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Abstract: It is desirable that clients judging a recording at a session or a mastering
engineer evaluating mic balances, pag algorithms, center channel levéktual sound
positioning, or ambience levels have a control room monitoring system that is
uncompromised by the inherent defects of the stereo triangleed&.1 speaker array.
Keeping the ITDs, ILDs, and pinna @jecaptured by the microphones, intact when a
recording artist auditions the raw session or later duriagtemg, increases the odds of
early artist approval and provides a more consistent approach to evaluating any subjective
postprocessing. It is alsuggested thatnyrearambiencechannelssound more musical

if convolved using the latest libraries of 3D hall/theater impulse respahses
attempting taecord thenmlive. These convolved surrounds should be compasigdthe

rear mic signalsf such have beerobtained duringan acousticrecording sessiom a
concert hall, opera house, or church.

1. Stereophonic versus Binaural Monitoring

All human sound localizatigrwith the eyes closeds based on the clues provided by
interaural time differaces between the ear canals, interaural level differences between
the ear canals and the one and two eared pinna functions. A single pinna can act as a
direction finder for sounds with energy above 800 Hz or so. This is why an individual
with hearing in aly one ear can function almost normally. There are disd pinna
directionfinding functionsthat allow localization to within half a degreeven when

there is no ITD or ILDif complexhigher frequenciesr transientare presentThe ITD

and the IID function really well only for signals with energy below 1000 Hz. Thus
where complex sound fields such as music are involeedlization is degraded if any of
these parameters are missing or distorted by the recording or the reproduction method.
Idealy all the three localization cues, ILD, ITD and Pinna, shdmgresent andll bein
agreenent to provide physiological verisimilitudend thus a less s&ined monitoring
experience.
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Unlike everydaybinaural hearing,hie ability to detect theonic illusion of phantom
images between the speakers of the stereo triangle dwthérontal trianglesof 5.1
differs greatlyfrom individual to individual. Head size, pinna sha@mesd other genetic
aspects of an individual 6s efieatahat indigidualse c hani s
differ in their ability to see optical illusions. Thus expectmgsiciansor clients tohear

an adjustment a recoqgroducermakes in the same way the produbeard it isoften
unrealistic. But if the track being monitored snwerted to a binaurdike or everyday
hearing format that does not rely on stereophonic sonic illusion imagingn all
monitoring partiewill likely hear the same thing and will be better able to agree on what
needs to be modifiedLater, such moditiations willbe more likely tdoe appropriate for

a larger number ofater home buyergven if they listervia a stereo triangle or 5.1
arrangementhatis nothing like the monitoring system.

Unfortunately neither the 60 degree stereo triangle nor e 30 degree side by side
trianglesof 5.1are capable of preserviraj the localizatiorcues that have been captured

by the recording microphone. Thatmsost stereo or surround microphone arrdgsoat
alwaysgather more ILD and ITD than is ever heardhe monitoring room. Thus when
adjustments are made in channel balance, spot mic balances, paamngs,
eqgualization, etc. or even when a take is played back for a detisions are not made
with all themic capturedcues being present anddéinie. Thus unwise adjustments may

be made to compensate for monitoring anomalies that are unique to the control room
system orto the ears of themonitoring engineer or his client. This is trumoth for
recordings made with microphones or electronisicnade withvirtual sound software

In the following discussion we will consider a stereophonic system, but the same
reasoning applies to the LCR part of the 5.1 methodology.

2. Stereophonic Monitoring Pitfalls

We consider now several combinationscommon microphone arrangements comparing
what is captured and then whatgeneratedduring monitoring. In figure 1 a pair of
slightly more than head spaced omnis records an ITdppfoximately 900 microseconds

for an instrument way off to the sidélowever, when played back over speakers spaced
+/- 30 degrees the ITD sensed is reduced to 220 microsecondhusdiue to the
precedence effedhe cello moves from 75 degrees to 30 degrees. This may superimpose
the cello over the woodwinds and your cootbr will not like it. Additionally there are

two audible early reflections added in reproduction that arepadt of the recording.
Omnis are used here for clarityput subsequent figures show no customary mic
arrangement is immune to such anomalies.

