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Wiy Array?

For the purposes of thi s di scussi onwe can define a
| oudspeaker array as “agroupof twoor noreful | -
range | oudspeaker systens, arrangedsotheir
enclosures areincontact.” Systemdesi gners use
arrays of nul ti pl e encl osures vihen a si ngl e encl o-
sure cannot pr oduce adequat e sound pressure

| evel s, vihen a si ngl e encl osure cannat cover the
etirelisteningarea o both. These prod ens can
adsobededt wthbyd stributingsing el oud
speaker systens aroundthelisteningarea, but
nost desi gners prefer to use arrays wenever
possi b ebecauseit isessier tonaintanindlighl-
ity usi ng a sound sour ce t hat appr oxi nat es a poi nt
sour ce t han by usi ng nany w del y separ at ed

SOUr Ces.

Array Probl ens and Partial Sol utions:
A Condensed Hi story

H rst-generationportabl e sound syst ens desi gned
for nusi c usedavery primtiveformof array: they
sinplypleduplatsaf rectangd ar full range
speaker systens together, wthall sources anedin
the sane direction, inorder to produce the desired
F. Thistypeof array produced substartial inter-
ference, because eachlistener heard the out put of
severd speskers, eachat adfferent dstance The
differenceinarriva tines produced peaks ad

nul I sintheacoustic pressure vave at each | oca
tion, andtheserei nforcenents and cancel | ati ons
vari edinfrequency depend ng on t he di st ances

i nvol ved. So @ t hough t he syst empr oduced t he
desi red S, the frequency response was very

i nconsi stent across the coverage area. Bvenwhere
adequat e hi gh frequency ener gy was avai | abl e,
indlighlityvwss copromsedby mitipearrivas
a eachlistennglocation

Second-gener at i on syst ens i ncor por at ed conpr es-
siondrivers and horn-1 cadi ng t echni ques deri ved
fromci nena sound rei nf or cenent and | ar ge-scal e
speech-onl y systens (the original neani ng of
“publ i c address”). WMen t hese hor ns were i ncor po-
ratedinasing eenclosurewthtrapezo da sides

that spl ayed the horns anay fromeach other, the
first “arrayabl e systens” wereintroducedtothe
nar ket pl ace. These products promisedto el i ninate
| obi ng and dead spot s (peaks and nul | s) andto
drastical |y reduce cofiltering (interference). They
di d i nprove perfornance over the stack of rectan
da

encl osures
| caded
nainywth
dret

red aing
cones. But
frequency
r esponse
acrossthe
cover age
area

renai ned

i oos stat.
Inadd tion
tothe

m dr ange
and hi gh
frequency
vaiaias
acrossthe
cover age
aread the
aray, low
frequency
out put
variedfrom
thefrat to
therear
andsideto
side. Low
frequency
ener gy Was
focused
aongthe
logtudnal axisdof thearray add osetoit,
produci ng a “pover a ley” that gavethe seats wth
the best vi ews the wor st sound.

to resemble a point source, multiple
enclosures will always interfere with each
other when connected to a coherent audio
signal.
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Qonventi onal Array Short conings:
Fctoria Analysis

Msvesaidinthefirst paragraph, the perfornance
advant ages of the array (wWhether horizonta or
verticd) derivefromitsailitytogorodnatea
perfect acoustica point source. Bit eventhe
snal | est arraystypicallyincludethreeor nore

| oudspeaker encl osures, eachwthtw or three
separaeacousticcenterso itsom. It’seasyto
gopreciatethat gettingal thosed scretesourcesto
behavelikeatheoretica lyided pant sorceis
dfficut inpractice Sgd processingsd Ui ons
attenpt to conpensat e for the difference between
theory andred ity by sacrifi ci ngt he coherency of
theedectronicsigna . They apply freguency shadi ng

120°
60°

Fig. 1

A very common array uses three 60° x 40° hornsin
enclosures with 15° trapezoidal sides: tight-packed, this
array produces substantial overlap and interference
between adjacent horns.

and or mcro-del aystothesignd s sert tod fferent
enclosures, inorder toanel i orate the acoustic
probl ens. These appr oaches are costly, conpli -
cated and of ten neet wthinnted success.

