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1 .0  I n t r o d u c t i o n

It was recognized by loudspeaker manufacturers that the 
loudspeaker and the room form an acoustical ''marriage" which 
together determine the sound quality perceived by the listener in 
the room. Efforts by loudspeaker manufacturers in the last 
decade to further im prove the quality of a loudspeaker by 
improving its free-field or anechoic response have resulted in 
very high standards of performance. This level of performance 
however is not available when the loudspeaker is placed in its 
intended environment: the listening room. This is due to the 
room modes and sound reflections coloring or altering the 
response perceived by the listener, no matter what position the 
loudspeaker or listener occupy in the room.

In the presence of reflecting surfaces, the direct or on-axis sound 
of the loudspeaker will be summed with the reflections of all the 
off-axis response and form the total response at the listening 
position. Room modes which occur in any closed room, no 
matter what the shape and degree of sound absorption applied, 
also affect the response at the listening position.

The desire to im prove the measured as well as perceived 
response at any listening location from any typical loudspeaker 
position led a group o f  loudspeaker manufacturers to form a 
research consortium (CARC) and participate in a joint venture 
with the NRC. The collaboration was called the Athena project, 
whose purpose was to improve the overall quality of sound 
reproduction by loudspeakers in rooms with the use of digital 
signal processing! This paper sets out to demonstrate the 
technical performance of the current CARC/NRC DSP engine 
and its associated software.

2 .0  Eff'cct o f  L o u d s p e a k e r  p o s i t io n

For the purposes of this experiment, a single loudspeaker, 
model CF-150 by State of the Art Electronik, was placed in 12 
different locations in the new listening room at NRC. There 
were six different lateral positions and two different heights. 
Measurements were made at six different listener locations 
around a central area. The room with source (SO to S5) and 
microphone (MO to M5) positions is shown in Figure 1. The 
room at NRC is designed to emulate a typical good quality 
domestic listening room. The particular loudspeaker was chosen 
for its flat free field response and its small size, allowing it to 
be placed at different heights and lateral positions, near or far 
from the room boundaries. The source positions were chosen to 
mimic typical loudspeaker positions. The six microphone 
measurement positions were chosen to cover a usual listening 
area. Six m easurem ents were made for each loudspeaker 
position, resulting in 72 total measurem ents for the un­
equalized case. The same procedure was used for the equalized 
case. Based on methods found in the Athena project, all the 
measurements for a given source position were combined to 
yield a single  response  curve. This result ing  curve is 
representative of the perceived response in the listener area, as 
based on psycho-acoustic testing.

Figure 1. Listening room layout showing source positions SO to 
S5 and measurement positions MO to M5.

The 12 response curves for the unequalized case are shown in 
Figure 2. The absolute level is arbitrary, and all curves were 
matched to this arbitrary level using A weighting. The 

responses show a wide variation of ± 11 dD in the region below 

400 Hz. This is due to the effect o f  room modes and of 
reflections by the boundaries o f  the off-axis portion o f  the 
loudspeaker output combining in and out of phase with the on- 
axis output. The loudspeaker is an omni-directional sound 
source in the low frequencies and its total output is important in 
determining the resulting response. It is obvious that the large 
variations in the measured response are due to the room's effect 
and not dependent on the loudspeaker's response curve. A 
change in the loudspeaker might tilt the overall envelope of the 
curves, but not change the deviations from the mean. The 
response above 400 Hz is quite uniform and independent of 
source position. Small deviations from a flat response are 
mostly determined by the loudspeaker and high frequency 
absorption characteristics of the room.

3.0 D S P  I lased E q u a l i z a t i o n

The large variations in response measured at the listening 
position from the same loudspeaker mean that the listener is 
completely dependent on the loudspeaker position for the 
perceived sound quality. This assumes that the loudspeaker has 
been selected and the room is in its final form. These conditions 
represent the vast majority of loudspeaker installations in 
recording studios and home listening environments. Listeners 
are very rarely at liberty to make geometrical changes or 
absorption changes in rooms which will improve the response 
below 400  Hz in a predictable manner. Thus a form of 
equalization is required  w hich will com pensate  for the 
deleterious effects of the room on the loudspeaker. The current
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Figure  2. Frequency response  m easurem ents  for 12 loudspeaker 
source posi tions for the unequal ized case

method is to measure the response  us ing a microphone and some 
form o f  m easu rem en t  sys tem. Then  a 1/3 pc tave or parametric  
equalizer  is used to set the response  to a particular target. 

M easurem ents  are usually  performed at a single listening point 
and the equalizat ion is adjus ted for this single measurement.  It 
was de te rmined during the course  o f  the Athena project  that this 
is not  a good solution as ju d g e d  subject ively.  In any case  the 
1/3 octave frequency centres  and filler shapes do not coincide 
with the peaks and dips in the measured response  and parametric  
equalizers  do  not  have  enough  bands  to accurately  correct the 
m easured  response.  A co m p u te r  control led  equalizat ion scheme 
was devised to correct the effects o f  (lie loudspeaker position.

