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F'_ MICROCOMF:'U'TE]:'( I::'RC)GRAM F'OR CENI'RAL I..OUDSPEAI<E:F'_ ARRfW DE!i_IGN

By David Albertz

Jahr_ I:Ear'ql!:)

D. B. Keele, Jr.
Rc,)na'L i::l Mean_-:_

,]BL .I._rzorpor'at_,_d, Northr':tdt.:le, CA

ABS]'RA[' '1":l

a mic:l"Cll:.:l:)mpL.t_'(!.:)l*" DrogJr"am .i.!b dc!.[_cl'"ib(_)c:J whic::l'l _._C.:C:'LU'"at(,::)],y

c:aJ. cula'l:es the direct-'F:Lc-,ld [BFq_ at po:ir')Ls on a seating al'"ea

ger'le.,ra'[:ed by an arbitl'"ary (.:c)J"_::l. gur'atic)n (::).t ].cJudspeakers. ]"lie

1c)ud_spl.eal::(z.)r :' s d.i r[_c'l'.'.:i. (::)na] pattern a'[: up [:c) :2/?;O pc)i nfs ()n tl'_[_
!]_[.,at:ing pi _/r'l(:_e,, Whl..._rlm mult:Lpl ID J.c:)t.(d[:[¥)(g)_._l.::l:'_l'"g![arf!.) LI!'_;E.)I:I_ thc_ir

(::.over'ag(.::? pa'(-'L(.:)rn!_, are ruer(,]ed by '(.'.we) st. raLcecii_:._s[ i:)hasor
!_l..im[lll_tt.[(.:)l'l t[._l::lD;-:.'i .Lilt(:) i_C::l::l:)U[l_: .[ntc_i'"_:'l.:.)l'"l_[i[::l::? ph(_.!l'll])lniDl'la, I,_IH.I.IB

i'J(:,)l'l-phL_.i_C)l · c:c2mbJ, l'lat:J.c)r'l j.:)l'"c)vid[,_:[_ Lh_:_ fTJa)).[i. fllL,Im C.]]"lv(,_].(,]J:)e.:?C;)'t'
r'(_?,_Dc)rlse l::hat (:.ar_ bce expl_?cte{.:l c).t' L:h[.:_ c:omb:in_:_t:i, or'l c:_.

].c_ud!!_l.)eal.::e)r_,. 141'le:_r_ac:c)ustic:a] data 'i.s i::)r'c_vid[.._d,
I:.Ji i'"t:_,1:::'1:.'"'tl:)-rc._vEH'"b('_l'"_?_wl_- rat:L i:_s i:.an be cai cL.CI,ated, and

es'_"L mat(!,..,s c]_: :i.n I.._:!)l1 ig:L I:)J. ]. :Lfy:, us:i. ng /:lie) methc]d o-t: P_eut. z , (::un
J::)f?.)iltal:JE?, a Ijral:.)h:L c:s pl])l'"t:L lin I:)'[: thE) [_]'*'c:)_]Jl"c'_!l_lpl'"l)vj d(!'?!;2_'f: l" CJl"l'[],,

_,J,de..',, arid top or'Ll"H.)gr' al':)h:i, (.: views (]'F tl'Je ]. (]uc:h:_l:)eaker' att'ay.

0. .[ N"f'l.;g] DIJ[]]" I ON ."

H:i, stc)r":LcaJ, l¥, 'l:.h_.;.)c:h'as].grl c)t: ]._:u"g.l('? ].ouc:lspeal..:c_)r array!_ t(_r'
fisC:)LJr'ld I'"E.:J.rl_:f:)l"C:(.zelli(.z.!ilt J];:T!_ 1][:)_- _:](?_(:_1__ cl:Ll'"ect prJ:)(.:.e!.:_![_. Wc)l"killg
wi'bh ],iliJi J][))c:J cJ:i.r(._:c::t,.J.C)l'l_:_,],./l'l'l:(,Jl' matic)n cji) I,,IF JJOl'"i'l_!_ aild J...[;'

(:L)llJ:::ll]!:3t.U"(_)!;!_ syIi_W_'E-)ll_cJc?!_:i,gjriei"!:5 hLkVlg? /_t:J,fl_"tLJ t_fl_!.:,t_ (.::c)mpc)rH_H'Yb.s
mu(,::h a_-_ (?]I"IE_ m:i.(;iht a:l.m Sl:)l.)t].iglr_:,._ , and ad. L.u:_L:_:ed dJ"]w_e J.c_)w:_ls

a(..ijLu_'[:mE, r'lt c_'J !isy!ii_'[(_?rn!.5 i.I] t.J"lc_ J'.i.e].d has _:_]ways ['.al.::_:.,m_mLIclJ_
timl,D_ (,:_J]CJI_l&_ily _]_,J,c)L.T(:JSI:.)[.9_/_J.:._brC:],I..L!,:_t'._'?r J"l[:_!]_ halJ _',c:) b(E! i'"(:!!ai(lil.z,)(,J
,.__:'t,'.c!el'" i I _?_'t..al ]. at :l,(::m.,

]'.1'1 I"(;]c:¢_;_n_: yl_':_i"_:_j flla._f'l¥' lJi,_;l['JL,l'f:aC'JLL._J ' i...:!r!_F,J"h?_VC:.!ITlaAd(;...)ava:i, lal:)]._:_
(':i:i rect:[ C)l'h:_'.J i f]_' I])l'"/¥1_.;_t:Jc)n I')f] 'L'J']l_eJ.I' dc!v:i. (:.'(z)_! .i fi [:'hc.) i c:)l"fJl c)'J:'

'J.!:_(:JJ:')al'-_ C)l" tJ]rc_(_'.)"'"d:Lfll&.:91_:_.i.()_la'_], dJ.l"_c:tJ[3ll_'_J. ['.l.J.(...:_!i:i.. W].'L'I] !:._L._(.::h
i r'l f:£Jl'"ll/_":YJ: :i, (]1] ,i i t i s poc:_s.i, b ] I:.:) ti:) d_...?v'i,sc_

tl'll'"ee._""'tc)""l::_^_c.)-'dJ, mcer_!:._J.(]l"l_.,.1 I..)l'cJ i(._!':'['.i ¢:_11_!_'l..ll_:._t h_:,J.p tl_e'_ dc_si, gnc_l'
ti.') ]ay c.,ut sy!.vL:c-m'_ i...l:mll::)c)r'_i:.!r_[:!::_i,"a'b.i, orh.Cl.:Ly.. Sul:::l'_ mal::)l:):L_li:]

