Although there are many different types of equaliser, they all perform
the same basic task, namely the correction of deficiencies in ﬂw fro-

The great acvantage of an equaliser is

that, unlike conventional bass and trebie.
tone conirols, which can provide only &
tairty limited amount of boost or cut at
the axemen of the sudio spectrum, it is
possible 1o iron aut (equalise] peaks or
dips in a resparae over the entire range
of audic requencies. Not only that, but
with a parametric equaliser, the centee
frequency, O and gain of the equalissr
filters can all be tailored to exactly
comgendate for non-linearitien in the
response of any given system.
Although the use of equalisers was
originally fmited to profussional scund
recording  studios,  their  undoubited
benafits have led to an incressing
number  of  amatesr  applications:
= ]

‘turntables, ampdifiers and loudspeakers,
are now resorting 1o equalivens 1o
‘upgrade’ the last link In the sudic

ser

chain, namety the listening room.

Untortunatoly, however, many amateurs
fall 10 make the mest of the facibities
affersd by a sophisticated paramerric
ecualiver, and simply end up using it as
a tort of “siper-duper’ 1one control,
twiddling the knobs o get & bit mare
by hars, loss trebde there and so on.
This article i3 therefors intanded 1o
provide & few intights on how to achisve
affectove 1oom equalisation, whether it

| be for comeste o PA-systern appli-

cations.

Equalising your living room
In recent years the wubject of room
equalization has become something of a

ardd wall-known marufecturirs of sadio
eguipment have conducted extentive

Nistening sewircnmants. Bruel and Kjser,
for example, offer 3 comprehensive

quency response of one's speaker system and/or Ii

As such they represant an extremely useful tool in the quest for ‘perfect’

hi-fL Unfortunately, however, equalisers are all to oftan misused, and
in extreme cases actually do more harm than good. The fellowing
article takes a look at the various types of application for which
equalisers are most suited, and abso explains how to get the best out of
this versatile instrument,

and system
for listening rooms, wiilst Philips loud.
spaakess are  spechally ceiigned 10
compensate for the deficiencies of the
“average living room’. The subject of
room  equalisation, with particular
raference 1o the affect of the placement
of loutipeskers, has bedn discussed ina
spate of recent articles, snd Auemerous
hobltyist  magazines have produced
devigns for (graphicl squalisers. There is
o doubt that people are naw genarally
aware of the effect of the shape and
contents of the listening room on the
reproduction of the sudio signal.

That the room has cansiderable stfect is
hardly surpeising. expecially when one
carsiders how much care and attention
is paid to the inernal construetian of
Ioudmpeakers  (bracing ribs, damping



Figure 1. Convidarabiy more sttention is spent on the intenal deiign of

T, dheipite th Tuct that the latter hat 4 profound eHeet upon B sousd of the muss: sgnal being

than @ he insarses of esa's bving
-

reathing is done ta improve the response

with  different

loudspeaker  placings,
wwop the furniture around
whather the living room will remain

Iiveatie-in is ancther guesticn!
A simpler solution to the problem of

in the room’s frequency responsa.

Assuming, for example, that the room
in question has the reponss shown in
tiguse Za. Using an squalises the response
of the audio system can be tailored to

of the reom, O course it is possible to  'upgrading' your Fiving room is to look like that shown in figure 2b, ie.
take such steps as 1ochange the curtaing, smoloy  an  equaliser, which will the inverse of the raom’s response, with
fit | carpeting, for 1he inharent L peaks ot 1600 Hr and 4 kHz, dips a1 50
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Figers 2 haw, im princips, it ey
squaliser. raguler revgon thing up im frgure b1}
o the sguabass bilters, The rewlt (Fgurs (£1], in theory o1 lea, i the desied parfect repredeation.
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Dy inkipplnnite, i ¥ ror iron out mery seghe peak and
and B kHa s bart
b dbiadrenpiatil in figere 35
and treble boost above Wtion or phase reinforcement may

z
m kHz. Ihm. in theary, the mulklni

expect, things are nat quite so simple in
practice. The situstion i complicated
by the faet that the spnal which reaches
the listener is a mixture of direct and
indirect sound, The direct sound is that
which travels straight from the loud-
speakers to the listerae’s ears, whilst the
indirect sourdd is that which has first
tean reflected off the walls, cading.
fioee and furniture. It is the indirect
sound, therefore, that i “coloured” by
the scoustics of the rooms. This fact has
WO Consequen

The relative nrnnnﬂlum of dlracl arsd
reflected sound will vary ar different
points in the reom. Due o path length
differances between the diwect and
indirect signals, either phase cancel-

4

Figurs 4. ummlxuowmum
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‘with the latoar, and & pushbutton switch Sy is
™

oceur, creating nodes and anti-nodes 31
different locatiors in the room. For this
reason it b only possible to equalise the
Trequency  respanse ul' & particular
listaning pon i position is
ahered the frequency mpom will have:
altered abso.
Secordly, the human ear responds
differertly 1o direct and reflected sound.
p.n.cuhrlv st frequencies within the
o betwean roushly 300 H

