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ABSTRACT

Objective of our paper is the presentation of a software we wrote, which creates the sound analog of an image, as well as the
image analog of a sound.

To the best of our knowledge, the proposed process is original.

I. INTRODUCTION

We present software, in which via an algorithm it produces melodies converting the RGB information of each pixel on
a digital image to sound frequencies. These frequencies are quantized on the tempered European major/minor scale.

More specifically, after the reading of the RGB information of every pixel on the image saved in the computer we:

e Convert the chromatic information into a “monochromatic” frequency of the optical range (spectrum) and a new
image is generated.

o Transform the frequencies of the optical range into frequencies of the human acoustic range.

e By means of a mathematical formula we group the sound frequencies and match them to notes of the tempered
European scale with a specific pitch and duration.

Therefore, we are able to listen to the image via its resulted monophonic music analog.

Moreover, reversing the above procedures, we create the optic analog of a monophonic melody. We design images by
using the resulting RGB information, transforming the frequencies of the tempered European scale, in which the
monophonic melody is composed. The same also applies in polyphonic compositions.

Il. IMAGE TO SOUND CONVERSION
A. CIE and the RGB Model

The main obstacle we have to overcome is color representation. Computers usually use RGB color space and therefore
we have to find a match between RGB values and color wavelengths, which presents a serious problem.

International Commission On Illumination (CIE) is using a mixture of three CIE primaries, X, Y, Z to represent any
real color [9]. However, these primaries correspond to no real color; they are just convenient mathematical constructs.

Therefore, a given color C of wavelength A can be expressed by the following function:
C,=XX+YY+ZZ
The values XYZ, called tristimulus values, are being calculated using the CIE color matching functions denoted as
XA), AA), AA) (Fig. 1):
X= kL XA)D(A) A
y= kL KA)D(L)dA
Z= kL AA)D(1)dA

where ®(4) is the spectral distribution of light stimulus and k is a normalizing constant.
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Fig.1 The CIE 1931 color matching functions

The normalization of X, Y, Z values results in the production of the x,y,z values:

X
=
X+Y+Z

ye Y
X+Y+Z

Since x+y+z=1, z can be omitted. Therefore, we use x,y values, known as chromaticity coordinates, to plot the CIE
(%, y) chromaticity diagram (Fig.2).
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Fig.2 CIE 1931 Chromaticity diagram, with RGB gamut.

In computers, the chromatic model that is basically used is RGB [5], according to which every color occurs as a mix of
Red (R), Green (G) and Blue (B) (700 nm, 546.1 nm, and 435.8 nm respectively). For every pixel in a true color screen
correspond 3 bytes of information. Each of them, valued from 0 to 255 (2°=256), defines the weight of participation of
each of the three primary colors in the composition of the desired color. The RGB curves are shown in Figure 3.
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Fig 3: RGB curves construct the rest of the colors.

A thorough examination of the curves representing the primary colors in the RGB model shows a weakness in the
representation of some frequencies in the optical frequency range. This weakness springs from the Red curve, which
takes negative values in some places of the wavelengths of the optical frequency range. This means that red has to be
added to the monochromatic stimulus to make the match.

The above weakness makes RGB model incapable of representing all real colors. The triangle in Figure 2 shows the
purely additive area of RGB, which constitutes the RGB gamut. Colors outside of this gamut can not be represented
properly. The underlying reason for RGB model’s failure to represent all the possible colors is the fact that the color
calculations are translated from the wavelength domain into the display domain [1,5].

Specifically, the RGB model defines a three-dimension area which contains all the colors which could be possibly
displayed on a PC.
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Fig 4: The 3-dimension area defined by the RGB, which contains all the colors a PC may display.

Each axis of the 3 dimension area gets (2°=256) values defined as [0,255] or [0,1] in normalized values. Point (0,0,0)
represents black color, and (1,1,1) white color. Every other color is calculated with the help of the following linear
formula:

F=rR+gG+bB 1)
So, the RGB color space is produced (Fig. 4).

Due to the nature of the color information in the computers, there is not an effective one-to-one mapping between the
frequencies and the RGB values.

We were therefore forced to use a heuristic method of transformation. Bruton algorithm [2] was chosen because of its
very good results when transforming frequencies to RGB values. Figure 5 shows the RGB values for the optical
wavelengths as they resulted from the Bruton algorithm.
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Fig 5: RGB values for the optical wavelengths from the application of the Bruton algorithm.

The above algorithm converts the frequencies of the optical frequency range into RGB values. In order to have
frequency values of the optical frequency range for the RGB values of each pixel on the image that would be converted
into music, the following procedure was applied:

Each colour value (r,g,b) in each pixel on the image that will be converted into music, should match to a colour value
(r’,g’,b%) in the optical frequency range, which has resulted from the Bruton algorithm.

The match is successful by minimizing the function,

f(r',g',b'):\/(r—r')2+(g—g')2+(b—b‘)2 )

which resembles the distance between them in the three-dimension area. With this way we calculate the closest (r’,9’,b)
value on the Euclidean space, with which we replace the original (r,g,b) value for the pixel on the image.

It is a fact that an image is a static piece of art, while a music composition is a piece that progresses in time. We scan
the image line-by-line and every line pixel-by-pixel from left to right. In essence, this procedure of gathering the optical
information via scanning the pixels of the image, as progression in time since it regards a time-series, is what we convert
into a monophonic music composition; that is in a procedure in time of attribution of the sound information. Scanning the
image every two or three etc. lines at the same time, according to the above procedure, results in two or three etc. time-
series, which transformed into sound, construct a music composition with two or three melodic lines.

For practical reasons of memory and duration of the produced music composition, the aforementioned procedure does
not apply to all the pixels of the image, but only to those that are selected at a step defined by the user on the horizontal
and vertical axis.

Utilizing the above energies, see Figure 6, we convert the RGB values for the color of each pixel of an image into
frequencies of the optical frequency range.

Fig 6: How we convert RGB values to optical-frequencies.

Furthermore, having the RGB values for the color of each pixel (that correspond to frequencies of the optical
frequency range) we re-design the image using these values.

B. Optical to Acoustical Frequency Conversion
Between the set of the optical frequencies and the acoustic one there can not be an one-to-one mapping because these
two sets contain a different number of elements.

We know that the ratio of two frequencies defines an interval, the magnitude (M) of which is proportional to the
logarithm of this ratio [8]

[Mz/«logz[f} f,> £, k=constant @)

2



The ratio of an interval (optical or acoustic) to the interval of the bound (limit) values (optical or acoustic) defines the
relative interval (optical or acoustic) and the ratio of the corresponding magnitudes of these intervals defines the relative
magnitude of that interval.

