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Robust multi-sensor fusion positioning for intelligent vehicles
in non-line-of-sight environments
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Abstract: To address the problem that the increased positioning errors in wireless positioning for intelligent vehicles caused by non-line-
of-sight (NLOS) signals, a robust UWB/IMU fusion positioning methodology based on reliable identification of NLOS signals is
proposed. Firstly, the coarse NLOS identification is conducted based on a support vector machine (SVM) learning model and a multi-
sensor consistency mathematical model respectively. Subsequently, the fine NLOS identification model based on D-S evidence theory is
designed to effectively integrate the results of the aforementioned models at the decision level. Finally, a multi-sensor adaptive fusion
positioning method based on factor graph is proposed to dynamically adjust the fusion model according to the results of NLOS
identification, in order to achieve robust positioning for intelligent vehicles in NLOS environments. The results of real vehicle
experiments indicate that, in terms of NLOS identification performance, compared with the conventional SVM model, the proposed
method improves the precision, recall and accuracy by 6.97%, 5.37% and 6. 36% respectively. In terms of positioning performance,
compared with the existing conventional least squares positioning method, the proposed method reduces the root mean square error, the
maximum error, and the standard deviation by 12.55%, 63.40%, and 13.23%, respectively, effectively improving the positioning
accuracy and robustness of intelligent vehicles in NLOS environments, and overcoming the shortcomings of traditional methods in low
positioning accuracy and poor reliability in NLOS environments.
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Fig. 1  Framework of UWB/IMU robust fusion positioning

methodology for intelligent vehicles
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model based on factor graph
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Table 1 Sensor parameters in real vehicle experiment
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Table 2 Results of different NLOS identification methods

(%)
Tk Precision Recall Accuracy
SVM1 82. 88 84.74 83.61
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Table 3 Positioning errors of different methods

in real vehicle experiment (m)
I3 RMSE MAX STD
IMU 6.941 17. 147 4.979
LS-UWB 1.028 5.118 1. 005
FG-UWB/IMU 0.984 3.450 0.959
A 0. 899 1.873 0. 872
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Table 4 Distribution of positioning errors of different

methods in real vehicle experiment (m)
ik 50%IRZETHE T0%IRZENH 90% iR 2
ZRm] At ZRm] dtra R e

IMU 0.913 2.941 0.913 6.416 3.157 12.857

LS-UWB 0.274 0.755 0.469 0.991 0.823 1.261
FG-UWB/IMU 0.261 0.767 0.449 0.978 0.759 1.255
AL 0.222 0.754 0.385 0.955 0.589 1.205
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Design of nested split ring resonator (NSRR) array and
application in ice detection

Hu Chonglin  Gao Shang Wang Hao Yang Shangke Jiang Jian

(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In response to industry challenges such as low sensitivity, limited detection area, and poor linearity in conventional methods
for measuring ice thickness on aircraft surfaces, this study proposes a sensor array based on the nested split-ring resonator ( NSRR)
structure. This structure is characterized by strong radiation capability, low loss, high quality factor, strong field confinement effect, and
ease of miniaturization. A sensor array composed of 72 nested split-ring resonator ( NSRR) units (11X 11 mm) was designed and
fabricated, achieving a compact footprint of 88x99 mm. This system quantifies ice thickness by monitoring shifts in resonance frequency.
ADS equivalent circuit simulations revealed a deterministic relationship between the NSRR’ s equivalent capacitance and the array’ s
resonance frequency. HFSS electromagnetic simulations further demonstrated the array’ s capability to detect media with varying
dielectric constants and measure ice thickness at millimeter-scale resolution, with a simulated sensitivity of 23.46 MHz/mm.
Experimental results further validate a strong linear relationship between the resonance frequency and average ice thickness, with a
coefficient of determination (R*) of 0.989. The maximum detection sensitivity reaches 21. 15 MHz/mm, with a maximum relative error
of less than 5%. These findings demonstrate that the proposed sensor facilitates large-area, quantitative detection of average ice thickness
on structural surfaces, offering advantages such as high sensitivity, extensive coverage, low cost, and scalability.

Keywords :ice detection; split-ring resonator; finite element analysis; resonant frequency; sensor array
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