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Abstract

As one of the most important branches of the Internet of Things (IoV), vehicle positioning has attracted
a great deal of attention. Traditional positioning systems based on a global positioning system face long
delays and may fail due to obstacles. In this paper, we propose an auxiliary positioning architecture
whose core is the estimate the direction of arrival (DOA) of signals from Symptoms, such as wireless
access points, using an in-vehicle sensor array. Due to space constraints, the array may be in an arbitrary
geometry and suffer from the effects of mutual coupling, and the effect of mutual coupling between
array elements may greatly reduce the independence of array elements. Mutual coupling in antenna
arrays can critically degrade the performance of signal processing algorithms. In this paper, a new and
accurate form of mutual impedance matrix (MIM) is used to compensate for the effect of mutual
coupling in uniform linear arrays (ULA) by a new method based on solving the boundary value problem
for all array elements. By using the MIM in the DOA estimation algorithms, these algorithms will be
robust to the mutual coupling effect. The simulation results confirm the performance improvement of
the proposed DOA estimation algorithm. The proposed architecture can obtain robust self-localization

with existing vehicular ad hoc networks, and it can collaborate with other positioning systems to provide
a safe driving environment.
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Figure (2): Vehicle positioning diagram using 2D-DOA
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Figure (3): Algorithmic steps, proposed position algorithm.
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Figure (4): Displays the DOA problem for an 4-element array in car, with an inter-element distance of d, in which the radiation signal is
arrival from different side angles and from a 6=90° degree angle.
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Table (1): Signal parameters related to the first to fifth tests of wireless access points.
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Figure (5): The first experiment is the spatial spectrum of the MUSIC algorithm to detect two coherent signals from angles ¢,=30°, p3=57",
and a height angle of 6=90° enters the car antenna array.
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Figure (6): The second experiment is the spatial spectrum of the MUSIC algorithm to detect two coherent signals from angles ¢,=123",
03=150°, and a height angle of 6=90° enters the car antenna array.
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Figure (7): The third experiment is the spatial spectrum of the MUSIC algorithm to detect two coherent signals from angles ¢,=35°, p3=47°,
and a height angle of 6=90° enters the car antenna array.
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Figure (8): The fourth experiment is the spatial spectrum of the MUSIC algorithm to detect two coherent signals from angles ¢,=95°, ¢3=85",
and a height angle of 6=90° enters the car antenna array.
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Figure (9): The fifth experiment is the spatial spectrum of the MUSIC algorithm to detect two coherent signals from angles ¢,=30°, ¢3=85°,
and a height angle of 6=90° enters the car antenna array.
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Figure (10): The sixth experiment, the mean squares of the MUSIC estimation error relative to the SNR changes under the conditions
Snapshot number = 256.
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Figure (11): The seventh experiment, the mean squares of the MUSIC estimation error relative to the number of samples used to estimate the
covariance matrix under SNR = 10dB.
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Table (2): Results of Experiment No. 5 of vehicle positioning using the DOA estimator.
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Table (3): Results of Experiment No. 4 Vehicle Positioning Using the DOA Estimator.
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. Internet of things (IoT)

. Vehicular ad hoc network (VANET)

. Internet of vehicles (loV)

. Vehicle-to-vehicle (V2V)

. Vehicle-to-infrastructure (\V2I)

. Infrastructure-to-vehicle (12V)

. Global positioning system (GPS)

. Wireless access point (WAP)

. Radio signal strength (RSS)

10. Time of arrival (TOA)

11. Time difference of arrival (TDOA)

12. Direction of arrival (DOA)

13. Estimation of signal parameters via rotational invariant techniques (ESPRIT)
14. Multiple signal classification (MUSIC)
15. Method of moments (MoM)

16. Mutual impedance matrix (MIM)

17. Kronecker tensor
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