We can now define an one-to-one mapping between the relative magnitudes of the optical and acoustic “intervals”, by
which we will successfully and objectively convert them from one form to the other. Thus, we go from the optical
frequencies to the acoustic ones and vice versa. The above are depicted with the formula:

f .
|0g ”ﬁ’:"/ |Og[ faa_;ustic]
f fmln
= 4)

optical acoustic
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It must be noted that formula (4) is a result of Weber-Fechner’s psychophysics law, according to which the response is
proportional to the logarithm of the cause. In other words, what we see and listen is proportional to the logarithm of the
wave frequency causes (optical and acoustic respectively).

The defined acoustic range in music terms is between the frequency range of 8 octaves and specifically from 16.352
Hz to 7902.1 Hz (C, — Bg). The defined optical range is arguably their wavelengths from 380 nm to 780 nm.

Table | shows some typical colors, along with their RGB values and the sound frequency values in which they are
transformed, when we apply our proposed procedure.

TABLE I.
TypPICAL COLORS AND THE CORRESPONDING
SOUND FREQUENCIES

Sound
Color R G B Frequency
(H2)

pink 255 | 192 | 203 828.740
orchid 218 | 112 | 214 29.294
violet 238 | 130 | 238 31.200
magenta 255 0 255 32.530
purple 128 0 128 20.311
blue 0 0 255 59.458
green 0 255 0 209.802
ivory 255 | 255 | 240 629.305
yellow 255 | 255 0 629.305
olive 128 | 128 0 341.833
brown 165 42 42 5525.350
red 255 0 0 1559.010
orange 255 128 0 1067.173
gold 255 | 215 0 749.580
cyan 0 255 | 255 149.082

C. Grouping of the Frequencies with the use of the Correlation Coefficient
Every point of the resulted time-series is an ordered pair of time — acoustic frequency. We shall call this time series
pitch curve.

Aiming to conclude in a music melody, it is necessary to group in a way the resulting frequencies of each pitch curve
in order to create notes of specific pitch and duration.

After that, we represent the pitch curve as a function in time; that is f(t).

We consider that the f(t) function is periodic; that its period (T) is equal to the duration of the time series from the
moment of the scanned image.

The analysis of the function in Fourier series is of the form



() = % a, + Y _(a,cos nayt+ b,sin nw,t) (5)

n=1
2 N
where @, = —7_ , We approached it with

k
S.(9) :%ao + Y (a,c0s nayt+ b,sin nayt) (6)

n=1

We found out that for k=48 the error in the above approach &,(f) = f(£) — S,(£) is satisfactorily small.

After that we transformed (6) in a sequence of step functions by applying the following algorithm:
Step 1: (initial conditions). Find the first derivative of (6)

Step 2: Calculate the number of points of the first derivative curve, when approximated by a least-square straight line,
gives a correlation coefficient r grater than a value set by the user. This value of the correlation coefficient r influences
the duration of the notes, which will be resulted in the final melody as it will be explained later on. The correlation

coefficient is given from the formula:
-2 )

i - Ay -

where n is the number of points under examination for their linearity, x’s are their abcissi; that is time, and y’s are their
ordinates; thatis S, (£) values.

The greater is r’s value, the points fall very close to a straight line. The step goes to step 3 every time a point, let us
suppose X, when calculated, is the reason to decrease the value of the correlation coefficient r. This means that the point

X, does not lie on the same straight line with the rest n points, but from it starts a new straight line of the pitch curve.

Step 3: The ordinates of the n points that were calculated in Step 2 are replaced on the pitch curve by their mean
values. The procedure continues by returning to Step 2 with a new initial point ;. When the whole domain of the

S, () runs out, the pitch curve (6), that is S,(#) has been replaced by a sequence of step functions.

One can understand now the role the value of the correlation coefficient plays; on one hand for the pitch and on the
other for the duration of the notes in the resulted melody.

Since the correlation coefficient of a number of n adjacent frequency values, falls into the limits, set by the user, then
these frequencies, grouped, give a pitch note equal to the mean value of those frequencies and of duration in sixteenths
equal to the number of the grouped values.

D. Frequency Transformation into Tempered European Pitches and Polyphonic Music Generation

Next step is to transform the frequencies of the notes that resulted from each time-series, into frequencies of the
tempered European scales (major/minor). This can be succeeded by replacing the frequency of each note with the closest
tempered-frequency of the European scale. In this way a melody in European musical notation is produced.

The monophonic or polyphonic melody produced, is saved in a midi file and is possible to listen or edit it with any
score processing software.
Our software has the following capabilities:

Choice of different musical instruments for the application of each voice (melody)
Choice of the ampitus of each musical instrument

Choice of the musical measures

Regulation of tempo

Performing of the polyphonic melody and,

Display of the notes from all the voices in a matrix.

E. Reversing the Process and Redesigning of the Image

From the resulting monophonic or polyphonic melody, we have a value of tempered frequency of the human acoustic
frequency range for each pixel of the initial image. Applying the conversion formula (4), for every given acoustic
frequency it gives its corresponding frequency of the optical frequency range.

The limits are for the optical frequencies those of the optical frequency range and for the acoustic ones those that were
used for the conversion of the optical frequencies into acoustic ones. Applying the Bruton algorithm the corresponding
RGB values are received and the initial image is redesigned, having the melody as the ‘source’. The consequent image is



more or less distorted, because not only the acoustic frequencies have been quantized according to the tempered
European scale but also altered due to their grouping with the use of the correlation coefficient.
F. Resume

To summarize, the process our software executes for the conversion of an image to a music piece are outlined in
Figure 7.

fiii

Fig 7: The flow-chart of our software.

I11. SOUND TO IMAGE TRANSFORM

A. Melody introduction

The input of the musical information (pitch, duration) of each note of any new monophonic melody is carried out
through a virtual ‘clavier’, identical to the piano one. The user by clicking on one of the keys chooses the note that will be
introduced. Before that, he should have selected its duration via a user friendly menu. The pitch and duration are added
on a matrix, which can be edited via many options (add, copy, remove and edit). This matrix is saved in a file and from
this file the time-series of a voice will be created. If we would like to compose a polyphonic piece, then we create such a
file for every voice, out of which the time-series of the corresponding voice will be created.

B. Software Options

The software provides the capability to choose a plethora of voices, which we will use and introduce the relevant files
we have created. We also select the time signature of the piece (e.g. 2/4,3/4 etc.) as well as whether the piece starts with
an incomplete measure. Finally, we give the number of measures the duration of which sets the length of each line on the
image to be designed.

C. Image Designing Process

The note replacement with their corresponding frequency and build of the time-series of each voice is achieved as
follows:

Every note reproduces its frequency on the time series as many times as is its duration in sixteenths. For every point of
the time-series of each voice we apply the conversion formula (4). In this manner, an optical frequency for every acoustic
frequency occurs. With the Bruton algorithm and the aforementioned methodology, we receive RGB values, out of which
every point of each time-series of the monophonic or polyphonic music is converted and we design the image line-by-
line.

The length of each line on the image is proportional to a definite number of measures of the melody, which is given as
a parameter in the software, as it is mentioned. The sequence of the lines is definite and fixed. At the first line of the
image the first voice is designed, at the second line the second voice and so forth until the number of voices ends. The
next line of the image starts again with the first voice and so forth.

