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The package also allows for data tc be stored on diskette but this part
of the package was not used as the package and data would need to memory at
the same time as the data. Instead the data was stored using the IMAGE
command of the DDOS and special call drivers (assembler subroutines) were
written to access the data from the binary files on diskette. This allowed
all the memory except the DOS resident area to be used for data.

The IMAGE command is normally used to store binary programs on diskette.

It stores a binary image of the data in a binary file on the diskette. The
IMAGE command is discussed in section 5.6.3 and the IMAGE file format is
discussed in section 5.6.4.

The call drivers are called from C5BASIC using the CALL command. The

format of the command is
NNN CALL "NAME", P1, P2, P3 ....

where NNN is the line number of the BASIC program.
"NAME" is the driver name enclosed in inverted commas.
Pl, P2, P3 are parameters passed to and from the driver.

The call drivers are linked to a standard package of drivers and
appended to the BASIC interpreter. So in order to do other integral square
or even correlation measurements it is only necessary to change the BASIC
program and not any of the call drivers. Below is a description of the
BASIC program called "LADEXER" and the call drivers it uses. Listings are

in Appendix 3.

5.6.1 LADEXER Program

All the software used in the experiment was incorporated into one BASIC
program incorporating a number of call drivers. The program operates in a
dialogue between the computer and user and executes in the form of a menu
of subroutines as shown in the flowchart figure 5.6.1.

The call drivers contain some common data and therefore are interactive.
The main connecting link is the data file pointer. This pointer is left at
the last point + 1 after execution of the call driver but can be reset by
calling option number three at any stage. This feature was found to
be useful when plotting data or results as it enabled suitable breakpoints
to be inserted. The various subroutines and notes on their use are

described in the following sections.
5.6.2 Map of Core
This program uses call driver "CORMAP" and fetches the following values

from DDOS.

1) First storage word available above BASIC program.
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Figure 5.6.1 Flowchart of LADEXER program
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2) Number of protected words at the top of core (operating system).
3) Size of core.
.

From these values the program determines the maximum data storage area
available 1) if the BASIC program is not overwritten and 2) if all
available core, with the exception of the operating system, is used. This
subroutine uses the pseudo function GETC to fetch the system parameters.
This is supplied in the C5BASIC package. Since the program LADEXER
currently only calculates RT, EDT, IRT it is likely that this program would
be extended to cater for other criteria. If the program is altered at any
stage the driver "CORMAP" will use the changed length of the program and

adjust the area available for data storage.

5.6.3 Prime Interface and Exit to DDOS

The DMA interface has two counters, the address counter and the block size
counter. The address counter must be loaded with the first address at
which data will be stored (normally just above the program itself). The
block size counter must be loaded with the number of words to be stored.
This is half the number of samples taken because the data is packed two
samples per word by the interface prior to transfer. This subroutine calls
for values of start address and number of words from BASIC, No checking is
done on the legality of these wvalues and the user is recommended to use the
values given in the map of core above or fewer samples.
The routine then primes the controller with these values. The format
of the IMAGE command is
IMAGE (filename, start address, end address)

where filename is the name of the datafile e.g. DATA
start address is the start address of data in octal
end address is the end address of data in octal.

It is inconvenient that these addresses are in octal as all other
numbers are decimal so the program computes these octal values based on the
values of start address and number of words entered above in decimal.

These values are then displayed in the format of the IMAGE command so that
all the user has to do is copy the sample command displayed on the screen.

Having completed this the routine returns to DDOS since the next
operation in the experiment is to take the samples with the LAD. After the
samples have been taken and IMAGE'd onto diskette the user can either just
restart or recall the LADEXER program and analyse the data or prepare more

’

data.
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5.6.4 Open Data File and Restore Pointer

This routine opens the file DATA which was created and filled by IMAGE and
resets pointer to the first sector. This routine can be used to reset the
pointer at any stage in the experiment.

The normal file storage facilities in C5BASIC were nof used as their
data format was not compatible with IMAGE and would also have required both
C5BASIC and a BASIC programme to be present in core taking up storage
space. The format of a data file stored with the IMAGE command is as

follows:

BYTE 1 high order number of data bytes in file
BYTE 2 low order number of data bytes in file
BYTE 3 space (32)

BYTE 4 null (@)

BYTE 5 same as byte 1

BYTE 6 same as byte 2

BYTE 7 first data byte

BYTE N + 6 last data byte

BYTE N + 7 null

BYTE N + 8 null

BYTE N + 9 128

BYTE N + 10 null

The command to open the data file DATA will open the file and bump the
pointer over the header so that it points at the first data byte, and
returns the number of data bytes in the file (note: excluding header and
trailer bytes).

-

5.6.5 Calculate Integral Square of Data

This routine integrates the data values according to the table look-up
method and stores the accumulating integral at various points along the
way. Up to 1024 such values may be stored. These values are then used
together with the final integral to determine the decay values according to
- Schroéders method. Note: After completing the integral square the data

pointer is left at its current value.



