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Abstract: The first part of the paper describes the influence of interference on speech intelligibility, which occurs in the environment of a moving car interior, in combination with diffuse noise and early reflections. The second part of the paper describes an experiment in which the intelligibility of the speech signal obtained from the Serbian matrix sentence test base - SMST, was tested by the binaural method, in the presence of early reflections, diffuse noise - DN and car noise - CN. Based on a comparative analysis of the obtained results with the results of similar tests, as well as with the standard IEC 6028-16: 2011, a conclusion was brought on the intelligibility and its classification.
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1. ITRODUCTION
Intelligibility of speech is very important for good communication beetwen the people.The noise in everyday situation like: babble noise [1], idustrial noise [2], or natural sounds like wind [3], rain [4], production elements like music [5]  will have influence to intelligibility of speech. In order to obtain reliable results for evaluation speech intelligibility in the presence of different types of ambient disturbances, there are different types of speech materials for testing. Various authors have dealt with this issue and they used database of  word or sentence in their testing. In test with words there are tests which use: a database of known and meaningful words [6], but the results are certainly more reliable using  logatom (words without meaning) [7] - [9], because the respondent cannot to sense the meaning of the word. When it comes to sentences, there are also two types of tests: a) testing sentences from everyday speech [10], and b) testing with matrix sentences [11] - [13]. Sentences from everyday conversation are certainly recognizable to the respondent, so it is possible that even if the respondent did not understand well, he/she can sense the meaning of the sentence, because the sentences are semantically correct. When it comes to matrix sentences, the respondent cannot guess their meaning because in the semantic sense they do not have to be correct, while the syntactic structure is important to them. This structure is defined as follows: name, verb, number, adjective, noun. For the purposes of testing in the Serbian language, the authors developed the database of the Serbian Matrix Sentences Test (SMST), described in [11]. The combination of words from the database give the 100000 different sentences, suitable for testing intelligibility. The selection of words from the database is done by random law with the help of a computer.
Intelligibility testing can be performed by subjective and objective methods. Subjective methods include the participation of respondents and evaluation using the MOS test (Mean Opinion Score, MOS). The objective method of testing is computer-assisted testing, using appropriate programs and algorithms. In our case, the STOI algorithm [14] was applied in order to obtain objective test results, and as a result its gives the values ​​of dSTOI coefficient in the range from 0 -1.
In this paper analyze the influence of background noises in ambient inside the car on the move. Intelligibility of speech for passengers in car can be very difficult because interference like: noise from vehicle (engine, tires...), early reflections and other interferences. To evaluate the intelligibility of speech the experiment was performed in next steps: a) from the SMST base a speech signal was created (x), b) then this signal was delay for a predefined delay time (t = (0, 10, 25, 50) ms (xr),  then are c) superimposed the car noise (y) and d) diffuse noise (y1), e) obtained signal y1  and xr gave genereted test signal  (z), f)  using STOI algorithm and  binaural method, for testing signal z, the value of coefficient intelligibility dSTOI, for the left and right ear individually, was got. After that, the results of experiment was analysed, compared with standard IEC 60268-16:11 [15], and with results of similar tests. Based on this the conclusion of intelligibility was brought.

