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Abstract

In a road environment, the clutter-induced multipath components cause errors in the estimations of the direction of departure (DOD),
direction of arrival (DOA), and Doppler frequencies of nearby target vehicles. In this paper, two ESPRIT-based bistatic MIMO radar
algorithms are proposed to solve the pairing problem while reducing the computational complexity in a multiobject environment. The
first method, named the object subspace algorithm, solves the pairing problem by extracting and processing each object return on an
eigenvector basis, but it is shown to exhibit performance degradation. In the second method, named the Doppler preprocessing algorithm,
the object return is first separated in the frequency domain and the ESPRIT algorithm is then applied or the object subspace algorithm
is reused, if necessary. Finally, the multiobject, multipath environment is simulated to show the parameter estimation (DOD, DOA,
Doppler frequency) performances of the two proposed algorithms.
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Fig. 1. Vehicle-mounted bistatic MIMO radar model.
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Table 1. Simulation parameter.

Parameter Value

Carrier frequency 77 GHz
Number of TX antennas (M) 20
Number of RX antennas (N) 20

SNR 10 (dB)
Number of pulse 100

PRF 10 kHz

Ego velocity 18 m/s

1
1
Vehicle 1 Vehicle
(target 1) 1 (target 2)
1
1
!

Vehicle
(target 3)

12 2. 543} 4F 42 FUE A= 28
Fig. 2. Road environment with target and multipath clutter.

AL rletH, 22H
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# 2. A4 sy
Table 2. Object parameter.

o | Dor | S | sy
Target 1 20° 20° 0.75 —482 Hz
Clutter 1 27° 20° 0.1 —4.36 kHz
Targer 2 5° 5° 0.7 1.53 kHz
Clutter 2 10° 5° 0.12 —3.78 kHz
Target 3 0° 0° 0.78 —385 Hz
Clutter 3 0° 8° 0.08 —4.81 kHz
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Table 3. Object parameter estimation results using the proposed algorithms.
DOD DOA Doppler frequency
Mean Variance Mean Variance Mean Variance
Target 1 18.4° 8.56x10* 18.4° 8.52x10* —482 Hz 0.194
Clutter 1 26.4° 2.26x1072 19.7° 9.87x10~° —4.36 kHz 0.220
Result | Target 2 5.03° 2.51x10°° 5.02° 2.51x10°° 1.53 kHz 1.00x10 2
Clutter 2 9.94° 7.02x10°° 5.17° 3.08x107° —3.78 kHz 0.242
Target 3 1.51° 7.16%10 2 1.52° 7.22x10°2 —385 Hz 0
Clutter 3 0.510° 1.75%10 8.16° 6.84x107° —4.81 kHz 0222
Target 1 19.7° 1.20x10"* 19.7° 1.56x10"* —482 Hz 0.149
Clutter 1 26.9° 4.46x10 ° 19.9° 2.74x10°° —436 kHz 0.122
Target 2 5.00° 2.73x10°° 5.00° 3.80x10° 1.53 kHz 0
Result 2 - 3 =
Clutter 2 10.0° 1.96x10 5.04° 1.84x10 —3.78 kHz 6.58x10
Target 3 0.648° 2.02x10~* 0.649° 2.00x10~* —385 Hz 0
Clutter 3 0.268° 5.19x10°3 8.01° 7.14x10°3 —4.81 kHz 0.179
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H 4. AA dgog

Table 4. Mean of error and variance of error term about object parameter estimation results.

;Hﬁ_dr

oAbl st oagel B4

November. 2020.

DOD DOA Doppler frequency
Mean Variance Mean Variance Mean Variance
Target 1|  —1.63° 8.56x10 2 —1.63° 8.52x10 2 0.567 Hz 0.194
Result 1 |Target 2|  0.0263° 2.51x10°° 0.0224° 2.51x10°° 0.504 Hz 1.00x10 2
Target 3 1.51° 7.16x10 * 1.52° 7.22x10 ? 0.462 Hz 0
Target 1|  —0311° 1.20x10* —0.310° 1.56x10* 0.647 Hz 0.149
Result 2 |Target 2|  0.00373° 2.73x10°° 0.00381° 3.80x10°° 0.514 Hz 0
Target 3| 0.648° 2.02x10°* 0.649° 2.00x10* 0462 Hz 0
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Fig. 4. (DOD, DOA) estimation result from the object subspace

algorithm.
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Fig. 5. (DOD, DOA) estimation result from the Doppler
preprocessing algorithm.
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