_65...

5.6.6 Print

This routine is primarily used for testing purposes and can print either

1) sampled data (values between —18 and +18)
2) values of the accumulating integral square

3) decay values in dB.

The routine leaves the data pointer at its current position on

completion. This has two advantages

1) It enables more than 1024 values to be handled simply by
recalling the routine (CS5BASIC limits the size of an array to
4 x 256).

2) It enables the user to position the pointer at any position and

continue from there.

5.6.7 Plot

This routine plots either the data values themselves scaled in 3dB
increments ~ for reconstruction of the signal, or the decay values enabling
a reverberation decay to be plotted. The time scale may be varied by
changing the number of samples per integral (variable Al) in the routine
which calculates the integral totals.

The routine will also plot the axis marking off values at 10dB intervals.

A calibration program for the plotter was written and drew full scale
rectangles on the paper allowing the plotter to be calibrated. This
program was called "PLOTSETAID" and used the call driver "XYPLOT" which may

also be called in keyboard mode to check the plotter settings.

5.6.8 EDT and IRT Estimates

This routine calculates the time taken for a 10dB signal decay (EDT) or
15dB (IRT). The routines do not do a least squares fit on the data but
merely calculate the value as a straight line between two points. For a
more accurate estimate the least squares calculation was used. Since the
first bit of the decay can still be a process of sound buildup the starting
point of the value can be varied in the program i.e. to start only from 1dB
or 1,5dB below zero. In the actual experiment this was not found to be
necessary. This is probably due to the very short duration of the sound

excitation impulse.
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5.6.9 Least Squares Fit

This routine will fit the best straight line using a least squares
regression to a section of the decay curve. This routine can therefore be
“used to calculate least squares estimates of EDT and IRT values and is the
preferred method. All the values quoted in this report are least squares

estimates over the given range.

5.6.10 Close data file and exit to DDOS

This 1is the correct way to exit the program as it first closes all files
before returning to DDOS. Merely halting the machine at the end of the
experiment can result in a file becoming permanently opened and hence

inaccessible.

5.7 Experimental Results

The experimental results are shown in table 5.7.1. This shows 3 readings
taken at each octave frequency. The values of EDT, IRT and RT were
evaluated using least squares regresssion. Since the reverberation decay
was less than 60dB the RT was estimated over 25dB of the decay.

The temperature and relative humidity were recorded for calculation and
correction of air absorption on the reverberation time.

The corrected values of EDT, IRT and RT are shown in table 5.7.3 and
are plotted on a graph in figure 5.7.1. Also plotted on the same axes are
measurements done by tﬁe author previously in the full size room (44) and
those by Richards (45) using a level recorder and interrupted noise source
in the same room. The results for the model were scaled up by a factor 8
and the frequencies scaled down on the graph for comparision with the
measurements done in the full size room.

The results show a good correlation between the values of RT obtained
with those obtained previously for the model and also with the scaled times
from the full size room. The reason for the discrepancy with the results of
RICHARD'S (45) may be due to his using a visual estimate of the slope of

the decay curve.

5.8 Absorption Coefficient Measurement

The absorption coefficient of the surface of the reverberation room model
can be calculated from Millingtons formula for reverberation time (5.5.6)

to give

% =V (0.163

S T - 4m) - (5.8.1)
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EDT IRT RT
foct (kHz) (kHz) (10dB) - (15dB) (25dB)
1 19,97 0,371 0,418 0,455
0,372 0,418 0,449
| 0,361 0,421 0,457
2 19,97 0,352 0,365 0,444
0,358 0,371 0,458
0,350 0,365 0,444
4 49,96 0,371 0,399 0,469
0,381 0,403 0,496
0,396 0,408 0,500
8 49,96 0,359 0,369 0,386
0,358 0,372 0,391
0,360 0,371 0,397
16 100,08 0,242 0,230 0,254
0,241 0,231 0,250
0,244 0,237 0,255
31,5 200, 1 0,136 0,121 0,125
0,133 0,121 0,124
0,134 0,122 0,125
63 199,38 0,0551 0,0601 0,0608
0,0563 0,0614 0,0604
0,0547 0,0597 0,0615

temperature 21,7OC
relative humidity 707

Table 5.7.1 Uncorrected Reverberation Times

frequency m (total) m (mol) m (class)
(kHz) (m) (m) (m)
1 0,0002 0,0002 0,0000
2 0,0007 0,0006 0,0001
4 0,0032 0,0026 0,0006
8 0,0127 0,0103 0,0024
16 0,0494 0,0398 0,0096
31,5 0,1749 0,1397 0,0370
63 0,5341 0,3859 0,1482
125 1,2814 0,6981 0,5833
40 0,2644 0,2044 0,0597
80 0,7386 0,4997 0,2389

