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Two methods for assessment of speech quality in rooms wenpa@d: the speech trans-
mission index (STI) and mean opinion scores (MOS). Subjeetnd objective measurements
were carried out in two rooms for different signal to noisgoravithin a range from-15 dBA
to +15 dBA. The obtained results are shown as a curve describinigt#orebetween a MOS,
STl and signal to noise ratio (S/N).
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1. Introduction

The methods for assessment speech quality fall into two classes: thudjgis-
tening) and objective methods. From among the different listening testsdays the
techniques, which give directly (ACR — absolute category rating, DCRgrad@tion
category rating, CCR — comparison category rating) or indirectly (intelligibitiga-
surements) a MOS (mean opinion scores) rating on a five-grade quadity are used
[1, 2, 4-8, 10-15, 19, 22]. The subjective assesment is natuthbohéo evaluate the
quality of speech. In the subjective methods listeners listen to the spe@fclspna-
terial (e.g. logatoms, short words, short sentences), which rers foéxed with dis-
turbances and they write what they hear. Unfortunately subjective testsdtan very
expensive, time-consuming and labour intensive. The designermandfacturers of
the speech transmission systems tend to use the objective techniquesdi gpality,
not taking into account their limitations and preciseness. Still, the final \atidit of
quality of devices used for speech transmission is done by their hunestrand the
verification is made through subjective measurements of transmissaitygin this
study, two methods to measure speech quality are compared, nhameliytaltategory
rating and the speech transmission index.
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2. Speech Transmission Index (STI, RASTI)

HouTGAST and STEENEKEN described an objective method for estimating the
speech intelligibility in rooms by calculating a physical index, called the sp&aok-
mission index (STI), from the modulation transfer function (MTF) [7,18, 16-18].
This method was modified by the author of this paper for Polish speedntitied via
analog telecommunication channels [3, 5]. The MTF method uses a teat gigndom
noise), whose spectrum correspond to the human speech. The inthgitg noise
in octave bands is sine-modulated with the modulation frequencies relevtrg en-
velop of speech. The additive interferences (noise, reverberaddnye the modulation
depth of test signals. The STI value is calculated by weighting the averdgevisiue
for seven octave frequency bands (125 Hz to 8 kHz) and for 14 tatidn frequencies
(midle frequencies in one-third octave bands from 0.63 Hz to 12.5%2),[16].

In 1985, the foreshortened adaptation of Speech Transmission (8déxwas de-
veloped by Houtgast and Steeneken and termed RASTI (Rapid Spestsniission
Index) [20]. The RASTI method is a simpliefied version of STI. This rodtls re-
stricted to the 500 Hz and 2000 Hz octave bands and to 4 (1, 2, 4 and &i&éi5)@&, 4,
2.8, 5.6 and 11.2 Hz) different modulation frequencies respégtiaother simplified
version of the STl is the STITEL (Speech Transmission Index for Baounication
Systems). The STITEL method applies the same octave bands as thHeuSifl,each
band only one modulation frequency is used. The test signal includesvah octave
bands, which all are analyzed simultaneously. An efficient form oé8p&ransmission
Index method for public address systems is STI-PA (Speech Trasismisidex-Public
Address) [21, 23].

3. Absolute category rating

The ACR method is recommended by ITU [22] for subjective assasisofispeech
guality. The speech material (test lists) used in this method should cohsishle,
short, semantically unrelated sentences. The test material shouldgezlpnorepared
and recorded. The speaker should pronounce the sentences farehsfiould not have
any speech defects. Since the female voice and the male voice haverdiffbarac-
teristics, the two types of voice should be included in the measurementse3iks
obtained for male and female voices should be evaluated separatefycdinbée aver-
aged only when they do not differ significantly. To reduce the influefitteeandividual
characteristics of the speaker’s voice on the obtained result, sepeeesrs should take
part in the experiment. The experiment’s listening part should take placeoom with
a noise level below 30 dBA.

