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Abstract—The paper presents the acoustics analysis of three different enclosed spaces. These spaces (rooms) 
have different geometrical shapes and sizes and serve for different purposes. The early decay time, reverbera
tion time, clarity and center time are evaluated with Dirac, WinMLS, Aurora and Caracad software using 
simple, low-cost equipment. The listed acoustic parameters were determined using linear sine sweep and 
impulsive sources. Comparisons between experimental measurements, simulations and analytic results were 
done. The room impulse response measurement proved to be the most reliable method to evaluate the prop
erties of different rooms even if the measurements are perturbed by non-idealities of the low-cost equipment.
D O I: 10.1134/S1063771011020229

1. IN T R O D U C T IO N

In  a n  enclosed  space th e  source  sou n d  m eets th e  
walls, ceiling  an d  floor, giving b ir th  to  several re flec 
tions [1—3]. T h e  reflec tions overlap th e  orig inal 
so u n d , causing  d is to rtion . T h e  sen sa tio n  ad d ed  by th e  
reverberation  p h e n o m e n o n  c a n  be  evaluated  sub jec
tively as p leasan t (sp a tia l sen sa tio n  fo r  m usic  lis teners) 
o r  annoy ing  (un in tellig ib ility  o f  speech). T hus qualify 
ing  an d  quan tify ing  th e  acoustic  p ro p erties  o f  enclosed  
spaces is th e  effort o f  c o m m o n  in te res t o f  th e  acoustic  
re search  societies. A ltho u g h  th e  m a in  m easu rem en t 
p ro ced u res  an d  acoustic  p a ram ete rs  are  defined  in  
in te rn a tio n a l standards, th e re  are  still d iscussions in  
th e  lite ra tu re . Special a tte n tio n  is ded ica ted  to  th e  
ro o m  im pulse  response  (R IR ) m easu rem en t (ISO  
3382) because  o th e r  pa ram ete rs  are  ex trac ted  fro m  th e  
R IR  5—7. In  [5], F arina  provides a  com prehensive  
overview o f  R IR  m easu rem en t tech n iq u es w ith  fo u r 
d ifferen t acoustic  sources nam ely: im pulsive sources, 
m ax im u m  len g th  sources (M L S ), lin ea r  sine sweep 
an d  expo n en tia l sine sweep. U sing  a n  im pulsive source  
is th e  sim plest m e th o d  to  reg ister th e  R IR . T h is cheap  
so lu tio n  provides fairly good  m easu rem en ts  requ iring  
o n ly  a n  acoustic  im pulse  sou rce  (balloon , p isto l o r 
firecracker), p ressu re  m ic ro p h o n e , signal c o n d itio n e r 
an d  a  d a ta  acq u is itio n  system . T h e  system  using  M L S  
consists o f  a  com puter, w h ich  genera tes th e  M L S sig
n a l (being a  p seu d o ran d o m  signal), th is signal is 
passed  th ro u g h  a n  aud io  am plifier, a  loudspeaker. 
M easu rem en t errors a re  caused  by th e  n o n -id ea litie s

1 T h e  a r t i c le  is  p u b l i s h e d  in  t h e  o r ig in a l .

o f  th e  am plifie r an d  loudspeaker, thu s th e  accu racy  o f  
th e  R IR  is affected . A  s im ila r system  is used  fo r the  
tim e  delay sp ec tro m etry  (T P S ), w h ich  uses a  lin ea r 
sine sweep signal. H o lters  c o n c lu d ed  in  [7] th a t th e  
T P S  allow s th e  m easu rem en t o f  “ relatively sh o rt 
im pulse  re sp o n ses .” T h e  usage o f  th e  expo n en tia l sine 
sweep signal is also advised by  H olters. T h e  la tte r  
m e th o d  p resen ts b e tte r  results regard ing  th e  signal to  
no ise  ra tio  ( th e  R IR  is co nsidered  to  be  th e  w an ted  sig
nal) th e n  th e  T P S .