Table 5.7.2 Values of Total air absorption at varicus frequencies




EDT IRT RT
foct . 10dB 15dB 25dB
1kHz 0,372 0,419 0,456

0,373 0,418 0,450
0,361 0,422 0,458
2kHz 0,354 0,367 0,447
0,360 0,374 0,462
0,353 0,368 0,447
bkHz 0,382 0,412 0,486
0,393 0,416 0,516
0,409 0,421 0,521
8kHz 0,404 0,418 0,439
0,404 0,420 0,445
0,405 0,420 0,453
16kHz 0,343 0,319 0,366
0,341 0,321 0,359
0,346 0,332 0,368
31, 5kHz 0,325 0,252 0,269
0,309 0,251 0,265
0,317 0,256 0,269
63KkHz 0,198 0,284 0,300
0,215 0,314 0,291
0,194 0,275 0,317

Table 5.7.3 EDT, IRT, & RT values corrected for air absorption

This formula was used to calculate the absorption coefficient where T is
the reverberation time actually measured and m is the total air absorption.
The resulting figures are plotted together with figures obtained by Day
(22) for varnished 9mm plywood in figure 5.8.1.

The results show a good correltation with Day's results except at
approximately 3kHz. However the peak in Day's curve is most likely due to
a peculiarity in the surface or porosity of Day's plywood. The results,
when scaled, also correspond well with the absorption coefficients for a

plastered wall from Parkin & Humphreys (49).
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6. DISCUSSION OF RESULTS
6.1 Performance of LAD

The LAD designed performed wellvin tests using sine and square wave
inputs and with a total conversion time of 2,5 microseconds can be
used at sampling rates up to 400kHz which far exceeds the requirement
for modelling work.

The noise level in the converter was higher than predicted and resulted
in errors at the lowest threshold of the converter. This was due to
the noise of the computer circuitry in close proximity with the converter.

If it is necessary to improve the dynamic range of the converter it will
be necessary to remove the converter from the computer. Further shielding
of the converter within the frame of the computer is not feasible.

Since the LAD was designed for acoustic modelling work, most of the
signals used with it would have a gaussian or similar amplitude distribution.
A typical signal would be a white noise source or an electric spark impulse
sound source. It is difficult to test the LAD using these signals as
they are not deterministic and cannot be repeated. For this reason the
LAD was tested using the bwave or decaying sinusoid. Figs. 4.3.2 and
4,3.3 show the reconstruction of the bwave and the corresponding decay curve.
This is an end to end test for the LAD and the results show that it
performed well. The length of the straightline portion of the decay
has been shown to be an indication of the dynamic range of the signal (41)

and this exceeds 45dB for the bwave signal.

6.2 Decay Curves

The decay curves shown in Appendix 1 were plotted on A3 paper and reduced.
The time length of each sample was varied by varying the number of
samples per data point in the decay. Each decay represents 1000 data
points, so by varying the 'number of samples per integral' the decay
plots were arranged to fill the page.

Each page shows three different events superimposed on each other.
Due to triggering differences there are time shifts between the decays
but disregarding these the decays are highly repeatable. This means
that the fluctuations in the decay are not due to the randomness of the
signal or errors in conversion but to the properties of the room. The
length of the straight line portion of the decay is at all times in excess

of 30dB which is as good or better than was obtained previously using
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a slower speed LAD in the full size reverberation room (44) and is
similar to results obtained by Gerlach (15) using a taped response
and slower analysis.

A fall-off in the repeatability of the decays can be seen at higher
frequencies but this is within tolerance up to 63kHz. The stepped nature
of the higher frequency decays cannot be explained without further

testing but could be due to one or more of the following:

1) the directionality of the microphone at higher frequencies;
2) air absorption;

3) interference from the sound source.

In a further study it would be possible to isolate the cause of the
stepping in the decays by varying the microphone position, flushing with
nitrogen and shielding the sound source with a gauze cage.

The results for 125kHz were not considered usable for reverberation

calculations due to the steppgd nature, but still were repeatable.

6.3 Reverberation Time Measurements

in view of the fact that increasing importance is being placed on the early
part of the decay values of EDT and IRT were calculated as well as those

of RT. The reverberation times (RT) were calculated over the first 25dB

of the decay throughout the experiment. It is possible to estimate the
reverberation time over a longer section of the decay in most cases but

a uniform figure was decided on.

When compared with previous measurements of reverberation time in the
full size room there is a reasonable correlation. Brebeck (3) has stated
that differences in reverberation time varying from 8 to 207 are inaudible
so that the model represents the room as measured by the author previously.
The times also agree very well with those of Robson (47) in a previous
test of the same model as used in this test. The times quoted by
Richards (4:) were done using the interrupted noise decay and were
measured manually from the chart recordings. The errors in that test
were therefore a lot greater and would probably account for the high

values obtained.

