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<{Abstract>

Development of General Sensor Input Device for Interactive Media Art

Gang Seong Lee, Don Oung Lee

This paper describes about the development of general sensor input device and
controller, 'Senseme' for the use in interactive media art. This device provides
32-port sensor connector for the use in interactive exhibition or performance. Slides
could play a role of pull-down registers in between sensors and A/D converter
ports. Without sensors connected, slides are the main input sources to A/D
converter. USART communication function through USB connection is prepared for
the communication to the host computer and ZigBee wireless communication
function is also in the circuit. The board was developed using AVR ATmegal28
and it has capability to accept upto 32 input sensors and to provide 32 digital
outputs. The main advantage of this device over others is that this is a converged
device of sensor input device and audio mixer style slide controller. For the easy
communication to the software in host computers, an object module for Max/MSP
and a library for Processing are developed. Using the board in other software is
also very easy because you can control the board with the simple ASCII
commands transferred through the USART. As an example of real application of
this device, it is used as a main controller of PUNG-GWAN, which is a pipe
organ installed on the wall of Guro art valley concert hall, generating sounds

respond to various sensor inputs.

Key words: media art, electronic music, sensor, senseme, controller, Max/MSP
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Audio interface
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<{Abstract>

A Practical Implementation of Sound Focused Zone Control Thoery

Kim, Yong—Ho

This paper introduces the technology to localize the audible range based on the
zone control theory of audio signals, which utilizes the constructive/destructive
interference of sound waves to create acoustically bright zones using multiple
ordinary speakers as sound sources. We review the background theory, analyze the
experiment results, and discuss its implementation and practical use. Finally, we
present a Max/MSP object which offers the signal processing engine for zone

control.

Key words: sound zone control, spatial sound, transfer function, Max/MSP
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Transform)=® 5-E| spectral envelope®] F8§X|al, IFFT(Inverse Fast Fourier

Transform)@} OLA(Overlap and Add)WHol &8l A2 Thgo| AJAJEHL
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Spectral envelope &

1. LPC(Linear Prediction Coding)
LPC= 2 Aux|3hd X159 spectral envelopes F6k= 4 =2 all-pole(IIR)
mg HelS ko= 3tk 2 4189 MES s(n) 02, LPC AlFE o2 UePd o, o4

o that 2 WAS Zrk
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= Ea,,;s(n—
i=1

a; = LPC-coefficients
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—»|  Analysis Fllter p======- >

TH ol ol ekl 7Pggiehd, z-gto]| ofs 4] T (analysis filter)2} 719
= 7].L

ool st IE|(synthesis filter)?] AGdkr A(z2)= thea} 28 BAIE ZH=c}
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s(n)=hn)*z(n)

h(n): impulse response of filter, x(n): excitation

c=F 'loglSl) = F '(loglH])+ F *(logl X1)

A7|A & “quefrency" il 3, {c,, k=0,1,...}> cepstral Z=0|t}. spectral
envelopes Uth= #+ Tkt o] £3€ 4= 9t
fi

P
H, = eXp(chcos (kwi)), w;= QWT
k=0 s

= E4o® ols) T4 2290 Bghe Lrehiick. A0 spectral envelope 1
Sgkert e ZhS ek B3 9l0) 49X wbae) 2k2o] ¥ ul, F ud Aole]

A envelope©] ZE7A-S #¥l(residual noise level)7HA| BojR|= SARS HoITh.
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E#S(target sound)> Al7F G (time-domain)dof|A] AefA L Alo|2o] 7|2
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Name glasswine.wav
Format mono wave
Length 0.74" (32764 sample)
Bit 16bit
Sampling Frequency 44.1kHz
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22 Target Sound®] AHEZ IS HojLr),

«10 Target Sound

Frequency(Hz)

04

Time(sec)

12 3, 2FS(target sound)e] AWEZ 724

windowing & zero-padding

217k0) Leolz] TS QIR ol et windowing®] 38 ZRr. ol
T A+= hanning window7} AREEIRIT} TR~ hanning window 2] 3@} T2 E

B},

w(n)=10.5(1—cos (27r%)), 0<n<N

window size: L= N+1
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[b a]

butter(l, Wn, 'low');

xsfilter (frameNum, :)
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1216, Wn = 01 mj(RX)e| ZE| Foi ZAMT Wn = 05Y H(QEX)Q| ZE| Foiy ZM, Wno| 248

2T

. . s
= bin X *—
ﬁ}equency(bzn) bin N

fs: Sampling Frequency, N: FFT size
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<{Abstract>

A Sound-Synthesis Technique Based on Spectral Envelopes and

Convolution

Sa Woo Lee, Tae Hong Park

This paper explores sound synthesis based on analysis by synthesis on
time-varying waveforms. Spectral envelopes are extracted via the STFT(Short Time
Fourier Transform) which are used to compute the product of an impulse and the
envelopes in the frequency-domain effectively rendering convolution. The
time-domain waveform 1is finally obtained via the IFFT(Inverse Fast Fourier
Transform), and OLA(Overlap and Add) methods. In this paper, a step-by-step
procedure and detailed explanation of signal processing concepts pertinent to the
synthesis via convolution are introduced. The technical computing language
MATLAB was used.

Key words: spectral envelope, convolution, sound synthesis, sound analysis, FFT
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<{Abstract>

A Study on Donoung Lee's musical works

- focusing on the works using sensors

Sangbong Nam

This study examines the music of Donoung Lee using sensors.

Donoung Lee used sensor as a device of connecting visible informations from
concert hall to his music. His music using sensors characterized by indeterminacy.
He used the sounds of nature as the material for sound source, such as the sound
of water, pebbles and breath. And one who user sensor in his music could be a

composer on an instrument player.

In "Sound painting with brush"(2000), he used sensors to make a Electro-drawing
board which is the device for changing the digital informations for music. In
"Hansori for Chang, Alto saxphone, and Electronic sound:(2005) he used sensors to
make new sensor instruments such as a lever sensor, a beam sensor, a bend sensor
I, a bend sensor II, a piezo sensor, and a super janggo. In "ALCO" series, he used
a sensor to change the gesture of player into the digital informations for music. In
addition "Amusement" series, he used sensors to let players control the sounds

recorded by themselves.

In conclusion, Donoung lee used sensor for his music in various ways and the

music was brought to an interactive live electro-acoustic music with the algorithm.

Key words: sensor, interactive, live electro-acoustic music, algoruthm.
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Salient Musical Feature Vectors for
Musical Applications

Taehong Park

1. Introduction

Imagine that we are in a room sitting on table that is 10 meters long and each
of us is sitting at the head and tail of the table. We a conversing on the subject
of music and all of a sudden I flash an object for less than a second and I ask
you “what is it that I just showed you?” Puzzled, by this rather strange behavior
and question, you warily say: “it’s a watch.” Now, if we stop for a second and
think about this situation one cannot help but realize that this scenario is actually
pretty amazing — I only very fleetingly showed this object for a mere split second
and yet you were able to identify it with confidence and without hesitation — at
least as far as the recognition task is concerned. The answer is correct. It is indeed
a watch. One of the reasons it is possible to identify such an object so quickly is
due to what is referred to as salient features. Salient features are characteristics of
objects that are representative and “salient” for a given objects. In other words,
salient features can be regarded as attributes and qualities that are representative of
an object. In the case of the watch, we were able to quickly extract salient features
of that particular object and immediately determine what it was by noticing that it
had a somewhat oval shape, handles that seemed to look like straps, some shiny
small metal parts, and a predominantly black colored texture that appeared

“rubber-like.” Now, if we apply to this concept to sound objects and musical


sol
사각형


92  HREHSUXMZ oL x6=

signals, the general idea stays the same — if we hear a short sample of a song or
audio sample and if we have prior experience with that sound object, we can
quickly and often confidently identify what we are hearing. In a way, we extract
salient audio features without worrying about the subtle nuances and use those
audio features in making sense of what is being heard. In this paper, I will discuss
possible applications exploiting feature extraction paradigms for computer music
applications, especially in the area of sound synthesis, electro-acoustic music

analysis, and pedagogy.

2. Brief Overview of Salient Features and

Feature Extraction

Use stuff from my Ph.D. thesis, line segment approximations, MDS, MIR,

machine learning, pattern recognition, various algorithms

As mentioned in the introduction, a large part of our hearing system’s
functionality and the way we perceive sound is through recognizing and extracting
salient features of sound. This should not be such a surprising fact if we think of
the following scenario. We are running down the street and hear a song gently
vibrating in the air which we immediately recognize although there are a lot of
other sounds happening in the middle of the city center in Seoul. We recognize
the song quite easily albeit the sound quality and SNR is quite poor — we
recognize the instruments, the voice, and the musical work itself without having to
hear the subtle details which actually seem to get drowned by the surrounding
ambient sounds. Thus, in a sense, there are salient parts of a sound object, audio

signal, or musical waveform that are important and are somewhat skeletal to the
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sonic event that we are hearing. In other words, we are not overly concerned with
the minute details and actually seem to use salient characteristics that stand out
when the task of identifying and recognizing sound objects is concerned. The
question now is what are those salient features and how did we find them? Before
we introduce what some of those features area, let’s first see where and how some
of these important dimensions of sound came from — one of those research areas

where features were discovered is called multidimensional scaling (MDS).

The origins of Multidimensional Scaling (MDS) can be traced to the field of
psychometrics, proposed and coined by Torgerson (Torgerson 1952). MDS is a
technique designed to help understand human judgment achieved through similarity
and dissimilarity measurements of objects and has also been applied in musical
timbre research. A typical MDS testing environment includes subjects who are
presented with pairs of tones and asked to scale the similarity or dissimilarity
between them. It is similar to the so-called Semantic Difference (SD) method
which comes from the communication literature and is generally used in the study
of human reaction to stimuli words presented to a subject. In MDS, adjectives of
opposite extremes such as dark-bright are used in order to make similarity
measurements and unlike SD, in MDS, pairs of tones are presented to the subject
rather than a single tone. The data analyzed in MDS systems are obtained via N
number of subjects each relating to M sounds in a pair-by-pair basis. With the
acquired data (usually a higher order dimension), a mathematical procedure for
dimensional reduction is applied ultimately rendering a low dimensional system.
These dimensions are often reduced to 2 or 3 known as timbre spaces as shown
in Figure 2.1. The relative distances are typically computed with Euclidean metrics
and the resulting axes are analyzed for any relation to spectral and temporal

features of a sound.
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Figure 2.1 Timbre space (McAdams et al. 1995)

Plomp (Plomp 1970) was one of the first researchers to utilize MDS
investigations for musical signals studying its application on steady-state portions
of 9 musical instrument tones that were divided into 18-1/3 octave sub-bands
resulting in 18 dimensions. He continued to use MDS to investigate the
contribution of phase to timbre (Plomp 1976) where he discovered that phase
played a subtle role in the perception of harmonically structured sound and
furthermore discovered that fixed spectral envelopes to be more important than
time-variant envelopes in the perception of timbre. He explained his assertion
through what he called the spectral space (measure of spectral differences in
complex tones) saying, “:-- the more similar the sound spectra are of two complex
tones, the more similar they are in timbre.” In summary, not only was it
important to see the significance of phase in a complex tone, but it was also
important that the timbre space —space defined by features obtained through MDS

showed salient sonic dimensions which correlated to physical aspects of tones.
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Similarity studies performed prior to 1975 have primarily dealt with steady-state
portions of sound objects concentrating on harmonic qualities of sound. Transient
attributes such as onsets and decays were not included in the investigations. Grey
(Grey 1975, 1977), however, carried out significant MDS work with tones that
were temporally complete as they included the attack, sustain, and decay portion of
a tone (flutes, double reeds, single reeds, brasses, and strings were included in his
studies). The tones were, however, normalized in fundamental frequency (Eb above
middle C), loudness, and duration. His studies revealed three important acoustical

feature dimensions:

Spectral energy distribution: Observed as spectral bandwidths and concentrations

of frequency amplitude components in the steady-state portion.

Synchronicity: The synchronicity in the collective attacks and decays of upper
harmonics, i.e. observation of tone onsets/offsets as to whether upper harmonics

enter/leave in close time alignments.

Low amplitude, high precedent energy: most often inharmonic energy, during the

attack phase characterized by components of high-frequency, low-amplitude values.

Notable findings of his experiments were not isolated to finding new timbral
features but also discovery of possible evidence suggesting a data reduction
scheme that may occur somewhere within our hearing system. As shown in Figure
2.2 (b) which presents the decimated version of Figure 2.2 (a), the data reduction
occurred in the order of 100:1, implemented with the so-called line-segment
approximation that had between 5 to 8 nodes (note the smooth harmonic envelopes
decimated to rough representations using only a fraction of the original data

points). When synthesized with the reduced data sets, an impressive tone quality,
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very close to its original was achieved. The drastic modifications in the complex
time-variant functions suggested that micro-fluctuations found in the analyzed tones

may not be that significant in the recognition of timbre.

Figure 2.1 (a) Original analysis (Grey 1975)

Figure 2.2 (b) Line—segment approximations (Grey 1975)

Further insights that may imply a data reduction scheme in the human auditory
system are observed in the fact that for digital telephony of speech data, a

sampling rate of 8 kHz is used as a standard. This means that only frequencies up
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to 4 kHz are available at any given time. Furthermore, due to data compression
techniques such as LPC and codebook based excitation methods such as CELP
(Codebook Excited Linear Prediction); a even more limited representation of the
original 4 kHz is actually transmitted to the receiver. Remarkably, even under
these seemingly poor conditions brought about through decimation and data
compression, it is still possible to recognize the speaker and what is being said —
in the case of music, recognize the musical work and hear the general and some
of the musical subtleties. This is not to say that the sound quality is very high or
optimal which it is not, nor is it suggested that “CELP based synthesis” produces
all the micro subtleties desirable for a sophisticated digital compositional tool.
What it does suggest, however, is that for the recognition of a sound object, the
whole range of spectral information is not necessarily required. In short, the sound
quality to a “reasonable extent” is not critical in the recognition of a musical

instrument, rather salient features seem to be more crucial.

