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'phones arc attached lo walkman-type por
lable casselle, CD or FM units, lmprove
ments in larger, home-type stefeo head
phones have made headphone lstening an
impodant part ol many home anusic syster.s.
Yei none ol the source material beng lls-
tened lo by lhese headphone wearers was
recorded for proper payback via phonesl
Standard recordings usually sufler lrom an
exaggerated separatlon which conc,Antrates
sounds al the two ears and /rside the head
rather than provlding a natura pacement
ouiside the head, across the stereo slage.
Furlher ord nary two-channel recording falls
lo lake into account the complexities ol hu-
man hearing, especally lhe transfef luncton
characterislics of the plnnae i.e., the lre-
quency-response and arval-time d iler
ences caused by tl're ouler ears

For those unfamiliar wlh lhe concept, I
sta.t by delin ng binaura sound. ll is a sys-
lern ernploying two microphones, preferably
mounted in an artilicial or dummy head but
ol ten merey spaced lhe same distance
apart as human ears or placed on or ln the
recofdists own ears. Two comp eley inde-
pendenl channels are used and lhe lwo
signals are led, al  the end of the chaln, lolhe
separale sldes ol a pair ol stefeo head
phones worn by lhe lislener lhe original leit
m ke feeds the lelt ear, and vce-versa

At hea( this is lhe slmpest poss ble melh-
od ol reprcduc ng sound (afler, perhaps lhe
trn-can teephone). And this may be why it
was invented only a few years after the pho
nograph: ln 1881, C ement Ader exper menl
ed with lransmissions from the Paris Opera
using pairs ol eary telephone transmlters
Lately, binaulalrecording has benefted from
the interest in spalia aspects ol psycho-

t\til r
n lhe lasl decade more than 200 mi ion
stereo headphone sets have been sod in
the U.S. alone. Whie the majoiiy ofthese

acouslics that has led to such deveopments
as Dolby Surround, Caruer Sonic Hologfa
phy, Hughes/Sony SRS, and various amb-
ent-s!rround syslems.

In the March 1986 lssue ol Audio, I pre
senled a historyol binauralsound. In Part lol
lhis artlcle, ll ook at the inherent probems
ot blnaural sound research projects going
on now, some slil unanswered quesiions,
and various approaches to dummy head de-
sign, nc ud ng the most recent improve,
menls. In Part  l l ,  ' l i  explan lhe el fects ol
di l ferences in headphones, equal lzaton,
and noise-reduction melhods (not to menton
difierences in steners hearing); new melh-
ods ol achieving binauraL reproduction via
loudspeakers and binaufal effects wlh ord
nary, lwo-channel materlal on headphones;
bnaural motion-picture sound, and some
suggesiions for do- t-yourself improvernents
in binau.al llsten ng.

The biggest drawback to binauralsound s
obvious-one norma y has to wear stereo
headphones with their logistca probems
and lhe r imitation ol the number ol steners
who can hear the same source Loudspeaker
playback ol standard binaural record ngs re-
su ts !n a dlslanl, oif mike sort ol sound with a
lack ol stereo sp:iUality. There is too rnuch
ambience, which seemsto mufilelhe oig na
sounds, and the bass acks tulness. A sec-
ond limitaton: Only record ngs that have
been binauraly made can be heafd binaural
y-and ve.y few recordings have been
made this way Berl Whyte has poinled out
how simple and inexpensve lt would be for
mosl rccord ng companies to sel up a durn-
my head and make a blnaural recordlng at
lhe same lime lhey make lhe maln siereo
maslert with mulii-track sessions, it could
even be p aced on lwo spare tracks ol lhe
maslertape. However,lhe only abe that has
done thls, to my knowedge, is Sonc Ai(s.
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A basic bnalral recordrng. made wlth a
standard. !nimproved dummy head, poses a
number of probems lor a lotaLly rea stic por-
traya ol the sound lied at the recording
locaton. The idea of bina!ralso!nd is to pul
you. head wherelhe recordlng was made-a
lolal  sound reco ecton experence Yet d-
recl front and rear spalia localization is nol
as accLrrate as ateral Locallzation (Fig. 1)
Frontal sounds also us!ally seer. eevaled
from lheir  pacernent al  Ihe orgina record
ing. These eflects d IIer trom one istener to
another many peopie, n fact have diff cu iy
locat ng natLrra soLinds that are in the same

The ab ly to dlslngulsh locallons n Ihe
ve(ica directon s also reatively poor with
basc bnaural  recordlngs When a movng
souncl-slch as a person waklng by ln a
stralght line ln front of lhe dLrrnmy head is
playecl back rnany headphone isleners
hear the sound describ ng an arc ln lront of

