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INTRODUCTION

The Interest in conversion and translation between these two speech intelligibility
indicators results from a number of factors but mainly due to the fact that RASTI is
difficult to predict direme but relatively straight forward to measure and Alcons is
relatively straight fonuard to predict but difficult to measure.

Hence predict Moons; translate to RASTI which may then suifer a measurement audit.

The idea seems attractive but is, of course, sensitive 'to the relationship between the
two Indicators. We should also Investigate If this or any relationship is robust and
finally Is it reversible?

The figure below provides an indication that there may be a relationship.
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If we define the final parameter under test as speech intelligibility (Si) then

Sl = h (RASTI) - via PB Word Scores
Si = t2 (Atoms) - via CVC Logotoms

then for identical conditions we may in a very simplistic-way write

l1 (HASTI) = '2 (Al-eons)

Now at course l1 and lg may be extremely complex and non-linear with other

dependent and independent variables.

EXISTING RELATIONSHIPS

There are two existing proposed relationships to convert RASTI to ALcons and vice

verse - they are:

1. Attributable to Farrel Becker

%AL°on, = 17050555419511

2. Attributable to Peutz
Ell—0.09

who,“ = 10 M

The figure overleaf gives a graphical representation of the relationship.
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Fig. 2

I am not aware that either have been published and therefore unable to provide any

background Information.
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WHICH °/oALcoNs?

%AI_.c°ns has appeared In a wide variety of Ionnants vis:

 

2

Format 1 - Simple Expression - %AL¢°ns = 20321-

where: r = Distance from source (m)
T = Fleverberation Time (sec.)

V = Volume of space (m3)
0 = Directivily of source.

and

Format 2 - Complex Expression - %ALwns = 100(10““‘°°"‘°°’ + 0.015)

where: A = -O.32Lg[fiL—:EEL:"TN—]

LB = —0.32Lg[-1—ENE]

c = -0.ng(%)

m 2 a
Whore: L°=10‘°. Lfi=1o‘°. L..=1o‘°

and T = Fleverberalion Time (secs)

where: Lpd = direct sound pressure level dB re aopPa

Lpr = reverberant sound pressure level dB re

ZOpPa
LPN = Noise sound pressure level dB re ZOpPa.

Both equations may be rewritten in terms of dlrect-to-reverberant ratio and

reverberation time vls:

DIR)

2 T.10 WFonnati - %AL°°ns = F
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Format 2 - %AL°ons = 100(104‘W'm +o-.o15)

where: A = —o.32Lg[Lu+_'1-(u;rla-Eiru_lw]

B = —o.32Lg[fiL—3}LT]

c = —0.5Lg( T)
E

where: T = Reverberation Time (secs),
DIR

LDR = 14?]

flJLDN = 10[ '°

where: D/Fi = DIrect-to-Reverberant Ratio (dB)
SIN = Signal-to—Noise Ratio (dB).

It is therefore possible to plot each relationship against D/Fi (SIN is assumed >25dB).
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These are shown in the figures below:
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It can be seen that the two formats are quite different. for ease of comparison they are
plotted together on the following figure (1 sec. and 4 secs. only).
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Clearly there is a major difference which l am unable to explain but It does beg the
question which algorithm is applicable.

STIIH ASTI

In common with %AL¢°ns STI/RASTI may be presented graphically against DIR.
Computations were performed on the assumption that the acoustic field was a

homogenous continuum.
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The graph Is as expected being asymptotic to rn(F) = and produces an

 

improvement with increasing DIR ratio.

COMPARISON OF ALcons AND RASTI

Since both Indicators are now referenced to direct-to-reverberant ratio, a direct
comparison may be made. For convenience only RT = 2 sec. and RT = 4 sec. are
displayed and the %ALcons axis has been reversed such that both indicators show
the same trend.
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The figure below demons1rates a comparison using the simple Format 1 relationship.
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The figure below displays a comparison using the complex Format 2 relationship
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The potential for a definable relationship may be deduced from the two foregoing
figures. Fig. 7 has been reproduced overieaf without the‘legend but with major grid
lines present._
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Fig. 9

Now ordinates are lines of Isa-position in a space and abscissa are lines of Iso-

intelligibiiity. Hence we may deduce that for RASTi = 0.5 with RT = 2 sec. the direct-

to-neverberant ratio shall be approximately —5dB.

Therefore in the same position In space with the same FlT the °leALcons may be

determined as approximately 5%. Now we may hypothesise that if we were able to

immediately change the RT in the space from 2 secs. to 4 secs. then by moving

closer to the source. a new position may be found which also gives 0.5 RASTI. This

condition may be determined traversing the 0,5 RASTI abscissa to 4 secs. FlT FlAS11

curve we find that the new position to return a RASTI of 0.5 with 4 secs. RT Is at DIR =

approximately -1dB. Now at the new position with the increased FlT the °loALcons

should also be as before In the region 5%. examination of fig. 7 by tracing the -1dB

DIR ordinate to the 4 sec. ALcon 5 curve gives a returned value of around 3%. A

small difference may be observed.
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If however. the same exercise is carried out at RASTI = 0.45 then the returned
%AL¢ons of 2 sec. and 4 sec. RT are 13% and 5% respectively. A large difference.

