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Introduction

Thia paper is concerned firstly with the use ot impulse responses obtained
in rooma to calculate Reflections Ratic and predict the degree of speech
intelligibility; secoﬂdly, with the use of impulee responses and
integrated impulse responses for comparison of real and éynthetic sound

fields.

Use of 1mhulae response in prediction of speech intelligibility

lochner and Burger (1) proposed signal-to-noise ratio as a predictor of
speeéh intelligibility in auditorim. This discriminated between reflections
which helped or hindered 1lntelligibility. Latham {2) eatended the technique
to include the effecta of ambient noiqe. and found this to correlate well
with speech intelligibility. A stage in evaluating Latham's modified
signal-to-noise ratio is the meapurement of the Reflectiona Ratio of

the weighted early energy to iute energy.
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whete a 18 Lochner and Burger's temporal welghting for useful energy

iraction, and N is the frequency weighted embient noise.

Evaluation of the Reflections Ratio entalled the recording of an impulse
reaponse for given positions of source and receiver im a particular
auditorium. The evaluatién {in the 1 kHz octave band) wae done using

a fast transient analyser linked to a microcomputer. The impulse source

waa an electrical discharge with omni-directional characteristics.
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The technique has been epplied in a number of guditoria with stages or

platformse at one and, but has pubsequently been applied to theatre-in-
the-round at the Grange Arta Centre, Oldham (3). In this case an attempt

vae made to simulate the directicnality of the voice.

The simulation of sound fields using impulde responses

Our current work 18 concerned with speech quality in auditoris using multi-
dimensional scaling of preference judgements made in synthetic sound fields.
Inpulde responsep are used to sst up the simulations in the anecheic chamber.
The synthetic sound field has been deseribed (4) and demonstrated at the I0A
confersoce on Room Acoustlcs with emphasis on Electro-acoustics, August 1879.
The sound fleld utilises anechoic speech ag the source material, which is
modified by attenuators, delsy lines and reverberation processor to produce

signals which are fed to an array of loudspeskers in the chamber.

Part of the setting-up process entails matching the lopulée response for
the simulation to the impulee response from a real auditorium. The major
early reflections Irom specific surfaces are identified, and to_simulito
direction, elgnals representing these reflections are fed to sppropriately
pooitioned opeakers inm the chamber. The delay lines ond attettuatora are
adjusted until a comparable impulse response 18 cbtained in tho atmulated
sound field. As an aid to thia, lmpulse responses are fed through an
integrating circuit. This circuit (figu;e 1) performs exponential
integration intended to gimulate subjective masking of a reflection by a
subsequent reflection, using Niese's 25 mBec time constant for hearing (4).
Figure 2 ehows the matched integrated echogrems for three real auditoria
and three soundfield simulations, The circuit alsc Acts as a threshold
linitation device due to the cut-off cof the diode below 0.7V thus
signals with a level of -15dP or greater re. a typical peak signal of

4V will be trensmitted.

Aids to setting-up 8 sinulated soundfield

The uses of impulse responses for predicting speech intelligibility and
setting-up soundfields have been described briefly. The conventional
impulse response does not of itself convey information regarding the
direction of specific reflections or their spectral composition. Two
channel recording of impulse responses with a directiongl and an omoni-

diractional microphone, or with a refined dummy head system, should be
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a8 further aid to adjusting the various coﬂlponentn of the simulated
soundfield. The simlation could be further developed by spectral
analysis of early segmenta of the impulse response and incorporating

the spectral information in the soundfield.

The work on speech quality is supported by a grent from the Sclence

Research Council,
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Figure 1

Flgure 2

Integration circuit
diagram

Echograms of real and
gimulated sound fields
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