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1. INTRODUCTION

For most voice system design it is paramount that the direct-to-reverberant ratio within a space (at
various positions) is known. Errors of as little as 3dB can, under cerain conditions, have a profound
effect on the system performance especially speech intelligibility.

Much therefore depends upon the loudspeaker data supplied by the manufacturers or their test
houses.

The calculations to deduce direct-to-reverbaration ratio (DIT-’!) may be applied from a variety of starting
points but they all revolve around the same set of equations.

We know that:

Q _
L,=L,+ 10Log(4m2) ......................................... S [1]

where: L, 4 = direct sound pressure level dB re 20uPa

L, = Sound Power Level dB re 10"?Watt
Q = Directivity factor
r = distance from source (m).

Further that:

4 .
L,=L,+ 10L09[—R—J .................................................. [2]

[+

where: L, = reverberant sound pressure level dB re 20pPa
L. = Sound Power Leve! dB re 10""Watt
R, = Room constant (m?).

From equation [1] for a given L,, a knowledge of either Q or L,, allows deduction of the other and
further, a knowledge of L, and R, allows deduction of L, and hence D/R. .

-Hence we need to determine either L, or Q but in any case the measurement of one of the guantities
must be equivalent to a measure of the other.
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‘Traditionally, sound power level is determined in a reverberation chamber and directivity in an
anechoic chamber but in fact either parameter may be deduced from a measurement in either
chamber. In fact the measurement of directivity in an anechoic chamber is in fact a measurement of the
sound power of the device which is subsequently used to determine directivity index {10LogQ) and
hence directivity factor Q.

Hence we may understand that both parameters L, and Q are interchangeable and for brevity most of |
the measurements for comparison given in this Paper ara for L.

2. EXPERIMENTS

To test the reciprocity of L, and Q for each method, reverberant and anechoic, we carmed out sound
power level measurements in AMS Acoustics' reverberation chamber and also deduced sound power
level from tha nalar plot in AMS Acoustics' anechoic chamber.

The chamber data is given below:

Chamber Volume | Mid-Frequency BT
Anechoic 85m’ N/A
Reverberant 38m° 7 SEcs.

The results for a single cone driver device mounted in free space are given in fig. 1.

It can be seen that there are differences at both low and high frequency. Wa could not explain the
high frequency difference but thought that the low frequency discrepancy was due to the small
volume of AMS Acoustics' reverberation chamber,

We decided to repeat the experiment but using BRE chambers. We found that the differences still
existed. there was no difference between the anechoic measurements and only a small difference
between reverberation measurements (see fig. 2). Surprisingly there was minimal difference at low

frequency. It should be noted that we tested several different types of single cone devices in both
sets of chambers and the differences between BRE and AMS were slight.

3. INVESTIGATION OF THE ERROR

We were convinced that the apparent error lies in the polar method and feit that it was a resolution
problem.

We should state that the polar method used was 10 deg. intervals using the Davis area weighting.
We decided to remeasure the chart at 5 degs. and io process the data by the Gerzon area weightings.

We retested two simple single cone projector loudspeakers and obtained the results shown in figs. 3
and 4.

Again we obtained differences at low frequency and there appeared to be little difference between
the different weighting and angular resolution.

To further investigate the probfem we carried out an additional test using a 7mm ceiling loudspeaker
maounted in a half space baffle. The results are given in fig. 5.
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It can be seen that the low frequency anomaly is apparently reduced but the high frequency
difference remains. it also suggests that the higher angular resolution gives closer agreement with the
reverberant methed.

4. DISCUSSION

Considerabie care was taken when carrying out the measurements since we were aware that small
differences could be significant. We remain slightly concerned that the AMS reverberant chamber is
apparently able to produce the same low frequency results as BRE. Fig. 2 however provides the BRE
reverberant chamber results as a comparison with AMS anechoic chamber; the low frequency
discrepancy is apparent.

Of considerable importance is which method is correct.

Instinct suggests that it is the traditional reverberant chamber method which is closer to reality. the
potential errors are in pressure level measurement, error in RT measurement and arror in volume
measurement. Certainly errors in volume or RT would need to be gross to have a material effect and in
any case the correlation between BRE and AMS reverberant chamber is good where there is different
volumes and different RTs. .

The errors in anechoic measurements are different, firstly there is the error of actual pressure
measurement, which we would expect to be much the same as for the reverberation chamber method.
Ther: there are errors in regard of angular displacement, distance from the rotational centre and the
relative distance between the transducer and the rotational centre.

The relative distance between the transducer and rotational centre might account for the differences
between Projector A and Projector B which were different sizes (same diameter, different volume).

The rotational errors might account for the differences between the projectors and the ceiling
foudspeaker. In the case of the free space projector the loudspeaker was rotated and in the case of
the ceiling ioudspeaker, the microphone was moved.

The next consideration is the magnitude of the difference. A difference of only 3dB transiates to a Q
directivity error of x2 which is unacceptable.

5. CONCLUSIONS

Although we have not at the time of writing sclved the problem of the discrepancy or indeed which
method is to be preferred, we have however determined that these differences can exist but would
nol be noticed if both methods were not employed.

On the premise that the reverberant chamber method is more reliable then there is some evidence to
suggest that 5° resolution is better than 10° and that Gerzon weightings are to be preferred over Davis.
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The exercise has also highlighted the importance of rigor when camying out the measurements.
Normal experimental errors can result in significant differences in calculated directionality (or sound
power) which can translate into differences in predicted performance especially in terms of RAST| and
on this subject it might be that the current precision to predict RASTI is better than that to measure and
define loudspeakers.

It is hoped that this Paper, although not conclusive might provide the impetus for further work or
thoughts and it might that a working party by cne of the leamed societies might be set up.
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