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Automatic navigation of production platform in greenhouse based on
wireless positioning

ZHAO Chenyan, YAO Lijian, YANG Zidong, YAN Song, CAI Cuncheng
(College of Engineering, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The current paper is aimed to put forward a path tracking method based on ultra
wideband (UWB) positioning and fuzzy control with self-adjustment function in order to improve the accuracy
of automatic vehicle navigation in greenhouse. [Method] Firstly, the UWB module was used to construct the
wireless positioning system, with which the positioning error of the experimental data was fitted employing
bivariate cubic polynomial while measurement point errors were corrected by means of data fitting. Secondly,
the weight of lateral deviation and heading deviation was dynamically adjusted with a self-adjusting analytic
fuzzy controller so as to obtain the front wheel angle. Finally, real vehicle tests of linear and rectangular path
tracking were carried out with the results compared with those obtained employing pure tracking method.
[Result] When the line path tracking with different initial stages is conducted, there was an average deviation
of 22.4 c¢m, a standard deviation of 5.8 cm and a mean steady-state deviation of 5.4 cm. And the accuracy of this
model has been improved by 28.4%, 40.2% and 34.9% respectively compared with that of pure tracking model.
As for rectangular path tracking, the average deviation of the current method is 14.4 cm and the maximum
deviation is 46.9 cm, with the maximum deviation mainly occurring at the corner of the rectangle. Similarly, the
accuracy of this model is improved by 46.5% and 53.5% respectively, compared with that of the pure tracking

model. [Conclusion] The method presented in this paper demonstrates favorable stability and control precision,
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and it could meet the needs of the automatic navigation operation of the production platform in the greenhouse.
[Ch, 8 fig. 3 tab. 24 ref.]

Key words: agricultural machinery; ultra wideband(UWB); self-adjusting function; fuzzy control; greenhouse;
path tracking
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Table 1 Coefficient of error fitting equation
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e SEpRARFR/m 1B TE AL B3/m B IE S5 A R/m FF5 SEFRAEAR/m B IERTAAR/m B IE G A bi/m

1 (1.50, 3.50) (1.54, 3.63) (1.53,3.55) 11 (6.13,1.58) (6.33,1.67) (6.17, 1.54)
2 (1.50,-5.50) (1.51,-5.72) (1.5,-5.45) 12 (2.47,5.39) (2.56, 5.56) (2.50, 5.41)
3 (3.50, 1.50) (3.59, 1.66) (3.51, 1.64) 13 (1.22, -3.66) (1.29,-3.84) (1.19,-3.63)
4 (3.50,-5.50) (3.58,-5.64) (3.50,-5.37) 14 (5.78,-2.32) (6.01,-2.48) (5.86,-2.33)
5 (6.50, 1.50) (6.61, 1.57) (6.46, 1.55) 15 (—4.65,5.81) (—4.81, 6.03) (—4.66, 5.88)
6 (-3.50, 3.50) (-3.64,3.63) (-3.49, 3.55) 16 (-0.95, 1.43) (-0.99, 1.50) (-0.91, 1.41)
7 (-3.50, -5.50) (-3.62,-5.73) (-3.47,-5.46) 17 (-2.61,-6.49) (-2.69,-6.73) (-2.56,-6.42)
8 (—4.50,-5.50) (—4.63,-5.67) (—4.47,-5.41) 18 (-5.33,-4.53) (-5.51,-4.72) (-5.34,-4.51)
9 (-5.50, -1.50) (-5.65,-1.68) (-5.47,-1.58) 19 (-5.20,-1.30) (-5.39,-1.38) (-5.24,-1.23)
10 (-5.50, 5.00) (-5.69,5.13) (-5.53,4.99) 20 (-1.40, 2.70) (-1.52,2.81) (-1.42,2.76)
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Table 3 Average error statistics before and after correction
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