A n o th e r top ic  we in ten d  to  to u c h  in  th e  in tro d u c 
tio n  a re  th e  acoustic  param eters . M yriad  o f  acoustic  
param eters w ere defined: streng th  factor, clarity  fac
tors, c e n te r  tim e, early  decay tim e, reverberation  tim e, 
tim e  betw een  in c id en t an d  first reflection , bass ratio , 
in te r-co rre la tio n  index, defin ition  etc. [9, 10]. T hese 
param eters are  n o t in d ep en d en t ones. Based o n  this 
idea C ed ra  et al. p resen ts a  fac to r analysis ap p ro ach  for 
a  do zen  o f  enclosures loca ted  in  th e  S pan ish  c ity  V alen
cia  [11]. T h e ir co n c lu sio n  is th a t a  set o f  o rthogonal 
acoustic  p a ram e te r is en ough  to  establish th e  properties 
o f  enclosed  spaces. E arlier efforts fo r th e  d e te rm in a tio n  
o f  th e  sign ifican t acoustic  param eters fo r Ita lian  opera 
houses ca n  be  found  in  [12] identify ing a  series o f  e le
m en ts th a t affects th e  m easu rem en t o f  th e  R IR .

O u r prev ious re search  ab o u t th e  analysis an d  
im provem en t o f  a  ro o m ’s acoustics using  b o th  so ft
w are an d  h ardw are  too ls is p resen ted  in  [13]. F irs t a 
m o d e l o f  th e  ro o m  is p ro p o sed  tak ing  in to  ac c o u n t th e
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co m p ariso n  o f  s im u la tio n  an d  exp erim en ta l results. 
N e x t im provem ents in  th e  a rch itec tu re  a re  suggested 
an d  th e n  th e  op tim a l p la c e m e n t o f  loudspeakers an d  
listeners is provided .

B o th  c larity  an d  defin itio n  are  m easures o f  th e  d is
tin c tness an d  c larity  o f  sp eech  an d  m usic  [2].

• The cen te r  tim e (T )  co rresponds to  th e  gravity  
c e n te r  o f  th e  im pulse  response  energy:

1.1. Evaluated Acoustic Parameters

T h e  acoustic  p a ra m e te r  evaluation  is based  u p o n  
th e  m easu rem en t o f  th e  R IR  h(t) an d  th e  c o m p u ta tio n  
o f  th e  energy decay curve (E D C ) [4]. E D C  com putes 
th e  energy rem ain in g  in  th e  ro o m ’s im pulse  response 
a fte r th e  tim e  t:

да
J th2 ( t) dt

Tc -   ------------[ s ]. (4)да
Jh 2( t) dt
0

да
E D C ( t) = J h2 ( t )  d x . (1)

t

• The reverberation  tim e T60 is th e  basic in d ic a to r  
o f  aco u stica l b eh av io r an d  is th e  tim e  req u ired  fo r th e  
E D C  to  decay to  —60 dB . I f  V is th e  vo lum e o f  th e  
ro o m , S its surface an d  a  th e  ab so rp tio n  coeffic ien t o f  
th e  walls, floo r an d  ceiling , th e n  T60 c a n  be  estim ated  
acco rd in g  to  th e  fo rm ulas o f  Sabine, Eyring an d  K u t- 
tru ff  respectively  1, 2:

T60 -
0.164V . 

a S T60 -
0.161 F  

-S l n (1 -  a )

T60 -
0 .1 6V

S[ -  ln  (1 -  a ) ]  + A + 4 mV

(2)

w h ere  A is th e  m ean  re flec tio n  coeffic ien t an d  m th e  
ab so rp tio n  coeffic ien t o f  th e  air.

