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2.1 - Hearing - Part 1

SL: The Zen master asks the student: "When a tree falls in the forest, does it make a sound?"

And the student thinks: "That must be one of his trick questions again, | must think before | answer. | know when the
tree falls that it makes noise when its branches hit other trees and branches and that it makes a loud crash when it hits
bottom. so why is he asking?"

Fitz: | getitl Somebody has to be there to hear it. Otherwise it's just air vibration. Sound is what | hear. What |
perceive and then associate with branches moving against other branches.
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SL: The Zen master asks the student: "When a tree falls in the forest, does it make a sound?"

And the student thinks: "That must be one of his trick questions again, | must think before | answer. | know when the
tree falls that it makes noise when its branches hit other trees and branches and that it makes a loud crash when it hits
bottom. so why is he asking?"

Fitz: | getitl Somebody has to be there to hear it. Otherwise it's just air vibration. Sound is what | hear. What |
perceive and then associate with branches moving against other branches.

SL: The Zen master also asks: "What is the sound of one hand clapping?"

Fitz: That does not make any sound. But | can hear clapping in my mind. So the sound of one hand clapping is
referring to a memory.

SL: Sounds reasonable to me, but then | am not a Zen master to know why he asked the questions. | suspect he is
inquiring about the student's Self with a capital S, about the person who is hearing or not hearing, and what their state
of enlightenment is at this moment. That would jibe with another master's response to a student's question: "What is
the essence of Buddhism?" And he answers: "No Self, no problem!”

Fitz: That gets heavy. Let's talk about hearing.

SL: Yes, read first what Bregman had to say. His book was published 1990, not that long ago. He explores the
amazingly complex processes, which the brain is capable of in order to make useful sense of what pressure variations
in the air communicate about the world around us. It's a thick book and | did not make it much beyond the introduction,
but it influenced tremendously my thinking about sound. Ultimately, and in combination with Guenther Theile's
Association Model and my own experimentation, | learned that a loudspeaker must be friendly with natural hearing
processes in order to render sound convincingly.

From: Albert S, Bregman,
Auditory Scene Analysis
The perceptual organization of sound

To deal with this scene analysis problem, the first thing
the brain does is to analyze the incoming array of sound
into a large number of frequency components. But this

Sound is a pattern of pressure
waves moving through the air, each sound-producing
event creating its own wave pattern. The human brain
recognizes these patterns as indicative of the events
that give rise to them: a car going by, a violin playing, a
woman speaking, and so on. Unfortunately, by the time
the sound has reached the ear, the wave patterns arising
from the individual events have been added together in
the air so that the pressure wave that reaches the
eardrum is the sum of the pressure patterns coming
from the individual events. This summed pressure
wave need not resemble the wave patterns of the
individual sounds.

As listeners, we are not interested in this summed

does not solve the problem; it only changes it. Now the
problem is this: how much energy from each of the
frequency components, present at a given moment, has
arisen from a particular source of sound, such as the
voice of a particular person continuing over time? Only
by solving this problem can the identity of the signals
be recognized.

For example, particular talkers can be recognized, in
part, by the frequency composition of their voices.
However, there are many more frequencies arriving at
the ear than just the ones coming from a single voice.
Unless the spectrum of the voice can be isolated from
the rest of the spectrum, the voice cannot be recognized.
Furthermore, the recognition of what it is saying —its
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Sound is a pattern of pressure
waves moving through the air, each sound-producing
event creating its own wave pattern. The human brain
recognizes these patterns as indicative of the events
that give rise to them: a car going by, a violin playing, a
woman speaking, and so on. Unfortunately, by the time
the sound has reached the ear, the wave patterns arising
from the individual events have been added together in
the air so that the pressure wave that reaches the
eardrum is the sum of the pressure patterns coming
from the individual events. This summed pressure
wave need not resemble the wave patterns of the
individual sounds.

As listeners, we are not interested in this summed
pattern, but in the individual wave pattems arising from
the separate events. Therefore our brains have to solve
the problem of creating separate descriptions of the
individual happenings, but it doesn’t even know; at the
outset, how many sounds there are, never mind what
their wave patterns are; so the discovery of the number
and nature of the sound sources is analogous to the
following mathematical problem: “The number 837 is
the sum of an unknown number of other numbers; what
are they? There is a unique answer.”

