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Psychoacoustics and Stereo Imagery
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I N MY LA ST TWO CO LU M NS I D IS­

cussed the tec hnologies and pur­
p o ses of sig nal pro cesso rs. I
indi cated t hat t he major troub le
areas in aud io reprod uct io n are
noi se, dynami c-range limitation s,
fr equ en cy bala nce, and spat ia l
imagin g. I covered t he f irst three
probl em s in past co lumns ; now

let 's take a brief look at t he theory
of stereo percepti on and the way
t hat ce rtai n produ cts can affect
and enhance the stereo illusion .

Auditory localization
The human ear/brain's abil ity to

localize sound sources is impo r­
tant for at least two reason s: It en-
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abl ed o ur rem ote ancesto rs to
det ermine th e preci se direct ion
from which th e saber-to oth ti ger
was co ming (as a guide to the d i­
rect ion in w hic h they should be
go ing), and tod ay it provides th e
ability to co nst ruct a stereo image
psych oacou sti cal ly fro m two or
mor e sound sources.

There are two di ff eren ces be ­
tween t he so unds reachin g o u r
ears th at we use to achieve lo­
calizati on: tim e-of- arrival dif­
f eren ces and so u nd -press u re ­
level differ en ces. In add iti on ,
th ere is some evid ence t hat fre ­
qu en cy-respon se diffe rences be ­
tw een t he ea rs d ue to h ead
d iffract ion assist t he local izat io n
process, but th e prese nt view is
th at th e cont rib ution is small, no
matter how large the head. In gen­
eral, di ff eren ces in arr iva l t imes
are used to localize lower-frequ en­
cy sound sources, and differences
in level are used fo r the higher fre­
qu en ci es; th e b rain 's crossover
point between t he two is about
1200 Hz.

There's a good reason w hy yo ur
ear/ b rain mech an ism uses (act u­
all y, need s) two di ff eren t cui ng
mechanisms for localizati on. For
wavelength s in the mid- to high­
frequ ency ranges, your head is an
acou sti c barri er t hat parti ally
blocks th e sound reaching the ear
m o st di st an t f ro m t he so u n d
source . The d ifference between
the ears is abo ut 16 dB at 5,000 Hz,
falling to abo ut 7 dB at 1,000 Hz.
Wh en t he freq uency i s l o w
eno ug h (i . e. , the wave le ngths
lon g enough), the head ceases to
be an adequate baffle and essen­
t ially t he same signa l level is heard
by both ears.

However, yo ur brai n st il l senses



Improving the image
A n ap p rec iatio n of t he earl

b rain 's stereo spa t ia l perception
mech anism is hel pful in un der­
stand ing the techniques used by
th e vario us stereo en hancers, im­
agers, and synthes ize rs. Here are
some commo nly used techn iques.

t he d i ffer en ces in arr iva l t ime
(phase) between the signals reach­
ing yo u r two ears-which is about
0.6 mil lisecond from a source lo­
cated fu lly o n one side of the head
or t he other-and that information
provides the data needed for lo­
calizatio n. Below 200 Hz or so,
w here wavelengths are very long,
arriva l-t ime di ffer ences begi n to
di sappear and di rect ional ity be ­
gins to be lost. That , by the way,
explains why the sound fro m sub­
woofers is non -di rect ional.

• In a normal stereo record ing in
which two speakers are used to
reprod uce each performer and in ­
strument, there is a larg e amount
of "inter-aural crossta lk ." In other
words, too much of the left-chan­
ne l sound intended only for the
listener's left ear reaches his right
ear, and vice versa . Polk 's SDA
speakers, shown in Fig.1, and Car­
ver's electronic "Holographic" cir­
cu it s ach ieve the i r effects by
aco ustical ly (Po lk) or elec­
tro n ica lly (Carver) nu lling the
sound that reach es each ear from

Unnatural stereo the oppos ite, unwanted channel.
What I've ju st descri bed is the Th e e n hancement that resu lts

way th e ear localizes th e source of fro m t hat proced ure has to be
natu ral sounds. A lt ho ug h ste reo heard to be be lieved. The sound
rep rodu cti on makes use of the stage is no lon ger confi ned to a
same -pe rceptua l-mechanis ms to - narrow ly defined space between
gene rate a spat ial im age, the pro- the r ight and left speakers; de-
cess of ste reo reprod u cti on pending upon the program mate-
provides di ff erent and somewhat ria l, it can form an arc of almost
probl em ati c raw materi al for the 180-degrees in front of the listener.
ear/brai n to work with. Prob lems • Some imaging devices manipu-
arise because part of the sound late the phase of the two channels .
produced by each mu sical inst ru- Others ext ract the left-min us-right
ment and performe r in a reco rdi ng signal (w hich represents the dif-
almost always ap pea rs in both fere nce between the two chan -
channe ls and is rep ro du ced by nels) and use it to enhance the
two w ide ly spaced speakers . "rightness" and the " Ieftness" of

So if yo u hear a centered soloist, eac h cha nnel. Th at tec hnique,
both r ight and left speake rs are w hich has been used in several re-
cont rib ut ing in equal measure to ceive rs, can substantially broaden
th e illusion. But w hen a voca list o r the stereo sound stage.
mu sical inst rume nt appears more • Mo no -to -stereo synt hesizers
to th e left o r to th e righ t , the loud- "comb-fi lter" the audio spectrum
ness/phase differen ces in the two int o three or more segme nts (the
sig na ls reaching yo u r ears have more, t he better), putt ing alter-
t ilted yo ur perc eption in one d i- nate bands in each channel, and/
recti on or another. or ph ase shifting each of t he newly

For example, w hen you are li s- ge ne rated channe ls in oppos ite
te n ing to a we l l -reco rded jazz di rect io ns . Th o se c ircu its are
group, each per fo rm er (plus w hat- fo und in some audio/video prod-
ever reverberant hall sound might ucts; their intention is to provide a
be capture d) is represented by two ste reo effect from mono sou nd
sig na ls, o ne in eac h chan ne l. It t racks and broadcasts.
sho uld be obvio us that stereo re- • Several loudspeaker manufac-
p rod uction is a tota lly artificial turers have rearranged the sound-
(and, as yo u can see, surprisingly f ield propagation of their products
comp lex) process th at wo rks by (by the use of acoustical and elec-
manipul at in g-an d mis leading- trical delays) to offset some of the
the ear's normal sound-Iocaliza- spatial constrictions and ar-
tion proced ures. tificia lities introduced by normal

ste reo reproduction . AR's Magic
Speaker and dbx's speaker sys­
tems embody that approach.
• T i me-delay devices e lec ­
t roni cally de lay a portion of both
right and left cha nne l signals sepa­
rate ly and feed them into strate­
gically pl aced rear speakers as a
means of emu lat ing the acoust ic

time delays found in large concert
halls .

I've probably neg lected a few
special techniques during my
once-over-Iightly treatment, but
my purpose was to remove some
of the technical mystery from the
various products , not to create a
catalog .

Four-channel revisited
A new breed of audio processor

has come into prominence re­
cently. To the audio old -timers
among us, they may seem some ­
what rem iniscent of the quad de­
coders of the early sevent ies. To
distinguish the new prod ucts fro m
their multicha nnel predecessors,
these new products are referred to
as Sound Field or Surrou nd Sound
Processors, Home Theat re Sound
Systems, or simp ly Dol by Sur­
round Decoders. The processing
in the more complex units is do ne
mostly by digita l means. We' ll look
at those units next month alo ng
with some of the reasons why ste­
reo doesn't work right. R-E
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