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Auditory Pattern and Object Perception

Timbre Perception and object Identification
  Many attributes of sensation, such as pitch and loudness, may be considered 
unidimensional. In other words, pitch and loudness can be organized in a single scale. In 
addition, the labeling of each object within a large set of objects can be done as long as the 
total number of objects is less than 5-6. 
  in order to identify more stimuli than this, extra dimensions are required. In hearing, these 
extra dimensions arise by 1) the pattern of energy as a function of energy for a complex 
stimuli, and 2) by the temporal pattern and temporal variations of the stimuli.

Time-Invariant Patterns
  Simple sounds, such as a pure tone, can be described by two numbers specifying frequency 
and intensity. However, sounds encountered in everyday life are far more complex having 
multiple frequencies, intensities, and phases. In this case, the determinant factor of the quality 
of a sound, or timbre, is its distribution of energy over frequency. The ASA defines timbre as 
“that attribute of auditory sensation in terms of which a listener can judge that two sounds 
similarly presented and having the same loudness and pitch are dissimilar.” 
  The ASA definition depends not only on the frequency spectrum of a sound, but also on the 
fluctuations over time. A more restricted definition, as suggested by Plomp (1970), defines 
timbre as dependent on only the relative magnitudes of the tones partials.

  Timbre can be considered multidimensional since it can not be organized in a single scale so 
that we can compare or order timbres of different sounds. One way of describing the 
spectrum of a sound, taking in consideration its multidimensionality, is to look at the overall 
distribution of spectral energy. For example, complex tones with strong lower harmonics 
sound mellow, while tones with strong higher harmonics sound sharp and penetrating.
  Another more qualitative approach shows that the perceptual differences between different 
sounds are closely related to the difference in the spectra of the sounds, when the spectra 
were specified as the levels in 18 1/3-octave frequency bands. The bandwidth of 1/3 octave is 
slightly greater than the critical bandwidth or ERBN over most of the audible frequency range. 
Thus, timbre is related to the relative level produced by a sound in each critical band. In other 
words, timbre is related to the excitation pattern of that sound.
  It is likely that the number of dimensions required to characterize timbre is limited by the 
number of critical bands required to cover the audible frequency range, which would yield a 
maximum of 37 dimensions. However, a smaller number of dimensions can be determined if 
the sound is restricted to a class.
  While it is considered true that the timbre of steady tones is mainly determined by their 
magnitude spectra, it is also thought that the relative phases of its components also play a 
small role.



Time-Varying Patterns
  Differences in static timbre may enable us to distinguish between two sounds, but it may not 
be sufficient to absolutely identify an “auditory object.” One reason is that the magnitude and 
phase spectrum of the sound may be greatly altered by the transmission path and the room 
reflections. Thus, the recognition of a particular timbre and an “auditory object” may depend 
on several factors: 1) whether the sound is periodic or not; 2) whether the waveform envelope 
is constant or fluctuates as a function of time; 3) whether any other aspect of the sound is 
changing as a function of time; and 4) what the preceding and following sounds are like.
  The recognition of musical instruments strongly depends in onset transients and on the 
temporal structure of the sound envelope. Also, many instruments have noise-like qualities 
that strongly influence their subjective quality.

Information Used to Separate Auditory Objects
  It has been suggested that it is useful to make a distinction between two concepts: source 
and stream. A source is some physical entity which gives rise to acoustic pressure waves. A 
stream is the percept of a group of successive and/or simultaneous sound elements as a 
coherent whole, appearing to emanate from a single source. 
  Sounds reaching our ears rarely come from a single source, as it usually arises from 
several. If several sounds are mixed together, it is possible to hear each individual sound as a 
separate stream. 
  The peripheral auditory system acts as a frequency analyzer. Inside the brain, the internal 
representations of the frequency components are assigned to their appropriate sources. This 
process is called “perceptual grouping”, “parsing”, or “auditory scene analysis.” The process 
of separating the elements arising from several sources is sometimes called “segregation.” 
  Physical cues may be used to derive separate perceptual streams corresponding to the 
individual sources which give rise to a complex acoustic input. Two aspects are included in 
this process: 1) the grouping together of all the simultaneous frequency components that 
emanate from a single source at a given moment, and 2) the connecting over time of the 
changing frequencies that a single sound source produces from one moment to the next. 
These two aspects are sometimes known as “simultaneous grouping” and “sequential 
grouping” respectively.
  Perceptual grouping is not an all-or-nothing process. For example, a cue that is effective for 
one attribute may not be as effective or be completely ineffective for another attribute. Also, 
the effectiveness of a cue may differ for simultaneous and sequential grouping.

