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INTRODUCTION

Interest In measuring speech intelligibility started In the beginning oI this century. Investigations tried to ilnd

methods which were able to evaluate speech lntelligibility. This Is rather ditiicult because many lactors

Influences, so until now only a law objective methods and subjective methods have been used. The

subjective methods are very time consuming and uses a lot at subjects listening and are thereiore quite ex-

pensive.

Objective methods ought to produce the same results as subjective methods. but they should be very much

taster. The RASTI (Rapid Speech Transmission index) method Is described in an IE: dreit standard (1). It is

the iirst time ever that It has been possible to measure speech lntelilgibility in rooms In 8 seconds and both

the background noise and the reverberation time are taken into account.

THE RASTI METHOD

RASTI is a method at rating the intelligibility oi transmitted speech and is based upon the Speech

Transmission Index method (2.3.4,). Perlect transmission oi speech implies that the envelope function oi the

speech signal at the listeners position corresponds to the signal at the speakers mouth. The speech

intelligibility. can be quantliled from a measure of the change in modulation oi the speech envelope as a re-

sult ol reverberation and background noise. Fig.1.

The reduction at the modulation can be expressed by a modulation reduction factor. The modulation

reduction expressed as a function at the modulation trequency is called the MTF (Modulation Transler

Function). The modulation transier function provides an objective measure for speech Intelliglbility. and irom

It. the STI value is derived, Fig.2.

The test signal used In the RASTI method consists at two octave bands oi noise as shown in Fig.3. The lev-
els tor Ihese two bands are chosen to be equivalent to the average levels Iound in normal speech (L,.,. =

60 dB). equivalent to 55 dB in the 500 Hz octave and SOdB in the 2 kHz octave. all levels given at 1m irom

the speaker.

A HASTI measurement is made by transmitting the special test signal irom the speaker's position (in the
room considered or. In connection with public address system. in the control room) and analysing it at the
listener‘s position. The reduction in modulation Index tor each oi the nine modulation lrequencies is
calculated. The nine modulation reduction Indlces obtained are interpreted as though they were about by

background noise alone. as indicated in Fig.4. A qualitative Interpretation oi the RASTl-velues is shown In
Fig.5,
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Fig. 2. Shows Lot-I Speech Transmission Index is derived from the modulation transfer function.
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Fly. 8. Illustration of the EAST! lest slgnal. Two octave bands a! pink nalse are presented a! the same lime,

with an Intensity envelope comprising four or Ilve simultaneous modulation Irequencles. and with a

modulation Index a! 0.4 and 0.32 respecflvaly.
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CALCULATION OF THE RASTI VALUE

Nlne apparent slgnal to noise ratios. one tor each modulation lrequency. are

calculated as follows:

X, = 10 Log [rm/(t -rn,)]  
where X, la the apparent signal to noise ratio corresponding to the measured modulation

reduction lactov. m,
The X, values are truncated at X, = 15 as such that:

  

   
  

ll X, > 1565, then let X, = ISdB
ll X, < -15 dB. then let X, = -15 dB

The arithmetlc mean of these 9 X, values is obtained and normalized to yield an Index

which ranges lrom O to 1.    
   
   

  

       

 

  
  

 

   

  

  
   

   

RASTI value = (X, o 15)/30

Fly. 4‘ Calculation ol the RASTl-value
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Fig. 5. Qualitative Interpretation of RASTI

MEASUREMENTS

There exclsts many dltlerent appllcatlons tor the RASTI method. By means of Brael 8- Klmr Speech

Transmisslon Meter. Transmltter Type 4225 and Flecelver Type 4419 many dltlerent measurements have

already been perlormed. One ol the measurement pertormed was In The “Grundtvlgs Klrke"

The 'Grundtvlgs Klrke" Is a large church In Copenhagen consisting of a main nave and two side navest

The haves have a length of 56 m, the width Is 10m and 5.5 m. respectively. tor which reason the total

width sums to 21 m. The total volume ls 25,000m“.

The reverberation tlme Is very long In the church because at the large volume and the complete lack ol

sound absorption materials. At 80 Hz about 14 seconds down to about 1.3 seconds at 6.4 kHz due to ab-

sorption In the air,

In 1959 0..I. Pedersen performed some subjective measurements In order to evaluate speech Intelllgibll-

lty In the church, these measurement are compared wlth RASTI measurements In tlgvs. There Is as can

be seen a very good correlation between the sublecttve measurements and the RASTI measurements.

The discrepancy Is posltlon 4 can be exptalned lrom very high sensltlvlty to In the exact position. Thls is

made clear In the contour plot shown In "9.7,
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Fig. 6. Comparison of results lrorn subjecllve and RASTI measurements. Transmitter ylaced anpulpit.
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Fig, 7. Contour Plat of HASH-values, Transmitter placed on pulpit
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In the summer at 1985 a new sound system was Installed. The sound system consists DI 33 loudspeakers

equaly spaced In the church and Interconnected via three dilIerent time delays. there is a IIxed

microphone on the pulpit and an portable mlchrephone tor the alter. The measuring results shows that

there has been an obvious Increase In Speech Intelllglblllty In most part oi the church, "98. But the

RASTI measurements also makes clear that It Is very dlflicuull to design a soud system, which is good

when the listener Is In the near-field oI the speaker, In the 'Grundtvlgs Klrke“ speech Intelllgibility has

decreased In the near-Ileld or the speaker with the new sound system on.

    Fly. 8. Contour Plot 0! RASTI-values with new sound system installed, Transmitter placed on pulpit,
compare also with Fig.7.

Proc.I.0.A. V017 Pert3 (1385) 227 



  

Proceedings of The Institute of Acoustics

OBJECTIVE MEASUREMENTS OF SPEECH INTELLIGIBILITY
UNDER HIGHLY REVERBERANT CONDITIONS

CONCLUSION

The new RASTI method has been shown to be a very practical and test method for the assessment oi
speech lnlelligibllltyt Measurements pertormed wllh the Bras! 5 Kjar Speech Transmlssion Meter have

shown good correlation between subjective assessment and the RASTI-value.
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