• The early  decay tim e (E D T ) is defined  as th e  
reverberation  tim e  fro m  th e  decay range betw een  0 an d  
— 10 dB o n  th e  E D C  [3]. T h e  E D T  is strong ly  in flu 
en ced  by  early  reflec tions thus depends o n  th e  m easu r
ing  p o sitio n  an d  th e  ro o m ’s geom etry. T h e  associated  
subjective sen sa tio n  o f  th e  reverberation  is strongly  
d ep e n d e n t to  EDT.

• C larity  Cte and definition Dte. C larity  is th e  lo g a
rith m ic  ra tio  o f  a n  im pulse re sp o n se ’s energy before  
tim e  te an d  th e  energy  a fte r te, w here  te equals 50 o r 
80 m s. D efin itio n  is s im ilar to  clarity, b u t expressed in  
% instead  o f  dB.

J h 2( t) dt J h 2( t) dt

Cte = 10logда--------- [dB]; De = да---------- X 100[% ]. (3)

J h 2( t) dt J h 2( t) dt

T h e  c larity  is th e  ra tio , expressed in  dB , betw een  
th e  “usefu l energy” w h ich  is received in  th e  first 
50 (80) m s an d  th e  “d e trim en ta l energy” w h ich  is 
received afterw ards [3].

1.2. Measurement Setup and Software
T h e  acoustic  p a ram ete rs  e s tim a tio n  consists o f  th e  

follow ing steps:

• M easure  th e  ro o m  im pulse  response  (R IR )— in  
o u r experim en ts th e  follow ing eq u ip m en t was used:

— two loudspeakers (o n e  fo r low  frequencies an d  
th e  o th e r  fo r m e d iu m  an d  h ig h  freq u en c ies)— for re n 
dering  th e  excita tion ;

— a p o rtab le  card io d e  m ic ro p h o n e  (dB V H  210)—  
for acqu iring  th e  response;

— balloons in fla ted  a t th e  sam e pressure 
(50 m m  H g);

— firecrackers;

— an  om nidirectional m icrophone (PC B  130D20).

• E stim a tio n  o f  th e  acoustic  p a ram e te rs— th e  
m easu rem en ts  processing  was d o n e  w ith  various so ft
w ares as D irac , W inM L S, A u ro ra  o r  C A R A C A D .

1.3. Evaluated Enclosures
T h e  evaluated  enclosures are  u sed  fo r d ifferen t p u r 

poses. T h e  first ro o m  is a  m u ltiu se  m idsize schoo l ha ll 
s itu a ted  in  th e  build ings o f  th e  “ Iu liu  M a n iu ” T echn i
ca l C ollege in  C are i (R o m an ia ), w ith  th e  vo lum e o f  
app rox im ate ly  1952 m 3. T h e  ro o m  does n o t co n ta in  
an y  fu rn itu re . T h e  seco n d  evaluated  enc losu re  is St. 
M aria  C atho lic  C h u rc h  lo ca ted  in  S a tu -M are  (R o m a 
n ia). B eside th e  regu lar religious services th e  c h u rc h  
gives h o m e  fo r sm aller events an d  concerts . T h e  vo l
u m e  o f  th is  space is 4011 m 3 an d  its fu rn itu re  consists 
o f  w o o d en  benches. T h e  last ro o m  is a n  a u d ito riu m  o f  
th e  T echn ical U niversity  o f  Cluj N a p o c a  (R o m an ia), 
w ith  s im ila r size an d  pu rpose  as th e  first schoo l hall, 
b u t th e  walls a re  covered w ith  absorb ing  m ateria ls  as 
w ood an d  plexiglass.

T his p a p e r p resen ts d ifferen t experim en ta l m e th 
ods fo r a n  objective assessm ent o f  th e  ro o m ’s aco u s
tics, using  sim ple  lo w -co st e q u ip m en t an d  available 
softw are; a  co m p ariso n  regard ing  th e  best m e th o d  is 
provided.
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Fig. 1. The plan of the school hall.

