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Speech intelligibility is one of basic quality parametefspeech transmission in rooms.
The methods for assessment of speech quality fall into tassels: subjective and objective
methods. This paper includes an overview of selected metbbdubjective listening mea-
surements (ACR — Absolute Category Rating, DCR — Degradaiategory Rating, speech
intelligibility) recommended by ITU-T, ISO and Polish Stird and the method of speech
transmission quality evaluation called “modified intaliidjty test with forced choice” (MIT-
FC). The MIT-FC method provides fully automatized measwaeinof speech intelligibility
in rooms. The experiments carried out in finding the relaibetween logatom intelligibility
measured with traditional and the MIT-FC methods for themedave shown that there exists
the multivalue and repetitive relation between them.
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1. Introduction

One of important elements of communications is a qualityrafigmission which
depends on objective, or physical, parameters of rooms khasven the subjective fac-
tors connected to listeners in that room. Measurementsedcptransmission quality
should take into account some subjective factors by the LUsghjective measurements
methods, or by the estimation of subjectively weighted ciibje results. Among the dif-
ferent subjective methods, the techniques which give thirEg, 4] or indirectly [1-3, 5,
6, 8] the values of Mean Opinion Score (MOS) on the five-gragsity scale are used.

2. Absolute category rating

The ACR @Absolute Category Ratingnethod is recommended by ITU [7] for the
evaluation of subjective quality of the speech. The speeatienal (test lists) used in this
method should consist of simple, short, semantically ateel sentences. A test list is
divided into groups of five sentences. The test materiallshaeiproperly prepared and
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recorded. The speaker should pronounce the sentencedyflaedshould not have any
speech defects. Since the female voice and the male voiesdiféerent characteristics,

the two types of voice should be included in the measurem@&htsresults obtained for
male and female voices should be evaluated separately.CHndye averaged only when
they do not differ significantly. To reduce the influence & thdividual characteristics

of the speaker’s voice on the obtained result, several spgahould take part in the
experiment. The experiment’s listening part should talkeglin a room with a noise
level below 30 dBA. Listeners are chosen at random from thienabtelephone using

population, with the provisions that:

e they have not been involved in work connected with assessafigrerformance
of telephone systems or speech coding,

e they have not participated in any subjective measureménémast the previous
six months,

e they have never heard the same sentences lists before.

Listeners listen to the sentences and give their opiniofigerievels scale. Various

scales recommended by ITU may be used for different purposes

e listening-quality scale (Excellent speech is rated 5, Gedd Fair — 3, Poor — 2,
Bad - 1),

e listening-effort scale (Complete relaxation possiblegffort required is rated 5,
Attention necessary; no appreciable effort required — 4dédate effort required
— 3, Considerable effort required — 2, No meaning understaitid any feasible
effort — 1),

e loudness-preference scale (Much louder than preferredtési r5, Louder than
preferred — 4, Preferred — 3, Quieter than preferred — 2, Myuséter than pre-
ferred — 1).

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

3. The traditional method of logatom intelligibility measurement

Subjective tests are described in Polish Standard PN SY0®“Analog Telephone
Chains. Requirements and Methods of Measuring Logatoncatiion”.

Themeasuremertf logatont? intelligibility consistsn thetransmission of logatom
lists, read out by a speaker, through the tested channethvelne then written down by
listeners and the correctness of the record is checked lyug @f experts who calculate
the average logatom intelligibility. It is recommended s lists of 50 or 100 logatoms.
Each list should be phonetically and structurally balanddte measurement should
be carried out in rooms in which level of internal noise tbgetwith external noise
(not introduced on purpose) does not exceed 40 dBA. Thanésseshould be selected
from persons who have normal, good hearing and normal exqegiin pronunciation

