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INTRODUCflON

In response to a brief from the NEC. steps were taken to appraise the system re-
quirements ior Halls 1. 3 and 5. :

By pro-selecting, at the choice of the NEC. the spherical radiating Soundsphere System
it has been possible to calculate the total number of speakers and power requirement lor
various degrees of coverage.

It can be shown that there is a trade off between speaker height and intelligibility for any
given system and this will be the subject of detailed analysis when reverberation data for
the halls has been verified.

The prime objective is to achieve the highest articulation over the entire area of each
hall. even under adverse ambientnoise conditions.

it should be noted that the direct to reverberant ratio is adversely affected by the number
oi speakers not radiating directly to the listener. In other words the lewer speakers within
the coverage angle oi each unit the better the intelligibility at that point. The spacing of
the speakers depends on height of mounting and the table gives two examples:

Height 11m

Spacing 15.5m lor OdB variation in direct soundlield,
23.5m for 1 dB variation in direct soundlield.
32.0m tor 2dB variation in direct soundlield.

SPL required at 1 m for 90dB at floor = 111 dB
Power required tor PA is 27Watts HMS
Power required tor music is 60Wat‘ts RMS

Height 18m
Spacing 25.5m tor OdB variation in direct soundlield.

39.0m tor 1dB variation in direct soundlield.
49.0m tor 2dB variation in direct soundfield.

Power required for PA is 60Watts RMS
Power required for music is 140Watts RMS

NB. These calculations are based on direct ralialion in free field conditions. The final
power requirement will be reduced by the reverberant energy of the halls.

It can be seen that the speaker requirement in Hall 5 for example could varyfrom 28 to
80 depending on the tinal spacing and height requirement. As the grid layout of the halls
is set at 30m it is logical to design thegsystem with a spacing of 30m. This corresponds
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almost exactly with the prelerred height of 15.5m and. allowing lor the average height of
visitors. will result in the ideal design aim at we variation in the direct sound iield pres-
sure if the speaker is 14m above the person's head.

The most difficult thing to achieve in any highly reverberant space is good intelligibility.
Good articulation is achieved by maximising the direct to reverberant energy ratio. This is
improved by:

Minimum distance from listener to loudspeaker or coherent group of speakers.
Reduction in reverberant energy.
Reduction in the number of loudspeakers relative to those feeding the direct sound
lield.
Increase in room size Ior a given reverberation time.
Increase in loudspeaker directivity, provided coverage angle is maintained.

Several factors are mutually reciprocating in that higher directivity means more speakers
and also greater variation in sound quality. A perfect system would deliver all its radiated
energy within only the desired coverage angle to a perfectly absorbing lloor suriace! The
intelligibility would be 100% provided the ambient noise was 25dB below the system lev-
el and bandwidth plus distortion were 10kHz and 1% respectively.

We have the Iollowing known parameters:
Wanted vertical coverage angle: 94°, actual angle 180°
Wanted RT60: 2-35. actual RT60: 5-95 (see Chan 1 )
Wanted Critical Distance: +14m, actual: Bm Ior N=7'

“ N at any one point is the ratio between the number ol direct radiating speakers and to-
tal number of identical speakers in the whole system. The value varies with the position
01 the listener as follows;

Hall 5. 28 speakers installed. one per bay

(“3” amply)

N D %ALcons

Directly under speaker 28 ' 14 39

Between 4 loudspeakers 7 25.4 31

Between 2 loudspeakers 14 20.5 42

N=Direct speakers/total speakers D=Dlstance to nearest speaker

The Articulation Losses (%ALcons.) can be seen to exceed the normally accepted limit of
15%. even without taking into account the high ambient noise levels encountered in the .
halls. This will be discussed in the summary.

It can be shown that the Sound sphere has an extremely wide coverage 'Iootprint' which
means that many units overlap. Any one inside speaker is covered by 8 others, each
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delivering 7dB less direct sound than the one inside unit. The 8 units will give a com-
bined. averaged level of 2dB more than the inside one, giving a theoretical decrease of
'N‘ to 3.5.

This could be the reason why the Soundsphere appears to give better performance in
large halls than is theoretically predicted. it each unit is optimally placed to maximise the
overlap ot direct energy then the apparent lack of directivity will be compensated.

SIGNAL TO NOISE RATIO

The noise level in each hall has been measured under all normal conditions and found to
vary from 72 to BOdB(A).

