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Two methods for assessment of speech quality in rooms were compared: the speech trans-
mission index (STI) and mean opinion scores (MOS). Subjective and objective measurements
were carried out in two rooms for different signal to noise ratio within a range from−15 dBA
to +15 dBA. The obtained results are shown as a curve describing a relation between a MOS,
STI and signal to noise ratio (S/N).
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1. Introduction

The methods for assessment speech quality fall into two classes: subjective (lis-
tening) and objective methods. From among the different listening tests, nowadays the
techniques, which give directly (ACR – absolute category rating, DCR – degradation
category rating, CCR – comparison category rating) or indirectly (intelligibilitymea-
surements) a MOS (mean opinion scores) rating on a five-grade quality scale are used
[1, 2, 4–8, 10–15, 19, 22]. The subjective assesment is natural method to evaluate the
quality of speech. In the subjective methods listeners listen to the specific speech ma-
terial (e.g. logatoms, short words, short sentences), which has been mixed with dis-
turbances and they write what they hear. Unfortunately subjective tests are often very
expensive, time-consuming and labour intensive. The designers andmanufacturers of
the speech transmission systems tend to use the objective techniques of speech quality,
not taking into account their limitations and preciseness. Still, the final verification of
quality of devices used for speech transmission is done by their human user and the
verification is made through subjective measurements of transmission quality. In this
study, two methods to measure speech quality are compared, namely absolute category
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 speechtrans-
mission index (STI), from the modulation transfer function (MTF) [7, 8,10, 16–18].
This method was modified by the author of this paper for Polish speech transmitted via
analog telecommunication channels [3, 5]. The MTF method uses a test signal (random
noise), whose spectrum correspond to the human speech. The intensityof this noise
in octave bands is sine-modulated with the modulation frequencies relevantto the en-
velop of speech. The additive interferences (noise, reverberation)reduce the modulation
depth of test signals. The STI value is calculated by weighting the average MTF value
for seven octave frequency bands (125 Hz to 8 kHz) and for 14 modulation frequencies
(midle frequencies in one-third octave bands from 0.63 Hz to 12.5 Hz) [5, 7, 16].

In 1985, the foreshortened adaptation of Speech Transmission Index(STI) was de-
veloped by Houtgast and Steeneken and termed RASTI (Rapid Speech Transmission
Index) [20]. The RASTI method is a simpliefied version of STI. This method is re-
stricted to the 500 Hz and 2000 Hz octave bands and to 4 (1, 2, 4 and 8 Hz) and 5 (1, 4,
2.8, 5.6 and 11.2 Hz) different modulation frequencies respectively. Another simplified
version of the STI is the STITEL (Speech Transmission Index for Telecommunication
Systems). The STITEL method applies the same octave bands as the STI,but in each
band only one modulation frequency is used. The test signal includes allseven octave
bands, which all are analyzed simultaneously. An efficient form of Speech Transmission
Index method for public address systems is STI-PA (Speech Transmission Index-Public
Address) [21, 23].

3. Absolute category rating

The ACR method is recommended by ITU [22] for subjective assessment of speech
quality. The speech material (test lists) used in this method should consist of simple,
short, semantically unrelated sentences. The test material should be properly prepared
and recorded. The speaker should pronounce the sentences fluentlyand should not have
any speech defects. Since the female voice and the male voice have different charac-
teristics, the two types of voice should be included in the measurements. Theresults
obtained for male and female voices should be evaluated separately. They can be aver-
aged only when they do not differ significantly. To reduce the influence of the individual
characteristics of the speaker’s voice on the obtained result, several speakers should take
part in the experiment. The experiment’s listening part should take place ina room with
a noise level below 30 dBA.

Listeners are chosen at random from the normal telephone using population, with
the provisions that:

• they have not been involved in work connected with assessment of performance
of telephone systems or speech coding,

• they have not participated in any subjective measurements at least the previous
six months,

• 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 in five levels
scale. Various scales may be used for different purposes. Operator give the following
opinion scales recommended by ITU [14, 22]:

a) listening-quality scale (Excellent speech is rated 5, Good – 4, Fair – 3, Poor – 2,
Bad – 1),

b) listening-effort scale (Complete relaxation possible; no effort required is rated 5,
Attention necessary; no appreciable effort required – 4, Moderate effort required
– 3, Considerable effort required – 2, No meaning understood with anyfeasible
effort – 1),

c) loudness-preference scale (Much louder than preferred is rated5, Louder than
preferred – 4, Preferred – 3, Quieter than preferred – 2, Much quieter than pre-
ferred – 1).

