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Abstract: [Objective] To develop an automatic navigation system for agricultural machinery based on
satellite-based precision single-point precision. [Method] With the domestic Lovol TX1204 tractor as the
platform, the output data of the domestic satellite-based precision single-point positioning board were used as the
position feedback of the agricultural machinery, the position-velocity Kalman filter was designed to filter the
positioning data, and the preview following PID path tracking control algorithm was developed. The model
control parameters under different driving speed conditions were tuned, and the output data of the ground-based

RTK high-precision positioning receiver were used as the references, the automatic navigation test system of
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agricultural machinery was built and the system performance test was carried out. [Result] In terms of linear

tracking error, the average error was —0.000943 6 m, the standard deviation was 0.02452 m, and the absolute

maximum error was 0.084 72 m. In terms of adjacent line error, the average error was 0.000712 8 m, the standard

deviation was 0.029 86 m, and the absolute maximum error was 0.154 44 m, which could meet the needs of most

agricultural machinery automatic driving operations. [ Conclusion] Domestic satellite-based precision single-

point positioning technology can be used for agricultural machinery automatic navigation. The preview-

following PID path tracking control model designed in this paper is valid and the proposed method for tuning

PID parameters and foresight distance under different speed conditions provides a basis for improving the

adaptive ability of this system to different speed conditions.

Key words: agricultural machinery; precision single point positioning; PID path; automatic guidance
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Fig.1 Schematic diagram of the overall structure of the agricultural machinery automatic navigation system
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Table 2 Performance statistics of satellite-based auxiliary agricultural machinery automatic autopilot system

H IR ER R 72 /m Straight line tracking error

=

LBHE4T 1% 25/m Adjacent row error

A7 Wk g/ - 0 = o
(b ) TR FrifE 2 B KR ZE 4 SHE TR bR 2 B AR 2= 4 E
. Average Standard Absolute value of Average Standard Absolute value of
Driving speed
error deviation maximum error error deviation maximum error
3 —0.0007564 0.01430 0.08867 0.0006187 0.01513 0.11736
5 —0.0009170 0.02374 0.07096 0.0007249 0.024 86 0.12254
7 —0.0011575 0.03553 0.094 55 0.0007950 0.04960 0.22342
“EH5{H Average -0.000943 6 0.02452 0.08472 0.0007128 0.02986 0.15444
R R RUEMARTT U TRV EZ M ARGH THHEAARE N, R IRTHE N 58 B 3) S/ R Gk
P IR AN N . JE 1) B A e
SE R

5L

ARV TE T TR RN N PR U AR
MUE B0 AT RS, LA 23 5L 19 58 RTK 2R
HLNZ%, 4% 3.5.7 km/h 3 N RN R T 2%
AR A o MRLs AR BH, [ 7= B R 0 e AT R
CLa T R, g B = B L 5 e L B R T AL B
B RURE TTAT 0, L A% R B 42 G B T 35 A2 KR
LMAEN TR F3ob, AR SCETH TR ERBE PID
P A% R B o B R R ) ) A R 2% A PID
SHE RTALRE B R 8 T 1k, AR R RGN A R #
JEEIR & N RE SRR A T A

X T ARNLE B F LR GRS R 2
2T AN R FEE A2 ) G L 2 R G R RN S AT R FEE 1
HER R, PR A A 2 B fE AL I B I R, 3R

(11 E¥. R&HLE 3D TR G B R0 K2 901 5 iR 96 5
FL[D]. &% IR ALK, 2018.

[2] Wk, @R, J17S APP. A AU RS RO 2Rk
KIE[]. RAAHLIE, 2019(7): 29-31.

[3] T, (T8, 7 B ARHLE B S TC N 2 B A
RIBLER (FESO)[T]. Wil K222 4 (Rl 5 A a2
fiR), 2018, 44(4): 381-391.

[4] ALAHIB. B 3025 R R AR R b o Bk R
HlIEHA, 2021(6) 100-103.

[5] K. BDS/GPS ¥ % 5 i 58 A 5 B 5 it = 42 il i
FL[D]. W IR B K, 2014,

[6] HRMERI. He T = ATUROR FE AR B 008 25 5 RUE DLER B
FESLID]. 7% i TR R, 2017

[7] SEERT, PR, mARR. R 5 e A M B B A ik
FE[I]. BT LR A B A (B AREIR), 2013, 27(2):
1-4.