La.at zahon an d nav enenl
sensnivily plal showng

b t n aDt at hea h ng ptocess

ptnnae tot saunds han

TIIE IDF-A OF BINATIRA', SOUND IS TO PUT

MADE, FOR A TOTAII SOI-ND

lhem rather than lhe accurate straight llne.
Discrepancies of trequency response some
lir.es ca!se nol only aud ble deviations lrom
llat  response but also conlused spatalcues.
Dl l ferences n headphones, equa izal lon
and hearifg are al laclors All of thls has
been summed up as lhe problem of lhe com
patbillty of produclon and reproduclion in

Slandard stereo record ng and reproduc,
ton are based on lhe lheory, he d for rnany
years. that lhe relatve posltons of soLrnd
soufces are cued by interaura (belween the
ears) di f ferences in the l ime of arrva, inten
sily, and phase The phase dillerences are
used to ocalize sounds between about 200
and 700 Hz. Above 1 500 Hz amp lude dif,
Ierences are fel lo be the main contribulors
Between 700 and 1,500 Hz, both phase and
amplitude difierences are used lo determ ne
difecllon ol sounds n lact. most m xing con-
soles work ony with nlensity differences to
pace souncls in lhe horizontal  pane be
tween the speakers. Work wlh four channel
sound In the 1970s, made i t  c ear lhal  nlen
sly cues aone were not sul icef l  lo glve
proper srde and rear images

Loca zat on cues by rneans oi arnp tude
were found by ifvesligalors to be nsufi cienl
lo deine source posiUons slrch as directy
in lronl or "d recty behind, where lhe
sounds prodLrced at each ear have ihe same
phase. lnlensi ly,  and arrva l lme. Out of lh s
carne reseafch sfrow ng that additonal oca,
zaton cues are created as lhe ncldenl
sound s rellected by the convo ulions of lhe
pinna ol lhe ear. The theory s that lhese
convolllions act as minLrle reiectors lo cre-
ate shon time de ays. causing a comb i ter
el lect in lhe l requency response (Fgs.2 and
3). More information about these plnna trans
fer lunctons has been the goa of many re-
searchers lry ng lo fu y understard audilory
maglng the cockla pary effect, the Flaas
o. precedence ellect. and olher phenornena.
Not a I of these eflods are directed loward
nrproving binaural recording and reproduc-
ton. bul they all make uselu conlribulions
toward lhe record ng arts.

Another discovery was the mportance of
the envelope oJ ihe sgna as a loca zaton
cue. t was found that transents are more
easly ocal ized than contnuous sounds
Some oi the cues coud aso be omned
wthout serlous eifects on loca zaton as
long as olher cles were presenl The prob-
em of if-head loca izaton was shown to be
not mled lo headphones l t  co!d aiso be
created with loudspeaker reproduclion by
preventing lhe lislener lrorn earning the
76 AUDIO/NOVENIBEF 1989
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acoustics oi the llslening room ie., conlus-
lng his shorl term menrory Three Japanese
researchers ioLrnd lhal ths elJecl can be
grealy redLrced durng headphone stenrng
by simu atlon ol the room s acoust c proper-
tes throlgh delaying a ponon of the nput
sgna.

G Plenge al the Insttut ljr Rundfunktech
nk n N,4!nlch, lo!nd bone conducl ion wthin
the head Io be one oi the caLrses of n-head
ocalizaton ll occ!rs durlfg recording with
some dummy heads and a I human heads
bul does nol occur durng payback wi lh

Anolher researcher in Germany, where the
grealesl inlerest n blnaura sound exists de-
ve oped whal he has caled the Assocal lon
N.aode (Fg 4).  Gunther Thele who is also
wi lh lhe Inst lut  fur Bundfunktechnik,  as-
sumes a Mo stage luncton ol  the hearing
process Nis model bLrids on lhe iact lhat
each hearng event has two diflerent as-
p-6cts: The sound source itself and the oca-
lion of Ihe source. These two aspects. there-
lore have two coreales n the perceplion ol
soLrnd: The locaton delermlnallon slage and
the cleterminallon oi lhe source iiself ( e .
recogniz ng ls gestat) .  wlhout rhese rwo
slages oi signa processing by the bra n our
sense of hearing wou d be unab e 1o deter-
rnlne whelher deia ls of spectra are due Io
the lransler iunctons 01 the p nnae or lo lhe

