.4 6.6 5.8 6.0 6.0 7.3 6.5 6.6 3.00 6.31 2.63
3 6.1 6.8 7.4 6.8 6.1 6.3 7.2 1.5
1 6.4 6.0 6.7 6.5 6.3 5.8 6.8 7.1
12.1(4) 2 206.69 51.52 47.0 30.0 6.5 7.0 5.7 7.0 6.6 6.5 7.3 6.6 2.55 6.73 2. 86
3 6.0 7.2 6.6 6.5 6.7 6.6 7.4 6.7
5 #p BOR BT 2,43 S 43 a5 W NI ] 4R 8L T 0. 14 s,

(1) Bt oxdith i 0 76 AL 42 i 2 6 0 7 o 12 48 | Bk
FAERURT BEAIR, T B LR R [ HERR R 22 K Y
[ T, 5 T R A S0 o i vy s XU A Ao
PE L, WIT T A2 B s LAk 4
F PRI FR G o

(2) 3 3 40 Hr MOIVY 1 LFA () 5L HLEE, D) HE
ol R X 52 25 4% 1 % AR 17 R[] 0 4% 17 4 B — Bk AR
S RBONAL B bR, M 2 b i N R R, 5
b B, A R AR 81 2 A AR LA

(3) 2% A Matlab JT & MOIVY .DE — MOIVY £l
LFA — MOIVY #5884 iy 50X L i 56, 18 46 45 SR R B,
LFA — MOIVY 53 i 42 5 8 R BE 1 A0 T H A P
T3k, SO A T 7 e R SR v B AR R o
SRS HE IR . 5 AR RE IR 90 2R W], AR SC Uk 5K 7 1 A%

GERHTT AN R ZE T [ T 0.76 A 706 L5 &

5

Zz

[1]
47(3) . 541 -551.

ol 3 B, ok 4k, TR 24 B A ARl LB A AR b X il 33 7= dik 4 5 o) ATF 5%

F Wi g LFA — MOIVY $6 fft e 56 55 80 08 4k 5 #) #
Hil PP 990 T A 5 v A L SR

(4) JF J§& XA 2 P8 45 2 e 1 TG 728 ok 1 i A 6
UGS R F W R 1.5 ~ 6.0 keg/hm’, HLEAE
b BE AR AL A 3 ~ 12 km/h B 5 45 RS B SR T
97.6% , TAF K JE 45 K5 B R AR T 98. 6% , A X i%
ERET 4.5% 28 F RPN T 6.2% , W B i [A]
RET 2,61 s, % T 45 bk 29 75 & [ 5 AAR 47l
WEESR . AR SRS, R W, R R 4.5 kg/hm
Pl BE g 3 ~ 12 km/h B 56 AF o 3 35 4, HE
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