Other studies with MDS resulted in observations of additional salient features
such as the spectral centroid (Iverson, Krumhansl 1993), log-rise time and
irregularity (Krimphoff, McAdams, Winsberg 1994). McAdams et al. further
elaborated on spectral irregularity substituting it with the spectral flux (McAdams,
Beauchamp, Meneguzzi 1999). An interesting observation that can be made with
timbre space is that timbre judgments seem to be based on physical properties of
tones rather than some sort of non-acoustical grouping scheme. In Grey and
Gordon’s words “This may indicate that clustering is based more upon perceived
features of tone rather than to some cognitive recognition or class-membership

naming function” (Grey, Gordon 1978).


sol
사각형


98  FAFHSAME o H6=

3. Feature Extraction Algorithms

In this section we will introduce a number of well-known salient features and
possible ways of implementing them in software. Not surprisingly, feature
extraction algorithms are generally implemented in the frequency and time-domain.
Most of the research in the frequency domain analysis has been based around the
Fourier transform. This may be partly due to the fact that the hearing system on
one hand seems to do frequency analysis much like the Fourier transform.
Specifically, the Discrete Fourier Transform (DFT) version along with the Short
Time Fourier Transform (STFT) and its efficient Fast Fourier Transform (FFT)

version comprise the backbone of many studies in the frequency domain.

3.1. Harmonic Analysis

One of the most prominent features from spectral analysis has to do with the
behavior of harmonics and indeed the knowledge of locations of harmonics
themselves — this is especially the case for musical sounds. Although harmonic
analysis pertains primarily to feature extraction for pitched sounds; it is important
as a large number of sounds are based on pitch-producing resonant structures. We
will not delve into how harmonics are automatically computed as there is a myriad
of ways of extracting this information. Instead, we will focus on salient features
such as shimmer, jitter, inharmonicity, and harmonic expansion/contraction that can

be computed once we have knowledge of the harmonic structure.

3.1.1.  Inharmonicity

Inharmonicty can be described as the error between measured harmonics and
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their theoretical ideal harmonics. As we will have experienced, sounds that have
ideal harmonically structured designs, especially those that are static and do not
change with time tend to sound ‘“unnatural.” Naturally sounding sonic objects do
not behave in this mathematically perfect manner and subtle deviation of the
frequency locations of the harmonics occur. Mathematically, inharmonicity may

defined as:

£, =nf| G-

po=tn 700

n nfo , HE[Z,N]

N denotes the total number of harmonics, n the current harmonic number, fn the
nth harmonic frequency component and fO the fundamental frequency. The net
inharmoncity of a given frame can then be computed as the sum of each
component with respect to the fundamental denoted as H in the following

equation:

p 3.2)
H =Y hln]

n=1

For example, inharmonicity is observable in stringed instruments such as the
piano or electric guitar where the stiffness of the strings causes inharmonicity
especially with higher partials. The stiffness together with string tension contributes

to the restoration of string vibration to their rest state.

3.1.2.  Harmonic Expansion/Compression (Park 2004)

“Compression” and “expansion” of harmonics are sometimes noticeable in
spectra. Harmonic expansion and compression feature represents a method which
will give information regarding how much the harmonic series is expanding or

compressing with one number — its slope. Figure 3.1 depicts this idea where the
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middle “y = x” with slope 1.0 is the point of reference. Hence, harmonics that are
expanding would have a slope that is greater than 1.0 and harmonics that are
compression would have a slope smaller than 1.0, where the extent of expansion

and compression would be dictated by slope m.

actual harmonic locations

I I I I I I I I I
f0 f1 f2 f3 f4 f5 fG f7 f8 fQ f1 0
ideal harmonic locations

Figure 3.1 Harmonics expansion/compression curves

For a more precise measure of the expansion/compression characteristics,



line-fitting algorithms may be applied instead of a single scalar representation.
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3.1.3. Shimmer and Jitter

101

Shimmer and jitter refer to short-time, subtle irregular variations in the amplitude

envelope and frequency envelope of spectra respectively. Figure 3.2 shows a

shimmer plot for 9 harmonics of a French horn sample. Note that the “random”

amplitude modulation is especially present in the higher harmonics and the lower

harmonics have virtually no shimmer properties. In the case of jitter for the same

French horn sample, there seems to be little irregularity for all of the harmonics.
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Figure 3.2 Shimmer
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Figure 3.3 Jitter

Jitter is also characteristic in instruments such as the string family. For bowed
strings, the unstable interaction between the bow and string — constant action of

micro-level pulling and releasing, results in frequency jitter.

3.2.  Spectral Centroid

The spectral centroid discussed in previous sections corresponds to a timbral
feature that corresponds to the brightness of a sound. This important feature has
been elicited in the past (Helmholtz 1954, Lichte 1941) and experimentally
observed in MDS based investigations (Krumhansl 1989, McAdams et al 1995,
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Lakatos 2000). The spectral centroid can be thought of as the center of gravity for
the frequency components of a signal. It exists in many variations including its
mean, standard deviation, square amplitudes, log amplitudes, use of bark frequency
scale (Sekey, Hanson 1984), and the harmonic centroid. During the lifetime of a
sound, the centroid changes as seen in Figure 3.4 and furthermore as one might
expect, it varies characteristically with intensity (it has been suggested to use ratio
of centroid to intensity by some researchers). For example, a trumpet blown in
middle C with pianissimo and forte dynamics result in different spectral centroid
characteristics. The centroid, currently one of the MPEG-7 timbre descriptors, is
defined as:

N-1

w - ;k'x[k] (33)

4 N-1

2 XIK]
k=1

X[k] is the magnitude corresponding to frequency bin k, N is the length of the
DFT and SC is the spectral centroid in Hertz. Generally, it has been observed that
sounds with dark qualities tend to have more low frequency content and those with
brighter sound dominance in high frequency (Backus 1976) which can be inferred
by the value of the centroid. This should make sense as a spectrum biased towards
the high frequency end will produce a brighter sound to that where the spectrum

is tilted towards the DC.
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Figure 3.4 Spectral centroid of alto flute, trumpet, and violin: fortissimo G4

It has also been suggested (Kendall, Carterette 1996) that the centroid be
normalized in pitch hence making the spectral centroid a unit-less and relative
measure since it is normalized by the fundamental frequency fO. Some researchers
have therefore included both the normalized and absolute versions of the centroid

(Eronen, Klapuri 2000)

N-1

> kX[K] (34)
SCrelative = %
fo> XTIk
k=1

However, with the addition of fo it is only useful in the context of pitched
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sounds as purely percussive or inharmonic sounds usually are absent of a
fundamental frequency. Furthermore, for obvious reasons, a precise
pitch-extraction algorithm has to be devised for accurate centroid measurement

which is not a trivial problem to solve.

3.2.1. Spectral Irregularity

Spectral irregularity (Krimphoff 1994) also referred to as spectral smoothness
(McAdams 1999) basically shows the irregularity of a signal usually computed
with the STFT where the average of the current, next, and previous amplitude
values are compared with the current amplitude value. Bregman (Bregman 1990)
remarks that the smoothness of a spectrum promotes integration of partials to a
same source and a single higher intensity partial is more likely to be perceived as
an independent sound. It has also been found to be useful in revealing complex

resonant structures of string instruments.

N-1 _ 35
S = z 20log(X[k]) - 20log(X[k —1]) + 20log§X[k] +20log(X [k + 1]))% (3.5)

A recent modified version also exists and is expressed as in Equation (3.6).

N-1

(X[k]- X[k -1])° 3.6)

S X[kT

k=1

§§ = 4!

Unlike the conventional spectral irregularity algorithm Equation (3.6) is different

that it highlights the power of the spectrum due to the nonlinear square operator.
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3.2.2. Spectral Flux

The spectral flux defines the amount of frame-to-frame fluctuation in time. It is

computed by the 2-norm difference between consecutive STFT frames.

SF =|X1/1-X,11]] (3.7
where the general g-norm is:

IXtr1) = X XK1 3.8)
=0

X[f] denotes the magnitude components of frame f and Xp[f] the previous (p)
frame’s magnitude components of same vector size as X[f]. SF also known as the
delta magnitude spectrum has also been used to discriminate speech and musical
signals. It exploits the fact that speech signals generally change faster than musical
signals, noting that in human speech there is a constant game of ping-pong being
played between consonants and vowel sounds. In musical signals however, drastic

changes tend to vary on a lesser degree.

3.2.3. Log Spectral Spread

The log spectral spread obtained as a salient dimension from MDS experiments
with sonar sounds (Tucker 2001) is defined as the energy found between bounded
pairs of upper and lower frequencies. The “left and right” bounds are found by
applying a threshold value with respect to the maximum amplitude of the spectrum
(e.g. -10 dB off the maximum) followed by locating the upper and lower
frequency bounds, and finally taking the log of the result. The spread is somewhat
similar to the spectral distribution found by Grey (Grey 1977) and is also
compared to the richness of a sound. However, no attempts have been made to

quantify this factor. The left-bounded frequency by itself has also been detected as
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a prominent dimension in his timbre space. Spectral spread may be helpful along
with envelopes to observe qualities of instruments such as trombone, French horn,
and tuba which generally lack in high frequency content, whereas the trumpet
primarily due to its brightness is rich in upper harmonics (Howard, Angus, 2001).

The spectral spread has also been specified as one of the MPEG-7 audio

descriptors.
] » FFT X[ Oﬁ':noag'f([ﬂ X[l ..i]»  find boundaries
\
X[l-]
<+—X[I-r] log ()
Figure 3.5 Log Spectral Spread Flow Chart
3.2.4. Roll-off

The roll-off point in Hertz is defined as the frequency boundary where 85% of
the total power spectrum energy resides. It is commonly referred to skew of the
spectral shape and is frequently used in differentiating percussive and highly
transient sounds (which exhibit higher frequency components) from more constant

sounds such as vowels.

SR

]
)

(3.8)

R is:

> X[k1=085Y X[k] 3.9)
k=0 k=0
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X[k] are the magnitude components, k frequency index and R the frequency

roll-off point with 85 % of the energy.

3.2.5. Spectral Flatness Measure

The spectral flatness measure is defined as the ratio between the geometric mean
(Gm), and the arithmetic mean (Am) as shown in Equation (3.10). It gives insight
on the noise content of a signal and has been used in speech research to extract
voiced and unvoiced speech signals (Yantorno 2000). As SFM approaches O the
signal becomes more sinusoidal and as SFM approaches 1 the signal becomes

more flat and de-correlated.

k=N-1 N
o [ |X<k>|]
m
SFMdB = IOIOg(Ej = 1010g10 (310)

Equation (3.10) can be further extended to refer to the tonality (dominant
sinusoidal components) denoted by « (Johnston 1988) which ranges from -60 dB
to 0 dB and is computed via Equation (3.11) with SFMdBmax set to 60 dB. The
closer a is to 1 the more “tonal” the signal becomes and the closer « is to O the
noisier it is. This method does not imply any sort of harmonicity in the signal but
suggests the absence and presence of dominant sinusoidal components which help

in segmentation of signal.

a= min[% ,lj (3.11)
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3.2.6. Spectral Envelope

The spectral envelope, which embodies a wealth of information, is really a
“zoomed-out” view of the power spectrum. What determines the shape of the
envelope is basically the location of dominant peaks on the frequency scale. As
described earlier, one surprising finding by Grey was that through line-segment
approximation of the envelopes (Grey 1977), he was able to get very good
re-synthesis results of the original tones with a 100:1 data reduction. On the
distribution of the harmonics, it has been suggested that no harmonics higher than
the 5th to 7th, regardless of the fundamental frequency, are resolved individually.
Studies have shown that the upper harmonics rather than being perceived
independently are heard as a group (Howard, Angus 2001). Further support for this
phenomena is made by Hartman who, according to Puterbaugh (Puterbaugh 1999),
suggests that for a signal with fundamental frequency below 400 Hz, only the first
10 harmonics play an individual role: harmonics greater than 10 affect the timbre
en masse.

Numerous methods exist in determining the spectral envelope. One method is by
salient peak detection of the power spectrum. This method is summarized in
Figure 3.6, where first the power spectrum is computed via the FFT, followed by

salient peak picking and finally interpolation.

Salient Peak

—X[n] FFT —X[f]—» Picking —X[m]-» Interpolation —X'[f]-»

Figure 3.6 Peak detection method for spectral envelope

3.3. Attack time (rise-time)

The traditional attack time or rise-time of a sound is simply defined as shown in
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Equation (3.12) also sometimes used without the log operator. It computes the time
between a start-point (determined via a threshold value) and the time location of
the maximum amplitude of a sound. The log-rise time has been found to be an
important dimension in MDS and other timbral studies as discussed before, where
it is often found as one of the three dimensions of a given MDS timbre space
(Saldanha, Corso 1964; Scholes 1970; Krimphoff 1993; McAdams 1995, Lakatos
2000).

LRT = log(tmax - tthresh ) (3 1 2)

However, a caveat is that the threshold value and maximum gain values do not
give an absolute definition of where the attack starts and ends. As a matter of fact,
no concrete measurement studies have been published that I know of which
describe a clear and unambiguous measurement technique to describe the attack. A

slight variation for Equation (3.12) also exists in the form of Equation (3.13).

LRT = log(tthre.\‘hMax - tthreshMin ) (3 1 3)

Here the only difference is setting a threshold value for the maximum magnitude
of a signal with a maximum threshold coefficient, sometimes set to 2% of the
maximum magnitude (Misdariis, Smith, Pressnitzer, Susini, McAdams 1998).
However, this approach, although sometimes better for some envelopes, is again a
static approach to a dynamic problem and may cause errors and inconsistencies

when computing the attack time.

3.3.1.  Amplitude Modulation (Tremolo)

Amplitude modulation is omnipresent in musical tones, especially in performance

situations and is often accompanied by frequency modulation, both being strongly
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coupled to each other (Backus 1976). As seen in Figure 3.7 (Park 2000), low

frequency oscillation can be seen in the amplitude envelope.