The e lound that lhe specl.um oi a solnd
soLrce changes depend ng on ts localon so
thal together wlh lhe tme deay belween
the two ears, lhere s a b naLrra correlanon
pattern set up These palterns can be com-
pared with olhers stored n the bran during
the acqusl ion oi  heari fg abi l l ty One r- . '
searcher even nvestgated the changes in
these pat lerns . lLrrng ch dhood: As the
ch ds head grows the dslance between
the ears as we as aTound lhe head. n-
creases and the bran has lo readiust the
brnaura correlalion to ma nta n correct local

Theles work is just one of many efforls
durng the pasl quarler cenlury to demon
strate the mportance ol lhe loca zaton cLres
provided by p nna f ler ng, as we I as their
role n establlshlng out ol lhe-head character
ol sounds in the env ronment. Exper m-.nla
man pulaton to reduce of re.nove pinna
cLres was carr ecl olrr by sclenusls (at some
d scomJon lo subjects ), including i ng the
pnna fods with putty covering lhem wlh
bocks and nse(ng tubes into the ears Al j
researchers as expecleo, reporled vanous
degradalions oi oca zatiof acu ty lolow ng
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pinna delormaton Wghtman and Kist  er re '
centy conducted more precise lesls s mu af
ng lhe Jree i e d listen ng experience. us ng
d gital techn ques to synihesze headphone
presented slimuli They measured their s!b'
iects freel e dro'eardrum transler tunctions
deep in lhe subjecls ear canas using t iny
probe mcrophones (Flg 5) The measure-
ments obta ned were shown to be cons slent

n additon lo lhe pnnas l iequency-con-
tou.ng e{ lect,  lhe audlory cana, lhrough
which sound must pass on ls way lo the
eardrum, also constanty f lers tfre sound
(Fg 6) Th s grcss cooring of lhe speclrum
is comr.on lo all that we hear Our braifs
make a owance for i l  wl th a sort  ol  mut-
band aLtomat c gain control

Jens Blauert po nted o!t. n h s 1983 book
Spatial Hearing, how we assoclale cerlan
d rect ions with certain tmbres (Fg 7).  The

B

azlnuth and 1 5' abare

l\ate the high lrcqDency
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AFTER THE TIN-CAN TEI,EPHONU,

OF TIIE SIMPIJEST TYPES OF AUDIO AND

percepuon oJ a sound s ocaton can be
changed jusl  by chang ng ts eqLia zaton.
The most lamiliar example ol this s adding
'presence lo a sound by raisng the lre-
quencies in lhe vic nity of 2.5 kFlz. The pots
c eary show thal the main characteristc ol
frontal sounds s irJsl ths peak the stron-
gest i.equency in the sounds we perceive
from lhe lronl So a peak at that pitch in'
creases our fee ng lhat ihe sound is c ose ln
front oJ us lncreases, in other words, ts

,  ; i  l '  i f !_- '
' | - \ ,

, \ /

' 'presence. sirn afy a peak at abol l  75
kHz in lhe sound solrce w be h-aard as
comng from above one's head no maller
where the actua sound s ocated.

C. A. Fodgers observed lhat the speclra
cues f fom pnna f  lerng were probaby as
sstng lhe braln in resolvng dl i i ic! l ies ln
differenliat ng sources d rect y n konl lrom
those directy in back she aso stales lhal
there is much yet to understand about the
decod ng mechanism ol lhe p nna lransler
Iunctons. We do not know where the loca
tion code is conla ned in lhe speclra n! ls
and peaks or n a gestal  of  the enlrre l re
qlency spectrLrrn A so, il has been assumed
lhal each person learns lhe loca zatron cues
prov ded by hls own ears and ocalizes best
wlh those specil c c!es. However one study
sLrggesls lhal some p nnae provde more ad
equale cues than others Wil l  hgh-end bin-
aura buffs one day acually cover the r outer
eals wlh pully and put on specia head-
phones wlh fexbLe plasuc opt imunr ears'

The p nna transler functons are a so fel
by Rodgers to be imponanl to betler under'
stand lhe Flaas or precedence effect. whlch
states "ll lwo sounds that are neary allke
follow each other n close consequence lhey
will be heard as one sound She points out
that the key phrase irere ls neary alike
Eary rei eclions oJlen come Io the ears lrom
many directons. and because ol the spectra
fillering of the p nnae when they reach the
eardrurn they are no longer neary alike

One st ldy by Penge wenl beyond the
usual assumpton lhal  the sublects head
would be l ixed in hearng tests nvolvng
oudspeakers. He conc uded that the listen
ng sense does nol use a a.rving acoLrslic
sumu bl l  makes a reducton by an appro
prale choice process t atlaches the conlin-
uous information stream to geslals which t
recognizes by uslng stored/learned percep
lion patterns n the brain Slimu whlch can
nol altach lo lhese earned and stored pal
lerns n a pausble arrangemenl wth olher
st mu iare ignored Another researcheas lhe-
ory is lhal an enllrely d jferenl process n tfre
brain decodes recorded or broadcast b naLr-
raL sound as compared to the process used
in norraal hear ng.

