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    Abstract: Mixing  consolcs,  -'hich  are  usually  of  large dimensions. are  essential  equiprnent  in a

    mixing  room  of  a  produetion studio.  This [arge obstacle  always  has to be pluced nearby  the  listening

    position in a mixing  room.  A  signiilcant  dip at uround  100Hz  Ls often  obseryed  en  thc monitoring

    response,  the transfer function t'rom the ]oudspeaker to the listening position. in a  small!medium  si7.ed

    mixing  room,  This paper studies  the relationship  between the dip at around  1UO Hz and  the eff'cct of  the

    prcsence of  the mixing  eonsole.  The s,enerating mechanisn]  of  the  dip is investigated by numericaL

    simulations  and  experiTnental  meusurements.  Thc results  show  that the  rcficction  sound  from thc  floor

    and  the behavior ot' the mixing  eonsole  as  a cross over  filtcr are impoilant when  considering  thc dip,

    Examp]es  ef  trials for improvement of  the  dip are  also  examined.

    Keywords:  Studio, Mixing  room,  Console. Response, Dip

    PACS  number:  43.55,Br, 43.20.El [DOI: 10.1250/'ast.26.901

             1. INTRODUCTION

   In the  acoustic  design of  a  mixing  room.  it is important

that the monitoring  rcsponsc,  namely  the transfer function

from the loudspeukcr to the listcning position, has nat
amplitude  characteristics  on  the  frequency domain. In
reu]ity,  the freguency response  need  not  be entirely  fiat,
howcver  strong  dips and  pcaks should  bc aveidcd,  How-
ever.  significant dips at around  1OO Hz are ot'ten  observed

in mixing  roenis  [1,21. Figure l sho-,s  the examples  of  the

monitoring  responses  in four dil'ferent types  of  the mixing

rooms  L2],
   We  find the strong  dips at around  IOOHz in the

respenses  shown  in Fig. 1. and  samc  kind of the dip is also
shown  in another  reports  e.g.,  r31. This kind of  dip often

has harmful effects  on  the  mixing  work,  and  is usually

explained  as being the results of  the following physical
phenomena.
 ") Isolated reom  mc}des  and  their interferences.

 <2) Inter{'erencc between  the direct sound  and  a  strong

    early  refiection  sound.

   Thcse ideas have  been incorporated as  one  of  thc basic
techniques  t'or the acoustic  design of  a  mixing  room  e.g.,
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i4]. However, from experience,  the author  postulates lhat

the  dips cannot  be explained  by  such  convenlienal  theories.

Focusing on  the monitoring  Clistenjng) environment  in a

mixing  room,  the mixing  console  a]ways  has to be placed
ncarby  the listening pesition (Fig. 2). The dimensions ot'

the mixing  censole  ure  too  lurge fer it to be regarded  as  the

acoustically  transparent  ror a  100Hz  sound  wave.  In this

study,  the author  focuses on  this point, and  exatnines  the

relutionship  betwecn  the dip at  around  100Hz  and  the

effect  of  the presence of  the mixing  console.  The  final goal
is to clarify  the  generating mechanism  of  the dip "nd  te

remove  the dip i'rom the tnonitoring  response,

            2. ANALYSISMODEL

2.1. ExaminedField

   The  field examined  is assumed  to be a  two-dimensional

(vup:) sound  field based on  the  venical  section  of a

monitoring  environment  in a mixing  room.  Figure 3 shows
Lhe  modeled  seund  field both for numerical  analyses  and

scaled  model  measurements.  Because  of  the  two-dimen-

sional  model.  cross  section  and  surface  conditions  are

uniform  along  the x-axis.  Therefore, mapped  to the three-

dimensional enyironment.  the source  is regarded  as  an

infinite coherent  line source  ulong  the x-axis.

   in this field, roem  boundaries are  emitted  cxcluding  the

floor, because walls  and  ceilings  of  a mixing  room  are
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      Fig. 1 Exnmples  et' the Tuonitoring  rexpunseK  in Lhe  t'uur

        MjXillL, 1'OOMS.            L

Fig. 2 iX t)pic:il tnoniterin.g  envirumncnt  in u  tnixin.y

 rootn.  LoudspcLikers {sourees), thc  mixin."  L'ensole  und

 [he  ]istcHi]itT position (L,P.. recciycn

Linest)ce-tkxi{'''"'s,,
'

:

c/Loudspeaker)n,i'lglS'ISiH':Receiverr[･,1..,

r･''CLi-tc=..th,n/gposit/onttt
Mixingconsoie'/t/i'

lVFIoor(/nf/ndterig/dground)
//'.t''/1''1/.'tf'./L.r

//･/t//,･//･1///t./･･/･/･････t････//1/t･,/･･(o,o)

   Fig.3 The examined  field. T",o-dlmcnsiuna] suLmd

    field bused on  the vertictbl  section  ot'  u  Tnonitc)ring                                             L
    elll,ir{)11111elll  in ;] [11ixhlL,  T'Ool]1.                      L

usua]lx,  finished with  materia[s  that absorh  enough  suund     J L

[S]. A  tield widiout  roein  boundaries is also  good  t'or

understanding  the  basic behavior ot' a niixing  console.

   The listening position (L,P,, the recciver) is located a[
the edge  of  the mixing  conso]e.  Cy.o =  (O. 1.2). where  is
usuall.v  defined us  the reference  pesilion in u mixin.y  room.