T h e  p a p e r is o rgan ized  as follows: S ec tio n  2 p re 
sen ts th e  estim a tio n  o f  th e  acoustic  pa ram ete rs  in  a 
sch o o l-h a ll, S ec tio n  3 in  a  c h u rc h  an d  S ec tio n  4 in  an  
a u d ito riu m . E a c h  ro o m  was analyzed  in  a  d ifferen t 
way an d  its co nc lusions regard ing  th e  best m e th o d  
w ere used  in  th e  n ex t analysis to  im prove its quality. 
T h e  last sec tio n  p resen ts th e  fina l co nc lusions a lto 
g e th e r w ith  th e  co m m en ts  re la ted  to  th e  acoustic  
p ro p erties  o f  th e  analyzed  room s.

2. T H E  E V A LU A TIO N  O F  A C O U S T IC  
P A R A M E T E R S  U S IN G  S W E E P  S IN E  

A N D  IM P U L S IV E  S IG N A L S

T h e  first exam in ed  ro o m  was th e  sch o o l-h a ll 
d ep ic ted  in  Fig. 1. T h e  m easu rem en ts  w ere ca rried  ou t 
in  164 lo ca tio n s in  th e  room : these  lo ca tio n s a re  n o ted  
w ith  grey po in ts  in  Fig. 1. I t is w o rth  m en tio n in g  th a t 
th e  sch o o l-h a ll was m easu red  w ith o u t chairs. T h e  
sou rce  S is p o in ted  o u t w ith  a  w h ite  c irc le  an d  th e re  are  
two ovens p laced  n e a r  th e  wall (b lack  an d  grey re c ta n 
gles). In  every lo c a tio n  th e  m easu rem en t was p e r 
fo rm ed  5 tim es an d  its m e a n  value was tak en  in to  c o n 
sid e ra tio n . Two types o f  excita tions w ere used: th e  
im pulsive signal o b ta in ed  using  balloons an d  th e  so ft
w are g en era ted  sw eep s in e  signal. T h e  processing  o f  
th e  m easu rem en ts  was d o n e  in  D irac  o r  W inM L S so ft
w ares. In  th e  case o f  th e  reverberation  tim e  estim ates 
w ere provided also by  th e  acoustics s im u la to r  C A R A - 
C A D , acco rd in g  to  (2).

T h e  e s tim a tio n  o f  th e  reverberation  tim e  w ith  d if
fe ren t m e th o d s is p resen ted  in  Fig. 2a. O ne c a n  see 
th a t th e re  a re  n o t im p o rta n t d ifferences betw een  th e  
values o b ta in ed  by m easu rem en ts  in  th e  D irac  o r  W in- 
M L S softw are o r  fo r d ifferen t excita tio n  signals, 
because  T60 does n o t d ep en d  o n  th e  excita tio n  source. 
T h e re  are  s ign ifican t errors betw een  m easu rem en ts  
an d  sim ula tions a t frequencies below  500 H z. T h e  
errors in  C A R A C A D  w ere due  to  ro u g h  ap p ro x im a
tions as: im possib ility  o f  m odeling  th e  com plex  fo rm  
o f  a ll th e  objects in  th e  ro o m , very ru d e  ap p ro x im atio n  
o f  som e objects shape  (circles w ere ap p ro x im ated  by 
hexagons) as well as in  co m p o n e n t m ateria ls  in  th e  
room .