Fundamental Frequency and Spectral Regularity
  When listening to two steady complex sounds together, we do not confuse which harmonics 
belong to which note. Rather, we hear each tone as a separate source, even though the 
harmonics may be interleaved and sometimes may even coincide. This is only possible if the 
two tones have different fundamental frequencies (Fo). 
  The components of a periodic sound have frequencies which form a simple harmonic series 
(harmonicity); the frequencies are integer multiples of Fo. The lowest harmonics are resolved 
in the peripheral auditory system, and the regular spacing between the lower harmonics may 
promote their perceptual fusion, causing them to be heard as a single sound. If a sinusoidal 
component does not form part of this harmonic series, it will be heard as a separate sound.
  Another factor determining whether a group of frequency components sounds fused is not 
harmonicity, but spectral regularity; if a group of components form a regular spectral pattern, 
they tend to be heard as fused. If a single component does not “fit” the pattern, it is heard as a 
separate sound.



  When two complex sounds with different Fo's are presented simultaneously, then each will 
give rise to waveforms on the basilar membrane with periodicity equal to its respective Fo. If 
the two sounds have different spectra, then each will dominate the response at certain points 
on the basilar membrane. The auditory system may group together regions with common Fo 

and segregate them from regions with different Fo. It may be the case that both resolved and 
unresolved components can be grouped on the basis of the detailed time pattern of the neural 
spikes.
  
Onset Disparities
  For two complex tones treated as masker and maskee (at a barely detectable level), when 
they are started at the same time and have the exact same temporal envelope, the threshold 
of the signal was between 0 and -20 dB relative to the level of the masker. Thus, when a 
difference in Fo is the only cue, the signal could bot be heard when its level was more than 20 
dB below that of the masker.
  The threshold for onset asynchrony reaches a values of -60 dB for an asynchrony of 30 ms. 
Thus, the signal, if started 30 ms before the masker, is more easily heard and with much 
greater differences in level between the two tones. 
  It seems like asynchronies are important in the perception of the separate parts or voices in 
polyphonic music. Onset asynchronies also play an important role in determining the timbre of 
complex sounds. 

Contrast with Previous Sounds
  The auditory system is well suited for the analysis of changes in the sensory input, and 
particular to changes in the spectrum over time. It is possible that there are specialized 
central mechanisms for detecting changes in the spectrum. In addition, stimulation with a 
steady sound may result in some sort of adaptation. If the stimulus is somehow changed, then 
that change will produce a release from the effects of adaptation and thus, will be enhanced 
perceptually. 
  For example, if a white noise signal is heard in isolation it is described as “colorless;” it has 
no pitch and a neutral timbre. However, when white noise is followed soon after with a 
stimulus with a spectral structure, the noise will sound “colored.” This coloration corresponds 
to the inverse of the spectrum of the preceding sound. 
  Change detection is important in assigning sound components to their appropriate sources. 
Normally we listen against a relatively unchanging background sounds. A sudden change in 
the sound will indicate that a new source has been activated, and that the change detection 
mechanism enable us to isolate the effects of the change and interpret them appropriately.

Correlated Changes in Amplitude or Frequency
  When two complex tones are presented simultaneously, the detection of tone the tones can 
be enhanced if its components are frequency modulated, leaving the other tone steady. This 
effect can be produced by AM of one of the tones. The modulation seems to enhance the 
salience of the modulated sound, making it appear to stand out from the unmodulated sound.
  While it seems clear that the modulation of the components of one sound can aid the 
perceptual segregation of that sound from an unchanging background, it is less clear if the 
perceptual segregation of simultaneous sounds is affected when both sounds are modulated. 
It has been found that AM does not affect the identification of pairs, however for FM it is more 
difficult to determine the effects.



Sound Location
  The cues used in sound localization may also help in the analysis of complex auditory input. 
For example, with binaural masking level difference, a signal can be easily detected if its 
located in a different position in space from the masker. Another example of the use of 
binaural cues in separating an auditory “object” from its background is achieved because 
differences in the relative phase at the two ears can allow an auditory “object” to be isolated in 
the absence of any other cues. Thus, it can be concluded that when two sounds differ in their 
IID or ITD, this can contribute to the perceptual segregation of the sounds and enhance their 
detection and discrimination. 