It must be noted that the pauses (rests) are designed with the white color. If an incomplete measure exists, it is ignored
and is not designed at the beginning. The last measure is filled with the initial incomplete measure.

Thus, the final visual representation of a melody is produced.



Below we present two transformation examples of music composition to image. Figure 8 shows the 3-voice XVI Fuge
from the piece DIE KUNST DER FUGE by J. S. Bach. From the smooth change in colors we can determine that the
music piece uses sequences of small musical intervals with a few exceptions only.
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Fig 8: Example 1 (Visualization of the three-voice fuge XVI from the piece DIE KUNST DER FUGE by J. S. Bach)

Examining the image, one could determine some fundamental morphological conclusions like the repetition of
melodical and rhythmical sets. This study becomes more supervisory when on the image we point out the intervals (long
lines) and the points where the note duration changes (short lines), as Figure 9 shows.
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Fig 9: Example 2 (Visualization of the three-voice fuge XVI from the piece DIE KUNST DER FUGE by J. S. Bach with noticeable separation of
the intervals and note duration)

In general, the longer the musical intervals are the more vibrant the color changes become, while the step-by-step
(according to small musical intervals) movement of the voices is depicted by smooth color changes.
Figure 10 depicts the atonal composition «pen» by H. C. Spyridis, built on the same rhythmical sets with the above

fuge by J. S. Bach. The melodic lines of this piece are based on long musical intervals, fact that is portrayed in the
multitude and contrast of colors.



Fig 10: Example 3 (Visualization of the atonal composition «pen» by H. C. Spyridis)

IVV. CONCLUSION

The presented software utilizing algorithms of converting acoustic frequencies into RGB color values has the

capability to produce melodies from images, as well as design images transforming melodies.

We are still concerned with the quest of an aesthetically better method for the mapping of the “monochromatic”

frequencies of the optical frequency range into RGB values, as well as the improvement of its inverse process, with new
algorithms [6].

To conclude, the restrictions of the RGB model lead to the research of better methods for the representation of the

chromatic information [4, 7] in order to succeed in an improved precision for the conversion of paintings or photographs
into music.

(1]
[2]
[3]
[4]
[5]
(6]
[71

(8]
[9]
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Hlepilnyn — AVTIKEIPEVO TG EONYNOEQS OTOTEAEL 1
TOPOVGiacY AOYIGUIKOV, TOV GVYYPAWONE, 010, TOV OTOI0V
ONNIOVPYEITAL TO NYNTIKO AVALOYO pPLOG EIKOVAGS, KOODS KoL
TO0 OTLTIKO OVaAAOYO oG pEL®IiaG.

Me Baon wqv pépr ctiypiis evmpépmen pag, M 6An
owndtkocia sivon TPOTOHTLTN.

V. EIZArQra

[Mopovoialetar  Aoywopwed, 7To omoio O1°  &vog
aAyopiOuov mopdyel HOVGCIKEG HEA®OIES WETOTPETOVTIOG
v RGB mAnpogopio yio to ypodpo kébe onpeiov piog
giovag ynelokng popeng (pixel), oe nymrikég coyvotTeg
NG GLYKEPUGUEVNG EVPOTAIKNG KATLOKOG,

I[To ovykekpyéva, petd v avdyvoon g RGB
YPOUATIKAS TANPo@opiag Yo kébe onueio (pixel) pog
EIKOVAG amoONKELUEVNG GE VTOAOYIOTH,

® LIETOTPEMOVIE TN  YPOUATIKY  TANPOQOpic  Ge

LOVOYPOUATIKY] GLYVOTNTA TOL 0pATOD QOCLOTOS KoL

dopovle véa elkOvaL.

o petaoynuotiCovpe TG GLYVOTNTEG TOL  OPOTOV

PAGLOTOC GE GLYVOTNTES TOV OKOVGTOV PAGLLOTOG.

* Léow® pog pobnuotikng oladtkaciog opadomotovue

TIG OKOVOTEG GLYVOTNTES KoL TIG avayovpe oe BOYyoLg

NG GUYKEPAGLEVNG EVPOTAIKNG KAILOKOS, CUYKEKPLLE-

VOU [LOVGIKOV VYOUG Kot SIAPKELOS.

Mo didetan, €101, 1 SVVATOHTNTA VO, OKOVUE TV EIKOVOL
HEG® TOVL HOVOPMOVIKOD HOLGIKOD OVOAOYOL TNG, TOL
TPOEKVVE.

Emiong, avtiotpépoviog T ®g Gve Swdikacies,
ONUIOVPYOVE TO ONTIKO OVAAOYO LIOG HOVOQ®VIKNG
perwdiog. Zyedidlovpe €KOVEG YPNOUOTOLDVTOS TNV
RGB mAnpogopio mov mpokimtel, peTooynuatiCovrog tig
GLYVOTNTES TNG CLYKEPAGUEVNG EVPMOTOTKNG KAILOKOG €1G
TV omoia €ivol YPOPUEVN] O HOVOQ®VIKY HOVGIKN
ovvheon. Ta avotépo Pmopovv va epaprochovv kot o
TOAVQOVIKEG LOVGIKEG GLUVOETELG.

V1. METATPOITH EIKONAS XE MEAQAIA

A. Amddoon ypwudrwy kar poviéio RGB

To kOp1o eumOII0 TOL EYOLE VO VTEPTNONCOVLLE Eivar 1)
mapdotacn Tov ypdpatog. Ot vrmoloylotés cuvnlwg
xpnowonoovy 10 RGB ypopatikd poviéro ki, €tot,
glpoote  vmoypemdpévol va  Ppodue €vav  TpOmO  va
avtiotorynoovpe RGB Tiég o€ xpouaticd unKn KORoTog,
yeYovOS TOL cLVIGTA £va 6oBapd TPOPANLLA.

H International Commission On Illumination (CIE)
xpnowonotet  éva.  ovvovacpd tpiov  CIE  Poacikodv
mapapétpov, v X, Y, Z yu vo TOPOCTNOEL TO
omolodNmote Tpaypoatikd ypopo [9]. Opwmg, oavtég ot

O0gV  OVTIOTOL(OVUV GE  KOVEVQ
po  odpPaocn  yuw

Boaowég mapdpeTpot
TPOYUOTIKO  YPOUO Ol givol
HOOMULOTIKY KOTOGKELT).

