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Belt-type High-speed Seed Guide Device Control System
Based on FSMC — Kalman
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Abstract; In order to solve the problem of low synchronization rate and poor stability of the speed of the
driving motor and the belt high-speed guide device, which results in the increase of seeding distance
coefficient and poor sowing uniformity, a control system of belt high-speed guide device based on fuzzy
sliding mode control — Kalman ( FSMC — Kalman) algorithm was studied. Through the analysis of the
system movement process, the relationship between the train and guide motors and the operation speed
was established to establish the mathematical model of the two motors. The proposed FSMC — Kalman
algorithm used the approximation coefficient and rate coefficient in the fuzzy algorithm, and added the
Kalman filter algorithm in the feedback link, so as to enhance the robustness and adaptability of the
control system. The simulation test showed that the speed of guide motor based on FSMC — Kalman
algorithm had no overshoot, the adjustment time was 0. 22 s, and the steady state error was 4. 68 r/min;
the speed of type motor based on FSMC — Kalman algorithm had no overshoot, the adjustment time was
0.23 s, and the steady state error was 1. 96 r/min. The bench test showed that the average qualified plant
spacing coefficient of variation of the four operation speeds of FSMC — Kalman algorithm was 7. 98% . The
FSMC — Kalman algorithm reduced the average coefficient of variation by 4. 67 percentage points, which
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was 3. 36 percentage points lower than that of the FSMC algorithm, and 2. 06 percentage points lower

than the average coefficient of variation of the SMC — Kalman algorithm. The control system of belt high-

speed guide device based on FSMC — Kalman can make the guide motor and the seed type drive motor

work stably with high synchronization rate, thus improving the sowing uniformity.

Key words: belt-type high-speed seed guide device; control system; fuzzy algorithm; SMC; Kalman
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Fig.2  Overall system composition diagram
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HF#HL 0 0.23 1.96

2> 0.04 s; SMC 52 4 fx K i 22 4 34.67 r/min,

FSMC % T #t & K% 22 0 23.48 /min, Jil A
Kalman 3355 R4 2 TG WK E 2 Z 11 10 R
GiRaA RN . T FSMC — Kalman &3 (1 5 B AL
MR AR 2Z AU 4. 68 r/min, AHE SMC Bk
AR ZEW /D 13.5 v/min, M8 FSMC 8 ¥ A5 % 22
W/ 4. 41 v/ min, A1 SMC — Kalman 875 Fa 2515 2%
I8/ 3. 50 r/min,

% 3 F& 8b AI 41, 3T FSMC — Kalman 3 3%
F4) HIE i e ML S %) Y B TR) AN 0. 23 s, A ER SMC
SRV A Y B TR e 2D 0. 07 s, AHER FSMC B33 90 45 6
5 A% Ak, A% SMC — Kalman %5 3 98 35 B ] 98, 2>
0.06 s,SMC 2z T4 5 K% 22 24 16. 88 r/min, FSMC
Z T A KIEZE N 8. 21 r/min, [7] T Fl i AL 4% il 2R
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AREEE Kalman 595 89 2 Fh 50 5w 2 T 903 U~ 0.62n, 1] 100% (31)
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Tab.4 Dual motor speed accuracy test results

((2:3: . i 3 v PR/ (romin ") e, AERR S SFER
(km-h™') (remin~") N1 N2 N3 N4 N5 N6 N7 N8  (rmin~') /% %W/%
FEA 17250 1710.5 1715.3 1713.4 1726.9 1720.6 1714.5 1718.4 1710.6 1716.3  0.32
B He b £ 40.3 39.4 39.8 40. 8 39.7 40. 8 40.9 39.8 40.5 40.2 1.49 0-26
FEAEE 1857.7 1847.9 1843.8 1849.5 1842.6 1858.3 1855.2 1846.4 1846.9 1848.8  0.29

