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he result of new research on hu-
man directionai hearing, the Aa-
chen Heaa System represents a
substantial improvement in spatal im-
aging of complex sound fields via bin-
aural recording. Developed in Waest
Germany by Head Acoustics. we feel it
is currently the most advanced noise-
analysis and recording device avail-
apbie. In this article we are going to
discuss parts of the systemn. binaural
reverberation ana echo, compatibisity
with loudspeaker reproduction. pro-
duction engineering, and applications,
The heart of the system .s the Aa-
chen Head, an artificial head that simu-
lates our anatomy and physiclogy. It is
constructed of rugged fiberglass. The
Head and its associated signal pro-
cessing electronics (Fig. 1) deliver a
dynamic range in excess of human
hearing (Fig. 2.
To understand how a dummy head
works. 1t s useful 1o know that human
spatial heanng depends on a person's

Or.-ing. Klaus Genuit, the founder of
Head Acoustics GmbH. in Aachen,
West Germany, /s the author of about
30 papers and holds seven patents in
the frefds of dummy head
transmission technigue and telephone
cormmunications. Wade R. Bray is
Director of Research and
Development for Jaffe Acoustics (in
Norwalk, Conn.), acoustical
consufiants and the North American
distributor for the Aachen Head
System. He designs sound systems
fincluding electronic variable acoustic
systemns) for perfarmance halls,
consults on pipe organ and church
acoustics, and afso produces and
engineers orgarn recordings.
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anatomy (Fig. 3} Because of reflec-
ticns from shoulder to ears. the dis-
tance between the ears. the shadow-
ing effect of the head on oppasite-sige
sound waves, and resonances in the
outer ear and the ear canai, sound
from each direction has its own individ-
ual frequency response and arrival-
uime difference. Taken as a whoie. this
characteristic is called the hurman out-
er ear transfer function {Fig. 4).

This function can be mathematically
modeled n order to design a dummy
head that. along with the appropriate
electronics and a headphone play-
back system, duplicates human hear-
ing. Because it s possible to model the
transfer function mathematicaily, it is
also possible to feed monaural sounds
Nt a computer, process them, and
then play them back so that they are
perceved as located at any desired
position m space.

The principle of the acoustic mea-
surement system used in the Aachen
Head is shown in Fig. 5. A microphone
4 mm inside each ear-canal entrance
simulates the human directional pat-
tern of hearing, picking up direction-
madulated sound pressure, just as the
human outer ear does. Recording
sound signats at this pomnt ensures that
after they are processed and piayed
back, your own unigue ear canal/ear-
drum resonance system will re-create
the original event. If recorded signals
lack these characteristics, this analysis
cannot be carried out by the human
hearing process.

The transfer function and binaural
gar/bram signal processing give hu-
man hearing its three-dimensional
character. Since the direction-depen-
dent filter effect of the outer ear is di-
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Fig. 1—The Aachen Head
System consists of the Head
itseif (A), the Record
Processor (8}, and the
Reproduce Unit {C).

rectly related to a person's anatomy,
the shape of the transfer function var-
ies from person to person {as suggest-
ed by the left part &t Fig. 3). However,
the shape of the Aachen Head's trans-
fer function does not represent the in-
dividual properties of any particular
test subject unless the Head system is
programmed for that person’s geomet-
ric-factor values.

The electrical circuit that describes
the function and models human ge-
ometry is shown in Fig. 6. The ele-
ments of this model correspond to
general acoustic parameters that
have bean assigned mean-factor val-
ues derved from the structural aver-
aging of many test subects. The
moael is divided into a direction-de-
pendent part that simulates the direc-
nonal filtenng of the cuter ear and a
direction-independent part (chiefly
consisting of various resonances)
that, in combinaton with the first part,
describes the free-field outer-ear
transter fungtion. Using the output for
free-field simulation. aiong with free-
field-equalizeg headphones. the ear
signais of an "average test person”
can be produced during playback for
any direction of sound incicence.

