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The methods for assessment of speech quality fall into two classes: subjective and objec-
tive methods. This paper includes an overview of the two methods of objective measurements
speech intelligibility (Speech Transmission Index and the automatic speech recognition sys-
tem (QE-ARM)). Experiments in which the methods were used are described. The results are
compared with subjective measurements. Subjective and objective measurements were carried
out in a room for different signal to noise (white and pink noise) ratio. The obtained results
are shown as a curve describing a relation between a STI and signal to noise ratio (S/N) and
STI versus logatom speech intelligibility.
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1. Introduction

This paper is a continuation of group research, which was done to find relations be-
tween results of objective speech quality measurements and subjective logatom speech
intelligibility measurements for different types of noise in a room.

The methods for assessment speech quality fall into two classes: subjective (lis-
tening) and objective methods. The subjective assesment is natural method to evaluate
the quality of speech. In the subjective methods listeners listen to the specific speech
material (e.g. logatoms, short words, short sentences), which has been mixed with dis-
turbances and they write what they hear. The results depend on the speech material used.
Unfortunately subjective tests are often very expensive, time-consuming and labour in-
tensive.

In this paper two physical, objective methods of assessment of speech intelligibility
are compared, namely the speech transmission index (STI) and the automatic speech
recognition system (QE-ARM).
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2. Objective methods

2.1. Speech transmission index (STI, RASTI)

STI Method, which is recommended by IEC60268-16 [6], was made by Houtgast
and Steeneken. This method is designed for assessment of the speech transmission qual-
ity. It is realized by calculating parameter of quality from the modulation transfer func-
tion (MTF) [5]. This method was modified by the author of this paper for polish speech
transmitted via analog telecommunication channels [4]. The MTF method uses a test
signal (random noise), whose spectrum correspond to the human speech. The inten-
sity of this noise in octave bands is sine-modulated with the modulation frequencies
relevant to the envelop of speech. The additive interferences (noise, reverberation) re-
duce 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) [3, 5].

In 1985, the foreshortened adaptation of Speech Transmission Index (STI) was de-
veloped by Houtgast and Steeneken and termed RASTI (Rapid Speech Transmission
Index). The RASTI method is a simpliefied version of STI. This method is restricted
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 all seven 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) [6, 7].

2.2. The QE-ARM method

The automatic speech recognition system (QE-ARM) for objective speech quality
evaluation is based on finite state and memoryless automatic speech recognition proce-
dures [1]. The original signals (logatoms), according to their length (i.e. duration), are
divided into 2-5 closed sets. The signal is preemphasised using a first order filter with
a transfer function H(z) = 1 — 0.95 - 2~! and parameterised using FFT, BF-FFT, LPC
or Cepstrum method (Fig. 1).

The next step is initial classification of signals according to their duration. The para-
meters of original signals are stored in n pattern tables corresponding with sets resulting
from the classification. In this manner we obtain n finite sets of patterns. The nearest
neighbour (NN) algorithm is used as a decision rule. Parameters of every test signal are
compared to patterns from a suitable set and nearest of them becomes the answer of
the system i.e. the recognised class. Dynamic time warping (DTW) technique is used to
appropriately temporally align the features of the test signal with those of the reference



OBJECTIVE MEASURE FOR ASSESSMENT OF SPEECH QUALITY IN ROOMS 179

7 yaEa
Pormiar ] skwptl % Opcje @
Sygnaby weorc Ogdlne FFT l BF-FFT ] LPC & Cepstruml S_l,lsteml Start |
+ Listaloga lpakee Hlacknsg - Opcie |
Razrmiar FFT 812 -] = sz [dla Fpr= 16000 Hz)
Przesunigcie okna |50 w | % dhugosci okna P BT E, |
Folder spgnaka Pasma
[ hnaukat ) . .
f* Pebrw zakres czestotliwodci Zamk.nij |
Swgnaty badar " Pasmo uzytkownika = Hz
Zrodho spgnal
I Przetworn| | Dokbadnose
(* Analiza w pasmach tercjowych
& e il h okt h
naliza w pasmach oktawowpcd ¥ Preemfaza
Falder spgnata
D Anaukatli 0K Zastosu| Arlu | FPomoc |
Tryb pracy: pomiar

Fig. 1. The example of the window of the QE-ARM.

one before computing a match score. As a similarity function the Hamming distance is
used.