Bt rant topol ogi es (S pat ent #5, 526, 456)
reduce t he conpl exi ty of the prodl emby i ntegrat -
i ng nhdrange and hi gh frequency transducers i nto
asing e acousti c source.

Arigorous and ysi s of theacousticd physicsof the
nul ti -encl osure array can poi nt the way tovard a
practicd, physicd sduion Frst, consider wat is
probabl y t he nost conmon ar r ayabl e syst emi n use
today: 60° x 40° horns i n encl osures wth 15°
trapezoidd sides (R g 1). Tight-packi ngthree of
these systens wththe r 15° si des t ouchi ng pro-
duces a 30° spl ay
betweenthe horns, for a
tota inc udedang e of
120°. A first g ance,
thisseens likeanided
aignnent. But the EASE
ineferencepred ctions
inFg.2showthe

Fig. 2
The interference patterns shown
above were produced by tight-
packing three “arrayable” speakers
using 60° x 40° constant directivity
horns in enclosures with 15°
trapezoidal sides. While this is an improvement over a pile of direct
radiating transducers, it is far from the ideal point source array.
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180°
60°

Fig.3

Widening the splay between horns reduces interference
and widens the coverage angle to 180°, but reduces
forward gain. As always, energy is conserved.

famliar adclearlyaudbepraddenswththis
cofiguration significant interference above 1kH,
wthvariations of 8to9 dBdependi ngonthe
agle naxis, thereisabout 10dBof gainat
frequenci es bel ow1 kHz. Were naxi numSAL i s
thenainconsideration, thistyped array will
del i ver acceptabl e perfornance. WWenthe front-

Fig. 4

ALS 1 interference predictions for a wider splay show
reduced interference, but the three horns are clearly
apparent at higher frequencies.

of - house nnx posi ti on can be | ocat ed onthe axi s of
left andrignt arrays, they canusua |y be “t weaked’
toddiver acceptad ergroductioninthislinted
area. Qher areas of the house, incl udingthe “high
rdler seats’ wpfrat, wll sufer.

TreinterferencepatternsdispayedinF g. 2canbe
reduced by w deni ng t he spl ay bet ween cabi nets to
X, asillwtratedinfg 3 Thisaraywll nat | ook
asprettyasthefirst, but it does have nuch nore
evenresponse acrass the coveragearea (Fg. 4). A
2kH and 4 kH, theind vidua hornsareclearly
dscarnbeinthe AS1predictions. Asondethat
the “seans” between t he hor ns becone deeper
wthi ncreasi ng frequency.

FHg S5shovswytherew!! aways beinterference
wth conventional hornarrays (Wether they are
enclosedin“arrayad € cabi nets wthtrapezo dal
sidesor nountedinfreeair). Asthevavefronts
rad atefrompontsof originthat areseparatedin
space, they wil a vays create soneinterference at
t he cover age boundari es.

Fig. 5

The acoustic pressure wave expands as a sphere, and
multiple spherical sectionswill always overlap unless they
originate from a common center.
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Conventional Array Shortcomings:
Mathematical Analysis

For an array in far field, dependence on angle is
SPL(0 = 10logP,’dB

For a distance to the listening area very much
larger than the array dimensions, let the sound
pressure P be the real part of

PO = AT

where P is the sound pressure, [ is the angular
frequency, and A(0 is a function of the angle
between the array longitudinal axis and the
direction of the distant listening point. It gives the
ratio of the sound pressure due to the source as a
ratio of its on-axis value at the same distance. For
the i" source shown in Fig. A, assuming identical
sources, the pressure contribution is given by

P = A

where k [T [N O0 ¢ [ is the wavelehgth, s
the frequency and c is the speed of sound]. S, is the
distance by which the path length from the i" source
to the distant point exceeds the distance from the
origin to that point.

For an array of n sources, the total pressure P is
given by

PO =0,A0"% =60 /A0 *

The square of the pressure amplitude is given by
P(0) = [0s"AR)cos(kiS))” +00 5 "A(Dsin(kS))
Where A(0) = A0 [11).