6.4 Absorption Coefficient Measurements

The absorption coefficients of the wall surfaces of the model reverberation

room agree well with those determined by Day (22) and correspond well



_.‘71_

with the values of absorption coefficient for a plastered wall surface (49).
The determination of a variety of absorption coefficients of modelled
surfaces can be made easily in the reverberation room model and calculated
from the empty reverberation room time as

8,0 =% = %‘% - (6.1)

1 e

Note that (6.1) involves the subtraction of the two reverberation times
of the empty room (Te) and the room with a sample of area S] with
coefficientCL]. In order to reduce the error of subtracting significance,
the area of the sample should be as large as possible. In model work
it is often feasible to treat the entire surface of the model interior,
giving very much more accurate results. This was done by Day (22) for
reflective surfaces because the differences in reverberation time are small

and is recommended in all model work.
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7. CONCLUSIONS AND SUGGESTIONS

7.1 Conclusions
With the design of the LAD the range of digital acoustic measurements
has now been extended up to the limit of available transducers, the
limiting factor now being the microphone.

The use.of a statistical averaging technique combined with that of
logarithmic quantisation and a computer interface has provided an acoustic
measuring technique with high accuracy and repeatability even at the
high frequencies required for modelling as well as the versatility to
be able to calculate a variety of criteria from a single measurement.

Although the system was shown only using the criteria of EDT, IRT
and RT, the addition of other criteria are simple. They require only
that additional programming is done in BASIC as all the impulse integrating
software has been written and included in the package PACK and are
available for use in other BASIC programs (see Appendix 2).

The results of the decay curves show that the modelling technique
gives a good correlation with results in a full size room when corrected

for air absorption and is therefore a useful design tool.

7.2 Suggestions for further work

The extension of this measuring technique up to acoustic modelling
frequencies now opens the way for further work in modelling. 1In

particular the following studies would be useful:

1) Study of air absorption - With the increased accuracy afforded
by this method, more achrate tables of air absorption could be
drawn up enabling better high frequency modelling.

2) Extension of the software to include other early energy and
clarity indices - This study would enable a comparative study
of the usefulness and application to modelling of each of the
indices to be done.

3) Measurement of microphone directivity and its effect om reverberation
calculations - As this appears to be the cause for the stepped
nature of the decays it may be possible to reduce its effect by
rotating the microphone about its position and combining the results.

4) The use of a nitrogen atmosphere - This study would show whether
the extra effort of reducing air absorption is actually required.

5) A study of diffuser placement in the reverberation room -  This
study would enable the study of a number of diffuser positions to

be studied at low cost and in short time.
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Comparative library of absorbent materials — Before any design
work is tackled it is necessary to build up a library substances

which effectively model various wall and floor treatments.

Modified interface for long event times -  Although unlikely it
may be necessary to measure longer reverberation times than the
memory capacity permits. This can be accommodated by modifying

the interface as follows.

1) Change data channel mode to increment memory instead of
transfer to memory.

11) Use data bits as lower five address bits.

iii) Page up the more significant bits for each point required

on the integration curve.

This is effectively doing some of the integration in hardware and
so will only allow integral square measurements and will also

require software modifications.



i
..’74._

BIBLIOGRAPHY

Acoustics

N

10.

11.

12.

13.

14.

SPANDOCK, F. 'Akustische Modellversuche'. Ann Physik, 20, 1934
pp 345-360.

SPANDOCK, F. 'Die Verausbestimmung der Akustik eines Raumes mit
Hilfe von Modelversuchen'. b5e Congres International d'Acoustique,
1965, pp 313-345.

BREBECK, D. 'Die Schall und Ultraschallabsorption von Materialen
in Theorie und Praxis, insbesondere im Hinblick auf den Bau
akustich aknlicher Modelle in Massstab 1 : 10'. ©PhD dissertation,
University of Munich, Germany.

HARWOOD, H.D. and BURD, A.N. 'Acoustic Scaling of Studios and
Concert Halls' Acustica, 28, 1973, pp 330-340.

BREBECK et al 'Akustisch anlich MOdelle als Hilfsmittel fur die
Raumakustik'., Acustica, 18, 1967, pp 213-226.

ISHIT, K. and TACHIBANA, H. 'Acoustic scale model experiment using
medium of nitrogen gas', 8th International Congress on Acoustics,
"LONDON, 1974.

HEGVOLD, L.W. 'A 1: 8 Scale Model Auditor'. Applied Acoustics, 4,
1971, pp 237-256.

LOCHNER, J.P. and BURGER, J.F. 'Pulse Tests in Acoustics Models',
4th International Congress on Acoustics, 1962, paper M13.

LOCHNER, J.P.A. and BURGER, J.F. 'The Influence of Reflections on
Auditorium Acoustics'. Journal of Sound and Vibration, 1, 1964,
pp 426-454.

