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The present study investigated how two types of face masks affected seven acoustic
parameters, commonly used in forensic speaker recognition, in the Armenian language,
complementing a previous work focused on several other languages [1]. The dataset is part of the
Forensic Multilingual Voices Database (FMVD), developed under the “Competency, Education,
Research, Testing, Accreditation, and Innovation in Forensic Science” (CERTAIN-FORS) project,
funded by the European Union (EU) and coordinated by the European Network of Forensic Science
Institutes (ENFSI). The results showed no effect of the face masks on the studied acoustic
parameters, contrary to the results previously obtained for most other languages. Therefore, more
samples in the Armenian language must be collected to better assess the impact of protective
masks on acoustic parameters.
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Introduction

Acoustic research on speech with and without face masks has obtained a lot of attention from
the field of phonetics and automatic systems for speaker recognition.

The present study aims to analyzed the impact of face masks on seven acoustic parameters in
Armenian language, namely: F,, difference between 1% and 2" harmonics (H,-H,), intensity,
speech rate, HNR, jitter, shimmer, as they are some of the most used in acoustic-phonetic
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approach for speaker recognition [1-6], complementing a previous work focused in several other
languages [7]. Both studies make use of the Forensic Multilingual Voices Database (FMVD),
developed under the “Competency, Education, Research, Testing, Accreditation, and Innovation in
Forensic Science” (CERTAIN-FORS) project, funded by the European Union (EU) and coordinated
by European Network of Forensic Science Institutes (ENFSI) [8].

Related work
In last years, attention has been given to the impact of face masks in acoustics parameters,

primarily during and after the covid-19 pandemic [3, 9-23].

Making use of the FMVD dataset, Saraiva et al. [1] evaluated the impact of face masks on
acoustic parameters used in acoustic-phonetic approach for speaker recognition. Seven acoustic
parameters were chosen to be studied: F,, difference between 1 and 2™ harmonics (H,-H,),
intensity, speech rate, HNR, jitter, shimmer; as they are the most used in forensic speaker
recognition [2-7].

The FMVD was developed with the collaboration of several Forensic Institutes, members of
the ENFSI Forensic Speech and Audio Analysis Working Group (FSAAWG), representing nine
countries: Lithuania (LT), Croatia (HR), Romania (RO), Tiirkiye (TR), Ukraine (UA), Portugal (PT),
Georgia (KA), Hungary (HU), Spain (ES), and Armenia (AM).

All samples were collected from volunteers who signed an informed consent state-ment
designed for the development and distribution of the FMVD among ENFSI FSAAWG members.
Each person was recorded reading a selected text without a mask (NM), wearing a surgical mask
(SU), and wearing an FFP2 mask (FP). A small number of samples in Russian (RU), Polish (PL),
and German (DE) languages were also recorded, given the existence of native speakers in the
collaborating Forensic Institutes.

Samples from mobile (MB) communications in Lithuanian, Croatian, Portuguese and Spanish,
and landline (LL) communications in Lithuanian, Polish and Russian were also collected, however,
in some cases in a small number.

The project provided the masks and the text, controlling as possible the sampling process. An
excerpt from “The Little Prince," written by Antoine de Saint-Exupéry, was selected, avoiding
translation issues once this book is already translated in almost every language.

Since it was found that the requirements for carrying out an analysis of variance (ANOVA)
were not satisfied, namely the normality of the residuals, for each language and sex, a linear mixed
effects model was applied to analyse statistical differences on the above parameters between with
and without each face mask type, using subjects as a random factor. A similar approach was used
by Geng et al. [3]. Statistical analysis was conducted using Minitab Statistical Software (version
21.4.2). Given their reduced size, subsets with less than 10 samples were left out of the presenting
study, namely voice samples in German and Polish languages; Spanish, Croatian, and Lithuanian
mobile recordings; and landline communications in Russian.

The results showed that F,, H;-H,, intensity, speech rate, HNR, jitter, and shimmer were
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affected by the presence of face masks, denoting different behaviours depending on mask type,

sex, language and recording channel. An increase in F, particularly in males, was observed in the
presence of face masks of both types. Also, an overall increase in HNR was detected, as was an

increase in intensity, more evident when wearing FFP2 masks. A decrease was denoted in shimmer
value, as well as in speech rate, for which females wearing SU masks were more affected. The
effect of face masks on H,-H, was characterize by an increase of its value for males and a decrease
for female speakers. Jitter was the less affected parameter, still denoting changes in the presence
of FFP2 masks in both genders.

These findings support that, in the presence of face masks, which act as a low pass acoustic
filter, speakers tend to perform phonetic and acoustic adjustments to compensate for the filter
effect, trying to improve speech intelligibility [3, 24-26].

