Artificial Intelligence and Robotics Research AT g 5HLE5 A, 2025, 14(3), 719-730 Hans X
Published Online May 2025 in Hans. https://www.hanspub.org/journal/airr

https://doi.org/10.12677/airr.2025.143070

—MET S ESHEN A LR

#wEm, TRE, T W
AERE B R EALERE, bt

Wk . 20254F4H 130 FAHER: 20254F5H23H; &4 H: 20254F531H

HE

FERH AR G TP BB R TR B RA N, ASCGRE T — M & &R AR SR A 2
AN VRAG 75 o 8 I e TRV BRX 5ok 2 i 5 LAY, -5 B D R 38 7 AR A D R T P B B 4

XA BB 5 LR R S B IME R ES T, BIET RMSBHMERRREES), HFRBIERE
P58 B il BB R . KA SRR, FE B E B B I o 2 S TR R MR R M BAEAS 1967.9%
RILE95.0%, AWNEBERRT27ANE SR HBEHAY TN BRMSVAR SIEIL244K, RIRA
HEIEBRE FEENEL R2061K, ZHERER84.4%HFYIBNBE FEENENHE, BIEF
B BB BN B U5 AR P IEIE 19.1%~25.0% . &7 iR “IRBIBA - IR - SHBBER” HFFik
BN, FEORFPALI ST R R, BRR B R B A£165%, NIEBESRY R T R AN EL B sh A T 75 8 -

XK ia
BT, SESEE, MERARS, BRI

A Pavement Smoothness Evaluation Method
Based on Multimodal Data

Runxiang Xu", Qiyuan Wang, Kun Meng

Computer School, Beijing Information Science and Technology University, Beijing

Received: Apr. 13", 2025; accepted: May 23, 2025; published: May 31%, 2025

Abstract

To address the misjudgment caused by foreign object interference in traditional pavement smooth-
ness detection, this study proposes a multimodal dynamic evaluation method integrating acceleration
sensing and visual recognition. By synchronizing acceleration data with video frames through
timestamp alignment, the root mean square of vertical acceleration (RMSVA) is calculated as the
pavement smoothness index. An image classification model is employed to eliminate acceleration
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fluctuations induced by foreign objects, and correct acceleration data fluctuations caused by foreign
objects. The pre- and post-correction smoothness profiles are visualized in the software interface. Ex-
perimental results demonstrate that the multimodal approach in the fixed road section detection im-
proves detection accuracy from 67.9% to 95.0% in single modality, achieving an absolute accuracy
increase of 27.1 percentage points. RMSVA fluctuation events caused by the interference of foreign
objects on the road surface were found to fluctuate for 244 times, the pavement smoothness measure-
ment results were successfully identified and corrected for 206 times, and the method can avoid 84.4%
of the problems caused by the foreign object in the measurement of pavement smoothness. The cor-
rected RMSVA values exhibited reductions ranging from 19.1% to 25.0% across test sections. Through
the closed-loop processing mechanism of “vibration perception-visual verification-dynamic correction”,
the method reduces equipment costs by approximately 65% while maintaining real-time detection
capabilities, providing a cost-effective dynamic inspection solution for road maintenance.
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Figure 1. Technical workflow diagram of pavement smoothness evaluation
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Figure 2. Software interface diagram
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Figure 4. Fixed test road sections
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Table 3. Recognition accuracy rates by different foreign objects
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Table 4. Comparison table of multimodal data fusion detection effects
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