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1. Introductlion and Basic Design Concepts

The work reported in thie paper 1s concarned with the design and perforwance
testing of an active reflector devica for use in auditoria to strengthen
reflections. Conventional reflectors are not always easy to arrange,
especially in modern thrust stage theatres [1], but they can be used in
auditoria to increase the intelligibility of sound in both the audlence and
atage areas. Howaver, conventional reflectors have many disadvantages and
limitationa: the plane aize and/or thickness, and hence tha waight, often
need to be large to ensure proper functioning at low frequencles. An active
electroacoustic reflector (E.A.R.), a combination of microphane and loudaspaaker
arrays, could be both more compact than a conventional reflector, snd also
could provide etronger and adjuatable reinforcement.

The performance of such an active reflector has been investigated in different
environments. The advantages of this active reflaector ara that it can -
usually re-radlate moxe (or at least as wuch) energy than falls on it, it is
lightweight, the energy re-radiated can be controlled in both amplitude and
direction, its position can be changed, it can be insensitive to audience
conditicna, and it can cover all the audible freguency ranga.

The basic design concept was to bring the microphone close to the loudspeaker,
to make the raflector compact, and then to avoid electromcoustic feedback by
using wnidirectional microphones, connected in anti-phase [2], and oriented
symoetrically in a reglon of weak loudspesker sowmd field. Minimization of
galn can then occur due to feedback along two paths:; (i) that of the direct
gound from the loudspeaker to the microphones, and (ii) that of the sound via
mon raflections,

Path (i) reduction is accomplished first, by using two cardioid mi crophones
placed back to back in & reglion of weak loudspesker sound field and aymme txi-
cally with respect to the loudspesker axis, thus recelving the same S.P.L. from
‘the loudspeaker. Secondly, by using a speclally designed electronic unit
cangisting of two anti-phase preamplifiers and a mixer, the two equal signals
received from the microphones are balanced out. The pessibility of such
signal treatment is conditicnal on the mlcrophones’ arrangement with respect to
the loudspeakerx.

Path (i1) can only be minimized by the directicmality of the loudspeaker and
its placing and orientation in the room.

2. operation and Results

Tests with pure tane, whits noise, pink noise, speech and music ware carried
out in anechoic conditions. It was found that the problems of path (i) were
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satinfactorily solved, the achieveble gain of the E.A.R. under asnecholc con-
ditions being about 13 &B on average over the audible frequency range. With
vartous source positions, an omidirecticnal microphone in solectad positions
was used to record the levels with and without the E.A.R. in operation, the

3 fference between them being called the irprovement. Fig. 1 ghowa the
improvement versus frequency in 1/3 octave bands when the receiver was 5.20 m
from the reflector, at an angle of 10° to the right of the normal to the E.A.R.
contye, the source being in the plane of the reflector to the left of the
normal, a whita noise source being wed. The figure shows goocd lmprovements
in the rangs 200 Hz to 10 kiz,

The E.A.R. was also tested in a quite reverberant lecture room of volume
330.75 m? and in the Turner Sims Concert Hall at Southampton University, of
volume 2335.5 m’. White noise, pink noises, speech end music were used as
gound sources.. Several positions of the B.A.R., the receiving microphone and
the sound source were used and the results were recordad. Fig. 2 shows the
improvements obtained in the lecture room with recordad speech, there baelng a
maximom value of 12 dB at 2 kAz. The figura shows good improvements over the
range 250 Hz to 3500 Hz, and poor results for the highar frequency range,
ascribable to the lack of such high frequency energy in speech.

Fig. 3 is a three-dimensicnal histogram showing some Turner Sims Concert Hall
results. The y-axis represents the fmprovements in d8. Tho x-axip repregents
geven distences from the E.A.R. with various positions of the receiving micro-
phone. The gz-axis represents 21 third octave band centre frequencies otarting
from the frequency of operation of the E.A.R. (a white noige eource was uged) .
A maximm improvement of 8 dB was abtained at a frequency of BOO Hz and at a
distance of 7 metres. In geheral, the improvements indicated in the figure
are significant for the firxat six positions, but those at a distence of 10
metros are poor.

-

3. Conclusions

Compariscn of the xesults in the anachole chamher with those in the two
reverberant ycoms shows that provided the E.A.R. microphones are adjusted for
minimization of the direct path (1), then the limitation on the maximum E.A.R.
gain cbtainable is set by the reverberant path {ii). ‘The gain obtalned under
anecholc conditions is sbout 8 @ higher than under the "heat"” reverberant
conditions. In the two roverberant rooms the maximum gein bofore feedback im
gbout 3 db higher in the larger rocm (the Twmer Simo Concert Hall). This is
telieved to be largely dum to the comparativa positioning of the room surfaces
in the smaller room, resulting in relatively stranger path {ii) signals.
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