@ Logatom — (ogos(gr.) — spoken phrasatom(gr.) — indivisible) vocal sound, generally insignificant,
usually made by the sound of a consonant or the first consathemt by an intermediate vowel, finally by
a consonant or a final consonant sound.
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in the language used in the test. A person is considered ®r@wnal hearing if her/his
threshold does not exceed 10 dB for any frequency in a ban@®Hkz—4000 Hz and
15 dB in a band of 4000 Hz—-6000 Hz. Hearing threshold shouté&ted by means of a
diagnostic audiometer. The size of the listening group khbe such that the obtained
averaged test results do not change as the group size isifimtreased (minimum 5
persons). The group of listeners who are to take part in éoganmtelligibility measure-
ments should be trained (2—3 training sessions are reconedgn_ogatoms should be
spoken clearly and equally loudly without accenting theiginnings or ends. The time
interval between individual logatoms should allow thedisr to record the received
logatom at leisure. It is recommended that logatoms shoelddoken with 3-5 sec
pauses in between. The time interval between sessionsdshoube shorter than 24 h
and not longer than 3 days. The total duration of a sessiouldmot exceed 3 hours
(including 10 minute breaks after each 20 minute listeniegqal).

Listeners write the received logatoms on a special form oichvalso the date of
the test, the test list number, the speaker’'s name or symbg|, (he listener’'s name and
additional information which the measurement manager negg rirom the listener is
noted. The recording should be legible to prevent a wroregjimétation of the logatom.
The received logatoms may be written in phonetic transonpfa group of specially
trained listeners is needed for this) or in an orthograpbimfspecific for a given lan-
guage. In the next step, the group of experts checks theatoess of received logatoms
and the average logatom intelligibility is calculated ic@wdance to the Egs. (1) and (2):

1 N K
Wi, = ﬂ Z Z ka [%]7 (l)

n=1 k=1

N — number of listenersi’ — number of test listslV,, ;. — logatom intelligibility for
n-th listener and:-th logatom list,

P,
Wk = —F . 100 [%], @)
T

P, ;. — number of correctly received logatoms franth logatom list byn-th listener,
Ty — number of logatoms ik-th logatom list.

4. Modified intelligibility test with forced choice (MIT-FC )

The subjective measurement of logatom intelligibility ery time- and cost-con-
suming. To avoid disadvantages of subjective evaluatiologdtom intelligibility by
means of the “traditional” method, a new measurement mettasl created and de-
veloped at the Institute of Telecommunications, Teleimfatics and Acoustics. This
method was calledodified intelligibility test with forced choitMIT-FC).

In the MIT-FC method all experiments are controlled by a catep The automa-
tion of the subjective measurement is connected with the& lzdmnge in generation
of logatoms and in making decision by a listener. The compgémerates logatoms



162 S. BRACHMANSKI

and presents the utterances, via a D/A converter and loallsp#o the listeners sub-
sequently and for each spoken utterance several logat@nkaiie been previously se-
lected as perceptually similar are visually presentedastieen found that the optimal
number of logatoms presented visually to the listenersvisrsésix alternative logatoms
and one transmitted logatom to be recognized). The listem@pses one logatom from
the list visually presented on the computer monitor. The mat@r counts the correct
answers and calculates the average logatom intelligikslitd standard deviation.

5. Experiments

The goals of experiment:

e decision if the results of traditional and modified with fedcchoice methods let
finding the relation which would allow to convert resultsrfr@ne method to the
other and the classification of rooms tested with both method

e measurement of experimental relations between traditemmamodified logatom
intelligibility methods.

The subjective tests were done according to Polish Stanebir@0/T-05100 [8]
and Recommendation ITU-T P.800 [7] with the team of listeraade up of 12 lis-
teners in age from 18 to 25 years. The listening team wastsdl&om persons with
normal hearing. The qualification was based on audiometsits tof hearing threshold.
The measurements of logatom intelligibility were done gshre traditional method and
the MIT-FC method.

The measurements were taken in two unoccupied rooms. Irreant four listener
locations were selected. These positions were chosen iexpectation of yielding
a wide range of logatom intelligibility. Sound sources @eiand white noise) were
positioned in the part of the room normally used for speakidige loudspeaker was the
voice source and the second — the noise source. The variod#ioas were obtained
by combination five level of white noise.