J]. et



116

HaEg L K224 (hitp://xuebao.scau.edu.cn/zr/hnny_zr/ch/index.aspx)

42 B

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

FENG. AL AR GAERN UL DR EAT[I]. 4L
FHEHET, 2020(7): 32-34.
KA, =R, B SCRE. RNLE S R B B R G L
ST B LA, 2016(5): 65-67.
ZENG P. Research on precise point positioning based on
RTKLIBJ[J]. International Journal of Intelligent Informa-
tion and Management Science, 2020, 9(6): 275-277.
NIE Z X, WANG B Y, WANG Z J, et al. An offshore
real-time precise point positioning technique based on a
single set of BeiDou short-message communication
devices[J]. Journal of Geodesy:Continuation of Bulletin
Géodésique and manuscripta geodaetica, 2020, 94(9): 78.
Wi E 8. T GPS K & 5 i AL HOR K R (7). BHEL
BIET 547771, 2017(9): 72-73.
3K Z IR, GPS/BDS SE A # L i i€ L B AR SKBL]. B
S/, 2020, 11(3): 171-177.
#a . GPS TR b 22 TR 5 8 & Bl 22 A 1 F 7T (D).
H i ILARBHEREE, 2014,
INNAC A, ANGRISANO A, GAGLIONE S, et al. Per-
formance comparison among multi-GNSS single fre-
quency precise point positioning techniques[J]. Carto-
graphy and Geoinformation, 2019, 18(32): 80-99.
WS, BT, GPS R85 5 i e A BOR B K H AR
JHEWTIE[I]. M@, 2020(S1): 305-310.

KRR, FE T stm32 R E 3h B 3 R G R Bt 5k
IL[D]. JiY: JbAefiiR Tolk22Bx, 2019.
XIJEAA, A NI, B, 5. IR ZP9500 i R T 5
HLE) GNSS H 3 St fFlk RG] Ak TR,

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

2018, 34(1): 15-21.
ST HER LI AR B sh# i f R AR M EHS
WEF[D]. AW F: TR, 2014,

SR, B, 2. T JL2F/GNSS &% PPP # R A
AL E 30 SR B R AT RHLEHEE, 2019(10):
41-43.

A, BN, R & BPLEUEHRELE S SR
Gt SRR [I]. ARIbR K243, 2019, 50(4): 88-
96.

TRER, BT, B, & 4 Ff DGPS 1R 45 & A4
B HT ). SR A 2R 254, 2010, 31(1): 102-
107.

T, TR, BHOC, & BT B BB 1 R )L S
A 8 45 PR B A ) O YR [0]. ARl TRE SR, 2019, 35(4):
11-19.

TigE, SRk, ikt RO B 2045 B R R PR R
WRZEMAA[]. Togk B THE, 2020, 50(5): 373-376.

X, ML E B AT R GEAE RS BE AR 7 A7 78 5K
IRISIE[D]. 2% IR AR KA, 2017.

AN, KB, A, . T RTK-GNSS #
MEMS FESEA ) -5 ) 1 B AR [T]. A Aol ok
224, 2019, 40(5): 34-37.

e g, ok, KR, 55 BT AR AL 45 Kal-
man F R HLF M BDS 5 8 £ A7 7 [7]. A HLAE 2
%, 2020, 51(3): 18-27.

(RfEHRE & K, £ ]