LYON, R.H. and CANN, R.G. 'An Acoustical Modelling System for Site
Evaluation, Massachussetts Institute of Technology, June 1974.

VENEKLASEN, P.S. 'Model Techniques in Architectural Acoustics'.
Journal of the Acoustical Society of America, 47, 1970, pp 419-423.

DELANY, M.E. and RENNIE, A.J. 'Scale model Techniques and their use
in Predicting Transportation Noise', 8th International Congress on
Acoustics, LONDON, 1974.

KNUDSEN, V.0. and PLANE, V.C. 'Model Studies of Effects on Motor
Vehicle noise of shapes and arrangements of structures along urban

streets and highways', 8th International Congress on Acoustics,
LONDON, 1974.

NELSON, P.A. and KOOPMANN, G.H. 'Model studies of the effects of
V-form ceilings on the acoustics of open plan offices'. Journal
of Sound and Vibration, 50(3), 1977, pp 455-468.



15.

16.

17.

18.

19.

20,

21.

23.

24,

25.

26.

27.

28.

29.

30.

31,

._75_

GERLACH, R. 'The Reverberation Process as Markoff Chain - Theory

and Initial Model Experiments'. Auditorium Acoustics, ed. Mackenzie, R.

Applied Science Publishers, 1975, pp 101-114

JORDAN, V.L. 'Model Studies with Particular Reference to the Sydney
Opera House - the Evaluation of Objective Tests of Acoustics of
Models and Halls'. Auditorium Acoustics, ed. Mackenzie, R. Applied
Science Publishers, 1975, pp 55-72.

JORDAN, V.L. 'Acoustical Criteria for Auditoriums and their
Relation to Model Techniques'. Journal of the Acoustical Society

of America, 47, 1970, pp 408-412.

KNUDSEN, V.0. 'Model Testing of Auditoriums'. Journal of the
Acoustical Society of America, 47, 1970, pp 401-407.

JORDAN, V.L. 'Auditoria Acoustics : Development in Recent Years'.
Applied Acoustics, 8, 1975, pp 217-235.

WATTERS, B.G. 'Instrumentation for Acoustic Modelling'. Journal
of the Acoustical Society of America, 47, 1970, pp 413-418.

BURD, A.N. 'Acoustic Modelling - Design Tool or Research Project?'
Auditorium Acoustics, ed. Mackenzie, R., Applied Science Publishers,
1975, pp 73-85.

DAY, B. 'Acoustic Scale Modelling Materials'. Auditorium Acoustics,
ed. Mackenzie, R., Applied Science Publishers, 1975, pp 87-99.

NEWMAN, P. 'The Influence upon Auditorium Reverberation Time Caused
by Different Positioning of Absorption within the Fly Tower.'
Auditorium Acoustics, ed. Mackenzie, R., applied Science Publishers,
1975, pp 115-118.

SCHROEDER, M.R. 'New Methdd of Measuring Reverberation Time'. Journal
of the Acoustical Society of America, 37, 1965, pp 409-412.

KUTTRUFF, H. and JUSOFIE, M.J. 'Nachhall messungen nach dem verfahren
der intergrierten impulsanwort', Acustica, 19, 1967/8, pp 56-58.

ATAL, B.S., SCHROEDER, M.R. and SESSLER, G.M. 'Subjective Reverberation
Time and its Relation to Sound Decay'. 5th International Congress
on Acoustics, LIEGE, 1965, vol. 1B, paper G32.

SCHROEDER, M.R. 'Complimentarity of Sound Buildup and Decay', Journal
of the Acoustical Society of America, 40, 1966, pp 549-551.

HAAS, H. 'Uber den Einfluss eines Einfachechos auf die Horsamkeit
von Sprache', Acustica, 1(2), 1951, pp 49-58.

THIELE, R. 'Richtungsverteilung und Zeitfolge der Schallriickwurfe
in Raumen'. Acustica, 3, 1953, pp 291-302.

NIESE, H. Nacarichtentechnik, 6, 1956, p545.
Acustica, 10, 1960, p394.

LOCHNER, J.P.A. and BURGER, J.F. 'The Subjective masking of short time
delayed echoes by their primary sounds and their contribution to
the intelligibility of speech'. Acustica, 8(1), 1958, pp 1-10.



33.

34.

35.

36.

37.

38.

39.

42,

43.

44,

45.

46.

47,

48.

49.

_76_,

LOCHNER, J.P.A. and BURGER, J.F. 'The Intelligibility of Speech under
Reverberant Conditions'. Acustica, 11, 1961, pp 195-200.

BERANEK, LL and SCHULTZ, T.J. 'Some Recent Experiences in the Design
and Testing of Concert Halls with Suspended Panel Arrays', Acustica,
15, pp 307-316, 1965.

REICHARDT, W. 'Vergleich der objektiven raumakustischen Kriterien
fur Musik'. Hochfrequenztechnik und Elektroakustik, 79, 1970,
pl2l.