   Thc inonitoi'ing  distancc. na]-ely  the dlstancc fro:n thc
rcceivcr  {listening position) to thc seurce  (]oudspeakcr}. is
usuully  areund  3 m  in a small,i'n]edium  sized  mixing  room

[6.71, In respect  to the height ef  the  source.  the [eudhpeuker

is usually  plaecd at hi.yher position than  the listenjn.g

   Fig.4 Side vie-  et' the  [nixin.y roon]/  Loudspeaker.

    NTixin.y een.s'ole cmetcr  brid.ge). Listenin." pesilion.

       
'

l#/g,i,,.ltT
'

lil:il,
Esgv,,.,

     Fig. )' Three 1} pes ot a Tnixin." eenyo]o  are  cxaniined

posiLion to t"'oid shudowing  the dlrect sound  by thc mcter
brid..e.e ol' a niixin.g console  whose  top hei.s,ht is around

1,1 m  t'runi the Hoor. fFiu. 4). As the rcsult.  In mesL  mixi]i  L,                     L L
roonis.  the leudspeaker is p]a¢ ed  at the hei.ght where  the

elevtLtien  anule  is aroiEnd  10 degrees t'ro]n the  listeninL,           L. L. -

position [7l. Thcrei'ore, in the cxainined  iielcl. the Kource  is
loca[ed ar the  pesition xvhere  the distance fretn lhe  L.P. is 3

meLer  and  the elevatien  ung]e  is 10 degrees. Other rwo                         L L.
dibtunces, 1,5 ineter  and  6 tneter.  are  alse assunied  Io

examine  the effect  of  the souree  positions (Fis,. 3).

   In tern]s of  the usability  of  the mixinL,  works,  t'ol[ows                        i L
are cotnnion  din]ensions of  rhe  sectional  shape  ot' the

mixing  consolch,     L

  -  The  hei.vht ot' the  top  surt'uce  is tLpproximately  O.7m

    froni the floor.

  - The depth is shorter  than  1.5m. and  is usua]1>,

    approxiniatel}'  1 m,

   ()n the oLher  hand. t'ollo"'s are  unigue  dinicnsions foi'

vurious  types  of  the mixing  censoles.

  e  The  shape  ot' the top surface.  c.g,.  strtLight.  unglecl  and

    ]nore  colnp]cx  fornl.

  -  The thickness.  in other  words.  air space  between The
    floor und  the  bottotn ot' the  mixing  censo{e.                                  L

  e  The  heiy,ht ol' the mcter  brid.ge and  its depth.

   Ttikinu account  ot' thc  inatters  above,  three  kinds of  the        L
mixin.y.  console's  shapc  are  exumined  (Fig. )e),

  -  T>･ pe A: lhe  simplified  model  t'or anulysis  ot' thc basie

    behaviur of  tbe mixing  console.                        L

  e  T)'pc B: angled  top surt'aee,

  e  Type S: the  shapc  based on  the  reu]  tnixin.g. eonsole

    hhown  in Fig. 4. T>･ pe S has a meter  brid.yc. a complex

    shaped  top  gurt'ace  and  a thick bod>･. More  thun  100

    real  
'ILvpe

 S' mixing  eonsoles  und  more  Than  3,OOO
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    same  kind of the mixing  console  are working  in the
    world.

22. Numerica]Analysis

   Following examinations  arc  cenductcd  in this study.

  -  The changes  ef  the  monitoring  rcsponses  duc Lo the

    different shapcs  of  thc mixing  conso]es  and  by the

    source  positions.
  e  The variatien  of the sound  fietd causcd  by the

    prcsence of  the mixing  console.

  e  Contributions from  the  real  seurce  and  f'rom the

    ]mas,lnary  sourec.

  -  The effect of  the absorption  of acoustical  boundaries

    on  the monitoring  response,

   In order  to examine  them  with  enough  ac ¢ uracy.  the

autbor  studies.  them  based on  the  results  of  thc  numericul

analysis  via  the boundary e[emcnt  methed  (BEM), Fer the
calculation,  the maximum  length of  the element  boundaries
was  sct  to be .V8  (A; ucoustic  wave  length}. When  the

mixing  console  is remoN,ed,  name]y  thc hemi-frec sound

fieid condition.  numericaL  calculations  are made  by the

summation  ol' the Hankcl functions v,ithout  the  BEM

procedure.

2.3. Meusurement

   To confirm  the validity  of  the nurnerical  ca]culation  via

the BEM.  1!]O sca]ed  nieasuremcnt  was  conducted  in a

two-dimensional anechoic  chamber  {Fig. 6). The chamber

hus u  2.65 m  x  1.67 m  sound  field. A  two-dimensional  free
sound  tle]d can  be obtained  up  to 6.3kHz in the chamber

due to the thickness.  O.02Sm,  of  the  chamber.  A  twecLer

e.14m
O.14m

Fig. fi The lflO sculed  nieasurements  ]n the t-･v-

 dimensiona] anechoie  chambcr.
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Fig.7 Thc source  responscs  ln thc  two-  dhnensienal
 anechoic  chamber.

driver was  put in the  chamber  as  a  source,  Figure 7 shows

the  source  responses  at 1.Sm, 3.0m and  6.0m  distances
from the  receiver.  In terms  of  source  characteristics  and

chamber  perfbrmance. Ihc range  from 50Hz  to 630Hz  is
the confidence  frequency as the sca]e reversed  frequeney,
The  fioor and  the 1f1O scaled  mixing  conso}es,  Type A and

T>,pe B. were  made  from solid acrylic, Type S was  made

frum plywood  with  thin  aluminum  sheeting  on  the cut  ends.

