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INTRODUCT [ON

Traditional subjectlve methods of measuring speech intelligibility are time
consuming, expensive and the results are open to wide variation due to human
error. In comparison, an objective measurement system should be mors
consistent, quicker and (after the inltial purchase price), cheaper.

Early studies in this field carried ‘out by French and Steinberg (1] yielded
the Articulation Index (AI), which was further developed by Kryter ([2].
However, the complexity of the AI calculation scheme makes it cumbersome.
Probably the most important recent development is the applicatfon of the
Modulation Transfer Functlon (MTF) to speech intelligibility measurement.
The MTF of a transmission channel 1s the reduction In modulation Index of an
initially 100% modulakted signal, as a fumction of frequency. Thls work was
ploneered by Houtgast and Steeneken 3], whose efforts resulted in the Speech
Transmission Index {STI). Their concept has now been embodied in a measuring
system, RASTI (RApid Speech Transmission Index), made by Bruel and Kjaer.

The $T! is calculated from a large number of MTF's in different octave bands
In a similar way to the Al scheme, and RAST! uses a simplified version aof
this. -

Owlng to the complexity and cost of the RASTI method there appears to be
scope for the development of a simpler and cheaper system. This paper
describes the evaluation and ‘use of such 2 system, which was- first developed
by Kihlman and Nordlund [4]. and recently used by Barron [S].

THEORY

To understand how the MTIF of a room relates to speech intelligibility It is
necessary to look at why. intelligibility is not always perfect. In a
theatre, the sound arriving at a listener's ears wikll have been affected in
some way by background noise and reverberation. Speech may be thought of as
a sound with a speclfic distributien pattern of sound intensity over time and
frequency [6). When this sound reaches the listener *its distribution pattern
is much 1less clearly defined, and the degree of this "smearing" Is an
indication of the reduction in lntelligibility. The MTP measures the degree
of loas of clarity of a signal, and so amust relate in some way to
;ntelliglbility.

The MTF 13 defined by Schroeder [7] as:
"the expected value of the complex amplltude of the aquared output of a
system at radian frequency w, divided by the average value of the squared
output at w".

where the system Is fed with a test signal of cosine mouuirated (freguency

@fa) white noise.
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It is possible to measure the MTF of a sapeech algnal, but this is not
necessary provided that the modulation rate of the replacement test signal is
ai{milar to that of the intensity envelope of contlinuous discourse. Other
features of the normal transmission channel should be reproduced as closely
as possible. In the case of a theatre, the loudspeaker radlating the test
signal should have the same directlonal characteristics as a person. and the
signal should be received by a dummy head containing two mlcrophones.

The modulation frequencies most prevalent in speech have been shown to lie
between 0.25Hz and 25Hz [3]. The aethod used by Houtgast and Steeneken for
measuring the MTF {(to obtain the STI) was to use cosine wave modulation at
the relevant frequencies and analyse the response of the room in zlgrd octave
bands, giving a table of 98 values.

A siapler method used by Klelner [8) was to modulate white noise with a
rectangular wave. The fourier analysls of thils signal reveals 1its
usefulness; for example with a perlod of 140ms it contalns components at
frequencles of 7. 14 and 21Hz, which are similar to those required. The MTF
was then measured according to Schroeder's definition: the complex amplitude
divided by the average wvalue. As the system used was Intended to give a
quick measurement of speech intelligibility analysis was carried out for =a
single frequency band between S00Hz and 2kHz.

Kleiner measured the qﬁdulation index reduction {or MTF) m as:
m = (Ly, - Lpmi) - (Lpz - Lpm:} dB.

where Ln.and Ly, are the average values of the test signal before and

, after transmission respectively.
Lpay and Lpp,; are the amplitudes of the signal before and after

transmission.

Lpmt and Lpp; were measured by a simple envelope detector. This »ay be
simplified by designing the envelope detector so that it may be switched to
give either the signal or the amplitude at Its output, and calibrated te make
Lps = Lpm, before transmission. This leaves m as a simple ratio: —{Lp:-lpm:}
in db {or, Vpg:/Va: with values in volta).

EXPERIMENTAL METHOD

The ‘equipment used may be split into two parts {fig 1): the tranamitter and
the recelver. The transmitter was required to generate a test signal of
neise, modulated with a rectangular wave, and radiate it inte & room to
replace a person speaking. The receiver picks up the altered signal and
provides e measure of its amplitude and average value from which the MIF can
be calculated.