To maintain the same level of intelligibility as without background noise will require levels
from the system, at the listener of 97 to 105dB(A).

LOUDSPEAKER OUTPUT
The power required ol each speaker unit to give the required level ol 105dB(A) will be
determined by both N and the acoustical parameters oi the hall.

The combined level is given by the Modilied Hopkin-Stryker Equation.

This predicts an acoustic gain at 2dB lor Hall 5 which with the addition of direct sound
due to overlap (previously calculated at 2dB giving a combined level increase of 2.2dB)
means the total increase of sound level at any point will be in the region of 4.2dB.

The maximum rated output of the speaker is 120dB lor 200W electrical input. This will
give a direct level ol 103dB at 14m. Adding the total acoustic gain we get 107.2dB which
means the power input can be reduced to 100W to achieve 104.2dB throughout the floor
area. '

It can be seen that 100Watt FtMS power per unit will be required to satisfy maximum in—
telligibility requirements. even with no headroom.

TEST RESULTS

The RASTI figures for systems such as hall 5 are not reliable in the sense that noise and
position of reflections can give inaccurate readings. A full STI is more meaninglul as

_ anomalies are averaged out of the overall matrix.

The averaged STI value for halls when occupied is just below the 0.5 recommendation
‘but the weighted value and the RASTI value are .651 and .665 which rates a ‘good'. This
value could not be obtained in every bay and several points came to light;

1. The high bay speakers do suffer from the extra initial distance which
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reduces the direct to reverberant ratio.
2. At the edge of each hey the sound is less distinct due to interference and
the increased initial time delay. .
3. The roof and ventilation units cause reflections and stray energy radiation
which decreases the direct energy ratio.

The pronounced comb filter effect shown in the frequency plots is evidence of the effect
of early reflections as marked on the time domain plots.

This could be reduced by controlling the upward diffraction of the bass driver as the prob
lem does not occur with the high frequency units.

Acoustic treatment of the area local to each soundsphere is strongly recommended.

The system. as a whole, performed according to expectations and the acoustic data ob-
tained does correlate with the initial predictions.

The advantage of the distributed sound system over the existing, local line source array
arrangement is immediately apparent once the halls are occupied as there is virtually no
masking of the direct sound whereas the indirect reverberant energy is reduced dramat~
ically.

The most important factor will always be the direct to reverberant sound ratio which can
be improved by controlled directivity and reduced initial time delay (reducing height of
speakers). Control of reverberation will also work but is only cost effective at the design
stage of a building. Ambient sound level can be overcome by increasing system level
and this is how the setting have been made. The level may seem high under show condi-
tions but this is considered necessary given the marginal STI values.

PRINTOUTS
1. A detailed calculation spread sheet used for the prediction and calculation of sound
level Lp and % ALcons -
2. The double impulse from one unit which causes a comb filter effect.
3. HASTI for hall 5 empty.
33. RT60 hall 5. 500Hz. 7 seconds. Note reverberation reduces at some lower fre-
quencies due to panel resonance in the root decking.
4. Frequency plot of one speaker combined with root reflection. See main report for com-
ment.

5. RT of 9.3 seconds at 1I<Hz in hell 5 empty.

6. Hall 5 occupied, no visitors RT at 1kHz now 3.3 seconds.
' 7. 0n axis RASTI for previous test. Result GOOD.
8. Full STI for hall 5. STI: .65 which is acceptable. Actual vocal tests were carried out at
thispoint which were also acceptable.
9. Windowed direct response of loudspeaker shows mis-alignment of bass and HF
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drivers. To be discussed with manufacturer.
10. Energy time curve shows above mis-alignment at 2ms (approx.).
11. Final equalisation for hall 5. Smooth peak tree curve with gentle rise to 2kHz. Best
subjective result with this setting.
12. Overlay of bass and tweeter ETC shows that reflections are cause by bass driver
only. To be discussed with manufacturer.
13-19. Various backup measurements showing hall 1 also, which. as it was mainly emp-
ty. did not give valid conditions for full STI.

The results are in fact better that hall 5 empty. so there should be no problem with hall 1,
occupied, and the system has been equalised as for hall 5. occupied.
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1. A detailed calculation spread sheet used for the prediction and calculation of

sound level Lp and % ALcons
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