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Abstract: Acoustic information transmission path even today maintains a dominant position. 
Concept clarity measurement method Stipe is based on the empirical finding that variation the level 
of speech signals carry important information relating to speech intelligibility. Modulation of 
speech arises from acoustic separation of words, sentences and phonemes, which are the basic 
elements of speech.  

Introduction 

The outputs of the existing analyzes suggest that the measurement of the speech transmission index 
STIPA (although it is a standard set objective method) can not agree with logatomic tests for 
evaluating the transmission properties of conference areas. Especially in language classrooms, then 
we can assume a fatal impact classroom acoustics and the properties of the transmission channel on 
the quality of teaching. The aim of the specific research project SV 2113 Faculty of Education in 
2015, called "The dependence of the measured speech transmission index STIPA directional and 
frequency characteristics of acoustic receivers." The research project builds on previous projects 
that followed the speech intelligibility in conference and lecture halls, and compared the possibility 
of measuring methods, whose output is a single number parameter. This parameter should ideally be 
the responsibility of logatomic recognizability, as determined by standardized logatomic tests [1]. 
We proceed from the fact that a normal healthy individual hearing is binaural and that, therefore, 
the measurement should respect human directional hearing. Our aim is to propose a modification of 
the measuring system so that the correlation of results of signal measurements and tests were 
logatomic greatest, ideally to the correlation coefficient ρCIS LOG as possible to approximate to 
value 1. 

Twin sensor MD441 

For the simulation of directional hearing in the acoustic space classrooms and lecture we used a pair 
of Sennheiser of hypercardiod sensors MD441U. 

Directional characteristics of sensors can be described so. Directivity factor Qp, which according 
to [5] applies 
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where U0 is the output voltage of the sensor plane waves along the acoustic axis of the transducer. 
Denominator represents the output voltage of the sensor in a perfectly diffuse field. Directivity 
factor but not determinative of the geometry of the directional characteristics. 

Ideal hypercardiod sensor can create a pair of point-gradient of sensors zero and first order [2]. 
Typically utilizes a combination of pressure and speed sensors whose output voltages are added 
together. The output voltage of the speed sensor. Common mode voltage pair is then 
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where p is the acoustic pressure, η1 and η2 are sensitive sensors and α is a departure from the 
acoustic axis of the sensor. For ratio η1 / η2 = 0.75 directivity factor reaches a maximum value of 
Qp = 4. Direction function point hypercardiod sensors so we can ideally describe a standardized 
formula 

αcos75,025,0 A  (3) 

where A is the normalized output level of the sensor (Amax = 1). Theoretic ideal directional function 
of the sensor is ideal hypercardiod in Fig.1.  

 
Fig. 1 Theoretic functions hypercardioid     Fig. 2 Deriving a common-mode           

directional sensor          voltage sensing twin 
 
If we use a pair of identical sensors on remote base b, lands plane wave whose propagation 

direction makes with the acoustic axis of the sensor angle α, a second sensor is delayed Δt, which 
corresponds path difference δ (Fig. 2). For common-mode voltage level and thus the directional 
characteristics of two identical point hypercardiod sensors base b we get, using equation (3) 
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Depending based sensors B according to equation (4) changes the resultant directional 
characteristic of the sensor pair. Figure 3 is a theoretical courses directional scanning functionality 
of identical twin point hypercardiod sensors base b = 6 cm and b = 17 cm. At relatively small base 
(6 cm) leads to narrowing of the directional characteristics with minimal side lobes. With the 
increase in the base is greatly narrow directional characteristic for lower frequencies, but for higher 
frequency leads to the formation of side lobes and the directional characteristic is cleaved into 
narrow strips [3]. 

For the sensors real situation is much more complicated. Above all, a realistic final dimensions 
of the sensor, it is not a point. Hypercardiod microphone membrane generally has the shape of a 
spherical cap and around its own acoustic sensors are different circuits. On Fig. 4 and Fig. 5 are 
measured by the directional characteristics of the transducer pair Sennheiser MD441U base b = 
6 cm and b = 17 cm. Measurement of directional characteristics we realized multitone signal in an 
anechoic chamber with a reference microphone Brüel & Kjær analyzer and BK Pulse 3560C. The 
measurement results confirm the theoretical distinction directional characteristics of a pair of spot. 
Sensor directional characteristics of real sensors with finite dimensions and the accuracy of the 
model calculations in accordance direction of the side lobes [4].  
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Fig 3. Theoretical courses feature a pair of directional hypercardioid sensors 

 
 

 
Fig.4 directional characteristics of sensor pair MD441U (b = 6 cm) 

 

 
Fig.5 Directional characteristics of sensor pair MD441U (b = 17 cm) 

 

Results of a comparative index measurements speech transmission 

Effect of directional characteristics of sensors for measuring the index of speech transmission 
STIPA and clarity CIS we tested in space with a reverberation time of 1,5s at a distance of 1-6 m 
from the reference emitter NTi TalkBox. On Fig. 6, the values measured Stipe and CIS scanning 
twin compared with the values measured by pressure microphone NTi 2201 with “balls” 
characteristic. While pressure microphone largely represents unilaterally deaf man, the directional 
characteristics of the sensor pair is approaching binaural hearing mono signal. 
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Fig.6 Comparison of measured values STIPA and CIS 

 
Conclusion 
The results of the measurements, we can infer that the directional characteristics of the sensor pair 
has a significant influence on the measurement results, especially in the free field and a pair of 
matching pitch with bases ears. In the diffuse field results are comparable. 

Partial results of research have shown that the influence of directional characteristics of the used 
sensors to the measured value speech transmission index STIPA and derived values of clarity, the 
CIS is significant. Another direction of research activities, therefore, will lead to finding appropriate 
directional characteristics and validation of the measured values with the results of the tests 
logatomic so that one-numeric measurement method is comparably sensitive to syllable 
intelligibility, especially in the range from 85 to 100%, where the standard moving test results 
logatomic in confernce and lecture halls, where the most stringent requirements set loss to 5% 
readability. 
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