Figure 7 shows the outer-ear transfer
iunction of a test subiects left ear, cal-
culated for two directions of sound in-
cidence. The Figure also shows the
rinima and maxima of the function.
derved from 3ix measurements taken
from the same person. The measure-
ments of outer-ear geometry have
been simpiified here for easy physical
measurement, mathematical modeling,
and calculation of the transfer function.
Although this simplification will yield er-
rors, the errors are smaller than those
caused by the limited accuracy of the
transfer functon of conventional re-
cording technology.

The Outer-Ear Simulator

The outer-ear simutator {atso known
as an electronic artificial head, a
sound-direction mixer, a dinaural mx-
ing console, or a “dummy’ dummy
head) 1s an electroacoustic aevice that
transforms any input signal into two
head-related ear signals. The charac-
tenstics of ear signals, which can be
measured inside the ear canal, de-
pend on the sound's frequency and on
the direction of incidence.

A binaural mixing console filters any
input signal, whether music recorded
with conventional microphones of
noise praduced by vehicie simulators,
in a way that corresponds to the filter-
ing of the human outer ear. it is possi-
ble to model the outer-ear transfer
function of any test subject for any di-
rection of sound incidence and to sim-

ulate 1t through the use of a binaural
mixing console.

A binaural mixing consale offers oth-
er new possibilities (Fig. 8). This de-
vice allows a fully synthetic Head-type
musical recording to be created with-
out using & dummy head. In addition to
microphone signals. input signals from
any sound source that can be fed © a
conventional mixing conscle may be
combined on a binaural mixing con-
sale. Effects such as echo, reverb,
doubling, and flanging may also be
added. And engineers are no longer
limited by the usual panpots, since the
direction of sound incidence can be
rotated 380° around the medwian and
horizontal planes. Because the con-
sole produces ear signals which are
flat for frontal free-field incidence. re-
cordings made this way are more
transparent than those produced by
stereo mixing—aven when reproduced
on loudspeakers. -

Expenments have shown that in nor-
mal rooms. the me delay is not critical
between the output signals of the Aa-
chen Heag and those of the binaural
mixing console, Even if no tme-delay
compensation is applied, spacious-
ness and fransparency are not really
influenced. if the roorn has & long re-
verberaton time. and the sigrial of an
auxiliary microphone is strangly ampii-
fied, aruficial reverberation may be
addea to prevent the souncd scurce
from seaming unreaiistically near.

If the room has & very short reverb
time. such that the energy associated
with the difiuse sound field is neglig:-
ble compared to the direct sound, then
time-detay correction assumes greater
importance. Correction ensures that a
recording made using auxiiiary micro-
phones will sound natural and will not
lose the high-guality transfer charac-
teristics of the Aachen Head.

b =l ac-ll

The Aachen Head Systern uses free-
field equalization for loudspeaker or
headohone piayback. Equalization is
divided into two parts, one part han-
dled by the Record FProcessar, the oth-
er by the Repraduce Unit.

The Record Processor s an interme-
diate unit that outputs to the recording
medium or analysis equipment. Con-
nected {0 the Aachen Head, the Rec-
ord Processor contains the freefield
equalizers that remove the outer-ear
transfer function for direct sound in
front of the Head., so that these sounds
will have flat response, while those
from other directions will still be affect-
ed by the differential between the
transfer functions for frontal and cther.
sounds. For sounds within the frontal

hemisphere, these frequency effects
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wHl not be radical enougn o be per-
cewvea by the ear/brain system as
sound colorations. Instead, these dif-
ferences provide ciues to the ear/oram
about height, depth, and snread be-
yvong the et ana right speakers.

The Reproduce Unit contains free-
fiald eguanzers that repiicate variations
of air pressure at the entrance (o ihe
gar canat. These ao not perform the
inverse of the Record Processor's
equalizaton but rather compensate for
the ransfer function of the head-
phones used and for the effects of the
headphone's presence on the ear's
resonances. Thus, the original sound
event is reproduced for each head-
phone listener.

THe eftectiveness of this can be
demonstrated by switching back and
forth between the same event as heard
througn loudsoeakers fea from the
Record Processors oulput and
through headphenes fed from the Re-
produce Unit. The loudspeaker sound
is degraded oniy by crosstalk from the
speakers, which can be cancelled by
the use of such processors as the Lexi-
cor CP-1 and the Transaurai Proces-
sor by Duane H. Cooper ana Jerala 1.
Bauck.