]ii,ystc, ms I_aYe bl::,(z,r_ dl._,vl..eJ.i)l)r.:,lJ I)y I_l(..:(:al' 'J'.l'_y L.i.), £.l(c_.(.:h.ler (.',.'.) _, ar'Id
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Uz:_l('2 (3). Wh.i.].e a]J o.f th(m:_e mapping me'L',hrld_ haw_ sl:)me

dc_,gr'_::,e._c.H' c._r'r'c)r-. Lhc,!y r'c..)prc?serrL iw_netholess qiant step_._

bc,,yc)n(:l 'l:hc..., ILJ][I]JJ(DI":i.r_l:u].'_:ive I.:h,-,[::ilC:lll me'l:;hE)¢J_. MI]I"o r"r_c:ently,

F')'ohs arid i-,h:'_r-r'L!,_. (/I,_ h,:.;_vc,:, (':lev:L_,(,:_(,:i a prc:,je,..:t:i.(_r} scheme wh'i.(::h
i, '.,!_ f: r IO17, 1.3_ d:L !_;t,.i::)1"t..i, on.

D_.tr J itc:j J'782., ,._].':ll.. llic. r;rF)or-a'l::ed begall wor'kinq (.)1'1 a

ib_].l::r'c__(:c)ll_pu{._.:,l" );)rL)l}'JF'all_ '[:hz!).t had a!_ J.t:!'2. (IlL)al. t.i'll_ dJ. rt:_c'_
!!H.)].LI('::J.(.)I'I LC1 't:1'16! pl'"CIb].6HfH!_ C)'J: lc)uc:lspeal.::er- c:over'age 6)¥ a
!iiH:?at:[. I](;J ,_]1'I-_h'::_.,T'al.:::i.ng i ri g(:.) a(::c.c:)ul'rl:, t.h._ c;:apabi 1 ;i.t:i. (.:_,!_i;c)_

't:oc:lav's s't:.and_:_rd per'sc]rial, cc](f_pu.'t:.(_t"s_ 't,l_e pr'o[:_],eff_ i. t6 qL,tJ, tze
![::,tr,'::_..i.(..]('l'fgf(:)r!.w.-'_.rcl,, alld I:hc..) gl"apl'):i.(:::!::; (::apa,')il]f.::ies of marly

iol:.)dc!J.!_ (3+ C;'C)ITI[_LII'.,I]_Fg4 (3'f'f(Dl" _._':tl'"c_l::.tlv[,:_ bel'le'fzts J.n t;,_r'ms i]_::
(:.[t:_!DJ(:Ill g/l"H,'l (Jr af L,:Lnq L:.i IIIE),,

_"h,::.) f.lr'bL, f[:)l'ill C]'_' tho) program _a_:_ ilrt':r'(:]duc:ed in May
.L98'?,,, and i{ is c:aJ.l, ed E.'ADF-' ((";(?r'itl"'al Al'"l'",.'¢,y Des:tqlr_ Procjr'am),

:1., GEE?,IE:f'_AL. :L)E?]C:f',:].f'"I"ION (JIF: CA:DF'::

[;l"_;[}l" i,:., me>fiLl dr':i ven; [hat :ts, tl"l(:_.? i.u.:H"-')r" :1.!=_l:)rc)mptfad J:)y ,]
h(.?Jr4_.r'c:hy of [:I'H"'c)(}_ mcerlL.t J.(:..,v(e].tl; ['.(:] (_!fl_:(.'_l" da.L.¢, ;arid _:.l] _::hc)_)se

(:.l:i<:d,)l ay Ibp{ .Lorl!_;,, f":i. (._LU"E_ J, fE_l"l(:)l_,,l[_th¢) -f; '[ F".!_t f'l,,¢lJ,, 'J,1:2vf:_.[!_ 1.F] _/:?

(IiC!I'IL.t _,'¥._" I..t(;::[L.tl"le,, '1'11(:.2(.._((:._l'l(:::_l'"_] pr'C:)l..]('_dL.U"(";_d ca1 ].._i, fC)l" the us[..'r to
6?r]tE!F (:,Ii tfi_:(*r]!i,.LIL)rh'_tl :j,rJ'_:C)l'"m,_L:J,(.]1'1 (,')1'i _:']'t_] _Bt"e49,tit'lcI I_,'r];:_f'16:_Eli"

f2] a:trt_,?':,,,, !::(',t.I,J.o_4J I'l(J L'h,i_t'l:,, ].c)t.ld!,H:)ea_0_er' .I.l'l'Fol"ttla'L:it.;tr 'i _ erttel"ed,,

'f'l_c., pu c.,gr am I:h(-:.,n ca1 (::ul ares J my(,?1 s a!:s [:l'l(s)¥, u.,x z !_FI:. at the
!.BC.':'d_.tJ I"l(:J _}¢.1'¢?,_t_, ,'trH;:l tlH:._ )..tS_¢.'?l"(.::iH.:)(::tfiS_..?S'L:]'H_:)(;:1:i.sp ]. aV he wJ r.._,he!.s,,

[;,hl)F' :i _.i (..C31)_:,'A.i. flE¢CI [:)ri C)I']C(.I !E_:i_r'trJ1 (::_'"!:ci.cJel:l I 4 c;m (J j. !!sl.:;_.:e'LL'.(-_al'_d

I !:ii wr' ]. t:t (:..,11_.n Jfi]. C:.l"l:)sc.d"t: ]a_:/S:I:C, r"unr_ill(':j Lu_(.Je]' F:'C ][}EJS, ver !3i orl
I ,, ], c,_lt I:h(,:: .I][::lH }"'(_r'!:._t:_r'l,'_], [?C)ml,)U'l:,l.:.!r'. The? pr ogr'am }'_,:_ei J')_:z,(=,l')

