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INTRODUCTION

There are very Ffew occasions when such large emounts of noise are generated,
over such long periods as occur at opean eir rock concerts.

Altheugh medern mathods of control such es those developed at READING ROCK
have, to a great extent, minimised the external environmental problems, there
is still a great need for accurate asnd informative noise momitoring, both to
analysae the performance of the noise reducing systems and regulate the band's
output during the concert, Thiw peper addresses itself to & methad of swch
control wusing the lessons learnt over the last 12 yesrs. In particular, it
attempts to demonstrate how the new technique of M"SHORT Leq" can give enormous
benefits in real time control., Short Leq, with lts carefully defirmed time
pericds and exact acquisitiem of deta in very large amounts, requires =
computer to operate on end process the data,

BACKGROUND

Before any serious rock concert a lot of scoustle preparation is done. Indesed,
the success or otherwise of the control meesures hinges to s large extent on
this preplanning.

If during the duration of the concert all relevant factors remalned monstant
and the pre-tests were to specification, problems should not occur. Howaver,
conditions do change, people do teke silly decisiens end am a result problema
pecur in great numbers end very rapidly they can turn success into disaster, In
fact the speed st which things can start to go wrong is almost unbellevable
until it starts to happen.

At FReading, For exasmple, the effect of weather has bescome the most prevalent
problem and we can do little to alleviate this problem. Reading lies by the
Thames in & bowl formed by the surrounding hills end 1is subject to
unpredictable wind shear, (This ie defined as the wind in one plece travelling
in a different direction to wind immediately adjecent}. It is mlso subject to
severe temperature inversion. (Thie is where a leyer of cold air sits on top of
a layer of warm air). While temperature lnversion takes some time to occur, sBy
ovar half en hour, wind shear can happen in seconds.

Now, the speed of sound and the attenuation over distance are both sffected by
the wind spesd and direction. Thus, when wind shear occurs the sound
transmigsion will be, to say the least, unpredicteble. The boundary between two
alr masses of differing temperatures, and therefore density, will tend to
refract sound, which was designad to be radiated hermlesly upwards, beck down
to the ground. This often incresses levels by 18-15 dBA im unexpected
places,The object of having upwards radiating lobes is to ensure that any
interference patterns left after opeaker placing, only snnoy the birds.
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The wall known Elmers law clearly states that the inversisn securs after dark,
when the audiance is suffering from threshold shift and a surfeit of alcohol
and the nolslest and most exciting beands ere playing. Thus the highest noise
lavels coineide with the worst possible transmission conditions. Alse it is
after dark when the reguired nolse levels need to be et their lowest, as
children will waont to sleep and normal domestie social activities tske over
fraom the working day, Indeed tha GLC code demands a level reduction after 20.0@
hrs,

The human element does, 85 you would expect, heve considerable bearing on
variations of noise emission.

Thers is always a tendency for noise levels to increase during the performance
if left unchecked. This may be dus ta threshold shift, or as in the case of
one-of f concerts, the natural desire of ths main band to provide greater impact
than the supporting groups, Alss, natorally, in a "fFarewsell' concert there
cannot be the same pressure to conform to external limits as thore would be for
a band whe intend to continus touring. Similarly, a new band wants to make it's
presanca felt and 8 high nolse levesl i{s the simple way te do this. Fertunately,
the band at the "top of the bill'" will usually actively help in controlling the
lesger bands.

These effects are impossible to predict and therefore efficient resl time
monitoring and control is essential. Thus the nolsge control must be continuous
and totel. No lunch breaks, trips to the bar or other important activities ecan
be allowed to come befure constant and careful contreol.