The  tweeter  driver. the microphone,  the mixing  consoles

and  the  acrylic  floor wcrc  urrangcd  on  thc  1110 scalcd  lield

in the chamber,  and  impulsc responses  were  uneusured

using  a TSP  (time strctched  putsc) signal with  u  96kHz
sampling  frequency.

                 3. RESULTS

3.1. Effect of the Shape of a  Mixing Conso}e

   The effccts of thc differcnt shapes  of the mixing

consoles  were  examined  via  the  BEM.  Figure 8 shows  the

cxamined  sound  field. The source  is fixed at 3m  distance
frotn the receivet  and  three different types  of the mixing

consoles.  Type A, Type B and  Type  S, are  examined.  Thc
boundary  admittances  of  the  rnixin.g  consoles  were  as-

sumed  to be zero  for numerica]  ca]culations.  The response

in a  hemi-t'ree sound  field. which  is nothing  but u  fioor, was

also  examined.

].c '.-Hsi3rffT).-... t,
-siode-t.1'LIXIx1L,P.

Mixingconsole

[''-t.."10,l.P,)1k.,-

None,TypeAi'B,'S t',;.:ct.

VFIoof(infiniterigidground}1'/rv,i'/r'1:.--YA./,/t･,,,.:ig･/gei'/xt'/,/･,/･r./,/･/..,'i//'//../i.,/,ll.ff./tt(o,o}/:,-,//'

Fig.8 The rriedeled  field i'or the  rcsu]ts  shewn  in

 Fi s,s. 9 and  10.

'
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   Figurc 9 shows  thc results  via  the BEPvl. namel>'  the

diiTerence of  the response  due to the shapes  ot' the mixing

console,  To  conlirin  the  validity  of  Lhe nu]ncrical  culcu-

ltttlon. the resu]ts  via  the sca]ed  ineusurenient  are  also

show'n  in Fis,, ]O, Results are nermulized  by the free suund

tictd rcsponsc.  Cu]cu]ation "'as  conductcd  at  1124 octax･c

frequency intervals, Measured  results  arc  plotted as  the

avera.gcd  value  at 1124 octave  t'requency interva]s. The

gray area  in Fig. 10 indicates areas ot' no  confidence.

   Cumparing thc simu[ated  (Fi.g. 9) with  lhc  measurc-

ment  (Fis,. 1O) resu]ts,  bolh resutts  correspond  enough  "'el]

to confinn  thc  validity  ot' thc  ca]culation  ]nethocl.  In respect

to differences ot' the consoles'  shapes,  purposive ditTer-
ences  are  not  found at a ]ow t'reguenu>', ,AL]l thrcc t>'pes  

."ivc

the same  kind of  the strong  dip to thc fruqueney rcsponsc  at

approximatel.y  1OO Hz. Therefore the  exa:njnations  ot' Type

B tLnd  Type  S ure  oTnittcd  t'reni the  next  section.

   In the response  withour  the ]nixin.g eentso]c. a stren.g  dip
appeurs  at 143 H7 caused  b.v the puth difference between
rhe direct sound  {3,Om)  and  the refiection  sound  fro]'n thc

floor (4.2･ m).  This srrong  dip at  i4] H7  secms  te move  to u

lower t'requency. app]'eximtLte]>･ 100 Hi, LN,hen  the mixin.y

console  is inserrecl. This rcsLtll sugieKts  that sonie  kind el'                              LL

vuriation  occurs  in lhc  sound  field whcn  thc mixinL,  console                                           L.

is inserted.

3.2. Ditference or  the Source Position

   The  eft'ects  ot' the souree  positions -,ere  also  examined

vi"  the BEM.  F'i L,ure 1] shows  the examined  sound  tield.               L
The Type A mixin.g  console  was  positioned, and  three

different positions Dt' the seurte.  1.)' m.  3.0m und  6.0Tn

fi'etii the  reeeiver.  u,ere  exainined.

   Figures 12 and  13 /'how  the results via the BEpt,I. To     Leonfirm

 the validitv  of  the  numerica]  caleulation.  the  1 A0                " ･,
sea]ed  measLtremenls  arc carricd  out  and  the  resu]ls urc

shown  in Figs, 14 ttnd  15, Figures 12 and  14 shew            L. L.
respenses  when  the mixin.u. conso]e  js prescnt. und  Figs. 13
and  15 show'  the responses  "･hcn  it is not,  Conditions 1'or
Ihe  calcu]atiuns  "nd  the nieasurenients  arc  stune  as those  iii

Scut  3.1.

   Comparing  the simu]ated  (Fi.vs. ]2 und  13) with  the

]neasuren]ent  (Fi.os. 14 and  IS) ]'csults:  the>, eorrespond
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   Fig. 15 Mcasu]'ed rcsponses  from thrcc different source

    distanccs lh'ith  no  tT]lxing c[)nsole.

well  cnough  to contlrm  thc validity of  thc simulation

method.  According to thc results  without  the mixing

console  cFig. ]3X the farther out  the source  is located, the

higher the  lowest frequency of  thc dip meves  because el'

the  variation  of  thc  path difference between  the direct

94
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sound  and  the reficction sound  t'rom the iloor. This
tendency  is a]so  observed  in thc results  with  the mixing

censo]c  CFig. 12), This suggests  that interferencc between
the  direct sound  and  thc  reflection  sound  rrom the [loor

contributes  to the dip in the low i'requency regardless  of  the

presence of  the  mixing  console.