Listeners are chosen at random from the normal telephone usindagiopywith
the provisions that:

e they have not been involved in work connected with assessment airpenfice

of telephone systems or speech coding,

e they have not participated in any subjective measurements at leastetheysr

six months,

e they have never heard the same sentences lists before.
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Listeners listen to the sentences from test lists and give their opinions inveis le
scale. Various scales may be used for different purposes. Opgiadothe following
opinion scales recommended by ITU [14, 22]:
a) listening-quality scale (Excellent speech is rated 5, Good — 4, Faireo3 2,
Bad - 1),

b) listening-effort scale (Complete relaxation possible; no effortiredus rated 5,
Attention necessary; no appreciable effort required — 4, Moderfg efquired
— 3, Considerable effort required — 2, No meaning understood witHeasible
effort — 1),

¢) loudness-preference scale (Much louder than preferred is Bateduder than
preferred — 4, Preferred — 3, Quieter than preferred — 2, Mucheguigan pre-
ferred — 1).

The average rating (Mean Opinion Score — MOS) is calculated over thedisten
and the speakers for each tested speech transmission condition.

4. Experiment

The measurements were performed in two, unoccupied rooms (lecomes). In
the presented experiment, in each room, four listener locations werteze(Eig. 1).
Sound sources (voice and white noise) were positioned in the part afdhemormally
used for speaking. One loudspeaker was the voice source andisettenoise source.
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Fig. 1. Plan view of the rooms showing source position andeheiver positionsl (— loudspeaker — source
of the logatomsll — RASTI, Il — loudspeaker — source of the noi&e2, 3, 4— measurement points).
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Different conditions in the room are the result of white noise in differevellef vol-
ume. In each room the measurements were done in four points whexadiemce was
situated in the back (2 points), in the middle and in the front, to the level of 1(dpm
proximate height of listener’s head). The test signal for ACR methedtésce lists),
were played on the DAT recorder with loudspeaker set in the front dfidliehat is in
the place of the rostrum. Next to the emitting set, which issued the test signafuihce
of disturbing noise was located. In each measurement point, test siger@secorded
on the digital recorders. In the same measurement points, in whichigesisswere
recorded, the RASTI measurement were done. The RASTI valuesmeasured with
a Briel & Kjaer Speech Transmission Meter (Type 3361). The RA$3tesn consists
of a transmitter (Type 4225), which was placed at the speaker’s poaitida receiver
(Type 4419) placed at the listener’s position. The averaging time was32pgendence
of STI values in the function of signal to noise ratio for testing room is prieskin
the Fig. 2. On the basis of the measured STI value the quality of speesbsamEnt
(MOS-STI) was calculated in five level scale according to Table 1.
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Fig. 2. The example relation between STI and signal to n@ie in the test lecture room (nrc3).

Table 1. The speech quality assessment scale on the basis of RASd1 fak

Quality | Bad (1) | Poor (2) | Fair (3) | Good (4) | Excellent (5)
RASTI | 0-0.3 | 0.3-0.45| 0.45-0.6| 0.6-0.75 0.75-1

Subjective measurements of MOS factor were done using the ACR maticodd-
ing to the ITU-T P.800 recommendation with a listening group made up oéfisbps in
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the age from 18 to 25 years. The test material had the form of phoneahabalanced
sentence lists. It had been recorded by one speaker (male voicdR-@A& recorder,
divided into sentences and loaded into a computer. The sampling ratekbiizldnd the
resolution of 16 bits were used. There were 50-sentence lists one gfemeasuring
point (different transmission conditions).

In Fig. 3 the speech quality measurement results in the lecture room fereait
signal to noise ratio (SNR) values were presented. The presented MIOSswere
obtained by means of the subjective speech quality measurements &g OS —
ACR) method and on the basis of the objective measurements RASTI{®DS
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Fig. 3. Relation between MOS and speech to noise ratio ingsielécture room. The MOS value was
obtained on the basis of STI (MOS-STI) and ACR (MOS-ACR).

]

B MOS-STI
OMOS-ACR

Mos

6 9 1

5. Conclusion

The carried out experiment has shown that the STI method givey lose MOS
assessments to the subjective measurement results in the indoor canfiitiGtolish
language for a white noise as an interfering signal. The obtained spesebsaent
results are in the range from one to four in the MOS scale in view of high slellayhis
range there was an almost 100% compatibility achieved between subjsti$eand
the results, obtained basing on the objective measurements RASTI.

The aim of the further research is the calculation the relationship betweatoing
intelligibility and STI for speech transmission in indoor environment for Polan-
guage.
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