
Multisensor Signal Processing

Sensor array signal processing
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SensorArray Signal Processing
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Sensor array signal processing
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Array processing signal model
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Array processing signal model
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Array processing signal model
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EX: Uniform Circular Array (UCA) model

21.11.2021
416



EX: Uniform Circular Array (UCA) model
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Array processing algorithms

21.11.2021
418



Beamforming: spatial filtering
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Beamforming: spatial filtering
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Beamforming: spatial filtering
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Beamforming: spatial filtering
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Beamforming: spatial filtering
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Beamforming resolution
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Beamforming resolution
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Array aperture:
Size of array
in wavelenghts

Minimum Variance Distortionless Response (MVDR) or
Capon Beamformer
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MVDR Beamformer
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This design tries to make the
Main Beam as narrow as possible

EX: MVDR Beamformer in GPS antijamming
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jammers

GPS satellites



MVDR Beamformer
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MVDR Beamformer
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MVDR Beamformer resolution

21.11.2021
433

MVDR Beamformer
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Generalized Sidelobe Canceller (GSC)

21.11.2021
435

Generalized Sidelobe Canceller (GSC)
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Generalized Sidelobe Canceller (GSC)
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Generalized Sidelobe Canceller (GSC)
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Blocking matrix

Fixed beamformer
(data independent)

Adaptive filter
(unconstrained
weights)

M



GSC using LMS or Recursive Least Square (RLS)
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Subspace methods in array processing
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Array processing signal model
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Subspace methods in array processing
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Subspace methods in array processing
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Subspace methods in array processing
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Subspaces and projection matrices
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Ay

MUSIC Subspace method
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MUSIC Subspace method
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MUSIC Subspace method
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Root-MUSIC method
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Root-MUSIC method
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High resolution in direction of arrival estimation
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ESPRIT method
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ESPRIT method
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ESPRIT method
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Covariance matrix for 2
overlapping arrays of 5 elements,
total of 6 array elements

ESPRIT method
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ESPRIT method
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ESPRIT method
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ESPRIT method
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ESPRIT method
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Weighted Subspace Fitting (WSF) method

21.11.2021
461

Weighted Subspace Fitting (WSF) method

21.11.2021
462



Weighted Subspace Fitting (WSF) method
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Weighted Subspace Fitting (WSF) method
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Weighted Subspace Fitting (WSF) method
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Maximum Likelihoodmethod in DoA Estimation
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Deterministic Maximum Likelihood (DML) method in DoAEstimation
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DML method in DoA Estimation
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DML method in DoA Estimation
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DML method in DoA Estimation
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Spectral methods  (BF, MVDR, MUSIC)
used as initial estimates to Gauss
Newton method



Stochastic Maximum Likelihood method
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Stochastic Maximum Likelihood method
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Stochastic Maximum Likelihood method
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Stochastic Maximum Likelihood method
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CRLB for DoA Estimation
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CRLB for DoA Estimation
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Approximation for
Large arrays and high
SNR, for ULAs only

EX: CRLB for DoA Estimation
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Model Order / Number of Signals Estimation
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Model Order / Number of Signals Estimation
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In some special cases Bayesian Information Criterion (BIC)
has the same form as MDL. This array processing model is one such case.



Coherent or correlated signals
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Spatial Smoothing
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Spatial Smoothing
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Spatial Smoothing
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Spatial Smoothing
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Thank you for your attention!


