Redefining Radar Perception for Autonomous Driving:
The Role of Sparse Array and Waveform Design in 4D Automotive Radar

Shungiao Sun® and Yimin D. Zhang?

TThe University of Alabama, Tuscaloosa, AL, USA
jFTempIe University, Philadelphia, PA, USA

b ehe

fl ol ‘
g

Supported in part by National Science Foundation (NSF) under Grants CCF-2153386 and ECCS-2236023

IEEE Signal Processing Society Webinar Sparse Array and Waveform Design in 4D Automotive Radar



Outline

Overview of High-Resolution Imaging Radar for Autonomous Driving

2D Sparse Array: Achieving Large Aperture with Few Sensors

Single-Snapshot DOA Estimation: Achieving Fast Response with Robust Performance

Sparse Waveform Design: Achieving High Range/Doppler Resolution with Low Mutual Interference
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Imaging Radar for Fully Autonomous Driving
Radar has emerged as one of the key technologies in autonomous driving
systems.
I Low-cost implementation
I Resilient long-range sensing in all weather and lighting conditions
MmWave automotllve radar is reqmr.ed 1to offer high-resolution in 4D: AUTONOMOUS DRIVING
range, Doppler, azimuth, and elevation

Part 1: Sensing and Perception __
pecpelit

Technical challenges
Large Aperture vs. Few Sensors

I Sparse 2D array to achieve large aperture with few antennas

. . . MIHO Radar for Advonced
' Ensure low-sidelobe sensing capability i forsand

Autonomous Driving
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Robust Performance vs. Fast Response
I DOA estimation under single snapshot

I Difference coarray based on second-order statistics becomes challenging
High Range/Doppler Resolution vs. Low Mutual Interference

I Sparse orthogonal waveform design with low time and frequency occupancy
I Sidelobe mitigation

Real-time 4D high-resolution imaging of diverse targets in the highly dynamic autonomous driving scenario using
automotive radar with small form factor and low cost represents the hardest challenges. J

1S. Sun, A. P. Petropulu, and H. V. Poor, “MIMO radar for advanced driver-assistance systems and autonomous driving: Advantages and challenges,” IEEE
Signal Processing Magazine, vol. 37, no. 4, pp. 98-117, 2020 (Feature Article).
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Commercial 4D Imaging Radars in Early Stage

Continental ARS540:
I Long-range radar with maximum range of 300 meters
T Azimuth FOV: [-60 , 60 ]
! Stepped frequency modulation
I 12 TX and 16 RX, rendering 192 virtual array elements
I Processor: Xilinx Zynq UltraScale+ MPSoC

Aptiv FLR4+

I Long-range radar with maximum range of 300 meters
I 6TX and 8 RX, rendering 48 virtual array elements

ZF Forward-Looking Full-Range Radar
I Long-range radar with maximum range of 350 meters
I Azimuth FOV: [-60 , 60 ]
I 12 TX and 16 RX, rendering 192 virtual array elements

Other Startups:
Uhnder
Arbe Robotics
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T Aystx (now part of Cruise)
' RadSee
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Spartan Radar
Zadar Labs

Source: FCC
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High-Resolution Radar Low-Level Range-Azimuth Spectra in Bird's-Eye View

Figure 1: Zoom-in radar bird's-eye views of typical objects, such as bike, car, bus, truck, and pedestrign

2R. Zheng, S. Sun, H. Liu and T. Wu, \Deep neural networks-enabled vehicle detection using high-resolution automotive radar imaging,"IEEE Transactions on
Aerospace and Electronic Systemsaccepted for publication, 2023.
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