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

4. Experiment

The measurements were performed in two, unoccupied rooms (lecturerooms). In
the presented experiment, in each room, four listener locations were selected (Fig. 1).
Sound sources (voice and white noise) were positioned in the part of the room normally
used for speaking. One loudspeaker was the voice source and second – the noise source.

Fig. 1. Plan view of the rooms showing source position and thereceiver positions (I – loudspeaker – source
of the logatoms,II – RASTI, III – loudspeaker – source of the noise,1, 2, 3, 4– measurement points).
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Different conditions in the room are the result of white noise in different level of vol-
ume. In each room the measurements were done in four points where theaudience was
situated in the back (2 points), in the middle and in the front, to the level of 1.1 m(ap-
proximate height of listener’s head). The test signal for ACR method (sentence lists),
were played on the DAT recorder with loudspeaker set in the front of thehall that is in
the place of the rostrum. Next to the emitting set, which issued the test signal, the source
of disturbing noise was located. In each measurement point, test signalswere recorded
on the digital recorders. In the same measurement points, in which test signals were
recorded, the RASTI measurement were done. The RASTI values were measured with
a Brüel & Kjaer Speech Transmission Meter (Type 3361). The RASTI system consists
of a transmitter (Type 4225), which was placed at the speaker’s positionand a receiver
(Type 4419) placed at the listener’s position. The averaging time was 32 s. Dependence
of STI values in the function of signal to noise ratio for testing room is presented in
the Fig. 2. On the basis of the measured STI value the quality of speech assessment
(MOS-STI) was calculated in five level scale according to Table 1.

Fig. 2. The example relation between STI and signal to noise ratio in the test lecture room (nrc3).

Table 1. The speech quality assessment scale on the basis of RASTI factor [9].

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 methodaccord-
ing to the ITU-T P.800 recommendation with a listening group made up of 12 persons in
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the age from 18 to 25 years. The test material had the form of phonematically balanced
sentence lists. It had been recorded by one speaker (male voice) on aR-DAT recorder,
divided into sentences and loaded into a computer. The sampling rate of 16kHz and the
resolution of 16 bits were used. There were 50-sentence lists one per each measuring
point (different transmission conditions).

In Fig. 3 the speech quality measurement results in the lecture room for different
signal to noise ratio (SNR) values were presented. The presented MOS values were
obtained by means of the subjective speech quality measurements using ACR (MOS –
ACR) method and on the basis of the objective measurements RASTI (MOS-STI).

Fig. 3. Relation between MOS and speech to noise ratio in the test lecture room. The MOS value was
obtained on the basis of STI (MOS-STI) and ACR (MOS-ACR).

5. Conclusion

The carried out experiment has shown that the STI method gives a very close MOS
assessments to the subjective measurement results in the indoor conditions for Polish
language for a white noise as an interfering signal. The obtained speech assessment
results are in the range from one to four in the MOS scale in view of high delays. In this
range there was an almost 100% compatibility achieved between subjectiveMOS and
the results, obtained basing on the objective measurements RASTI.

The aim of the further research is the calculation the relationship between logatom
intelligibility and STI for speech transmission in indoor environment for Polish lan-
guage.
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[5] BRACHMAŃSKI S., Estimation of logatom intelligibility with STI method for Polish speech trans-
mitted via communication channels, Archives of Acoustics,29, 4, 555–562 (2004).

[6] FARINA A., Acoustic quality of theatres: correlations between experimental measures and subjec-
tive evaluations, Applied Acoustic,62, 889–916 (2001).

[7] HOUTGAST T., STEENEKEN H. J. M., The Modulation Transfer Function in room acoustics as a
predictor of speech intelligibility, Acustica,28, 66–73 (1973).

[8] HOUTGAST T., STEENEKEN H. J. M.,Predicting speech intelligibility in rooms from the Modula-
tion Transfer Function. I. General room acoustics, Acustica,46, 60–72 (1980).

[9] JACOB K. D., BIRKLE T. K., ICKLER C. B., Accurate prediction of speech intelligibility without
the use of in room measurements, J. Audio Eng. Soc.,39, 4, 232–242 (1991).

[10] LAM P., HONGISTOV., Experimental comparison between speech transmission index, rapid speech
transmission index, and speech intelligibility index, J. Acoust. Soc. Am.,119, 2, 1106–1117 (2006).

[11] MACKIE K. II, Assesment of evaluation measures for processed speech, Speech Comm.,6, 309–316
(1987).
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