The results for recordings via mobile communications show that Fy, HNR, and shimmer were
affected in a similar way to the samples collected with a microphone or recorder. On the other
hand, intensity was more affected by the presence of masks in mobile recordings; speech rate
decreased in mobile communications and increased in microphone recordings; jitter was
significantly affected in mobile communications when in microphone recordings a small impact was
observed; and the impact on H;-H, revealed a different behaviour from the one observed in
microphone recordings, increasing its value for females, and decreasing for male speakers. These
comparisons were only possible for Spanish and Portuguese voice recordings.

When comparing the obtained results for landline and microphone or recorder samples,
different responses were also observed. Only F, and intensity were significantly affected in landline
communications, while in samples recorded with a microphone or recorder, only jitter and
shimmer showed no significant impact in the presence of protective masks. These comparisons
were only possible for Lithuanian voice recordings.

Materials and Methods

The Armenian voice samples were recorded in WAV format, mono signal, resolution of 16
bits, with a sample rate of 44.1 kHz, indoors, and approximately 2.5 minutes long.

Table 1 shows the distribution of the 39 Armenian volunteers’ speakers.

Table 1.
Armenian volunteers’ speakers recorded with microphone or recorder by age and sex.
Age classes [18 - 30] [31 - 40] [41 - 50] [51 - +) Total
Language Male Female Male Female Male Female Male Female
AM - Armenian 2 9 7 10 1 5 1 4 39

Recordings were pre-processed using a Matlab tool developed for removing silences from
voice samples according to a background noise threshold. The computation of the seven chosen
acoustic parameters was performed using Praat (version 6.3.06).

Statistical analysis was conducted using Minitab Statistical Software (version 21.4.2). Since it
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was found that the requirements for carrying out an analysis of variance (ANOVA) were not
satisfied, namely the normality of the residuals, a linear mixed effects model was applied to analyse
statistical differences on the above parameters between with and without each face mask type,
using subjects as a random factor. A similar approach was used by by Geng et al. [24].

Results

The computed results for average and standard error values of the seven acoustic
parameters obtained from the samples collected in the Armenian language, by sex and mask type,
are presented in Figures 1 and 2.
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Figure 1. Average and standard error values of F,, H,-H,, intensity, and speech rate without a mask
(NM), wearing a surgical mask (SU), and wearing a FFP2 type mask (FP), by sex.
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Table 2 summarizes the results of the linear mixed effects model on the acoustic parameters,

b d k type.
y sex and mask type Table 2.

Results of the mixed effect models on the acoustic parameters obtained from the samples collected
with no mask (NM) vs. surgical mask (SU) and no mask (NM) vs. FFP2 type mask as independent
variables. The asterisks indicate the level of statistical significance:

* p < 0,05 ** p<0.01; *** p < 0.001.

Linear mixed-effect models results on the acoustic parameters

L Sex Mask t S h
anguage ex Maskype Fo H;-H, Intensity peec HNR Jitter Shimmer
rate
F NMvsSU  0.00 3.34 0.00 0.23 0.26 0.04 0.08
. NMvs FP 2.07 0.23 0.08 2.40 0.74 1.16 0.07
AM - Armenian

M NMvsSU  0.05 0.13 1.33 0.38 0.06 0.48 2.40

NM vs FP 41 213 0.14 0.04 0.10 0.94 0.52

Discussion and conclusions

This study aims to investigate the impact of two types of protection masks on seven acoustic
parameters used in the acoustic-phonetic approach for forensic speaker recognition by sex in the
Arminian language.

The results did not reveal any effect of protective masks on all the acoustic parameters
evaluated, contrary to the results previously obtained for most other languages [1]. Therefore,
more samples in the Armenian language must be collected to better assess the impact of protective
masks on acoustic parameters.
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B/IMAHUE 3ALLUTHBLIX MACOK HA AKYCTUYECKUE NAPAMETPbI
CYOEBHOU WOEHTUDUKAL MU TOBOPALLEIO HA APMAHCKOM A3bIKE

Capaiisa A., deiiew A., [leseHcon M., KouapsH B.

B cmamee aHanusupyemca snuAaHue MeOUYUHCKUX 3AUJUMHbIX MACOK HA K/IHOYesble
aKycmudeckue napamempsi, UCnoib3yemble 8 npakmuke cyOebHol  udeHmucgburayuu
2080pAWE20 HA APMAHCKOM A3bike. MccnedosaHue cocpedOmMOYeHO HA CPAaBHUMENbHOM
OyeHUBaHUU 08YX pacnpoCMpPaHEHHbIX MUNO8 3aWUMHbIX MACOK U uX 8030elicmsuu Ha cemb
aKycmu4ecKux napamempos, mpaduyuoHHO NPpUMEHAEMbIX 8 aKyCMUKO-GhOHemuyecKom nooxooe
K udeHmMuguKayuu AUYHOCMU No 2010CY.