(:'.r)mpi..I r.,d f(',' ,:q.:',_z,(i'd i.)-f: c)l:)_:)l' 6.t'[ :JC)ll,, I'e;o (:.ii si. dr'J. v(,.,s are
r c!(..HJ,,I.I (;?(:[,, a!i:i [ t_.: 96,, I.,i. i c;H:)v]Ll,::.,(fi(,,:(,lll(':)l'v capab:i. ] i .1:y. 'l'hr ee data
rl'l t:d:'_,d 't:_.?s pr t_,/:i.(l(., ,_l..I. I.:_crr t;.i n(!:,nt, d_.r c:(::{ .i.(.)ne._l -{ :il(.,!:._ and

t hrl.:_(..._"ell IlJC:.'l'l!::>J {:)1 h:._] l:.ir ,._1/_ L I1(' I f: J. ] [?!::_,,

Iru.., _::()llt(:>rli._, c)f Il'i<., i Jr',::d:-' I.u.vc!l, , I:_r Hal, ti I_l¢:,ru.._., c:_,l'"(._,:

][ ,, _}(',{) [: .[ I/ [;,a 1'(I;4(;,?111 [:'_,';_r ,':]IT)(,(_ _?(?l' f;:i

?,, ](JU:"{: ,I, IIC:l L.CHLd%I:)(¢_,.4tI.,(,?I ' [':'_'_)' c'dlil"_'L(:q'"f_

3. S(z)].I:_'cL C"L'_4J.I,,:._y C)'_: D(F.,HB:[(II'I ]])_:_ta

,'1.f':h'Iht Ha_'dcopy L)'_lh,:_'_:,zql_Dat_.:_

5,, IZrH:r,,,r($r)b De,_,Cl"i.pI.J(_r'l
6. I_I.,)'LI' ].ev(:._, i.),:_'t'..¢_

7. !';,,_vc.? l},,_l:.a

El ,, I':;h"rd (,;I,II'"l' (..._1'1(.. dol.) _i;E:)!;!,Iii;:J, ()11

I, 1 RilL)ill P,tl"E_,(ll_."_J:L-"r"!b',i

W(,,r J.:J Itl, I -{ r (.,,m ar (..:1'_i h(,!)l:::t.t.u' al d]"at,_],rl(.js (:.)r !;:,l'c.-,t:c:l_c.,,,,_ (lie?
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iJesi(..]nE)r- e_L:ab.L:i si)es a set ('.),_ E:ar'tes.Lan c:cx:)r'd:i, rlate_i_ and
labe].s e.ac:l'l ct.)r riel'" (::H: onc.:? or m(,)r i:" !!re'at ]ng planes. ,l:r'_ I:Ille

ccx:m'd:i I)a[=c,s o.F ti'lee (.:C}l'"]'](::_l_'t5 _._iCaC_C)flt:J&]] ly, ar')d 't:i"li_ pr"oc:l.:._ss is
(..:orYL:i. IH.u::'d urd.:i.] thr? Lwltil"e !_E)f_CLJ. I'I(::J _SI"F-),.""L J'lEd_ lleEH'] EeI"ItI.DI"(_¢H'J. ]i'F

,_. Illl.%t;:_l,::f,) I'I,_L!is b(c.h....WI Ilh.)Cj_:.:? at _:H]x/ p(::j:irlt:, _, p:j._U')[? C':U'I bC) d£ej.E:'].'eCj

and r"(_erltc,!rlaiJ. "f'l'l(:_ des:i, grler- 'k_:_ qiwzm 'l:hr-_ opt:Li:)n of u_itng
r..;i th l;,r metr J.c: c)r E!]")g].:i sh Lin J.t_;.

THC'? L.IE:HgK C:aF) g_lJd rlc?l:cer'erH::c? ] .i.I')E_!.:; 'JLc) i.:he s.r_.h:_t:l F](,,:_ pi. &_1"1(S75

_: cdr C: C;)Fi V6]l'i i _:2T'1C: _;' :1. ri C)L.uL :l. '_ I'1J i1 q 'f L.I_r') (: t i C:)[') _:k 1 r31'- 6_?_:_., F'c_)'- (:;_x azf/ip J. 6_

_,t:L!:_:Li_s can bt:. :i.nd:i i.:ated. _:-i_!i;i::,,_trl i,,)l ay:L ng au" c,!as o+ gymna,J,:[ urns
and ]'.'tl_.:_ ] J,l.::(:_,,

II'Ii':: TM I)C':')M]' !!:i'!:.(_2J::) J.!_ tL] (?!]tt'..(.:_.)r' per'Liner'rL ;::_C::C)LI'.'_{::i,(:;:_], (;J_._t'_i._ 'For'

'[:',h_:e _::,ru::J.c:)'..'sed !:_l':)ac.e. 'll'_e 'L'.h:i. rd-'[(]:'VlCe], al=lL)l.l!.:_]"iE/:l] Ph,:,mu ai_d,::s '_C)l'"

I:[')(:? vc)J L.II_16,')!, !i;L.U'"[f.tC,:E,f _,'t)"/;:)_:_fm ar'id (B'ithc:H'" 1'-£,2VCel'b[;)l'%_tic)[) 'LilliK_ _ (.L)_'

E_vr_:,l ' _(_JlD _l':)!i,:,(]l'"[:)_",i [)11 C:(D(,::?[ [: [' J. £:::i. (EHT(:: 'flDl'" t1'162 '..-_pi_c:(,'2. "rJ-i(_f E:H:IL.I_'_v[tJ. (pti!5

usec] :i,n mal.::Jng c:a]t.:ula'L:[I::)r_s h[el'e ar'c.' 'l:he ,famJ,]._ar'

Nc)r" r :i.!i:_---Eyr :in g equat i Oll_:_:,'

I:'_ew::_r b_,r al: .i.I::_[_ "l"J,rrir_, ('1') _:'. ,, 16V/-'D ].m'_( :[ - _

_ ..... I "- I.?xp (" ,, :i.6V/Sl")

].., 2 L.c)udspc'.,al_er I"h=)nu',',

LJ_J:;ir'll...J I:he !_h::u¥1ec-oor'd:i. I')at'.e t_yi:_{'.em, 'Line (.Je:)si (_)nc::_l" en I:[?r'-!i_ a
tl":[, cl_ir :L C)(=at :i c)n f (:)1' L_, I (:)udsp_2al.::(_r'. 'l"h L_,rl!, th(,D <:]Z i ITiUtl'l

ciera'Lion, and r(:)tatic;r) angles '_:or tho 1.1.)ud._l'.)e_ah:<zer ar-e
entered,., rts are the per'tirient octave. _r'equenl::y band and (':he
power" drive I._::,vel. h-J:'Ler' eac::l'l l(3_..!cl!:_F)(._,al-::cz:,l'-_r'ltry¢ its e.f'Fe_ct

c)n the ii;eating ar-ea car'_ be L:)b'J:Jer'v(eH:J. 'T'l'ler'l, :i.f d(_sJ.r'6_(:l_ iL
e:L_I] be i"(D-,'.,l_J, m6ecJ C)l"' I"[e'"'].DC:[:Lted '[:[)1'" laetter cov[._l'"age.

