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Abstract 

 

 
 

In the 20th Century much research has been done about sound and timbre. One of the 

ideas was, and still is, to make an organized palate for existing and known timbre in 

an attempt to define new timbres.  

In this work I will present an overview of various research that was carried out. 
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Introduction 

 

 

One can perceive musical sound in different ways over time through the use of the 

following: 

 

• Pitch 

• Loudness 

• Timbre 

• Direction 

 

Pitch is a one-dimensional parameter in which the representation is perceived on a 

physical parameter “ fundamental frequency of a sound”. 

 

Loudness is quasi one-dimensional, but in reality it is independent to pitch 

(fundamental frequency) and the timbre of sound. 

 

Direction is a three-dimensional parameter and it is the perception of the sound 

source’s position in space. 

 

The complicated parameter is Timbre. This is multi-dimensional and it is a way in 

which we can understand the difference between different sounds. 
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1 Color and timbre  

 

One of the first abstract theories about timbre is the idea that one must connect visual 

colors with different timbre. It may be that the sound-color (Klangfarbe) comes from 

these concepts of thinking.  

 

Wassily Kandinsky was a Russian painter, and both a close friend and confidant of 

Arnold Shönberg. They were of like minds.  Kandinsky developed his own color 

theory for his abstract paintings. He said that he was able to hear music whenever he 

saw colors.  The influence of music in his paintings was evident as he named his 

works such as Improvisations, Impressions, and Compositions. His main concept was: 

color and musical harmony are linked.i 

 

Color Theory according to Wassily Kandinsky: "Concerning the Spiritual in Art"ii 
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Color  Eigenschaften Klangfarbe 

yellow 

 

“warm,” “cheeky and exciting,” “disturbing for people,” 

“typical earthly color,” “compared with the mood of a 

person it could have the effect of representing madness in 

color [...] an attack of rage, blind madness, maniacal rage. 

loud, sharp trumpets, high 

fanfares 

blue deep, inner, supernatural, peaceful “Sinking towards black, 

it has the overtone of a mourning that is not human.” 

“typical heavenly color” 

light blue: flute  

darker blue: cello  

darkest blue of all: organ 

green mixture of yellow and blue  

stillness, peace, but with hidden strength, passive  

“Green is like a fat, very healthy cow lying still and 

unmoving, only capable of chewing the cud, regarding the 

world with stupid dull eyes.” 

quiet, drawn-out, middle 

position violin 

white "It is not a dead silence, but one pregnant with 

possibilities." 

"Harmony of silence", "pause 

that breaks temporarily the 

melody" 

black “Not without possibilities [...] like an eternal silence, 

without future and hope.”  

Extinguished, immovable 

"final pause, after which 

any continuation of the 

melody seems the dawn of 

another world" 

gray  mixture of white and black  

“Immovability which is hopeless” 

Soundless 

red alive, restless, confidently striving towards a goal, glowing, 

“manly maturity”  

Light warm red: strength, energy, joy; vermilion: glowing 

passion, sure strength  

Light cold red: youthful, pure joy, young 

"sound of a trumpet, strong, 

harsh"     

Fanfare, Tuba  deep notes 

on the cello 

high, clear violin 

brown mixture of red + black  

dull, hard, inhibited 

  

orange mixture of red + yellow  

radiant, healthy, serious 

middle range church bell, 

alto voice, “an alto violin, 

singing tone, largo” 

violet mixture of red + blue  

“morbid, extinguished [...] sad" 

English horn, Shawm, 

bassoon 

 

Figure 1. 
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2 Two dimensional- systems 

 

Other ways to categorize Timbre is to make dimensions for different characteristics of 

sounds. There are some two-dimensional systems studies. Other ways to categorize 

Timbre is to define the timbre intervals and try to hear two different timbre as a 

timbre interval like pitch interval. This chapter provides an overview of these studies 

in two-dimensional systems. 

 

2.1 Wessel (1973, 1974)10 

 

Wessel, in both his own studies (1973, 1974), and in a reanalysis of the data of Wedin 

and Goude (1972), found that a two-dimensional map was appropriate for interpreting 

the similarity relationships among sets of temporally complete instrument tones, that 

is, tones which include the attack and decay portions in addition to the steady state. 

One axes was found to relate to the spectral distribution of energy in the tones. The 

second axis was related to some conglomerate of temporal future of the tones that 

characterize family membership, such as the relative timings for the entries of the 

various harmonics. 