Stax SR-Lambca Professional head-
ohones are used with the Aachen
Heac System for critical measurement
work because of thewr stable transfer
functions with repeaied wearings and
thetrr reratively unmiform response (o
vanations in outer-ear shapes. These
were derived from the onginal Stax-
Lambda headphones. For resgarcn in-
side moving cars. Mercedeas-Benz re-
quired more energy at lower frequen-
cies, and the Stax 3R-Lambda Profes-
sional heagphones were deveioped
specificaly for that purpose. Of
course, cother headphones may be
used. provided they are free-field
equalized. either by ther mechanical
cesign or by the use of an appropriate
reproguce egualizer.

Reverberation and Echo

In principie, Binaural reverberation
can be created by convolving (the pro-
cessing of one transier function by the
charactenstics of another) the impulse
response of a room with a recording
that was proauced either by the Aa-
chen Head or by a binauwral mixing
conscle.

When recording using the Aachen
Head, the !wo output signals {left and
right ear) can be described as a con-
volution of the sound source with the
impuise response of the room and the
outer-ear impulse response of the
Head for every direction of sound inci-
dence. Such a convolution is carried
out by our own outer-ear transfer func-

The free-field equalizers in the
Aachen Head System allow good
speaker playback of binavral
recordings.
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Fig. 2—The dynamic range
of human hearng is fess than
that of the Aachen Head
System.

Frg. 3—The human exiermal-
ear transfer function. The
cavum cancha is the
anraechamber ta the ear
canal.

Fig. 4— Transfer funchon of
the ieft ear, measured 4 mm
inside the entrance of the ear
canai, for faur angies of
incidence (strarght ahead, ta
the left. straignt behing. and
to the right). The base of
each arraw mndicates
reference SPL. Sofid curves
reprasent the free-figid
{direct-sound} external-ear
transfer iunction, white the
Jdashed curves represent the
cifference, at each direction,
refative to frontal free-fisid
sound incidence,
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Fig. 5—8lock diagram of the
Aachern Head System The
two dummy head free-fieid
equalzers in the Record
Processor are agjusted (o
proguce the inverse of the
frontal free-fietd trangfer
function of the Aachen Head,
thergpy progucing flat
response at the interrmediate
pant fdasned finey. This flat
signal is then recorded and
can be used for loudsgearer
otayback and for
measurement. The
headphone free-field
aqualizers i the Repronuce
Unit vield a iinear free-field
transier functian of the
headphone, s0 the sound
pressures presented af the
entrance of the listener's ear
canals wil dupiicate those at
tfie enfrance of the Head's
aar canals.

Fig. 6—Praciple of the
external-ear simuiator (one
charnnel shown). Mate that
the transiar funcion 1§
supdivided into direction-
dependeant and direction-
indepenaent parts. The ime
funchon modeis the arrivai-
time aifferences for aifferent
azimuth fhonzontal) angles;

scund sources direclly in
front of the listener and s at
its maximum for 90° teft or
right sound incigence.

Fig. 7—Quter-aar freg-figld
fransfer functions of a test
subject’s feft ear. for sounds
arrving from the front {top
curves) and directly to the
left (bottom curves). Soiid
curves show the calculated
functions, dashed curves
show the measured mimima
and rmaxima dernived from Six
measurements of ihe (est
subject.

ihis ume difference s zero for

With a binaural mixing console,
signals can be assigned to any
point in a spherical sound field,

and effeds can be added.
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tion when we listen to any sound. The
output signals may also be viewed as
a convolution of two separately record-
ad signals. the binaural impulse re-
sponse of the room and the binaural
sound source in an anechoic chamber,

The length of a room’'s impuise re-
speonse may vary from milliseconds to
seconds. This implies a convolution of
the input signal with an impulse re-
sponse of 100 to 50.000 calculated
pomnts, at a cutoff frequency of 10 kHz,
something impaossible 1o realize 1n reai-
time signal processing. Digital rever-
peration units found in nearly all stu-
dios can simulate the transfer charac-
teristics of vanous room-reverberation
modetls.