Figure 3.7 Soft tremolo on saxophone

The amplitude modulation frequency typically ranges from 4~8 Hz and is
usually found in the steady-state portion of a sound. It can be computed with
pitch tracking methods of the sustain portion of the sound. For modulation
frequencies between 9 ~ 40 Hz, a “roughness” and ‘“graininess” perception is

noted, which also contributes to the resulting timbral quality.
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Figure 3.8. Block diagram of AM extraction (Park 2000)

3.3.2. Temporal Centroid

The temporal centroid has been found important as signal descriptors for highly
transient and percussive sounds. It has been used along with log-attack time and
spectral centroid in MDS experiments by Lakatos (Lakatos 2000). It is defined as
the energy weighted mean of the time signal given in Equation (3.14) and is also

a part of the MPEG-7 audio descriptors.

TC =" (3.14)

x[n] is the input signal, n time index and L the length of the signal.
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4. Feature Extraction Examples in Musical Applications

A plethora of computer music research exists today, ranging from sound
synthesis, audio analysis, to machine learning, and algorithmic composition just to
name a few. A large area that has found much interest in recent years is the area
of music information retrieval (MIR). As a matter of fact, much of the salient
feature algorithms we mentioned previously play an integral role in MIR research.
MIR research includes automatic musical instrument recognition, automatic genre

detection, voice recognition, fingerprinting, and much more.

4.1. Feature Modulation Synthesis (FMS)

Another area that where MIR research can be used is in the area of sound
synthesis — to be more precise, application for a synthesizing sound via analysis:
resynthesis by analysis. The idea of this type of sound synthesis system came
about during my Ph.D. thesis research between 2002 and 2004 where the notion of
modulating timbral features (noise content via LPC) was proposed in the future
work part of the thesis and is currently being developed at Tulane University. The
system in question is called Feature Modulation Synthesis (FMS) (Park et. al 2007,
2008). The system’s concept is quite straightforward and takes the idea of enabling
the modulation of an existing sound object via analysis of its timbral dimensions
(features) and modification of one, two, or all of the analyzed features to render an
altered sound object output. The motive for such a system springs from the lack of
concrete nomenclature musicians and composer wuse when dealing and
communicating sonic ideas pertinent to timbre. Making something warm, cold,

funky, harsh, or sharp doesn’t really mean much and can have different meanings
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depending on a person’s background and many other factors. Figure 4.1 shows the

basic structure of FMS.

Tagrixvee feature N
Pos Unp tatrid | tosdladation . '

Figure 4.1, Basic structure of FMS

s refers to the original input signal, v the extracted feature vectors v’ the
modulated feature vectors and s’ the resynthesized sound object. Although
modulating one specific timbral dimension ideally should not affect any other
features, in practice, artefacts may and do occur. The first block in Figure 4.1
(salient feature extraction) utilizes various time and frequency-domain-based
analysis algorithms. The second feature modulation block changes the desired
features and corresponds to an important module in FMS as it contains algorithms
that alter the analyzed feature profiles v to desired new feature profiles v’. The
final block takes the modulated feature vector v’ and synthesizes the modulated
sound object via time and frequency-domain processes. A current implementation
of FMS has been developed in Matlab using various GUI interfaces (Park et. al
2008) as shown in Figure 4.2.
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Feature Modulation Synthesis (FMS)
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Figure 4.2. Snapshot of FMS Toolbox

The feature extraction and feature modulation algorithms implemented thus far
include AM, FM, LPC-noise analysis, attack-time, amplitude envelope, temporal
centroid, pitch modulation, Inharmonicity, harmonic expansion, harmonic
compression, spectral flux, spectral envelope, spectral spread, spectral centroid,
spectral jitter, and spectral shimmer totaling 15 features. Details regarding the
implementation and development of the algorithms can be found in the 2007 and
2008 ICMC proceedings (Park et al. 2007, 2008). What is interesting about FMS
is that it uses a fundamentally different approach to more common synthesis

methods such additive synthesis, physical modeling, or FM synthesis where one
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basically starts off from scratch generating a new sound at the end of the road. In
FMS, the idea strictly follows an approach whereby a sound object can be
regarded as being decomposed into several audio dimensions. These dimensions
are then put back together after some type of modulation and alterations of those

dimensions.

4.2. Electro-Acoustic Music Analysis (EASY)

Another system that the Tulane University Music Science and Technology
program is currently developing is EASY which is an acronym for
Electro-Acoustic Music Analysis System. This system is also very straightforward
in its conception and basically utilizes salient features as a means to help gain
insights on electro-acoustic music works. The motivation for EASY springs from a
lack of software tools (or tools in general) for the analysis of electro-acoustic
music in particular, but also as well as musical works that are more traditional
based on pitch, harmony, and rhythm. EASY is not an automatic system that
analyzes a musical work and outputs results per se, it is rather a system that can
be regarded as a tool for aiding and providing the user with sonic measurements
via graphic means which can be used as a visual guide in gaining insights on a
given piece. The basic idea is quite simple and is based on exploiting salient
feature extraction techniques to compute salient audio features from a given sound
wave and display them in intuitive and helpful ways for analysis of music,
especially electro-acoustic music as traditional pitch, rhythm, and harmonic
analyses often yield no useful results. This type of system can help us visualize
what we are hearing and also help observe sonic events that we may have missed
or are not hearing clearly thus providing further possibilities for visuals informing

our aural experience ultimately assist in our understanding of a musical work.
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4 3. Real-Time Performance Situations

In the previous section we presented applications for non-real time situations but
one can easily imagine how analysis and modulation of salient feature vectors
using FMS or EASY can be easily applied to real-time performance situations. For
example, imagine a situation where we have an electric bass plugged into the
computer producing sound on one end and a laptop performer generating sounds
from his/her computer on another end. Both are connected to the house sound
system and both have access to each other’s direct signal. In this type of setup we
can imagine a scene where performer A “listens” to the signal of performer B via
salient feature extraction in real-time and decides to use one, two, or N number of
features from performer B to modulate the sound that is produced by performer A.
For example, using B’s spectral centroid profile, impose it on A’s output and
gradually changing A’s output by subtly using the spectral spread profile of A in
the beginning and applying 100% of the spread vector from B at the end of the
transition phase. Now, the usage of features does not always have to be in the
realm of feature congruency or resonance, rather, one could also envision applying
features that would be “opposite” or extremely dissimilar to a sound that is being
analyzed by modulating the timbre space so that timbre space of A is maximally
dissimilar to the timbre space of B and everything in between. A three-dimensional
graphic interface comes to mind for this type of application where each dimension
would be mapped to a particular feature where each dimension can be dynamically
selected for system dynamicity and flexibility. Other scenarios may not even
require a separate performer but simply having a database of various feature vector
profiles save beforehand and loading them into the current system and modulation
sounds that are produced on-the-fly.

Yet another possible application of feature extraction techniques is in the area of

video in conjunction with audio. Audio visual works are without a doubt becoming
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more of a standard in concert halls, yet there is much difficulty in trying map
visuals to the audio and vice-versa. Not that there always needs to be a correlation
between the visual and auditory senses - However, if we used salient feature
extraction methods for the audio part and the video part and investigated ideas to
link and map features together, interesting and perhaps even a coherent perceptual
experience may be obtained. For example, simply computing the spectral centroid
of the audio signal which is related to the brightness of sound and mapping it to
the brightness factor of the video part in a segment of the work may be a simple
yet effective way of correlating the audio with the video. For sure, this is not the
most exciting mapping one can think of but perhaps using salient feature extraction
of audio and video signals and investigating correlations/non-correlations and
applications for artistic endeavors seems to be a potential fruitful area for research

and development.

5. Conclusion

In this article we have presented an introduction of feature extraction and related
techniques for obtaining audio feature vectors. We have also seen some examples
of applications utilizing feature vectors for musical purposes including the FMS
and EASY systems and further explored potential application for real-time
performance situations. It is clear that there are still many more areas in
engineering and sciences that can exploited for musical purposes and feature

extraction seems to be just the tip of the iceberg.
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CIR|E o @iyt CCRMAS] UHEL=

HERIAZ 915 A, A, <P

<8 B

H 342 200849 10¥ 9¢Y ShroflaselshuofA 2|3t ‘isAT2008 (International
Symposium for Arts and Technology 2008)2] 5102 "H(K), Z|(HB), A(N)'S] FA|
2 7ML 3H AFSok nlE ARore] of9eae Adslgi. elaTust ¢
g oML Mol QALYET} nja AMEZE CCRMAS] teSL SlEY HEYaS
£3] °H0,000Km Hol & Asl] AxAjel ok, AFE O] 3] o Aoz
nE 2305 S Zlamt 8ol ofele g spAston, Eak Rt e AFAy, <)
2} Aele] AHBAE B 7|4 ool AgtE Helo) BA4T ABAS Shst
7} 3kt o] BaAR (R, A, QIO o glo] T AFHS: 9lek Al
= AR

Aol isAT2008, YEHT HEHA, tfRE 71 3, Stanford CCRMA

¥l Fddishr S A=E S¢dskal dteftiekal fiskellA wult ol t(HTrEREeh) A
RS vizloms, SRl Ay WemcoplaaReSeh BEDMA) 5t %
olck. WAl RHrlEEUS vl maEHE A ople de) Aol ATlon Ax Folch
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O et S B Fiekdeld A Ausidon A decladaehal vHas
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L A&

SrRolegasme} vjF AEE st Aole] Beld Aslg IEeln shie] BAS
W] SiaA] Sobd Sulal /)4 Su BE e 26} asisin tAg eble 2
2 Soh) 7|19 gkl AR RS “isAT2008 - 3rd space" 59 d3to g AHRiy

3}o] CCRMASKe] YEST HEHAS 7|8sly, ZH=E /futsleict E3] &
o Meaby st HAsks dHlolE arefdh Sord Fl=rt & =ojEglon, o
F= Ao mE Adsy] 9t WHE AT 7]l HollAs A AA
tQ A4S 984 CCRMADS] SoundWire research groupof|x] 7H@Fst JackTrip
|aHle el B A 15 ALl HEeb] el - oA, A%, -
= 2o disle] g opEe] HAgel Helem oojy.

E

y

) OH 1o

A%
2

S~

=}

1.1 OXE 2712 #(U-Tech performance lab.)

A o] HaUAE oG, 7HH), T FHE A= oA 34, A,
e, FA(EAR) = oFtEth of2fEt of, 7k F FEo FafdHel aass HiFE
Aot Aetsto] AFaL =441 S ol i Ao Fdlzxw Zdei.

k!(ﬂt)) i N Digital
- ts: ay e )
«_Image ~ b
Traditional > Technology —_—
,/ _\\\ //\\\ + o
R TN o
"\_/ \\,__ / Se;sor \

¢ Sound/,/

:L_"é! 1. ElxlE-I 0P7|-El 2H 7HL'='E

1) CCRMA (Center for Computer Research in Music and Acoustics, Stanford University)
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gxg of7l= A oAl 7HR] At Bof2 itk A WA= S3F U Al S87)e

= AN TV At 9 Jdolnt. Al WA= 28 S-87]s 9+ 4
i, Wl Wil 9o BE A7F 485 New Type A2 ef7pt mdl A4t & 7fjdko
g IRE vlE e R 3t Aoyt oheRsh A 2 7]se] dES A
u
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A
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OPO

HM7|E AR =
Cix g
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2. ARHEE dfsle] g
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2 3AL 913 ATNEFH vl szele UAE T el el )
S 0 CORMAS| W72 51 29 SU2E AU USRS 238 o

3. Technical issues

3.1. gt=9| ZiASEATIHLU(KOREN)?

gt nlse] ldo] glol o] W doldAE 27] Sfal W kel B
HIEHZTL FRsigck ofF $fof dmelleddttus g RABIRIE Aok 2gs)
FOHIEUATNLYKOREN)S]  74J5iich. KORENS miste] Zmds digel
Internet23), F=2] Cernethy} 22 AH54o] Y 2u& A=A g HES
A 7ls W AHIRE A, AScke A AT YEHAR Y Ve e olE &
§3he Al 70] A8 GAE ARIsh] Sl SRR A Alle] 7k Al
EZo] Qi tf¥EL2 10Gbps(Gigabit per Second)Q} 1Gbps &+ 7HA&2 Y=|al IPv
499 IPv6d mEZ Agelal ok dEdlsTEshie EYR B Amels
10Gbps Base® J18|0|= 3= 2009714 ?_P/\]QQE 1Gbps &S EEsp7|=2 AA
51911 Internet2e]] 71JElo] Gz ) AREE ojshl SAA] WEE HEHAS F
Qs SI9IEF. 2 BN 1Gbps Thel% oAl F 140MbpsE Bgstgln mEEEe
IPv4E ARE3H3ITH

o [T

0

2) KOREN: KOrea advanced REsearch Network

3) Internet2: ZREE UEYZ 7|&1t AW Qe ARE 7iEslslr] s vj=te] dfska A,
7100] AATE ALAE

4) Cernet: The China Education and Research Network

5) IPv4: Internet protocol version 4

6) IPv6: Internet protocol version 6
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3.2. HEY3 HAE(Networking Test)

hollagetal gxg o7HE i} vl AHEE CCRMAS] YEQE HEHAE
Qlsl & stagt YEYA HAE AZo] tyEt BHlAEE 3 AR w5 Zad
SAL0A Al & AE Aot A HIAE= 2008 89 22U @4 10A] (F]=5AIZE 8
A 219 18A)f AAJEO] 10 9U 5 FY oRIZHA| HIAEE AlGESIT A 719
71220 HESA s sk Ae AR YL HF HIAE, eHe ZE X
E, dyAld A% HAE T FAIE Delste] gsioinh. HAE= 712242l Ping Test”)
oot TpeFet WEHA A A=t 7hsst iperf®) HIAEZ} oA o]FoiFirt. iperf
Test= FA| A% HHZ, Ping &£, Ht oy &AE, AT SSPARE 5ol AAA L
= 7155 HAE WRolth koA nlm7HA] B8t HEEs AR ety
ot 348 AZke g wf WE% - KOREN - 9E0170) - n|=NTERNET2 - 22
M~ - AHEE W - CCRMA ARFHeR 4ok