Md SkHz, T

oger Trequancies cutside this band
can b flattened out with the aid of an
aqualisar; a1 frequancies which are at
ihe junction of thesa regions [ie,
around 300 Hz and 6 kHzl, Emited
equalisstion may be useful in certain
caves. What this maans for the resporse
curve of figure 3a s this:
® the prominent resonance at around
B0 Ht can be complutely eliminated
(that this alsa resilts in an imorce-
ment of lnnrm(lmllﬂy 10 dB in the
is an  added

i the primary factar determining lno
‘guality’ of the sound source, whilst the
reflected sound provides information
relating 1o Uu- luun-\n environment.
Excasiive thenefcre
lead to hdﬂv um’nlrimc results,
ramely strong colouration of the direct
sound in an STEDL 10 compansate for
a raflected signal heavily influenced by
the room  scoutics.  Ar  alresdy
mantioned, carel or ovar-anthiiis
use of an mu-m can do mare harm

than good, the prospective
uter should nm e put off by this fact,
since an equaliser can offer tangible
barsefits to the hi-fi enthuisiast who, for
practical rossans, is consirained 1o liten
0 his system in a small wnd acoustically-
poor room, with his speakers

in noe-idesl locations.

The advantages of an equaliser can be
ilbustrated by taking a closer book at the
frequency reiponse of & wnlul living
roam, a3 shown in figure Za, The same
curve i shawn agein in figure 3, with
sevaral ‘critical’ aress smphasised. For
the band of frequencies from roughly
300Hz to 6kHz, the golden rule i
“Teave wall alona” {asswming that it miu
acoustics of the room and not
ficiencies in the responsa of the quﬁ
speskers which se  responabla for

in parallal wi

in the responss). However
peaks and dips in the resporse which

buuull.

® The smaller peak a1 arcurd 250 He
lies in @ transitional area, thus partisl
equalisation is possible, if desired.
The most semible procedure s 1o
sudibly the results abtaned
with and without egualisation.

® The barely perceptible ‘bumg® st
150 Hz is reslly too small o be
worth considering; furthermore it lies
right in the middie of the critical
mid-range of frequencies and should
herefore be left unt

® The dip st around 1600 He is likewise
inside the critical vocal spectrum
which should be avoided,

® The somewhat Lager dip at appeoi-
mately 5kHz straddies the second
croasover area, thus once agin a
partial or limited squalisstion may
prove worthwhile.

® Finalty. the roll-off in the response
ahave He can legitimstely ba
cormected with the equalizes: care
shoald be taken not to apply excessive
smounts of boast, however, since
thara is the dangar of damaging ane's
tweeters (1)

After the above corrections have been

carried cut (and assuming that the dip

at around 1600 Hz is the result of the

room acoustics and nat w: bousd-

speaicers], the overall

obtained, should loak mmm (£

st i by 1on 7,31
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repraduCTIon b2 8 gee eeating degres,

that showr in figure 36 — and hopefully
thers should be 3 correspandingly
discernible improvement in the resulting
sound!
As the above exemole illustrates, it is
10t necessary 1o make & (arge number of
comections i order 1o ocbiain an
nwwnll\r Tlat resporse. All that
quired in this exemple is 8 clrcuit to

offered by the type ol parsmetric
quaiver

The fallowing paragraphs deseribe how
1 go aboul actuslly setting up an
equaliser for optimum results in a
variety of practical sitsations,

P.A. systems

PA, wystems used in canferance halls
and suditoris wre uially installed by
pratesionsls, However there are many
situations such as loeal community
astings, schoal prizegrvings et, whare
smaller alls have 1o be set up scousti-
cally by comparathee ‘smatien’,

The most common problems

tered in thix type of case are ‘lack of
gibality”, ‘nat loud enough’, and
tont scoustic feedbuck. Before
explaining the main cousss ol these
probiems a few preliminary remarks on
the natre of PA, systems would nutp
amiss. Tha primary aim of a P.A, vyl

i nat ta achieve Tigh-fideliny’ niw
duction, but rather cptimum intell)
bility. Unfortunataly, in peactice this is
often confused with maximaum valume.

woluma, But it is often true, particulaty
in badly designed ¥
sysiems,
from

the deaded acoustic

“howlrourdd”.  One  must
attempt to (s) make the syiem bes
susceptitile o feedback, and (b} search
for other ways of i

may appes rather an obwious point,
bt it & wirprising how many people
faill 10 observe this  elementay
peacaution.

by setting the output bvel of thoss
speakers the

sgeakers situbted further down the
hall. Many alresdy have

than simaly winding up the volume
cantrol

To take thegroblam of scousicfeecack
mas that this

picked up ~ either directly or  via
raflections off the walls, ceiling, etc. —
by the microphonels]. These are then
amplified, fod back 10 the loudspeakees,
only to be picked up onte more by the
microphones, and o oa until @ nasty
Migh-petched howl iz produced (hence
the name ‘howlrcund’). In order to
increase the volume without provoking
this unpleasant effect, the only andwar
B ta ensure that less of the

