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Abstract: A dual circle tangential line-tracking control method was designed to solve the problem of
linear tracking control when navigation system of 2BFQ — 6 type direct-seeding combined dual purpose
planter for rapeseed working near the boarders of a field. Firstly, a geometric relation formula of optimal
connecting linkage was found by quantitative analysis of the far targeted line searching path. Then the
method of dual circle tangential line-tracking was constructed by the geometric relation formula, which
created decision-making. According to the position and orientation of the tractor, the matching control
equations were selected by decision-making, and its calculations were used for tractor navigation control.
Hence, a navigation system simulation model was established, which was used to achieve the purpose of
optimizing model parameters and verifying the model performance. Path experiments were carried out with
the navigation system of tractor. Experiments result showed that the overshoot of lateral deflection error
response was less than 3% , rising time and settling time of the response were smaller than 14 s and 19 s,
respectively. When the speed of tractor was 0.7 m/s, the initial lateral deviation error of the tractor
center between the target line was 7 m and the initial course deviation error was 90°. When it was
compared with the method of conventional pure pursuit navigation model, the dual circle tangential line-

tracking control method resulted in less values of overshoot and settling time. Based on the results of path
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tracking experiments and field experiments, the dual circle tangential method could be applied to

operation of lane-changing and turning of 2BFQ —6 type direct-seeding combined dual purpose planter for

rapeseed.

Key words: tractor; navigation; dual circle tangential line-tracking model; pure pursuit model;

simulation model ; turning control
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(3) W3R4T 3 AMPERETE bR A LU 2R, R
FAIRGR A5 647 40, B

F(x,}’> = lei f;(%}’)

subject to f,(x,y) =0 (22)
x = 0.05,0.15,0.50,1.00,2. 00
y =5,10,15,20,25
A Fa,y) —IBGRHEAE
Ji(x,y) XIAET TR o o0 F e 1A
w0t Fl ¢ FIFLE
(4) MKHE A5 b3 B2, 0, A H B 0.3.,0.3 I
0.4, HHEAHBIRFA, S50 MK 1 PR,

F1 IRFEMRRUER F(x,y)
Tab.1 Optimization weighted results of
threshold F(x,y)

S I i 117 T 22 T TRE dy,/m

FR 6,,./(°)  0.05 0.15 0.50 1.00 2.00
5 6. 61 8.02 6.53 5.43 5.39
10 5.27 5.46 8. 00 5.38 5.40
15 7.18 5.33 9.80 9.92 10. 45
20 8.03 5.63 12.36  13.42  31.36
25 6.54 8.88 12.58  14.94  15.01

IRIBARALEE H o A1, W IR RGN T 6 2 Ny
BLEE R, &1 AT HHE P 6, =10°F7H d,, =
0. 15 m F| N de Z AU AS 2R, 7 il o2 4 4HF0 3
A, TIATTRR(E . MR e KRR AT B 45 ]
J5 0, ¥ dy, =0. 15 m . 0,, = 10°E A ILEs R HH]

AL R AT M Ll 00 e 2R T T BR S HOM R
d, =0.17 m.g,, =10°,

2.4 WYIEIFEEB EREXT LA RIS

SRy B E XL (5] S e A TR g 4 P B L X AU (3]
FEAE AL A8 B B g 4 R TR . W)
BRI R A 3 0°, 3 BE B 0. 65 m/s, F) 1 i [n]
ZERE S DK 022 4 .6.8 .10 m, 435l ]
XY [ AR 5 28 R A T ke . B
IR AT 3 I Eak e, 15 3 Wik e
[ i 22 M 7 68 8] £ o\ b FHE (] o, RN T B ] 2, 9 °F
P o R T AL TR A e o e A TR S el R 438 B A
AL TR ISR A B 25 . P e g R sk 2 iy
TRo 5 TR XU G 2R AT 45 i 38 A5 7 3 16
ZERH o ARk 0. 1% .5.9% 8.9% 7. 0% FiI
7.2% ;33 t 53 3> 6.1 .6.35.5.85.1.8s fll
8.5 s; 3 ¢ /b 7.15,10.65,14.65.9.4 s il
13.5 s, XY FLRABRY 4 45 bR B0 T 244
4B R