The steneis bra n s merely the I na slop
ln lhe chan lrom the orgln 01 the sowd
source to lhe exper ence of hearing its trans
msson or i ts delayed reproducton. There
afe variab es in the lransier fLrncton at every
step: The roorn ln wh ch lhe origlnal sounds
are made the mcrophones n the dunrmy
headi the constfuction 01 the head plnnae

neasuted by Shaw el al

hequen.y bandwidth tal

lton 625 Hz to 2 5 kHzl

364' inagtng unitamty

ne rcteten.e nequency
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POTENTIAI,IIY ()NE OF TIID BEST AS \VELI"

and torso (if there is one) of the dummy
headithe headphones p aced on lhe dummy
head and tesled wlh probe microphones
(preJeraby lhe same mode headphones to
be worn by lhe llslener) and lhe lransler
tuncl ion wlh the l isteners phones. pnnae
and ear/brain processlng whch conc udes
lhe chain.

A number of amaleur blnaura sound -6nlhusasls have made ther.own ar l i jc ia bln
aura heads by us ng permaloam or wooden
wg heads and dr l ing holes n the ears to
mounl sma omndirectiona mikes As we
see lrrese two mal-6rals are lust about lhe
east sultab e because they don t have any of
the physca character ist ics ol  the human
head. Olhers have gone the route of mo!nt-
ng sma eectret mikes In, on. or nea. their
own ears somet fnes us ng a spr ng head
band such as lhat found on earmulls

For a lime JVC and Sony manufactlred
stereo headphones with bult  n binaura
mikes This was a compromise solulion b6-
cause lhe low ifequences had to be I ltered
out lo prevent leedback from the head-
phones llowever record ng blnaura y wth
smal mikes in one's own eafs ol ten can
provroe lhe greatesi  realsm, especaly
when the sarne person who made the orig -
nal recording stens to the playback vla

There are a fumber of obvious drawbacks
lo aclually weanng the binaura m kes. Great
care must be laken to keep the head perfecl-
y stralght and sll during recording. f the
head is turned to the s de even a litt e when
one later lislens lo the €cording, the entire
musca group wi l i  seem to suddeny shl l r
posi ton in i ronlol  the lstenerl  one must also
be extremely qulel slnce wh sperlng, cough,
Ing, even heavy breath ng will be clearly
prcked up by the m kes A po.tab e recorder
s ol colrse, a necessity lor lhs type of
record ng use a Sony Pro Wa kman; others
are having success wth one of lhe po(ab e
DAT recorders. Since the recofd st has to
frave the mach ne on hls person however lt
cannol be a arge stud o mode. /f one can
keep still some astound ng record ngs of
shorter musical  seectons and sounds can
be made weaflng the nr c.ophones

Nowever for serous |Jse, and especia y
for aboratory test ng 01 the b naura hearing
expefience and mprovements in lhe record-
ng process an art l  c alor dLrmmy head sa
necessity ln Germany, ths s known as a
Kunstkapf (Kunst is German lor artlice,
Kopf for 'head ) A number oi  such art l ic lal
heads are ava abe for experlmenla, acous,
tc research and record ng purposes
AUDIO/NOVEMBER 1989 79

One of the mosl ingenous and, at the
same lime affordable to advanced ama-
teu.s, s the Sennheiser MKE 2002 (Fig. 8)
Fecognzing lhal a professlona head wth
qualty m kes mounled n it is very expefsive,
Sennheser came up with thei .  t r iaxal stereo
m cropftone, wh ch ooks something like lhe
acoustrc headphones used on ai.ilnes. The
two senstve condenser mikes al the end ol
the "Y yoke lil close to the ears blt do not
aclualy enler lhem. The power suppy s na

fhe assaciat@n between

tequencies,lat sau|ce

back alang ane stde ol

So/id culves /epleseDl

tespanses do not nnrcl
each athet (Attet Hnaga )

Sennheiset s MKE 20A2



ORDINARY TWO-CIIANNIII, RDC()RDING

OF OLIR }IEARTNG, ESPECIAI, I ,Y

Kalli, an ensenble lrcn
Ghana betng tecatded
||ith a lleunann dunnl
hea.l lat a West Ge'nan
CD an lhe ALdiostax label

sma I allached box wth leads runn ng to a

The cleveLopers of th s system wh ch has
been ava abe unchanged lor  over a de
ca.le. recognzed that the binaura effecl
wou d fol be as good when this mLke s Lrsed
wth the dummy head theys!ppylorconcert

record ng and other sitlauons where th-a
mike cannot be worn by the nd vidua.

