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Audio upmixing

• aims at generating a multichannel signal based
on a downmix

• is research topic in both audio coding and audio
source separation communities

• enables numerous applications, such as
adaptive rendering on loudspeakers arrays,
karaoke or active listening.

Parametric Audio Upmixing

Parametric audio upmixing consists of two steps:

•Encoder: Sources and downmix perfectly known. Prior work [1], [2] use

– Nonnegative Tensor Factorization on source spectrogram Vj which computes parameters Θs

– subsequent scalar quantization of parameters Θ̄s.

•Decoder: Only downmix x available.

– [1]: Sources are estimated with Wiener-filtering given downmix and Θ̄s.
– [2]: Additional NTF with mix spectrogram Vx as observation. Resulting parameters Θx used for

Wiener-filtering. Initialization of NTF with Θ̄s.

Here: Consider quantization of parameters already in design of their (re-)estimation strategy.
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Self-quantization at Encoder

[1], [2]: NTF on sources and quantization of resulting parameters as two
independent steps.

Self-quantization NTF:

Combination of signal approximation
and quantization of parameters at run
time.

min dβ (Vj | Θs) +
γsq

[
dβ

(
W̄s | Ws

)
+ dβ

(
H̄s | Hs

)]
with W̄s , exp (q (logWs)), H̄s , exp (q (logHs))

Quantization q (x) with Lloyd’s algorithm.
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Quantized-matching at Decoder

[2]: Decoder NTF is initialized with (coarsely) quantized Θ̄s. Θx may deviate
from target Θs too much.

Quantized-matching NTF:

Estimate sources parameters from mix
only, constraining them to have same
quantization as transmitted values Θ̄s.

Quantized version of Θx shall match
Θ̄s as much as possible.

min dβ (Vx | Θx) +
γqm

[
dβ

(
W̄s | W̃x

)
+ dβ

(
H̄s | H̃x

)]
with W̃x , exp (f (logWx)), H̃x , exp (f (logHx))
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Differentiable approximation of quantization

Experiments
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Θ = Θ̄s

Θ = Θ̄s SQ
Θ = Θx

Θ = Θx QM
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Θ = Θx SQ QM

Setup:

Ten mixtures (4 to 7 sources, taken from QUASI database [3]).
NTF minimizes Kullback-Leibler divergence (β = 1) with num-
ber of components per source ∈ {1, 2 . . . 10} and weights
γsq, γqm ∈

{
10−1, 1, 10, 102

}
.

Results:

•Self-quantizing constraint (SQ) leads simultaneously to good
signal approximation and parameter quantization.

•SQ not limited to audio upmixing and may be useful when-
ever NTF is used for signal compression.

•Quantized-matching constraint (QM) prevents deviations
from the source NTF parameters in the quantization domain.
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