Hence we may deduce that any conversion relationship between RASTl end ALcons
must be a factor of reverberation time which neither the Becker or Peutz algorithms
are.

The same process may be repeated for the Format 2 complex relationship and thls
results In even greater differences. See the figure below:
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Fig. 10
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The table below summarises the results for both sets of data at various RASTI

values:

 

Hence it can be seen that the conversion of both formats appears to be RT

dependent but with differing sensitivities.

THE EFFECT OF NOISE

RASTI of cour'se allows for the addition of noise using the m(F) multiplicand

fini- where SIN = signel-to-noise ratio dB. Hence if at a given position for a

1+1oT
given RT 3 EAST] value is retumed which may be translated into e “loALoons values,

then the addition of noise at that position such as to reduce the RASTI. should also

translate to a corresponding %ALwns.

To test the hypothesis that noise effects both %ALcons and FlASTI in the same

manner. we may look to the effect of noise on CVC logatoms and that of PB Word

Scores.
'

Consideration of the relationship between CVC logetoms and PB Word Scores

shown In figure 11.
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Relationship Between Intelllglbiiity Scales

Taken from Common lntelllglbllity Scale

 
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Common intelligibility Scale Fig 11

suggests that there would be very little difference caused by the introduction of noise

on these two subjective indicators although intuition suggests that since words may

be deduced from speech that the introduction of nolse may not produce a

proportional response. The inverse may be the of CVC iogotoms.
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Notwithstanding the foregoing the complex Format 2 relationship does include for

noise.

The figure below shows the variation of RASTI wllh SIN ratlo for noiseless RASTI

values 0.45. 0.55. 0.65 and 0.75 for RT's 2 secs. and 4 secs.

SECS

 

0.2

0 to 20 30 RA?"

Hg. 12 ‘

Date palrs ere annotated with the same letter.

It can be seen that there is very little variation between values for 2 sees and 4 secs.

and hence the effect of noise ls roughly independent of RT (though not DIR).
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The figure below shows the variation of ALmns with SIN ratio for RASTI values 0.45,
0.55, 0.65 and 0.75 for FiT's 2 secs. and 4 secs.
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Fig 13

Data pairs are annotated with the same letter.

it can be seen that there is a considerable difference between equivalent sets of data
with the different RT and hence the effect of noise Is a function of RT as well as SIN
and DIR. . -
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REVERSIBLE PROCESS

So far we have examined the conversion of RASTI to tVoALcons, the expressions for

conversion suggest that the process is reversible.

Embodied within the RASTI concept is the fact that to be a valid measurement the

frequency response of the system shall be uniform over the frequency range 200Hz -

6kHz and hence we may assume it a RASTI value ls quoted that the response of the

system meets this simple criteria.

Since %AL°ons ls determined at 2kHz and brings with it no qualification regarding

frequency response. reversible translation cannot take place unless the same

response criteria is applied as for RASTI.

Finally, since STI carries with it no qualification in regard of response or spectral

content. translation between this scale is almost impossible.

DISCUSSION AND CONCLUSIONS

I believe the foregoing has demonstrated that there must be considerable doubt in a

single conversion process between RAS‘n and ALoons and vice versa. if a complete

translation is possible titan it should Include reverberation time.

There also remains the problem of the dual Ionnats for %AL¢°ns and the lack of

published Information and data on this subject. Consideration of the original work of

Peutz and the present expression suggests that considerable metamorphosis has

taken place. Equipment now apparently exists to measure %AL¢°ns yet in truth the

concept is subjectively biased and hence the only real test Is a subjective CVC

audit.

SHIRASTI on the other hand is based on an objective measurement procedure.

Another perplexing fact has emerged. consideration of fig. 11 suggests that there is

little difference between the trends and sensitivities of CVC Iogotoms and PB (1000)

Words for varying speech intelligibility. Now both %Achns and RASTI purport to

describe these trends in terms of perceived speech intelligibility. Yet when they are

displayed together against a common variable (DIR) they demonstrate quite different

trends (see figs. 7 & 8). .
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From the foregoing l have reached the following tentative conclusions:

1. Translation from RASTI to Atoms should be FIT dependent.

2. Translation becomes uncertain if noise ls present.

3. The process Is not reversible i.e. FIASTI should not be deduced from ALmns
unless qualifiers are in place.

This simple investigation also raises a number of concems.

A How could this situation have existed tor so long especially given the potential
consequences? '

B. Why are relationships and concepts so readily accepted without robust

evidence?

G. How could it be that two expressions both purporting to calculate the same
Indicator give diflerent results?
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