# facility for reducing the outgut
bval; in those that do nat it is &
simple matter to incorporate a small
value sevies resistor 1o provide the
desired level of ottenuation. This siep
may at first appear o litthe salf.
contradictory, however it allows the
amplifier volume to be wmed up
without significantly increasing the
feedback signal to the mi
at any gven time, do not have mﬂ.
microphonas switched on than s
. If there b only one num
speaking, then i
that it required. Switching mnlmml
mikes on will simply incresse the
chance of fescback

signal | picked up by the micraphonels),
This can be done in seversl ways:
# by uting dinectional [cardined) micro-
phones, which are less sersitive 10
¥

i adjusted

® ensure the
correctly! This may also appear 1o be

rather an obvicus point, but in
practice it & aften mare difficult 1o

et e il observe than it may seem. The
® by using which also o vip shautd help:
have & directionally dependent = acoustic fesdback i more lisble 1o

response. |1 is probably not so well
known that _cardioid

exist. By positioning these with thai
backs to the microphonas, scouttic
foedback can  be  considesably
raduced,

Of course, in same cases
can be improved by bumping up the

T.32 stnsrar inaia oty 1908

by nat e
right next to the microphonas. This

occur in an ematy il han I atull
this reason it is
volume

ane. For
wificient to adjust the
i

round’, wi
empty hall. Onca the hall hat fiied
up the volume setting should prove
pot-on.



~ The differsnce between a cofrect

on the verge af howlround fs about
3 to BdB. It is often possible 10 tell
when & wywem is on the verge of
hawircund by the fact that it sounds
decidedly ‘echoey’ —the effect s
slightly similar to that ablained with
| revesbaration units. One can

With the

ane first adjusts the voluma control
unit the PA. system just starts 1o
howl-round  (bear in mind  that
soustic fesdcack builds up gradu-
allyl, then one simply switches in tha
anenuatos, and the system should be
ready for use.

Ones  scoustic  feedoack has  been
reduced 10 @ minimum, the next itep &
10 attempt 1o increase 1he intalligibdlity
of the P.A. syitem without recourse 1o
the velume control, There are basically
twa main ways of doing this: reduce the
amount of reverberation generated in
the hall, and improve the guality of the
sound itself, The former peint basically
boils down to improving the acoustics
af the hall by snstalling heavy curtains,
thick carpating, eic., and unfartunately
is narmalty fairly expenaive, The sacond
ing

resultant overall response i shown In
figure 5c.  What cennat  be  shown

s the amazing smprovement in
the intelligibility of the soured signal o a

extremaly quiet
erwironment, after the equaliser hadl
been uted every word was clearly
intelligibie oven with the noisest of
autiences.
Practice has proven that an equaliser it
an extramely unful and effective tocl
fo« ‘obitaining chear and readily comare-
oductian when working in
||l||l with difficult acoustics. However,
the wiry in which an equaliser is used in
A, applicatians differs from that when
employed with domeste hidi systems.
It has alranddy been stated that, when
equalising the respore of an sudio

chain aed/or listaneng envircnment, the
band of frecuencies between roughly
300 Hz and 5 kHz should ba left well
alona. In the cise of & P.A. installation,
howaver, simon exactly the opposite o
nn: peaciasly this range of fraguencies

tween 300 Hz and 5 kHz — or to be

egualisr. The extremes of the sudic
spectrum are of little significance for
the intelligibility of the resultant speech

Furlhlnmu whather the resporne of
he

o 4 or 5B will often hive lintle sudible
effect. The crucial factor as far s
P.A. systors are concerned, B the
prewanca of large rescnant peaks in the
responss, since the highest peak atfec
tively determines the maximsm seiting
of the volume control which can be
used without causing  howlround.
Consequently, the equaliir should be
ermplayed 10 enwsre that all the peaks in
the wystem's respoase are on the sme
i illustrated in

results will be obtsined with 1he curve
fiwrl Bb. OF course. as it stands the

i far from partect, and
w h judicicus rmurlng it & pouible to
achieve the ogtimum response shown in
figure B,
For thawe readers who are still less than
convinced a5 to the scvantages of an
eguslisar in this type of application, it
may be worth painting out that the cost
of # (homebulltl equaliser is nathing
compared ta the price of new micro-
phanes ar speakers.

Electronic music

A lem common  but  nonetheless

important ares of apglication far

equalisers is in slectronic music, wihere

their  flexibility and  tone-shaping
i knmmlwlmddlllun

sigral is compdetely Tat
ar not is also of secondary Imner!m
Far example dips in the response of up

to electronic synthesisers and organd. In
direct  cantrasy procedure

quality of the raproduced sound signal
Plays an imporiant part in determining
its intailigibaliny. It has been proven time
and again in peactice th: flat fre-
quEncy respande ower a ressanably wide
wpectium — roughly 100Hz to 10 kHz
— will leadd 10 a comidarable |

mant in the nteiligh

sech monstrosities as bass cut “peech
wwitches’ which roll off the response
betow 200, 300 or #wven 400 Hz, specisl
‘speach’ [Ioudspeaker] cabinets, which
often have 8 truly harrific respanse, and
tpeich microphanss (whase reiponse is
sometimes lintle better that that of the
foudspeakers]. All that s needed is for

10 be wwitched in, and one has #l the
mgredients for & fullscale acoustic
disaster]

Figure 6a shows the measured response
obtained from such a setup, with the

tne controls set
pasitians| 1.