Wh e the gray rubbery surlaced head
with rnike-stand screw mounl has an appro-
prale consstency t i re pnnae are nol de-
ta ed and cannot be expecled lo glve the
same sophistcated ocalron cues as your

To Lrse lhe Sennheser dlmmy head, lhe
' 'Y'  yoke mikes are simply l t ted Lnto the ears
jusl as on yoLir own head. There seems to be
greater h ghlrequency content when record
ing with the dlrmmy heacl as opposed to
wear ng lhe m kesi perhaps lh s is dle to the
lack ol hair and ln shed pinnae Sennhelser
Lrrges brnaural  s leners lo empoy open-air-
type headphones lor besl resuls but as
we I see later, equa rzalion laclors seean to
affect resu ls more slrong y than diiferences
between c osed and open ear designs.

The Neumann KU 81 (Fig 9) has been
wdey used by prolesslonas for bina!ral  re
cordng. as we as some ab wo.k, for a
nlmber ol  years The or igna modes had
lhe condenser mikes bured deep n lhe
head, wh ch was sp I  sde to slde to access
the mikes However t was learned that o-
cating the m kes at the end oJ the arlifcia ear
canal !./here the human nner ear wou d be,
caused equalization anomahes: In lhe isten
ng process lhe sound passed through lhe
ear canas lwLce inslead of jusl oncel so
most dumrny heads now mount the m kes
wrih the r diaphragms as close as poss ble lo
the plane oT the human eardrum

A number of a.provements have been
anade ln the Mode i  verson, pr imarly
based on Theil-a s Assoc alion Mode. ls im
proved pinna lorms have aLl the peals and
cuts of actual hLrman ears, as well as a s m -
ar textu.e and consislency The head s
equa zed loa fallesl r,asponse as measured
n a di f fLrse 1e d, which is a di f ierent concept
lrom the lreej eld approach of some other
b naura researchers.

Freeled measlremenls o1 audio trans
dlrcers are j reqLrenty made n an anechoc
chambef {ne which s free ol al relected
sound. On y d rect, ffontaL acoust ca ly f at
sound is deaLl wilh L. a pinch, measure
ments are somenmes r.ade oLrto00rs, where
dle to the ack ol relleclions, the results are
s milar to those obtained in a freejie d env -
rcnfnenl. Adherents ofth s approach fee thal
dlmmy ireads and mlkes eqla zed for tire
free Ield provide the correct tona character
of soirnd ior mages d reclly n lronl They
aso be eve thal for Loudspeaker reproduc
lion these binaural recordings are superlor
lo lhose made wlh . l l luseJeld EQ
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TENDS TO IGNORE THI' (]OIIPI,EXITIES

TIIE ROI/I) OF T}II' PINNA.

Dlfusejied conditions take inlo account
nol only the drrect sounds but also the r re
llections. The f!fter away the mikes are
trom the soLrnd sources, the more d fllse the
sound s because lhe ratio ol rellected to
drrect sound ncreases Followers ol this
method po nt out that natural hearing condi
tons are neary always difftrse,i e d and that
thrs approach thus seems rnore realistc
when isten ng on propery eqlallzed head-
phones. A genuer equallzaton s required
lhan wth freeJ e d, which means lhat many
sfandard headphones are closer to difluse
lred pararneters than to heefetd. These
'phones requrre an adiustment ln lhe r  h gh-
Irequency response to I atten the sound a.,
rvrng lrom some directons

The caLibraton procedure for both ap
proaches (after ca bralion ol lhe dummy
head) s lo insert the smal probe mikes 4 rnrn
inside lhe ear canas of the listen ng lesl
sublects and withoul lheir weaing head
phones, to make an equallzaton cha(. (For
ireefed cal ibraton, lhe sound or ig nales
lrom dlrecty n frontt  for di f f !sej ied the
soLrrce speaker s rotaied in varlous difec-
tons around lhe ls leners head )The probes
are then lelt in lfre ear cana s and the same
equal izaton is carred oul whi le the l istener
wears lhe headphones. The idea is to
acheve the same fal response as without
freadphones-the lotal respons€ must be as
1al as possibe. Dav d Griesinger feels that
lhe clams of l ree versus di l luse l ieds may
be moot because ol lhe wde range ot equaf
zatron n indiv dual llsleners hear ng In oth
er wofds I an overa average transler lunc
ton s decided on as a universal standard, rl
will be so genera zed thal lhe smaler d ffer-
ences between lree- and d lfuse iied cond -
tons w be unimportanl Griesinger pro
poses a slanoard soanewhefe between lhe
two wilh an off'a\ s front angle lrom 0" io 20"
as lhe mportant dlrecton.

