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Summary
• PEVD of eigenbeams for speech enhancement performs identically and

sometimes better than Raw PEVD [1] at a fraction of its complexity factor
• Effective for speech enhancement in noisy, reverberant environments
• No noticeable artifacts, blind and unsupervised approach
• Robust even when eigenbeams are not steered towards the speaker
• Listening examples are available at [2]

Multi-channel Signal Model
Incorporating the reverberant channel model hq, the q-th microphone signal
on a spherical array is

xq(n, rq) = hT
q s0(n) + vq(n) = s̃q(n) + ṽq(n),

where s0(n): clean speech, vq(n): noise signal,
rq = (r, θq, ϕq), r: radius, θq: elevation, ϕ: azimuth
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Spherical Harmonic Decomposition
Spherical harmonic (SH) transform of the spatially sampled sound field:

χm
ℓ (n) ≈

Q∑
q=1

αqx(n, rq)R
m
ℓ (rq)

αq: quadrature weights,
L: max. SH order,
L = (L+ 1)2 eigenbeams,

Rm
ℓ (rq): ℓ-th order, m-th degree real SH basis

Arranging in ascending order and degree: χ = [χ0
0, χ

−1
1 , χ0

1, . . . , χ
L
L]

T

SH Order, L 0 1 2 3 4
# Eigenbeams L 1 4 9 16 25

Approx. Error, ε(%) 3.82 3.77 3.45 2.74 1.38
Complexity Factor, β - 0.002 0.022 0.125 0.477

ε(%): Total squared error between received and L-th order approximation

β = (LQ )3, where Q = 32 ⇒ More complexity savings with fewer eigenbeams.

Polynomial Eigenvalue Decomposition (PEVD)
Space-time Covariance Matrix, assuming stationarity, is:

Rχχ(τ) = E[χ(n)χH(n− τ)]

Para-Hermitian Polynomial Matrix:

Rχχ(z) =
W∑

τ=−W

Rχχ(τ)z
−τ

The PEVD of Rxx(z) is [3]:

Rχχ(z) ≈ UP (z)Λ(z)U(z)

=
[
UP

s̃ (z) UP
ṽ (z)

] [ Λs̃(z) 0
0 Λṽ(z)

] [
U s̃(z)
U ṽ(z)

]
Filtering the eigenbeams through the U(z) generates the enhanced signal:

y(z) =

[
U s̃(z)
0

]
χ(z)
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Experiment Setup: Reverberant Speech in Noise

(1.67,4.0,1.7)
Spherical Array, 32 mics

White Noise 0 dB SNR
T60 = 0.3 s

Simulated Room (5 m × 6 m × 4 m)

TIMIT Speech
(3.37,4.0,1.7)

Comparative algorithms:
1. Eigenbeams χ0

0, χ1
1

2. KLT{χ0
0} - Uses an EVD on eigenbeam

3. Raw PEVD - 32 microphone signals for PEVD
4. PEVD L1, L2 - Use SH order 1, 2 eigenbeams ⇒ 4, 9 signals for PEVD

Enhancement measures:
• Frequency-weighted Segmental SNR (FwSegSNR)
• Short-Time Objective Intelligibility (STOI)
• Perceptual Evaluation of Speech Quality (PESQ)
• Bark Spectral Distortion (BSD)

Speech Enhancement Results
SMIRGen Room, 0 dB White Noise

Algorithm ∆FwSegSNR ∆STOI ∆PESQ ∆BSD

χ0
0 4.86 dB 0.055 0.42 -1.53 dB

KLT{χ0
0} 5.56 dB 0.054 0.51 -1.65 dB

χ1
1 0.89 dB 0.122 0.44 -0.65 dB

PEVD L1 5.72 dB 0.110 0.47 -1.68 dB
PEVD L2 5.92 dB 0.125 0.51 -1.71 dB

Raw PEVD 5.59 dB 0.119 0.49 -1.62 dB

ACE Corpus: Lecture Room 2, Babble Noise
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