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Methodsfor Classifying Pictures and Generating
Music by 2D DFA and 1D FFT

Hidefumi Kawakatsti

Abstract—This study proposes the following two methods = We have also developed the method for extracting music
applying two-dimensional DFA (detrended fluctuation analysis) py using the one-dimensional FFT algorithm[8]. This study
and one-dimensional FFT (fast Fourier transform) algorithm: modifies our method in order to generate various sort of

gg)otas m:rfzogz;co; f'r?]g't?]%dpI%?sngaﬁ)izgtong[f;?? sfrgl;nlot%aelsgupnhs;_ chord. The melodies are generated considering the fact that

tographs. We define “pleasant photograph” as the photograph the brightness of the piCtUre can be resolved into periOdiC
containing 1/f noise components since it has been suggestedvaves, and then, by regarding each wave obtained from the
that the 1/f-noise structure in visual art as well as in music pijcture as sound waves, successive chords can be created
can stimulate the perception of pleasant. We analyze 198 from the image

photographs published in the book edited by Onomichi city . . .
to find the pleasant photographs. The method for the music ~ Our methods may be available to recommend a sightseeing

extraction from the picture is developed taking into account route which connects the pleasant spots for tourists, and to

that the sequence of the brightness in the horizontal direction create the music from photographs of these spots.
on each row can be decomposed into periodic waves, and then,
by regarding each wave obtained as sound waves, successive
chords can be created from the image. A method to arrange
the music by reflecting features of the image is also provided.

Index Terms—detrended fluctuation analysis, fast Fourier The 1/f* noise is defined in terms of the shape of its
transform, 1/f noise, pleasant photograph, music extraction power spectral densitp(f), wheref is the frequency. When

the signal follows a scaling law, a power-law behavior for
the power spectral densitf(f) is observed:

Il. CLASSIFICATION OF PICTURES

I. INTRODUCTION

Ocal cities in which there are many resources for P(f) ~ 1/f°4, 1)

tourism attempt to increase tourist arrivals. This study
provides a way helping to recommend tourist attractionghere o; is called the scaling (spectral) exponent. The
Mathematics and art works such as music have some vagialing exponenty; is computed as the slope of the plot
sort of affinity, but several researchers have shown thgbg(f) versuslog (P(f))}. The sequence, denoted byi),
the music displays regularities in scaling properties angn be classified as follows: (a) tf; = 0, the sequence
long-range correlations[1], [2], [3], [4]. They indicated thaj,(;) is non-correlated (i.e. white noise); (b)df; = —1, the
pleasant music for humans displays a behavior similay$ correlation of the sequence is the samelgf noise; and
noise. For visual arts, E. Rodriguez et al. [5] have clarifie@) f oy = —2, the sequence behaves like Brownian motion
the existence of the factuality and scaling properties {e. red noise)[1], [9].
Pollock’s drip paintings. They suggested that paintings which gelf_similarity of the signal can also be detected by DFA
containl/ f-noise structures can also stimulate the perceptiggetrended fluctuation analysis)[2], [3], [5]. The scaling ex-
of pleasant. They applied two-dimensional DFA method t§snenta, can be given by applying the DFA method, which
analyze the gray-scaled images obtained from paintings. TRl be explained in Section II-B. In this case, the profile,
DFA algorithm for two dimensions has simpler structurgefined byy(i) = St [u(k) — ), displays properties of
than the two-dimensional FFT (fast Fourier transform), bufe white noise withny = 0.5. The valuesay = 1.0 and

its computation time becomes greater than that of the ong; — 1.5 respectively indicatel/f noise and Brownian
dimensional case. Musha[6] has described the method whighise.
evaluates paintings by using one-dimensional Fourier tf"’_‘nSWe define “pleasant photograph” as the photograph con-
form as follows: (1) computing the power spectral densitig§ining 1 /f components and propose a procedure for finding
of brlght_ne_zss in the horizontal direction in each row, an(_j _thetﬁe pleasant photographs using the (one-dimensional) fast
(2) obtaining the average values for the spectral densitiesg, ey transform (FFT) algorithm and the two-dimensional
each column. In our previous work, we propose a metheglyenged fluctuation analysis (DFA). The color images are
for f|nd|ng_ pIeagant photographs of_tounst spots apply'rlgansformed into gray scale images by using a simple linear
the one-dimensional FFT[7] for saving the computation@l,ypination of the original RGB channels. The size of these
time. In this study, we propose the method applying thg,,qes is normalized to (vertical) x M (horizontal) pixels,
two-dimensional DFA algorithm to compare with the resultgere v is determined so that the aspect ratio of the image
which were obtained from our previous method[8]. can be maintained, and is set to be&2* (k = 2,3, - - -) when
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A. Method using 1D FFT [1l. M USIC EXTRACTION FROM IMAGES