Until now, however. there were no
binaural reverberation units. Such units
are required when gealing with binau-
ral technology, because the signals of
menophonic reverberation umits can-
not be added o the onginal binaural
signais, as is done with traditional
muiti-microphone technigues. Since
the reverberation signal must also be
directional. tesis have been performed
to answer the following questions:

® How many reflections have to be
filtered by the outer-sar transfer func-
tion in order to replicate the origmal
sound event in a real room?

e Which direction of sound ingi-
dence should be chosen for gach of
the reflections?

® Which reverberation units are suit-
able to simuilate a natural Head-reiatea
reflection pattern?

# What filtering of the reverberation
signal is necessary io provide a good
analogy with the transter function of
real rooms?

® |3 it necessary 1o aod reverbera-
tion 1o additional migrophones used
during the produchon of an Aachen
Head recording?

Our tests led to the arrangement
shown in Fig. 9. First. we recorded a
speech signal in different rooms, using
the Aachen Head. Then, we simulated
the recorded sound event, using the
same speech signal without any natu-
ral reverberation, binaural processing,
Qr chigital reverberation units.

Listening tests showed that a mini-
mum of three early reflections should
be filtered by outer-ear transfer func-
tions. The directions of the simulated
sound incidence were frontal in the
median piane, and to the right and left
of the listener at varying angies. When
simulating a large room with a iong
reverberation time, the sound ingi-
dence of the lateral reflections should
be within an angle of 90° to 120° (Fig.
10). When simulating long, narrow
rooms, the first lateral reflections
should have an incidence of 45° to 90°.
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Generally, an engineer must correct
the color of the reverberation signals.
Typical room resonances are not usu-
ally simulated by reverberabon units,
but by equalizers. An equalizer should
also be used o comoensate for the
additive effect of both ear signals,
which occuss in listening 1o binaural
reverbieration. Ai lower frequencies.
thus effect leaas 1o an exponential aa-
dition of the ear signals. because they
are '\n phase. At higner freguencies
fabove 1 kk2z), the adaition of the sig-
nals becomes stechastic {ranaom).
with a loss of 3 a8.

Compatibility with
Speaker Reproduction

“At the time the Aachen Head System
was developed. research and many
| experiments with iguaspeaker repro-
duction ied to the chowce of free-fietd
2gualizattion rather than diffuse-fierd
egualization.

Sirce the Record Processor con-
ains the free-field equankzers which re-
mowe the auter-gar transier function for
scLNa sources it front of the Head. this
means that ‘or a frontal source (direct
sound) the function is a constant ana
becomes identical to the constant of
standard measurement microphores.
This makes the output ‘uily compatible
with  other  acouslic -nstrumertation,
anc it provides excenent lcucspeaker
playback,

For source Incidences other than
frontal. toudspeaxer-playback imaging
is improved by the ditferential contnbu-
ton of the outer-ear transfer function,
as has been previously noted.

When recording with Aachen Head
techrology, both headohones and
loudspeakers should be usea to venfy
all recordings. This is necessary be-
cause some characteristics of binaural
processing are not active when played
nack on loudspeakers. For exampie.
an effect cadeq “binaural reverber-
ance suppression” 'eads to a different
balance cetween direct signals and re-
verberation. depending on whether
one istens an headphones or loud-
speakers. When listening to an Aachen
Head recording on heagphones. the
i human ear is abte to suppress reverb,
50 that more reverb might be recorded
than woutd be optimal for good loud-
speaker reproduction,

In acdition, sound engineers should
listen to loudspeaker playback to
check for undesirable changes in tone
celer, an effect that sometimes occurs
at large angles of incidence when
sound sources are filtered by the out-
er-ear transfer function. ¥ this hap-
pens, the direction of the sound
source, which equals a moaified trans-
fer iunction, should be vaned until

The Aachen Head System can bhe §
employed as a miking array]
for recordings that allow hoth:

stereo and binavral playback.
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Fig. 8—The bingural mixing
consoie, showing how
mortaural microphone signals
are processed fo denve a
pair of bingurad ear signals
fwhich afiow placement of the
onginal signais anywhere in
the spherncat sound fieid),
and the muxing of these
signals with signals from the
Aachen Head.