 

2.2 Ehresman and Wessel (1978)iii 

 

Dissimilarity judgments of 15 synthesized naturalistic instrument tones of differing 

timbre were analyzed using the multidimensional scaling program, INDSCAL. In a 

two-dimensional solution one axis was related to the distribution of energy in the time 

averaged spectrum and the other to characteristics of the temporal evolution of the 

components. This timbre space was on the whole consistent with those obtained in 

earlier studies. The space was used in a test of four models of timbre analogies. Forty 

multiple-choice timbre analogies of the form A is to B as C is to D1, D2, D3, or D4 

were solved by listeners. A two dimensional parallelogram model best predicted 

subjects' responses in the analogy task. This model assumes that if the components of 
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an analogy are embedded in a multidimensional space, then there is some ideal point 

in that space which completes a parallelogram given the firs three components of the 

analogy. The model predicts that, in the multiple-choice analogy task, the alternative 

which is closest to the ideal analogy point will be chosen as the best solution to the 

analogy. The results of the analogy experiment appear to support this prediction. 

 

 

2.3 McAdams and Cunibile (1992)iv 

 

These studies have employed both acoustically produced tones and digitally 

synthesized imitations and hybrids of acoustic instrument tones. The analyses of 

dissimilarity ratings for all pairs of a set of tones are usually represented as 

geometrical structures in a two- or three-dimensional Euclidean space in which the 

shared `perceptual' axes are shown to have a qualitative correspondence to acoustic 

properties such as spectral energy distribution, onset characteristics and degree of 

change in spectral distribution over the duration of the tone. The present study took as 

a point of departure a MDS analysis for complex, synthetic tones with the aim of 

testing whether musician and non-musician listeners used the relations defined by the 

perceptual space to perform an analogies task of the sort: timbre A is to timbre B as 

timbre C is to which of two possible timbres, D or D′? A parallelogram model was 

used to select the D timbres: if the relation between A and B is represented as a vector 

with both magnitude and direction components, then the appropriate D should form a 

vector with C having similar magnitude and direction in the timbre space. Aside from 

conceptual difficulties with the task for both non-musicians and composers, choices 

for both groups provide support for the parallelogram model indicating a capacity in 

listeners to perceive abstract relations among the timbres of complex sounds without 

specific training in such a task. 

 

 

• Timbre interval as a vector between two points 

• two-dimentional perceptual space: 

o X: Attack time 

o Y: spectral centroid  
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Figure 2. 

TBN: trombone,   GTN: guitarnet (hybrid of git. and cl.) 

HRP: Harp   VBN: vibrone (vibraphone and trombone), 

 

 

• The change from A to B most resembled the change from C to D 

• Timbre relations are not perceived with enough uniformity 

 

 

There more other studies like Krumhansl, C.L. (1989)v, Iverson and Krumhalsvi but 

now we review the three-dimensional systems  
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3 Multidimensional systems 

 

Since 1970 new ideas have been developed about multidimensional systems 

 

 

• Plomp (1970,1976)vii 

• Wedin and Goude (1972) 

• Wessel (1973,1974) 

• Gray (1975,1977)viii 

• Miller and Carterette (1975)ix 

• Grey and Gordon (1977-78)x 

• Charbonneau (1981) 

• Krumhansl (1989)xi 

• Kendall & Carterette (1991)xii 

 

 

3.1.1 Plomp (1970,1976) 

Plomps’ studies were the first to research the use of non-metric multidimensional 

scaling techniques for representing a model for sound timbre. 

 

Stimuli: 

„Single periods were cut from the steady-state portions of 9 different instrumental 

tones and fundamental frequency-normalized periodic tones were then synthesized by 

repeating any one of those periods for a given length of time. The concept of timbre 

was thereby restricted to exclude temporal properties of the original tones. The 

experiment essentially attempted to quantify the perceptual and the physical 

relationships between all of the tones, in terms of a distance function.  This would 

then allow a comparison of the psychological and physical features of these tones 

using MDS for the perceptual data and factor analysis for the physical properties, 

leading to inferences regarding the psychophysical relationships in timbre perception.  

The psychological measurement of distance was the relative perceptual similarity 

between each pair of tones. The physical measurement of distance was made in terms 
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of the differences in amplitude pattern between pairs of tones, and the model for the 

measurement was based on assumed properties of the war. The amplitude pattern of a 

tone was quantified by taking the intensity levels for 18 consecutive 1/3 octave filters, 

hence the results of these calculations placed the sounds as points in an 18-

dimensional space. The perceptual similarity matrices and the physical distance 

matrix were reduced to three-dimensional representations by multidimensional 

scaling and factor analysis, respectively. A good correlation was found between the 

configuration of notes that the frequencies of the two lower formants and the level of 

the second formant was highly correlated with the three physical factors analyzed” xiii 

 

 

 
Figure 3. 