Whcart it is desired to loc.q.', at the ar:oLu_tic:al cover'a(_e,

th_? des::.grler' er]lLer"s 'l:l'l(_e ):)is[.):Lay Merlu,,

1. _.". Di spl ay I¥1enL_"

:1..,3. :1. Se_,aL:i.r_g_, (-)I:)].J.(::IL._(_)V:i. ew:

"l-h:is c:lispJ, ay shi:]ws 'l:lac_ sc!.._ating ar_?a itl ar') ol:]liqL_c' view,
,:_u"_lJit!-; ma:i. rl pl..ll'"pc)ii[e is t.[] :i.r'l.Fc)rm t:h(ze (:h.l.M_:ii[_lrilor' tm")at he Inas

(?rY[:.C)l'"ed a]. 1 da'l:a prc:)p(_el ''' 1y.

J..3.2 Normal:izmd Di]'"cect F'Jeld:',

I'F the nor"mal:i.;.'-ed cl:i.l'-_:)ct t:J.e]d dJ. sp].ay J!i:, s(,..?].ec:te_d, the
(::('Jn'ipLc_:erthl.:.)n scales the plan view o_: tl._=? seat.:ing al-'ea_

[::l('(.)'t:t6.)i'-mJ.r)(!-,s _.:l-1(_ max J.mum I'lLUnbcel" (:)_' pC)S_SJ,b I e d i !:sp ]. ay poi ri I::_s!j or'

,Jsl(:)t?5, ar'id then _e,.kC:L_latE.)s the :[l")v£)r',[_:) iSC:ll..tare l(.:li.--,i:$ a'l: the
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(:!.:.Hit(z,r" of: (:2aL:h Lhe !5.[ c.)t _?H2i"!E,(._ell" tJ]ff (;)L.[!:Jh tJ d.."?¢.l:J.r'l:=!c::[',:Jel't;:_tl

pat'l'c?rr_. The l_?w...?.l.r:; at 'Lhe H>(.=._!}'[L]i'}(j:j]:;J._M'i¢ &tl"¢{_ 'l'..heD
rd::)r'una.l.:Lzed; Ll")e hir!hest _,al. ul..:.! i.s :_d,:,,t nL zr.,re, with ali. ot.h_._r

va:l. ue!_. rm!!::latJ, vl:: with respec'L L.o .L['.., F:J. gur"e '?. :_:_llc:mJs f:.h{.-,

I:.)l"(:)C:li:,a_2_!_:__:l!!:_:J I, L,c)[-::/:"!_i[).L c2(=6'! '{'C)l" ecMzh }Gl.c)t :i.ri thE_ d:[ _3[:)i[/=tv.

F=i !:JMI"L? :.:!, !:hiICJt_J!b thc? _ or'm :LI I wh :J.c} _ [:7o'[ c:_r- cJat:a i _s re_3. d oll
¢ea(::h dl:-,v:i, ce,, A rc:_al:J:i.r'lr. 4 :LF_ ma(Je al:: eal::h ten i:legrl'_c,s :Ln bo'Eh
.la'biLud0:. and lc, i,g:LLudr> d:i. rc_cL:i, on_:_;, a_/d a t';¢../t:d_J, e.F 1;3--by.-::!,,(>.,

or 64t3, [n:):LrrLs ar"e s{-i::)r'l.'Pd, .i.nl::].udirlg I'..he dewer/c_r':xte pl.._les.
e_[: c:;ac:h c'Ic..'Lc'.cgE} '{:r'(;:H:]LICLql(::'y'(..}'f' .i.r'l'k¢.:q'_es't .... Fc)r- HF' dr:,vJ, ces, Lilt}0

'File!:i are currerr(:ly available ,'d' (I,.5_, 1, ar'n:] 2 t.:.}..Ix._:l'fer' L.F'
devJ. c(..',s, El'm, + i. :1c.._s ar e archi .I abJ e at" d),. 5 ¢.nd l kl4z . I1'1 'Ell(,?.,

'FL.LtI.H"E)s clirc_r:'LJ.c_r'h'.!CI, f:L:[es W:i. ll bt.!, r.:}er'_eral.'.c,d 4:c:._]" HI::' d(ev;Ll':!._t_;
al: 4 and _3 kHz,.

I ,,3.3 l.) J.r" e c t '- 'Ler" _'¢:,,v e r b (,:,r ,.._i _L I:;:a t'. i o ',',

:[1'1 '[.'he dj _'i.:,c'[': ....I-e -rc*ver-bc?rarrt= dj !!:H':l_.:xy_ the i.ZC:_;LLa]. dJ.r_l.::_cJ:
Fi r>]. d 1 cs.ye I at.'. {:_,i::t{.:}ldi %1::)1ay i..)o:i,r'lt. :i.!2; c:en¥).:Ar'L._d w:[ th {.he

r'c, verber"arrL ].ev(->_l, and the di.f:.t:erl::..,nce .i.?_ d:i. splm. ved. ]ho

_M_H_H..tfflpt:JC)Pl LS made that- 'Lhe r"c:_ver'ber'arrL level is *.tr'l:_'f:l:)l'"fIi
Ll'm'o!.KLjl'lc:n.._k t:he !:!_e;:rbJng ar'ea. :[1'/ i::le'kc!!r"mJ.r'l:i, rlg 'tl"lis, a

ca].cu].aLir:)n e.f U"lo tetal al::eust:_cal i:)ewer radiated :i.ntr') Lhe

spacr_ .i.s made., For each .I.c.luc:h_.%m,al.::er :i.t"l '[=1"1¢;:_ arr"o.y wu

ca1 cul at:e i t:.s (_?.f:.Fi (::.i. en(:.y From Lhe 'Fo, 1 1 ow:i Iig (::,.qua'[':.i. en ::