Fig. 9 --Use of the tunaural
mixiNg consoe to synthesize
different rooms for binaural
listening Aeverberation and
reflectons are appropriately
airechonaiized and mixed to
closely simuate naturally
occcurnng sound fields as
heard in real rooms. Each ear
signal contans outer-ear
transfer funchions for that ear.

Fig. 10-—Angles of incidence
of direct sound (segment A)
andg reflections
directionaiized to simuwiate
real rooms. In a smal hail,
reflections are primartly from
direction segrments 8 and C,
while for large halfs they are
primarily from direchon
segments O and E.
Psychoacoustic research has
shown that it is not necessary
0 have reflections and
reverberance from aff
directions in order to create
a highly convincing
reconstruction of hafl
acoustics.
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Fig. 11—At frequencies
which are ampittied by the
ear's transfer funcuon, tones
can be discerned in the

presence of norse that, ta
3 TuCrapione, wauld mask
them. Herg, a 2-kHz pure
tore, discermile o ear o
microphoneg at the iower of
bW noise leveals, 18
aiscermble only fo the gar
when he nose level 18
raised See rext

Fig. 12 - Spectrum plcis

for two hres whose cverail
A-weightea sound levels were
identical when the tires were
risn at 66 moh on a rolfer in
an anechos room. The e
with the soid spectral curve
Wwas rateq as not annoying.
whife the tre shown Dy the
dasned curve was rated as
very annowng. The percaved
annoyance was caused by

' rapid frequency moduiation
cf spectrai components at
4.8 and 6.3 kHz, due o
tread-block design. Shgnt
reguction of the output at
these freguencies solved the
annoyance protiem without
changing the aBA of the tre.

Fig. 15—Basic hiock
dfagram of the binaural
analysis system (BAS).
Dummy head signals, iree-
field squalized for frontal
ncidence, are dwiized and
then manipulated by the
digital signal processing
computer. This affows editing
in the time domamn and
detaifed study of the
frequency domain while the
signal is heard binaurally (re-
creation of the orginal
hearing event). Annoying
naise factars.can then be
found and anafyzed, even i
transent events,

Reverb that would be a problem
in louvdspeaker reproduction ¢an
be suppressed when listening to
binaural recordings via ‘phones.
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loudspeaker reproduction 18 satisfac-
tory. Or the probiem could be solved
by filtering the signal.

If adjusted for these effects, Aachen
Head recording technology is fully
compatible with stereophonic record-
ing for playback on loudspeakesrs.
Most of the time, in fact, better resuits
are obtained than if conventional ste-
rec miking and mixing technigques are
used. At the same time, a natural, real-
istic repraduction of the originai sound
event is always obtained when listen-
ing on headphones.

Aachen Head recordings are usually
intended to reproguce an original
sound event as naturally as possibie.
so that editing won't be necessary. If
consecutive recordings are mage. as
in a stucio, for exampie, then in oraer
to gel the correct acoustic balance,
such recordings should be made inthe
same room without changing the posi-
tion of the Head. In contrast to conven-
tional muiti-track recording, the Aa-
chen Head needs oniy two tracks. one
for the left and one for the right ear
signal. When recoraging in a studio hayv-
ing short reverberation time, the posi-
tion of the Head may be changed, be-
cause the influence of thé room's
transter funcieon is negligible. The re-
varberation signal of a room can aiso
be simuiated by the use of reverb
Jris. as we have described.

In performing initiai expenments in
splicing different Aachen Head record-
ings, the resuits were very salisfying.
Recordings produced by this tech-
rmigue have been judged quite good,
especially when rated for transparen-
cy. naturainess, and spaciousness.

We have often mixed the signals of
auxiliary microphones with the output
signals of the Aachen Head. If the mi-
crophones are positioned at a distance
from the Head, their signais should be
compensated for the time delay and
then processed by applying o each
the appropriate directional transfer
function.

When filtering Aachen Head signals,
some effects must be taken mto con-
sideration. ' parametric or graphic
equalizers are wused, only small
changes should be made, and the fil-
lered frequency ranges shouid not be
amplified too highly. Sound engineers
who use equalizers need 1o remember
that sound imaging by human listeners
is based on signal processing that an-
alyzes not only interaurat time- differ-
ences but also interaural and monaural
frequency response. The special fre-
quency charactenstics of the human
outer-ear transter function lgad to a
differential contribution in sound imag-
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ing, especially in the median piane,
where no interaural time differences
can be detected.

