The following was written by David Clark of DLC Design (http://www.dlcdesignaudio.com/) as background information for listening tests.
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Auditory Scene

Siegfried Linkwitz (SL) believes that stereo reproduction that presents an accurate illusion of the original performance is possible, given a proper recording.

In discussions with SL on what constitutes “accurate illusion,” the phrase Auditory Scene (AS) has come up.  It seems useful to adopt the language of AS to describe this subjective experience.  Much of the science behind AS comes from Prof. Albert Bregman of McGill University, http://webpages.mcgill.ca/staff/Group2/abregm1/web/   

Bregman has studied AS formation from the perspective of understanding how the auditory system organizes sound into patterns.  He calls this Auditory Scene Analysis.  We are interested in how we can replicate a given concert-hall AS by recording and reproducing it.  We will settle for a plausible AS.

An auditory scene is the array of auditory events that our ear-brain system creates from the pressure vs. time inputs to the eardrums.  The mechanism is completely different from the visual scene we perceive through our eyes.  The analogy should be taken no farther than the name “scene.”

The eye-brain system is a massively parallel system that maps nerve cells at the retina to corresponding locations in the brain to produce a visual scene of great spatial resolution.  The receptor cells, however, have poor color resolution. (Green can be perceived from either pure green or a mixture of pure blue and pure yellow.)

The ear-brain system is a serial system that analyses the pressure variations into 30 frequency bands.  (Bass mixed with treble does not result in the perception of midrange; it is heard as a bass pitch and a treble pitch.)  The AS is not high in spatial resolution compared to the visual.  Nevertheless, the ear is a very powerful identification mechanism and simultaneous auditory events can be analyzed and grouped.

Two eyes working together give us improved depth perception and two ears working together give us improved directional perception.  The two systems working together give us impressive awareness capability.  Usually attention is focused on the visual sense with hearing in the background confirming and sharpening the events.  When there is no light, hearing becomes dominant, but we tend to retain the “scene” as our map of what is going on.  This is our auditory scene.  It is strongly affected by visual history and expectations, not just sounds.

Creating an AS from two pressure variation inputs is not trivial.  Consider individual notes played sequentially on a piano.  The first note is an auditory event, but why is it one event rather than separate events for the fundamental and each harmonic?  The answer:

1.  The harmonics are all harmonically related

2.  All harmonics started at the same time

3.  All harmonics came from the same direction

4.  Visual input and recognition of the sound, bias towards integrating into a single event

Now we add the sequence of notes that forms a melody.  Why is this heard as an “auditory stream” of information from the piano rather than a sequence of auditory events?  Answer:

1.  Similarity of harmonic amplitude structure of new and old notes

2.  Similarity of onsets

3.  Same direction and distance as the earlier parts of the stream

4.  Notes are not too close together in time

Now we add a second stream of information, a singing voice.  How are the two segregated into streaming auditory events?  Answer:

1.  They may not be segregated if they are synchronized in time

2.  Dissimilarity of onsets

3.  Dissimilarity of direction and distance

4.  Streams cross each other in frequency

5.  Dissimilarity of harmonic structures

Now we could add chords to the piano playing and add more instruments.  Still, we are able to segregate into many individual streams.  In practice, composers and performers choose to elicit both segregation and integration of streams for artistic effect.  All of the integrated and segregated auditory events, together with awareness of the acoustic environment, when the events suddenly stop comprise the AS.  This AS can simplify when we relax our attention, or can become complex as we shift our auditory focus from one stream to another.

Stereo (or even monophonic) reproduction is capable of rendering a plausible or accurate AS if certain conditions are met (The Existence test).  Subjectively, they are:

1.  The speakers do not seem to be the source of sound

2.  The listening room acoustics are not audible as such

3.  Record/reproduction chain artifacts are sufficiently low

4.  Recording captures timbre and direction of instruments and acoustic effect of the space

5.  There is defocusing of critical centerline listening at playback

We would like to quantify these requirements through a series of subjective experiments.  To do this, listeners must be able to identify and rate each of the 5 issues for every presentation in the experiments.

First we should listen for improvement or deterioration of the AS compared to a reference presentation.  The best AS will be the same as memory of a live sound or its plausible equivalent.  To judge AS credibility, one must mentally examine it fully.  This will require concentration on changing elements.  I suggest the following be judged by the listener:

1.  Auditory events (images) arrayed as intended with respect to depth and side-to-side localization

2.  Ability to focus on a selected stream and change focus to another stream.  (Cocktail party effect)

3.  Ability to segregate steams at the will of the listener, not just at the will of the artist 

4.  Identification of the space as to large or small, reverberant or dead

5.  Freedom of head movement without shifting images or sense of pressure

We hypothesize that meeting the set of conditions (not know exactly what they are yet) will result in experiencing all of the attributes of the auditory scene in reproduction. 