1(:) 'l.c)g I.£I-=1:'-::. Sc:_rlsi.'Liv:i.L'v' - 'l.Ci9 * DI

:[rl I:l'l:Le, C_clua'Liclr), l..]lc* sel"H!_itivity i!_;_!:!_t.ats._d in dib'd3F"L.
-FoF ar] i i1 p ut i:).f {.111e voiA'LL r"e_: i.:..)rr"ed t o o1'/e met er !; D I J. t_ _.]']*:2

d:i.r-e(::.t i vi ty irw:h:.m e f' t: h_._, ch.:_vi I:::s) aL the .f'r'eqLlency o4
i p'rt:er e_ k.

Tl"le (':)'f: 'f: i c: J. el'lex/ J.t!_ 'l=her* ca].culatc, d fc)r eac:l_ devzce, ar'icJ
produc'Ls o'F C.;_'{:'{::i.c.:I.E_DcLyar'id pewel'" :Jri[)L.vL ar"e .%L.UIIITI._'_CJ'f:L31'- thc!
ent:i.r"e array to get 't:fu_ tc)'l::al acou_:;tical power, W.

The room COlls'Larlt_ I::_ .i.!.5 c:alc:'u].a'k_=,d _l'"c_nl 't:h_.;, {:olJ. owirl_]2

R = S,_%/(.1 .- i_)

I=:i,r'_ally,, the reverl.:_er"arit 1.eve1 in 'Ll"w_ r'c_c::,m is c:alcul,:'_ted
+ r'clm::

Level = 'L;26 + ICI .I.og (W/R)

A variant ct{: the ro(]llfl ccins't:aryt::e, 1::'(:'_ ,L][:_ !.:-;I.t[:/l;JestErd [3'7
/Sugspur"gl.'-m' (5), may be ut.:_el:.l :i.'f :i.'t'- J.s l J.ke!].y that a good

pertir_n of thc d:i. rl.:w.:( r}toLtr'HJ fr'c)m thru' array is incident on

the audierlue,, AL 2 kHz, the absor-ptiorl (;c)e4:,Fic:iel'¥J: c){ 'Lhe

audience is about (),,9. Thus, i.F we assume 'l:hal= r'oughly
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two-thirds of the sound power :i._s dire.,ct'-ed at the audience,

we can modify R a,_ 'f:c:_l].¢.:)ws:

R '_ = Ebb/ (.4 .....,']_/3)

Using R '_ instead o_ R .f:or determining reverbc._r'ar_t level

gives a ?-;omewhat lower value .For the reverberant level, more
:i.n keeping with what woul. d be e'.:pc_,cted,, Not-e t.l'_at this

calculat:ion is valid or_ly :i.n the 2 kHz re:gi(._n, where the
intelligibil:i, ty e_t'.imat, e is made.

1,,.3,4 Int. ell:igibility Estimat. es',:

'l"ai.::ir'_g note o.f !:'hc._ direct':-mi:(_-'r'everber"arR: ratio and the
i'"eV_l"bF.:_r/:_t::[l:)n t:i.m[B in the, .L...-tc)-.2 kHz r'nnqe, we caFJp using

i=J")_.? [n(.?thc)c;J c]_ c I::'(E_L.LtZ (6)_ _._<._t.Lfila'L(;i, 'L'he system

ilrlze,,ll:lgibility,, An 4':_s!..:.H.ullp_-J.or'J is made her'_ 'L]ha{] '_.I'I_D _.Hlll]J.(:_['l_.
noise level :Ls at ].east 2.5-ti'_--.:i_;0 dB below speecl"J peak
]. iBv_l !:]. J:r'igLu"l_? 4. _hc)ws t'.he relat::Lon,.."._ by wh:Lc:h the.' I:R!:;t:im,'._tlB

is made-,. At. each disp].ay i.)c_inf on tl'_[_ pi. an view, the
d_?si grief' wi I 1 (:)b!:!_er'v(_ Ii]iX ( i!.:f;.((=e]L ]. L?I']'_ ) _ (_][) ((g(DI:)Q) !, L:)l:::

to,',

_rc_J.)ab ]. c:? al'-t J. (=T.I1 a_" :L (PI] J..cJ._5!]_ C)'_ _oFq_(:)l'Jal]t _

E)'c:e]. 1 FD]]_' I...{D_Hi5 _J"h"_l'] _._]Z

Good 5% to 10'7.

A(: cep t'.ab 1e :L0% to 15;',
Questi. ol_ablc._.', ('-3ro,:._L(_._r than 15%

]"r_ c_,,':i.n t e 1 I i g :i,b :i.iLi i:,y es t :Lma t _-: _:::an L)e ma d c, u s i r'Jcj I.'_i t h,_:_r R
(:)'F R"_, !:_o i'hai':. I::)e_i_l: a/"_d worst c:ases c::an be studied,,

[]omment:i. ng in g(::_ner_:_) c]r'J t:he _;_(::{::Llrac:\/ 1.3'_; the pr'l:)l..]r'alll_

F'eutz states that I'lis int:el].:i, gibility c=,stimate has an
,._c:{::Ul'"nc.:y (::)_ abc)ui':. :1.O_'; the:rFe'fc)r"_.'e,, :i.t :Ls appr'opr:i, at:E: to br'(_"_l::

that par'i': ¢)+ the disp].ay J.nto -_oLu" brc)ad ar[)a_._, as ].i. si:l..=,d
al::H.:)ve. The dire:l:i::l, orla._l .Files i:hemseJ, ves haw_z, an ac:curacy i:)[:

pZLL_ c]r mil'IL.IS ]i. (:]B_ and the r'l_?verbl_._rar'li: _J.e].(:;! c:alc:Ll].al:iorl
.Fur't:her' a!:[_sumJ;)s that 'l:.l'_e .f:ileld :Ls LLI']J F(::)I'I[) tJ'll'"J:)LLgh{DL.!t th_'

_SI]_:_(::C_,, v,lhic.'h i¢_i I'](_)_: L.t[i_.l_:']l.J.y 'Hie C:a_-?,¢..e. FC)l'" thesc_ r_::.._as(Dr'ls!, t]he

ir'Itel :l :i.(..:libi 1 :i.ty e:stimates shc)ul d be., I':al.::en mc)r'c::_ as tr"erld!_
tl"lan a!i._ .t:ac:'ts,, F:':L(?].d ver'i. Fic:ai..ic)r_s o.F I:hc..'..' direci: 't'i_]].d

est::Lmat.[]_i:_ have consistc.!ntly becel"] made _.d.thi. r'J 1.5 dB crF the
va].ue_ dJ. sp]ayed I::)y the I.._l"oqF am.

