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Abstract:To address the issue in the practical application of the designed intelligent spraying robot for two-component road traffic
markings, where the relationship between marking width/thickness and spraying process parameters is unclear, making it difficult to
precisely control the quality of the applied marking dimensions. First, by establishing an experimental platform and combining with the
mechanistic analysis of the spraying process, this article adopts an experimental design that integrates single-factor and orthogonal
experiments to investigate the influence patterns and interactions of various spraying process parameters on marking width and thickness.
Then, the least squares method is employed to fit the experimental data, obtaining the optimal fitting forms for the relationship between
each spraying process parameter and the marking width/thickness. Subsequently, multivariate nonlinear regression models are
established to predict the width and thickness of the two-component road traffic markings, respectively. Furthermore, machine learning

algorithms, including the back propagation neural network ( BPNN), Gaussian process regression ( GPR), and generalized regression

ks H #9.2026-02-05 Received Date: 2026-02-05
* B4 H  H A BSR4 5530 B (N24JRRAS61) L H A RHE L B &1 H (25CXGA076) 22 M T Rk 35 10 H &4 8 Kk L Wim H
(2024-2-17) H A SR A= « A 2 27 I H (2026CXZX-557) % B



120 f# £ ¥

47

neural network (GRNN) , are introduced to compare and evaluate the prediction performance. Finally, prototype testing is conducted to

validate the accuracy of the predictive models. The experimental results indicate that the coefficients of determination of the selected

spraying process parameters on the road traffic marking width and thickness are 99.4% and 99.3% , respectively. The established

multivariate nonlinear predictive models effectively overcome the overfitting defects of machine learning models under small-sample

engineering conditions, with their predictive fitting degrees (R*) reaching 0.932 3 and 0.978 4, respectively, which meets the

construction requirements for two-component road traffic markings. The findings provide a theoretical basis for the intelligent spraying

robot to achieve precise control over marking width and thickness by regulating spraying process parameters, offering scientific support for

on-site technical decision-making and contributing to the enhancement of the spraying process automation.

Keywords :road traffic marking; spraying process parameters; spraying robot; orthogonal experimental design; prediction model
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Fig. 1 Two-component road traffic marking intelligent application equipment
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Fig.2 Results of single-factor experiments
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Table 4 Results of multi-factor analysis of variance

for width
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Table 5 Results of multi-factor analysis of variance

for thickness
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Fig. 3  Fitting formula for various factors affecting line width
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Fig. 6 The predictive performance of four models

on paving quality
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Table 6 Comparison and evaluation results of

prediction models
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Fig.7 Intelligent application test platform for

two-component road

BB R AV — IR R 24 | 32 B4 A% S
FRGE B UK e XA A VA A B R B R s ) R
ge, Hh FEeEH RGAENZ ORIl AL H 5
TS E VRN S8, S BR Bl R A TR | 52 X 32 173
kb IR G AR AR . A BT X bR £k o 7Y
Vi 5 R B TIE , X B T A S E T 5 AL
R, FEHLEAR I 7 FTR B T 45 S84l & TR
BLRI IR, A HERR HEAT S SO I 1 0 T4, T
Bl ) S BRBR T ( polycarbonate, PC) T 7 BRI 1 ik
SRR, HW IR M S ST G B A X L SR 8 B
7, AR 8 AR, 5 LS K e T Y e FL B R A
HLBE FEAN ], PC A B 6L T F 09 0 38 IR 2 5 LR
SR IR A R S 0 ASE AR A o R R LUt SR T PC
FEMHATAR GG 78 X SR HAT T R i 2k, it
A TSRS TR e, DUBE AL A% O AE SR | X 52 B
THZE 6 114 2 U0 440 3 YR 2 ( mean texture depth, MTD) 5 7L
BS540 | ACRH L 1) < HELAE B2 D22 R 500 Fn - IR T B R
T A TAME

®7 HNUKERIEAS

Table 7 Random test validation combinations
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Table 8 Characteristics between test substrate

and real road surface
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Fig. 8 Effect diagrams of five groups of spraying tests
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