Thig paper iz not directly concerned with the methods of noise control at
source, but rather with the rapid scquisition of noise data from the corcert
and the surrounding area, in order that adjustments may be made te the naise
generators l.e. the speaker stacks. Speed is the key; correcting for what
happenad ten minutes age is no good; it takes only a few seconds for a resident
to pick up 8 phone end complain. Thus any system of control must happen in as
near to real time as s possible. Cleerly this dees net allow for long
discussions or arguments. Someano must take decisions rapidly and Firmly. Apart
from the speed requirad, discuasion is very difficult in an ambient level of up
to A1P9dBA and if mors than two people sre involved it becomes a farce. Indeed,
non-cooperative sound mixers know this only toc well and will try to put ofFf
the time when they have to reduce the level by "discussing' the matter. It
should rot be assumed that they have the same commitment to noise control as do
tha local council or even the organisers. The sound crew are thera to sell
their Eervices to the groups and keeping the level down, for some unperceived
resson, is not going to do this, Thus at best, they are reluctent allles, at
worst vary clearly the anemy.

LOGISTICS.
Traditionally, the noise control team is divided into three groupsa:-
One group Bt the concert eite [the control team) in communication with the

concert organisers, the police, the mixing tower, a travelling team snd the
gound crew. It e the Function of this group to gather the information
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genereted by the sbove parties and decide on any action to be taken, This is
the group whera the buck stops. At times, for example during the last few songs
of a concert, tha team lesaders ln this group go onte the mixing tower. This is
becauss the normal control measures ars by now not as ilmportant as keeping the
levals down and only by 'sitting' on the sound mixer will thie be achieved,

The zsacond group 1ls on the mixlng tower for most of the concert. Experience has
shown that for eecurity reesons at leest two persons should be there, Their
tagk ls to monitor sound levels within the concert arens end to Inform the
band's representative on the mixing desk of the desires of the control teem.
These Formal words belle the actual situstion end this team often need to make
their wishes known in fairly robust ways. The group in the tower should also
make any racommendations they sea Fit based on naise readings taken within the
arana. In other words they have to actuelly force the sound crew to keep to the
required levels, Naturally they normally carry out the team leaders wlishes but
very often a split second decisicn is required whera there is mo time to refer
back.

The third group is mobile. In fact, the moblle group 1s split into at least two
parts. One drives around a preset routa taking sound measuramants and reporting
these back to tha control team. This is the rew data For the noise 'footprint’
maps of the event. The route however may not indicate ths occurrence of some
ducting effects and in any event may be st the wrong place to plck up a suddan
increase in levels for other reasons. Unusual occurrences like these may be
spotted durlng the tours of the other group. Their task is to visit the homes
of complainants as well as to try to fFind the nolse. This group; when visiting
- complainents, should ideally consist of a member of the noise team and a
representative of the police or the borough council. They should alsoc be
smartly dressed te give some confldence to the complainant. The stendard
uniferm of rock festivale, namely tes-shirt and jeans, is hardly likely to make
the houssholder think his or har complaint ls being dealt with seriously.
Voice communicatlion betwesn these groups has always been by hand held UHF
radic. Renge limitations ere not ususlly a problem. If a radio signal camnot be
heard probably neither cen the concert, although if communication cdoes fail it
is slways st the wrong time. However, tha oparator on the mixing tower doss
heve some difficulty in communiceting in amblent levels of soms 108dB sven when
wearing a headset. Initially only one radio freguency was used but this was
found to ba lnadegquate. Thus in recent years, two or even three separate
'nets,! were usad allowing for both 'public' and 'private' communication. At
leest one of these has to be the maln organiser's system to ensure that control
is maintained with the concert director instantly. Nowhere was this more
clearly shomn <than ot a recent concert. At the criticel time, the noise team
found its way to the mixing tower barred by security men brought in by the band
to stop any attempt to make them keep to the level' required. The direct
communication to the main securlity director brought the organisers own tesm in
to rectify the problem within the First minute. After that it would have bean
too late, the levels would have gone up and all the plenning would have been
for nothing.

| MEASLUREMENT CRITERIA.