The relation of the correctly recognized test signals to all transmitted ones is the
measure of speech quality (e.g. logatom intelligibility) and the efficiency of recognition.

3. Experiment

The measurements were performed in one, unoccupied room (lecture room). The
lecture room had seats for 70 listeners. The volume of the room was approximately
303 m3. The A-weighted background noise levels were then 30 dBA.

In the presented experiment four listener locations were selected [2]. These posi-
tions were chosen in the expectation of yielding a wide range of speech intelligibility.
Sound sources (voice, white or pink noise) were positioned in the part of the room
normally used for speaking. One loudspeaker was the voice source and second — the
noise source. The different conditions in the room are the result of white or pink noise
in different level of volume. The test signal for speech intelligibillity (phonematically
balanced logatom lists), were played on the DAT recorder with loudspeaker set in the
front of the hall 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 signals were recorded on the digital recorders. In the same measurement points, in
which test signals were recorded, the RASTI measurement were done. The RASTI val-
ues were measured with a Briiel & Kjaer Speech Transmission Meter (Type 3361).
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The RASTI system consists of a transmitter (Type 4225), which was placed at the
speaker’s position and a receiver (Type 4419) placed at the listener’s position. The av-
eraging time was 32 s.

The subjective tests were done according to Polish Standard PN-90/T-05100 [8] with
team of listeners made up of 8 listeners in age from 18 to 25 years. The listening team
was selected from persons with normal hearing. The qualification was based on audio-
metric tests. The test material had the form of phonematically balanced and structurally
balanced logatoms lists. It had been recorded by one speaker (male voice) on a R-DAT
recorder and then loaded into computer. The sampling rate of 16 kHz and the resolution
of 16 bits were used.. Each measure point (the place where the measure position was
situated) consisted of one list of 100 logatoms.

In QE-ARM method measurements the same test lists were used, which were used
in subjective measurements. The estimatot logatom intelligibility was calculated with
QE-ARM method for BF-FFT parametrisation, Blackman Harris window and Ham-
ming distance measures. For those properties the best compatibility is with subjective
measurements. The influence of system OE-ARM parameters changes was also mea-
sured for the effectiveness of the method. The method effectiveness is the compatibility
of the subjective and objective results.

The dependence of logatom intelligibility in function of STI values for testing the
room for a disturbing noise (white and pink) is presented in the Fig. 2. The relationships
beetwen QE-ARM values, logatom intelligibility and STI values for all speech trans-
mission conditions (white and pink noise, different signal-to-noise ratio) are presented
in Fig. 3.
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Fig. 2. Relationship between STI and logatom intelligibility for white and pink noise.
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Fig. 3. Relationship between STI and logatom intelligibility and QE-ARM.
4. Conclusions

Within the confines of this paper lots of experiments were made to measure speech
transmission quality in rooms in which therewere different kinds of noise like white and
pink. The tests were measured with objective methods: QE-ARM and RASTI (STI).
Results of those experiments were compared to the subjective assessments, which were
made with logatom intelligibility. QE-ARM method measurements were made for many
system properties but the most effective results were observed for the properties pre-
sented in this paper.

The experiments carried out in finding the relations between logatom intelligibility,
QE-ARM value and STTI for the rooms have shown that there exists the multi-value and
repetitive relation between them. It allows using both methods interchangeably and con-
verting results between them. The presented STI and QE-ARM methods offer a simple,
easy to use, stable and fully automatized system to asses speech transmission quality.
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