Organization of work as follow. Section 2 describes experiment,  experiment's results and their analysis. Section 3 is conclusion.
2. EXPERIMENTAL RESULTS AND ANALYSIS
2.1 Experiment
In fig. 1. the realization of an experiment for testing speech intelligibility, in the presence of background noises, is presented. The experiment was realized in the following steps: a) from the SMST base a test speech signal x was created, b) this signal was delay for a predefined delay time (t = (0, 10, 25, 50) ms, signal xr; c)  superimpose the car noise, signal y, with the speech signal; d) then also superimpose diffuse noise, signal y1; e) test signal z, was obtained by generating signal y1  and xr; f) test signal z, passed through the STOI algorithm to obtain results; d) as a result of applying the binary method, the coefficient of intelligibility dSTOI is obtained, for the left and right ear individually.
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Figure 1:Block diagram of experiment
Tests were performed for two cases: a) when the SNR for  car noise  and diffuse noise are the same and b) when the SNR is different for  a  car noise and diffuse noise. Parameters used for the realization of the experiment, using the binaural method, are: a) variable signal-to-noise ratio (SNR) is adjusted for the purposes of the experiment by the gain factor k, which  values are determined that the signal z is generated with SNR = (0, - 2, -5) dB; b) speech signal angle (s = 0(; c) angle of reflection (n = 0(; e) angle of diffuse noise (DN = 0 : 5 : 360(, e) amplitude of reflection Ar = 1; f) delay time between direct and reflected signal (t = (0, 10, 25, 50) ms. The results of the experiment are presented in tables and graphs. Based on the obtained results, a intelligibility analysis was performed. 
2.1.1. The base
Two bases were used in the paper: a) speech signal base and b) noise base. The SMST base described in [11] was used for the speech signal, contains 50 words spoken in Serbian by a professional female speaker. The base was recorded in studio of the Banker Radio in Niš (fs=44.1kHz,16bps). By combining these words, according to a random law, matrix sentences with a precisely defined syntactic structure were obtained: name, verb, number, adjective, noun, for testing. The advantage of these sentences is that they are not repeated, because with a combination of words from the base, it is possible to get 100000 sentences. The noise base used in the paper is available on the website [16].  For the purpose of experiment, the noise of a moving car was used from the base [16]. Figures 2-6 show the time and spectral forms of: a) speech signal (sentences obtained from the SMST  base),  b) reflected speech signal, b) interference signal (car noise) and  d) generated test signal.
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Figure 2: The speech signal of the sentence ‘Danica briše pet skupih fotelja’ from the SMST base:

a) time signal and b) spectrogram.
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Figure 3: Reflected speech signal of the sentence ‘Danica briše pet skupih fotelja’
a) time signal and b) spectrogram.
	[image: image6.emf]0 0.5 1 1.5 2 2.5 3 3.5 4

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

t (s)

x(t)


a)
	[image: image7.png]f\requ'gncy Q;iz)

o
S
=]

4000

3500

3000,

o
S
S

(=3
S
S

1000

500

0.5

1

15

Time (s)

2

25

3.5




b)


Figure 4: Signal of car noise: a) time signal and b) spectrogram.
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Figure 5: Signal of car noise in details: a) time signal and b) spectrogram.
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Figure 6: Speech test signal  z (SNR=-5 dB): a) time signal and b) spectrogram.
2.2. The results

The results of the experiment are presented in tables and graphs. In tables 1-2, as well as in fig. 10-14 graphically shows the intelligibility of sentences for: a) SNRCN = SNRDN = (0, -2, -5) dB; b) SNRCN ≠ SNRDN = (-2, -5) dB. Table 3 presents a comparative analysis of the results with the results for noise: a) pink; b) Gaussian and c) applause.
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Figure 7: Intelligibility of speech for: a) SNR=0 dB, b) SNR=-2 dB, c) SNR=-5 dB za SNRCN = SNRDN
 i d) SNR=-2 dB,SNR=-5 dB za SNRCN ≠ SNRDN
Table 1: Speech intelligibility for  SNRCN = SNRDN
	Intelligibility

	SNR

(dB)
	dSTOI


	(t  (ms)
	

	
	
	0
	10
	25
	50
	(

	0
	dSTOIL
	0.6487
	0.5699
	0.5548
	0.5335
	0.5770

	
	dSTOIR
	0.6616
	0.5761
	0.5557
	0.5335
	0.5817

	-2
	dSTOIL
	0.6311
	0.5408
	0.5319
	0.5039
	0.5519

	
	dSTOIR
	0.6313
	0.5401
	0.5350
	0.5021
	0.5521

	-5
	dSTOIL
	0.5804
	0.5085
	0.5014
	0.4764
	0.5167

	
	dSTOIR
	0.5798
	0.5115
	0.5013
	0.4817
	0.5186


Table 2: Speech intelligibility for SNRCN ≠ SNRDN
	Intelligibility

	SNR

(dB)
	dSTOI


	(t  (ms)
	