T h e  m e a n  values o f  th e  E D T  are  p lo tted  in  Fig. 2b. 
T h e  co rresp o n d in g  m ean  values o f  th e  clarity, a c c o rd 
ing to  (3), a re  dep ic ted  in  Fig. 2c. F igures 3a an d  3b 
p resen ts th e  frequency  dep en d en ce  o f  th e  clarity  in  th e  
po in ts  be longing  to  th e  lin e  p laced  a t 8 m  d istance  
from  th e  stage (see th e  8 th  lin e  in  Fig. 1). I f  fo r th e  
sweep signal large varia tions are  ob ta in ed  a t h ig h  fre 
quencies, fo r im pulsive excita tio n  th ey  o ccu r a t low  
frequencies. S im ilar sp read  was observed fo r all a co u s
tica l param eters . T hese  errors a re  due  to  d ifferen t sig- 
n a l- to -n o ise  ra tios (S N R ); fo r th e  sweep sine th e  S N R  
has low  values a t m e d iu m  an d  h ig h  frequencies 
(<40 dB ). A t low  frequencies th e  m e a n  value o f  th e  
S N R  is above 40 dB w ith  h ig h  deviations. T h e  im p u l
sive signal has low  values fo r th e  S N R  a t 125 H z, b u t 
fo r o th e r  frequencies th e  S N R  is above 40 dB w ith
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(d) Center time evaluation
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Fig. 2. School-hall characteristics, measured and simulated mean values for: (a) the reverberation time; (b) early decay time; 
(c) clarity; (d) center time.
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Fig. 3. School-hall characteristics: (a) the clarity on the 8th line for sweep sine signal excitation. (b) The clarity on the 8th line for 
impulsive signal excitation.

sm aller dev iations from  th e  m ean  value th a n  th e  sweep 
sine excita tio n  (F ig. 4).

T h e  estim a tio n  o f  th e  cen tra l tim e  defined  in  (4) is 
rep resen ted  in  th e  Fig. 2d . T h ere  are huge differences 
betw een  th e  values ob ta in ed  w ith  d ifferen t excita tions. 
L arg er varia tions were o b ta in ed  w hen  exciting  the  
ro o m  w ith  a sweep sine signal.

A  g enera l rem ark  ab o u t th e  evaluation  o f  th e  
acoustic  pa ram ete rs  can  be d o n e : if  th e  reverberation  
an d  ED T s do  n o t d ep en d  considerab ly  o n  th e  ex c ita 
tio n  source type, th e  lis ten e r’s p o sitio n  o r th e  ro o m ’s 
shape, th e  o th e r p a ram ete rs  are very sensitive to  them . 
T h e  acoustic  pa ram ete rs  are n o t co rrec tly  m easured  
fo r th e  sweep sine signal, due to  th e  large varia tions o f

ACOUSTICAL PHYSICS Vol. 57 No. 2 2011
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Fig. 4. Global error from mean SNR values for the excitation being (a) sweep sine signal; (b) impulsive signal.
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Fig. 5. Plan of the St. Maria Catholic Church.

th e  S N R . T he im pulsive source leads to  b e tte r  m e a 
surem ents. As fo r th e  processing  softw are, b o th  W in- 
M L S an d  D irac  softw ares give sim ilar results.

3. T H E  E V A LU A TIO N  O F  A C O U S T IC  
P A R A M E T E R S  U S IN G  IM P U L S IV E  S IG N A L S  

G E N E R A T E D  BY B A L L O O N S  
A N D  F IR E C R A C K E R S

T he second  analyzed  ro o m  was a c h u rc h ; its p lan  is 
p resen ted  in  Fig. 5. Taking in to  co n sid e ra tio n  th e  p re 
vious experim en ts, th e  m easu rem en ts  w ere p e rfo rm ed  
only  w ith  im pulsive signals; they  w ere g en era ted  by 
balloons o r firecrackers; th e  source S is in d ica ted  by 
th e  w hite  large circle. T h e  m easu rem en ts  po in ts  are 
n o ted  in  Fig. 5 by w hite  sm all circles an d  th e ir  n u m b er 
is 66. T he processing  o f  th e  m easu rem en ts  was done 
w ith  W inM L S , D irac  an d  A urora.