HEFh £ 43.4 42.6 43.2 43.9 42.5 42.6 44.1 42.6 42.8 43.0 1.47 08
FHAE 1990.4 1984.5 1976.2 1980.4 1984.9 1981.9 1978.9 1980.3 1981.2 1981.0  0.14

’ HEFh £ 46.5 45.1 46.0 45.2 46.5 46.0 46.9 45.8 46.0 45.9 1.31 083
FEHAMH  2123.1  2115.2 2111.6 2113.5 2120.3 2109.5 2112.0 2115.9 2108.7 2113.3  0.18 055

HEFh % 49.6 48.2 49.0 49.1 48.3 50. 4 48.5 50.5 48.9 49.1 1.81
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AN, AR S RB/NT 1% U SR LR —
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15 km/h B i 22 B K, e KA 2524 0. 6 v/ min; - 34955 3
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Tab.5 Bench test results %
RN/ Ak W& B TR AWKE

32 1 5 s ) . ) . .
(km-h~') B R BREAK
13 98.33 1.11 0.56 14.60 10.88
14 98.06 1.11 0.83 16.30 11.89
SMC
15 98.06 1.39 0.56 17.08 13.08
16 97.78 1.94 0.28 18.89 14.73
13 98.33 1.11 0.56 14.45 9.97
14 98.06 1.39 0.56 16.07 10.97
FSMC
15 98.33 1.39 0.28 15.52 11.84
16 98.06 1.67 0.28 17.19 12.55
13 98.61 0.83 0.56 13.09 8.62
14 98.33 0.83 0.83 13.58 9.25
SMC — Kalman

15 98.61 1.11 0.28 14.58 10.85
16 98.06 1.39 0.56 15.33 11.44

13 98.61 0.83 0.56 11.24 6.22
14 98.61 0.83 0.56 11.16 7.35
15 98.33 1.39 0.28 13.75 8.56
16 98.33 1.39 0.28 14.16 9.78

FSMC — Kalman

B2 5 AL ZEVEME B 13 ~ 16 km/h T ,4 Fil
25 1] SR W T 53 WS 38 34 DR 5 AR B R K, B (I A R
Wk 97. 78% , fie i I R AN 1. 94% , do vy T
FALR 0.83% , HLFEAE M 3 B2 34 A0, B A 45 1l 5 i
RGPk e ET A AR RR BE A R, Ha &1 10 W] %0 Bl
AR T T R, S B ik A A B R R B S HOME
Ok AR 5 HL W) A B L B R, FSMC — Kalman AH #8
TH A 3 s i R ge Hpk BB B R T /N, SR, 7R
5% N FSMC — Kalman #lI SMC — Kalman 1 fig T ¢
WR B/ BE A B T R, B AR R IS S R



178 & ok L

2024 4

120 240 360
REE 5
(e) 14 km/h,SMC

120 240 360

PRERIFS

() 15 km/h,FSMC

= 400 r

£ 300

21 200:
2 100]
S50

120 240 360 120 240 360

KREEF5
(m) 16 km/h,SMC

PRER TS
(n) 16 km/h,FSMC

0 — ]
120 240 360 120 240 360
B 5 R 2
(c) 13 km/h,SMC-Kalman (d) 13 km/h,FSMC-Kalman

00| 0
0
120 240 360 120 240 360
B 3 HRIEIF 5
(g) 14 km/h,SMC-Kalman (h) 14 km/h,FSMC-Kalman

= 400 r

120 240 360 120 240 360
BRI BRI

(k) 15 km/h,SMC—Kalman (1) 15 km/h,FSMC—-Kalman

= 400 r

120 240 360 120 240 360
PREER 5 pREE S
(0) 16 km/h,SMC-Kalman (p) 16 km/h,FSMC-Kalman

10 4 Ff 30 SRS 7E 4 /R Ml 32 RE T R B 20 A 155 0

Fig. 10 Distance distribution of four control strategies at four operation speeds
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