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Abstract—Clipping of speech leads to the appearance of higher orders harmonics and, as a result, to
reducing of accuracy of automatic speech recognition systems used as kind of artificial intellect of
aircraft control systems and flight control systems for unmanned aerial vehicles. In this paper, the
subjective and objective estimates of clipped speech quality are presented. It was shown that subjective
speech quality Degradation Mean Opinion Score scale values are about 4.5, 3.5 and 2.5 for degrees of
clipping 5 dB, 10 dB and 15 dB, respectively. Establishing of this rule allows find the boundary
permissible degree of clipping based on certain requirements to the speech quality. Dependencies of
objective speech quality measures such as segmental signal-to-noise ratio, frequency weighted segmental
signal-to-noise ratio, log-spectral distortion, bark-spectral distortion and perceptual evaluation of speech
quality on the clipping degree are obtained. It was shown also that kurtosis can be used as clipped speech
quality measure. Calculations of correlation coefficients and matching maps which establish relationship
between objective and subjective speech quality measures have been made. Obtained results allow
concluding that objective speech quality measures can be applied to evaluate both the clipped speech
quality and the degree of speech signals clipping.

Index Terms—Clipped speech signal quality; objective measure; subjective measure; matching map;
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correlation coefficient.

I. INTRODUCTION

Clipping is a signal distortion kind when signal
amplitude is limited by some threshold. Clipping
leads to the appearance of harmonics of higher
orders and increase in the level of high-frequency
components of the signal. As a result, the perceived
speech quality and intelligibility are reduced.
Obviously, such distortions of speech signals are
undesirable both in systems of air navigation and
communication and in voice control systems of
unmanned aerial vehicles (UAVs). Thus, the task of
estimating the clipped speech quality and the
allowable degree of speech clipping is quite relevant
[1] - [4].

Two main approaches to clipping detecting and to
estimation of clipping degree are used: time-domain
analysis [1] and probability density functions (PDFs)
analysis [3] - [7].

A clipping detecting technique, where a
frequency weighted signal matched pseudo-
differentiator is used, has been proposed in [1]. The
main advantage of this time-domain technique is its
relative simplicity. Unfortunately, the accuracy of
estimating the degree of clipping of speech signals
by this method is low [5].

A method for clipped signals signal-to-noise ratio
(SNR) estimation by means of signal amplitude

distribution  analysis was proposed in [3].
Experiments showed that this method can provide a
high accuracy in the clipping detection, and is
relatively simple for calculations.

Another technique where calculation of the
distances between local peaks of the tails and central
part of the PDF estimator is made was proposed in
[4]. The advantage of the method is that parameters
of the distorted signal (sampling frequency, power
and mean value) may vary within wide ranges. At
the same time, the technique has some serious
restrictions. For example, it is inoperable for signals
containing powerful harmonic components and give
wrong results for signals with a lot of zero samples.

The influence of signal clipping on quality of
speaker recognition was studied in [5] where a
simple clipping detection technique based on
analysis of the PDF estimator edge values was
proposed.

To detect regions of clipping, the signal’s
samples values PDF estimator and the signal’s shape
in the time-domain were analysed in [6]. The
advantages of proposed algorithm are its
computational efficiency and robustness against
different types of clipping and to the clipping level.

The Mel-frequency cepstral coefficients as
classification signs and special decision making
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system were proposed in [7] to detect and classify
distortions in pathological voice signal.

II. PROBLEM STATEMENT

Unfortunately, well known objective speech
quality [8] and speech intelligibility [9] measures,
such as segmental signal-to-noise ratio (SSNR),
frequency weighted segmental signal-to-noise ratio
(fwSNR), log-spectral distortion (LSD), bark-
spectral distortion (BSD), and perceptual evaluation
of speech quality (PESQ) almost did not occur in the
above-mentioned and other similar studies [8] - [18].
This situation can be explained by the fact that initial
undistorted signal is wusually assumed to be
unknown.

Thus, the first objective of this paper is to study
the case where the initial undistorted signal is
known. An attempt of above-mentioned objective
measures using both for clipped speech quality
assessment and clipping degree estimation is made.