‘Eto1, Aowmodv, 600évtog evog ypodpotog C pe pnkog
KOpATOG A, T00TO Umopel v ekepacHel e Tnv akdiovdn
cuvlptnon:

C =XX+YY+Z2Z

O twéc X,Y,Z, mov ovopdlovton tristimulus tiuéc,
vroloyiCovtar ypnowonowdviag tg CIE ypopoatikég
GLVOPTNGEL; GLVTALPLOCLOV, OV GVUPoAIovTaL ™G

XA), AA), AA) (Sxipo 1):
X= kL XA)D(A)dA
y= kL}(Z)(D(i)d/l
Z= kL AA)D(L)dA

omov ®(A) eivar M QACUOTIKY KOTOVOUN TNG OOTEWNG
deyépoemg kat K givan pua 6100gpd Kavovikonomoemc,.
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Zynua 1 Ot CIE 1931 ypopotikés GUVOPTNGELS GUVTOLPLOGHOD.

H xavovikomoinon tov X, Y, Z tipadv idet 115 €16 X,
Y, Z TWHEG:

X
X=———
X+Y+Z
y=—r
X+Y+Z

Emedn x+y+z=1, 10 z umopei va mapainedei. Etot,
APNOOTOIOVHE TIG X, Y TIHEG, TOL EIVOl YVOOTEG ™G
ypouotikés cvvietayuéveg (chromaticity coordinates),



v vo. oyedidooue o CIE (X, Y) ypouatikd oidypouuo
(chromaticity diagram) (Zynuo 2).
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Yynua.2 CIE 1931 Xpoporuo Swdypappo pe tnv RGB khipoika.

To ypdUO GTOVE VTOAOYICTEG TAPICTAVETOL OC HEIEN
v Pooikov  ypopdtov  [5]. Tho ovykekpiéva
¥PNoOTOlEiTO TO YPOUOTIKO poviédo RGB kot kdfe
xpoUo mpokvmiel g piEn tov Koxkwov (R), tov
[péowov (G) ko tov Mmie (B) (700 nm, 546,1 nm Ko
435,8 nm, avtiotoiymg). o kabe onueio pag ewwovog
(pixel), 6mwg avt mapioTdvetor 6e 000V TPOYUOTUKOD
xpoduatog, apepovvial 3 bytes minpoeopiog. To kabéva
omd autd, pe Tn amd 0 wc 255 (28=256), apopd oto
«m0GO0TO» GLUUETOYNG KoBevog amd To Tpian Pocikd
xPOLOTO 6TV 6Hvheon Tov amoddoEvoy ypopaTos. Ot
kapmoreg peikemg RGB yua tqv obvbeon tov Aoummdv
APOUATOV TOPLGTAVOVTOL GTO GYNa 3.
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Zynua 3: Ot kapmoreg pei&ewg RGB yuo v cvvBeon taov Aowmdv
APOUATOV.

E&etaloviog Tig koumoreg peifemg TV Pooikdv
xpopdtov tov povtédov RGB yivetal gavepn 1 advvapio
Am0000EMG KATOIMV GLYVOTHTOV TOL OPATOV (UGLOTOG,
S10TL, VO aVTO Ae1TovpYEl TPOGOETIKA, G€ KATOL0 TEPLOYN
UNK®V KOUOTOG TOL 0paToh (QACUATOS 1 KOUTOAN TOV
£pLOpoL YpdpoTog Aappdver apvntikég TiéS. H advvapio
am0d00em; OV TOV Ypoudtev omd 10 poviédo RGB
opeileton oTo YEYOVOG OTL N TOPACTACT] TOV YPOUATOV
HETAPEPETOL OO TO TESIO TOV UNKAOV KOULOTOG 6TO TEdIO
anewkovioemg [1,5].

ITo ovykekpyéva 1o poviého RGB opilet évav
TPIGOLIOTOTO XDPO, O Omoiog mepAapuPfdvel Ola Ta

xpdpoTo, ToL givar dvvatdv va mapacTadody amd Evav
VTOAOYIOTH.

Yellow

Zynua 4: O tpredidotorog xdpog mov opilet to RGB povtélo, o omoiog
nepLapPavel OAo To XPOLLOTO TOV Eivorl SVVATOV Vo TopacTafody and
£V LTTOAOYLOTH).

Kabe dEovag Tov Tp1odiacTdTon dVToL YOPOL AdUPAvVEL
(2°=256) twéc oto Sompo [0,255] 7 [0,1] oe
Kkavovikomomuéveg Tés. To (0,0,0) mapiotdvel To powpo
xpopo kor to (1,1,1) to Aevkd. Kdébe dAAo ypopo
TPOKVATEL MG YPOLLLLKT cVOVOEDN:

F=rR+gG+hbB Q)

E¢ autlog ovtig g 1010p0pPIaG TG YPOUOTIKNG
TANPOPOPIOG OTOVG VTOAOYIOTEG, OEV  VLTAPYEL Mid
LOVOGTLLOVTT aVTIGTOTY 10T cuyvoTHTOV Kot RGB tiidv.

AVOYKOGTAKOUE, AOTOV, VO YPT|GILOTOU|GOVUE KATO10!
evpnpotikn péhodo. EnhéEape tov alyopiBpo Bruton [2]
AOY® TOL TOAD KOAOD cucHNTIKOD OMOTEAEGUOTOG e TNV
évvolo 0Tt amodidel TOAD KOVOTOMTIKE T YPDULOTO TOV
opatod PAacpoTos. Xto oynuae 5 ansikoviCovton ot RGB
TIUES Y100 TOL OpaTE UK KOUOTOG, OT®S AVTA TPOKHTTOVV
oo Tov adyopiBpo Bruton.

Heurigtic RGE Values far Visilde Wavelengths

-Red - Gréen - Blie I

45 EN 350 &0 &30 700 750
Warvelengthinm)]

Zynua 5: Ot RGB tipég yio to 0potd KN KOLATOG, OT®G TPOKVHITOLV
amd tov akydpBuo Bruton.

O avagepbeic olyopiuog tov Bruton petarpémet
ouyvoTTEG TOL 0poToy  @acuatog o RGB  tiuéc.
[Ipoxeévon, OpmG, vo €xovpe TYWEG GLYVOTHTAOV TOV
opatod eacpartog ya tig RGB tipég tou ypopartog (r,g,b)
gkdotov pixel g ewodvag, mov Oo petaTpéyovue o€
LOVGIKY|, EPUPHOCALE TNV aKOAOVON Srodtkocio:

Kabe tyun ypopatog (r,g,b) exdotov pixel g ewodvac,
mov o UETOTPEYOLUE OE LOVGCIKY, TPETEL VO OVTIOTOL-
ynBei o kamow Ty ypodpozog (r’,g’,b%) tov opatod a-
GLLATOG, 1) 0TTOi0. TPOEKLYE amd Tov okydpiBpo tov Bruton.

H ovtiotoiyion emruyydvetor €A0(ICTOTOIOVIOG TN
cuvéptnon

f(r,g.b")=yr—r)+(g-g)+b-b) 2

N Omoio. TWAPICTAVEL TNV HETOED TOVG AMOGTACY] GTOV
tplodidotoro RGB ydpo. Bpiokoupe, étot, mv eyydtepn




(r',g’,b’) Tyum otov evkleidelo ydpo, pe TV omoio Kon
avtikabwotovpe v apyiky (r,g,0) twn yio to pixel g
EKOVOG.