To deal with this scene analysis problem, the first thing
the brain does is to analyze the incoming array of sound
into a large number of frequency components. But this
does not solve the problem; it only changes it. Now the
problem is this: how much energy from each of the
frequency components, present at a given moment, has
arisen from a particular source of sound, such as the
voice of a particular person continuing over time? Only
by solving this problem can the identity of the signals
be recognized.

For example, particular talkers can be recognized, in
part, by the frequency composition of their voices.
However, there are many more frequencies arriving at
the ear than just the ones coming from a single voice.
Unless the spectrum of the voice can be isolated from
the rest of the spectrum, the voice cannot be recognized.
Furthermore, the recognition of what it is saying —its
linguistic message — depends on the sequence of sounds
coming from that voice over time. But when two
people are talking in the same room, a large set of
acoustic components will be generated. These have to
be stitched together in the right way. Otherwise illusory
syllables could be perceived by grouping components
derived from both voices into a single stream of sound.

From: Albert S. Bregman and Pierre A. Ahad, Demonstrations of Auditory Scene Analysis -
The perceptual organization of sound, Audio CD

SL: And now another of Bregman's illustrations of the ear-brain system's capability. | like to call that system our BSP,
our biological signal processor. Imagine writing the software for a DSP box that must function like the BSP. If the
software does not work, you will be eaten by a saber toothed tiger.

Fitz: It would seem that 'room correction’ could start a fight with the BSP.

SL: That is possible. I_judge any sound system by how tiring it is to listen to. When after a while you feel like you had
enough, tll1en your brain is telling you subconsciously: | have worked enough to compensate for the unnatural cues that
I receive. | am tired.

The difficulties that are involved in the scene analysis processes in
audition often escape our notice. This example can make them more
obvious. Imagine that you are on the edge of a lake and a friend
challenges you to play a game. The game is this: Your friend digs two
narrow channels up from the side of the lake. Each is a few feet long
and a few inches wide and they are spaced a few feet apart. Halfway
up each one, your friend stretches a handkerchief and fastens it to the
sides of the channel. As waves reach the side of the lake they travel up
the channels and cause the two handkerchiefs to go into motion. You

are allowed to look only at the handkerchiefs and from their motions
to answer a series of questions: How many boats are there on the lake
and where are they? Which is the most powerful one? Which one is
closer? Is the wind blowing? Has any large object been dropped sud-
denly into the lake?

Solving this problem seems impossible, but it is a strict analogy to
the problem faced by our auditory systems. The lake represents the
lake of air that surrounds us. The two channels are our two ear canals,
and the handkerchiefs are our ear drums. The only information that



Solving this problem seems impossible, but it is a strict analogy to
the problem faced by our auditory systems. The lake represents the
lake of air that surrounds us. The two channels are our two ear canals,
and the handkerchiefs are our ear drums. The only information that
the auditory system has available to it, or ever will have, is the vibra-
tions of these two ear drums. Yet it seems to be able to answer ques-
tions very like the ones that were asked by the side of the lake: How
many people are talking? Which one is louder, or closer? Is there a
machine humming in the background? We are not surprised when
our sense of hearing succeeds in answering these questions any more
than we are when our eye, looking at the handkerchiefs, fails.

The difficulty in the examples of the lake, the infant, the sequence
of letters, and the block drawings is that the evidence arising from
each distinct physical cause in the environment is compounded with
the effects of the other ones when it reaches the sense organ. If correct
perceptual representations of the world are to be formed, the evi-
dence must be partitioned appropriately.

In vision, you can describe the problem of scene analysis in terms
of the correct grouping of regions. Most people know that the retina
of the eye acts something like a sensitive photographic film and that it
records, in the form of neural impulses, the “image” that has been
written onto it by the light. This image has regions. Therefore, it is
possible to imagine some process that groups them. But what about
the sense of hearing? What are the basic parts that must be grouped to

make a sound?
From: Albert S. Bregman, Auditory Scene Analysis - The perceptual organization of sound, MIT Press, 1990

Fitz: That is truly amazing.
... and what is this Theile Model all about?

SL: Well, | have to first generate some visuals to illustrate and explain the Association Model of auditory perception.
We will talk about the philosophical concept of Gestalt and how we experience it. And then we talk about the ear and
upper body as an encoding and decoding device for the world around us in order that the brain can extract meaning

and learning in conjunction with its memory part.