Using & simple pasamatric squalier, the
attempt was then made 1o iron out the
growser irregularities by emplaying the
filtesr resporee shown in figure Sb. The

to their mid-

&

o

T "

Figurs 8, bn the eae of PA_ rystesss the squsliser should be s o wech shat o

amplitude. Althoush
wwiva in figeee Ba may ot fien Mw“mu’ﬂ!lmﬁ fwet i that
That i

the

ot v say tha h taries

of soure

Pcauibés 1 obesin the rawsanss hown in figurs B2
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applications, the filter parameters are
ek pnt v thereafter left unicuched:
he filter serrings are varind
oam.m(hf as cemanded by the (I
performance of the pasiage of music
baing played, For this resan the filter
controls on the equaliser must be well-
«calibrated and ergonomically designed —
a precondition which has led to the
popularity of graphic sgualivers, whare
whe pattern of the slider potenticmeters
on the front panel provides immediate
wisual feediock regarding the averall

filter reiponia (imn figure 71, However
o wrric

equ
lnnh:aluun quite the reverse, Their
grester scope [control of #ll the filter
[parameners] renders tham much mars
flexible and affords the silled user the

passibility of achéeving & wide range of
differant effects.

Setting up an equaliser

Before discussing the specific prablems
encountared when attempting to egualise
the frequency response of domestic hi-fi
and PA systems, thare are several
general paints which can be made.
Firstly, and most importantly, it Is
wuantisl that the frequancy response
which is 1o be comected is alesady
krsown, At the risk of scunding repeti.
tive, fiddiling arourd with the equaliser
contrals and ‘playing it by eae’ will
almost certainly produce little in the
wary of targeble benafit and mare likely

than nat will do mare harm thin good,
Howeves, measring the  frequency
is nat such a

response in questian
e taki

imagine and worri
banish  any  icess

that might be needed. In fact all that
ane raguires i the audvo spectrum

7,34 siniror nasa by te

isuse, & litte patience, and a certain
understanding of what ana is trying to
schieve. The paint hese is that excep-
tionally peecise filter settings (within
*0508) are ot necessary, noe does
one have 10 have an absolurely accurate
picture of the frequency responss. It
does not matter whether 3 particulis
peak or trough happens to ocour at
exactly 235 Hr — what i more import.
ant s that irreguiarities in tha fraguency
tesponm can be detected [without
naceisanily  knowing  their  precise
location) and then correctad. Frequency
curves such a1 those shown in
figures 2. 3, 5 and & may well be
be interesting for the sudic conmitant
or engineer, but as far as the hi-i pwner
is concerned the anly thing that counts
% the sound resching his esss!
he measurement and  correction
procedure for & domestic fistening room
can ba nlﬂ»ﬂi out in 8 rumber of ways,
although in each case the genesal

e 8. Betorn the sqwsliser i incorporsted
b A, vyvtem it mast fivst be adpated
for a Mat reponsa. This cam be dana with th
T -

Figuire 7, Tha ‘graphic’ squal it name ta wnging the
panel they
of tha frequency reiponse of the squsiae:.
sdopted In domestic and PA. mnalyser descrived elewhere n this  peinciples invohad are the same. The

choice . is basically one of ancillary
'ﬂhl‘lﬂ‘.M whether one uses 3 measure:
headphones, test
mad
Smmgupn agualiser for 8 PA, system
i somewhat simpler i that it only
make: sense 1o utilise the exinting
micraphonels] to obtain the results of
the spectral analysis. Since this step in
fact forms the bass of the varicus
ich can be sdopted wiih

it first, before gaing on o discuss haw
1o GPI.IIH the best results from an
ecualisar in domestic sudic soplication.

PLA, systems o
It goes without saying that, as far s
possible, the performance of the P.A
syitem shoukd be optimised before the
equaliser is introduced. That is 1o say
that the positioning of the micro-
phone(s] snd loudspealoers should be
carnfully  chasen: ideally, cardicid
microphonas should be used, and, if
necessary, outpul level of the
frontally situsted speakers Bowared.
Onky whan no further improvemants of
this pature can be achieved should the

followea with an cctave or third-octave
graphic equaliser is broadly similar; any
diffarences will be mentioned as they

arise.
1. The first stop is to adjust the sgualiser
controlt 1o obtsin & linear freq

response. This s done by connecting the
noise generator direct 1o the sgualiser
imput and the analyser filter and display
to the output of the equaliser {figure 8],
The analyser filtar should b adjusted far




maxirum O (1/12 octave bandwidth),

With this srrangement i1 i
matter 1o trace and comect any peaks of
dips in he rewpante which are caused by
the agualisar (tsalf (the filter sections of
a graphic equaliser should be adjusied
one st & time|