T h e  m a in  o f  these  experim en ts was to  see w h ich  o f  
th e  low -cost devices are m o re  reliable: ba lloons o r 
firecrackers. T h e  first step  was to  m ake 5 m easu re 
m en ts  in  th e  sam e spo t w ith  th e  two available im pulse 
genera to rs. T he ch o sen  spo t for R IR  m easu rem en t 
was th e  4 th  seat in  th e  second  line, n o ted  w ith  A  in  
Fig. 5. To ch eck  th e  repeatab ility  o f  th e  m easu re 
m en ts, we k ep t th e  sam e cond itions: exact positions o f  
source an d  m ic ro p h o n e , sam e pressure o f  th e  b a l
loons, etc.

T he values o f  th e  c larity  o b ta in ed  w ith  balloons 
m easu rem en t are dep ic ted  in  Fig. 6a a n d  th e  ones w ith  
firecrackers in  Fig. 6b; th e  sp read  o f  th e  values 
o b ta in ed  w ith  balloons is larger th a n  th a t o f  th e  fire
crackers.

T he repeatab ility  was ch eck ed  also after do ing  all 
th e  m easu rem en ts  in  th e  66 locations in  th e  ch u rch .
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Fig. 6. Clarity values for measurements done in the point A of the church with impulsive signals generated by (a) balloons; 
(b) firecrackers.

Fig. 7. Global error from clarity mean values for measurements in all the points of the St. Maria Catholic Church with impulsive 
signals generated by (a) balloons; (b) firecrackers.
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Fig. 8. St. Maria Catholic Church characteristics, measured mean values for (a) the reverberation time; (b) early decay time; 
(c) clarity; (d) center time.
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Fig. 9. Maps of St. Maria Catholic Church: (a) map of the clarity; (b) map of the center time.

Figures 7a an d  7b show  th e  e rro r fro m  th e  m ean  value 
o f  th e  c larity  fo r all th e  m easu rem en ts  p o in ts . T h e  
curves p o in t o u t th a t d ev ia tion  o f  results is less fo r fire 
crackers th a n  fo r balloons.

E xam in in g  Figs. 7a an d  7b th e  follow ing c o n c lu 
s ion  is d raw n: th e  firecrackers a re  m o re  reliab le th a n  
b a llo o n s , th e ir  repea tab ility  being  b e tte r  th a n  th a t o f  
th e  balloons. I n  th e  follow ings we co n sid ered  on ly  th e  
m easu rem en ts  o b ta in ed  w ith  firecrackers an d  we esti
m a te  th e  acoustic  p a ram ete rs  using  th e  W inM L S , 
D irac  an d  A u ro ra  softw ares. F igures 8a to  8d show  th e  
m e a n  values o f  th e  reverberation  tim e , E D T , clarity  
an d  c e n te r  tim e. T h e  ob ta in ed  values do n o t depend  
o n  th e  used  softw are.

To have a  b e tte r  in sigh t in to  th e  acoustic  p roperties 
o f  th e  c h u rc h  m aps o f  th e  acoustic  p a ram ete rs  sensi
tive to  th e  lis te n e r’s p o s itio n  w ere p lo tte d  (Figs. 9a

an d  9b). I f  fo r th e  c larity  m ap  (F ig. 9a), th e  w h ite  co lo r 
co rresponds to  —4 dB , th e  b lack  is fo r —8.4 dB . K n o w 
ing th a t negative values m ean  reverberan t spaces an d  
positive values d en o te  dead  spaces an d  th a t th e  o p ti
m al c larity  values d ep en d  o n  type o f  m usic , th e  ch u rc h  
is very good  fo r listen ing  to  o rgan , co ncerts , b u t n o t to  
conferences. In  Fig. 9b w h ite  is associa ted  to  220  m s 
an d  b lack  to  290  m s; fo r m usic lis ten ing  th e  c e n te r  
tim e  m u st have large values (>70 m s).