In figure 2, the cello is at 25 degrees and its recorded ITD of 200 microseconds is
preserved in monitoring. The recorded ILD is O dB but the stereo triangle generates an
ILD of about 6dB which has not been recorded, at least for the higher notesceflthe
where the head shadow is significant, and similarly for violins and violas in these mid
side positions. There is also a strong early reflection created at the far ear that is delayed
by over 200 microseconds and so is not well merged with thet dicemd. Such a
reflection is probably too frontal to enhance envelopment but may cause image widening.
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Between ears, perceived ITD = 220us (30°) Effective ITD = 200us, but false 2nd ITD & ILD
Figurel. Stereo or 5.Crosstalk Figure2. Crosstalkntroduces a False
DistortsLargeRecorded Interaurdalime Early Reflection and a Spurious ILD of.
Differences (ITD)WhenMonitoring 6dB.

In figure 3 coincident cardioids or Bluemn mics are used to record an oboe at the far
edgeof the stage. In this case the level differeremorded is possibly 10 dB. There is

of course no recorded time difference. However, when one listens to the oboe, flute,
piccolo or trumpet in 800Hz range, vibe usual stereo monitoring system this large
recorded ILD is reduced to 2 dB and a spwsidLD of 220 microseconds appears. Thus
the instrument is heard at 8@grees rather than 75 degrees and many instruments may
appear to be lumped together.
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Figure3. Stereo or 5.CrosstalkDistorts Figure4. For Central SourcesMid
Mid-frequencyRecorded Interaurdlevel Frequencies, Monitoring in Stereo Creates
Differences (ILD) when Monitoring Two SpuridliBs that Cause Combing.



In figure 4 the main mic records no level or time differences for ael@hd central
instrument. But upon reproduction at the console, there are two ITD$war early
reflections depending on how you view them. But more damaging is the combfitiering

the peaks and dipthat occur if you move your head side to side. Whibé¢ usually

audible as changes in pitch or overtones, this combing causes level changes that generate
ILDs at some frequencies but not others so that an instrument can ppeanff center

for some notes This combing of central sources also mimicana direction finding

pattens further confusing localization. This combing characteristic is probably the
primary cause of listeners being able to detect something is canned rather than live even
when only a single instrument or voice is recorded outlodhe rule is that a small

single sound source such as a voice or harmonica is best reproduced via a single speaker.
This isone reason why a momenter speaker for movie dialabetter than stereo.

In figure 5 we assume that a velocity pairargling a piccolo at the far side tife stage

only outputs an audible signal on one channel. This could producerallylarge ILD

upon reproduction. Howevethe pinna and the head shademgendered ILD and ITD
localize this monophonic signal to thmubspeaker as in everyday azimuthcegtion and

the stage is again limited to the angle between the speakers which may unconsciously
disturb theclientconductor.
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Despite large recorded ILD, monitored ITD = 220us Any head motion ambiguates high frequencies
Figure5. StereoSpeakerTriangleLimits Figure6. High Frequend@entral
StageWidth Perception aHigher Sources Are Difficult to Localize
Frequencies wheNlonitoring. When Monitoring in Stereo or 5.1

In figure 6, a central high frequency source is recorded anaraft has equal left and

right recorded signals. Upon monitoring with speakers at 30 degrees, the pinna direction
finders sense the higher overtones off to the side but the ILD is zero so the brain localizes
the sound to the center, but this mechanigga,that for optical illusionsdoes not satisfy
completely Small head motions caalso inspire doubtsas tothe high fidelity of the
system.