   However dctails of  thc appcarances  of the dips are

difibrent in the two  results. First, thc dip's frequencies with

the mixing  console  (Fig, l2) do not  correspond  with  those

witheut  the mixing  console  (Fig. 13), Sccond. quality
factors (Q factors) show  different characteristics. When  the

mixing  console  is net present (Fig. 13), Q  factors of the

dips are  almost  censistent  regurd]ess  of  lhe source  position.
On  the other  hand, whcn  the mixing  console  is present
(Fig. 12), the farther out the source  is located, the smaller

the Q  factor of  the dip becomes, Therefore, the mixing

console  clcarly initiates somc  kind of  aceustical  etTcct on

lo", frequcncy responses.  And  the results  a]so  suggest  that

the  dip affectcd  by the mixing  consolc  neccssarily  occurs  at

around  100Hz in the smalllmedium  sized  rnixing  roems,

evcn  though  all wa]]s  and  thc cciling  are absorbed

peld'ectly.

               4. DISCUSSION

4.1. Variation of  the Sound  Field with  the Mixing
     Console

   To examinc  the  effcct  of  thc  mixing  consolc  on  the

sound  fi[ed, spatial distributions of the seund  pressure
levels were  calculated.  Calculation was  conducted  ror

50 Hz, 75 Hz. 1OO Hz. 150 Hz and  200Hz  at  O.] in × O.1m
mesh  points, The  boundary  admittance  of  the mixing

console  is assumcd  to be zero, and  the source  is located ut
3m  distunce from the reeeiver.  Fis,urcs 16 and  17 show

results  without  or  with  the mixing  eonsole,  rcspectivcly.

   Figurc 16 prescnts the  interference pattern creatcd  by

the  rea]  source  and  an imaginary source  against  a  fleor:

features ure:

 (]) No  nodu]  linc of the sound  prcssure ]cvel (SPL) is

    found at  50 Hz, but appears  at  75 Hz

 (2) As  the frequency become  highcr, the nodal  line

    becomes thin and  comes  down to the floor.

 (3) The  L.P. is invo[ved with  the nodal  linc at apprex-

    imate]y 150Hz,  The  clip  in the  frequcncy response

    without  the mixing  console  (Fig, 13. S(3m)) reflects
    this state.

   Comparing Fig. 17 with  Fig, 16. some  feutures of  the

sound  field with  the  mixing  censo]e  arc  the same  as  without

it. However, with  the mixing  console,  some  ditferences can

be observed  in the  SPL  distributioni

 (1) Part of  the  nodat  line almost  adheres  to the surface  of

    the mixing  console  at  75 Hz.

 <2) Ata  frequency higher than  100Hz,  the  nodal  linc is

    split  into two  segments,  and  the cdge  of  the one
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               SPL  contour,  hemp-free  seund  held (no console)
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  Fig. 16 SPL  conteLtrs  "ithvut  a n]]xine, consele  ReKults

   arc  ca[eututed  for u) 50Hx. h) 75 H7. e} 100IIi d)

    l50H7  uncl e)  200}ii at O,]m  x C) 1m  rtiesh poTnls
   The OdB  imdic:Lles  the SPI. m  " tiee sound  field

   Conlour ITneH ate  plntred ut ldB  tnrefsals

   segmcnt  adheres  on  the surt'ace  of  the mixtng  console:     L -

   such  that one  neda]  1ine appettrs  k} be L.o.eneratcd trotn

   the gurface  of  the mixinL,  cunsole.                     L
(3) As  the l'requency becomes  hi.uher. the nodul  line

   which  touches  with  the mixmg  console  appears  to

   revolNc  uround  the surface  ot' Lhe mixins.  consu]e.

(4) The  L P. is involved -ith  the nedal  lmc at  approx-

    Ltnatety  100 Hi, This stute  is re  fiected as  thc  dip in the

    {'rcguenc)･ response  (Fiy,. 12, S(3m))
   In summation  il can  be gaid  tha{ the varLation  of The

nodal  [ine :nukes  a  ditterence in  the  dip'g appearance

belween the  respongcg  with  thc  mixin.g  cunsole  and  thoKe

"ithout  iL
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  F;g.17 SPI cnntouis  -ith  .t T.Npe ,X niixin." eonhole.

    ReHulr- aie cn]culuted  ted a}  SC} Hi.  h) 7.5 Hi. c)  lOO }]i.

    d) 1)-OHr and  e)  !(N)Hi x'ia  BL.M  at  O.1pi N"1m

    111esh polllrK

4.2. Centributions from the  Real Source  and  the

    lmaginar.y Sourcc

  To  examme  the  contribution  from  an  imuginury souruc.                                Lil

resp{)Tlses  i'1'(}11] 11n iFl]a.glllal'}･ :lnd tl'olTl a reEl] soul'ee  -･cre

calculuted,  Figure 18 shows  the  modeled  seund  field.          -
whcre  the im:t.yinar} source  (S'(lTn))  and  the unatmnar>･

niixinL, conKo]e  are inserted  instcad {}t' the  flooT.    L
   FiL,ures 19 and  20 show  the cu]cu]ated  iesultsz  the    Lblack

 solid  lines ind]Late  the  responses  t'roni the  rett]

source  cS{r) m))  and  t'rom the imuginarv souvce  (S'(3m))                         L.

respeetiLely  The tetu] responses  t'roin al] sources

(S{3 rn}tS'(3  tn"  are  algo  sho"･n  as  the  .,Tra>･  selid  1ines
in  Fi.es, 19 und  20: where  so[td  tines show  responses  "ith

                                      95
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realsoure 3.om -4
S(3m)