Jitter Total/Datagram
CCRMA — K'ART 0.825ms (0.000825%) 26/25512 (0.1%)
K'ART — CCRMA 0.833ms (0.000833%) 0/39542 (0%)
CCRMA — K'ART PING TEST
— CCRMA 157ms (0.157%)

k
rok

=025 85tu(Karts) — CCRMA iperf EIAE Znt

- A Wt dao] : 157ms) (0.157%)

- A EgE &% 0 0.825ms (0.000825%) (AHEE — ghtolaEgleli)

- dlole] A Aujg : 26255512 (0.1%) (AHEE — FhElEE3lsk)
[

ol SRR (Rl WSl el via) QP o 4R

~
oL
Eu)

7) ping test: TCP/IP T2EZS ALESl= 3-8 T2 Jalog 2 $AES| [P floglao] =2}
T 5 YA AR A

8) iperf: UWFA S = TCPQ} UDP Hlolo] ZEa} tfoFo] YESAY] tfofas HY

9) ms: milli second (1/1,000 second)
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BIAE A7 Fhrofledddtiet CCRMASK] YEQAE ¢ wE &9 SHdde
7HI Zog VeIt sl thero® 25512819 Hloly AlsE HWS o, 26%o]2t
© ASAT7E QIYAL of= 0.1%9] - m]eRet |t WhH fhollA ml=og Kl
= 39,5420 ASshes Bk o 7 §l9] glojg 4ol gl 0% & A7 Uk
o} vlmollA] o ® HlolEE Kl ufu) ghollA nl=oR HEe off 4189 EQHyet
A7 0.825ms(0.000826%)0|H o= 10ms(0.01%) nyke 2 Algo] Aol ¢lA3}A] B
Sk polH ol Wi SHFE UEYAYE 85k Aollth AAIAQ] UEYA &%=

= 157ms(0.1572) 2 ZAE|9ic)

3.3. 2L FM&(Audio Networking Setup)

Shollagetuet AR 217 AA)E = Yl 1Pv4 backbones E3l
AL o CCRMAQS] AMelw42l Chris Chafe?} Juan- Pablo Caceres”’} —+&3sh
JackTrip& o83 oAl Ade] ofe AlEE FiHRIth JackTripS dA] Linux2}
Mac OS X oA AM7salH U=ER] %2 high quality audio signalS SPU3FO =
W % Qs AUSET $H PEdEEHholN AURER By ol o
o Rl elE ololaR Gealel F YR A o 26 esjols MOTU
traveler2 TR W3 &, Macbook Proof A% JackTripS Fdf HU%aL, Bz
JackTripofl 4| BE2 ARHEEOA Q= oA A'd9] Ael= MOTU travelers &df 3%
of A et ALR(ATA)Z HUfR]A H.

SRHEEO M= ofFAE 7|7 ofd HFEE TEoful=(Fthe) SetolHe Bk
|25 F8 He I glo] EHkE JackTripe 58f o= Huiflrh ol 2=
48] 9A] JackTripZ} MOTU travelerE AA 599 An7E E3 AR5t
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[ Internet |Pv4 }

KNUA Stanford
Macbook Pro
JackTrip

MOTU traveler MOTU traveler
A/D & DI/A converter A/D & D/A converter

book / ... Mac

book book
Korean Traditional Instruments

loud speakers loud speakers

 T—

Macbook Pro
JackTrip

!

 TTE—. |

a8 3 2r]e TS Co|oaH

34. H|C|2 ®&(Video Networking Setup)

CCRMAS}S] HEQA wamiofa 4 FEe 7|Soj|xie ofz] 7Ex|olA] 7]&4]
ofglgol Uoict. FtolleFyshit (isAT2008'S $J5] dAFeR vEYA dos
1GbpsE 10G baseZ 1H0|= dtef= Alge 7KL gloyt eholaddstae] <
& A B 71} Q1Y o AR AHEE tfeke] YIESA o] 1GbpsE 11
wo] AH BAZ A 2K HD HYS 9] AsASS Ade g Hboll 8l
Uk HDY 869 ¢ e 1.5Gbps= #A ZE|ol= 3ms(0.003%2)2] W o]
HAIE 7IXA 4= 9tk I8y DV = HDVE] 79 25Mbps(Mega bit per second)©]
2 e g4l 300ms(0.32)0l14 700ms(0.72)eh= =& =229l glo[dAl7E Qlrt
oA 7Fg 4ol H e8] 7eAl 2 HEAd ARRESH 12U DV

o =
sEjo] B G W% ofZeiAolAe 274Y erle. APURE 485] e HelA)

ojTh A= I ARl9 TS 83kl HlH e AF ofEEAoldeR 2Eaql DVT
SI05 AR5t DVTS= HDVeF DVEY Wmg A dshA|Rt 2gte] bga{el 45
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458 sl S8 et e HDV7E obd Q13 Alzlo] B DVE 24Egm
Fpllek Sony PD 170 4thE ARESIgIct g=telA] mizo o] dje] Fjselet = el
eflolel7} TAElo] Hegsigla ol 2 Adel P Bsiel Wl 53
o zEste] vt AR Al s wjof A FAEIC
DTVSLE 720X480 A SAHES] DV o123 Wi AlgahH [EEE1394 LE S|4
PHIES vl IPHER Welslert d4e =YD A5 1st B4 A €2 DV}
7H2 25mbps®] ZEEo] obd Ad™ 30Mbpse] oS oA o7 ShEste] AH<E3it
oA wme e HUB S R Exo] 4 o AES 7| wliel @St
% 120Mbps 9] TS ARESIRITE & F¢dof| 1GbpsH KOREN©] AX|%|glom g 3719]
GAFA E(120mbit) 2 BH=d| oka] Fofl7} $Ir}. DVTSE DVERS AM8stoz ol
97t L AR Bow orfe Asels oF 300mse] 7o) WSl

4. Musical Aspect

41, 32 HE0!
411, tHZlet
19714 6% 109 FaraEshy A4632 AFEQIct FeRBRAE 2 H)oletie

ek, A AR SR AR A S AeH A L e ACK S, B g
gehE WgEH, B T BEAE ARt BE oPE Aeo] §le BRIl &
Shch. g Aftho] 12/4¥%} 204 ¢to]al, 740 R LR HHEEALS Hgit) o] Zoke o
& ARTACER EE oW (Tl 3 2 A1) () B AU EE) 90K
) 5ol a5Eo] Y FHEREEdl st} o] AdelSlusH), FaPde] &4l
A2 TE MG o, Saltde] 24 Sl dF=30t

Al

-

Y e T ol BsEa aEo] B0l =4 o] AAjl| SAlE A= W
7%= AR Asl] AU, A AFEAL = HiFER] ZERAS g 2,

w2, &2k 2, 52, 4 20J0h

10) DVTS: Digital Video Transport System
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YT oA T, A, i) melld ATE A AR E
o e e

13, G4& X7}

ﬂoKﬁﬁ%—loH% oYt wfleks o=, Aot 7R 7R (ki) ZPAK Hiir)-
Nz 5 Aotz wsith 712l A2l 33 481 FA)0] AJZA| ARL
ZHAAL QUARE, ZOFAR] AR ME T2} 7R Al 9] Higtof| ¢lo] Ha=

A 57 2709) ol (oS- Fol) o2 s o] Sl Al

255 3% gAY 7&%& 2o Yrow g A BE 4 Sk

7WAks EA 1230] HalA 127R kAL skl (MAEAKEIRDE)) (ARG
i)y CSAATEG: L )Y, (EHEICGRIREY |, (oRAKRA)) (2
Ty DY . CRRAREICHERIDY ,  (EFIEER))Y = SHAE
—:1867~1937)0] AZHHIE)SIAT, (AN ERHLIER)Y , (FA7HFEZR)DY . <A
AZHEELRR)Y |, SFERIEF D)) 52 U7IE(MRAEE:1868~1940)0] #1431t
ol FAZ flall 54 ke FE A2 ofln A7t agE Wit

421 AHZEE HE AME(Stanford Laptop Ensemble)

ol TS 93l CCRMAQ] tljshlAl 7o] mo] Stanford Laptop EnsembleS TH=
of 2EizToA HFEE AR SWES "SI ol tiFeio] dAA Slork
(Stanford Laptop Orchestra)2] TF o2 =510 ¢Jom FS 93t AH|Q} A|AH o
A] SlorkellA] A|ghgrehn,

11) Slork(Stanford Laptop Orchestra)}> CCRMAS] 142l Ge Wang® A|=3}o] CCRMAY]
sHiET ArdEe] WA HHRE dAFTAolt:. Live ensembles I3 ZEIIH, An|A,
controller5-& Ge WangS %02 P59 EAAQ] ofo|tjole} rEog utSo|Fon Fx|
o= weekly seminarE E3f sonic canvas$lo] A2 AEe} oS EXE A5kl QL
t}.
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4.2.2. Chuck

Chuck on-the-flying programming¢] 753t @U@ 27w ol AAxtez
WS BMtol7b AElE THEoiUY] i thE QlEHo]Ate] 38 A] golst] uiw
off Slork9] 7]:& Al AR Z ARGE ORI WY e JA| ArREeR 425 4A Ao
stal AF=37] Sl 715¢] Chuck patche} o] 3¢5 9f8l = Th= patchS= =35}
AT ol 3ol Holz oA 37)9] Chuck patchE ARE-51o] sound painting

S spgiet

i) Crystalis (by Ge Wang): keyboard control. =0|2E- filtering& 5o 7|&E A2l&
=20 resonance®} register T AL Fof BiEAE Y wer|el Blgt

47| Tepsh wEold). Intro, 1974, 3okl B% A=t

ii) BaseChant (by Sook Young Won): keyboard control. ‘34 w|o]A9] =g Ag]
MZ o 2)4= W= ¢loj9} playback rateS 2A3}0] pitch shiftS 8}t AZE blur

3l7] $J8 low pass filter ARESIGLOH 1opgo] ARgE|Ich

iii) Joy of Chant (by Perry Cook, Rebecca Fiebrink, Ge Wang): keyboard and
joystick control. Impulse train4~2]E- formant filtero] SaMA|A AFHY] =A@} vl
o FAE TEoldle FiRjolt. RolAEo] Mol FRE BHlal keyboardoM SE<

At 19pgelA] ARgEIIch

iv) ReKontakte(by Luke Dahl) : multi-touch pad control. Stockhausen®] Kontakte
of BEe wWol o] Zo| Hmgoly FET ALE WEL olg, WFT pacholtk
M-Audio Trigger finger?] &2}o]|t|¢} touch padoj4| Y%= 42 7FXaL Chucks
olgsll AARte R ae] FAS v, WEA| HHEE= Elefae| e 7| SolAls &

7R HeFstal FulEe TS THEoldth 20Pol A AREE I
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v) TickTick (by Sook Young Won) : Chuck & 7|2 o}7] glojEgglef Q=
ShakersE o]-§5t] 7PHIL W=A] FZlo|= Efetae}s &It} 29Pd] A=

vi) EarthBase (by Sook Young Won): TriOsc (Triangle wave oscillator) 2] 42|
£ 7]:E2= 3}o] reverberation= 5|2l AFE S WEA RS A2 7L 5
2 2ols FHSKIC 197} 20pg) 7FRE Alele] 20bge] 7R ALGEISY

.

vii) MultiGrain (by Baeksan Chang): keyboard control. A7 H2
67 Hbo} granular synthesisE ©|-83f AAZte R WHILE It} Graing] Z
+4e ofgA FAsk=Ue] wt HlsshEAE teE SMS W 4 912r Rob

Hamiltono] 30pgel 4] Zg502 Wi,

rlr
N
o
|t
A
1%

viii) Drops (by Sook Young Won): 20| ojX|= A& HEJHZ 3} AR-E0|
t}. Kijjasak Triyanond®] Drippy v.l patchS 7| 202 sjo] 391%of ub= dHlazel M7zt

& RS W, AFsisc
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5. YEHA HaEfAE $7E AR, AGh), AN

5.1 CIXIE A7IF &1t CCRMAY S

49 & oA b 3 CCRMA At
Electro Ambient
JlER sound ACR) A
(Crystalis)
Electro Heaven
sound
KEN) #]et (Crystalis,
BaseChant,
Joy of Chant)
Electro Earth
7= sound A (M) FAF
(EarthBase)
Electro Drum
sound
A (Hh) AR} (EarthBase,
TickTick,
ReKontakte)
i AN I
Natural sound
QACN) ol A7t (MultiGrain,
Drops, Crystalis)
ZH(H) ZHIH)

2. MR, XE), AA) S &AM
52. 3 «&

2008 109 9 = Fo] %A ©Ho||'isAT2008 - 3rd space' A1ZEx| Qo] Y]]

om of 10%0] F4 2 Fof A3k F oY QFIAGTARY o] ARbElich

edleddthl TS0k eM504504)e] o] Qlglen|, A®EE ois)

CCRMACI= Ge Wang 45 H}5}e] 2009me] 20| 919]
o,

- SUARES oF 3040]
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AR, 20084 10 920 “isAT2008 — 3rd space” &9, C|X|

210t CCRMAS)
HEHI HEHAS 5t “M x| Q" (Bl20azEsty 535

T

L

]

40

il

= =

5.3. HEY3 AmH M=

oy B AF: wirgo) £ of=d

Ad: oAld &8 A9

7Vs: 67119 2ujA {FUlo) 2k WAy AulA
HE|E (YZs) 297

axe]of] we} Wgsk= LED WA

27 el Ak

Model TI42C
Nominal Diameter (inch) 4
Description 2-way
Nominal Response 4Q
Frequency Response 80Hz-22kHz
Sensitivity(SPL@Iw/Im) 85dB
Power Handling(Watts RMS/Peak) 40/80
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AR 2. HIEEQIT ALlA

54. AR2E LIt

541 =x0edEetu 558 GFA

_olgy

H =
1oP A - et 8 - T4 nlo]=L 87}
200 A() - AT 4% - 41 vl 47)
30pg QUA) - AR, AR, O - 94 ulola 47)

o AL - T4 upolL 17}
vl 29EE ojsh CORMACIA e 64 @ A Ajes

=70

==

ST AT TR - AIAERE 25, ol B9, 93 AlE(woofer))
2w s - 24

YESS 257 - 63D AT PR s
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C
ML : screen ! ML
stage
FL Q Network speaker Q FR
auditorium
RL RR
console Com.

a3 5. e=oledEeiy 5T ARRE A

CCRMA $1:31 AeE TRl - 244
CCRMA°|A g=oadithaz Hils WY e AR - 63d
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6. 4%

HEAT 7Ieo] Lo uet A=t AR e S8 olle i A 2]
Aok BESA 7]e] BeR Ho ofdo gigs tolHE Asd 5 A | Aotk
SR, FA Aol e A A2 S Hote ZloE HRlrh YESS HEfAl)
W2 LT TeAld g2 Wrer ez BAIE B 7] wEelth
7| MEYE HEHATL 7|eAd SHR AR e A2 Zhe sy
22 FAsketl AP Eyiohd, ol hmellaEtttal yAE o7y i AdEs
tfet CCRMAS] HEQT HEHAE= W AFEE o8 Azt Pdeclle A=
& FA D), A, AN 2L KA S QnlE WAskAL Sl =] AeE
ohg ARSI, WEAE ARLE W A S ET Ao 710] FAT AT gt
oRA )20 VEYT HEmuie AR o) ZH=tt.