We have already proposed the method for classifying theWe have proposed a simple method for extracting music
pictures applying the one-dimensional FFT algorithm[8]. WEom the image using the one-dimensional FFT algorithm|[8].
definea; as the scaling (spectral) exponent obtained by thishis section modifies our method in order to obtain various
method. In this case, the pictures can be classified into os@t of chord.
of the following three cases: (a) # > —0.75, the image is  The image is transformed into the gray scale image
classified into “Random” (or “White”): (b) 1f-1.25 < o < G,(m), and the size of the image is normalized id
—0.75, the image is classified intol/ f noise” (or “Pink”): (horizontal) x N (vertical) pixels as mentioned in Section
(c) If a < —1.25, the image is classified into “Brownian” II.
(or “Red"). The horizontal axis of the image can be regarded as the
time axis by using the following equation.

B. Method using 2D DFA t=m/Sy, m=1,2,--- M

7

This section proposes th_e method for clgssﬁylng the Pl¥here ¢ represents the time corresponding 1o and Sy
tures using the two-dimensional DFA algorithm[5]. In order . ) .
expresses a sampling frequency. We assign an integer to each

to simplify the discussion, we confine ourselves to the Caﬁﬁeusical note of the scale such that middle C (C4) is assighed

whereg = 2. i L 37, the note just above (C#4) is 38 and the musical rest is
1) galculate the profile, expressed by;, which is given o |, this case, the frequendy; (Hz) of each sound can be
y

given by
j—46 .
440 x 2= | if j=1,2,---,96
F/ — ) . )~y ) )
! { 0, if j=0. ®

Let H (< b— a) be the maximum value of the number of

wiy = 1Gi) —al, )

n=1m=1

whereg represents the mean value Gf,(m).

2) Divide x; ; into small regions of size x s, wheres Sounds (notes) per chord, then the following procedure can
is set t0 besyin ~ 5 < 5 < Spay ~ min{M, N}/4. be used to extract the music from the gray scale image:
3) Compute an interpolating curve ;(l, s) = a;i+bj+ 1) n=1.
¢; of x; ; in the ith small square region of size x 2) Setu(m) = Gp(m) (m = 1,2,---, M), and pass
s, which can be given by using a multiple regression u(m) through a bandpass filter in the range fram
procedure. Hz to b Hz, wherea = 0.015M and b = 0.35M.
4) Calculate the “variance” in thih small square region The values ofa and b are determined considering
for s = Smin, Smin + 1, - * -, Smax,» Which is given by the Nyquist frequency (folding frequency) and the
its it+s distortion of the spectrum.
F2(l,s) = 1 Z Z 2 .(1, s) ©) 3) Compute the spectral density,(f) of the sequence
B §2 bt L THIRT T u(m) using the FFT algorithm. I, < N, increment
n=i m=j X
) n by one and go to Step 2), otherwise go to Step 4).
wherez; ;(1, s) is expressed by 4) Set a suitable value fof;.
— s ) 5) l=1.
wugll8) =iy =i (o) ® 6) Divide the image intal (< N) regions from the first
5) Compute the root mean square, denotedrtfy), of row of the image (The size of each region becomes
F?;(1,5), which is given by | N/L| (vertical) x M (horizontal)).
| L 1/2 7) Compute the average of the power spectral density
_ | N Py(m) in the Ith ( = 1,2,---,L) region form =
Fls) = L, ;Fi‘j([’s)l ’ ®) 1,2,---, M, which is given by
where L, denotes the number of the small square _ L
regions of sizes x s. B(m) = — Z si.(m) ©)
6) If z; ; has a long-term correlation property, a power- k=(-1w+l
low behavior for the fluctuation functiof’(s) is ob- 8) Computethe interpolating curve, denoted b, (m),

served as follows:

F(S) ~ O‘Z? (6)

where oy is called the (two-dimensional) scaling ex-
ponent, a self-affinity parameter representing the long- 9)
range power-low correlation properties of the surface()
This scaling exponent, is computed as the slope of
the plot{log(s) versuslog (F'(s))}.
In this study, we classify the picture into one of the follow-

ing three cases: (a) Hy < 0.75, the image is classified into 11)

“Random” (or “White”): (b) If 0.75 < ay < 1.25, the image

is classified into “Y f noise” (or “Pink”): (c) If ag > 1.25,

the image is classified into “Brownian” (or “Red”).
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of P;(m) applying the regression analysis. Define the
set A as follows:

A={m | Fi(m) > Fi(m)}. (10)

i = 1.