10de' LP,

3'3mtl.INce-,'121/
LtJ"t

Mixingconsole ':':1ltl"1r'eP

1.Pt-dltz･"tl.t

(O,o)
4.2Tlmaginarymixingcon$ele

imaginaryurce
S'(3m}

Fig.18 Modeled  sound  field without  a floor, Thc

 imaginary source  S'(3m) and  the imaginary mixing

 conso]e  are added  insteud ul' the Ilour,

 1

ff5gdmO8=.cuE.5tsz

 
-1

 
-1

 -2

F[equency[esponse/BEM

      10 10e  lk 10k

                   frequency[Hi]

Fig. IY Calculated responses  via  BEM.  The black lincs

 show  the rcsponses  from the rea]  source  (Fig. I8,

 S(3rnD, and  the gray lines show  the toral respenses

 f'rom al]  sources  (Fig. 18, S(3m)+S'(3  m)),  The  selid

 ]ines show  the  rcsponses  with  an  imtLginary niixing

 consolc,  and  the dash-dotted lines sho-･  the responses

 without  it

the irnaginary mixing  console,  and  the dash-dotted lines
show  responses  without  it,

   Comparing the btack lines with  the gray lines shown  in

Figs. 19 and  20. the response  from the real source  and

those  frem  thc imaginary source  (black lines) do not  have a

dip at around  100Hz, as is shown  in thc total response

(gray lines). This resu]t  su.ugesls  that the dip at around

100Hz  is not  just caused  by the  scuttering  around  the

mixing  console.

   In the response  from the  real  sourcc  (Fig. 19, black
solid  line), periodic dips caused  by the  path ditlference

between the  direct sound  (3.0m) and  the  sound  reflected

from the surface  of the mixing  console  (3.3m) are

observed.  The total level reduces  gradually to OdB  as the

frequency goes ]ower. This result  suggests  that the  sound

reflected  from the surlace  of  the mixing  console  reduces  to
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   Fig. 20 Culculated responses  via  BEM,  The hlack ]ines

    show  the responses  i'rorn an  imaginary sourcc  (Fig. 18.

    S(3m)}. and  [he gray  lines show  thc tota] responses

    from  all  sources  (Fig. 18. S(3 rn)+S'(3m)).  The  solid

    lines show  the respenses  with  the imaginary mixing

    console,  and  the  dash-dotted ]ines show  the  responses

    without  it.

be zero  at  a  low  frequency, beeause the finite surface  of  the

mixing  console  ean  not  yie]d a  complete  mirror  reflection

to the incident sound  at low frequencies. In other  words,

the reflection  sound  from the surface  of a mixing  console

can  be expressed  with  a  high pass filter (HPF), the

characteristics  of  which  are  determined  by the dimensions

of  the mixing  console  and  the position of  the  seuree.

   With the response  from the imaginary source  (Fig. 20.

black solid  line). the characteristics  are  almost  like a low

pass filtcr (LPF). This resu]t  suggests  that only  low

frequency wuves  can  reach  thc L.P. from the imaginar>'
source.

   In respect  to the effect oi' an  imaginary mixing  console,

the responses  without  the irnaginary mixing  console

(Figs. 19 and  20: dash-dotted lines) show  almest  the same

charucteristics  as thc results  with  it (solid lines), theugh  a

slightly ditierence is found at the dip of  the ]owest

firequency of  the tetal response  (gray ]ines), Therefore

we  omitted  the cffect  ot' the imaginary mixing  console  in

order  to sitnplify  the problem,

   Figures21  and  22 sho"'  the  comparisons  of  the

responses  of  Types A, B, and  S mixing  consoles.  Figure 21

shows  the responses  from the real sourcc  (Fig. 18, S<3m)),

and  Fig, 22 shows  the responses  t'rom the imaginary source

(Fig, 18, S'(3 m)).  Since the little difference is observed

between  the  responses  with  the imaginary  mixing  console

and  those  without  it, only  the  resu]ts  without  thc  imaginary

mixing  console  are shown,  The black solid lines. thc gray
solid  lincs and  the black dashed  lines indicate the responses

of  Types  A,  B, and  S. respectively.  According  to the  results

shown  in Figs. 21 and  22, the difference of  the shapes

among  TypesA,  B, and  S, hus little effect on  both

responses  from the real  source  and  from the imaginary

source,  as well  as the total response  (Fig. 9). Therefere, the
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Fig, 22 Calculated responges  frorn thc inia."inury source

(FiL,. IS, S'<3m", The  Lomitled, i[naL,inurx, mTxing  censole  ls   Lt  L

responses  of  Types  A. B. and  S are

generated by the same  mechanism.

   In conc]usion.  it cun  be thought                                t

censeles  behavc  ]ike a  HPF  for a  field

]ike u LPF  fo]' a ficld lower thun  it.

consiclered  to be

 that the  mixing               L.

hi!her than it and

4.3. Equivalent Circuit Mudel

   In aucordance  wi[h  the eensiderutions  in scetion  4.2
above.  the sound  filed shown  in Fig. 18 is assumed  to be
simplified  to Fis,. 23 with  an  equivalent  circuit  shown  in

Fig. 24. The  in)aginary mixing  consele  ls omittcd  in this

model.  In Fig. 23. S indicates thc real sourue,  and  S'] and

S'2 indicate the imuginary sources  as,ainst the surfacc  of  a

mixing  console  and  the  fioor respectively.

   In Fig. 24, the transfer functions t'rom S'1 or S'2 to the
L.P. are  expressecl  by three elements.  the attenuaton  thc

delay and  the filter (HPF. [.PF). Jn the t"o-dimensiona]
sound  field, the  direct sound  is basically expressed  as  the

･-
r=1.://n

s1realseurce1')//',t'.c･...L,P.
-/L

･VtL1'./ttt
= ...1''
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1
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Fig. 23 The simplilied  tield withuut  " ]i]ixJng consc}]e.