. O naxt hat to find 4 sitable paint
in the amplifier at which 1o connect the
equsliser. |f the amplifier has a monitce
imput, then in mot cases one need look
no further (see figure Sa). Figures 8b
and Sc however, illustrate how it i
possible to incomorate a monitor switch
onesl,

3. The output of the equaliser should
then be conrecied 10 point B in bﬁullﬂ
the nois generator connected

‘equalises input, and the analyser
and display 10 point A in figure 3. Th-;
i 't i depicted in figure 10,
4. The frequency responsa of the
Sysem can new be messared: first of all
however, it s important thar the paten-
tiometer  control  which

centre fr of the snalywr filter
up and down the audio spectrum has
been provided with » {calibrated) scale
Ifrom, Hr. 1 to 104, If seversl micro-
phones are uiaed in the PA pritem
under wst, mly the maan mike, i.e. the
one usd most often, should be
switched on. The resin obiained can

worth plotting are the highest values al
& pesk and the lowest of a dip
octive o thid-octave squaliner i UM
then the anatyser filter shoubkd be varied
stepwise in  octave or third-octive
incremants. The resdings ablained for
wach frequency band are then plotted as
shown in figure 125

5. Uhing & ruler con then deaws a fing
spproximately midway between the
highest peak and lowest dip (see Fig-
ures 115 and 120} ehis represents the
theorotically ideal response 1o which

ane is approximating.
6. The O of all the ters in
the paametric sgualiter sre set to

dip in the measured resporse is
in figure 11b for examgls, ths is e
fwoen messurement points 2
and 3. Since it i a peak,
equaliser filter is set for maximum cut
ard the centre frequency of the filter
slowly adjusted until thara i 8 (fairly
sudden) drop in the analyser reading.
Tha centrs Trequancy of the -qu-llur
filker is than fine-tuned until the reading
on the analyur display is at a minimum,
Finally, the atsenuation of the filter i
reduced 0 the point whars tha ma
rmading caincides with the

s simple 9

[ b find
-'l'ihv.hmlokw o g ot
pateiss & angun than this can be used,

nw.w 1 the ampidies sieasy

the second equaliser filte
maximusm  boost, tuned
appropriate Trequancy, snd the gain of

uniform responda,

1 melw filter is then tuned up
the sudio spectrm until the next
Irregularity in the response is encoun-

the filter varied until hdammdll\'
on the a meter is obieined.
Turthar  dafliciencies i
rewponse exist, th procedure Is than
repeated with the remaining eq
filters.

B. Tha next step is 1o turst 1w analysss
filtar 10 tha fraguency a1 which the baw
reipansa of the system begins to rall off
shasply. This point is indicated with an
arrow in figure 11b. The Bt!u\dlllhlu
control on the iser shoul

sat for maximum cut, snd ma rm pum
adjusted until the metes reading falls to
0.7 of it ariginal value,

4. The turnaver frequency of the trebile
filter in the tone control network &
adjited in exactly the same way. Were
one to measure the resultant overall
‘response (not that this is necessary). it
would look roughly like that shawn in
figure 11c.

1. The centre frequency of the amalyser
filter b5 now tuned down 1o the paint
just below that at which the turnover
L of the bass control was
adjuited. The gain of this filter should
then be increased until it coincides with
the theoretical ‘flat’ value. The same
n-nudurl s performed for the treble

u m analysar filter Is wm
frequency on the “flank’ of the Yo

o ni iy 19040 7,35
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Figern 11, The warious siapem o e i s
Tystem s frequaney resgssa. Fagurs
mwmmlwmummmmm [
he H1at hosizontal line represents the ‘e’ freguincy
P8 10 whith Gt (3 STLmBting 1o sppreximat,
Aftes the first adjusteents which the squstisr the
should kook senething s Bt shawm i
figurs [, whilst figrs (] shows the meustt sbisined ones

mulm- liiholll-m(.

peak or dip in the response and the Q of
the first equaliser filter is reduced wntil
the reading of the meter 31 this paint
reaches the nominal ‘ideal” value. This
prooedure -wuwd tor the rest of the
egualiser filter
12, Tmnmdl\f, the equaliser should

7.36 wniacn

a oy 170

naw be st up carrectly and the response
curve of the system should resemble
that shown in figure 11e, ie. flat over
the range of the spectrum analyser.
Unfortunately, however, this will rarcly
be the case in practice, and it will be
mecessary to repeat the above procedurs

from paintd omwardi ino o slightly
modified form. The reason for this cen

be explained if ane looks at the curve
shown in figure 11d, which represents

the probable frequency response
obteined so far. The curve exhibits the
fallawing faults:

— The tumover frequency of the bais
tone controd it 100 low, with the result
that the response slapes toa shamly a1
this pont. The remedy — increase the
wrnover fragquency and reduce the gin
shghtly.