ESH 2 F9S 95 CCRMAS] SoundWire research groupof|A 7idket HelAE U
EQA ARRE A ATES IRl JackTripS AMEHOR Aok VESA 7]l o] A
Tt 2% FHE ded 239 7isde Wole ArIPE Eltal & 4 3ok
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Jeffrey Trevino / U.S.A.
"Trailer for UBIK" for tape
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Balancoire#15 for tape
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oA%< Ge Suk Yeo / Korea

'Gang Gang' for audiovisual media
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Ed Martin / U. S. A.

"Flurry" for soprano saxophone & tape

#%7} Bd Martin®] % 'Flumy's 4k sz 4420 $id Tolck
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Manuella Blackburn / UK

'Kitchen Alchemy" for tape
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Y Spectro, (spectra, 2#|E7)ol2l= oj2} Morphology (shaping, ®poleks oln]

S0l ol Lkl Smalley©] ARES: oS- Zasieh Uk A 351ck A4}
SO|FAES BASRsE A2S- HPHo] ZA5HA] 9| wjEolth & Pierre Schaeffer

9] o]29] typomorphologies(sound objects)7} 1A= 71 Q31 WY o] SRS

3) sigh motivest BHASHE REHEHE EO& 2% Ssks A&S ol
4) Rodrigo F. Cadiz and Scott D.Lipscomb, "A Perceptual Map of Electro-Acoustic sounds
Based on Spectromorphological features", ICMPC conference, Evanston, IL, 2004. p.584
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L}, o] Aj=& spectromorphology S AMESHH UAIAQ f&d F+241Q1 AWdS ofsl
k= frameworkS AlEg5}7| wjEo|tSmalley, 1997)

Spectromorphology+~ =7| spectral typologies@} morphological archetypes® U4
Al = Smalleyof 2J3fA4 T}A] noise-note continuum<sof|A 37§¢] thE spectral typo-
logiesE AoJsl=t] o] d<d(continuum)> THA] A 7HE] Q4 = noise, node, 12|31
note= WA =M, noter= %3t note, harmonic spectrum, “12]3l inharmonic spec-
trum = LHRA| ).

ESH morphology archetypes+ attack-impulse, attack-decay, “12]il graduated
continuant® ©|50j# QIth

371 o] 2EolA] of7 spectromorphological H4] WHe olgate] Aale] A3
o] &z ARSI Sl

Spectromorphological Aoje] zhat WkAlS ARSI onset(AZ}), continuant($1%),
18] 7 termination(ZZ) T} o] o] B Fxol fAsIE Fe fylo] 2 oy
olzz 187 Add TR skl fde

a8Eg 8= A 29 FEE smalley”l A2t morphology archetypeof|x] 2}
ZHRALS. Zgith= AL 44 & 4= 9t} o]3St onset, continuant, 12|31l termination
& o] 2k FHoARE FAHoR AFHE Adt Fxo7IA] ARE AL qlrh

29| 32 thld(multi channe)2EC 24, TRt &ufEo] ARRESICH, &
granular synthesized¥l 4x2}50] ARBE L, of2feh 2:ej52 FYollA ARGEU=A] A

& ol A 5= fle TR WA A= AP FollM Had Heddt aEls

o

5) tjE5 Spectromorphology :

spectral typologies (spectra, 2#E&) morphological archetypes (morphology, %)
282 gpectral typologies :

noise, node, note morphology archetypes: attack-impulse(onset), attack-decay(termination),

graduated continunat(continuant)

6) Program note, Seoul International Computer Music festival 2008, p.7
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n|o
I
0%
od
=
«©

2 granule synthesizer®} spectromorphology?]l W o2 zj-LAlste] =2 Z7|sh A
olct.

A% Jaecho Chang / Korea

"v efil laicifitra" for audiovisual media

ANHS52 %7]9(seed number)S 27| —7‘ H, 5 28 2R dde Hol:= =
THEo] dith $9le o] Ayg whso] A £ lom, AN o] 99 éﬁri
ThEo] A 4 3

E

Ak = ]Oﬂ/ﬂ ofolt]jolE o] T2 Fus AFsks FAAREe] o= &3t
T =AWl doAW R e T3th

o] A&l "efil laicifitra"i= Al#]Z= ZREOF o] 22 SHA| Fo|t}. ©rdh g1 o]
B2 A9E wso] ¥ 4= QIth= cellular automata®]&ol 7 HFERS- S31 Qlt} o]
o] AEZe AFE 31010]: sh=dl, ¥4 (artificial life)olehs Zolt) @A AFZ
A= wsegk Wyt $2]9) Qo 2 E9kS x5S, cellular automatat} 7F2 2~
(chaos)0| ZoA= wesl Wy 2 xlole] A7fE 71AE 5= Qtha ololr] sk,

T
re
N
O
=
lol
10
o
K
]o

WA A AR eJwrt o Gl AT BE W
Fe: 9] Eeb fusiela ek A1, B3 e 5 2

bR 4 Gl BE QoA S WS Falo] BASY U fEstele ol
B oALEe WA WAZIES) 3D AR Aute sk wEolAl HEl vkl
A Hojglom giFolt Gatolr] AMgsHe uke#E Ftel To| F7F F71] Wk A
oA W el Sl Wl Yol W chk, A9 UE I Y5
U B3] take#90A HE5O] Wo] v

Wil e o) ARl fustElt dRS B
t}

7) ibid. p7
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afo] AT AATAlo] Gl ool AEoleke Zojh. TR O AR TS
wapHoR Aduold glow, 40l ojnjSukE S Ze A 7T glrks e
o,
o0 AE “Gang-Gang™ BE olel v[ElESo] 49 SHg0R FE wE
Fgoka ik, oPET WA inputdhe AAEY AFL e 7 BEIK Al

22 St wpolaEel w2 Yol RS A vl AlEsHAl 3= T

dle] 2 Tae Hong Park / Korea/U.S.A.

"ViPer" for violin, drum set & live electronics

A3} vhege] A ViPeriz w0122, HRPI(EHID), Y HlS Sl 9]
62 drum setd} violin, Z18]1l live electronicsE |8t ©] =2 violin sound@} #A;
AREEZE FAOl QIAIE, drum setof A o= A7) kR HkESle] Uesd &
real-time %A% w714 Gtk sfEle] Mo ujUmael obs SEo] x| 2wl
A mo] AALage] et uhe 27 s AsE.

o] SICMFoA= o]gfgt 50| Wo] BhEE|Qlc}. interactive?} acousticARSE7H2]

B(J

(i

texture7} 4] FRAEA AEo|AA TAE] AElE FE T S Sl AE S
prerecorded sl 4:2|7} acoustici} Wi~ FARSEAL SARSHA ArE|ojdl AEEolt &
2 dA5E Auge] Aol AAREEE $Igt 4=, Ed Martin®] AAE3} HARRS3RS
3 Flurry@t 2= electroacoustic}] S0 AFE= B Z7F9] Sob&Ql v
b dAsRle] ERicE WA ZuPgel Zoke AARE AFERl(real-time interactive) 315

WALS Foto] MARRko] Al gF up, o2k o] 1l WhH Ed Martin®] 32 A
AEAZ| gt she] background texture 2A] ARSEHO A, MAE AFE EHo|7|
Si9ch. Witlol wlelge] 2 ViPeriz h) I the Drum-seto] AMRElolAA] B8 B

QA7) s S o H2e Uor wEL g9k AN KT wEg


sol
사각형
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ol A Wk 20| viek S ARSal HEo] eimulgir] A WA 2l

Matrix Duo, W, @489 H, e, oY, 7okt A e I3t “Shift
No.1"-2Electroacoustic22} 0]¢Gom, A3l "In Biel" for tapeS thfd 2R=0|3)
1l 1831 Marc Battier®] “Audioscan" for audiovisual media2 A3} HIT| oS
gt Al=o|m, Mara Helmuth®] Butterfly Within for flute & tape=A AAIZF WHE
(real-time process)S ot AEo|Q]c).

ESE o]235}0] 52423 kinetic sound" for computer generated music= Csound&
ARESE ZRE 0]999m, Pei-Yu Shi®] "Gedicht vom Wind des Herbstes" for
Saxophone, Piano, Percussion & taped} 95-9-2] "Rupture" for string quartet and
electro- acoustics~= AR} doM=FE gt 2RE 8|31 opx|eoE| Josue

Moreno®] "Kahdeksan" for tape> THHE ZlZo0]¢ich

Matrix Duo, 11H-$-, 42 Byong-oh Ko, Sangbong Nam/Korea

ml2|, o3, OFY, 7tokgmt TAKZEE ffst “Shitt No.t

AFE 7189 shift7]E Qe 715S Wit &9 ARtk AFE AR x35k9)
AME 7K g RS Bu gdd HEEs =itk 712 dlEs AR AR
shift A]7]2] 3t} Shift No.1-> o]2dh 2Qle] 3 WA 2F o= Ag-got Wl +
(Sum)Fe] FEALYE Falo] T ATl AR F5HE AFSA GO,

T 189 354 A5 Shift No.12 23l Eojli] sty shiftthe ol &
3lof ZSrE] 7IHETE ThA] B AR Ves 7 Ele AAE, 2= Agaehs A
ARgehe Eote] M e wAEkEe ARl

27g9] A4zt controllere} 419) o] 9ot o5 Max/MspS 53t 4

1o
>

8) ibid. p.10
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AlZE WHFEEA, 439 extended techn1que9LE E 4 Qrh o] 2L extended
chmiquee . 2 o= <1 AR S SR S0 BohiA ople] 4B
oM = AlEE 7] dliZolrh 53] oAl A(noise) Q] 8= §lal, 719
o2 sh|, kst o] 7H, plucking, tappingZd-S thoksh 24kS THET dlglon, &
b F21l panning 29l &3} EQF A5 A,

olejat Fetlol dhet S ebrl7lge A ZujHe] ALAE ARNE Mg
olF% =oP7| e AREske & T Edsh HEER £
3l =t e ARRRRS B3lo] o19] 715 Fs)
53] 4 A=l F o] Ko of2igt shiftH =ot9] 75 doRE e Ak
oAA ARt S4C= He Zlofth

53] Chung Ju hee / Korea

"In Biel' for tape

S A7k 478lo] A “In BielS ol Sofuh AlgAel 9.7k T 728

ARl Z AUl A0} FPHQl ho] RS 27 TOB Bat o))
ool Ve 49 S5 el ol A T 59 A4S o
2jat oluzlel SAj] AL AI/e) Ao T Feh FAsolA o) A

BEAE I YR Ll 4] LR Al 2ol sl
SsIlom 20417 FotelME FRES] TSl ASAe® AapEe{fit: Benjamin
Britten®] “War Requiem” oA 5-E] Gubaidulina®] “offertorium concerto” -2 t}oFst
FAl golo] 2047] ABHYL, 437 S| olefe FwAel Lok ool

o ARRZePolzle Agke ol Fusete] MR Wi RAESIH SoMde

9) extended instrumental techinique: 1900t o] &Htfj2otollA Uel= ZRkE ol7] 7oz
A}, John cage®] prepared pianoZS EAFE ol 7|5%E|, Luciano BerioZ} 435} E
Sequenza|zlze] cheyt dlzte] AR v1e] erle] Hele Yoleis Aol

_lodrﬁ
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granular synthesized 42|57} HlgAE] - A| XX (gesture) 12]al F4E], BEAL
7o Zyzo] SAE0] ARRE|o] A L]

Marc Battier / France

“Audioscan’ for audiovisual media

B AWIEL AAl] ¥ Shiet 19 Ao) 4L Wol ATIck. shEole] o

0] ZREolA] AR QUIEe] Jolriel BRI} epllof e, FERTIAT]0] “Xigt
3]°} Z17)”, hindemith®] “3}7} nfe|A” 5 g AE52 Sofoll AR AQ1 52 748l
FFe 7IAA Hr

Audioscans= Z&4139] 3170l Roberto Mattal®)Q] 13of J7ke- Hho =]
oltt. 7|19 AEE v=A| A=7k= o et sl Hidt AdE RS E9t
el 8198 1AL Apilo] B A7te) wet 238F4¢] frequency = H3IC}

53] Bl BHS 199 oln BBl AjZsl] T BB Tely 1 thenue P
& 5 199) A W) He, 1R ofajd AR uhize] 19g ek Az

B2 AAltke] AZEeR B ol gick ¥l Tk

A0 2 olefet e Bl (T Aelm WSk Hed(uidet AVl ofefd

AL Fajol te] Ao vl Ute] )% el B Aojeka Awela ort.