 The  seeondary  iTnaginar}'  source  S'1 is added  inste"d

 et thc  i"ixins, console.

S

Fig, 24The  cquixaledit  circuit u[' the  sound  [ie]d 3ho"･n  in
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Fig. 25  Diil'ercnces ef  the  eharacteriKtics  betwecn  the

 Himke]  t'unction  ot' the  second  kind oi  order  zero.  and

 the  exponentia]  i'unction. Black ]ines show  thc  ditL

 fereneeM ot' thc  amplitude  eharactcristicK.  tnid  gra.v ]ines

 she"  the differences ot' thc phase characterislies.  The
 dushed lines and  the holid  Iine- show  the values  when

 the  source  is ]ecured at  S'] and  S'2 (Fig,. ]3J.

 respcctiie]y  ,ALII r'ehulls  are  ]iormulizecl  bv lhe  direuL

 seund  CFIg. 23. S.b.

Fig. 23.

Hunkel  functiun of  the second  kLnd ot' order  zero.  This

expression  can  be approxjmaled  by Ihe exponentiu]  phtLse
shil't and  the attcnualion  inversel>, proportiona] to the

squarc  root  of  thc distance frum the source.

   Figure 25 shows  the  degree of  lhe  approximtttien.  i.e,.
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the differences of  the amp!itude  and  phuse characteristieh

bctween the Hankel function and  the exponential  exprcs-

sion  under  the conditions  assumed  here. As  the  result  the

absolute  differences of  the amplitude  and  the phase are Iess
than approximutcly  O,2dB and  1.6 degrccs at higher thun
10Hz. respective[y.  and  they  are constdered  to be 1itt]e
enough  to be ignored. Therefore, the author  expresses  the

source  of  the circuit  model  {Fig. 24. S'l, S'2) m  thc

exponentiul  function instead  of  the Hankel  function for the

convenience  of  the calculation,

   The  transfer  function of  the equivalent  circuit H(f) is

degcribed ag {bllowg

             H( f)=1+Hi  (f)+Hau(,D (1)

The  unity  in the right hand  side  represent  the transfer

function of  thc direct sound:  Hi(f) and  H2(f)  represent  the

transfcr  functions of  thc  reflcction  sounds  trom  the  surface

ot' the mixing  consele  and  frorn the fioor rcspectively.

HL(f) and  H!(,f') are  descrlbed in  a frequency domain as
follows.

          H,(f) =,  VIi7Jil'e 
,A["i-r'

 ･ HHpF(f) (2)

          H2Cf)=vr  r2e-'kt'i 
')･Hi

 pp(f)  (3)

   r, ri and  r2 indicate the distances from S. S'1 and  S'2 to
the L.P.. regpectively.  HHpF(f') and  HLpF(f) are  the transfer

functions of  the  second  order  High  Pass Filter and  the  Lc)w

Pass Filter. respectively.  They are degcribed by the

resonance  frequency fo and  the  quuhty t'actor e,

                            1
            H,,,;Cf)=  . {4)

                     i - (l,)'-j･ -6 (ei;,                                   )
                            1
            HLpF<f)=  . (S)

                     i 
- (f,)' +,i6 (f,)

where.,fo  and  e are cstimated  by a series of  calculations  of

the responses  from  thc real  and  imaginary  sources  to fit the
rcsults  via  an  equivalcnt  circurt  to that via  the  BEM.  As a

resulL  (fuQ)=(30Hz,O.1)  was  ussumcd  f(}r HPF  and

(fi).Q) =  (5UOHz,O.S) for LPF. The calculuted  results via

the equiNalent  circuit  using  these  Jbs and  es are  shown  as

thc  b]ack solid  lineg in Figs. 26 and  27: where  the  gray

lines indicatc the ca[cu]ated  results without  the imagmary
mixing  console  via  the BEM.  ALso in Fis,.26, the

amplitude  characteristicg  of  the HPF  are shown  as rhe

black dashed  ]ine, From  Figs. 26  and  27. the rcsponscs  via

the  equivalcnt  circuit  (black solid  lines) can  be seen  to be

m  good agreement  -'ith the regponseg  via  the BEM  (gray
solid lines).

   The  amplitude  characteristics  of  the HPF  und  LPF  Lhat

are  used  for the equivalent  circuit  are  ghown  in Fig. 28;

where  the HPF  and  LPF  seem  to ¢ ompose  thc crosg  over

filter. This shews  that thc totat energy  ot all the reflectlon
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 the response  caiculated  by the equivalent  circu".  and

 the  gray selid  hne  shuws  the  response  via  BbM,  The
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   Fig, 29 Finul rcspvnscs  ctileulutcd  b.y t-o

    nlethods,  BEN'1 (Lruv  line) and  the                  t. .
    mode[  (b]tiuk iincs), Centributions frem

    (Fis,. [S/ S(3m)tS'c3ni). Fig. 23/
    suni]ncd.  There is no  iTnaginarv niixing

sounds  is alniost  sun]e  as  thar of  the one

 '･.1,

 t

  i1:,...i

 'v･if' 
i//i[.Ii

CONSOLE

                                 e[luivaleiit

                                      ull

                                 S+S'l+S
                                    conse]e.

                                    reflection  sound  ut

the  L,P.