4. T H E  EV A LU A TIO N  O F  A C O U S T IC  
P A R A M E T E R S  IN  A N  A U D IT O R IU M

T h e  th ird  analysis exam ple was a n  au d ito riu m ; its 
p la n  is p resen ted  in  Fig. 10. In  th is  case th e  im pulsive 
so u rc e  was g e n e ra te d  b y  fire c ra ck e rs  a n d  e s tim a tio n  
o f  som e acoustic  p a ram ete rs  was also prov ided  by
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Fig. 10. The plan of the auditorium.
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a  sonom eter. T h e  sou rce  S was p laced  in  th e  fro n t p a rt 
o f  th e  au d ito riu m  (see w h ite  large circ le  in  Fig. 10) an d  
th e  m easu rem en ts  w ere d o n e  in  th e  spots p o in te d  ou t 
by  sm all w h ite  c ircles in  Fig. 10. T h e  d a ta  processing  
was d o n e  w ith  W inM L S , D irac  an d  A urora.

F igures 11a an d  11b show  th e  m ean  values fo r th e  
reverberation  an d  ED Ts. T h e  values ob ta in ed  by  m e a 
su rem en ts are  sim ilar to  th e  ones prov ided  by  th e  
sonom eter, so th e  valid ity  o f  th e  m easu rem en ts  w ith  
firecrackers follow ed by  softw are processing  is c o n 
firm ed. F igures 11c to  11d p resen t th e  m e a n  values o f  
c larity  an d  c e n te r  tim e  in  th e  au d ito riu m .

5. C O N C L U S IO N S

T h e  p a p e r is focused  o n  th e  estim a tio n  o f  th e  
acoustic  p a ram ete rs  o f  a  room . T h e  evaluation  is based  
u p o n  th e  m easu rem en t o f  th e  ro o m  im pulse  response. 
T h e  best sim ple  an d  lo w -co st m e th o d  to  excite th e  
ro o m  was fo u n d  to  be  th e  g en e ra tio n  o f  im pulsive sig
nals using  firecrackers. Softw are processing  o f  th e  
m easu rem en ts  lead  to  th e  sam e values w hatever so ft
w are was ch o sen  (W inM L S, D irac  o r  A uro ra). A t th e  
sam e tim e  th e  ob ta in ed  values fo r th e  reverberation  
an d  E D T  are  sim ilar w ith  tho se  p rov ided  by  a  so n o m 
eter.

I f  th e  reverberation  an d  ED Ts do n o t d ep en d  c o n 
siderab ly  o n  th e  ex c ita tio n  sou rce  type, th e  lis ten e r 
p o s itio n  o r  th e  ro o m ’s shape , th e  o th e r  p aram eters  
(clarity, c e n te r  tim e) are  very sensitive an d  m aps o f  
th e ir  values ca n  h e lp  sign ifican tly  in  th e  im provem en t 
o f  th e  ro o m  acoustics. I t is w o rth  m en tio n in g  th a t th e  
sch o o l-h a ll was m easu red  w ith o u t chairs  an d  th e  o th e r 
two w ith  seats. N e ith e r  o f  th e  room s is po p u la ted .

In  w h a t is th e  reverberation  tim e  co n cern ed , a ll th e  
analyzed  room s a re  in  th e  range fo r co n cert-h a lls  
(>1.6  s). T h e  typ ica l range o f  c larity  C80 is from  ab o u t 
—5 to  + 3  dB [1]. T h e  c h u rc h  is a  very reverberan t space 
w h en  n o t p o p u la ted , so it  is su ited  fo r o rgan  concerts . 
In  th e  c h u rc h  in tellig ib ility  is p o o r  (C 80 < —4 dB ). 
F ro m  th e  c larity  p o in t o fv iew  th e  S ch o o l-H a ll an d  th e  
a u d ito riu m  is su ited  fo r sym phon ic  concerts . T h e  c e n 
te r  tim e  is a  m u c h  m o re  stab le  aco u stica l p a ra m e te r  
th a n  clarity  an d  defin ition . H ig h  sp eech  in tellig ib ility  
is in d ica ted  by  low  values (<80 m s), so all th e  analyzed  
room s co u ld  be  used  fo r m usica l events.
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