= The cantre frequency of the firs
lequaliser) bandpass filter & too high,
the consequencs being that the filter
introduces toa much attenuation and
has 100 large a bandwedth. Each of thee
filter parameters should therefore be
adjusted.

— The second bandpas filter is comectly
adjusted, however the centre
af the third is slightly bow, causing over-
antenuation and resuiting in toa small a
Bandwidth

— Tha turnecves frequency of the trable
£0nel it 104 low, causing the resne
to rell off at high Irecuencies; once
again thes should be commected

13. With an cctave o third-octave
Igraphic) egualiser the  adjustment
procedure is considerably simpler; this i
in fact one of the main advantages of
this type of equaliser, A filter with
switchable centre frequency (in steps of
an octave or 1/3 octave) is employed as
analysar filter, The adjusiment procedure
consists simply of setting up each
frequency band in wm and varying the
gain of the comespanding squaliser filter
until the snalyser reading coincides with
the nominally 1l value, A expected,
the resultant response curve e fig-
wre 126} has & certain waviness, which i
unavoicsble when uiing a graphic
equaliser. However this is of only minar
impaortancs in this type of application,
14, Irrespective of the type of eoualiser
which s employed, the adpustment

procedure, once completed, shauld be
checked with the aid of the follawing
test: The system should be set up as for
normal use, i.e. the equaliser is connected

and display, however, are laft connected
10 point A {see figure 13) for the teme
being. The volume control of the
amplifier is then turned up 1o the point
where acoustic feedback just starts to
ocour. Using the analyser filter i1 s a
simple matter 10 detect the fraquancy a1
which the signal is cicillating, whereupen
the gain of the eorrasponding equaliser
wr shoakd be recucad 3 fraction

If the equalisar has bean optimally s
up, the system shoubd na longer ascilline
at the sama fracuancy. If, howaver, it
shoukd continue 19 do 30, than it means
har the squaliser has not been cormectly
w1 up and the adjustment procedure
should be repaated point for point.

16. It mora than one microphone s
used In the PA. gystem. the sbove
procedure is only carrled out with the




main meke. Tha response obiained with
the other microphones s

measured _separately a5 described in
peint 4. Should thess all prove o be
reasonably flat, tha system |s ready for
use a5 {1 siands. If this s not the cass,
cwever, then ore of the following
steps may prove necessary. 1 ore mike
5 an iregular response and it s of 3
different type to the main mike, then
one should consider replacing it. If the
discrepancies are only minor, then basic
equalisation [one egualiser filter per
mike) for esch microphone may be
adequate. Bear in mind that a dip in the

peak. Fimllv a mmp:wn'm sum.m i
also passil
mikes and -d]um mg -qmnur lo: |he
ogtimal respanse.
In conclusion It i worth painting out
that afl the abave moassrements ware
carried out using & pink noise test signal.
This type of signa! source was in fact
chosen far n very good resson. Were the
reigonse of the system measured using
®q, 3 sinewave generator, 1he 1eRHONSE
shawn in figure B woult |ook somathing
like that in figure 14, The respanse is
characterised by countless dips and
peaks separated by lirtle mose than a
couple of Hertz and varying in amplitude.
by betwesn 20 1o 30 oB. Thess wery
sharp dips and peaks are intrinsic to the
reiponsa and cannct be comected. If
aumpting  to egualise & response
maased Using a sinewsve generstos the
impartant thing i to the 10ps of
the poaky; the sverage and minimum
amolitude levels are of minor import-
snce, since, a5 alresdy mentionad, it i
the signal peaks which determine at
what paint the system suctumbs 1o
acoustic
Althaugh the measuremants abtained
with & sinewive gEnerator are mare
mra they are also conskierably
me-comuming. In additian,
mn platting the respanse of 2 system,

Arabyrar
dinpiary

M @ w00 W 2k & Bk A
——ly Wnu
Figurs 12. With oxtavs and third
manca
R i Fatle poiet i reapanse of the wystam mare

scoumataly than this, Fvnwhlﬁmu-m—.-dm-m

1 Dctwvalthird sctave snayiar Filtes; in figars [b] She nominal ‘flst’

alus it drwem in, whilkt Figure i1 shows the rewpamse bisined
sjpirned. The

selth tha squatiear oqtimally

“wwsiness’ of the respanse
be

metitind.

-

there is the added diffi ulty of ensuring
that one is recording only the peak
sgnal levels.

The living raom
As in the case of P A. systems, the most
mltd:ll point in the I'Infnm:lmn chain

oneself.

Far swreo bl systems 3 ‘vwrno’
sgualiser in the shage of two indepen-
dently varisble mono  eqeslivers i
roquited. Qusd fans reed net worry,
since generally speaking thare is little to
be gained from using an equaliser for
the rear channels.