   
'1'he

 tinal response.  namel},  the total response  that

includes lhe contributionh  from all sources  (Fig. 18:                                               L.
S(3m)+S'(3m). Fig  23: S+S'1+S'2), is shown  in
Fig. 2･9. The black soiici  line indicates the result  via  the

equix'alcnt  eircuil,  while  Lhe  g,ru>, solid  line indicates thc
resutt  without  the iniuginarv rnixing  consolc  tia  the BEpt･1.                    4-  L
Cromparing  the twe  resu]ts, it cun  be seen  thut the}'

eorrespond  enous,h  -,ell.  cspccia]1>,  ar Lhe lo-, i'retlLiene}' te

confirm  the va]idity  of  the equiN'alent  circuit,  Congetluenl-

].v. we  can  asccrlain  that the mixing  console  in thc hemi-
free soun(l  [ield ig expresKed  b.y thc  simple  eguivalcnt

circuit  shown  in Fi.g. 24. anci  al so  thut the equivalent  circuil

shows  the outline  ot' the  generating mechanism  of  rhc  dipli

at the low frequency.
   To  consider  the  effect  of  the  HPF  and  rhe  LPE

responses  w'ith or without  the HPF  Ltnd,ior the LPF "'as  also

ealculuted  vitL  thc ec]uivalcnt circuit.  Fig. 29 shows  the

resttlls,  the bLack dashed line presents the reKpense  without

both rhe HPf: and  the LPF:  the black broken  line presents

Thc respense  onl}, -'ith the LPFz and  the btack dash-dotted
line represents  the  response  onl}' with  the HPF.

   Co]nparing rhetn ",ith  the target response  ca]cu]uted  Nia

the  BEM  (.gra.v so]icl  line}. thcy  cnnnot  exprcsh  the

appeurancc  ot' the  tar.gct response  ",ell  cspeciall}'  tLt lew
t'requenc>,. This result  suggcsts  that both thc HPF  and  the

LPF  are  the iniportunt eleinents  to siniuLate  rhe low
frequency resp()nse.  and  the  generatin.n of  the  dip at  low

f'requency is utTected  not only  b}' the low pussed seund

t'rotn the fioor bur u]so  by  the hl.a.h passed seund  fr-m  the

sur['uce  of  thc mixins,  censo]e.  In tern]s uf' lhe little

umplitude  of  the HPF  at  low t'requenc>'. it can  be

considered  that the phasc ehuructeristics  oi' thc HPI: givc
u  largcr eft'ect  to the dip at  around  100 Hz  [han  its

l
i

  I'
  '
   10g

different
 eireuit

 sources

 
'2)

 ure

amplitude  characteristics.

   In cenclusion.  throus,h examinatiens  via  the simple

equivulent  eircuit  inodet.  u,e  tLseci'tttined  that:

 {b  The intert'erence of  thrce  kinds ot' sound,  1) dircct

    hound  frern the seurce;  2) refiected  hi.gh t'reclueney

    tiound  i'rom the sutfaec  of  a  mixing  console:  and  3)

    reflected  lo"' frecluenc>' sound  froni lhc iloor. .o.enerate
    t])e dil) in the  n]oniLering  responsc  at  "reund  100 Hz.

 {2) The  behuvior ot' thc rnixing  conse[e  us  a  HPF  uiid a

    LPF  cauhes  the v:Lriatien  in the dip's appe:Lrances  ar

    lo" frequency.

   Since T> pcs ,AL. B and  S mlxing  conholes  sho",  the sutne

kind of  the responses  (FiL-es. 12. 21 anc]  22). the circuit

modcl  (Fi.g. 24) may  h:",e a  pc)ssibility te be upplied  t'er

]nan}･  shapes  of  the  n]ixin.g  consoles.  Hoxvcxcr. in order  to

cleur  this point. rnere  cletail anal),ses inust  be eonducted.
'1'hc

 authors  are centinuin.v  to reseurch  lhe relationship

betx-een the parumetcrb ol' the sound  fl]ed including lhc

shape  of the mixins,  consolc  and  the vulues  ol',fb and  e
Linder  various  conditions.

4.4. Basic Trials in Order to Improye the l.osv

     Frequenc)' Response

   ""e huNe uscertained.  as presented above,  that lhe

cliaracteristics of' lhe  clip at around  IOOII7 are  closely

reluted  to  the sound  refiected  fron} the fioor and  the

prcsenec ot' the niixin.v  conso]c.  Therefore. reduciien  ot'

these  effectg  shoulci  lead the  reduetien  et'  thc dip. Sonie

cxainplLs  for impr{}Nin.g the dip ure tried x,ia the BEN･1 in
this section.  1inproxeinenth "'ere  curried  out  b>, variations

of  purr et' the  boundar.v udiniltances.

   "'hen we  eonsider  methods  to improvc, the fo]lowing

must  be eonsidcredi

  e  [t is ulniost  inipossib}e to ph>,sicall>, ubserb  the top

    surl'acc  ul' the  rnixing  conso]c.                       L.

  e Taking account  of  Hrchitectura]  matters,  it is also

    almest  impossib[e to absorb  the  whe]e  iloer with

    much  sound  absorption.

   (ronsi(lerin.o the ubove.  the t'ollo"･ing t-'e nicLhods

weve  cxamined  {Fig, 30).

     

     
     
     

    ,.
     

Fig,30  A"  expcrimenLul  niodel  ic) impreie le" tre-

 guenc.v rehpunse.  Purt ot  Lhe Hoo]' or  thc bot[em oi' the
 inixing  eonsele  [H absorbed.  Culeitlibled rcsults  arc      '
 sho-'n  in FiL,s. 3] :nd  32.
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 (1} Absorbing  the front part ofthe  fleor in ordcr  to reduce

    the  effect  of  the Kound  rcflected  from the fioor, The

    adrnittance  of  1/pc is given at  the floor between the
    L.P, and  the seurce.

