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A New Methodology for Simulating High-Frequency
Algorithms Using Software-Defined Radio Radar
Platforms

Abstract:

This study presents a new methodology for developing 77GHz high-frequency radar
algorithms, such as those used in autonomous vehicle systems, using low-cost
Software-Defined Radio (SDR) platforms operating at frequencies no higher than
6GHz. The gap between the capabilities of commercial SDR devices and the
requirements of 77GHz millimeter-wave radars represents a significant challenge

hindering the testing and development of these radar algorithms.
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To overcome this problem, this study proposes a spatial-time Scaling strategy for the
radar system parameters. The scaling factor is determined according to the carrier
frequency of the reference radar system f;..r and the carrier frequency corresponding
to the chosen SDR platform fspr (K = fspr/fref). Each time parameter is stretched
according to the chosen scaling factor, and each frequency parameter is compressed
according to the same factor. Similarly, the distance parameters in the receiving
antenna array of the radar system are subjected to spatial stretching according to the
same factor. This study presents a mathematical framework that validates the proposed
approach, which preserves the target pole positions in the Range-Doppler map and
angle spectrum. Simulation results performed using MATLAB support the validity of

the proposed approach for a single target, as well as for multiple targets.

The results show perfect agreement in the velocity and angular estimations, while a
small range bias of approximately 0.87 m is observed for fast targets. This bias is
attributed to range migration during the long coherence time of the SDR system (~102
ms). The proposed methodology represents a practical, low-cost solution for
accelerating the development cycle of vehicle radar algorithms and testing them in a
laboratory environment before moving to high-frequency prototyping. This opens up

promising avenues for accelerating innovation in this field and reducing costs.

Keywords: Automotive radar, Software-Defined Radio (SDR), Multiple Input
Multiple Output (MIMO) radar, Spatial-Time Scaling, Millimeter-Wave Simulation.
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Range Profile (first chirp)
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Angle Spectra for All Six Targets (Single-Target Cubes)
T1: R=25.5 m, v=15.3 m/s T2: R=45.2 m, v=-8.7 m/s T3: R=12.8 m, v=0.5 m/s
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Range-Doppler Maps (Multi-Target)
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Phase Consistency - T1

Absolute unwrapped phase Relative phase (1*! ant. = 0)

Relative phase error (max = 0.043 rad)
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