Orce installed there sre seversl mathods
which cen be adopted to sel up the

equalisar. The simplest i to use the
complete audio analysar described else-
whara in this issue in conjunction with a
massurement  microphone.  However
ather approaches in which only part of
the audio analyser is used together with
a pair of high impedance headphones
are also possible (it is even possible 1o
dispense  with the sudio analyser
entirelyl]. Each of these methacs will
e described in detail

a. Analyser and measurement
microphone
The adjustment procedure with analysar
and  measurement  mécrophord i
essentially the same as that adopted
with P.A. systems. By ‘messurement’
microphors & meant a mike whoss
frequancy respanse is sulficantly flat 1o
enwre that it does notl introduca 3
significant degree of #rior Nt the

ekt vt iy 1 7,37
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Figurn 14, Linmtil narw the frequeney mm-.u-n h-uunmvmua' Hewsvar if the rements b mesured axtromsly dowhy

shat shawn in l‘uunhlumumd—h«—1Mlh—uﬂ!lﬂ‘lmml‘melmmmp—

AT with The ecuativer.

“svreged’ respan

looks ratfer diffssent fram

ing tham. When wiing

ikl o ok e o oah s eomumte practical

measuremants. A good guality micro-
phone of tha type intended for use with
reel-to-reel tape recorders should fit the
ball.
The connections for the anslyssr and
microphane sre illustrated in figure 15,
The microphore should be situsted in
the ‘ideal” listening pasition within the
room and care should be taken 1o
exclude extranecus noise sowerces (wives,
children etc.!) One thin warks through
the same procedure a5 described for
PA. systems, bul with pne motstie
exception. As already mentioned, anmy
dips or peaks in The responss ooourring
between roughly 300 Hz and § kHz
diault‘l generally be left alone, Until
now, however, there has been no need
for the froquancy scale on the analyser
filter control o be calibrated. which

means hat thers is o way af telling

the egualiser. The simplest memoa al

whare thew Fortu:
nately, however, there sre alternative
methods of determining this frequency
bard with sufficient sccuracy: n.g. the
use of 1881 records which have 8 number
of specifed frequencies mecorded on
them; alternatively one can utilise the
knowledge that on a plano (or the §'
regivter of an ebectronic crgan) 300 Hz
coincides roughly with d' — the d above
middl ¢, and 5 kHe with e* (ie. four
octaves abave midle e

In figure 32 the Frequency response
exhibited a dip at srourd 1600 Hz, and
it was stated that if this was a result of
the room acoustics, it should not be
equalised; if howsver it was causad by
the responsa of the loudspesker, then it
‘was begitimate 1o remove the dip using

5

mnuw 4 raliskla messmrmsent microphana it svailsble
Eht wrramgeant thown hers i be used to measra the responss
of & hi-di rystem sndd brving room.

g which of these

situations is in fact lher.-uummuwrl

the loudipaaker reponse in  two
ropms, The most hie

lirge encughl) is the bathroom| How-
wver ore must of course be extremely
caseful when using electrical scuipment
in the vitinity of water tigs #te. ALany
rate, if the same dip in the respome
occurs when the losdipeaker has been

31 up in & different room, then one can
ety assume that it is the fault of the
loucipeaker itself,
Since a stereo eoualier actually consists
of two wparate mono equalisers, in
theary the adjustment procedure should
be carried out twice, once for each
charnel, and in #ach cove with the ather
channel completely disconnected, In
practice, however, it is sufficient 1o feed
the noise signal 1o the desired channal
and simply to tum the balance control
an the amplifier to the appropriate end
stop. Any crosstalk between channels
should be too small 1o affect the result-
ant measurement.

Test records

Certain hifi stores stock various fest
records which often include pink noise
test signali. In principle, these can ba

neonvenient, since one must consantly
search for the right spat on the recond
for esch measuremint; bowever this in
no way interferes with the sccuracy of
the adustment procedure.

Stnewave test signal

It is abwo theoretically possible 1o wse a
pure sinewave [whather from a sinewmve
generator of A test record) as & test

7-3B s i oy 1900

signal, however this approach s not
has alrsady been



Lok impedar todghones 1y - B
i irepadance

Figars 1. Whem uning hasdpho

b mees tha rom's

Eetwran 1 10, 40 &4 10 make & direct comparisan,

explained, the sctusl rocuency reEponie
of tha syitam contists of a large rumber
of very rapld variations in signal level
Were a sinewave generator employed as
& test signal source these peaks and dips.
would be reflected in the messurement.
One would then have ta determine the
‘averape’ frequency response of the
system before one could set about
squalising it A small drift in the osci
latar fraquancy, a fractionally incarract
setting of the controls, could lesd o
differences in signal level o from & 1o
10 dB. Such it the risk or error using &
tinewave test signal that it is best to
avoid this approsch ahogether.