For a circular arc array, the additional path length

S. as shown in Fig. A, for the i" source at radius R
and angle [ is given by

[(50) = Rcos(O11)

Therefore, the smaller R, is, the smaller the S,
differences, and the less the interference between
sources. Ideally, R = 0 for all sources. As R
approaches 0, the interference will become less

audi bl e and frequency response across the array’ s
i nt ended coverage areaw || becone nore uni form

Intersection of all axes ’

Acoustic center

Fig. A
For a circular arc array, the additional path length Sj is as shown.

Fig. 6
The acoustic ideal - co-locating the acoustic centers of all
horns - isnot a practical possibility.
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Qoi nci dent Acoustical Genters: The key to
true arrayability

Cearly, theided sduionistocd ocatedl the
acousticpointsaof orign, asshowninkg. 6 V&
coddach evethisby stackingtheharns verticd ly,
but thiswoul dsd vethe prool eminthe hori zont a
planeby creatingaversesituati oninthe vertical
(frot toback of thelisteningares) drection Hg 7
shows anorereal i stic approxi nati onthat takes

i ntoaccount the physica constraints of | oud
speaker desi gn (the di nensi ons of the transducers,
horns, encl osrevd |'s, etc.). Becausethe acoustic
sources arereal physical objects, we cannot reduce
RtoO. But we canget cl ose enough to nake
neasur abl e, audi bl e i nprovenents inthe perfor-
nance of the ml ti-encl osure array.

Fig.7

Because drivers and enclosures are physical objects, the
acoustic centers of TRAP horns are not perfectly co-
incident - but they are close enough to achieve measurable
and audible reductionsin interference.

TRAP hor ns: a new approach

Fg 7inpliesthat theway tomnimze R —andthe
resutant interference- i stonavethe acoustic
centersasfar totherear of theencl osureas
possi bl e. Vi can attenpt to nini nze the si ze of
thedrivers, for instance by usi ng hi gh-out put
nagneti c nat eri al s such as neodymum But the
bi ggest dostacl eto ca nci dent acoustic centersis
thehornitsd f. Thisisbecassetypcd costant
drectivityhornsexhibit “astignati sm” thei r goper-

et ponsd aignared fferent inthehori zotd
andvertica planes. Inorder tocreate awder
coverage patterninthe horizonta plane, the
apparent apex i s noved forvard, whilethe vertical
apexisfarther totherear becauseits coverage
petternisusud lyrarromer. Thisiscertanythecase
wththenost popu ar hornpatternsin usetoday:
60° x 40° and 90° x 40°. Qnhe approachto a
sduion then istousetheverticd goexfar the
horizontal paneasve l. Thisisthebesicinnova
ti on behi nd TRie Array Rrinci pl e desi gns: novi ng
theacousticarignasfar therear of thecabinet as
possibd e first byusingtheverticad apexasthe

hori zonta apexinstead of | ocatingthe hori zonta
oignfa fovardwthinthe encl osure. Subsequent
refinen@ntstothehornflareitse f have been

awnar ded LS Patent #5, 750, 943. Thi s “Arraygui de”

Fig. 8
TRAP design produces truly arrayable systems with
minimal destructive interference in the horns' passband.

topol ogy goes evenfarther inlocati ngthe apparent
acousticorigntonardtherear of the enclosure. To

repeat, navi ngthe acousti c centerstotherear
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nini Mzes R the di st ance bet ween acousti ¢ poi nts
o aignwthinthearray, adtheresutinginefer-
ence between array el enent s.

Hg 8shonsthe AS1pred ctionsfor thefirst
gereraiond TRPhorms. It isclear thet interfer-
ence has al nost di sappear ed.

F g. 9 shows neasur ed
BEAEdatafor athree
w de array of TRAPA0
encl osures. F equency
resposei s consistert in
bathvertica and

horizontd planeswthin

Fig. 10

TRAP arrays can be quite small: however, the size of the
horns will determine the lower frequency limit at which the
TRue Array Principle ceases to operate.