®2 MEHELRER

Tab.2 Comparative experimental results of simulation

" SERpEEE PR EA R
K e N N
o/ % s fa] ¢, /s e ¢, /s
BYIE 4.0 9.0 14.8
! 4l 4.1 15.1 21.9
WY) 1.8 9.8 16.9
2 EIIRIEN 7S 7.7 16. 1 27.5
AR 2.1 11.8 18.9
3 4f3E B 11.0 17.6 33.5
MR 3.0 19.2 25.4
4 4l B 10.0 21.0 34.8
BYIE 1.3 16. 4 24.0
> 4l 8.5 24.9 37.5

2.5 MWYREFELRBEEMERTERE

S UE P B U] 8] 3 A RS AN ] ) i v 48
8 LI B B 4 1l A 3 I, R AT 3 A 5 L
HIHAAE 16] i £ 3¢ 8 ASIKF 330 - 1359 - 90°
—45°.0°.45°.90° | 135°H1 180° ; ] 4y 1t [0 fi 22 ¢
5 AIKEIRH1 0.6 1218 24 m i HTRUIR -4k
BRI T 4K P05 EAaER , 3 0. 6 m/s . 4K
3P FLUSEHMNE 1 ~3 PEDR, &1 & 2a [ 2b,
3a FIE 3b h F UK HIE N 1.2a.2b 3a Al
3b, K FLERARAN > NIX 5 I TR B SR A%
REES 2 SUR SR PVAIDEASICEE E B KN oY
BERILEA KT B, F IR U 2RI 48, T4
W1

R3 BEEMEHEREILER

Tab.3 Adaptability experimental results of simulation

WG 1) HIHA L A/ (°)

fRze/m -135 -90 -45 0 45 90 135 180
0 2b 2a 2a N/A  2a 2a 2b 2h
6 2b 2b 1 2a 2a 2a 2b 2b

12 2b 2b 2a 2a 2a 3a 2b 2b
18 3b 3b 2a 2a 3a 3a 2b 2b
24 3b 3b 3a 3a 3a 3a 3b 3b

3 BEFLRBEEFI S ER IR
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ARG A GO SRS =S EREILAC
BRI - LX854 BIMifibl. T ARG AL
ATRE A g R A

PATRECEA - 3 ) 435 TPC6000 — 6100T #I T
FEL, 2648 Windows XP R4, Fl T8 474 il 4 44
WA (5 ;NL- USB — 6216 B Z I gt~ , Tk
LW AR % ff i TTL {555 & B§ M300 RTK -
GNSS R4t , AT B UL L i 2 i 8, BN
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P T BRA Ay Bl B 8 R 58] 5 2 A 1 4 o 6
i VC 6.0 i 5. 45 il 4% b1 R /K 2 08 P A4
(Kalman filter) " U] [] F-2R AR hr 18 S 5 )
#L( Granular support vector regression, GSVR ) i [n] #&
IR VU R 1) A AR 42 i T B, R R B
Pt g X SRR AR 5 R AT R 2K 2 B BRI 4 18 A 3 3R
PR 1) A0 22 FIL ] s 71 60, 250 25 O 22 e 2o BT 15
TRR d, F10,, o P ACE] 158 528 5 12k 42 o 4 iz AL
PREEE . AL 2= A TR Z 9, i 4l 5A
R R LB B 2 AR A O
AT BRI M a0 o 223 GSVR 336 ] 455 7 45
IEETFERIEE o, o i A 1] 42 18 SSOH) 445 1l
i A ) L AL ) SRAT UL o HERE P AT R GE 4
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3.2 HESZ&AK

IR 58] - 2 A 1Y g TG 5- 2 A il 1R B B
] 215G T v AROME R~ bR K e B T AT, -
2 Hbppsttim it GPS R Mt 415 . K9 SOW
DI S LA i 5 R 0., 1 dy, SR RN
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Fig.8 Structure diagram of navigation system for tractor