Headphones

Thers may be these who da not wish to

display or meter section of the analyser
i 001 uked with this sup (no messure-
mant mikel, instead ane trusts 1o one's
#ars 10 distinguish between signal lavels

has proven to work quite
weil, The -u,usm-m procedure s as
foblows:

1. The analyser filter cantrol is set to
roughly its mid-position, and with the
5K switch (see figure 17] in the ‘loud-

er' position, the noise signal is
adgusted 10 & reasonable room Mvel. If
the volums of the noise signsl i 1o
highit is not ealy extremely disagresable,
but thers is also a risk of damage 10 the

maximum - fesislnce, switch En s
maved to the ‘headphol

and Py is then adiusted until mn sigrial
from the hesd sounds 1o be at
tha same level as that from the spesker
s

3. The frequancy of the analyser filter
it gracually moved up and down the
entire spectrum and the differences
between the signal levels of the loud-
wpeaker and of
noted —  loudspeaker slightly louder,
much louder, the same, etc. At the same
teme one should observe at what points
the highest peaks (i, greatest signal
levels] and lowest dips (smallest signal
lovels] occur. A useful method of
recording one's observations is ilustrated
im figure 18a; figure 18b shows the
cormespanding fraquency respanse. With
this information one can now

1ot up the equaliser in the manner
describad sbove, IﬂmT the lnwll level
established in paint

‘flat’ value. As already Mmﬂl. lh.
band of mid-rangs froquencies should
normally be left unaltered.

Summarised briefly, the remainder of
the adjustment procedure is a1 follows:
4. All the equaliser (band)
are set for maximum Q. With the aid el
the analyser filter the fine peak (in
figure 18 this fies between test points 1
and 2} is detected, the first squabiser
filter i3 set for maximum cut and
cantre  frequency adjusted until it
colncides mm the mp of the peak. The
amount of a tion introcucad by
the filter i nm acljusted until the signal
bevel of the loudspeaker and

is the same, This procedure is repested
with the remaining equaliser Tilters f«
any other irregularitivs which
cofrection  {in  figure 18 the om«
prominent peaks and dips fall within the

purchase @ masurement microphone
fand suitable preamp) solely for the
purpote of setting up an squaliser. If
that is the case an aiternative selution is -
1o use a pair of high-guality hadphares,
The sdpustment procecure is simplest if
e s 2 pair of “open’ headphones, e
which do not acoustically wolate the
#ae5 from external sounds. Figure 15
shows  how the he

connectad to the amplifier. This uwg
#lows one 10 switch from loudspeaker

to headphones and to vary the volume
i the hoadphone signal until it sounds
the same a5 that from the loudspeaker
{1t is important that the hesdphones do
not muttle or divtort the loudspeaker
signal in any way)

Since the switch and volume poten
tiometer must be operated from the
desired listening position, a wifficeent
length of suitable cable is reguired.

The connections batween the amplifier
equaliser and analyser sre shown in
figura 17,

Once again it & posible 1o e a st
recoed a5 @ pink nowe source in place of
the noiss ganerstor on the ml\nu
although it is less

Figura 17, Connastions tetwssn smplifier, seusliser and
anaslysar when uiing hestphone: 1 massurs the room's

wikior g oty 00 7.9
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can
mackiby chaet the reapanss of the room whan

Figurs 18 An sxample of how one

acdphcres. 2 signifias: lsudipsskes
much isader than hadphoner, O masns bath
ace qually loud, etc, The 10ps of pesis sed
batioma of dips are marked with B arrew.
Tha sctual curvs which correspands 10 this
atation might look something like thit
shewn in Figure

critical mid-range of frequencies 10 be
| teft alos

| 5. Using

. find the
and of the

3 e analyser
| frequency a1 the lower
spectrum  at which the
begins to sound perceptibly quieter
eadphones (just below point 1
figure 1B); set the bass control filter of

adjust it for maximum cut. Then
gracually incresse the turnaver fre
quency untll the loudspaker sounds
oven quister stl. Repear the above
procedure  for the equaliser treble
control fin figure 18 the referance
frequency will probably fie just above
test point 9]

8. Set the analysar er fraquency to
minimam and increase the gain of the

bass control unti “flat® level Is
ama-m 1-sml the treble control in
the e Wi

7. On the tides of the ariginal first paak
in 1he resparise there should now be twe
Adjust the analyser filer

naw peaki
until
peaks and
equali
If necessary .c..m this procedure with
he remal
B. Finally,

{nopatully)
resltant sou

Brm'mwm

Moir: Interactions of loudspeakers
Mdmwm Wiraless world, June 1977,
Bruel and Kjeee: felevant Hi-Fi tests ar
. M« a the 47th  Audio
Enginesring Society Convention. Also
Mn‘lbi\rnﬂ Brui and Kjaer appilication
erf and Kiser: Hi-Fi tests with
1/3 octave welghted, randam noise.
Bruel and  Kjaer application note
na, 13-101,
Philips: Soumd equalisation wsing Philips
K and Q-filters. ELA application nore
17.8100.35.331011 L}

An axample of an extramely wophisticated (and
the 2131 Digis

Tha modsl shown har

Fraqusncy Anshyser from firial and Kjser, which spli

pansivn] spectrum snalyser ussd for protesional sppleations.
e budis

L
pctrum up o octavs or thisd-octave frequency Bands snd displuys the comeipsnting signal lvali on s CRT,

i b TR