Second objective of the paper is trying of kurtosis
as clipped speech quality measure. This measure
seems particularly interesting because it is not
required that the original undistorted signal be
known. Detection of radio frequency interference in
microwave radiometers [19] and distinguishing the
seismic signal generated by a person's footsteps
from other signals [20] are only few examples of
similar tasks solving. Transmission system of an
aircraft control system was also studied by means of
the kurtosis calculation at different frequency bands
in order to detect gearbox failure [21].

III. CLIPPED SIGNAL MODEL
Double-sided hard clipped signal y(n) was
formed from clean speech signal x(n) by the rule
x(n),| x|< 4,
y(n)=
A-sgn[x(m)],[ x[> 4,

where n is a discrete time index, A is the clipping
threshold (0 < A < max| x(n) |), sgn(-) is the sign

function, |-| is absolute value sign. Thus, the
‘clipping degree’ can be defined as [5]
3 A
max | x(n) |

In this paper, another but close to y clipping
degree measure is used:

k =201g(max | x(n)|/4).

IV. EXPERIMENT ORGANIZATION

Subjective and objective evaluations of speech
quality were performed for the same of 8 speech
signals (4 male and 4 female) as in [10] and [11]
where the signals sampling rate 22050 Hz and
16 bits quantization depth were used. Six listeners
with an average age 22 years without hearing loss
listened to randomly ordered records of distorted
signals of 7-10s duration. Degradation Mean
Opinion Score (DMOS) scale [12] was used upon
subjective speech quality assessment.

The objective speech quality assessment was
performed for signals of 15 s duration. Six measures
were used upon objective speech quality estimation.
SSNR [13] is the simplest quality measure for clean
x(n) and degraded y(n) signals:

Nr
> x*(n,r)
1 R n=N(r-1)+1
SSNR =—3:101g —.
- 2[x(n,r) = y(n,r)]*
n=N(r-1)+1

where x(n,r) and y(n,r) are nth samples of rth
frames of signals x(n) and y(n), R is frames

number, N is frame samples number. When
calculating SSNR, only those signal segments are
considered for which the SSNR value belongs to
interval [-10, +35] dB.

Log-spectral distortion is also simple for
calculation frequency-domain measure [14]:

LSD =

2

JiR;;|G{X(j,r)} ~G{Y(j.r)}

G{X(Jj,r)} =max{201g(| X (j,r)]), &},
6 = max{201g(| X (j,7) )} - 50,

where X(j,r) and Y(j,r) are rth frames of
discrete Fourier transforms of x(n,r) and y(n,r),
respectively, j is frequency sample index, J is

spectrum samples number.
Frequency weighted segmental signal-to-noise
ratio is another frequency-domain measure [8]:

K | X(k,r)
Wi(k,r)l :
fWSNR:&iZH ( r)g(lX(k,r)\—|Y(k,r)|)
R3 S Wikr) :

where 7 and k are indices of the frames and critical

bands, respectively, R is the frames number, K is
the critical bands number, | X (k,r)| and | Y (k,r) |
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are the x(n,r) and y(m,r) frames amplitude
spectrums, respectively, calculated using a Gaussian
window.

Features of the human auditory system are taking
in account more thoroughly when BSD measure [12]
as perceptual indicator is calculating:

S 3[B. (k) - B, (k)]
BSD — r=1 k=1

S Y8 (kA]

r=lk=1

where B (k,r) and B, (k,r) are bark spectrums of

x(n,r) and y(n,r), respectively, k is critical band
index.

The algorithm for calculating the PESQ measure
is very bulky; its descriptions can be found in [15]
and [16]. In this paper, a wideband PESQ version
was used.

A kurtosis measure is defined as

1L —\¢
—Z x(n)—x

krts = N;"( ) ~.
(3 Slen-37

n=l1

Unbiased kurtosis estimator was used in the
paper
N -1
(N-2)(N-3)
x((N+1)-krts =3(N —1)) +3.

kurtosis =

V. EXPERIMENTAL RESULTS

Averaged, on 6 listeners and 8 speakers, result of
subjective speech quality evaluation is shown in
Fig. 1.