_ﬁ
N
X,
K

i,
lo
o,

HE Q0 HARSAES SIak o3-S Bh7le] AYHe] mSo] ATfERN AECR Ak
o Jlejes AES ok glch AT e A AxEH AFHI gov], Hex
Hlege] SIOF AL Shpshbe] AUES Ut AukE yiET gk

F7F 3700 (o opEaael AT} QUipHols, kst e off LAS2

10) Roberto Antonio Sebastian Matta Echaurren (1911-2002), Matta=® &7 239 oj3E4lQl
kA 204)7] 2@A%ole] tfEAel sbhe oebd ok 1 wlelolx] ol Heelne
T2 AESt Z7IEA GHYE RS v E8YFt) Passeron, René. “The Concise
Encyclopedia of Surrealism”. Trans. J. Griffiths. Ware, UK: Omega Books, 1984.
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Mara Helmuth / U.S.A.
Butterfly Within for flute & tape

=0 uje 2 AMgstaA el
= W=, fluted] TRkt 7Hat ARl Avfee AR Slom, B aelEol
ofal Sl 71 S5} tjxE ofg}. olF @A) o] FHziel WA MRS
Zolo] @tjole}= extended instrumental technique®] YEO =2 917]9] thofst AZES

0]-2.5} Eunhwa Lee / Korea

"SXME23 kinetic sound" for computer generated music

1o
=y
=
o
o
o
jules
<)
offt

X,

N

N

gk AlEE 7AAL S A e

g qhellMe A9l avE Higt sk Pek v

£

o,

ry

A

[o

TN

b
N

i 02,
ot
o
)
X
2 n
2,
i
[t
%
=
30
rr F
AU
ully
H
(T,
1o
ko
Au
T
2
>,
>,
)
ol
ol
2,
o
Wi
B
X
3
i

lo 4y 4 by

0] hetero filter®} LPCo] 9J5t A3HA-S Csoundofx] F+3s}o] ©]A2- Sequence

H O
ZEagoR FA) Bt gk SO 20 AL R FAEch

11) ibid. p.11
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Heterodyne filter= 2}t] @1} A2]9] ZZ2A| oA AMREl= HHo g2 53] 7|29 4
25 &3}, uigslo g AE-& frequenciesS WA= AL ou|gitH2), o]AL T17]A0]
¢l hetero = different®] 2Ju]@}, dyne = powertl= &Ju|7} &85 Hoj=2A], 7jyrte]
Alx|Yo]Ql Reginald Fessedeno] 2|34 W50 #th CsoundoA+= ©|H heterodyne
filtero A EAE A7) thA] AIAE Edte] 2L A8l uEQin)

HhH LPC(Linear Predictive coding) Q14 3-8 Au|2]9] A|1Yd ZEA||AoA 714
ol AMgEE R AHE tAER Y55t A8 AES Tl g a@A
O] AE X(n)y= A x(n-D71E] A1Ee] A9 Zdh(linear coding) 2= o5 4~ Qlth=
Gt wilol 7128 £ AR WAfe) B gt s Theah 2o] ekl % 9)
=3

#(n) = Zarn—z\
. 13)

0]24& Csoundol}H ThA] AfgH(resynthesis)oh 2102 a7} o eahii 78] &
= Csoundojld] AIE"S o oh& flo AdWel & 7Ae ARE5Ho
(heterodyne, Linear Predictive coding) THA| A sF Zlo|cH4),

ol A3 olel= FA=EA], prerecorded AREE2}, multichannel& o835 thoFst
7k} 2R, TEjal o] YAEe ZRIHY 210l CsoundES ARSI W, A|2A]

09 FAISH (gesture) ololc.

| OH

12) Richard Boulanger, “The Csound”, MIT Press: Cmabridge, London 2000 pp522-523

13) Charles Dodge, Thomas A. Jerse, “Computer Music”, 2nd Ed., Schirmer, 1997,
pp.242-243

14) Csoundof= t}efst g 2 A|A "hHo] ZAsl=d], 7 7328t analysis/resynthesis &
IS 2=yt ol2spt ARMESE  adsyn(based on  additive  re-synthesis) 12]al
Ipread/lpreson(based on linear predictive-coding)o|® &3l A28 Jayant, N.S., and P.
Noll. 1984. digital coding of Waveforms. Englewood Cliffs, N.J.: Prentice-Hall I}
Richard Boulanger, The Csound, MIT Press: Cmabridge, London 2000 pp522-523, 712
a1 Vercoe, B.1995. Csound: A Manual for the Audio Processing System and Supporting
Programs with Tutorials. Cambridge, Mass: MIT Press7} $Ich.
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Pei-Yu Shi / Taiwan

"Gedicht vom Wind des Herbstes' for Saxophone, Piano, Percussion & tape

P A g

A = Q—l =
Zpdo] Loks ki Algilg 2uke] 11935k EAJT A7tSo] AR Lo 5271 Q)

[l
lo
i/
ok
l
ro

L

ol

Saxphone, piano, percussion 12|11 HARETERS QJ3t o] IL, wop-o] ELT|HE =
L tapping$HFEA], thoFst material 2 pianoS FEUOZH,
interludeol ot o] prepared®l L7 ZSHA MGkom, ol AeSe TRk
overtone< ‘?_%@i a2E A5 oL, Al AAlE 9l ARAL of &2 sl 2
49152 Boto] To| SMIES Zrh. op|aele MG 2t LR BSH, A
gotol 71zs] 4cisat e s

AZe] oS AALFe] 2Pt OIS SARTORE A AR vreEe] 4E
ViPer7} Qlth 55:‘3] % ok o7t 5 o7l® AMEThE 3-530] QIAIRE Pei-Yu Shi
of oA Tlopt lo] ERElolk] Eln], ek HlES} AfESo] 1 Flofei
o] Sl Uigiehe A2 013 FolEh

John cage?] piano and

Josue Moreno / Spain

"Kahdeksan" for tape

o] ZEE9] A= KahdeksanS HTE=0]2 Kaksigh= o|gho]e}, F2E=019] deho] $HA4
o= 100425 S7fEH: of|S 7Kk 8Ad AHEom Bt Sae) AL &
FAZ st ok FAA ga249ES Adbec structure 0.2 £ F7FEIRAAR &G
3ilet. R A2 HiRE Estel 4% WS oFe ©] HAY2 Kahdeksand]
A ASA 2ok BTHoIoIN HHES] Mo o)}, o] Mol K1} A4lo]

15) http://en.wiktionary.org/wiki/kahdeksan, 2008, 11. 30.



o 2d R T A T 4= irfar A% v sl FRA] Bl AsE on, ARl
o} o7l 18] 3 S AR AMgHLon] ofF ool ufels 2 oA
o) Aofje] Awsigic.
multi-channel ZFZO & tjofFst A FAI6HH, prerecordeds A&} QA
gesture-5-0] T/\]El ZARZ0FO 2 A, real time max/msp 18]l recorded® AR-E9] 9
A7} Tl s Bolzks Ado] FAE 2ol
ol TS FABN: 20k 0F VTS FUOET AUt A3 & o=
7V gl E#9] BE7}2E Henry Brant(1913-2008)7} Ql=d] 1= SololA 2ls A%
s} 2 2ojdel 2av) Fad Aol ofjeh 7 Fas armA BE A4t
|

252 2513 oH, Josue Moreno?] A& ESE o] 3 g7t

g L
L

onf F7Mgo] F

{Hdo
SAIBFE-

%
o

S
o

_1

o

¢£2- Jongwoo Yim / Korea

‘Rupture’ for string quartet and electro—acoustics

A%l ofo] HleldHel 728 %ﬂ-aixm e 94e 2
S| Hoh R sdolsls oleke H =°|
G S

ol7lo] 33t ulo|2 Sajo] obrle] U] Aelol LU AL T4 B A
MAFSIE O Max/Msp interactive 22024, 27|71 7HA|AL Q= aglof SRS E3t

2]
o] e 2 AR ek o) A WS, S el o YA 612 sl o5
AEEE B A-A Jgal 2A oemA Fote] A7) Tl BAHXI.
String quartet-S ©]-83F ARk He] 19554 Lejaren Hiller(1924-92)¢} Leonard
Isaacson©] Illinoisthatof|A] TE= Illiac String quarterof|x] AJZslod, Karl Stockhausen
So] Alelr|2 HE HOMEFE WEALL, HET of2id 2 obr] 7]%e(extended

instrumental techniques) ARE3F ZF27}= Bruno BartelozziZ 2}7]9] oj&i7|HH-& A


sol
사각형
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S Sol SE5k= 9o AEsIdint EokE A7kE+= George Crumb OS2 719]
Black angel-2 ©}17|9] 7|1} E<r|HE npo]aE Esfo] dAsto] Aaksioict,

2h7F A9+ o3t 7Hott 71l solgk=(spatialisation) 7| H-& ARE-SFA=T,
% 719 7199 olct F1te] Eolets M2e 845 X7KEe= A Henry Brant

o F7He] £RAS RSN AR WS A
AR
Aoz v ookt iAlEe] AREEET 15l 53] AEAR A5 =
Z+5l= David Bithell®] = "The President Has His Photograph Taken" for
audiovisual mediat= 7} EoJ3l wjA|E AMRSH= O 2A, ARIVZ|EE AASH= AHS
Py

Supsol 4410 BAS S QS Tela Harel At 75 A AEolg)

o B3] A Hehd vakael ARES WAl 5o ol gy AkkaelEoisl

Aol Samyama)E FA|Z 3+ Alberto Frizzo, "Samyama" for tape=i} Joao Pedro
Oliveira®] Timshelo|2k= s]H2]of7} QI7ke] fF|of tigh 2 5] WE-E0l 501 U=
"Timshel" for flute, clarinet, violin, cello, piano & tape®} Zro] I10je} w20l 2
50| WAl

1 Qo= AWlte] "Deux Regards" for cello & tape?} Yu-Chung Tseng®] "Birds,
Winds, Rains..." for tape, ©]5¢12] "Miserere" for tape, Jorge Sad®], "L'aube jete
son or" for piano & tape, ~12]1l +A59] "In the great green room..." for tape©] <1

ZF5oick

Alberto Frizzo / Italy

"Samyama’" for tape

Ame aTElEcz “Holsl|-EAsl - Eall= Aok @A Ao S E3i),


sol
사각형
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Csound®f %)+ additive subtractive synthesis, ring modulation E|ZY10& AN
=3

o] 9uj= linearAl'g%l additive subtractive®} additive®] S3FA|o1Q}, ring
modulation £3+ SFWR] T 7lx] 7|HE AGFRICHE Ao o] Holsile} §
Ask| Barsirle] FAZ) oule thoket 2H 7] ¥i(synthesis) & B3)o] Mol gl

WHY wpaejel Z= Y FEdd 58 SR ofRofl S LEAISE V&
2o aam BRE S mUel g8, Bo) PHE EE8 Eelaa ojssiol
cfokst 459 A|lAA(gesture) 50| AREE oKL, non-linearA£2] granular synthesis
IS Belol Sale] MRS AT 29 T hi-freqol ] low-freq7l] TS 24
== ARSI
olFA CsoundE AR AFolle 24 & ERS o]29fe] $A5Folzh= 5ol 3
S o]23k= LPC(liniear predictive coding)Z} heterodyne filterg AREslo] 29 HA]

o 1o

A%

E

A(analysis & resynthesis)”7|HH-& ARESIAAE, Frizzo?| 252 non-linearAl%
a7o] WAE B AR SojEAS S Ageldh
Ao Csound® B3 £ FAPIHo] clapsil BEHAT 1 Aolie

WA 4 9 AL Fnle Alelolrh

David Bithell / U.S.A.

"The President Has His Photograph Taken' for audiovisual media

19289 F2E vl(Kurt Weil, 1900-1950)2] <@#|2} “Der Zar Lasst sich Photo-
graphieren (The Tsar Has His Photograph Taken, A2 Z}A1Q] ARRLS A7 Jrh= H

16) classic synthesis techniqueoll= =7 frequency-domaini} time-domain®& w7 EHH,
frequency-domain-S TFA| linear process?} non-linear process® Tk 1504 Alberto
Frizzo®] 22 linear process%o] dP}Q] additive synthesis®} subtractive synthesis®] ¥
= AMESISIO™ linear processi= 42|7} 71| Ag|ofjA] ARBE|O]R]= Zlo] ARt mEx|ate] 28]
ring modulation none-linear process%o] sfH=E A9 HREAro] UojutHBoulanger,
p237)
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B A ST G R, B e A 5 2§ 20} 52
3] e 9 Al AR B AOR Al BESRe A2 23 o HEM cherk

5.1 channel, 2=719] 7} =A% %Q{theatrlcal)ﬂ—‘ , SA1AQ1 A|2~H(body
gesture) 2} =34 Zﬂ’\ﬂ(sound gesture)7} SAHZQ1 2] WEolH, ePh= AL oR
Yl shao] Aale) o12S Yolrh) Melleks R whislen] o] e u)

29| Qe Lhet 7}uﬂa} O] ZPA12] A Wi 9IS WSk Aok, et
Ml 7R 0] Sl 92, shHel] Lot Aoprh Agels Axjsh EAjekAlt o
23704 Aol Ajole} AR Aol Kjole] FFo| A Lkt Aope] of
. BRRLY] Bgo] A= HA EH, Alofet tA[ESE o= A9 Hgo] e
3] %al ojgElc). ofajdt mAS 9 E& fhEwolzt Bele Wlo] AL 4419 o7
deit oA A AR feie A A2 FELA AVEE oA A
chohe 248 opion, sl i sle] oA} B

=3] 19| o]t A= fluxus®] THERFOIAH video artolld] F6k= Ajolel tAE
£ Aofe] o] FEoAA Folle tEE Aot W Aol WA B, Rl
A ZJol= AlgkR|A| E= B njgkae] mal uf$ Sl w0l Ty Cello(1964)
OF 22 Qo] ule- AsHAl =AKIH:

g

r#

7714+ Min Kyu Kim / Korea

"'Deux Regards' for cello & tape

= 7H9] AlM(Deux Regards)Zh= =07 AL IS Yepdch BE o] T 7
T AL 7 ONERE A ST sl A ofzle] A= gl Helow dE.