Several units e.g. dbA, dBA (mex rms), L10, L50, Leq (varicus periocds) have
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been tried in order gauge the success or atherwise of the control measures by
determining the valldity of any complalnts end to setisfy legal requirements.
Ref 3 discusses the various paramesters ussd at varlous times, Decisions as to
which unit or index ta chocss are not easy, Conslider for a moment why, At
Reading for example, the music is spread over three days for 12 hours each day
and is therefore set against a changing background of soclal conditions and
amblent levele. The muslc may be heavily percusaive or may be of a nature which
would be offensive to the surrounding population even if barely sudible! As has
been  sald in a previous paper; rock stars are not  known for their
sophistication of languags. One serious bit of obscenlity, particularly on 8
sunday, can cause many complaints at whataver level, just by being audible.

All practical units have limitatioms when used as control levels. for example,
L@ can reedily bs affected by traffle, Leq can alan suffer from external high
levels such as trains etc,, while L9@ will change for many reasons which may be
unconnected with tha avent we are trying to measure. Previous papars have shown
how L15P correlates well with the snnoyance of rock molse, but even this is to
some extent a little too histerical For real time operation. '

INSTRUMENTATION

Over the past few yesrs the lnstrumentation avallsbla has revolutionised the
data collaction process. Initially, Iln the early '7@s, instrumentation
consigted of eimpls sound level meters with team members. driving sround the
area im cars reporting back with sound level readings via radio. Thess levels
being plotted on a mep. In 1983, et the Reading fastival, this was complimented
by a simple 8@8mHz redio link which was used to relay the actual acoustic
signal from @ point about 1km away [Battle hospitsl) back to the festival site.
Although set up @s part of a research project by Cirrus Research, thls aystem
provided continuous sound leval dats from one of the most gonsitive Areas. As
lacal authorlties began to specify the maximum neise levels using conventional
Leq values [usually a 1S minute Leg) so the methoed of control changed., MNow as
sach new band sterted playing, the sound mixer could be allowed the first
fhumber! to adjust the mix. This often exceeded the permitted continuous level
for a Fow seconds, Then the level could be adjusted im order that any 15 minute
Leqg was not exceeded. At first, thls meent a simple Leq meter and a falr bit of
rapid mental arithmetic {net easy ln 18@3dB ambiant!}. In 1983 a microcomputer
was fFirst usod in resl time meesursment. In this installstlon the microcomputer
was used to contro) and analyse the data from an Leq metar within the concert
arens, using SHORT Leg acquisition. This allowed not only for easler
interpretation of readings, but for @ greatly improved working snviranment for
the operator as the computer could be remote from the stage or mixer. The time
besa chosen was 1 second, which meant thet the computer had to work on »
maximum of S@P data points at any one time. The computer chosen was an ACORN
BBC model B running from a prototyps of a new Integrating Sound Level Meter for
the Open University. This system of Short Leq maans that all of the energy is
stored in discrete data "lumps" end each plece of data has no relation to the
data bafors nor that followlng, Having seguired thls date, it is a salmple
matter to ecalculata ANY index in real time. Alsec, and much more important, it
is simple te predict what the level would have *to be for the rest of the
period, in order to keep the level (in Leq) to the limit required. This is a
unigue situstion, & historic index, Leg, being used to control an event in what
is affectivly raal tims.
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Sinoe 1983 the system has been expanded such that up to 4 Leq meters can be
controlled and their data amalysed simultanecusly. This means that not only cen
the level be predicted et the mixer but the skew, due to wind or other effects,
can bes allowed for by the programms. Software for this ecquisition was based on
the original work done for the EEC by the LNE in France.

