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In ihe past dccadc, television broadcas ts  have increasingly  
been available in stereo. The availabili ty  o f  stereo Video 
C asse t te  R ecorders  has a lso  increased interest in home theatre. 
F i lm s  have used m ul t i -speaker  arrays to create bet ter  imaging 
and  this has filtered dow n into v ideo tapes  o f  those films by 
using  Dolby Surround  encoding.

W hen  a record ing  is m ade  using Dolby Surround ,  four  
signals arc encoded into two channels  for storage.  Upon 
playback,  a Surround  Sound  decoder  is required.  Dolby Sur­
round  ccrtain ly sounds  different from stereo but offers  little 
im aging for rear sounds.

An A m bison ic  system uses three o r  more  channels  to e n ­
code the sound for reproduction .  By using more channels  o f  
information ,  a bet ter  reproduction  o f  the image is obtained. 
A m bison ic  systems also  easily  a l low for the addit ion o f  more 
speakers.  At the m in im um , there must be as many speakers 
as channels. A dd ing  m ore  speakers will im prove imaging.

T he  investigation is started by considering a p lane wave. 
T h e  p lane  wave is at an ang le  ij' with respect lo the forward 
po in t ing  x-axis. ( In A m b is o n ic s . i t  is cus tom ary  for the x-axis 
to poin t forward and for the y-axis  to poin t lo the left). At 
a field (or listening) poin t ,  the plane wave can be described 

by Sxj, =  p ^ ctkrcas(,l>-'l’) ' w hich  is in polar coordinates  (i.e. 

radius ra t  an angle  <j>). k is the wave number,  »/’ is the azimuthal 
angle the original plane wave makes with the x-axis,  r is the 
d is tance from the origin o f  the co-ordinates  (which is typical ly  

the centre  o f  the l is tening ;irea), i is \ / —T and is the peak 
pressure  or am pli tude  o f  the wave.

The plane wave can be expanded  in te rms o f  spherical  
harm onics to be o f  the form: [ 11
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where ,/0 and arc cyl indrical  Bessel funct ions o f  the first 
kind.

F o ra  system with N loudspeakers  that are equidis tant from 
the centre  location and in a regular array (i.e. equal angles  
separating the speakers) , the plane wave signal from the nth 
loudspeaker  is given by: [2]
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where P„ is the pressure  from the nth speaker , and 6 U is the 
angle o f  the nth speaker.

If we sum over  each o f  the N signals from the speakers and 
match this sum with the original plane wave, the following 
can be noted:
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The above equat ions  represent the m a tch ing  conditions 
for the spherical harmonics . By matching all the orders of 
spherical harmonics ,  the original plane wave can be repro­
duced at the centre  o f  listening area. Clearly, it is unfeas ible 
to reproduce a ll  o f  the spherical  harm onics as there are an 
infinite num ber  o f  them. For  the present case only  the first 
and second order  limits  arc considered.

Equation (3) gives the first o f  the A m bisonic  s ignals which 
is the pressure o f  the wave, which  is denoted  by W. The 
next order, m = l ,  gives the next two A m bisonic  signals ,  .V =  

c o s ( </’) and Y  =  /y, sin ( «/’)- The second-order  Ambisonic  
signals  arc U  =  c o s ( 2 0 )  and I '  =  I ’y, s in(2i/ ') . With those 
five signals ,  a p lane wave can be described up to second-order .

O ne  way o f  analyzing  this system is to look at the in­
tegrated wavefront error. This  is done by integrating at a 
constant value o f  kr around the origin the difference between 
the original  plane wave and the sum o f  the speaker  signals, 
m
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W ilh  this equation, il is then possib le to model various 
sized systems. B y  graph ing the results fo r  d iffe rent numbers 
o f  speakers and layouts, il is possib le to gauge how effective 
an A m b ison ic  Sound System could be. The above equation 
is fo r a second-order ( l ive  channel) A m b ison ic  System. By 
dropp ing  the terms in v o lv in g  cos(2 i/') and sin(2 (/•), (he model 
is correct to first-order.

In order to compare the A m b ison ic  resulls w i lh  rcg- 
uk ir  stereo and D o lb y  Surround, equations fo r  these sys­
tems arc required. For the stereo case, w i lh  speakers at 
fix =  —<j>2 and w ith  L =  P\ and R =  I \ .  the signals arc:

( =
+ sin ô »,
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Stereo o n ly  matches the ve loc ity  o f  (lie plane wave but not 
its pressure. D o lby  stereo adds three more speakers driven 

as fo llow s: a centre speaker w i lh  H) and tw o  rear

channels as ( L =f l i) .  It should be noted that D o lb y  Stereo 
reproduction fs not qu ite  this s imple. For example, D o lby  
Surround Systems put a delay o f  a few m illiseconds on the 
rear speakers. The rear signals are also l im ited  to 7kH z. ( 3] 

A m b ison ic  systems have as a general speaker signal: [4]

P„ =  ( I I '  +  2 c o s ( ^ „ ) .V  +  2 s in ( 0 „ )  V
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where fo r a l irs t-o rder system U  and V  arc zero.
A s a  test o f  the various systems, a plane wave was modeled 

at an angle o f  15 degrees. For reproduction , each o f  the 
systems w o u ld  have to recreate a plane wave at 15 degrees. 
The stereo system had speakers placed at ± 3 0  degrees. The 
D o lby  System had the tw o  speakers as in the stereo case, plus 
a centre channel and tw o  rear channels at 150 and 2 10 degrees 
(i.e. 180±  30 degrees). The A m b ison ic  systems had speakers 
placed at 30, 90, 150, 2 1 0 ,2 7 0  and 330 degrees. The plots o f  
D versus k r  fo r the various systems arc shown in F igure 1.

Both stereo and A m b ison ic  systems o ffe r  fa ir ly  good 
im aging fo r  lo w  values o f  kr. Th is  w ou ld  correspond to low  
frequencies o r fo r local ions close to the centre o f  the lis ten ing 
area. The A m b ison ic  systems are c learly  much belter at loca l­
izations near the centre o f  the Iis ien inn area than is the stereo

Figure I: Plots o f  the D error versus k r  fo r  #/* =  15 fo r (a) 
Stereo (b) D o lby  (c) A m b ison ic  ( l irs t-o rder) w i lh  six speakers 
and (d) A m b ison ic  (second-order) w i lh  six speakers

system. D o lb y  offers very l iu le  im ag ing  anywhere. T h is  is 
understandable as the D o lb y  System is m a in ly  fo r  ambient 
effects. The farther one gets from  the centre o f  the lis ten ing 
area, the worse all fo u r  systems gel. A t  k r=8  there is very 
l i t t le  d iffe rence between the four systems.

The A m b ison ic  systems o ffe r  tw o  im portant im prove­
ments over stereo and D o lby  methods. The first is that they 
o ffe r  bo iler im aging. A n  am bison ic system is able to image 
over 360 degrees, fo r  example. The second benefit is that the 
effective area o f  l is ten ing is increased.

In conclus ion , ll ie  second-order A m b iso n ic  system offers 
improved im ag ing over a w ide r area than Ihc f irs t-order sys­
tem and is suitable fo r  larger rooms. A  lirs t-o rder system is 
better suited fo r  the sm aller home cnv io rnm cn l.
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