Q¢ yvootdv, 1 0mola guwovo Kabeantn eivol va €pyo
oTOTIKO, E€VM U0 HOVGIKY ovvOeon elvar éva €pyo
€EEMOOOEVO €V YPOVD. ZOPDOVOVLE TNV EIKOVO YPOLUUN-
ypouun kot v kébs ypouun pixel-pixel omd apiotepd
mpog to. 6e€1d. Koat’ ovsiov avtr 1 d1001kocion avTANcE®G
™G OMTIKNG TANPOPOpPiag 10 TNG copMOEMG TV Pixels
G eKOVAG, MG EEEMGOOUEVT €V XPOV®, APOV TPOKELTOL
YL [0 XPOVOGEPH, €ivol OV  ETOTPEMOVLUE GE
LOVOQMVIKT LOLGIKT cvvOeoT, dniadn og o dtadikacio
gV ypOV® 0omoddCEMG TNG MYNTIKNAG TANPOPOPioG.
2opdOVOVTIOG TNV €IKOVO, avd 600 1 TPELG K.AT. YPOULES
GLYYXPOV®G, TPOKLTTOLY KOTA TNV OVOTEP® SlodtKocio
000 1M TPEIS K.AT. YPOVOCEPES, Ol OTOIES, OTOOIOOUEVES
NYNTIKE, 00NYOVV GE pia dipmvn 1 TPIP®VN K.AT. LOVOIKN
ovvbheon.

o  7wpogaveic mPoKTIKOVG AOYOLG UVAUNG Kot
dupkeiag ™G Hovotkng cvvBécemg, mov Bo TpokvYEL N
avoTépm olndtkacio dev epopproletal oe Ao To onueia
g €KOVOG, OAAG ota onueio eketva, OV ETAEYOVTOL LE
Baon kamolo kaboplopevo and tov ypnotn (user) Pruoa
Kot TNV 0plOVIIo Ko KATé TV KOTaKOpLeOo dtevbuvon.

YLomowudvrag, Aowmdv, Tig avapepbeices evépyeles, mov
paivovtor 6to oynua 6, petatpénovpe tig RGB tipég yo
0 ypopo kabe onueiov (pixel) pog ewdvag og
GLYVOTNTESG TOL OPATOV PAGLLOTOG.

RGE Ty Zypeiou

RGE T Zvgvernytog Opotovy Paspozog

Zvgvornro Oporov Pospotog I

Zynua 6: Ot evépyetes oo TV omoimv petatpémovpe Tic RGB tés yuo
10 Yphpa kabe onpeiov (pixel) pag etcdvag oe GLYVOTNTEG TOL OPATOD
(QAGHLOTOG.

Emiong, éyovtog véeg RGB Ttyég yia to ypdpa tov kdbe
onpeiov (TOL AVTIGTOYOVV GE GLYXVOTNTEG TOV O0POTOV
(PAGLOTOC) emavacyediafovpe mv giova
APNOLOTOIDVTOS OVTEG TIG TILEC.

B. Metaoynuotiouos Ontikwv ovyvotitwv e Axovotés

OVYVOTNTES

Meta&d Tov GLVOAOL TOV OTTIKMOV GLYVOTHTOV KOl TOV
GLVOAOD TOV OKOVOTAV GCLYVOTATOV KOPEOLTOV dev
umopei va amokatootadsl o pio mpog pio (One to one)
avtiotoryio, d0TL To. 00 GUVOAA £XOLV JLUPOPETIKOVG
TAN0u1covg apBpove.

I'vopifoue, 6p®c, 0TL 0 Adyog Vo cuyvoTT®V 0pilet
éva duotnpo, to péyedog (M) Tov omoiov givar avdAioyo
oV AoyapiBpov avtov Tov Adyou [8]

f

{M: k- Iogz(;} £> £, k=orabepi|
2

O Adyog evog daoTAULATOS (OTTIKOY 1] 0KOVGTOV) TPOG

TO JAGTNHO TOV OVIIOTO®V GKP®V TIUOV (OTTIKOV 1

aKoVOTAOV) opilel TO OYETIKO (OMTIKO 1 OKOVOTO)

oo pa. Emiong o Adyog tov aviiotoiyov peyedov tov

Swotnpateov ovtdv opilel To oyetikd péyebog Tov &v
AOY® S100TNLOTOG (OTTTIKOV 1) 0KOVGTOD).

Mnopovpe topa vo opicovpe Mo pion wpog pio
avTioTotyio LETAED TOV OYETIKOV HEYEDDY TOV OTTIKOV
KOl OKOVOTOV <«SloTUiTovy, ol ¢ omoiag Oa
EMTOLYOVUE YOPIG OTPEPADOT TNV UETATPOTN TOV UEV €1
70, 0€ KO, GUVEMMG, TN METAPOON UOG HE OVTIKEWLEVIKO
TpOmO amd TS OMTIKEG GLYVOTNTEG OTIS OKOVOTEG Kl
avTioTpoPms. Ta aveotépm ekppdlovtar 6l TG OXECEMG
(4).

f_ f_
otk 6 aKovoT 6
|Og min |Og Cgmin
ornrik 6 _ aKovoT 6 ( 4)
max max
OTTIK O aKoVOT 0
|Og min |Og min

OTTIK 0 aKovOoT 0

TIpémer va toviebel 6TL n oyéon (4) amoteAel cuvéneln
TOL YVYoPLGIKoL vopov tov Weber-Fechner, 6t dniadn
70 oicOnpo eivar  avdioyo Tov AoyopiBpov  TOL
epedicporog. Me GAda Adyla, avtd mov PAEmOovLUE Ko
OVTO TOV OKOVUE &ival aviAoyo Tov AoyapiBuov tov
GLYVOTNTOV TOV KLUATIKOV (OTTIKOV Kol OKOVGTAOV,
avTioToiymC) epediopdrmv.

Ta 6plo yoo T0 0KOVGTO PAGHE —VTO TNV E£VVOLL TNG
avOpOTIVNG HOVGIKNG OpacTnPlOTNTOG- €ivol emAEELa
€VTIOG TOL GLYVOTIKOV €0POVG OKTM LOVGIKOV OKTARmV
Ko ouykekpiuéva omd 16,352 Hz éog 7.902,1 Hz (Cy-Bs).
Ta 6pla Tov opatod PAcUATOC efval TPOEOVAOG TOL UNKN
KOpoTog ard 380 Nm wg 780 nm.

O Ilivokog | deiyvel KAmo TUWIKA YPOUOTO HE TIG
RGB tipég tovg Kot Tig TIHEG TOV 0KOVOTMV GUYVOTHTAV,
OTIG OTOieC OVTEG OVTIOTOLXOUVTAL, OTAV E€POAPLOGOE M
TPOTEWVOLEVT] O10OTKOGTCL..