TR . OFEAEL : L IRER R V)40 2 50 — 5%
11 HAR LR . QF 2Rl B2k BRER I ) 46t
) — 42 H HAR HL R

B TR, R TR BE 1 0.6 m/s,
3 392K TR [58] -AS B TN 238 B AL 4 i 4 h AL
AT FERAR A, DO P T 7 HoAl R AN
BCEFEARINL S H AR H LW 468 [l i 22 2 m,
I i F3 D 0°, BRI EAT 3 T LRIRER,
RTK — GNSS RG¢E M7 ERAESNAN 2 Hz, 3155
[l 22 W B 1) o o T e ARG Z5 R AN 4 s, AL
DR A AL 45 AR XS 258 B AP 1 o 0,
t P RIEA 1.11% 5.3 s F12.7 s, #dridm 1 541
PREZPUE AN AT 9a Pz o s H6e 285 3R w] 4 VRl
HOBU) ] 3-SR ) 2 38 B A B A S 3 B R
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Tab.4 Comparative path experimental results of lane-changing

XU IR] -4 A5 36 ER AR
WE WAk WeAie P —_— EJt WA weBEE wkeAtm PR o~ [BS1% PHY
e W/ s S/ /j I [ WR 2/ dwfas HE/ /f I IR fif )
m (°) (m-s™) 7 t/s t/s m (°) (m-s™") 7 t/s t/s
1 2. 054 -3.54 0.554 4.23 8.5 25.0 2.013 -2.12 0.558 3.56 15.0 36.5
2 1.977 -2.44 0.538 0.63 9.5 31.0 2. 026 -1.52 0. 557 2.54 15.0 35.0
3 2.052 -0. 66 0.558 1. 84 9.0 36.5 1.977 -2.97 0.615 3.91 13.0 29.0
1y 2.028 -2.21 0. 550 2.23 9.0 30. 8 2. 005 -2.20 0.577 3.34 14.3 33.5
: > B Ha AL i £ 0 90° o 73 3l 2R T ALAT) (5] 5 e A B
87 £25 238 BT A B LA T e B A, AT Ay
g 1§20 —HirHEZ N o ~ W
S N\ Sl )RR 3 W, DO BB B2 o R
D3t = s 5 ~AIB p — - NETPU
R gamaees\ S Rop ((CRmiades RRAIRIES PR, T FABRIARL S
1r o BAREE IR A — N N
M AR | L | | | | | | | \Q ;‘\ }FU\/:I:} A l ‘/l\ . .
0 51015 20 25 30 35 40 45 0 5 10 15 20 25 MAGBEBALFE] o Fl 1 S35 20. 0% A1110.5 s,
FHb AL FRx/m KHAL FRx/m = 2 b (#\ =L 4| =3 IS
i i AR B4R | B 1R Bk I Ob F

KO RIS % 1T 6 A
Fig.9 Navigation experimental trails of tractor
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Tab.5 Comparative path experimental results of turning

XY 5] 5 LR AR Y 4lIE PR

e AR wIRNE P —_ F- 7t WA wakE wkemim P — 7t P
e WE Ry HEY fif 1] s i) Wz/  mfas B/ i Ik iy

m (°) (m-s™1) o/ % t,/s t./s m (°) (m-s™1) /% t,/s t./s

1 6.584  86.16  0.650  0.91 1.0 13.0  6.389  90.48  0.647 23.63  10.5 25
2 6.502  89.54  0.647  2.83  13.5  18.0  6.383  88.84  0.690 2492  10.0  26.0
3 6.588  90.02  0.696  1.36 9.5 1.5 658 90.17 0.671  16.56 1.5  23.0
T 6.558  88.57  0.664  1.70 1.0 142  6.452  89.83  0.660  21.70  10.7  24.7
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RIS ILH A S RS 4T T IR 1% # SR 56 Tab.6 Experimental results of field line-tracking
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