 (2) Absorbing  the bottom  of  the mixing  console  to reducc

    thc effect  of  the presence of  the mixing  console.  The

    admittance  of  lfpc  is given at  the bettom  of  the

    consolc  where  the  reflected  sound  from  the  fioor

    incidcnts.

   Figures31  and  32 shew  the caJculated  results of

frequency rcsponses  and  SPL  contours  at  ]OOHz,  respec-

tively.

   In respect  to abserbing  par[ of  thc fleor. this much

increases the SPL  of  the dip at around  IOO Hz  (Fig. 31.

 10

as5;Z,.ny-"[-5eZ.10

 .15
  

 
.201o

Frequeocyfespense/BEM

Fig. 31

   100   lk'

     trequency[Hz]

Frequeney  rcsponses  at the L,P,

SPL  contour, BEM  /

3

-2EuE.pli

 o

10k

P of  the front part of  the fioor is 1tpc

  -4 -3

SPL  centour, BEM  /

3
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o
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    Depth[ml

5 of  the bottom of  the console  is 1lpc

      -4 -3 -2 -1 O 1 2
                     Depth[rn]
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                          .tin 1/
                          

tt ma tgett

Fig. 32 SPL contours  ot' ]OO Hz  calculated  via  BEM  ar

 O.1 m  ×  O. hn  mesh  points. u)  shews  the resu]t  with  the

 partial absorbing  of  the floor: b) shuws  the resu]t  with

 thc  abserbing  ef  the consele's  bettem,

100
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b]ack so]id  line). Howevcr  thc response  ig no  lenger the

originu]  one  (Fig.3t, gray solid  line), and  it is also

dit'fcrent from the response  without  thc irnaginary source

(Fig. 19, the black solid  line). This suggcsts  thal absorbing

part uf  the floor cannot  sufficiently remove  the effect  of  the

imaginary source,  and  may  create  anether  type of  response,

Consequen{ly  this method  causes  a risk  of  generating other
dips and  peaks, such  as those at upproximatel},  25Hz.
]50Hz,  250Hz  and  550Hz  (Fig.. 31, b]ack solid  line),

   On  the other  hand. absorbing  the conso]e's  bottom just
iifTccts  the low  frequeney response  at lcss than  approx-

imately 110Hz (Fig. 31, black dashed line). Though  the

recovered  value  ot' thc dip may  not  be sutificient,  an

advantage  is that ncw  dips and  peaks do not  appear.

   The  SPL  contours  shown  in Fig. 32 reflect  the

appearances  of  the frequency responses.  The SPL distri-

bution wiLh  the absorbing  of  the console's  bottom (Fis,. 32-
b) remain  the fcature of  the default field (Fig. 17-c). Oii the
other  hand, the SPL  distribution with  absorbing  part or  the

floor (Fig. 32-a) is no  longer thc dcfau]t one  (Fig. ]7-c),
though  thc nodal  line is almost  removed.

   In cunclusion,  each  method  has advuntuges  und  draw-
backs; a  perfect solution  is probably hard to find so  long as
the effect of  the imaginary source  remains.  Detail exami-
nations  into combinations  ef  some  different kinds ot'

methods  are  still needed,

        5. CONCLUDINGREMARKS

   Dips in the monitoring  responscs  with  u  mixing  console

are  investigated by three  approaehes;  BEM.  IflO scaied
measurements  und  thc equiva]ent  circuit, The  results

demonstruted the following (Fig. 33).

(1) The  dip uff'ected  by the  mixing  ¢ ensole  necessarily

    occurs  at areund  100 Hz in the small!medium  sized

    mixing  rooms  whose  monitoring  distances are  around

    3m.  even  though  all walls  and  the ceiling  are

    a)  without  the  mixing  censole

    

    
    

    

    

    
   
                  o
    b) with  the  mixing  con$ote

    

    
    .Le

    
       

Fig. 33 ]mages  il]ustrating the  cfft]ct of  a  mixing  console.
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      absorbed  perfecTl>,.

   (2) Dips are 
.oenerated

 b.v interfercnces of  three kinds of

       seunds.  1) direct sound  t'rcnn a  sourcel  2} reflcctcd

       high frequency sound  from the surface  oi' a mixing.

      consolez  3) reHectecl  lo", t'rcguenc.x, sound  froni the

       fleur.

   {3) The  niixinLT  censole  behaves like a Hl'1" forthc suunds                u

       that incident i'rom higher than lt.                         L

   (4) Thc  mixjng  eonsole  behuNes like a LPF  t'or sounds
       that  incidcnt t'rc)ni lower than  it.

   C5) The  behavior of  the inixin.y uonsole  as  a  HPF  and  a

       LPI" affects the charLtclcristics  of  the dip ut  low

       frequenc>,.

   (6) Reductions oi' the  refiections  on  the  Hoer and  on  the

       bottom of  thc mixing  console  are  eiTecLiNe  1'or                           L

       increusing Lhc SPL  at the dip-s frequency of  uround

       100Hz,  However, an  extremc  condjtion,  i.e.. pertect

       absorpLion.  is assumed  to reduce  the reHccted  sound:

       practical examinaTions  are  still neccssar},,

     The  ttuthors  are  con{inuiny.  Lo rcsetLreh  correspontienccs

  between the twe-dimensinnal  model  and  the three-dimcn-

  sional  field. and  sk'ill alsu  invcstls,ate Ihe relarionship

  hetwecn the effect of  the mixing  consolc  and  the condltions

  ot' the rooin  boundarv.                     '
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