4 dB Thisisan“out of thebox” array, usingno
frequency shadi ng or nicro-del ay to i nprove
perfornance. Masuredresultsdon't track the
predi cti ons 100%because the actual patternof the
horns vari es sonewat wthfrequency: first genera
tion TRAP horns nai ntai n noninal cover age +10°
froml kHz to 4 kHz.

TRAP Per f or mance

TRAPisanethod for optinizingthe mitual cou
pl i ng bet ween adj acent hornsinanarray. As such,
the TRie Aray Rrincipl eoperates over the pattern
bandwi dt h of t he horns (t he f requency range over
vwhi chthei r coverage varies | ess than a defi ned
anount, for i nstance £10°). Etrant topol ogy
extends the pattern bandw dth of the horns (and
therefarethe effecti veness of TRAPdesi gn) intvo
vays: by integrati ng ndrange and hi gh f requency
transducers sothat the hornis | oadi ng a broad-
is because the three spherical wave- band acousti cal source, and by permitting the

Jronts produced by the three horns designer touseasing elarge horninstead of two

originate from a common acoustical center. Therefore they bebaveas ~ Shal 1 €r ones.
a single acoustic unit, without overlap or inlerference.

Fig.9
The TRAP array produces almost

no measurable inlerference from a
tight-packed three-wide cluster. This
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TRAP syst ens ar e desi gned so that t he encl asures
provi de opti numspl ay angl es of 40° between t he
horns: thetrapezo dal sides aretheref ore stegper
t han nany ot her desi gns at 20°. The confi nati on
of symmetrical horns and steeper sideval | angl es
nai ntai ns ca nci dent acoustic centersfor adl the
denentsinthearray.

Note that novi ng the hori zontal apex tothe sane
locationastheverticd resutsinasymmetrica 40°
X 40° coverage pattern. Thisintunrequresthe
use of four encl asures to cover 160° wth al nost
novariationinfreguency responseinthe hori zonta
(sidetoside) plane. Wth60° x 40° cabi nets we
coul d del i ver sound to 180° of coverage, a beit
wthsone quiteaud bl evariati ons.

The Ref erence Poi nt Array

Because TRAP horns work so wel | t oget her wr t hout
extensi ve e ectroni c processi ng, it has been pos-
sibletoapdy signal processi ngtechni questoather
probl enat i c areas of array perfornance. The

Tri Rl ar techniquefor | owfrequency petterncontra
provi des grester consistency inthevertica pane
(fronthefrot totherear of thelisteningares) a
frequenci es where wavel engths aretoolongto
nake horns apracti cal techniquefor pattern
cotra. Inthehorizonta plane, frequency shad ng
bet ween adj acent woof er sect i ons can produce f1 at
response acr oss t he cover age area. Renkus- Hei nz
engi neers have appl i ed t hese techni ques to pro-
duce Ref erence Roint Arrays desi gned for severa
coverage angl es and out put | evel s. The Ref erence
Roint Aray concept extends fromline-1eve signal
processi ng, through pover anpl i fication, cabling
and nounti ng/ flyi ng hardware. 1t buil ds onthe
foundation of TRAPdesigntoprovidea“plug‘n
play’ array that functionsasanintegra acoustic
sour ce. The ti ne- consumi ng neasur enent and
adj ust nent process has been done i nt he Renkus-
Hei nz RDf aci | i ti es. Because TRPdesigni s

i nherent inthe encl osures and horns, the perfor-
nance achi eved under control ledlabconditionsis
easilyrepeatedintherea world, |eavingsystem
desi gners and operators free tofocus on opti mzi ng
theaestheticresut rather thanchasi ngtechn ca
probl ens wth array perfor nance.

For noredetail onthe Reference Roint Array
concept andits execution, pleaserefer to Renkus-
Hei nz vihi te paper #2, whichcoversthistopicin
geater depth.

Fig. 1

Reference Point Array using four 40° x 40° mid-high
enclosures and six low frequency modulesin Tri-Polar
configuration for vertical pattern control, along with
appropriate small full range systems for downfill.
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