	
	
	0
	10
	25
	50
	(

	-2
	dSTOIL
	0.6548
	0.5733
	0.5619
	0.5240
	0.5785

	
	dSTOIR
	0.6596
	0.5794
	0.5681
	0.5259
	0.5832

	-5
	dSTOIL
	0.6250
	0.5450
	0.5278
	0.5100
	0.5519

	
	dSTOIR
	0.6262
	0.5447
	0.5299
	0.5086
	0.5523


Table 3: Limit values of speech intelligibility in the presence 
of noise type: pink, Gaussian, applause
	dSTOI


	middle value -(

	
	Pink[17]
	Gaussian [17]
	Applause[17]

	dSTOIL
	0.5568-0.6341
	0.4713-0.6167
	0.5615-0.6185

	dSTOIR
	0.5552-0.6377
	0.5593-0.6169
	0.4408-0.6144


2.3. Analysis of results
Analyzing the obtained results of intelligibility of sentences spoken in the Serbian language in the presence of early  reflection, diffusion noise, and car noise, for time of delay  (t = (0, 10, 25, 50) ms, and SNR = (0, -2, -5) dB, shown in Tables 1-2 and in Fig. 7, it is concluded that the coefficient dSTOI, goes in  range from 0.5086 to 0.6612.

Considering the individual results of intelligibility, expressed through the STOI coefficient it can be concluded that the intelligibility is:
a) the best for the right ear 0.6616 ((t = 0ms), and the worst for the left ear 0.5334 ((t = 50ms), 
              (SNRCN = SNRDN = 0dB),

b) the best for the right ear 0.6313 ((t = 0ms), and the worst for the left ear 0.5021 (t = 50ms), 
              (SNRCN = SNRDN = -2dB),

c) the best for the right ear 0.5804 ((t = 0ms), and the worst for the left ear 0.4764 ((t = 50ms), 

              (SNRCN = SNRDN = -5dB),
d) the best for the right ear 0.6560 ((t = 0ms), and the worst for the left ear 0.5240 (t = 50ms), 
               (SNRCN = -2, SNRDN = 0dB),

e) the best for the right ear 0.6262 ((t = 0ms), and the worst for the left ear 0.5086 ((t = 50ms), 
(SNRCN = -5, SNRDN = 0dB),

Analyzing the results shown for the mean value in Tables 1-2 for SNR = (0, -2, -5) dB, not observing the delay time, it is concluded that intelligibility is the best right ear 0.5167 for SNRCN = -2, SNRDN = 0dB, and the worst for the left ear 0.5832, for  SNRCN = SNRDN = -5dB.

Looking at the obtained results and comparing with the standard IEC 60268-16: 2011, it is concluded that intelligibility belongs to the classification of poor intelligibility, if we look at the results in percentage form (0 ÷ 89%). Comparing the obtained results with the results of similar tests, comparative analysis with the results for superimposed Gaussian noise [17], Pink noise [18] and applause noise [19], it is concluded that better intelligibility is present everywhere in the right ear, except for noise of applause where is the better intelligibility on the left ear. In paper [20], the results for several different algorithms used to assess intelligibility are presented for the different type of noises, from which it can be seen that the percentage of intelligibility (for car noise) goes in the range of 40-65%, depending on the applied algorithm, for SNR = 0dB.
3. CONCLUSION
The paper presents the results of an experiment in which speech intelligibility was evaluated in the presence of noise type car. Evaluation of intelligibility was performed using STOI test, for SNR = (0, -2, -5) dB and (t = (0, 10, 25, 50) ms. The speech signal from the SMST base [11] and the signal of car noise from the noise base [16] were used. Analysis of the results showed that the reproduced speech signal have better intelligibility on  the right ear. It can also be noticed that, as the delay time (t t (ms) increases, the intelligibility of the speech signal decreases. Comparative analysis shows that the intelligibility for car noise is also better in the right ear. The answer to this better intelligibility can be found in the medical perception of man, because it is known that the left side of the brain processes the received information, which is usually accepted by the right ear [21].
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