The use of shelving equalizers nor-
maily will not change the structural
form of the outer-ear transfer funclion.
Fitering of frequencies below 500 Hz
will also nave no effect, as the influ-
ence of the function is negligibte in‘this
range.

SREM AP ATIS

Since 1981. German automotive
firms have used the Aachen Head to
analyze intenor and exterior noise. As
part of the process, listening juries as-
semble for ptayback of noise samples
and judge the subjective annoyance of
noises associated with each design.
Their work has helped produce quieter
automobiles.

Engineers began using Aachen
Heaa technology for such evaluanon
when they realized that a measurable
ana objechve determination of anncy-
ance was only rarely achieved by con-
ventional means. Previously, they had
attemptec analysis using techniques
such as A-weighted sound-pressure
levels or ‘A-octave spectra. However,
they were unabie to verity by measure-
ment the ciearly perceptible eifects of
various noise-abatement proceaures;
:n fact, some noises stbjectively rated
as very annoying showed a lower A-
weighted sounc pressure level than
legs annoying noises.

What is the reascn for such dispari-
ty? The difference lies in the compiex,
dynamic way the human ear and brain
process sound events. We appreciate
not only the sound level of a signal but
the distribution of amplitudes, spectrai
composition (simultaneous masking},
and temporat structure (pre- and post-
masking). Qur outer ear s a complex
acoustic filter and. in marked contrast
ta the spherical characteristics of a
conventional rmicrophone. is strongly
girechion-oniented.

Since outer-ear transfer functions af-
fect how the ear and- brain process
signals and recognize patterns. differ-
ent masking effects, ana thus difterent
sound and ngise IMpressions, are ob-
tained using Aachen Head technalogy
instead of conventional microphone re-
corcings. The Head also enables the
listener to use his ability 10 pluck single
sounds from a noisy background and
to suppress others by ear/brain signai
Processing.

This ability is due to the differences
between the sound-masking proper-
ties of human spatial hearing and
those of normal microphones with lin-
ear transfer functions. In Fig. 11, for
example, the top curve is the external-
ear transfer function for sound sources

if the Aachen Head stays in the
same location in the recording
studio, “‘takes’” can be spliced
together without problems.

| Fig. 14—This BAS display

shows an edited recording
that isolates an annoying
noise, and the no1se’s
associated frequency
spectrum. The system's
computer afso performs many
other functions; see text.

Head Accustics binaural
analysis system with
keyboard and mouse
fcenter). Hanked by
Reproduce Uit for
electrostatic headphones
{leit) ana specrally modified
DAT recarder {rignt).
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in front of the listerer. In the presence
of a narrow-band noise centered at 1.5
«Hz, with a perceived loudness of
about 60 dB8. an additional pure 2-kHz
tore with a iever of 35 dB can be heard
oy both the ear and the microphone, If
the narrow-band roise :s increased to
70 dB. the microphone no ionger
“hears” the pure fone--it wiil be
maskes. =owever, the external-ear
transfer tunction amplifies this frequen-
cy by "0 dB; thus. for a listener, the
tone is not masked. Such effects ocour
at various freguencies for varnous an-
gles of incidence, so measurgment
anc percention of ncise often correlate
poorly unless the nature of human
neanng is aken into considerarion.

Animporiant attrbute of the Aacnen
Head in apolicatcns is the akilty to
calivrate the playbacs leve! for prec:se
correspongence with the onigiral rec-
ord evel. using headphores. Thig
makes It easy te recogmze the sigrifi-
cani signal or speciral parameter and
‘o aecide how 0 manipulaie the com-
ponents of the sound source. Such
evajuation oftan shows that *he high-
energy spectral componenis are not
always responsible for acoustic dis-
comfort, Tven greater rritation may re-
sult from lgwering the compeonents, be-
cause their masking effects are simul-
taneousiy reducea.