1 ,,3,, 5 Ma): i mum _Ji i"lig)c:i- F':i.c:.!],d"

I='or Lhis d:i. splay, the, (:J:Lr'c_c:_' .f::i.lelcl _s moclit:.[_::)d by
:L_m.re.'asir'lq [:he):) I:)(:.)w_)r :i.rlpul: ].i:?ve, J. up t..(.) i:he poit_t wh¢:,re I;1'1(],

mc:_si: margirh_l elc.)merrL'. :in the ar"ray r'e?ac:l'li?!!_!_ :L'l:s _.?Le.,c:t::r'ic:al
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p(:3wer :Lnput limit. The maximum levels at. the seating area

arm then di_pJ, ayed.

1.3.6 Gr'aphic:s Display:

:In tl'li_::_ep't'J.c)rl, tl_e desigr'l_._r c:an abs_er"ved the 'frent,
s:i.d_i, and tc_p vi¢.:ws o'f: either :_ndividual compone.,r_t.s :Ln 'the

array er" 'l"he (;...*nt:i.r'e ar-ray ii,scl.F,, 'T'he da'ia _:(]r' each
c:c:)lllp]Eiriel"lt 'i!_si. er'ed en i:J_,_:_J.:::LI] _'J"le _c:)r/fl c)'f: a (:Jl-'_.A_irtg .J::i.].e,

C3c-a]..i.r_g .f:ac:tor,.:_ have be(_91'l NOl"J::¢d C:)L._['.!BC;_ 'J"-hat 'J'-he cJe;5:igrlc, r_,
(.-Y_-I']:[f_i i:)j:;)t_.c:)r'l_ can eet 'tJ.l'le !_c:ale c)h4: the izl:[_play !_c: tJ"laJ_, the

refill1], t J.Fig pl'"i I'J'JT.(]J,,It C)r'l a dot rna'ir ;i.;.j pr i II'I:.EH" J.S one i r'lc:Ji per
,J_c3c)t ( 'J,ri Ei'i g 1 :[ ?sh LLr]J,'L',._ ) (::ir' ill). ][ me'J_]((ir pi_r /fie{] er" ,,

'T'J_ce gl'"aph:i.(_.s d:i_l:):l, ay is C]l'"'J:[l(:)graj.:)l"J;Lc::, arid J'lJ.dd(::_/] .I.ines
ar'c_ v.i. sible,, Afl irl{::J:i.(::at, ic)rl c:)._ the (:::c_ntc_r ('J_: gravity for I:he

_l."l,'g_y J,!5 pr'c::,_:sc_r'rL', at ali. 'Limes.

2,, SUB-- PROGRAMS ::

]i!. 1 Re,om i_ledule F:'rogr'am:_

:[ii case.,,._ where reverbem'a't':icn time :i._5 not i::newrJ, c]r' where
iA J.:ll.._J.l d:[ I](.;l prc) j ¢,(:;:t. :[s r'll:)t yel_ c:::emj::)l eted, the Rt::)Dm Medu.L cs?

J.:)l'"c)g¥'i:'_/fl C:arl pr(']¥:J, dfz, a I'"(]L.H:_h es't'.:i, mate c}_ i'"c._v(:')rJ;){_r"atJ rjr1 [::LmC(_.,
In I.u:_:Lrl(;) L:his pr"c2gram, _:_ r'ectarlgu].ar sc.:)lid is c;.o;"lstr'Lt(:fiel.:J

wl'tJ.c:l"l I]r'(::)vide_i a "be!i_t- '_lt" 'l::e 'tl',(.:_ spa(.:e a'L har]cJ. Aver'age
i_!_b!_(31-'j.)'JT.:J,c.)Fl!_i c.(:)e._:.(: :i i:'J. c'_r'lts .f:Eir eac:t"f E)_: Lthe si x _:[ c.Je!:.:_atre

ef'i_':.er"c':,c}!, ar'it::) ti'if? i:)l'c:)c]l'"._/fl _lJ..J] (::_],(::LI].,.:C_':.6_ /:)"IE_ VC)],Lt/fle!, _L.H"'Fi::_E:(2

area, aver"a(,;U._ ab?_or'pt '1.("in (z{'z)e'J:'['i c. 'J.E)nt '_:(DI'" thc? ei"l'[:',i I" e r'iD(.:)fil!l
;:_nr:l '_'1')(.,::,r"everberati c)n t :i.me, us.i. rlg the Ncr' r :i.,.'_,-Eyr'i rig

e(.:luat:[(:)rl, hh:)re _'han erie r'J.;li:)m mc)dulE? _,,:i'_r] be placed togeth6..,i"
I;CJ mc)cie], i/fcite c:c)lfllD 1._),'.J _iSI::)*_C.E,E_,

2. ? Access to Di i"¢..)ct:i C')l'h'a]. F::[ 1 e!Js;:

Thc) user can c;c)l'lC!F_:.rt..ic:_- J'l] !b owl') (.JJ.l' ecLional _::i.] e :i. f

ac;(:e!:-_s is had to) i:.[:irc._ct:i,(.)r'_al data :i.r't a usable,' ,Fc)r"m_ i.)r i.f, it
C]ar I b e I, r'i 'f' er r (.?cJ ,z:i,"e/fi cJ_:_[".,;_ e1'i h i,.'/l"ld .