ITINAKAZX I.
TYIIKA XPOMATA KAI Ol ANTIETOIXEX AKOYXTEX
TOYZ XYXNOTHTEX
Axovotn
Xpodpo R G B XvyvotTa
(H2)
pink 255 | 192 | 203 828.740
orchid 218 | 112 | 214 29.294
violet 238 | 130 | 238 31.200
magenta 255 0 255 32.530
purple 128 0 128 20.311
blue 0 0 255 59.458
green 0 255 0 209.802
ivory 255 | 255 | 240 629.305
yellow 255 | 255 0 629.305
olive 128 | 128 0 341.833
brown 165 42 42 5525.350
red 255 0 0 1559.010
orange 255 128 0 1067.173
gold 255 | 215 0 749.580
cyan 0 255 | 255 149.082




C. Ouadormoinon wuwv ocovyvotiTwv e ypHon Tov
2ovtedeorov Lvoyetioews

Ké&Be onpeio g ypovocepdc, mov mpoékuye, eivar Eva
dwtetaypévo Lebyog ypoOvoc-akovotr cuyvotnta. Avti
v ypovooelpd Ba v ovopdlovpe KapmOAN TOV
LovcK®v vyov (pitch curve).

‘Exovtag ®¢ ot0%0 VO KOTOANEOLHE O©E LOVGIKN
HeA®Bi0, TPEMEL e KATO10 TPOTO VO. OLLOOOTOCOVLE TIG
TPOKVITOVOEG GLYVOTNTEG EKAOTNG KOUTOANG TOV
povowdv vyav  (pitch  curve) étol,  dote  va
SopopeBovy PBOYYOL GLYKEKPLUEVOD HOLGIKOD VYOV
KO GUYKEKPLEVNG YPOVIKNG OLIPKELNG.

TN CUVEYELD EKPPACOLE TNV KOUTOAN TOV LOVCIKOV
vymv (pitch curve) g cvvaptnon tov ypovov, dnAadn
f(t).

YnoOétovpe 6t 1 cuvaptnon f(t) sivan meprodkn ko
otL éyel mepiodo (T) iom pe ™ GLVOAIKN O1dpKEWD TNG
YXPOVOGEPAS OO TNV GAPMOON TNG EIKOVAGS.

Tnv avéivon tng cvvaptioeng f(t) oe cepd Fourier
™G HOPYPTG

1 < g
() = S > (a,cos nayt+ b,sin nwgt) ().,

n=1

T
omov @, = —7_, TNV TPOGEYYICOLLE LLE TV

k

S.(H= % a,+ > (a,cos nayt+ b,sin nw,t) (6)
n=1

Awmiotdoape 0tL yio k=48 10 c@bApa ™G avetépm
&)= F(D)- S0

TPOGEYYIGEDS givan

IKOVOTIOMTIKAL LLKPO.

AxkoloOOwg petacynuoticape v (6) og  pa
aAAnlovyio Pruatikdv cuvvapticswmv (Step functions)
gpappolovrog tov e&Ng akyoptdpo:

Bipa 1: (Apywég ovuvbnkeg). Evpiokovpe v npd
mapdymyo g (6).

Bijpa 2: Yroloyilovpe tov oplBpd tov onueiov g
KOUTOANG TG  7POTNG  TOPOYDYOL 7OV,  OTOV
mpooeyyilovton pe o gubeio elayictmv TETPUYOVOV,
O100VV €évav GUVTEAEGTH GLOYETICEWMG I peyolvTEPO amd
o T, Ty omoio kaBopilet o ypnotg. H Ty awtn tov
GUVTEAECTOV GUGYETICEMG I EMNPeAleL TIG OLIPKELES TOV
VOT®V, OV Bo TPOKOWYOLV GTNV TEAIKN peEAmOin, dmwg Ba
eEnynOel mapaxdTem. O GLVTEAEGTNG GLOYETIGEMG I' dTdETOL

amd T oyéon
-2y )

JIry % ~(E 1S v ~(Z )1
omov N etvor o aplBudg TV onuelov, TOV Oomoi®v
getaleTon 1 ypoppkdTa, Ta X gival ot TETUNUEVES TOVG,
oniadn o ypdvog Kou to Y €ivor Ol TETAYLEVES TOLG,
dnrody ovtpsg Sy (2).

Oco peyaidtepn eivar ) T Tov I, Tpooceyyilovoa
povada, to onueia ketvtor mAnclEotepa mpog o evbeia
ypapp. H dwdikooio wepvd oto Prpa 3 kdbe popd mwov

=

éva. onpeio, £0T® TO X, TPOGUETPOUEVO HE TO MOM

mpoopeTpndévra N onpeia, yiveror m ottic vo peimBel 1
T TOV GUVTEAESTOD GVoYETicE®G I TovTo onpaivetl 6tL

avtd To onueio, T0 X, dev Kettan eni g 16iog gvbeiog

mov Kelvtal To Tponyovueva N onueio, aAl’ 6Tt amd avtd
apyiCet éva véo €vBVypaplo TUAHO TG KOUTOANG TV
Lovck®v vyav (pitch curve).

Bijpa 3: Ot tetoyuéves Tov N onueiov mov mtpocdlo-
pioOnkav oto Pipo 2  avrikobiotovtor TOPO OTNV
KOUTOAN TOV Hovctk®@v vyov (pitch curve) amd ) péon
toug Tn. H Swdwocio cvveyilel emotpépoviag GTo
Prino 2 pe éva véo apywd onueio, JX;. Otav e&ovtinOel
Kot® owTOvV Tov TpOTo oAdKANpo To medio (domain) g
S, (8 , n xapmdAn TV povsudy vydv (pitch curve) (6),

omhadn 1M Sk(l‘) €xel MON avrtikotootadel oamd pio
aAAnAovyio PNUaTIKOV GUVOPTHCEWDV.

Avtihopfavetor tdpa kaveig tov poro mov mailel n
TIUN TOL GUVTEAEGTOV GUGYETIGEWS I' APEVOSC GTO LOVGIKO
VYOS, aAPETEPOL OE KOl OTN YPOVIKT OIEPKELD TOV VOTOV
™G HeAmoiag, mov O TPOKVYEL

E@” 600V 0 cuvtedeotng cuoyeTicems evog TAn0ovg n
SLOOOYIKDY GLYVOTIKGOV TIHMV EUTINTEL EVTOS TOV OPlmV,
mov kaBopifovror amd Tov ypnotn (user), TOTE O1
oVYVOTNTEG OVTEG, OUOOOTOLOVUEVES, O1dovy  BOYYO
HOVOIKOL VYovg ico pe T péon T TOV &V AOY®
GLYVOTNTOV KOl OloPKEING o€ OEKaTO £KTOL —TNV OToio
Bempovpe KOOV HETPOV OOV T®V SLOPKEIDV- 1OMG TPOG
70 TAN00G TV OLLASOTOOVUEVMV TILMV.