WEST, J.E. 'Possible subjective significance of the ratio of height
to width of concert hall'. Journal of the Acoustical Society of
America, 40, 1966, pl245,

MARSHALL, A.H. 'A note on the importance of room cross—section in
concert halls'. Journal of Sound & Vibration, 5, 1967, ploO.

MARSHALL, A.H. 'Levels of reflection masking in concert halls',
Journal of Sound and Vibration, 7, 1968, pllé.

MARSHALL, A.H. 'Concert hall shapes for minimum masking of lateral
reflections', Proceedings of 6th International Congress on
Acoustics, 1968, vol. III section E, p49.

KEETS, W. DE V. 'The influence of early reflection on the spatial
impression'. Proceedings of 6th Internalional Congress on Acoustics,

1968, vol. I1I, section E, p53.

BARRON, M. 'The subjective effects of first reflections in concert
halls'. Journal of Sound and Vibration, 15, 1971, p475.

KURER, R and KURZE, U 'Integrationsverfahren zur nachhallanswertung'
Acustica, 19, p313-322, 1967/1968.

MONK, R.G. 'Thermal relaxation in humid air', Journal of the Acoustical
Society of America, 46, pp580-586, 1969.

WINKLER, H. 'Hochfrequenztechnik und Elektoakustik, 73, 1964, pl21-131.

HARRIS, C.M. 'Absorption of Sound in Air versus Humidity and Temperature'.
Journal of the Acoustical Society of America, 40, 1966, no. 1, ppl48-159.

RYAN, K. 'A Reverberation Study using Schroeder's Method'. B.Sc.
Thesis, 1975, Dept. of Electrical Engineering, University of the
Witwatersrand.

RICHARDS, K.G. 'An Experimental Study of a Reverberation Room.'
B.Sc. Thesis 1973, Department of Electrical Engineering, University
of the Witwatersrand.

ROBSON, H.V. 'Aspects of acoustic modelling techniques' B.Sc. Thesis
1975, Department of Electrical Engineering, University of the
Witwatersrand.

KUTTRUFF, H. 'Room Acoustics' Applied Science publishers, lst Ed.
p87-89.

PARKIN, P.H. and HUMPHREYS 'Acoustics Noise and Buildings' Faber &
Faber, 1969, Appendix A.



_77_

Signal Processing

101. HANRAHAN, H.E. 'The principles and error characteristics of a
technique for determining the time averages of amplitude quantised
time sampled sequences'. PhD Thesis, University of the Witwatersrand,
Johannesburg 1969.

102. HANRAHAN, H.E. 'New results for time averages as statistical averages.'
Electronic Letters, 1968, 4, pp 34-35.

103. HANRAHAN, H.E. 'Time averaging of measurement data which has been
logarithmically quantised'. IEE Conference on ''The Use of Digital
Computers in Measurement'". York 1973, TEE Conference Publication
No. 103, pp 120-124.

104. HANRAHAN, H.E. 'The Wits Acoustics Laboratory Data Acquisition and
Control System. Report 1976, University of Witwatersrand,
Johannesburg.

105. HANRAHAN, H.E. 'Measurement of mean square sound pressure and other
time averages by means of logarithmic analogue to digital converters
and digital computation'. Research Report, January 1977. University

of the Witwatersrand, Johannesburg.

106. LEVIN, D.C. 'Time and Spate Averaging in a Reverberation Room'.
M.Sc. Thesis University of Witwatersrand. September 1978.

107. PAPOULIS, A. 'Limits on Bandlimited Signals'. Procedures of the
IEEE, 55, 10, 1967, pp 1677-1686.

108. LEE, Y.W. Statistical Theory of Communication. Wiley 1960.

109, NEWLAND, D.E. An Introduction to Random Vibrations and Spectral
Analysis. Longman. 1975.

Computer System

201. Data General Corporation. Programmes Manual for Nova Computers
Mass. U.S.A,

202. Data General Corporation. Program. Single User Basic. Mass. U.S.A.
1970.

203, Ball Computer Products. DDOS 1.6 Programmes reference manual, 1974
U.S.A,

204. GORDON, M. BASIC 'Call' Package Programmer's Manual. Version 5.

205, GORDON, M, BASIC 'Call' Package Users Manual. Version 5.

Converter Electronics

301. CANTARANO, S. and PALLOTTINO, G.V. 'Logarithmic Analog-to-Digital
Converters : A Survey'. IEEE Trans. on Instrumentation and Measurement,
vol. IM-22, No. 3, September 1973.