Next to evolve was an Ilnstrument with "memory' which could be left Ln the fField
during the concert. MWhilst not really of value For real time noise control
unleas connected to a modem, it has deFlinlte and clear wvalue for multi-dey
concerts, for example, Ln plenning the second day. It is also very valuable for
legal recordings or simply data evaluatlon work, 1f pequired. HNeturally, as
data is being collacted at a hligh rate, much informatlen of an historic nmaturs
iz given by these memory meters, This work assists in the plenning of the next
event by using computer prediction methods,

Octave band snelysis is elso & very useful tool. It ls now normal to uss groups
of five speakers covering the freqguency bands 20-500Hz ; S@0-150@Hz ;
150@-25APH=z; 25@@-45PA4z wond over 4S@@Hz, Esch frequency band is driven by a
separate amplifier system. Veriations in meteorological and musicel conditiens
can cause thsse frequency bands to be attenuated or emplified by differing
amounta. Censequently, it is often posaible to reduce the level of just one of
these freguency bends in order to maintain the required level. Tha only thing
that suffers is the "balance'" of the mix. The octave analyser slso operatas in
real time using sound level rather tham Legq as the data base.

Now, for & 15 min peried with 4 meters in use, 36,@0P data points have to be
caleculated in real time. Easy for even s simple computer, but mindboggling for
a human,.

The Final point in the measurement chain is the human link, Here, we have
resched a very clear conclusion. If the locsl authority can agree to pool
resources and share manpower, in efFfect to become part of the noise team, the
task is much easler. We have found, whers the local asuthority insists on
oparating on an adverserial basis, the quality of the contrel and the
subaaquent noise level presented to the populmce suffers. Convaraly, whera the
local authority, the prometers and the noise consultants have reached a good
warking relationship, results have been much better,

THE FUTURE

All of the mbove eslements heve already been used in prectice but not alweys
together, In the future the instrumentation used would ideally consist of a
large number of 'environmentely protected' remote meters arranged around the
concert site with one or more meters within the arens, all connected via &
bi-directional radio link or a modem to & central computer snd terminal which
can display noiss contours of the area. This would then predict ducting effects
and the resulting requlred mixing tower levela jin order that the current period
Leq is not exceedsd. It is the belief of the authors that control over the
mixing desk will remain human; tha consequences of raducing the level tos far,
or yet worse swltching off altogether, are frightening! At the least there
would be & civil disordar; st worst ?7. Remember, people who go to ook
concerts go expressly to be exposed to @ high level of nolse; if deprived they
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become unpredictable. Members of the nolse team will still be required on the
mixer to ‘'enforce' tha wishes of the control teasm as they interpret the
computer's data. Alsn, the travelling noise group will still have a role to
play in =meeking out the worst nolse ares and visiting the complainanta., It
should be remembered that at an event like Reading, the people who want the
*mugle" For thres days eesily outnumber the statlc population who may not want
it,

There are often up to 4p,Pdd at = festival and the exposed populatlon can be
less than 20,000.

CONCLUSIONS

A recent concert of the band Status Quo at Crystal Palace was widsly held to be
imposalble without horrendous noise problems and subsequaent legal action by the
local authority. A limit of 93dBA [1Smin Leg} was set by the borough above
which & saction 58 notice would be served on the football ground. As = previouc
paper no doubt menticmed, results show that the sound lavel on the mixing
tower, the reference polnt, never exceaded the limit. However, for the whole
time Status Quo playsed they were never more than 2dB below the limit.
Throughout the duration of the concert only one confirmed complaint was
recelved. This would have been imposaible without the use of Short Legq and a
computer.

_ Although - 1t might at First be thought that the future of this type of noise
" monitoring is limited it appears not to be the case. 1¢ years ago, if rock
concert nolse had been reduced to the current levels of emission, most people
mould have bean satisfied, In todays environmentally consclous world however
the desire is for even less noise. While it is difficult to see how we can
achieve this and still sllow the sudience to enjoy their "music", it is clear
that the way forward is slong the path of computer contrpl. We believe that
this is simpler to schleve using Short Leq than with any other current method.
Certainly when it was first propessd by Komorn and Luquet, it was held to be an
interesting aberrstion. Now, with even simple computers like the BBC, it
becomes a practical reallty and the essential elsgance of Luguet's proposal is
only now becoming evident.
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