 

 

 

3.1.2 Wedin and Goude (1972) 

 

• Original full recorded tone 

• 9 Instruments 

• Steady-state 

• Results: 
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o Tones with and without the attack and decay transients are similar 

o Level of the first 9 harmonics analyzed 

! Three factors were found: 

• Decreasing intensity of the upper harmonics 

o Low fundamental intensity and increasing 

intensity around the 4th and 7th harmonics 

o High fundamental intensity and maximal 

intensity in the middle frequency range 

 

Wedin and Goude took a different approach in studying the multidimensional 

psychophysical relationships for music instrument tones. Both the original full-

recorded tones from 9 instruments and their segmented-out steady-state portions were 

used as stimuli for similarity ratings. Factor analysis was applied to the perceptual 

similarity data according to a vector model of similarity (Ekman, 1965). The results 

for the tones with and without the attack and decay transients were found to be 

extremely similar, and it was concluded that the most important correlates to the 

factors in timbre perception lie in the amplitude pattern of the steady-state spectra of 

the tones. An analogue spectrum analyzer produced the spectra of the tones, which 

were found, corresponding to: 

 

1. Decreasing intensity of the upper harmonics 

2. Low fundamental intensity and increasing intensity around the 4th and 7th 

harmonics 

3. High fundamental intensity and maximal intensity in the middle frequency 

range 

 

These factors were fairly correlates with the factors found for the perceptual 

similarities of the tones. 

 

3.1.3 Wessel (1973,1974)13 

 

The validity of the model used by Plomp (1970) in quantifying the physical 

differences between tones was tested by Wessen (1973). He examined the perceptual 
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independence of adjacent critical bandwidth amplitude, levels, this being implicitly 

assumed in the Plomp’s model which placed tones as points in a space having 18 

independent dimensions. Wessel synthesized tones having four harmonics and had 

subjects rate their perceptual similarities. Upon close inspection, the similarity 

configurations obtained from MDS gave evidence that the interactivity, which may be 

due to the dependence of masking patterns on amplitude patterns, posed a problem 

fort he data reduction model used by Plomp. 

 

 

Wessel (1974) also did a study on the multidimensional perception of musical timbre. 

His stimuli consisted of the full tones from 9 instruments of the orchestra, each 

instrument playing a series of tones at approximately the same pitch and loudness. 

Listeners could freely rate pairs of tones for their similarity by switching between two 

ongoing channels of tape loop. The recently developed individual differences 

multidimensional scaling techniques, hereafter referred to as INDSCAL (Carrol and 

Chang) were applied to the data and the resulting two-dimensional configurations 

were interpreted with aid of computer analysis of the tones (Beauchamp, 1969).  The 

INDSCAL technique allows the investigator to evaluate the behavior of individual 

subjects in the relative importance that they appeared to assign to the various 

perceptual dimensions uncovered in the analysis. 

 

One of the dimensions related to the amplitude pattern of the harmonics, that is, the 

manner in which energy was distributed through the frequency regions of the tones. 

Tones with energy concentrated in their lower harmonics appeared at one end of the 

scale, while tones with more high-frequency energy appeared at the other end. The 

other dimension seemed to relate to the temporal properties of the tones, in that tones 

were grouped by family: trumpet-trombone-French horn, oboe-bassoon-clarinet, and 

violin-viola-cello. Several physical factors might come into play in this dimension of 

tone. 

Multidimensional scaling was also performed in the similarity ratings of the aural 

images which subjects generated, corresponding to pairs of instrument names 

presented (Wessel 1974). The resulting configuration demonstrated a difference in the 

perceptual and cognitive structures for the instruments, the latter seeming to be more 

weighted by the common temporal properties across families of instruments, 
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suggesting that the steady-state, spectral information of musical tones is not used to 

any large extent in the imagined condition. 

A composite scaling of the two conditions in this experiment, the heard and imagined, 

along with a re-scaling of the three conditions in the Wedin and Goude study, the 

heard full-tone, the heard steady-state, and the imagined using the INDSCAL 

technique, confirmed the above observations (Wessel, 1974). Two dimensions were 

interpreted, the amplitude-pattern, energy distribution dimension, and the temporally 

related family axis. In addition, in both sets of data there was an orderly decrement in 

the perceptual weighting given to the energy-distribution dimension from the heard 

steady- state, to the heard full-tones, to the imagined conditions. This confirmed from 

the interpretation of the dimensional axis, and it re-affirmed the notion that in 

imagining tones, the steady-state properties play a minor role compared to the 

temporally- related cues for single tones.  