A Bruel and Kjaer white nolse generator was used to provide a wideband noise
slgnal, which was then chopped at the correct frequency and flltered by the
'fliter and gating’' unit. The signal was then amplified by a Quad II power
ampllfier, which drove the loudspeaker. In an attempt to achieve the
required directional characteristic, the speaker drlve unit was chosen for
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its slze - approximately that of a human mouth. Considerable difficulty was
encountered in finding a speaker of this size whose frequency response
covered the 500Hz to 2kHz range of the signal. The unit used waz a Peerless
2" midrange dome, which very nearly met the frequency requirements. This was
mounted in the lower third of a small wooden enclosure, designed to have
dimensions similar to those of a human head. The speaker cablnet was
supported by a tripod at the approximate helight of a person's head for the
measurements.

The receiving section should ideally consist of a dummy head, but this was
not possible wlthin the scope of this project. Instead an omni-directional
capacitor mlcrophone attached to a CEL sound level meter was used. This was
connected directliy to the envelope detector {fig 1). The resulting levels
were read from a measuring amplifier. The envelope detector was calibrated
before testing by connecting it after the 'fllter and gating' unit, and
adjusting the calibration control until the amplitude and average levels were
equal.

Measurements were carried out in two lecture theatres in the Chapman Building
at the University of Salferd. These particular theatres were chosen because
they are known to have intelligibility problems. 1In the smaller of the two,
Chapman 3, which seats 150 people, iIntelligibllity is normally good.
However, there 1is a ventilation system that is switched on and off
periodically which increases the degree of concentration }equired from the
listener. .Chapman 1 [seating 500 people) usually requires the use of a public
address (PA} system. Tests were c¢arried out to evaluate the sound
reinforcement systez by comparing intelligibllity with and without' the PA.
The results are shown ia the next section. 7This theatre was also used to
evaluate the objective measuring system against articulation tests (results
wiil be presented at the conference).

RESULTS

Articulatibn ,tests were performed in Chapman 3. These indicated good
Intelligibillity throughout the rooa with the ventilation system switched on.
The front row yielded the highest scores. which would be expected due to the
atrong direct sound. 5TI values were measured with and without the
interfering noise. The results are shown in table 1. Fig 2 shows the
measuring positions.
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Seat

;:' No No Ventllation Nolse With Ventilation Noise
2 8 13 2 8 13

A 0.49 0.62 0.46 0.46 0.58 0.42

c 0.45 0.48 0.45 0.45 0.47 0.42

F 0.40 0.41 0.38 0.43 0.41 a.40

H 0.45 0.42 0.44 0.43 0.28 0.36

K . 0.35, 0.35 | 0.36 ¢.33 0.34 0.34

Table 1: STI Values, Chapman 3

Most seats show a decrease 1n Intelligibility with the ventilation systenm on.
which Is as expected. From table 1 it can be assumed that an STI of 0.62
represents good intelligibility, and that values down to 0.32 are [alr.

STI measurements have been made in Chapman 1 (fig 3); the results are
displayed in table 2. Seats near the front show reasonable intelligibilicy
even without the PA. All readings taken near the back of the hall are wvery
low, which corresponds to the comments of students using the room regularly.
The measurements taken in the back rows using sound relnforcement are
particularly interesating as the STI values are lower than those without. The
average. signal level was higher with the PA In all cases, but the ampljtude
readings were - smaller, resulting {in low STI's. This suggests that
intelligibility will always be low in these seats. Large background noise
levels were often observed at the rear of the hall., due to the fact that It
backs onto the gallery, which is in constant use. The largest improvement in
intelligibility with the |PA was observed in seats at the sides of the
theatre. This is what would be expected of an efficlent system as more sound
is required in areas receliving least direct sound.

o, LS e gy me
Al4 0.47 0.44 18 0.22 0,23
a25 0.32 0.33 125 0.23  0.28
E1 0.28 0.33 N1 0.26 0.25

< E16  0.33 0.35 N1O 0.29 0.26
E25  0.29 0.35 N25 0.28 0.25
18 0.26 0.28 R1 0.28 0.28

Table 2: STI Values, with and without PA, Chapman 1.
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CONCLUSIONS

Word tests carrled out in & ssall lecture theatre (Chapman 3) correapand well
with the high STI wvalues measured, particularly at the front of the room.
Lower STI values were obtained in the presence of high background nolae as
would be expected. Measurements carried out in Chapman 1 to evaluate the
sound reinforcement system showed improved intelligibllity when the PA was
used, but only in certalm areas. The bipgest improvement was observed at the
stdes of the theatre, indicating that the PA performed as required. Results
obtalned soc far with this objective measurlng system indicate that it
correlates well with expected speech intelligibillty In the rocas tested.
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Figurel : Block D{agram of Measurin_c} Sysfem.
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Figure 2: Plan of Chapman 3 Showing

Measu’ring Positions.
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