17) Der Zar lasst sich photographieren (1927), e#g} Hul2, F=ZE HlUQ] ZE 7MA=
Georg Kaiser®] £2lo] tjolch. W&o fele] o Apaziold] 1914140] ofet AIS 54
o2 WA, @kl BAS Yol S5cieo] 0 Sigol Selerd,

WHEE s AUSE AL AU FA A Bk PV A A
39 7w el silch. el ofe) Akl ARISel Slald ARE A7) et AR
o) Zolx wit), el ARIZIo) %o] AAE Tearis AFAS A (New Grove
Dictionary of Opera)
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e ARG EAlES WHdshs Lroln] BRh At migths Alds wdst
£ T @A A AL sl A ARIol AE 1o S Al
3 ARl ol B Al FL 1 ool Alvlel B 4 14 @7} s 2g wAs

Ths),

Deux Regardsi= 20|24 272] Allojek Folch. A& o]2e] AL Halge of
HA]%2] Vingt regards sur l'enfant-JésusE A AlF=d| = o4& vlgtE= 20749
Aol Aol A vk 1S S A ol M ikt
24} AzRESRo] HiglE = AJZRS Hrb=e AL ALE9] AXIElE £33 RS HiglH = H)
o] b7l ojxe Ame] Byl etk o] Z1ME AMSIRLT, S o lHe
Agsl] Bk Aze selele] 2318 (Fle] AX) ofelT kefst Bolck

o719} HI3S 9Igh 3 oful 2008 SICMFoJA Bo] S4slt], Mg 93 Ed
Martin®] “Flurry”, Zlu)ge] 7152le} AA-8ak8 Sfat “218750] Qg of 2& 4
oge] FHEne} AASHS Sia 23t 2o] obvle] ofufet WAS WAl S of
P7IHE T, MAES 9ok Ed Marting] “Flurry' 48 HARS3S Sotel wi1ole
£ AMgsfEs ARE ohjgion], % o) ExE A4, &

Sk ARRES F9t] Fee ESskele AR 8l & ARERk] ot o7l

FEEE moRrhs BET UAS EHSE 2ol

=

—

Yu-Chung Tseng / Taiwan
'Birds, Winds, Rains..." for tape

A7) o] 2o] FARES E3t0] APHolA ZPAYITIEL WAL 9lott, o] Tk 3]
o] a2l Selx) ok 9ale $d ANGoR wskEo] gk of2ig wske 8o
BRSO o] A4 (gesture) 2 HFEOIA] S27) H1 To] AsjEla WEofo|
wel, B Aejo] AAASS A sl Hi shte] FASlL SAkE ALAER T
42) Wik, AupHow ojust Makel s2lo] shwelulel, ASI nighn} WA Se] A

18) Program note, Seoul International Computer Music festival 2008, pp.16
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wApste] ek FulEe H2t
T G BEORE 2S 2
OYUEL 4185 W Tof oS Teln BRI W Ep i, 4
29| TRzl oul5S AP © Aolck

HElQ D2 7H5o] H2m(5.1) granular synthesizerS ARSI 22 U7Jo] 714
27 27 AT =Ao] Stk Ao a7t e U] §ial TRt AElse] SRAINE
o5l ©X T Aol AAZIol WOl e XTlel S WY o] v

Hofufthz A& Hojza glck.

0] Seungyon-Seny Lee / Korea

"Miserere" for tape

Gregorio Allegril9?] Miserere Mei, Deus 715 FA|Z 2=2E]¢lon. 2=27l= 7]
= Holme Azusiol A AL Aol 4 AL Ml ALS MTrbe] oz
SRl el Akl e ek o Aol e

= e Zelx)vh ARgERlen Allegrio] IS WFsl] 2e 4TS wET|E
‘3}% 7]—7,‘_‘—9] 7K chant) 2 A2 ARLEHA U3 J02 AlRjes 2 wol 319
o} E2wFo] AgS AL} 174)7] AVIE viglo g F35ict.

29| Z71oll= granular synthesized® AR-E=E50| HEEHA ey A7 HsH
=5 oL glom, ojgfgl AfjeE kol 2H ARREEY A 19| HAAEA] AMEE]
oA 9ick

Z42) A 73 225 Zo| o[ 2008 SICMFo Ho] Holi=t] 3 WAl
#45810] In Biel2 A2 S8 TPAoR WA A3e A9 v of5A)

1
L AL o

‘Miserere’ 7|22] 712 Zelr|sle] YL a2 ARSSH= HRHS AJ835lolA] AJ7)e

19) ofgzjore] =7 16299 W Pdetol] SoizkaL, vl viA, HHESS] TloE 2

I3tk 19 A2k (Miserere Mei, Deus) & ajufch A7t 529t AINE[UAIG oA 55 oz}
Het Ftto] RE= AJ7FRE et (FARZAR)



ki
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od

ofe} 74 939 BHS IThE B 4 ke el

i

Jorge Sad / Argentina

"L'aube jete son or' for piano & tape

o] 2L Mario DavidovskyS A eJsh= npgo=z 2 =z o=z 200530 of=3lEL}
"lolJAE Nora GarciaE {Jsto] A== Qich

Mario Davidovsky+ O}Z3EJL} EfR O R 1960 H|=+O & o|ulS Qb ZFEH|o} T
SholA HARZele 7h2A A=7tolnk. 7H et SynchronismsOlefil &= AR
Al2]Z= live performance®} acoustic ¢}7]5 HF0l= AE50]t]0),

ofwieh 71t of7le Aol Fe W] Hommage a John CageS I}
o, Xenakis®] Hommage a Ravel(1987), Joan Tower2] Hommage a MessiaenZ=>
Aol E4sh= A=iel dlsviel gt AeleA e AEE0l Sk

Jorge Sad®] ZE H3F Fol-9} HYS 3t ZESE  Davidovskyd] ZREQI
Synchronisms ¥} 22 HAS 7HAaL glom, mloped] TRt 2 & ¥ plucksid
A ohje sloho] Torgk 425 AHoi

ERF A= granular®l ARRES ARGSIGOH, AR AF7F ohyel H5F Hjol=Z

slo] ik,

w415 Seong-Joon Moon / Korea

'In the great green room..." for tape

A7k ofgo] fde] Bkl Gl ok, ok, okt WAk WA olek BE. A

7F S0 QAL v HAE e 719 A} frkal 22T kEoflM disial gl

20) Eric chasalow, “Mario Davidowsky: An Introduction”, AGNI magazine, Boston
University Press 2008 p.50
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=3

53} 'Goodnight Moon'-Clement Hurd'®] 1%. Magaret Wise Brown2) 22| A
ES ARgsiithal ge]al glom, 2006\0)| A=t A2 ARkt Bk

Margaret®] AFA|Al= oot Alek> F2kE & 277t ofe], ofglolEo] 73l
= &7] ¥sh=Al, of® Ale skal QlEAlof diste] Hoh whls 7R A7y A
9] In the great green roomo|2h= A& E3F A7k= 9] Sl 7l= ofg 714
Rt 7]eEo] theliA o] H= Fste] WA Hestel= Aol

Hol7|(speech)o]] = ©o1E granular TR 270 Tefet 57Hd, WA (ms) 7t
2 RN SHEES oSt dynamicd} AFE  multi-channel& F3 Lo,
multi-channel-& 2 -gsto] tjefet S7MdE F3Uck 22 7199) ahiAE wojs 1t

Ho| HojA] ekt SkollA Tt omAlEE AIAIRIH:

Joao Pedro Oliveira / Portugal

"Timshel" for flute, clarinet, violin, cello, piano & tape

o] A2 Steinbeck®] A4 East of Edend $l= Qb A=F=ich s|He]ofQl
Timshel 22)0] 249 71124 Q2|5 AA[staL ¢lom QI7telA| Fojel =] o=k
Aol ek 2l AE ke B W2 Ago] BEAlo] AHsH| il XF AR $-

A
2P e S50 Auolc). Timshel & 7} HE2 Aldhe & we] 27483} 12

¢

21) Margaret Wise Brown(1910-1952) F3[2l7}2 tj3#2] Goodnihgt Moon “12]1l Runaway
Bunny7} Qlom 4iSlk= X5 Clement Hurd7} I3ty 71 @Al S35 offE Alsiel &
2 olopr|Eo] f3¥o|9 oL, Margaret> ofol=9] oA ofglolEo] FoE £7] Wl
A oj" wHE slal QleAlol| tiste] Hoh HEHoR olop|E AR (EX1F01ES} Best
BEL)

22) TimShel-2 A7Ao| U= s|Hz|o]2 KIVo| Uel)= "Thou Shalt rule over him"e] Y&
dojg2 o] Q)= whofolch. 18u} East of EdenollA] AE|QI# Shalt rule} do ruleo] 3
Bojo]o] edojgtal AYZIshy Thou mayest rule over himo|z2}al HIAg|ok 3ic) Aok} =
FoA Blofd = Sl QREY A 9 &2 AEio] itk Aotk frE, BRI, A=
tfehal 3 19979)
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Al

SN

o &

= = U9 &5 ol A7k Assial Sl

Sotol A= 217)9] ke S8 (extended instrumental technique)o| AREE O] O,
A28k pedal toneXY AREE|OJ 7). prerecorded sound”} AREEQIAL, THFSH o]
o] 7I%go] ARG-E o H.

A A= Frizzo9] "Samaya" 18]3l Oliveira®] "Timshel"& a0} ¢1o]
0] AL Edlo] xJA19] ZEO] AHERS AFle AL nf$ |2 <ol 3 HAZ
N1e] KA Mol Hojo] WRSH FARIRE Aola E S vl ofg)
451201 MSo| ok S 711 GFE Al TR HORA thE Lot
=1 ’ﬁ%ﬂL SAET FFAETe] Mol BESH| Hrke Aotk QIxte] Aot Al

=
et 222l Ao A A=7te] oAl HaS EE0he Art musicZ{Ql H
%

l

P

R )

X
of
X,
o

m

=

©

Shadow play concerto

Peter Furniss, Clarinet, Robin Michale, Cello, Sarah Nicolls, Piano

214715 &3t Ay ofAIERA], ARl ok) AFS kS =11 9l Hojgol d=E o
I3 ik AR T s1Ee) Al ol Ae S @gs}% 7i°ﬂ el
I 9Jom, Wul oz} A3e} readdressing®] I1AZ OFAlS AIYLE UK AF3], AL
=A| e A, ik wid SefolAe] A7t Sl

ZehYl HARR] Peter Furniss> WA B o R W MRS AlAl 245}
¥+=d] IFof+= Richard Dudas, Dai Fujikura, Arlene Sierra, Mark-Anthony

_

Turnage, Michael Kaulkin, Robin Holloway, Elliott Carter. John Adams, Magnus
Lindberg “12]3l Peter Eotvos 72 27153} 37 ZHdst v Qich.

AZ]AE2Q] Robin Michael& 19760 Aoz FHrfoto]| ZEsH o g ztal ¢l=y),
Ligeti, Kurtag, Ferneyhough, Maxwell Davies, 712|1 Birtwistle?} 7> 7152
A2 ZES AF o, Joe Cutlere] AR ZHZE A|A %Y, Steve Reich?] 'Cello


sol
사각형
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Counterpoint' =%, Roxburgh®} Finnissy?] A2 ZA2ZEFE A5t
opRako 2 glopAEQ] Sarah Nicollss= BBC Radioo|A FE45= ol&s7l=2 AAs)
%911, London Sinfonietta, the Phiharmonia Orhcestra, “12]a1 BBC National
Orchestra of Wales®} 2003 2E19] Purcell RoomofA] €% CinesthesiaolA] A=<
ZRZ S A=}, Sarah Nicollss &R BE of7|249] Hohieel dAEZUA} S
AgoH %S o) A4 AFJels HAPAIA Uk 9100, Brunel UniversityolA

A2 BEstel AT gk
o Qi FE F2 R HoIH BB = AT71S vE Steve Reich
of o] QiEEIg), B B BES Sk AWlo ofn] SO fuE A
gt ojujoly He 2 Ao

=2 o
2hal & 4 Qlry IE|al oeofet miAlE SR AE 5= 95sldi=dl 53] Jonathan

_

Green®], "Piece for piano and Lamp for piano lamp and live electronics"ojjA|+=
Webcam2: 0]85}0] AAZEO R motionS BAJol] 22H4Q] frequency 2 HH A= =&
St A=E 51991, Pierre Boulez®| Dialogue de 1'ombre double for clarinet and
electronics 7F3e] Sete|ulat AR Setedl AFAREe] FofAel Aol o)l
o 2)al ojw] B2 thsSolAl €A QU= Steve Reich®] 252 ARtioAl= 47|
At = 9= d=A4E 7R 9ok 1dHto= Richard GLOVER®] Virtual Fusion
for clarinet, piano, cello and live electronics Z12]1l Jonathan Harvey?| Advaya for
cello and electronics, Tombeau de Messiaen for piano and tape 712]il George
Christofi®] Granulosis for clarinet, cello and tape= Tj-$- A3 20 MG =I5 2
o|om, wpA[e 254l Linda Buckley2] QIEWAIQE F+g=<1 "Wayang"2 ©]=%]<]

QY
e oA AR AFE SRFEA & 5 Sle 2 S0tk

Richard GLOVER / UK

Virtual Fusion (2008) for clarinet, piano, cello and live electronics

Virtual Fusion(2008)2: D&} 2:: Algkel 920 43k 25 Alolo] wheaAle} 7t of




2008 SICMFo| ZZ=1t

n|o
I
0%
o}
©
~

7S] AgolA] WAEIE ofFAE BAS AR 3] D2k D#kjole] 71l %
ZJofl LFERL}, CL., PE., CelloolA] 422 $510] mlist 2] MalE Max/Msp -3}

e}, AATEL 7} wjado] #) % HBhIZ) MO B S HIAel Siin) 1 B B
25 AYERE AlEEY, o] 2ES 2>(sustained)?} F-2|%+=(detached) 55
o7 ok

E
2
&)
N
>

Jonathan Harvey / UK

Advaya (1994) for cello and electronics (Korean premiere)

2310] 71239] ‘Advaya'ehz ©oj} 7 OJols AMgE A0 “Bo] ofgoln olel
2 Hold ol ek ol ofel B %o Fol YT Hedxh A e Zelo
23] 20k 10|k, Jonathan Harvey= AHilo] 2751 Ajelr|e} Hajelle) o
2L Holeh Advayark E02 HolSo] 7k Held 4 gl Sokdel 424
4548 Sice A8 4 SPIUCk ol 88 BE Aol URE AGH, o
OB op|AelE, TEAE %8 F CDE ANECHIA] e s|Rce] s @re
o} uhee] B F AN o] SaRksINe AESIT Alhee] ke )
29] wjeto] HebHE HlS U Aujsnl, Aol A4} SlHEL A O £E2 o
FEPIE SPATh B 2 S0 AR M) o Sol, ool Az Ak 427}
e AAgelEolAE 2] Bell S5 thal Hjd AP 28 3029 A
Ol A3 = 3= Aotk cello &85 liveZ AASH 3 keyboardE E3lo] ThA| AF,
A2 O] thofst E<mot ATlEH(FY], 22 S sampler2 A2l WHZE51] cello?} cello
of ghg- 4igo| .

