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Introduction

Instrumental noise distortion measurements of a noise reduc-
tion algorithm in terms of musical tones can be conducted in
two manners. The first is a white bozx test, requiring knowl-
edge of the internal parameters. Different to the white box
test, no such knowledge is needed for a black box test. Re-
cently, an instrumental musical tones measurement based on
the (log) kurtosis ratio of the noise input signal and the pro-
cessed noise signal has been reported in [1, 2], showing a high
correlation of the perceived amount of musical tones. The
musical tones measurements presented in [1, 2] utilize the as-
sumption of gamma-distributed squared noise spectral am-
plitudes and the knowledge of internal variables of the noise
reduction scheme (i.e., white box test) to obtain an analyti-
cal function for calculating the (log) kurtosis ratio. However,
the derivation of such analytical function is difficult in gen-
eral and still cannot be solved for noise reduction algorithms
applying the commonly used decision-directed approach to
a priori SNR estimation [3]. Moreover, the requirement to
know the internal variables of the noise reduction algorithm
prevents its use in a black box test.

In this paper, we improve the modified log kurtosis ratio [4, 5]
to a weighted log kurtosis ratio based on the input noise sig-
nal and the processed noise signal. We show that the formerly
required voice activity detection in [4] can be completely omit-
ted, since noise-only signals can be processed yielding an in-
strumental measure related to musical tones only. The pro-
posed measure does neither require any assumption about
squared spectral amplitude statistics, nor is it related to a spe-
cific noise reduction algorithm. It does not require knowledge
of internal variables, which makes it applicable for arbitrary
noise reduction systems.

New Black Box
Musical Tones Measurement

Investigations led us to the finding, that the results of the
log kurtosis ratio measure in [4, 5] are inconsistent when ap-
plying wideband noise signals with a sampling frequency of
16 kHz and narrowband noise signals with a sampling fre-
quency of 8 kHz. To deal with this problem, we define a new

Gi ) with W) and
WY being the weighted kurtosis of the noise signal and the
processed noise signal, respectively. In order to calculate U},
an instantaneous weighted kurtosis of squared amplitude noise
DFT coefficients for each frame ¢ can be computed as
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for each frequency bin as the inverse mean value of [N (£, k)|?
across all L frames. The instantaneous weighted kurtosis
WE (¢) for n(n) can straightforwardly be computed in the same
manner. The respective terms V), and ¥} can then be cal-
culated using U} = £ 3,05 (¢), V¥ = 13, U¥(¢). With
AV, we can achieve consistent results both for wideband
and narrowband instrumental musical tones measurements.

Experimental Setup and Results

18 in-car background noise signals as the only input signals
for noise reduction systems are chosen from the ETSI noise
database [6], each having a length of 8s. Since our experi-
mental evaluation is done for narrowband only, all signals are
downsampled to 8 kHz and scaled to -26 dBov (see to ITU-T
Rec.P.56 [7]). A DFT with length K = 256 and a frame shift
of 50% are applied, using the square root Hann window as
analysis and synthesis windows, respectively. Four noise re-
duction algorithms are then applied in the DFT domain: the
MMSE-SA (SA) estimator [3], the MMSE-LSA (LSA) estima-
tor [8], the a priori SNR-driven Wiener filter (WF) [9], and
the super-Gaussian joint MAP (SG) estimator [10]. For all
weighting rules, an estimation of the a priori SNR defined as
£ k) = %}2% is needed, being addressed by Ephraim
and Malah in their decision-directed (DD) approach [3] as
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with a smoothing factor 8, the a posteriori SNR ~(¢, k)

%, £min=—15dB, and ¢nn (£, k) being the estimated
noise power spectrum. A simulation over the full range of 0 <
B < 1 for generating less or more musical tones is performed
to evaluate the weighted log kurtosis ratio measure. For the
weighted log kurtosis ratio, we use a DFT length K = 256, a
frame shift of 50%, and a square root Hann analysis window,

respectively.

Once (3 increases beyond 0.9 in Fig. 1, AW, will decrease
very fast towards zero for all weighting rules, meaning that
the weighted kurtosis of 7i(n) becomes more similar to the
weighted kurtosis of n(n), showing higher statistical similar-
ity of n(n) and n(n), or, less musical tones. This matches the
observation in [11] well, where (3 has been increased from 0.98
to 0.998. However, we found that smoothing comes only into
effect for 8 > 0.9. This corresponds to our above mentioned
observation with the weighted log kurtosis ratio. On the con-
trary, changing 3 from 0 to 0.9 for LSA and SA, the perceived
amount of musical tones hardly changes, likewise AW}, of
LSA and SA remaining nearly unchanged within 0 < 5 < 0.9.
However, AW, increases with increasing #in 0 < 3 < 0.9 for
SG and WF. This is illustrated in Fig. 3 employing SG with
three different 3s: Using 8 = 0, much more peaks (red points)
are seen in the spectrum of the weighted processed noise sig-
nal as compared to using 8 = 0.9. However, since for 3 = 0
too many such peaks are generated within each frame ¢, they
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Figure 1: AU, for the four weighting rules
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Figure 2: Weighted log kurtosis ratio for the four weight-
ing rules with 8 = 0.96,0.98,0.993

are not isolated any more, leading to spectral distortions of
broader bandwidth. For 5 = 0.9, we observe less peaks, but
in a more isolated fashion, clearly indicating the effect of mu-
sical tones. That’s why W7 and consequently AW, increase
for 3—0.9. When we compare the case of using 8 = 0.9 and
B = 0.999, strong smoothing comes into effect for 5 — 0.999,
indicating removal of isolated peaks (musical tones) also by a
decrease of AV ,. To validate AW, a subjective listening
test with 16 test persons (experts and non-experts) is con-
ducted in an absolute category rating (ACR) fashion to judge
the audible level of musical tones with 1 meaning intolera-
bly audible musical tones and 7 meaning inaudible musical
tones. Three noise signals have been randomly chosen with
£ =0.96, 0.98, 0.993 for all weighting rules, respectively. Al-
together 36 output (processed) noise signals had to be rated
by each subject. The related instrumental AW)7, measure-
ments are shown in Fig. 2 for comparison with the subjective
listening test results shown in Fig. 4. Accordingly, the Pear-
son’s correlation is computed for each weighting rules and
all weighting rules combined as pse = —0.99, pwr = —0.98,
prsa = —0.99, psa = —0.99, and p.n = —0.98, respectively.
The overall correlation of |pan| = 0.98 between instrumental
and subjective results verifies that the weighted log kurtosis
ratio is an adequate instrumental measure for musical tones
within a black box test environment.

Conclusions

In this paper, we propose the weighted log kurtosis ratio as a
new black box musical tones measure, yielding a high overall
correlation |pan| = 0.98 with the subjective listening test.
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Figure 3: Spectrum of a weighted processed noise signal
using SG with (a) 8 =0, (b) 5 =0.9, and (c) = 0.999
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Figure 4: ACR listening test results for the four weighting
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