It is not obvious at this time, but it all relates to loudspeakers and what they must do for a listener to recognize a
Gestalt, and how therefore they should be designed and built optimally.

ilnbernlnde

2.2 - The Association Model of Perception

SL: | am back.
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2.2 - The Association Model of Perception

SL: | am back.

| encountered the association model for the first time in Guenther Theile's AES Journal paper, "On the
Standardization of the Frequency Response of High-Quality Studio Headphones”, Vol. 34, No. 12, 1986
December.

| noticed the model again, and this time applied as a guide to effective coding of information, in a white Paper by
Clemens Par.

You might read the papers, if you want more background material for our conversation about loudspeaker design and
about how and what we hear:

Audio, however, is a highly controversial subject, as models how human hearing
occurs are closely linked to cerebral activities, which are only investigated up to a
specific degree. The foremost model, conceived as a doctoral thesis in the eighties,
is the so-called “Assoziationsmodell” by my friend Gunther Theile [4]. See Figure 1.

Quter ear Ear signals

Generation of
Gestalt

L

: Gestalt
| recognition

Sound source Space Cerebral processing of cues

Fig. 1: “Assoziationsmodell” according to Glnther Theile,
describing the human auditory response to an external stimulus [4].

From: Clemens Par, Rationalism versus Empirism, in http:/fwww.intercomms net/issue-25/va-1.html, 2015
or http:/fwww.linkwitzlab.com/Fitz/rationalism-empirism_htm
[4] G. Theile, On the Localizaticn in the Superimposed Soundfield, PhD Thesis, Technische Universitaet Berlin, 1980
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A Crash Course in Invariant Theory and a
Tribute to Rudolf E. Kadlmén by Ecma TC32-
TG22's Convenor and Swissaudec’s CEO
Clemens Par.

CLEMENS PAR has introduced inverse £ =
Here is my friend Clemens looking to convince the engineering world to apply sensible perceptual coding

Fitz: | will skip it for now and maybe get back to reading the papers later.

2.3 - Perception of the world around us

2.3 - Perception of the world around us

SL: Alright, but | must tell you that the association model gives not just a wonderful explanation to how we hear. It
applies to all our senses, the five senses through which we experience the world on the outside of our skin: Hearing -
Seeing - Touching - Smelling - Tasting.

Fitz: How is that?

SL: | really must step back a long way, because this is about how we interact with and respond to the world around
us. It is about the functional patterns that we have acquired by birth from our parents and by generations before us,
through the genetic code in our bodies. It is about learning, since the first scream at our birth into this universe, about
experiencing love and pain and then learning to get more love and how to avoid pain. It is about the influence of
'nature’ and 'nurture’ upon our daily activities and longings.

Fitz: You are going big again.

SL: It hardly gets bigger than that. So lets start right away with the Universe.
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Fitz: Yes, | know that Planet Earth and our solar system is just one of millions of solar systems in the universe. | read
that they found just recently a cluster of planets, which potentially could carry life as we understand it, and the planets
are not that far away in terms of light years.

| know that we are not the center of the universe, not even the center of our milky way galaxy, but some 20,000 light
years away from the center and at the outer fringes of our spinning galaxy, which is just one of millions of galaxies. It is
just overwhelming to think about it, but also awe inspiring and humbling.

SL: Yes, and then to think that our planet is just a youngster in the universe, recycled material from extinguished suns,
from stars, which shone brightly before the earth was born. We ourselves, the atoms, which make up our bodies were
cooked in a sun. We are literally made up of stardust. We are local condensations and manifestations of a parent sun.

Fitz: Pretty amazing stuff

SL: And the beauty is that we are, or can become, conscious of this relationship through the extension of our five
senses by scientific instruments, and by communication tools that reach beyond the range of our voice or beyond the
drum beats, which were in earlier times used to send messages to people at great distance from each other.

Fitz: OK. The picture above shows Me inside a Local Reality, which is inside the circle called Planet Earth.

SL: What is being communicated here, is that we live our lives locally. In the past the extend of that region was
defined by the horizon on the water, or the next mountain range, or the forest, or basically by how far we could see.
Compared to that, the local reality for hearing, what you can perceive in terms of spatial information with closed eyes,
is different in its extension and detail. Touch is limited by the reach of your arms or legs.