http://dx.doi.org/10.3969/j.issn.1671-3036.2020.07.016
http://dx.doi.org/10.3969/j.issn.1671-3036.2020.07.016
http://dx.doi.org/10.3969/j.issn.1001-0254.2016.05.037
http://dx.doi.org/10.3969/j.issn.1674-9146.2017.09.072
http://dx.doi.org/10.3969/j.issn.1674-9146.2017.09.072
http://dx.doi.org/10.3969/j.issn.1674-7976.2020.03.004
http://dx.doi.org/10.3969/j.issn.1674-7976.2020.03.004
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.01.03
http://dx.doi.org/10.3969/j.issn.1671-3036.2019.10.020
http://dx.doi.org/10.3969/j.issn.1005-9369.2019.04.011
http://dx.doi.org/10.3969/j.issn.1001-411X.2010.01.025
http://dx.doi.org/10.11975/j.issn.1002-6819.2019.04.002
http://dx.doi.org/10.3969/j.issn.1003-3106.2020.05.007
http://dx.doi.org/10.7671/j.issn.1001-411X.201905085
http://dx.doi.org/10.7671/j.issn.1001-411X.201905085
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.03.002
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.03.002
http://dx.doi.org/10.3969/j.issn.1671-3036.2020.07.016
http://dx.doi.org/10.3969/j.issn.1671-3036.2020.07.016
http://dx.doi.org/10.3969/j.issn.1001-0254.2016.05.037
http://dx.doi.org/10.3969/j.issn.1674-9146.2017.09.072
http://dx.doi.org/10.3969/j.issn.1674-9146.2017.09.072
http://dx.doi.org/10.3969/j.issn.1674-7976.2020.03.004
http://dx.doi.org/10.3969/j.issn.1674-7976.2020.03.004
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.01.03
http://dx.doi.org/10.3969/j.issn.1671-3036.2019.10.020
http://dx.doi.org/10.3969/j.issn.1005-9369.2019.04.011
http://dx.doi.org/10.3969/j.issn.1001-411X.2010.01.025
http://dx.doi.org/10.11975/j.issn.1002-6819.2019.04.002
http://dx.doi.org/10.3969/j.issn.1003-3106.2020.05.007
http://dx.doi.org/10.7671/j.issn.1001-411X.201905085
http://dx.doi.org/10.7671/j.issn.1001-411X.201905085
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.03.002
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.03.002
http://dx.doi.org/10.3969/j.issn.1671-3036.2020.07.016
http://dx.doi.org/10.3969/j.issn.1671-3036.2020.07.016
http://dx.doi.org/10.3969/j.issn.1001-0254.2016.05.037
http://dx.doi.org/10.3969/j.issn.1674-9146.2017.09.072
http://dx.doi.org/10.3969/j.issn.1674-9146.2017.09.072
http://dx.doi.org/10.3969/j.issn.1674-7976.2020.03.004
http://dx.doi.org/10.3969/j.issn.1674-7976.2020.03.004
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.01.03
http://dx.doi.org/10.3969/j.issn.1671-3036.2020.07.016
http://dx.doi.org/10.3969/j.issn.1671-3036.2020.07.016
http://dx.doi.org/10.3969/j.issn.1001-0254.2016.05.037
http://dx.doi.org/10.3969/j.issn.1674-9146.2017.09.072
http://dx.doi.org/10.3969/j.issn.1674-9146.2017.09.072
http://dx.doi.org/10.3969/j.issn.1674-7976.2020.03.004
http://dx.doi.org/10.3969/j.issn.1674-7976.2020.03.004
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.01.03
http://dx.doi.org/10.3969/j.issn.1671-3036.2019.10.020
http://dx.doi.org/10.3969/j.issn.1005-9369.2019.04.011
http://dx.doi.org/10.3969/j.issn.1001-411X.2010.01.025
http://dx.doi.org/10.11975/j.issn.1002-6819.2019.04.002
http://dx.doi.org/10.3969/j.issn.1003-3106.2020.05.007
http://dx.doi.org/10.7671/j.issn.1001-411X.201905085
http://dx.doi.org/10.7671/j.issn.1001-411X.201905085
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.03.002
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.03.002
http://dx.doi.org/10.3969/j.issn.1671-3036.2019.10.020
http://dx.doi.org/10.3969/j.issn.1005-9369.2019.04.011
http://dx.doi.org/10.3969/j.issn.1001-411X.2010.01.025
http://dx.doi.org/10.11975/j.issn.1002-6819.2019.04.002
http://dx.doi.org/10.3969/j.issn.1003-3106.2020.05.007
http://dx.doi.org/10.7671/j.issn.1001-411X.201905085
http://dx.doi.org/10.7671/j.issn.1001-411X.201905085
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.03.002
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.03.002

	1 系统总体结构
	2 导航信息处理方法
	2.1 GRS80大地坐标向大地导航坐标系的转换
	2.2 GNSS天线位置点向导航控制点的转换
	2.3 位速卡尔曼滤波器设计

	3 预瞄跟随路径跟踪控制算法设计
	3.1 预瞄跟随PID路径跟踪控制模型
	3.2 模型控制参数的试验整定方法

	4 试验测试
	4.1 测试方法
	4.2 试验结果
	4.3 测试结果分析

	5 结论