The Perception of Sequences of Sounds

Stream Segregation
  When we listen to rapid sequences of sounds, the sounds may be grouped together (fusion 
or coherence), or they may be perceived as different streams (fission or stream segregation). 
The term “streaming” is used to denote the processes determining whether one stream or 
multiple streams are heard. For example, using a sequence of pure tones where every 
second B was omitted from the regular sequence ABABAB..., produced a sequence ABA 
ABA... The sequence can be perceived in two ways, depending on the frequency separation 
of A and B. Small separations tend to produce a single (fusion) “galloping” rhythm. Larger 
separations produce two separate tone sequences (fission) in which one of them A A A) runs 
twice as fast as the other (B B B). it has been suggested that each stream corresponds to an 
auditory “object” and that stream segregation reflects the attribution of different components in 
the sound to different sources. Components are more likely to be assigned to separate 
streams if they differ widely in frequency or if there are rapid jumps in frequency between 
them. For intermediate frequency separations of the tones in a rapid sequence, either fusion 
or fission could be heard, according to the instructions given and the “attentional set” of the 
subject.
  Stream segregation for successive complex tones can also be affected by the differences in 
successive tones in Fo, in temporal envelope, the relative phases of the components, or in 
localization.
  The phenomenon of stream segregation has been exploited musically by several 
composers. By playing a sequence of tones, with widely separated frequencies, in which 
alternate notes are chosen from separate frequency ranges, an monophonic instrument can 
appear to play two melodies at once. The works of Bach, Telemann, and Vivaldi are good 
examples. In another case, two different instruments played interleaved notes so that only a 
single melody is heard. However, this only works for instruments with similar timbres, 
locations, and pitch ranges.

Judgment of Temporal Order
  It seems that it may be difficult to judge the temporal order of sounds that appear to come 
from different sources. This poor order discrimination is probably a result of stream 
segregation. Sounds with different temporal and spectral characteristics do not form a single 
perceptual stream. They seem to float about about with respect to each other in subjective 
time. However, with extended training and feedback subjects can learn to distinguish between 
and identify orders within sequences of non-related sounds.
  



General Principles of Perceptual Organization
  Gestalt psychology describes many of the factors which govern perceptual organization, and 
their descriptions and principles apply reasonably well to the way physical cues are used to 
achieve perceptual grouping of the acoustic input. Thus, the use of the “rules” of perceptual 
organization results in a grouping of those parts of the acoustic input that arose from the 
same source and a segregation of those that did not.

Similarity
  This principle states that elements will be grouped if they are similar. In hearing, similarity 
implies closeness of timbre, pitch, loudness, or subjective location. 

Good Continuation
  This principle exploits a physical property of sound sources, that changes in frequency, 
intensity, location, or spectrum tend to be smooth and continuous, rather than abrupt. A 
smooth change in any of these aspects indicates a change within a single source, whereas a 
sudden change indicates that a new source has been activated. 

Common Fate
  This principle describes the fact that is two or more components in a complex sound 
undergo the same kinds of changes at the same time, then they are grouped and perceived 
as part of the same source. 

Disjoint Allocation
  This principle, also know as “belongingness,” shows that a single component in a sound can 
only be assigned to one source at a time. Meaning that once a component has been “used” in 
the formation of one stream, it cannot be used in the formation of a second stream. For 
certain types of stimuli, the perceptual organization may be ambiguous, there being more 
than one way to interpret the sensory input. When a given component may belong to one of a 
number of streams, the percept may alter depending on the stream within which that 
component is included. However, this principle does not always work, particularly in situations 
where the are two or more plausible perceptual organizations. In such situations, a sound 
element may sometimes be heard as part of more than one stream.

Closure
  In everyday life, sounds from a given source may be temporarily masked by other sounds. 
While the masking sound is present there may be no sensory evidence which can be used to 
determine whether the masked sound has continued or not. Under these conditions the 
masked sound tends to be perceived as continuous. This process is called “closure.”
  Perceptual filling in of missing sounds does not take place solely on the basis of evidence in 
the acoustic waveform. Our experience with speech, music, and other stimuli must play a 
role, and the context of surrounding sounds is obviously important. However, the filling in only 
occurs when one source is perceived as masking or occluding another. This percept must be 
based on acoustic evidence that the occluded sound has been masked. Thus, if a gap is not 
filled by a noise or any other sound, the perceptual closure does not occur, and a gap is 
heard.



The Figure-Ground Phenomenon and Attention
  It seems that we are not generally capable of attending to every aspect of the auditory input; 
rather, certain parts are selected for conscious analysis. In principle, we might think it possible 
to attend to and compare any arbitrarily small group of elements in a complex acoustic signal. 
However, this is not the case. Rather, it appears that the complex sound is analyzed into 
streams, and we attend primarily to one stream at a time. This attended stream then stands 
out perceptually, while the rest of the sound is less prominent. This separation of attended 
and unattended streams is called the “figure-ground phenomenon.”
  While we can switch attention from one stream to another and we may have some 
awareness of the other streams, only one stream is selected for a complete conscious 
analysis. It has been suggested that attention may be brought to bear after the preliminary 
analysis into streams has occurred. The “preattentive” processes involved place constrains 
upon attention. It is difficult to attend simultaneously to, or to make relative judgments about, 
elements which form parts of two separate perceptual streams.
  It must be noted that this is not a one-way process, since attention may also influence the 
formation of streams. In addition, our ability to direct attention to one stream among a number, 
and indeed to form the stream in the first place, does not depend only upon the information 
available in the acoustic waveform. The Gestalt rules constitute a form of knowledge, but 
other sources of information or knowledge may also be involved. It seems that this involves 
relatively high-level processes.
  
  
  