In add:i, tion te Lhic: dJ. rectJ, c:)nal dat::a, El'm, f::i. lc,? requ:J.r"e_;
I':1/_..2-_c_l. lc)L4i, nt.l:: max.i, munl input i::lc)wer r"at:i tlc;j. DJ , s(-...)i_s_z't:i v_.'Ly
(l:.)r]l '_ W,!x_;.tt:.,, (;;ll]l:_ itl_¢,Ltc;..r")_, _::_ltJ:J _l'(gCJt.._c'_r]cy I;3_(:U'H..I.

2,. :7, A(:'c:e_:_s 'LcJ Dratw:i. n(.4 I:'"i 1 6')si',

'J'h(? u!:._c)r cai) C:;C)Fi'_;_'.I"L.LC:12_') (;.Jl"_;¢_/q;_.l"lg't'.irl.(_;: L.L'' (.4e uJiLh _,_ !3(:2L

O'_' (:.1Lr" (.':..,c'J::i c)n,"_] 'f i 1eCs or"_ a g:L v(,:)r'_ do_v:i. {'::f,.¢. The user' _._::_
;Lll_;tl'"LIc:'[:ec,J tc) (.,:)[)'L',(E,F,?,_C[l'"aN'J.l"l(.':] M,L ['J"l 'J',',Jl(v.?((,')_ r"). O) C:CiCJI'"dJ,I']aLc:_:i

dYJ. ti'H<' C:(::_I'IL_2F' e..¢ gI'"LAVJ. Ly. 'l'h.L::_ szmp.L.['_::Le!:; 'l:h(e C:,]].C;Ltl,L_L.LeI'I C.)'_
thC? l::(..*rlLer" c)f' (...tr-,Av'.i.Ly c)¢ th(_ er'lt:[r"e al"rl]y_, ar'id 'L I:. ."_].SO

I:lr"rlvLdJ,,?!_s a re+J,:¢ren{::r_ peint 'J:c::)r ,.:d:;kually .i,c_c:a'bLrl_;_ the) dc:,?vice
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in the arr'ay,, I% is required that the weight o'f the dev:Lc:e
be entered into this +ilo,.

2.4 Pr'iht Sc:teen (]ap ab :Ll :Lt y ::

The progr'am includes a versat, i].e pr:[nt screen pr'ogram
wl"_ic::l'_ ac:c:e_ses each pin :Ln the dc_t ma%ri v pr:i. rlt_._r", allowing

any !._cr-ee:n d:i!_play to b.c., c:c_p:Led clirec:'Lly, the program is

designed 'l:.l:)work I:)n an E:ps_)n I',IXf3C)or MX:l.O()-type pr'inter 'Lhat
ha!-_ the [-h'"aphtr'ax option installed,.

2.5 Hardcopy Capability:

Harch::opy pr:Lrltc)u'bs o'f: a].l data input on the room and t.f_e
lc)udsp_?.aker' _al'] be e,asily acl:l?ssed arid 't.hl_.., data st-or'ed '[c)r

2.6 Save, Retrieve_, and 'L. al'_el].ing Opt:i. orls'

At s_:_ver"al i'Jo:i, nts in th_? program, data which ha! r, beerl
ent(-?red can be stored and recalled as neede.?d. A].l displays

c. arl be prov:Lded with 1,c.._gt.=)l"id_1_'Lha'_ de,z,c:r"ibe the .job at hand.

3. PA"I"TEF_N MERGING c3q]:_ATEGIES,"

Up t(.:) 2('-') lc:)udspeaker's may be used :in the I:.)rogr"am at. one
time,, Wher'l mul'J::i, ple., e].em_-)nts are c:omb_.ned, two pat. tern

merging strateg:Les nr'e E:art'~iE'd (DLL_. s:Lnlultanc, oL.v=_ly'. '

:J.) n('orl-.ph_:_._or ' _L.Hlllila'[';icJr'l _nd

2) phasor summat:i.l:)n.

The nc_n-pl"_asor rna,rgin_;J .stratec_y cJisregar'd!_ pha_e..? e$+c-,(.:L_
in summir_g the 'incliv_dunl direcL Field levels .£rc)m each
_CILIr(]¢_. THE-' EBI..IIIIm_'_,'[r:_C3['1 i_SsLImL_.% they,: E_:[:L pl"C'?E_!_;L.li'"(&'

corH':ribut, iDn!='_ ar'e in phase at the sl.tt/_lfiiDg po:LrH:, w:Lth r:)nly

inverse sqL[are losf_e_r_ ar'icj EBC3L.U"(:I'Dpa'Lt_':q'"n Eg.J..[;6_c.'ts _-akE&_Fi intc)
aI::IC:OLU"I_:. The rt:-eE;Ll].'J:;il'lg pattern i::arl be U"tl:)ught (.:)._ a:._!:..';

represen'['ing the InL_).(J,ITiL_ITIdil'He_C:'i]--"¢ie].d l_ve].s that exJ._'l: at.
the sL.immatic)n pDil"lt, providirlg ir'l essc,)rlc;e a ma;._imum e.,r'lvl.z.*lope

'fOr the c)bSel'"v_d I'"esJ::)c)l'l';_(!_. '/'hi!_ si:ra'Legy is most use.ful :i.n
examin:Lng the (;:(DI]J:)2[I]ati(:)l"l L_'_ l_._rgE..', a:_rl-'_'.-_ys _-)_: i_.].l_Htl_:.)r'lt!5 C)vf?r

The pha!u_cJr' st. ra'i:.egy assumes phase arid amplitude addition
cji: all ti'H+)? irld:Lvidua,I, e].e!merlt!_ :LI'_ th(_!:_ aJ"J'"_ty a'[_ _?ac:h display

i::)raint :Ln the sr.:atirig area. It'. :Ls mo+:st use'_LC[ in lo4uk:Lng at
.[r]'[:er._el'-erlc::e ({e.['_ec:'L_J5 ('J)_') cA fl'"E'._(_LlC'r'lC:y'""by--'_l'"_._qLtCeli£:y J::)aEg:J.!;_wl"lf')l'l

layirlg out l:[rle ?._rl'"g_y_,. With th:Ls tll_:_rg.Lrtl.'JJ sti'"ategy, the user'
mL,IS'{: bE_ ;,,:_ware (2)_: a J.3hE?l"lC),_Tlenc;)r_ al<il"1 t',(D '_l'"(:_l::JL.i£{.)r'lC'.:¥t.,%].:L4:_Sil'lg il"1

cji gi 'L.a:l. rec:Drdi nc.] I_Jys'I:.F._ms. "['h:L _ happel]!';:_ v_hE,rl the di !_(:l'"e_:.e
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nature o'_: the pc:)]l,ar patterr_ ¢:hanges mere rapidly than the

di_tr-[i,butien o_: :i.rd:,._r'_erence_._ and c_ancellat, ic)r_a resu:l,tir_g

'_: i' * I*.')Ill _) h _.!.:_ C)r !Z,Lt m II__:1_:, :i. Il:) n ,,

F'::igure 5 ir_dil;:ntes t:he genera] e._._:ect o_: each stra'tegy.