Subjective speech quality

——max std = 0.45638 |
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Fig. 1. DMOS(k) dependence

As can be seen from Fig. 1, the clipped speech
quality decreases monotonically when clipping is
increasing. Thus, increasing the degree of clipping &

from 0 dB to 5 dB leads to a decrease in the speech
quality from 5 points to 4.5 points on the DMOS
scale. Further, the speech quality is reduced to 3.5
points with an increase in k to 10 dB, and reaches
2.5 points with an increase of k to 15 dB.

The six objective measure estimates are shown in
Fig. 2.

max std =4.5744
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Fig. 2. Objective measure estimates: SSNR (a), LSD
(b), fwSNR (c), BSD (d), PESQ (e), kurtosis (f)
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Correlation coefficients as measures of statistical

45 SR _xzmz:; relationship between averaged objective and
af R e ——woman 3 subjective estimates are shown in Table 1.
35 b AN woman 4 Comparison of the graphs in Figs 1 and 2
: ——=man 1 o . . . .
o man 2 indicates the performance of studied objective
5] 3 DT PR T S S . .
e A “‘m::j speech quality measures. Coefficients a,...,a,
' [ =e=mean values of approximating polynomials
15} max std = 0.5873 T s y=a,+ax+a,x’ +ax +ax*
0 5 10 15 20 . . .
k (dB) for matching maps (Fig. 3) (the maximum errors of
(e approximation are shown in Table II) are shown in
8 | Table II1.
\\\ ——woman’1 Using Fig. 2 graphs allows you to evaluate the
7l \\\ ............... _mﬁ degree of clipping by means of objective speech
P WO\ N womand quality measures. As can be seen from Fig. 2b,
» e N ---man1 LSD (k) dependency may be non-monotone for
§5¢ 5 ———2::2 k >10 dB, i.e. for strong clipping. Other studied
2 4 mand objective measures dependencies are monotonic for
_% ~mean 0<%k <20 dB interval.
Bk R SR When comparing correlation coefficients (Table
std max = 1.26 . . .
2 '. | I) and matching maps (Fig. 3), we can see they are in
0 5 10 15 20 good accordance. In particular, BSD measure has
k (dB) minimum correlation coefficient value -0.908 and
maximum polynomial approximation error. At the
) _ ® same time, matching maps are much more useful,
Fig. 2. Ending. (See also p. 13) because using them allows you to calibrate objective
indicators of speech quality.
TABLE I. CORRELATION COEFFICIENTS
Object. SSNR LSD fwSNR BSD PESQ Kurtos.
measure
Correl. coeff. | 0.983 —0.996 0.996 —0.908 0.976 0.987
TABLE II. APPROXIMATION ERRORS
Polynomial SSNR LSD fwSNR BSD PESQ Kurtosis
degree p
1 0.446 0.163 0.198 0.711 0.505 0.403
2 0.284 0.181 0.199 0.303 0.240 0.168
3 0.249 0.187 0.214 0.205 0.119 0.166
4 0.108 0.126 0.124 0.210 0.083 0.080
5 0.096 0.118 0.112 0.203 0.100 0.102
TABLE III. COEFFICIENTS OF APPROXIMATING POLYNOMIALS
Polynom. SSNR LSD fwSNR BSD PESQ Kurtosis
coefficient p=4 p=4 p=4 p=3 p=4 p=4
a, 2.034 4.768 43.160 4.626 0.167 7.196
a, ~0.201 “1.167 | -7.101 69.61 —0.084 | -8.584
a, 0.039 0.596 0.436 458.25 1.613 4.349
as 0.002 —-0.247 —-0.011 -1177 —-0.559 —-0.819
a, —2e-05 0.031 1.1e-04 0 0.056 0.054
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VI. CONCLUSION

The case of known undistorted signal is much
simpler, from the point of view of measuring the
quality of the distorted signal, in comparison with
the case where the undistorted signal is unknown.
Nevertheless, a reliable solution to this problem
should contribute to improving the performance of
UAVs voice control systems.

