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Figure 2 Test platform for tractor automatic navigation control system
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Figure 3 Large angle right deflection filter curve

5r

_5 -
é IR
&-10 -— KFIEfalEl
& » EKFJF I EE(H
&= -— UKFEfa
-15
_20 1 L 1 L L
0 5 10 15 20 2
B[] /s

B4 KRBELRIERMEE
Figure 4 Large angle left deflection filter curve
e 0 7 B I] B KE AR R B R, X2 i T EKF &5
UKF 354 8k, {0 UKF B A7 fe /) i %65 17 B 220 il &
AL 22 0[] f DA it 26 8 B A, UKE ih 2 e ¥ 18,

KF 5 EKF 7€ K ) B 0 ¥ A 72 BRI 3 o

ST il 2k A7 b 38 Il P 5 BT, 3 R g O ith 4k 2 g
T 38 S R A% s 1 A Ak B B (R UKE 72 il 26 0 (i
I i 22 B /s, KE # EKF 78 1 32 K B2 722 Ak I RS 2 1
BN R 5 KA A W) KE il 2 e Ry s 8] 55 45 .
UKF 12k 5 £ B2 A% 8% 2 oA B2 i 20 005 B2 i

i A % LA b 3 Ay L 45 R 2 A & B - UKF K
JE R v, 5 o R A T I A5 il 2 24 O 22 f /) 5 [

P UKF 75 K ff B 5 ) i, ~F- 3 B2 S 3 A il 48 v e 4 19
—Fi s KF 5 UKF 38 ik i 28 5 B A% Je s I 4 itf 2 A
Fb L 7%k e 4ok [R) e 1 1sf (8] 22 458 /0N , Hp UK A B ]
ZEHIN,

7k B RS BE v AR MR A e S R AR S BT
L3 B UFK U8 U 15 S A SCHE A B 0 6 2R 4 1 U8
e 7 3, H AT A A e pe ) A o R v 5 2 B R I A

0r — m&f*@%ﬁﬁlﬁ Emazﬂﬁ
20
oo
= o
2
= 2ot
o KFHTHE — UKHﬁ'lHE
el 10 20 30 40 50 60
i fal/s

5 SHHZLIRKKLKEER

Figure 5 S-Curve driving filter test results
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Table 1 Measurement results of asphalt pavement deflection system
MMMEE/C)  EIREE /s EFRATE /s UEE {1 B5F 1) /' ERELSNEIVE A 1/ V6 AXFR2E/(C) REARE/%
1 0.128 0.311 0.734 0.906 5.500 0.033 3.3
5 0.112 0.799 0.921 1.093 e # #] 0.167 3.340
15 0.141 0.628 0.922 0.922 . # #) 0.029 0.193
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Table 2 Measurements of environmental deflection systems in agricultural fields
HMME/C)  mEIREFE/s  LFREE /s W (L IS [R] /' P T INF ] /s A/ gxfiz/()  RARE/%
1 0.162 0.450 0.547 0.547 5.400 0.083 8.300
5 0.242 0.432 0.719 1.266 0.002 0.010 0.200
15 0.134 0.526 0.719 1.453 0.780 0.235 1.566
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Table 3 Deviation results for linear autopilot
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Abstract: Traditional angle sensors have problems such as insufficient accuracy and complex installation and debugging when
measuring the deflection angle of tractor guide wheels, which hinder the high precision and stability requirements of tractor
automatic navigation operations. Therefore, this paper aims to construct and validate a novel system based on the principles of
Global Navigation Satellite System (GNSS) and Inertial Navigation System (INS), which is capable of real-time calculation
of dynamic angles of the tractor’s steering wheel. First, a in-depth analysis of GNSS/INS fusion principles was conducted ,
and corresponding GNSS/INS data measurement bench tests were designed to obtain measurement values from angle
sensors. Subsequently, three filtering algorithms, namely Kalman Filter (KF) , Extended Kalman Filter (EKF) , and
Unscented Kalman Filter (UKF) , were employed to filter the angle measurement values, evaluating metrics such as
overshoot, response time, and stability, and the results showed that UKF performed best in this system. Second, steering
and straight-line performance tests were conducted under different conditions (asphalt road and farmland) for tractor automatic
navigation. In the steering performance tests, fixed measurements at different angles of 1°, 5°, and 15° were conducted, and
the results showed that the response time of the two environments was the smallest at 1°, but both produced the largest
overshoot. At the same time, an increase in angle demonstrated a significant reduction in steady-state error. In the straight-
line automatic navigation performance tests, the maximum lateral deviations for asphalt road and farmland were 17. 51 mm
and 18.52 mm, respectively, with system errors of 10.45 mm (26) and 21.07 mm (26). A comparison between the two
conditions indicated superior performance metrics on asphalt road, yet both conditions met the requirements of precision,
response time, and stability for automatic navigation systems, thus suitable for tractor automatic navigation operations.

Keywords: GNSS/INS; tractor; steering wheel deflection angle ; Kalman filter; automatic navigation