It is clear that different types of recording microphones rd#ttrently with various
loudspeakers that diffén crossover networks, number of drivers, time alignment, and
directionalityin largely unpredictableundetectedr unanticipated waysSo, in general

for a wide range of microphone arrangements, instrumearid stage locations,
monitoring in stereowill inevitably introduce faults or prejudices which may lead t
editing decisions which aref doubtful validity andwhich other listenersvith quite
different speakers and eamay later find objectionable.

Establishing a Crosstalk Cancelled MonitoringStation

To avoid such pitfalls we suggest a monitoring facility that uses a binaural technology.
That is one that allows the ITDs, ITDs and pinn&ctions to be heard as in Figure 7.
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...then preserved using Ambiophonic monitoring

Figure7. Ambiophoni®lonitoring Figure8. Early Monitoring Station Using
PreservegheTrue ITD and ILDCaptured  Barrier.
During aRecordingSession.

In figures 8 and9a you can see an early version of such a monitoring station. Putting a
simple physical barrier between two speakersatly in front of the monitoring position
eliminates the crosstalk and most of the pinna confusion particularly in the central 60
degree stage area. The speakers should be head spaced on each side of the panel. The
center channel in the 5.1 casded equally to both of these speakerfodayone uses
crosstalk canceling software, which is readily available, to do the same thing without the
physical barrier. Figure 9b. This method of 5.1 monitoring makes it much easier to see
what happens when the tenspeaker is engaged. There is also no chance of a delay
error between the side and the center speakers to cause errors in judgment. You can hear
easily if the center channel information is compressing the width of the stage or if there
are phasing eficts You can also switch to 60 degree stereo speakers plus center for a
quick comparison at any point in the process.
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Figure 9b Software Based Monitoriggation Preserves ITD and ILD



Our experience is that musicianstening in a binaural environmergan more easily
appreciate what has been captured and are less likely to request chspeeally those
that are irrationalasis quite possible whenmonitoringjust in stereo or 5.1.

If it sounds fine monitored thibinauralway and issubsequentlyeleased without too
much processing will it sound better on all thasdbpar stereo systems out theré?
believe so buthis is a subjectiv@pinion not susceptible to proof. But common sense
indicates that the great variety of systems out there will insure that the percerdagd of
reviews will remain about the samehether the mix ispsychoacousticallypure or
psychoacoustically eccentric. Howevdrthe mix keeps the cues relatively intaittis

then possiblein years to comdor a home listener to recover this data and hear the stage
with all the depth and width that the microphones did capture.

Robin Miller of FilmakerStudioshas devised a der, Figure 10that can convert a purist
four channel recording into a 5.1 equivaleftenat a future time a decoder can be used

to fully recover the originalinprocess#360 degree surround recording. Thus one could
use an advancerecordingsurroundtechnoloy such as Ambiophonigsnonitor it with

full binaural realism, please the client, but still release the performance in 5.1. We
believethat the 5.1 recordings made this way are superior tor¢kerdings made the
conventional way using thgpical methods reviewed in tHest part of thenext section.
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Figurel0. Four Purist Microphone Channels Convert to 5.1 and Back Again



Monitoring Speakers for Special Studios

Figure 11shows apair of Soundlab Electrostatiganels capable of rock woert SPL

levels, workng as a software crosstalk cancelled pair or Ambiodip&8ech electrostatic
panels are extremely accurate transducers. Being full range, (except for low bass) they
do not have crossovers, thus preserving ITDs and ILDs and meidastalk canceling

and thus monitoringnore effective.

Figurell. Soundlab Ambiopole Full Range Electrostatic Panels Operate at Very High
SPLs, Have No CrossoveRreserve ITDs and ILDs&indDo n Gonfuse thdinna.

Figure 12shows thatt is possible to do accurate monitoring with very small speakers. In
this case, the fultange Bose AMb is very directional and like the electrostatics has no
crossover in the ITD, ILD region. By using an extra speaker for each additional listener,
you can hag more than one monitoring station in the same room.