 

3.1.4 Grey (1975,1977) 10 

 

Grey obtained a three-dimensional map which best explained a larger set of 

temporally complete instrument tones (16 stimuli instead of 9) and two of the 

dimensions were similar to those found by Wessel. Again, one axis clearly related to 

the spectral energy distribution of the stimuli. The clustering of stimuli by instrument 

family was also found, whereby the three families clustered in the remaining two 

dimensions, forming a cylinder about the spectrally related axis. The possible physical 

bases of the second and third dimensions were uncovered, as oe axis seemed to relate 

to the degree of temporal synchronicity in the attacks and decays of the upper 

harmonics and the corresponding degree of spectral fluctuation throughout the signal. 

The third dimension appeared to relate to the presence or absence of high frequency, 

possibly inharmonic, energy in the initial attack segments of the tones. 
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Figure 4. 

BN - Bassoon S1 - Cello, muted sul ponticello 

C1 - E flat Clarinet S2 - Cello 

C2 - B flat Bass Clarinet S3 - Cello, muted sul tasto 

EH - English Horn TM - Muted Trombone 

FH - French Horn TP - B flat Trumpet 

FL - Flute X1 - Saxophone, played mf 

O1 - Oboe X2 - Saxophone, played p 

O2 - Oboe (different instrument and player) X3 - Soprano Saxophone 
 

 

Dimension I: spectral energy distribution, from broad to narrow 

Dimension II: timing of the attack and decay, synchronous to asynchronous 

Dimension III: amount of inharmonic sound in the attack, from high to none 
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Figure 5. Three- dimensional spatial solution for 16 tones. 

 

 

 

3.1.5 Miller and Carterette (1975) 10 

 

They used totally synthetic tones, not fully representative of natural instrument 

sounds, but rather having a determined subset of timbral attributes: 

o the number of harmonics present 

o the shape of the temporal energy envelope and 

o the pattern of the relative timings of the entries of the harmonics. 

A three- dimensional similarity structure suggested that listeners based their 

judgments on the first two features, ignoring the latter property of the stimuli. 
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3.1.6 Grey and Gordon (1977-78) 10 

  

The stimuli were derived from 16 instrumental notes played near the pitch of Eb pitch 

above middle C, approximately 331 Hz. Whose durations ranged between 280-400 

ms. The analysis of these instrumental sounds and re-synthesis of them with additive 

synthesis. The stimuli were equalized in an experiment for loudness, pitch, and 

perceived duration.  

For these study eight of the tones were modified spectrally in four pairs: trumpet-

trombone, oboe-bass clarinet, bassoon-French horn, and two celli (normal and sul 

ponticello). The spectral envelopes for each pair of tones were traded, so that the 

resulting peak amplitudes for the harmonics of the one tone made to correspond to the 

original peaks of the other tone, and vice versa. Figure 6, Presents the original and 

modified versions of the trumpet and trombone. 

 
Figure 6 Exchange of spectral envelops between the trumpet (a) and trombone (b) to form the 

modified trumpet (c) and modified trombone (d). 

 

 

The INDSCAL and HICLUS analyses were used in conjunction with one another to 

interpret the data. The three-dimensional INDSCAL solution is shown in the 

perspective plot of Fig 7. 
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Hear the interpretation of the axes are same as Grey’s (1977): 

 

Dimension I: spectral energy distribution, from broad to narrow 

Dimension II: timing of the attack and decay, synchronous to asynchronous 

Dimension III: amount of inharmonic sound in the attack, from high to none 

 

 
 

Figure 7. Three- dimensional spatial solution 40 similarity matrices generated by multidimensional 

scaling program INDSCAL. Two- dimensional projections of the configuration appear on the wall and 

floor. Lines connect pairs of tones that traded spectral envelopes. Abbreviations for stimulus point: O1 

and O2, oboes; C1 and C2, clarinets; X!, X2 and X3, saxophones, EH, English horn; FH, French horn; 

S1,S2 and S3, strings; TP, trumpet; TM, trombone; FL, Flute; BN, bassoon. 

 

Dimension I: spectral energy distribution, from broad to narrow 

Dimension II: timing of the attack and decay, synchronous to asynchronous 

Dimension III: amount of inharmonic sound in the attack, from high to none 
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4 Other systems 

4.1 Wood, Metal, Glass Modelxiv 

 

Sound classification systems are based on the calculation of acoustic descriptors that 

are extracted by classical signal analysis techniques such as spectral analysis or time-

frequency decompositions. In this study, it aims at determining statistical models that 

allow categorization of impact sounds as a function of the perceived material based on 

few acoustic descriptors. 
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