Figure 12 shows the amplitude
specira of inlernor noises causeq by
auiomohbile ures at a speed of 100 kig-
meters/hour. The measurements were
taken on a roller test stang inside an
anechow chamber using the Aachen
Head Systern. Two aifferent types of
tires that were ratec to be equal with
respect to the A-werghted sound pres-
sure level were testeq. However, the
: tire corresponding to the dashed spec-
trurm n the Figure was judged to cause
4 much more annaving noise,

What accounted for this? The spec-
tral gomam contained certain onal
components that underwent a frequen-
¢y modulation {harshness) in opera-
tion. When trying to reduce the noise
effects of the tires corresponding to the
solid spectrum in Fig. 12, one might
assume that the frequencies between
1.1 and 1.4 kHz were responsible and
therefore try to altenuate this range.
However, when variously fillered Aa-
chen Head recordings were compared
in subjective tests, it was clearty dem-

The Aachen Head System helps
to isolate annoying noises from
those which are louder and yet
somehow less bothersome.

onstrated that damping these frequen-
cies would not improve acoustic com-
fort inside the automebile. The final re-
sults proved very interesting: By lower-
ing the speciral components at 4.8 ana
6.3 kHz. a significant improvement in
acoustic comfort was achieved.

In addition o auiomctive applica-
#ons, the Aachen Head System is suit-
atie for fields in which measurement
and evaluation of acoustc signals are
connected to comfort and quality. For
gxamole. the system can be used for
long-term archiving and documenta-
tion. traming of service personnel. oot
mization of loudspeaxer scund sys-
tems, quality control, evaluation of
acoustical comfort, and other
ana nme-effective testing.

Animoortant freld of application has
been rcise analysis using a computer-
controlled binaurai analysis system
iBASZ), aspects of which are shown in
Figs. 13 anc 14, The BAS can caicu-
late sound pressure tevel (unweighted
of with A, B, or C weighting), loudress
(in sones), anc snarpness (the ratio of
high-frequency energy to average en-
argy), it can also perform 's-octave
analysis and calculate and display
rransfer functions and binaural track-
ing filter characteristics. Moreaver, the
gysiem can calculate cross- and auto-
correlation functions. measure short-
time spectra to evaiuate dynamic ef-
fects. measure and show interaural
levels and phase relationships, and
calibrate playback leveis for precise
correspondence with the original
sound prassure levels at the ear-canal
entrances. Long time functions can be
recorded and processed, and seg-
ments selected for repeated playback.
Sound quality can be analyzed with
respect o amplitude and freguency
modulation. tone color, and other gual-
iies. Dynamic range can be calculated
wilh respect 1o pre-masking, post-
masking, and simultanecus masking
effects. And the system can replicate
both ear signals in the ariginal time
and frequency domains,

Engingers have become increasing-
ly convinced that conventional acous-
tic measurement techmgues do not
adequately meet their needs in noise
measurament and analysis, room
acoustics, and recordings. The use of

cost-

the Aachen Head System yields con-
siderable improverment in results.. This
has been shown by tests and by nu-
merous applications m the automotive
ang recording industries. All have
shown that by using what we know
about the signal processing capabili-
ties of human hearing, we can obtain a
virtually objective analysis of Aachen
Head signals with regard to sound
properties.

Binaural measurement techniques
allow for much clearer classification of
sound quatity, particularly with respect
to judgments about the annoyance tev-
el of noise. Applying Aachen Head
technology will save time and monay,
because the decision-making process-
s wiil tend to be more goal-oriented
and faster.

Bevond offering a new dimensicn of
Noise Measurement ang anarysis. Aa-
chen Head technology enhances
sound regroguchon. H an “acoustic
photograph” of a concert is desired,
for example. we believe only Aachen
Head technclogy 15 able to faithfully
reproduce the origmal event in every
detail. from cianty and timbre o dy-
namics and spatial imaging.

Engineers now have a recording tool
that hancles acoustcally difficuit sites
and replicates a sound event by more
adequately representing the spatial
imaging of comprlex sound fietds. The
Aachen Head System also provides
outstandmng resuits when used as a
rmtcrophone array for loudspesker re-
ovroduction. Both binaural and stereo
playpack capabilities inhere :n the
same recording. A
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