The Brrjei & Kjaer Type 4128 head and
torso simu ator (Fg. l0) s an expensive unit
des gned for obiectve meas!rements on au
do communcat ions devices such as tele
phones, headsets, and hear ng alds evalua
lion ol hear ng protectors and nose-cancel-
ing microphonesitesting oi headphones in,
vesligaton of room acoustcs and speech
rnlel ig b I tyi evalLrat on of stereo sound
felds and motor veh cl-a noise-control work.
ts p.oportons are said to replcate those ol a
med an adu t hurnan. BrLje & Kjaet 1/2 nch
condensef m kes are mounted n lhe realsti
ca ly formed s licone rubber p nnae The |Jnit
even comeswlh a low d storlion 'mouth s m-
Lrlalor," used for tesi ng comm!nications
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rnikes, teephone equipmenl and sound re,
nrorcemenl syslerns.

Whle some ol lhe dumrny heads I've men-
Uoned ook llke body pa(s for a Star Wars
robol the Knowes Eleclroncs Manikin lor
Acoustc Research (KEllAF) is scary ln ls
neary human appearance (Fg 1l) .  l t  san-

head and tatsa sinulatol

Ihe (EMAR nannequn
wilh a zeta-slalc larce
rcs|t at m ng yoke hal.l ing
neaopnanes undet test.
(Fon Russotti , Santarc,



'Lady Autal dunny heads

ihletnal packrng btain,
tangue pa ed nastrts,

plastet cast al skull an

ateas-nasttls houlh

to be used as a tam tal

lactal nask ta be ptacecl

ctase up (B) shaws nike

ca.al arca canpleted

sLand (C) (Phatasraphs
caDnesy al Ron cale )

IN TI{E PAST P5 YDARS, RESI'ARCHERS

1'HE I]OCAI,IZATION CI]ES GIVII-IJ

thropomelr lca y proportoned in lberglass
renforced polyesteri some ol lhe nterior is
ho ow to a ow tor cables, mkes and oth-.r
equipment, while the rest s coaled \!lh lead
pe et-l ed resin to reduce resonances The
ears aTe removabLe as with lhe Brue & KJaer
Lrn I and lhere s a so an ear-cana extensron
lor tests requ ring ear canal/eardrum simula-
lion The melhod ol altachment perm ls olher
sizes and shapes ol  pnnae lo be used i

n 1986, KEMAR was used by researchers
at the Naval Submarne Medca Fesearch
Lab ln Groton Conn lo eslablish lesling pro
cedufes for c rclrnaura (on the ear) head
phones Pror lo this, the only measuremenl
standard was spec fica y jor supra-aura (n-
sert) headphones. Dgital converson lunc
Uon technques were used to measure the
frequency response oj severa popuar sle
reo headphones frorn Sennheser and Stax
Even wlth th s h gh y accurate dummy head
and lorso, it was lound that the rubber p n
nae d d not compress under norma head
phone headband press!res, as human ears
do so bass response was less accurate than
cou d b€ expected n actual !se.

Fon Cole, a researcher n So!lhern Ca Ior
n a, has been evoving durnrny head deslgns
lor some years caLing his process Bio
phonic Solnd. Coe's des re to rep cate as
accuraley as possible, lhe softness and
hardness of various skLrll areas, as we as
the head s nter ior densly,  led him or g naly
to experment wi lh actual hLrman skulsl  (At
the risk oi being mundane, shou d point oLrl
that Cole obtained his sku s lrom a med ca
supply house.) He soon found such wide
varatlons n the rea lh ng that he opted to
slarl lrom scratch and blild h s own he now
uses a proprietary latodpoymer maieria
ch Lingly feshlike lo lhe louch, to cover h s
heads (Fg 12) The nter ior is packed var
ousy wilh poyurelhane foam and cotton to
r.tate the braln and olher lissues-al ol
wh ch Cole lee s contribLrle lo the perieclion
of binaural ocalizalion