The  room response can be equalized in the time domain or in the 
f req u en cy  dom ain ,  using  va r ious  weigh ting  and w indow ing  

func tions.  E qual iza t ion  in the time dom ain  can  p re se rve  or 
im prove  the overal l  phase  response,  whi le  equalizat ion in the 
frequency domain effec tively only equal izes the m in im um  phase 
pa r t  o f  the response  due  to the  p resence  o f  all -pass  phase  
c o m ponen ts  in the very co m p le x  room  response .  It has long 
been  known by loudspeake r  m anufac tu re rs  that the frequency 
m agni tude  response  is the best s ingle  e lem ent  to improve  for 
increas ing the fidel ity ra t ing  o f  loudspeakers .  W hile  listeners 
may be sensi t ive to phase  effects under  cer tain  conditions, the 
most  benefit  is obtained by equalizing the magnitude response. 
Th is  can be com b in ed  with som e form o f  impulse  response  
equal iza t ion,  bu t  only  in the limit  w here  the sound reflections 
being cance led  with " inverse"  re f lect ions  do not  impair  the 
perceived quality. It is very important  to check the effects on 
the perce ived quali ty  o f  any added digital  equal ization,  as the 

ear-brain  percep tion  sys tem  o f  the l is tener is very sensi t ive to 
some forms of  time aberrations and very insensi tive to others in 
small ro o m  acoustics.  Equal iza t ion  which appears good to the 
eye when the impulse  response  is viewed may sound very poor 
to the lis tener. The  sound field is three dimensional  and varies 
in frequency , time and direc tion of  arrival. A purely engineering 
type o f  approach to response equalizat ion was generally judged 
un accep tab le  by l is teners  du r ing  the course  o f  the Athena  
pro jec t .

The  equalizat ion used for the results shown in Figure 3 was based 
upon 3 years  o f  research in the Athena  project . First a target 

re sponse  is de te rm ined .  For  the i l lustra tion o f  the equalizer  
performance in this paper,  a flat target was used with a 4th order 
low-pass  at 18.5 kHz  in cascade with a 4th order  high-pass at 39 
Hz. T h e  band l im it  cha rac te r is t ic  o f  this target  in the low 
frequency range  is required not  to overpower  the woofer below 
its natural  cut-off  frequency while  the upper frequency roll-off  is 

required to match the anti-alias Filter characteristic due to the

Figure  3. F requency  response  m easu rem en ts  for  6 loudspeaker  
source positions for the C A R C /N R C  D SP engine equal ized case.

44.1 kHz sampling frequency used. T he  anti-alias filter response  
was not compensated  for  in the m easurem ents .  A flat  target 
re sponse  in the room  is not, a p r io r i ,  the des i red  targe t  for 
optim um perceived quality, but was used  here for  simplicity. 
Figure  3 show s the re su l t  o f  the r e sp o n se s  for  6 equal ized 
loudspeaker posi tions, SO to S5, a t  one  sp eak er  height.  As can  
be  seen by comparing figure  3 to f igure 2, there has been a vast 
im p ro v e m en t  in the re sponse ,  w h ich  n o w  a lm o s t  perfec t ly  
matches  the target.  T he  small unequal ized  f req u en cy  response  
dev ia t io n s  f rom  flat  ab o v e  4 0 0  I Iz  w h ic h  w e re  d u e  to 
loudspeaker 's  r e sponse  have  been  co rrec ted ,  whi le  the large 
response  dev ia t ions  d u e  to the l o u d sp e ak e r - ro o m  inte ract ion 

be low  4 0 0  I Iz  have been  v i r tua l ly  e l im in a ted .  T h e  en ti re  
equal iza t ion  p rocess  for  12 sp eak er  p os i t ions  is com ple te ly  
automatic,  requir ing no user decis ions,  and thus e l iminates  the 
current  practice o f  user control led  equalizat ion ,  which  has often 
resulted in overcom pensat ion  and colored response.

4 . 0  C onc lu s i on

It was shown that var ia t ions in responses  due to loudspeaker  
position, measured and com bined  o v e r  6 l is tener posit ions were 
o f  the order o f  ±11 dB. T he  loudspeaker  posit ion was  show n to 
be the dominant  effect in the measured  response  be low 400  Hz. 
It was then shown that the C A R C /N R C  D SP based engine could 
r educe  the va r ia t ion  in the m ea su re d  re sp o n s e  to ±2  dB, 

i n d ep en d en t  o f  the lo u d sp e a k e r  pos i t ion .  T he  co m p u ta t io n s  
required were accomplished without  the need for user interaction, 
thus pe rm it t ing  full a u to m a t io n  o f  the sy s tem .  Any target  
desired could easily be matched .  T h e  very h igh pe rform ance  of  
this system will allow us to p roceed  to the next  generation of  
s tudio m onito r  loudspeakers.
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