2fgt 30) A2 Aes] At w11 Almel Wik A3t & A=l Ao
HRE aTE AR EA ek HAksgke] Eol(h L, =ol ofd) Y AMte HojFe

o

—_

23) advayals ol £02 Gol od ANE UL sk Pk Fo| ol A &
ol ofuiel, ARl B4, A3t B8 5 wE Aael Aol Fol okd AAE Wt (2
Tz )
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Zlolt, o719 ¥ 2o Fe 7IAle Aotk

Jonathan Green / UK

Piece for piano and Lamp (2005) for piano
lamp and live electronics

o Age] Moh|aso] ArAHz At sopo] HXE YHS whet Lo F
by

A Aot ek ol soheg A Qi Fho] s 45 Al
A

SHe Aolth T 5 o] B ZERE ALK, ALE T3 soh]AES] £EAL ¢

THT 10 1w« v —

—

i =gl = K
o0& ZAsle] AN ot 7ko] P SRk QFo] B8, AFAe] Avje A ]
oheofe] TG oA Fasich 2T ARl BB 2AERIE AAich 189
aAi5e] B8 WAHOR wasple e ko] itk B ofnis) s
HgoR th Boble BF AFE vkl A%E SEL YA olgslel AFA A
29k ALSES Wo} granular synthesis, FARIAES B4k, 4] 583 wlope &
e GlFEh. AFA AR R ofu] 23E SY ARE mec).

F1F F70ol ALK Q1§ Glomi(asl Toke), Fope 2], WH(motion)o]
A ok 4 sk gle.

ofefet Aol Ofg AESS AKE el thet B DAL A Selsta 2of
2ol AROE olZojolic. nlabAel oAl wloheg Atk 1 AR A7} 1t
L= Zlo] ohfe} s Ak 1 WAL Aelh Uk A0E AAHQ AMLE Hold 2
o] sope 4wl AAS Hrke Aol B 2 ozt gk

George Christofi / Cyprus

Granulosis (2008) for clarinet, cello and tape — SPNM commission

Granule & 3l ALGEI ololek. of AL BEA ouiAS St Fu

LU E N RSN -
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o7 #2489l granular synthesis?dE AREZ AMESIGITE 249 8 Q47 S8y
+ 29 B AR granuledt 2R A|lAAE 2R G E3F ThofslA W
FEIch

TFRAVA Afololl= 5712] SAIA7E woiQlet. Azl SEiYle fyses 2 v
TRl gso® ET} Qe AEPHEES WHER T SRR HHEA] AH=E- glojof7t X7}
w3, SAUF HEAY e AFHE ARSRITE T1EfA] offgk ZEA Rl AfEe] MR
3t AASS shR S S S Alsdih

o[ 2008 SICMFolk= %2 granular synthesis®| ®*¥Ho| Z=of] S-8= U=t 2/dE
9] In green...o| 5|5-E] Manuella Blackburn®] Kitchen Alchemy, A53]9] In Bieloj|4|
AREERl O Alberto Frizzo®| SamyamaZ-2- ARZojx % 29 &7)o|(granule)7}
A g ZAsle] 7S A2 & 59 7Ee® ARRE Zlojtk. o7l ol i
HE7|= 7P 2R el AEe s Eolit 3 1 v tAl ARSShe |, ofy
ok o1 7 o] H= AR @9l wefidt v O o2 B85t Aske e
om|gitt. olgRt H529] £ Christofi®] A5 E9tsto], 2k d7o] &7t S|4
Ea1, 7120 avle os] MEPEo] dob & 4= A EHH oldt ook A=t
Aol A7t Satt BEow WA Hoh

Rl
H

r 1

g

Pierre Boulez / France

Dialogue de lombre double (1985) for clarinet and electronics

0]2-2 1985 Luciano Berio2] 604 Ao 1% 22O & Paul Claudel®] A= Aj
¥l Selm("Le Soulier de satin")o] Aol SeEYOn], 2o Aol olafH Selet

H(strophe)¥} 5o2] 27 (transition)o] Wzol 7PAA tiolsh= ZAH A== 310k

24) Granular synthesisi= 425 FAJoks 7122Ql 7le=A AIREY g A2 FE7kx] &27fo]
98 ABele] TN Tl Walth Leldhs AL Granuleolekz B4 el 4o
A Eaflsle] gdsit= f=olt)y. (RarA4], Roads, Curtis. “Microsound”. Cambridge: MIT
Press 2001)



PSS v gk 9o A7 ot w2 AARE o E FojoA glolHm A
Er HfE on] 555 20t AR ol5tASl] BAA Y= HEIAY 2uAE
Ofelix] EARE]OIA RISt Z42He] JofebdEe ] o12Ql ofo|rfol2 o]Folx
o Foto] MIPHEL AABHA] EolA shollA tE iz AgE s ThEo] F

oJ4E2. Fjdolnl, £3] Claude's play®] A=] 3t Aol 7He AL W
Q)Z|9t Berio2] Chemins, Karlheinz Stockhausen's®] In Freundschaft 1237 Boulez
ZF419] Domaines for solo clarinet®] 29t%= Qlgslal ik

Solgt & ofu| AFE ClLo| &l £Ho] AR Fof AFEaL, o] AZ Fof
o floll S Sl AR AFstn HidobA AL oR o] 9yt HhEE|ojA
aXe] = )

Beriow= £3] 19| A% Sinfonias £5}0] ©]¢ quotationZ Q] WG5S - AAoA K
olF= 19 sinfoniadl= ER|A, E¥20] A, A9 AE, TEfe] AE 5 ARlo] B
o7t sl onRIE QAT 2SS $-8(quotation)sto] AFAIS] ] KA Q)
oS k=

Berioo|7] &% o] 32 ofzfdt EAES It |al Stk & Sdl=2e HZleE
oA HElE T19f thiEA} sinfoniall A quotation|] He HFA = 20| 585}

Berioof|7]] AgE Zlolct.

Jonathan Harvey / UK

Tombeau de Messiaen (1994) for piano and tape

mAoke ujeEal 150 Hae o] olst SMo| miREelT Yo] Hake urAsEl)
o Fxo| AmER e} & 4= Qlok

AHEY XLT—(Spectral Music)2 sound spectra®] 2418 B2 22 sf= WHO

2 7P wo| A= BRALS. Fast Fourier transform& ARSH= spectrum 2EARPHo|| o]&
Stk of2fgh AR 1970t 2Rt ZefoA AR Ql=H] $of| Gerard Grisey

J12]3L Tristan Murailof 2Jsf] HPAE| o] FT}25).


sol
사각형
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T1H O = Jonathan Harvey+= 127]¢] S22 02 o]Roi%] vjZ3ES o|2fgt AHEHS)
SHdof 7125 FAL olgE= Al tREITh

o] Fo Hlo|Z HEE 127]9 S22 0= o]Ro7l HlFEE 28 vok2 A5E

glom, BiaE 288 sopl 25 oo 45t Sk, Shts| HelEAE ok v

SUES Aaehn e,

2ol Jorge Sad®] "L'aube jete son or“o] L2 Hommage a Mario Davidovsky*|H
AAlo] ZASK= Aazle] To SRS Woh 1 AL vlEoR Xu3jsc)

Steve Reich / US.A.

Cello Counterpoint (2006) for cello and tape (Korean premiere)

Cello Counterpointi= =3 Ho]322} o}7|% Siat u] Wajo]h 73 2] Zgolck,
2}o]3]+= 1960t San Francisco Tape Music Centerof|A] g|o]iZ 29k 219 mho] 3
A9k 70-80dt ofli= AT 2o A9] Tl FAE0lA U TAE, ofoltjole} Fafe<
AA o712 A=Y &3 1990 o= New York Counterpoint®} Electric
CounterpointE 2231 ™ Cello Counterpointi= AZF=of H|g[| Hr} EX5t HlAFo1 &
TpAje] glebgo Aol

ole] %89 vl HHoR HPHHL sijto] Gl Elle)7} pedalpoint A AdHom
HREE L Ao Ao 2g7t FAES TSIt cello 2|2 o]Fo|d sfj|lyt H d
o A= live7t 5] 35 Xéﬂ vt 5% 7L Qi

Linda Buckley / Ireland

Wayang (2008) for clarinet, piano, cello and live electronics — SPNM commission

Wayango|gt T2 wayang kulitghes JIRAF HF20A] S49] QmHAlof S50 25

25) Charles Dodge, Thomas A. Jerse, Computer Music, 2nd Ed., Schirmer 1997, pp.48-55
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St} GAFHOR o] TEZhA FAS W Aagle] WANL THAe} eUdm, Tew 7}
Wk o AEele] Sopl o]solfln). Bayangolehs Sl JUAL HUUES
ofujshiz At Wola] gehselch AT7H o] AlBRl HEA - oW Elelals 1%
o a1 B o a0l $01% Mtk o)2e o) e o
gt -ujl2 Q=R ot 324o] TR A 2ele] SukaRAY HEShn B
Hifiel Zxd Hol] it Real time Process®= HEd%- 3%9] 4|7} wWol o,

LS
echo o] Woli BAHS HoP|Z BBl oA TE2iNe] gl He] g

4=
2008 SICMF= AZol4 AXsI9 B2ox AAeh A Falo] Avn Az} ofe

CHFRt viAek F=A] Z1ejar Tof wmE TheRt A S0l ARE Sl

Jeffrey Trevino?] “Trailer for UBIK o4 237 gt 7§ qF S 9lof] Ax)d =5
I Y] FEAEY =o7] HAES FRE WAl A, R|aL Tt &
7ol RE Hl el AAZINF TEla H9R7E ZEE David Bithell®] “The
President Has His Photograph Taken”7}A| w}-3- tiofst =719 &3} wjA|Eo] AREE
Qo olafst Ay} o V)& WHAFE7] Yole], Csound, Granular synthesis,
quotation, AA|7F samplinggo| ARE-E o] %t}

w3 st ok FAP) Aok 1E8EARI0] ol glebio] ok A7
o A5E] zFA1] Health crisisol diale] SAteR= wl$- 7jQlalel FAjolclrt Aetzol o
ulE 20 WHEL Bithelle] A}, AHlo] 45k AT7kE 9ot} 3 Jorge Sad
L'aube jete son or" for piano & tapeZ7}A] W3- FHLsHAM EEs1aL 7o) 735t 2
e W 4 Aok

E U Ful2e A ol SOMH RASS ATo| HEHE AR Gt Aol
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o}

Ireland 27191 Linda Buckley®] 2552 ‘Wayang’ o|gf= QEy|Alo}e] frod=to u}
BE FTARE S9lS T2 SR ool o] Fxo] 2E WS 7R k.
A& 20417] Zub 2ol Baleke Ao AR SolHQ) Wk WASlEl ge 24
Sof IR olFHel 8T AR ofFORA MR SekHel WS wals)
AER Az,

23 O vro R SRR AEE] B HiE FuARl Aol oAs2] “Gang
Gang” - APHUZ, A535]9] “In Biel”- B4l HIE}, Alberto Frizzo®] "Samyama"
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{Abstract>
2008 The Music in SICMF Concerts
and It's Musical Trend.
BUM Kl KIM

Seoul International Computer Music Festival 2008 (SICMF 2008) was held at
Jayu theater from november 9 to 12, 2008 in Seoul Arts Center. Many electronic
pieces were performed and it had diverse characteristics and varieties. Many
different media used such as audiovisual media, sampling keyboard, Csound,
Max/Msp as well.

There were 31 participants from 12 nations and they showed different themes
from the most individual confession to philosophical questions and interested in
various subjects such as religion, history, shamanism, etc.

Therefore, it was the great chance to observe the musical trend of electronic
music today. and it is the report of contemporary electronic music through
observing SICMF concerts.

In this report, all pieces are commented and sometimes analyzed if necessary in
order to understand technologies of today and research the background of their
musical and philosophical interests which become the foundations of its musical

form, pitch set, and musical textures.

key words: SICMF, computer music, electronic music, contemporary music,
KEAMS
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