Paboma npedcmasnsem coboli nozudeckoe npoOonxeHue cepuu paHee BbiNOIHEHHbIX
uccnedos8aHuli, NOCBAUWEHHBIX U3YYEHUKD aHANI02UYHO20 ABJEHUA 8 OMHOWEeHUU HEeCKOMbKUX
A3bIko8 cmpaH Esponelickozo corosa. Micnonb3yemblili peyesoli mamepuan A8AAeMCA 4ACMbHO
MhozoazbiyHoli CydebHoli [onocosoli basbi [aHHbix (Forensic Multilingual Voices Database,
FMVD), co30aHHol 8 pamkax npoekma «Komnemenyuu, Ob6pa3osaHue, WccnedosaHus,
TecmuposaHue, Akkpedumayusa u MiHHosayuu 8 CyOebHo-akcnepmroti Hayke» (CERTAIN-FORS),
¢puHaHcupyemozo  Esponetickum  Coro3om u  KoopOduHupyemozo  Esponelickoli ~ Cembto
Mrecmumymos CydebHol Srcnepmusei (ENFSI).

[TpedsapumenbHbili aHanu3 noayyeHHbIX OGHHbLIX NOKA3aG/A OMCymcmsue Cmamucmu4ecku
3HAYUMO20 B/IUAHUA 3AWUMHbIX MACOK HA uccnedyemble aKycrmuyecKue napamempbl GpMAHCKOU
peyu, Ymo KoHmpacmupyem c paHee onybIUKOBAHHbIMU pe3ylbmamamu No Opy2um A3bIKAM,
OeMOHCMPUPYOWUMU PasiuyuMble USMEeHeHUs aKycmu4eckol cmpykmypbl pequ npu HoweHuu
macok. dmom ¢pakm nod4éprusaem Heobxooumocme Oda/bHeliezo pacuwiupeHus B8blI6OPKU
Hocumenel AGpMAHCKO20 A3blKa U YyenybneHus amnupuyeckol 6asbi 0Ona bonee 4emrKozo
onpedenieHuA BO3MOMHbIX MACOYHbIX 3¢hgheKmos.

Knroyesbie cnosa: cydebHas udeHmucgbukayus 2080pAWe€20, 3aUUMHAA MAckad, aKyCcmukKo-
¢hoHemuyeckuli aHanu3, cyoebHaa hoHemuka.
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MUSSMULh HhUUHLENP URIESNRE3NRLL AU3LU3PL
UuUNhUShY MULUUESPENP UPrU!
<U36MGL L6R4YNY vNUN1h HUSULUL LNR3LULULUSU UL
YNroLLEUSNhU

Uwpuydu U., Sbgbu U., Hubtiunt L., Pnswpyuts 4.

<nnywomd Jbpimisynid b pdoywljwt wywipippwwitihs nhdwlytlinh wqnbignipyniap huybinbt
(iqyny pununnph  nwypwlwl  Gnybwlwbwgdwt  gnpdptipwgmd  Yhpwnynn - hhdbuwlwb
whniuphly  wwpwdbippbph  Jpw:  <Gpwgnipnygnip  YGbipppnbiwgus £ wwipippwwiihs
nhdwlulinh Gpynt ppwpwdws pbuwybbph hwdbdwypwlwt quwhwindwt U npwbg np
whnwuphly  wwpwdbippbph  hwinby  thnpuwgnbgnyaywts  Ypw, npntp  wywbnwpwnp
Uppwnynid  Gu wbsh  duwybing - bnybwlwbwgdwt - wlynuiphly-pntiphwlywt  dnipbigdw
onswbwlabpnud:

Wpuwpwitipp  ippwdwpwbwlwl pwpnibwlnyymbits £ Gupunpn  hGywgnipnipyniiinh
auinph, npnbip bdhpdwé bhtr Gypnupwilywt dhniggwits dp wpp (Ggmiubiph nbupnid tnytiwphuy
Gplunyph nwnidbwuppdwip:  Ogypwagnpdynn  funupuwghti tynyep  Pwqdwignt "hugpwljwb
Juytiwygphti SYjwtlinh <wywpwontp (Forensic Multilingual Voices Database, FMVD) dwu £, npp
uippbnddlty £ «ldipniyggniilinp,  Uppeniyeyniap,  hGywwgnipniygyniap,  plupwynpnidp,
hwywipwpdwapnidp U bnpwpwpnieiniiibpp nwipwihnpdwaghiyniewi dbg» (CERTAIN-FORS)
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nwunidbwuppywd  whnwphly  wwpwdtippbph  Jpw: Uw  hwhunpdmd £ wyp  (Ggnitiipp
Yepwpbpywy bwpilihtnd hpwwywpwlywé wpnymtiptipht, npntip gnyg Eht by nhdwliph
Untint nbwpmd funuph wlynupphly Yunngwdph pwppbplh thnipnfunyginiiin:  Lpdwd
hwbqwdwupti ptingomd £ hwybpbl |Gqyh Ypnnbbph puppwiph hbGypwqu punuytdwt L
Fdupphy pwquyh funpugdwt wihpwdtauppnyeynip' wwippwwbips nhdwlbitph htwpuidnp
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