Coe's latest Biophonic des gn, wh ch has
resuted in Mr Aural  and 'Lady Aural
heads. exaggerates cer laln iac al leatures lo
compensate lor iaults n the mcrophones
and lor phase anoma es in the record ng
eectronlcs Thrs has resulted in alera frontal
imag ng that s vaslly mproved over lhe ee
valed and lnclislincl Trontal mage oi some
other blnauralsystems

Cole ident i f ies several  condtons lor
achieving lhe most efiectve blnaura replica
ol actua hearing. F rsi the passive response
characteristc ol Ihe ear cana musl exist, bu1
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IIAVE SH()WN TI{E IIIPOR'IANCU C)I'

BY TIIE PINNA, c)R ()UTER EAR.

lhe real t me deay of the cana cannol Sec
ond phase mirror ng musl be Lrsed lo cancel
oul phase sLrmnr ng Ln lhe llsteners ear ca
na. (Coe accomplishes this by cr iUca lun-
ing ol the pass ve-eqL allzat on amp tudes
afd responses.) Third ihe surface traveLling
wave efiecls oi the cfan um, together wlh
lhe resonance ol the ear canal must act as a
slnge unifed. luned inslrument at mid and
h gh lrequenc es (Fg 13)

He has lurther earned lhat extremey i lat
phase response s vla lo the bi fauraleffect
For exampe a 30" phase lag at 2 kfz can
shrft an overhead sound source n the rear lo
an unnatura overhead Ln ironl  ocaton
while a 30" phase ead w L create lhe n
verse BecaLrse ol  sLrch phase senstvl tes,
Cole feels that translormers shou d not exLst
anywhere n the signal path

B naura recordings olten beg n with iden
t i ical ion of lhe eft  and r ight channesi this is
much more mponanl lhan with ordinary ste
reo. Left and rght orienlaton cannol be re-
versed between lhe making of a bnalra
recordlng and ts reproduclion Accord ng lo
Coe. ocai lzalon processing is 'a luncl ion of
dfierenlia level sen sit vrlles between the two
ears and brain, pus the assocaled phase
relalionsh ps summ ng lo lhe orig nal ampli-

l - ls lesls lnvolved 30 rghlhanded slb
jects (response panerns are dlllerent lor ell
handed subiects,  though lheir  brans make
the proper correclon).  The lop-view .e-
spons,a senstvlt es creale a "Big D paltern
(Fg. l4)dle lo lhe r ight ear being about 7lo
7 5 dB greater in sensl iv ly.  A s rni lar pot lor
a dummy head wou d be qlile d lierent, cof-
re aling more cosely on the leit s de bll with
a major "d l ference reg on ontherghtand
around the back. dLre to lhe sensrlivly be ng
mirrofe.l on both sldes equa ly

The Aachen Kursikopl (Fig 15) ot Dr
Kaus Genuit  of  Aachen, Germany Lrses a
specia processor whose c rcu l.y removes
lhe pinnas Iransler lLrncl ion Genuts pro
cessor achieves lalter fesponse and makes
p ayback ol  b naura record ngs s!ccesstul
lhrough speakers Wth exact i ree-1el. l
eqLia izalion piayback through headphones
is even better bLrt lor many phones. resuts
are good w(hout additona equa zat ofr.

The Aachen head s s m ar to lhe popu ar
ORTF slereo m crophone, wh ch places two
cardiods 17 cm apart  at  an angle of l l0"
(The lTcm separat ion srnuales normal
spacing ol  lhe ears whi le the afgle sm!-
ates the ears d reclional pattern ) Thus,
ORTF recordings are welsuted to slening
with headphones and with speakers The Aa-
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chen head equalizalion resuts n iewer eF
rors n the ow freqLrences thaf does the
ORTF and the aclua head .eproduces al
the phase and suriace wave characlerstics
pointed out by Fon Cole

Ihe Kugelfiachenmiktatan lKugelt'lachen
is German lor "spherca solace Mikrct'on
for "microphone") s a spherca dummy
head system deveLoped by Gunlher The e to
rmpfove loudspeaker reproducton. l l  has
nelher features nor pnnae and sUrface
m kes are embedded n t. ts response is
very c ose to thal ofaslandard dLrmmy head,
wlthoul need lor specia equa zaton. Even
with headphones many steners f nd t d Il -
cu t lo tell lts recordings lrom those ol a true

Atrbotne and sutlace ware
sauntl palhs to the eag
and lhe atdet al atlval

serslrvrly rs show, /or

shape |||th the lyptcal

eals, shows wny channels
cannot be tnterchanged

ahcl listehing fhe shape

a dunny head lbecause

lhe sade on bolh srdes)

n 1983 and 19A1by Cole,

was riepl al a corsfanl



TISING A PORTABLD 1'APE NDCOIiDIIR AND BINAURAI, MII(E }IEADSDT .

