Enhanced Axle-Based Vehicle Introduction

This study introduces an angle-based micro-Doppler analysis using Frequency-
Modulated Continuous Wave (FMCW) radar tailored for axle-based vehicle

( : I . f. t. l ' . A I B d classification. The novel approach exploits the signal angle of arrival to
a.SS I I Ca. I O n S I n g n g e o a,S e separate incoming signals and noise from distinct targets.
. . * Multi-Vehicle Processing: Vehicle driving side-by-side can now be
Micro-Doppler Signature

Improved signal processing techniques enable more effective filtering out
of multipath signals and clutter, allowing for more precise estimation of
vehicle characteristics.

Advance non-invasive axle-based vehicle classification through refined
vehicle feature estimation.
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2. Sensys Gatso Group, Haarlem, The Netherlands This research advances radar-based vehicle classification by

developing an algorithm that enhances the detection of multiple
vehicles, improves the precision of attribute estimation, and increases
THE UNIVERSITY OF the reliability of vehicle classification for more effective traffic

Nm management.

Background: Axle-Based Vehicle Classification

Application Limitations ~
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COLLECTION COMPUTATION & SIGNAL FEATURE CLASSIFICATION ) .
SPECTROGRAM SIGNAL SEPARATION ESTIMATION Obj-ective:.UtiIise direc'tion .of arriyal to distinguish
vehicles with overlapping signals in the spectrogram and
LOCALISATION mitigate multipath effects, thereby enhancing the -
vehicle classification algorithm's accuracy.
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THRESHOLDING ON THE MAGNITUDE SPECTROGRAM THRESHOLDING ON THE PHASE SPECTROGRAM SIGNAL SEPARATION FOR VEHICLE CLASSIFICATION
Isolate the target signals from the background noise in To isolate the phase values specific to an individual The target vehicle's signal is isolated using mask My, .-
the amplitude spectrogram by thresholding based on vehicle, a mask determined from the magnitude intersection of the magnitude and phase masks:
the noise amplitude. spectrogram is applied to the phase spectrogram. A
Myenll, fl = Maraoll, fI AN Mppll,
1 2 (1 f]>T histogram is then generated, and the Mode M, along venll: /| Mag|l, /] pall, /]
1 ma : : _ :
Mmagll, f] = o e e T with a predefined AM = 0.45 rads informs the Residual signal obtained from mask R,
1 0 it Zmag Ly f] < Tinag 2 computation of a secondary mask M,,;,, that delineates 3
. _ . the vehicle's phase values within the spectrogram. BRyen = Mirag L fI A —Mpp|l, f]
After computing threshold Ty, 4, mask My, is applied . . . - _ _
to the phase spectrogram, isolating the signal points for 1 it M —AM < Z7[, f] < M + AM The residual signal is replaced with noise for vehicle
extraction. Mpp|l, f] = P classification but may be reprocessed for secondary

0 otherwise :
ta rget processing.

Conclusion

ReS U ItS » This research develops signal processing methods that improve radar-based extraction of vehicle
features, facilitating vehicle classification and enabling analysis in multi-vehicle scenarios.

Before After » It improves accuracy and detection rate in an existing axle-based vehicle classification algorithm by
differentiating vehicles based on the angle of arrival.
| . Axle-configuration » It facilitates non-invasive, axle-based vehicle classification using radars, promoting efficient traffic data
: ESHITRITDN BES FETEE collection methods for road authorities.
‘\ by filtering out the 2-
‘% - axle vehicle signal.
s | SR DAL — gt REE Limitations and Future Directions:
o _ While effective, the method does not completely eliminate residual clutter signals, which may impact the
: Axles N Axles z:lee i/lggfcllirg?etdhfc; accuracy of axle configuration estimation. Future work will focus on refining the signal processing
. group: 4 . group: 4 vyet residual effects algorithms to address these challer?ges, aiming tp gllmlnate ’Fhe influence of clutter and further refine the
. - ,, persist that impact the system's ability to classify vehicles in complex driving scenarios accurately.
. . M axle configuration
) W/ T AEEAL A N va M estimation of the truck.
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