302. Precision Monolithics - CMP-01 Data Sheet. December 1971 Calif. U.S.A.

303. Precision Monolithics - REF-01 Data Sheet. January 1976 Calif. U.S.A.



- 78 -

304. Analogic - MP 270 - Very high speed Sample and Hold Amplifier, 1976,
Mass. U.S.A.

305. DUKE, E.J. - RC Logarithmic analog-to-digital (LAD) Conversion, IEEE
Trans., 1972, IM-20, 74 - 76.



._Al_

APPENDIX 1

Reverberation decay plots of reverberation room model at various

octave frequencies up to 125kHz.
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APPENDIX 2

C5 BASIC Call Package (204,205)

Introduction

This package was written as an extension to Data General's Single
User BASIC version 03 by Gordon. The package allows the use of
assembler language call drivers or subprograms in BASIC programs.
Data may be passed between the call drivers and the BASIC program.
This therefore enables BASIC to be used to communicate with devices
other than a keyboard and to store data in a file. The call drivers
must be written in relocatable binary form and have a fixed leader
and trailer format. Once assembled the relocatable binary files are
linked together to form one file which when loaded together with the
standard BASIC will form C5 BASIC. A distinct advantage of C5 BASIC
is that the call drivers can be tested interactively from the keyboard,

and BASIC programs are easily modified.
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2. FORMAT OF CALI. DRIVERS

2.1 BASIC call statement

The BASIC statement used to call a driver has the following format.

NNN CALL

where NNN

VINAMEH

P1, P2, P3,

"NAME", Pl, P2, P3, .eevuun...

is the line number of the BASIC program. If the
line number is not present the statement will be
executed in the keyboard mode i.e. the call driver

will be called immediately on a carriage return.

is the ASCII string or integer number (0 n 2]6—1)
by which the driver is identified. It may be either

a number or an ASCII string surrcunded by quotes.

are parameters passed either to or from the BASIC
program. The number is limited to the number that
can be fitted into a line in BASIC and the transfer
of arrays is not permitted. When the parameter is
being passed to the BASIC program it must be a
variable name.

When the parameter is being passed from the BASIC
program it may be a variable name, or a numerical
value.

The numbeniof parameters in the list must exactly
match the number catered for in the call driver
ctherwise an error message will be generated. The
parameters are treated in the sequence in which they

are encountered in the call driver.

2.2 Format of the call driver

The format for the driver is as follows.

.NREL ; must be relocatable
LTXTM ] ; bytes packed left to right

; entry points separated by commas



(see
(see
(see
(see
(sece

(see

note
note
note
note
note

note

START:

NEXT
.END

Note

.EXTN

NEXT

.TXTF "NAME"

- Al2

we

e

external normals, all pseudo
functions used must be declared

here separated by commas

address of last word + 1 of driver
address of initialization routine
address of termination routine
address of powerfail restart routine
interrupt device code

address of interrupt service routine
new mask word

name of call driver

start of coding.

If it is necessary to do any coding before any driver
routine then the initialization routine may be useful

e.g. to save accumulators and open files.

Likewise and usually in conjunction with an initialization
routine the termination routine may be used to restore the

CPU to its previous state.

If, as in all the drivers used in this work, there are no

be replaced by -1.

routines then the respective routine addresses should

Drivers may be written singly as above or may be concatenated into

one program,

This allows a common data-base between the drivers and can

save unnecessary data transfers to and from BASIC. Another advantage of

concatenating drivers is that they can share common service routines e.g.

initialization and termination.

addressed + ! are chained together.

. NREL
LTITL

Below is the format for concatenated drivers. Note how the last

; optional
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.ENT ; external normals
LTXTM 1 ; byte packing L to R
CHAIN : DRIVA ; beginning of chain
_.] ‘ ;
_] ;
-1 : H no service routines for driver A
_..1 5
-1 ;
...] 5
.TXTF "NAME-A" ; name of driver A
STARTA: ; coding for driver A
DRIVA : DRIVB ; chaining end of drivers together

-1 ;

-1 3

no service routines for driver B

.TXTF "NAME-B"
STARTB:

DRIVB = . ; last driver
.END

2.3 .CALL Pseudo verbs used in drivers

Although more pseudo verbs are available only the ones used in drivers
written for this experiment will be described.

The .CALL pseudo verb and all pseudo functions used in drivers
must be declared at the beginning of the driver or series of drivers

as external normals. The format of the .CALL pseudo verb is as follows:

.CALL

pseudo function

All pseudo functions leave AC2 unaltered with the exception of
GETC. After returning from all pseudo functions AC3 has the following

significance
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-1 no more parameters

3 3 “‘ . .
0 delimiter was a, : differing data storage
+1 delimiter was a; : formats.

The .CALL Pseudo verb must not be used with interrupt handlers since

.CALL pseudo functions are not re-entrant

pseudo function use

RETURN - returns control to BASIC, logically the
last instruction in a driver.

