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Summary
• Eigenvector generated by PEVD can be interpreted as a spatio-temporal

filter and used to design fixed beamformers
• Suited for arbitrary arrays
• Lightweight with an average filter length of 114
• Fixed PEVD beamformers performs comparably to data-dependent MVDR

and LCMV for separation of sources closely spaced by 5◦

Multichannel Signal Model

Multichannel model (P sources, Q sensors):

xq(n) =
P∑

p=1

hp,q(n) ∗ sp(n) + vq(n)

From Q microphones: x(n) = [x1(n), x2(n), . . . , xQ(n)]
T ∈ RQ

Assuming stationarity, space-time covariance matrix:

R(τ) = E[x(n)xT (n− τ)]

The z-transform, also denoted by R(τ)� R(z), is:

R(z) =

∞∑
τ=−∞

R(τ)z−τ

The polynomial EVD (PEVD) of para-Hermitian R(z) ∈ CQ×Q is [1]:

R(z) = U(z)Λ(z)UP (z) ⇔ Λ(z) = UP (z)R(z)U(z) , (1)

with eigenvalues, Λ(z), and paraunitary eigenvectors, U(z) ∈ CQ×Q.

Example of R(z) Eigenvalue, Λ(z)
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Fixed Beamformer Design Using PEVD

Rewriting as H(n)�H(z) ∈ CP×Q, where each element is hp,q(n):

Rx(z) = HP (z)Rs(z)H(z) + σ2
v I , (2)

with spatially and temporally white noise v(n) of equal power σ2
v .

With i.i.d. source signals and each drawn from N (0, 1), Rs(z) = I ∈ CP×P .
Applying PEVD in (1) to (2) and rearranging:

Λ(z)− σ2
v I = UP (z)HP (z)H(z)U(z) .

Diagonalization =⇒ U(z) spatially decorrelate the acoustic channels H(z).

By evaluating on the unit circle, beampattern response at frequency Ω:

B(ϕ,Ω) = [UP (z)aϕ(z)]
∣∣∣
z=ejΩ

,

where aϕ(n)� aϕ(z) ∈ CQ is the broadband steering vector using array
geometry and the qth element is aq(n) = sinc(nTs − ∆τq) with sampling
period Ts and relative time delay ∆τq.

Training and Testing of PEVD Fixed Beamformers

Training IR generated using [2]
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Testing RIR generated using [3]
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Training and Evaluation

Histogram of filter length
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Comparative beamformers
1. MVDR
2. LCMV
3. Fixed PEVD

Evaluation measures
• STOI
• SIR

Filter length statistics
• Min: 17, Max: 372, Mean: 114

Listening examples are available [4].

Simulation Results for Separation of Two Speakers

S1 (ϕ1 = 45◦) S2 (ϕ2 = 50◦)
Algorithm ∆STOI ∆SIR (dB) ∆STOI SIR (dB)

PEVD {45◦, 50◦} 0.002 - 0.034 0.204 15.752
PEVD {50◦, 45◦} 0.123 16.703 0.004 0.247

MVDR 0.113 13.487 0.186 12.435
LCMV 0.047 19.986 0.156 23.522

PEVD filterbank for {45◦, 50◦}
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MVDR beamformer for {45◦, 50◦}

PEVD beamformer for {45◦, 50◦}

LCMV beamformer for {45◦, 50◦}