D. Merozpory Axovoradv ooyvotitwy o€ cOYVOTHTES THS
OVYKEPOOUEVIS EVPOTOIKNG UOVOIKNG KAIUOKOS Kol
ONUIOVPYIO. TOADPWVIKNS UOVOIKHG.

To emdpevo Prpa eivatl 1 avaymyn T@V GLXVOTHTOV TV
e0Oyywv, mov Tpoékvyav Yoo KaOe ypovocepd, o€
GLYVOTNTES TNG OLYKEPUCUEVNG ELVPOTOIKNG KAILOKOG.
Avtd  emtuyxdvetor  pHE TNV OVTIKOTAOTOON — TNG
oVYVOTNTOG €KAGTOV POOYYOL pE TNV TANGCLESTEPN TG
CUYVOTNTO TNG GUYKEPAGUEVNG EVPOTOIKNG KALOKOG.
Kot’ avtdv tov tpomo mpokdmtel permdio pe eBoyyovg
G EVPMOTOIKNG LOVGIKNG.

H (povopovikn 1 toAvewvikn) peAmdio, mov dopeital,
arodnkeveTton o apyeio oe popen midi Ko etvon dvvatd
VO TNV OKOUCOLHE T VO TNV emefepyaoTovlE e
OTOLOONTOTE TPAYPOALLILO. EXEEEPYNTTIOG TAPTITOVPOG.

To AoyiopiKd Hog TapéyeL TN SOLVOTOTNTO:

e MAOYNG OLPOPETIKDOY LOVCIKOV OPYAvVOV Yo, TNV

ar6doon kbbe povig (LeAwdiog)

e gmloYNG TOL GLYVOTIKOD £0povg (ampitus) ekdotov

HOVGTKOV 0pYEvOoL

® EMAOYNG TOV HETPO,

e puBuicemg Tov tempo,

® (EKTEAECEMO» TNG TOAVQOVIKNG HeA®iag Kot

e TPofoing o€ TVOKA TOV VOTOV OAOV TOV QOVAV.

E. Avuotpogrn tns diadikaciogs kot emavacyedioon g
OPYIKNG EIKOVOS

ATd TN HOVOQ®VIKN 1] TOAPOVIKT HLEA®DiD, TOv €xel
TPOKOYEL, EYOVUE W0 TN CLYKEPAGHUEVNG GLYVOTNTOG
TOV OKOLOTOD (aoupoTog Yoo kabe onpeio (pixel) g
apyikng  ewovag. Me  epoppoyn G OXECEMG
petacynuotiopod (4), vy kéBe dedopévn  aKOLOTH
GLYVOTNTA TPOKVATEL M OVIIGTOYYN TNG GLYVOTNTO TOV
opotoy @acpotog. Toa Opo elvor yioo TG ORTIKEG
oVYVOTNTEG OVTE TOL OPOTOV QAGHOTOC KOl Yol TIG



aKOVLOTEG  eKelva, mov  ypnotpomombnkav katd TOV
LETAGYNUOTICUO TOV ONTIKAOV GLYVOTHTOV GE OKOVGTEG.
Me v Bonfeio tov alyopiBuov tov Bruton Aoaufdavovron
ot avtiotoyeg RGB tyiég kon emavaoyedidletar  opykn
EIKOVA, EYOVTAG MG «anyn» v pnedmdio. H mpoxdntovca
€IKOVOL EIVOL KOTA TO LAAAOV 1] NTTOV OAAOIOUEVT, AOY®
TOV OTL Ol OKOVGTEG GLYVOTNTEG APEVOG glyav avaydel —
KOTO TIC OMOLTAOELS TNG EVPOTAIKNG HOLOIKNG- OF
GLYVOTNTES TNG CLYKEPAGUEVIG EVPOTAIKNG KAILOKOG KO
APETEPOL eV aALO1®OEL AOY® TNG OUAOOTOMGENDS TOVG
LLE TN YPNON TOL CLUVTEAEGTOV GUGYETIGEWG.

F. Avaxepaiaiowon Meratponns Eixovas oe Melwodia

AvoKeQoAa®VOVTAG, Ol JadIKAGIEG TIC 0Toieg eXTENEL
TO AOYIOUIKO, TOL GLYYPAWOUE, KOTA TNV HETOTPOTN
€IKOVOG G€ HOVGIKN ovvleon, cvvoyilovton oto Prpato
TOV JlAYPALIOTOS GTO GO 7.

Zympo 7: To Subrypapipa porg TOL AOYIGHIKOD HLOG.

VIl. METATPOITH MEAQAIAS XE EIKONA

A. Ewooywyn Melwodiog

H sicayoyq tov HovsiKdv minpo@opldv (Lovcikd
Vyog, dtbpKelr) Kabe VOTOG HOG KOVOUPLOG LOVOPMVIKNG
permodiog  yiveror HECHO EVOG  EWKOVIKOL  «KAOPLER,
TAVOLOOTOTTOL e anTd TOL Tdvov. O ypoTS, KavovTtog
«KAMIK» o€ €Vl amd TO, TANKTPO, EMAEYEL TV VOTA, TOL Ot
gioayBel. [lponyovpévag Ba mpémel va €xet kabopicel
SuapKeld ™G HEo® evOg €YPNOTOL [EVODL emiroydv. To
TOVIKO VYOG Kot 1) dtdpKela TPooTifevTal oe Evay mivaa,
Tov omoilov €yovpe T duvordtnta vo emeEepyacOodpe
HEGm SpopmV  emMAOYDV (Tpocheon, ovTiKATACTOO,
owypagn, wmapepPfory ©06yyov). O mivaxkoag ovtdg
aroOnkeveton oe apyeio ko amd avtdv Oa moapaydei M
APOVOCELPE TNG €V AOY® GOVNG (LEAWIIKNG Ypappung). Eav
emBopodE Vo YPAWOVLE o TOAVQ®VIKY obvOeEa, TOTE
dnuovpyodue €va téTolov gidovg apyeio yuo kKabe povn
(ned@du ypopun), amd to omoio Oo mopoyBei
APOVOGELPE TNG AVTIGTOLYNG POVIG (LEAMOIKNG YPOLLUNG).
B. Emiloyéc Ipoypduuarog

To mpdypoppe pLag dtvel Tnv duvaTOTNTO VO EMAEEOVLLE
70 TAM00C TOV QOVOV (LEAMIIKOV YPOUU®Y), Tov Ba
XPNOLUOTOUGOVUE, KOl VO EIGAYOVUE TO GYETIKE apyeia,
Ta omoia €yovpe Odmuiovpynoet. Emiong emiléyovpe to
HOVGIKO HETPO TOL KOUUATOL (T, 2/4, 3/4 KTA) Kabmg
Kol €6v To Koupdtt opyiler pe ehhaméc pétpo. TéAog,
didovpe t0 TAN00GC TOV PETPOV, TOV OTTOI®Y 1 GUVOAIKN

duapketa kabopilel to unkog kabe ypoppne, onAadn to
TAATOG, TNG TTPOG o)ediaom ekdvag.