Fitz: But today my Local Realty is far greater, because | have a smart-phone and ear-buds and a car and Facebook
and Google.

SL: Yes, very true. But | still call it Local Reality, because you have self imposed boundaries, which determine how far
you reach. You have a local world to which you respond. | have another one. Since you are on my website, our worlds
have some amount of overlap.

The point of all of this, is that we deal with, that we experience and live in a bounded world. We can transport
ourselves by foot, bicycle, car or airplane to different bounded worlds. Taken together, all these add to and form our
experience and learning of the world beyond our skin. We carry in our head and body memories, thoughts, emotions,
behavior patterns and models as a result of our journey through life. The journey started with birth. We all came into
this world pretty much the same way. We go out in our own unique way. Between those two events we live the story of
our life.

SL: How the story is being written depends upon the inputs and messages, which we have received in the past, and
what and how we have internalized them. The story depends upon the inputs, which we receive at every moment and
how we respond to them. But the story also develops in response to our resistances, expectations and hopes.

The difficulty for our perceptual apparatus, for hearing and seeing for example, is that we are constantly exposed to
information from our local reality.

When | open my eyes in the morning, | see the reflections of the sunlight, which describe the objects in my bedroom
and the objects outside the bedroom window. Since | have memory, which | associate with what | see now, | am not so
much interested in the scenery and landscape, but | am looking for what has changed since yesterday. For example |
like to know what today's weather is going to be. | know from experience that last night's weather report is not a
reliable predictor here, on the Pacific coast of Northern California, where the fog drifts in and out, and the weather can
change from sunny to foggy within an hour or two. So the weather has my attention.



Now if | stand up to look out the window, | notice whether the long grasses or any tree branches move, and if so, in
which direction. Having been an avid, a practically addicted windsurfer, | cannot help but noticing the smallest
movements caused by air, and hopefully indicating a windy day. | no longer dare to go out on the water, aging has its
consequences, but | still respond to patterns, which | adopted in earlier times. Water, wind and waves are still calling,
when my pleasure now is to wade through the cold waters along a sandy beach near our home.

Fitz: OK, why are you telling me this?

SL: | am telling you this because our perceptual apparatus has to divide the world we live in into foreground and
background. Otherwise we cannot handle the inflow of information. We need to know what is background, what is
consistent, what does not require attention, in order to notice changes in the background, which might carry
information, to which we better pay attention. It is the movement against a background, whether it is a visual or a sonic
background, which draws our attention.

As a matter of fact, all our senses are primarily change detectors. Come into a room and it smells bad. After a while
you no longer notice it. But then go out the door and you will relish the fresh air.

Fitz: It's the same with hearing. | get really annoyed with clicks and ticks on my old LP's and often wish | could just
ignore them.

SL: That is difficult to do. You can much more easily ignore tape hiss or LP groove noise, because it is continuous,
Your brain can move that beyond its acoustic horizon. But is has to constantly work at it and it becomes tiring. Some
audiophiles like to talk about new equipment brake-in. | think it is mostly their brain breaking in, because the brain has
plasticity, and is eventually adapting to the reality. The longer the break-in time, the more artificial the sound must have
been.

The clicks and ticks though draw your attention, because you are genetically programmed to pay attention to such
signals. In evolutionary terms, there could be a saber toothed tiger in the bushes. We still respond to the commands
from a large region in our brain, which is programmed for bodily response and motion, like hiding or running.

SL: Our conversation now brings me to the Association Model of Perception, or AMP. The general model came to
mind as | was thinking about the steps and processes in the Association Model of Hearing, which GuentherTheile and
then Clemens Par used for their particular lines of investigation.

| also have been fascinated by books like:

Cesar Hidalgo, "Why Information Grows", 2015

Daniel Kahneman, "Thinking, Fast and Slow", 2011

Michael S. Gazzaniga, "Who's in Charge?", 2011

Pierre Teilhard de Chardin, "The Phenomenon of Man", 1955

The model below brings together what | have taken from various inputs, from my own life's story and from recognizing
what is hidden behind "The Open Secret" of life and living.

Fitz: So you have tested this model against your experiences and understandings?
SL: Yes. The beauty of this model is that it not only brings to consciousness the patterns in my response to the

realities beyond my skin, but also to a dimension beyond, which touches and enters me through Intuition and
Recognition.
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