It was shown in this paper that subjective, on
DMOS scale, estimates of clipped speech quality
decreases monotonically when clipping degree is
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Matching maps: SSNR (a); LSD (b); fwSNR (c¢); BSD (d); PESQ (e); kurtosis (f)

increasing. DMOS values are about 4.5, 3.5 and 2.5
for degree of clipping 5 dB, 10 dB and 15 dB,
respectively. This rule allows establishing the
boundary permissible degree of clipping when
demands to the speech quality are established.
Dependencies of objective quality measures of a
speech signals on their clipping degree are
presented. Correlation coefficients and matching
maps between objective and subjective speech
quality measures have been calculated. The obtained
results allow conclude that objective speech quality
measures, such as SSNR, fwSNR, LSD, BSD,
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PESQ, and kurtosis can be applied to evaluate both
the clipped speech quality and the degree of
clipping. Moreover, kurtosis measure doesn’t require
that the original undistorted signal be known.

Given this circumstance, in the future it would be
necessary to study more thoroughly the potential
possibilities of the kurtosis as a clipped speech
quality measure.
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A. M. IIpoaeyc, I. B. KorBunbkuii, A. A. JlitamoB. OuiHIOBaHHSA SIKOCTi KJIiNOBaHOI MOBHU

KrimyBanHs MOBH NPHU3BOIUTH 10 IOSBM TapMOHIK BHIIMX MOPSAAKIB 1, SIK HACHIOK, IO 3MCHIICHHS TOYHOCTI
aBTOMATUYHUX CHCTEM pO3ITi3HABAHHSI MOBH, IO BHUKOPHCTOBYIOTHCS SIK Pi3HOBHJ IITYYHOTO IHTEIEKTY CHUCTEM
KepyBaHHsI MOBITPSHUMHU CYIaMH Ta CHUCTEM YIPAaBIIHHSA MOJBOTOM JUIA OE3MIJIOTHHX JIITATBHUX amapatiB. Y HaHid
pobOTi TpencTaBICHO CYO'€KTHBHI Ta OO0'€KTHBHI OI[IHKH SIKOCTI KIiMOBaHOi MOBH. [loka3aHO, IO 3HAYCHHS
Cy0’€KTUBHUX OIIIHOK SKOCTI MOBJICHHS CTaHOBJATH 4,5, 3,5 Ta 2,5 mns cryneniB xiinyBanus 5 nb, 10 ab ta 15 ab,
BiJMOBiIHO. BcraHOBIEHHs 11i€1 3aKOHOMIPHOCTI JJO3BOJISIE BU3HAYUTH TPAHUYHO AOIYCTUMY CTYIIiHb KIIITyBaHHS Ha
OCHOBI 3aJJaHUX BHUMOT JIO0 SIKOCTi MOBJIeHHs. OTpUMAaHO 3aJIe)KHOCTI 00'€KTUBHUX IMOKA3HUKIB SIKOCTI MOBJICHHSI, TAKHUX
SIK CETMEHTHE BiJHOIICHHS CUTHAJ-IIyM, YaCTOTHO-3B2)KEHE CErMEHTHE BIJIHOUIEHHS CHTHAJ-IIyM, JorapugmidHe
CHEKTpaJbHE CIIOTBOPEHHS, OApK-CIIEKTpaJIbHE CIIOTBOPEHHS Ta MEplenTyallbHa OIiHKa SKOCTI MOBJICHHS BiJl CTYIIEHIO
kiinmyBaHHs. [lokazaHo, MmO KOe(II[iEHT eKCIeCy TaKoK MO)KHA BHUKOPHUCTOBYBATH SIK Mipy SIKOCTI MOBIICHHEBOTO
curHainy. Po3paxoBano xoe(illieHTH KOPEJSIIii Ta KapTH BiAMOBITHOCTI, 1[0 BCTAHOBJIIOIOTH 3B'sI30K MiXK 00'€KTHBHUMU
Ta Cy0'€eKTHBHUMH OILIIHKaMH SIKOCTI MOBJIeHHS. OTpHMaHi pe3yJabTaTH T03BOJISIOTH 3pOOMTH BUCHOBOK, 110 O0'€KTHBHI
MIpH SIKOCTI MOBH MOXXHa 3aCTOCOBYBATH JUIS OLIIHIOBAHHS SKOCTI KIJIINOBaHOI MOBH Ta CTYNEHsS KIIITyBaHHS MOBHHX
CUTHAJIB.