GET - fetches a double precision twos' complement
integer into ACO, ACI from BASIC. On

return the accumulators are

AC 0O - high order of word
AC 1 - low order of word
AC 2 - unchanged
AC 3 - break character.
PUT - passes a double precision twos' complement

integer from AC 0, AC 1 into BASIC. Before

the call the accumulators must contain

AC O - high order word
AC 1 - low order word
AC 2, AC 3 - don't care

On return the accumulators contain
AC 0, AC | - altered
AC 2 - unchanged

AC 3 - break character
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3. USER INSTRUCTIONS

In order to run in C5 BASIC the user must configure a program which when
loaded with the Data General BASIC will form C5 BASIC. Firstly all the
userdrivers which are to be used must be linked together with the standard
routines as follows under DDOS 1.6.
$VDU

LINK (name, MAP, FIRST, DISK : B, BINARYFILES : B, DISKFILES : B,

SBINARYFILES : B, userdriver : RBI, userdriver : RB2, LAST)
where name is to be the file name of the linked string $VDU or MAP

is the file or output device on which the global map is listed.

DISK : B -~ are standard functions of C5 BASIC
BINARYFILES : B and have been respectively
DISKFILES : B renamed A, B, C and D for brevity

SBINARYFILES : B

userdriver : RBI } - are the userwritten call drivers
userdriver : RB2 etc. in relocatable binary format
FIRST and LAST - are respectively the first and last

files in the string of drivers.

Once the drivers have been linked the program may be loaded with
the following command.
C5 BASIC, name
This will load both the C5 BASIC and the call drivers. To run the
user must halt the computer, load 3 into the address register and start
the computer. This should start the computer running in BASIC. To
check type RUN and the computer will reply
% READY
The following commands may be used for saving BASIC programs on

diskette, recalling them and transferring control to DDOS 1.6.

"LIST", '"name" This will copy the program currently in
the BASIC user area onto a file called
name. If name does not exist it will
be created. Files written by this command
are the same as normal DDOS ascii files
and may be listed under DDOS using COPY

etc.
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"ENTER", 'name" Will clear the user area in BASIC

i.e. perform a "NEW" and then load

the file called name.

"ENTER"; "name" does the same as above but does not

do a '"NEW' i.e. any program already

in the user space will remain.

"PROTECT", ''name" makes file name write and delete
protected.
'""'DDOS” Transfers control from C5 BASIC to

DDOS. It end files all open files and
closes them. This is the only safe and
recommended way to transfer control to

DDOS.
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APPENDIX 3

Listings of-BASIC program LADEXER and assembly language package

PACK of call drivers
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APPENDIX 4

Circuit Diagrams
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APPENDIX 5

DESIGN OF A SOUND SOURCE SUITABLE FOR MODELLING

1. INTRODUCTION

A paper by Watters (Al) describes various instrumentation techniques used
in modelling. He concludes that the simplest non-directional sound source
is an electric spark source. Veneklasen (A2) described a sound source that
consisted of a small spark gap figed about once a second. In the same
paper he described a sound source consisting of intersecting jets of air.
Four jets are used and he now uses nitrogen instead of air, probably
because the model is tested in a nitrogen atmosphere to reduce air
absorption. The advantage of ihe jet stream source is that it can be
continuous but this benefit is not required in this work and so it was

decided to use an electric spark source.

2. MICROPHONE NOISE LEVELS

In order to establish the required sound output of the source it was first
necessary to measure the circuit noise of the microphone and preamplifier
combination. The microphone used was a B + K 4135 }" condenser microphone
and the preamplifier was a B + K 2619 preamplifier. The combination was
connected through a B + K amplifier and B + K 1614 filter set and then to a
B + K 2307 chart recorder. The results are shown in fig. A5.1. The test
was done in a dead room and repeated with the microphone replaced by a

6,5pf capacitor. The results were very similar.

3. SOUND SOURCE

The sound source consisted of a4U F capacitor changed to approximately
2,2kV. The capacitor was charged by a simple half-wave rectifier and the
voltage was controlled with a variable autotransformer. The spark was
triggered by a lower energy spark from an induction coil of the type found
in motor car ignition circuits. This was also used to start the converter.
The electrodes were at first made of steel but this was burnt away by
the spark and the electrodes were changed to 2mm pencil leads. The gap
between the electrodes was 5mm. The circuit of the spark source is shown

in figure A2.
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4, OUTPUT POWER

The sound source was tested for output power and directionality in the dead
room at a distance of 0,3m. This distance was chosen as it represented a
similar distance to that between the microphone and sound source in the
model of the reverberation room. The variation in output power was found
to be less than 2dB in all directioms.

The output sound pressure level of the sound source is shown in
figure A3 together with the circuit noise level of the microphone and
preamplifier.A It can be seen that between 2kHz and 125kHz the signal to
noise ratio is greater than 50dB peak. This would therefore provide a

sufficient signal for the model and converter.

Bibliography

Al) WATTERS, B.G. 'Instrumentation for Acoustic Modelling, Journal of
the Acoustic Society of America, 47, No. 2, 1970, pp 412-418.

A2) See ref. 11 in main Bibliography.
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