YOTT CAN MAI(E ASTONISHINGI]Y GOOD I lDCORDINGS.

There are severa other q!asi-bLnaural
mike arrays in current use. One ol lhese
lrorn Crown Inlernallona. was oig na y ol
Iered as a bnaura mcrophone. In ls latest
version however, it s reierred to as a Slereo
Amblent Sampling System (SASS) designed
lor hghly ocalzed stereo inraglng n oLrd
speaker reprodLrcl jon, wth a successfu
summinq to mono (mposslbe with wdely
spaced m kes) The SASS (Fg 16) said to
accLrrately convey the ambienl environment.
is avaiab e wlh ei ther a pa r oi  Ei je & Kjaer
4006 omn d rectonal stud o rnlkes or a palr
ol Cfown Inlernatronal eectrel PZM mlkes

Sw ss recording englneerJ!rg Jeck in, lhe
head of a sma cassca record label has
deveoped a speclaL mcrophone conl gura-
tion based on the dummy head concept.
Jeck n calls h s spec al mount the O S.S
Dsc ( opt ma slereo sgna ' )  He wished to
achleve lhree things A balanced sound
source the proper aco!stical environment,
and a sense lhal lhe source and the env ron
ment beong logelher f l ls conl lguraton is
desgned to record lhe sound at the one
point n lhe room where lhe balance bellveen
d rect and reverberant sound is opt ma The
system cons sls ol o..n direcllonal pressure

fhe Aachen dum.rry head
which is cohpatible with

S ASS guasi- bi nau I a I nike

zone mikes spaced 165 mrn apart lo pro-
dlce the proper tlme-deay drfferences be
lween channe s They are acouslically sepa-
rated by a d sc 280 nrm n diameter, damped
on bolh sldes to avo d refectons. A simi lar
but rectangular. coniiguraton was olfered by
Bang & Oufsen ln the 1960s wlh fbbon
mlkes ln a liglrre-eighl pallern Bolh ol these
lypes wou d be considered qLras-blnaura. A
coherenl 360' stereo sgnal is the resllt
rncorporat ng nlenslty, tme-deLay. and fre
quency-response differences behveen the
channels Other types oi omnrd rectronal
mikes mayalso be used wilh the O.S S. Disc
Headphone stening s exce ent. thoLrgh not
lruy binauraL Ths conlgural ion has iound
considerabLe !se for recordlng class ca mu
si. and )azz n France and Swltzerand.
have lound lhal Eufopean englneers some-
l imes refer to such a conigural ion as an
a(l f ic ia head pckup. nlacl  i l isnotactualy

Some yearc ago the Ffench record ng en
ginee. A. Char n used what he relerred lo as
abte artificielle and some of his recordings
are sU available on CD This 'head" is actu-
ally two convex dlscs. much like shalow
bows faslened together and covered wlh
Iur. The mikes are mounled on opposlng
sides protrud ng sorre distance lrom the
lurs sur lace The Char n head was used in
1958 lor recordrng sorne of lhe lirsl French
slereo d scs. The French labe, Harmonic
Records uses lhe Charlin head ln recordlng
CDs Headphone istening derives very lltlle
actual bnaural ocalizalion trom these re
cord ngs, bll lhey sound lne on oudspeak
ers French Harmonia M!nd reports that
many of their .ecordings ol  eafy music are
made with a basic arUiical head syslem
oJlen with jud cious lse of add lional spol
ght mikes lor certain soLolsls

fthe Audlo reacler s moved totry h s hand
al bu ding a dummy head or binaural mi
crophones to iil on his own ears I suggest
two do t yolrself arlic es: Gene A. Ne son s
Bu d a B nalral Mlke Set (Aldio May

1976) in which Neson uses a headband to
hod two Panason c eleclret mkes and
Thomas Krehbie's "Bui ld a Binaural  Mike-
set (Hards On E/ect.onlcs, Apri 1987).
Krehbie s unl s mounted ln a permafoam
wg head which Ron Coe swork suggesls ls
unsu tabe because its densily is nothing Like
lhal ol lhe human head. lwould preier lo see
Sony, JVC. or olhers bring back lheir sirrple
blnauralm ke/headphone systems given the
currenl rebirth ol interesl ln b naura Sound

n Part  Ll ,  we delve lurther inlolhe record
ing end of the binaural cha n. A
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