Karou4oBi cioBa: siKicTh KIIIIOBAaHOIO MOBHOTO CHTHAITY; 00'€KTHBHA Mipa; CyO'€KTHBHA Mipa; KapTa BiIIOBIJIHOCTI;
Koe(iLliEHT KOpeIsii.
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A. H. lIpoaeyc, U. B. KorBuukuii, A. A. JutsamoB. OueHnBaHue KauyecTBa KJINNNUPOBAHHON peun
KnunnupoBaHue pedyd MPUBOMUT K MOSBJICHUIO TaPMOHHMK BBICIINX IOPSIKOB U, KaK CIEICTBUC, K YMCHBIICHHIO
TOYHOCTH aBTOMATUYECKHUX CHUCTEM pACIO3HABAHUS DPEYH, HCIONB3YIOMUXCSA KaK Pa3HOBUJIHOCTh HCKYCCTBEHHOTO
MHTEJUICKTA CUCTEM YIPABJICHUSA BO3MYIIHBIMHM CYIaMH M CHCTEM VIIPABJICHHS IOJICTOM OCCIUIIOTHBIX JICTATCIBHBIX
anmapaToB. B qaHHOW paboTe mpencTaBieHbl CYObEKTHBHBIC M O0BCKTHBHBIC OIICHKH KauecTBa KIUIMUPOBAHHOHN pevu.
[TokazaHo, YTO 3HAYEHHs CYOBCKTUBHBIX OIICHOK KadecTBa peuyd cocTaBisitor 4,5, 3,5 w 2,5 mud creneHei
xiunnupoBanus S5 n1b, 10 1b u 15 ab, cooTBeTCTBEHHO. Y CTaHOBIEHUE 3TOW 3aKOHOMEPHOCTH IMO3BOJISET ONPENEIUTh
MPEJCIbHO JAOMYCTUMYIO CTEICHb KJIMIIHMPOBAHUSA HAa OCHOBE 3aJaHHBIX TPeOOBAaHWI K KadecTBY pedd. [lomydeHbI
3aBUCUMOCTH OOBCKTHBHBIX IMOKA3aTeNIeH KauecTBa PEUH, TAKUX KaK CETMEHTHOE OTHOIICHHUE CHUTHAJ-IITYM, YaCTOTHO-
B3BCIIICHHOE CETMEHTHOE OTHOILICHHUE CUTHAJI-IITYM, JIOTAPU(PMHUYECKOE CIIEKTPATbHOEC UCKaKEHUE, OapK-CIIEKTPaIbHOE
HCKa)KEHUE U TIepIIENTyalbHasl OIICHKA Ka4eCcTBA PEUYH OT CTEIICHHU KIUIIIHUPOBAaHUA. BhIIo IOKa3aHo, YyTo KO3 GHUIMESHT
JKCI[eCCa TaKkKe MOXKHO HCIIONBb30BaTh KaK MeEpy KauecTBa pEUEBOr0 CHUTHAja. PaccyuraHbl KO3 QHUIIMECHTHI
KOPPEJAIUA ¥ KapThl COOTBETCTBHSA, YCTAHABIHMBAONINE CBSI3b MEKIY OOBEKTUBHBIMU U CyOBEKTUBHBIMU OIICHKAMU
KauyecTBa peud. [1oTydeHHbIC pe3YabTaThl MMO3BOJIAIOT CICIATh BBIBO, YTO OOBEKTUBHBIC MEPhI KAUECTBA SI3bIKA MOYKHO
MIPUMEHSTH JIs OIICHUBAHUS Ka4eCTBa KJIUIIMPOBAHHON PEUYM U CTCIICHU KJIMITITUPOBAHUS PEUCBBIX CUTHAIOR.
KiroueBble cjioBa: KaueCTBO KIUIIMPOBAHHOI'O PEYEBOIO CHUTHAIA; OOBECKTHBHAs Mepa; CYOhEKTHBHAs Mepa; KapTa
COOTBETCTBHS; KOA(G(DHUIIMEHT KOPPEIIAIINY.
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