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Background & Motivation

Motivation Exponential sums

Consider the classical model for noisy observations:

M
y(n) = ) bzl +wn)
=1

where z; = e(~%*1%) w~N(0,02)

Goal: Accurately estimate all sighal parameters.

This is a fundamental detection-estimation problem.
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Existing approaches
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Existing approaches

Super-resolution illustration

—DFT spectrum
—MP pseudospectrum
- -True frequencies
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The Matrix-Pencil (MP) Methode
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The Matrix-Pencil (MP) Methode
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The Matrix-Pencil (MP) Methode
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Extending the MP theorem: Accounting for noise

ﬂn presence of noise\

M
y(m) = ) bzl + w(n)
=1

YO! Yl = (C(N—L)XL

rank(Y,) = rank(Y,)

"’ —

-

/ Theorem 1.

B, A € C"** are diagonal matrices containing the
estimated amplitudes and poles.
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The Spectral-Modes

* @;and ®y are termed left and

right spectral-modes.

@®; and Py are also the pseudo
inverse matrices of the left and
right eigenvector matrices.

* The L left modes can be divided

into two types: M sighal modes,
and L — M noise modes.

D, =[Z; + Er, Crln-iyxL

~

. M columns e
g w(n) TN~
1 1 o~ —~
1 22 M I | - 8 I
2 2 2 -
21 Z3 Zm + | El E? BNl [ € © g
: : : : | | | |
N-L-1 _N-L-1 N-L-1
I Zl ZZ - ZM
Z; + E; , C.
Signal-related Noise-related
modes spurious modes

It was shown in a subsequent work that C; also has an obscured Vandermonde structure, but less pronounced. 8




Introducing Spectral-Modes

Proposition 1: Structure of a signal-mode error
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Structure-Aware Matrix-Pencil Methode (SAMP)
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Simulation results

4SAMP 0.61=AIC 0.35*SDD 0.00
¢EVT 047+GAP 0.40=EFF 0.00

4SAMP4EVT=AIC*GAP*SDD=EFF-CRB
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Simulation results

4SAMP 0.69=AIC 0.29*SDD 0.00
¢EVT 0.49+GAP 0.19=«EFF 0.00

4SAMP¢EVT=AIC*GAP*SDD=EFF-CRB

|Af| [rad/s]
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Spectral-Modes in Array Signhal-Processing

estimate = select

/We show that the same principle\

can be applied to the task of DoA

Incident wave

estimation using ESPRIT. YK
K / K y1(t) y2(t)  y3(t)  ya(®)  ys(t)  we(t) Yk (t)/
4 . . . R
* The received signal at the k-th sensor is expressed by
(M) = Ym (M)zg, + wi(n) h
Yiin) = Yom=1Sm(M)zy, + wir(n),  where
N o _ —iZasin 6y, p

“m



The ESPRIT approach

e N L N i N
1) Array snapshots 2) Covariance estimation 3) Signal subspace detection 4) Generdlized eigenvalues 5) Parameter estimation
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The ESPRIT approach

1) Array snapshots

-

2) Covariance estimation

~N
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3) Signal subspace detection

~N

4) Generadlized eigenvalues
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5) Parameter estimation
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Generalized eigenvalues in the signal subspace

We show that:

Us,l - /\US,Q o (Yl i /\YO)C }

measurement-space eigenvalues coincide

Thus, if C is full rank the signal-subspace eigenvalues and
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Using the

modes in ESPRIT
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Preliminary results
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Thank you'!
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  y  ( n ) =    ∑  i = 1 M   b i  z i n + w  ( n ) ,


     z i = e   (  −  𝛼 i + j  𝜃 i ) ,     w ~ N ( 0 ,  𝜎 w 2 )


   |   𝜃 1 −  𝜃 2 | <   2 𝜋 N


  y  ( n ) =  ∑  i = 1 M   b i  z i n


   𝒀 0 ,    𝒀 1 ∈  ℂ   (  N − L ) × L


  r a n k  (   𝒀 0 ) = r a n k  (   𝒀 1 ) = M


  r a n k  (   𝒀 0 ) = r a n k  (   𝒀 1 ) =  L 


  L − M


   𝒀 0 ≈  𝑼   M ^    𝚺   M ^  𝑽   M ^ H


  r a n k  (   𝒀 0 ) = r a n k  (   𝒀 1 ) =  L 


  L − M


   𝒀 0 ≈  𝑼   M ^    𝚺   M ^  𝑽   M ^ H


  y  ( n ) =  ∑  i = 1 M   b i  z i n + w ( n )


   𝒀 0 ,    𝒀 1 ∈  ℂ   (  N − L ) × L


  r a n k  (   𝒀 0 ) = r a n k  (   𝒀 1 ) = L
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   y k  ( n ) =    ∑  m = 1 M   s m  ( n )  z m k +  w k  ( n ) ,


     z m = e  − j   2 𝜋 𝜆 d   sin ⁡   𝜃 m