The designer" has h:[_ choice ¢3t:either view when leveln in

the seating ar"ea ar'e clisp].ayed.

;[ri ['.he phasc3r s'l:.rate(;;ly_ _:he ae(:)ustlc center c:H: a) 1

rh.?vic'c:..!s :i.f-_ a_i_!i_t,iml.;_,d 't:.l:) bi.:-, e.t:fec::lziw,?iy at its cc:nter' c]_

gl'"avi'Ly,, "l'hi_.:._ :[!_ J. r"(_:_.a_'i_or'_able as!._Lu11pti(:)l"l /.?,-I: 'fairly long wave
:l.er_gtl"_s; i'lc_w_?w.::,r,, abew_._, say, 4. l.::Hz, ti'_:i._._ :i._ rio'i: an ac:c:urate
_:_S!31.UIlI:.)'_.'..i.C)II_ al')l:.] [:he ph_:?.!_('3r" nler"g:i, rl(j;J !:_tl'"at-egy _._hc)Llil:J rlQt bid
u_i;ed a'l- t hose f r' e quenc: i es .f:c_r" c:omb i r'_a't:,i i:)n_ o_' d i .f' .f er' el _t

dev:[l::¢?s. I..lewew_,r, .l:l:)r ar"r ay!s Ifl_d(_:_ Lip er1' a s:J.nl.:Jle ty_.)e C._

ell. emer'rt:_, 'lihc! tr':._c.:l,:ir'_] c:).F the acc:)u!_'t:.ic: c:(.._nt(er's_ _'lgh respect
to -F]"erluer_c:y w.i. ]. 1 erl!_Ul"E) _:_.c::clLlr"_:A'_'*.ecalcu].ations.

4. DEEiI GN E XAMI:::'I..EiS:

4,, 1 A Lar ge 'lhea'Ler ('l:l'rec:_ret:i.,.:al e;.:ampl, e)

F'i. gLu'"e ¢'_ !_l"l(::)t4!;_ i:Je'l::_'ui 1s e'_' _hr.:_ Ef:'d_'_gltla_.l"lThea_:.el'" J.n
Rc:ichef:id:el", NY:, a_.:; gJ ver] by _::_ll-;._r'al'le_l::(7) ,, The mail] ¥1cJer" arid

balcony seatirlg areas were erltered lrYL. c_ the pKI]I.:_F'_.AI_!, and a

single c'en'Lr'ai array wa:_ ].oc:ated ov¢.':rthe edge o'_ the stage

e,'._'terl!:3ii:)nat a h_il,:,}l"lti:)'f:a[)C)LV_,30 _:eet,, The central att'ay

centrists cH: six %}-degr'ee..H::}y.-'.4()'"degree 800-t-Jz constant

(.:clvet-'LAllje hl':d'"ll!!3 _:/rlc:l tWO I...1:::'er'tll::].r:}!l:;Lu"es_ eal:.h (::(:.,rd::a:i. nir_(:_ a pair
o't' 313(.) mm Lraln:_duc:er's,,

The t:e.I. ] ew:L rig c:lJ.sp 1 ays were pr' ii,ted vi ,_ tl'l',_ cL_p¥?_c.:r"t._'eF_

p r" {:.,{]J I"' ,'_ Ill ?,

F'_qur¢ 7. An c_b].:Lqu_:.' v:i. ew sl"lc)v_:i, ng iihc.' main .fl(.)er and
b<':llC.(,.V]y. }\Jc)_:e '[:lrlt:lt I:he fil_lil'"_ F:loor" I'1t¢,_ beel'l el]tered _!s _'_

!'!,ir,gle p;I. ar_e, wl"'l:i.]l.,_ tl"le, arc:ed I:,::llc:ony has been appr'c)>::i, mL.¥1:ed
by I;l'tr-ee pi ane!!:_., Tl_e c ur ved aprc_n i:._¥ the e'l:.age i s vi si bl e at

l:l_e lc.lwer ]e-F't: oi 't:.h(,_ d:i._!q;)lay.

Fil..jur'e El. I,hJrma.i.i.;_ed di. rect 't:ield, ma:in .flol_r. h!(::)'l::e

sc.a.l.:i, ng a'lo_q bc:H.l:om ,_._nd r':igl"rl', s:i. de cH: v:i. em_. :In IF.r_g].ish
Ll[l:i. '1'.'.!_ _]l'tl.',; _ IIi[:_r' I.::(...!r :L !:i; ¢-!v6H' y ].(:) ._:eet _ /.:_.r'ld '[ i"1 file'_:.r"i c:: ti](-, _ m_!-ker'

:i.s ew:.,ry 5 me't.er'_:,. Directly below I:l_e :l.eud,_pe_d.'.er array :L_ a
_,_mall ar'ray e-l: ch:)'l'.;!il;_, .!l"H:l[c_:_t:i. rH_j tllat the, c:(:)mpc)r'terlt!:._ L].{: the

], C)Llc:l_¥)eatJ::er _:i!'"({i, (:J'_ r (_.._c_.'_:] \/ (.')vl_:>r hc._r_.c:_ #

'Tl_e nerp.-.pl"fa::!,g)r mc.!rl{l:i, rlc:_ !_;tra{.e(_.jy ifi:_ i..t!;_ed ir1 the e>l_-wlq]les
!istto_t_ .i.ii F'ig!.u'"es [!} 'l:l'_l"(:)uL'}h 13.
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Figure 6. Elevation and Plan Views of
Eastman Theater, Rochester, NY
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