C. diadikaoio Zyedioons Eixovag

Ev ovuveyelo, oviikoBiotodpe Ttig voteg pe v
avTioTOLYN TOVG CLYVATNTO KOl TPOXMPOVUE GTN dOUNON
NG YPOVOGELPAS ekdotng eovng o¢ e&nc: H kdbe vota
ovamopdysl T ovyvoTTd TG OTN YXPOVOOCEPE TOCES
©OpEG, 008G glvar 1 S1dpKeLd ™G o€ dékata Ekta. o kaOe
onpelo g xPovooePds eKAoTNG POVIG EQapUOlovE TNV
oxéon petooynuoaticpod (4). Me ovtd Tov  TpdMO
TPOKVATEL 1] GLYVOTNTA OPOTOD (ACUOTOG Yo KOOE
akovot ovyvotta. Me ypnon tov aAyopiBuov Tov
Bruton xor pe pebodoroyio, m omoia éxst avopepBel
mponyovpévac, Aapfavoope tig RGB tyég, otig omoieg
petaoynuotiCeton kabe onueio EKAOTNG YPOVOCELPAS TNG
HOVOQMOVIKNG 1 TOAVQ®VIKNG HEAMOIOG Kot GYEOIALOVUE
TNV EKOVO, YPOLLUN =Y POLLLILY].

To pnkog kdéBe ypoppng g ewovog —OonAadn To
TAGTOG TG €IKOVOG- €ival 0vVAAOYO €VOG GUYKEKPLUEVOL
aplBuov pétpev ™G HEAmIIOG, O omoiog dideTon MG
TAPAUETPOG 6TO TPOYPape, ®G €xel emonuoviel. To
VYOG g Ypapuung givor kabopicopévo kot otabepd. Xtnv
TPOTN YPOUUT TG EWOVOG oxedlaleTal N TPATN OOV,
otV Jde0TEPN YpOoUUn M Oe0TEPN POV K.0.K. HEXPLS
gEavtAncemg Tov TA0ovg v ovav. H erdpevn ypopun
™G KOVaG amrodideTon Kot TAA 6TV TPAOTN POV K.0.K.

Atevkpwviletor 0Tt ot Tovoelg oyedidlovtor e AEVKO
xpopo. Edv vrapyet apyikd elmég pétpo, ayvositon ko
dgv oyeddletar otV apyn, dote N oxedloon va Eekva pe
mapeg pétpo. To tedevtaio HETPO GLUTANPMVETOL LLE TO
PO EAMTES PLETPO.

[pokvntel KoT” ALTOV TOV TPOTO TO OMTIKO GVAAOYO
HL0G LOVOPOVIKNG 1] TOAPOVIKNG LEAMITOGC.

[Mopaxdtw  mopovctdlope 000  mapadeiypoto
LETOGYNLOTICHOV peAmIing oe gucova. To oynua 8 deiyvet
v gwova g tpipovng XVI eodykog and to épyo DIE
KUNST DER FUGE tov J. S. Bach. Amd v opoiq
HETAPOA] TOV YPOUATOV G’ OoOTHY TNV EIKOVO
avtirappavopedo O6tL ot obdvBeon ypnoipomolovvTon
aAANAovYiEG HIKPOV HOVOIK®Y SoTNUATOV HE HOVO
Myec eEanpéoelc.

Symua 8: IMapaderypo 1 (Ortikonoinon g tpipovng eovykas XVI
and to épyo DIE KUNST DER FUGE tov J. S. Bach)



E&etaloviog v ewovo, Ba pmopovoe Kavels va
e€aydyel kamolo OepeAdOn HOPPOAOYIKG KOl pLOuKd
xopakmmplotikd. H pedétn avt kabiototon mepiocdtepo
EMONTIKY], OTOV EXAVD TNG CNUELOCOVUE TO LOVGIKO LETPOL
(neydAeg ypoppég) kou ta onpeior ota omoioe oAAGlel M
SuipKel TOV VOT®V (LIKPEG YPAUHES), OMmG Oeiyxvel M
€1KOVA TOV oYNHLaTog 9.
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T

L L
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Iyfua 9: apéderypa 2 (Ontikoroinon g TpipmVNG GovYKaG
XVI and 1o épyo DIE KUNST DER FUGE tov J. S. Bach pe
OTUEWUEVD TOL GNUEID EVOALAYNG TV HOVGIKOV HETPMV KoL TG
S1APKELG TOV VOTDV)

Ievikdg, 660 peyaddtepa ivol 0 LOVGIKAE OLOGTILLOTO
otV obvheon, TOGO M EVOAAAYY] TGOV YPOUIT®V GTNV
€IKOVO, TNG KobioTaTon OAyOTEPOV OUOAT. XTO oynua 10
TOPOVGLALETOL 1 OTOVIKH HOLGIKY] GUVOESN «(Pem» Tov
kabnyntov Xapdiapmov X. Emvpidn, dounpévn eni T@v
Wwiov  puBukdv  dopK®V  oToyeiomv  pe TV
npoovapepBeioca @odyka tov J. S. Bach. Ot uelwdicég
YPOUUEG OaVTAG TNG OLVOECEMG EUTEPIEXOVV  LEYOAQ
HOVOIKA OlGTHIOTA, YEYOVOS 7OV Qaivetonl amd Tnv
TOIKIALOL KO TIG AVTIOECELS TV YPOUATOV.

Eynua 10: oapaderypo 3 (Ontikomoinon thg atoviknig cuvOEcEmG
«@emn» tov kabnyntov Xapdrapmov X. Emxvpion)

VIII.Emaoros

To Aoylopikd, 7OV TOPOVOLACOUE, OEOTOLOVTOG
OAYOPIOLOVG LETOCYNUATIGLOD OKOVGTMV GUYVOTNTOV GE
RGB tiéc ypdpotog, £xel TNV duvATOTNTO VO TOPOYayEL
HOVOIKES HEAMIIEG OO EIKOVES, KOOMG Kot Vo oYeSLACEL
gwcoveg petaoynuatitovrag pemdies.

Avoytd mopopével to npo  avalntioemg oG
aonTikd koAvTtepNg evpnuotikng pebddov ywoo TV
OVTIGTOT(10T LOVOYXPOUOTIKOV GLYXVOTHT®V TOL OPOTO
oaopatoc oe RGB tuéc, kabhg kot g Bertidoemg g
avTioTPOPNG d1adIKGING, LE VEOLS alyopiBpovg [6].

Téhog, ot meploptopoi Tov poviédov RGB, odnyotv
omv avalimon  koAvtépov  pebddov  yioo v
AVATOPACTOCT TNG XPOUOTIKNG TANpopopiag [4,7], dote
va emtevyfel peyoahdtepn axpifelo Katd v HETATPOTN
COypoPIK®V EPYOV 1| POTOYPOPLDY GE LLOVGIKT).
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