The testing material consisted of phonetically and stmadl) balanced logatoms
and sentences lists uttered by professional male speakeseanative language was
Polish. For each measure point (the place where the meassit@op was situated) a
list of 100 logatoms has been prepared. The logatom listseafioiur listener locations
were recorded on the digital tape recorder. These recadivege played back over
headphones to the subject afterward.

This way of subjective measurements realization provilessame listening con-
ditions for both traditional and with choice methods. Infeacom for each position
of listener (Pp) and for each signal-to-noise ratio (SNR)Itdgatom intelligibility was
obtained by averaging out the group of listeners results.

The results of subjective measurements of logatom inieility are shown in Fig. 1.
After the logatom intelligibility measurements, the listgs assessed the quality of
speech transmission in range from 1 to 5 according to the M&@8ch quality scale.
The obtained results are partially presented in Table Tigtable the values of MOS
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Fig. 1. Relationship between logatom intelligibility measd with traditional and MIT-FC method for
analog telephone chains and rooms.

Table 1. Logatom intelligibillity and MOS (ACR) of auditoria measments.

SNR MIT-FC Traditional method MOS_WI| MOS_ACR
Ppl | Pp2 | Pp3 | Pp4d | Ppl | Pp2 | Pp3 | Ppd | WI
0 |41 455 | 455 |49.8 | 14.7 |15.6 |19.5 |18.7 | 17.13 1 1
3 | 49.4 |56 51.8 |49.2 | 23.2 [ 20.7 | 28.1 | 25.4 | 24.35 1 1
6 | 53.2|57.9 |62 50.6 | 25.8 | 25.1 |43.5 |34.4 |32.20 1.3 14
9 | 56.6 | 70.8 | 64.8 | 61.4 |32.2 [34.4 |49 39.8 | 38.85 1.6 2
12 | 65.3|75.2 [80.9 | 75.6 |45.8 |47.4 | 659 |55.2 |53.58 25 3
15 |84.33/85.2 |85.4 |85 36.33| 56.66| 62.33| 45.5 | 50.21 2.2 3
18 | 88.2 |88.25/91.2 |88.2 |68 56.66| 65 51 60.17 3 3.2
21 |83 86 87.2 | 88 64.33| 63.5 | 73.5 | 74 68.83 3.6 3.4
24 | 90 92.2 [90.2 |90.2 | 69.33|56.25| 61.5 |56.5 | 60.90 3 3.5
27 |85.33|84.33| 87.4 | 86.6 | 64.75|56.8 | 68.25| 74 65.95 3.4 3.6
30 | 885|845 |91.2 |89 64.25| 62.25| 76 67.25| 67.44 35 3.9
33 | 88.25| 85.66| 88.25| 87.5 | 63.25| 61 68.75| 72.33| 66.33 34 3.9
36 | 89.66| 87.33| 89 92.33| 66.4 | 60 79 74.6 | 70.00 3.4 4
39 |90.33| 86 93.8 |94 59.67| 60 70.5 | 65.5 | 63.92 3.3 4.1
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and quality standards, obtained on the basis of the data givBolish Standard (PN-
90/T-05100), are also presented.

6. Conclusion

The experiments carried out in finding the relations betwegatom intelligibility
measured with traditional and semi-automatic with fordecice methods for the rooms
have shown that there exist the relation between them.dwallusing both methods
interchangeably and converting results between them.

The presented MIT-FC method offers a simple, easy to usklestand fully au-
tomatized speech system to assessment of speech qualdgrirsr The results of the
experiments have shown that the MIT-FC method is very usaftihe evaluation of
speech quality in rooms. The time needed to carry out the uneamnt with MIT-FC
method is the same as in traditional one but we obtain thdtsasght after finishing
the measurement process.

The results of the presented experiments are the first stéye isubjective assess-
ment of speech quality in rooms research. The next stage ig#lization of subjective
measurements with both methods with considering otherskaidlistortion which can
occur in rooms.
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