Compute the frequencf corresponding ton) (m/) €

A, m} # m/; for i # j) and the absolute valug of the
difference betweerf; and F;, wheref; = m/-(Sy /M)
anddj = |fZ — FJ| (j = 1,2,' . 796)

Find £}, such thatd, = mind; and letg;; = k be

a note in the chord)(l) which is generated fronith
region, where&Q(l) is expressed by Eq. (11) in the next
step.
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TABLE |
RESULTS

Picture af aq

Fig.1 | -1.263 (1/f) 1.676 (Red)
Fig. 2 | -1.675 (Red) 1.238 (Yf)
Fig. 3 | -0.815 (1/f) 1.776 (Red)
Fig. 4 | -0.775 (1/f) 1.161 (V/f)

;;gégé ’

Fig. 1. Example of results(a)

12) If i < H, incrementi by one and go to Step 10),Fig-2. Example of results(b)
otherwise set

Q(l) = (ql,la q2,la Tty QH,I)T (11)

and go to Step 13).

13) If I < L, increment! by one and go to Step 7),
otherwise go to Step 14).

14) ArrangeQ(!) in order fromQ(1) to Q(L) and trans-
form them into the musical score.

We refer to the music generated from above procedure as
an “original music”. A method for arrangement the original
music by reflecting features of the image will be discussed
in Section V.

r

Fig. 3. Example of results(c)
IV. RESULTS OF CLASSIFYING IMAGES

In our previous study[8], we have analyzed the 198 pho-
tographs published in the book edited by Onomichi city[10]
by means of the method applying the one-dimensional FFT
algorithm (Method 1). This section analyzes the same pic-
tures using the method proposed in Subsection 1I-B (Methpd ,
2). We show the features of Method 1 and 2, by focusing
on the pictures that different results are obtained from the
two methods. Results obtained from Method 1 and 2 afi¢ Section IIl. We consider the case where, as the average
summarized in Table | in the case where we analyze picturgdue of the brightness in the regidn(i = 1,2,---,L)
in Figures from 1 to 4. increases, the number of sounds (notes) in the clft)
Table | shows that the pictures in Figs. 1 and 3 amgecreases, tempo increases and the ratio of containing dis-
classified into “1/f" and “Red” using Method 1 and sonance per chord decreases. By this way, a part of the
2, respectively. As mentioned in our previous work[8], thenusic extracted from the bright area in the picture can be
behavior of the brightness in the horizontal direction on thﬂayed lightly, while it is played heavily corresponding to
pictures in Figs. 1 and 3 displays that of similari{tf-noise. the brightness of the dark area.
The Method 2, in contrast, classifies them into the category of\wWe also consider the case where some sounds are in-
“Red". Pictures with low and flat contrast and with large darterpolated into two successive chor@l) and Q(I + 1)
area are tend to be classified into this category as mentiored- 1,2, ..., L—1) reflecting the scaling (spectral) exponent
in our previous study[8]. Figures 2 and 4 respectively display the regioni.
cropped images from Figs. 1 and 2. They are trimmed so as\e here introduce some notation with respect to the region
not to include dark and flat area. Table | also indicates ag/ = 1,2,---,L) in the picture for simplicity as listed
follows: (i) the cropped image in Fig 2 is classified intthelow:
“Red” and “1/f" from Method 1 and 2, respectively. (ii) 5:  the average value of the brightness in the region
the cropped image in Fig 4 is classified intb/f " (close . the scaling (spectral) exponent.
to "White” ) and “1/ " from Method 1 and 2, respectively.,(;):  the tempo of the part corresponding to the region
This signifies that Method 2 is suitable for detecting a selfy;): the number of tones sounded simultaneously.
similarity on the surface of images. A(l):  the ratio of containing dissonance.

Let gz, correspond to a melody part and the other sounds
in Q(1) without gg; be an accompaniment part.

This section develops a method of arrangement of theln this case, the procedure for the arrangement of the
“original music” which is created by the procedure proposeatiginal music can be proposed as follows:

Example of results(d)

V. ARRANGEMENT OF"“ORIGINAL MUSIC”
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1) 1 =1.

In our previous study[8], we analyzed the 198 photographs

2) Compute the average valgeof the brightness and the published in the book edited by Onomichi city[10] by means

scaling exponenty; in the region.

Set the values for(l), (1) and A(!) such that these
values are proportional tg, wherer (1), 8(1) and (1)
take the values on the interv@d0, 255], [0,0.1] and
[1, H], respectively.

Adjust the values for the components@f!) without

3)

4)

of the method applying the one-dimensional FFT algorithm

(Method 1). This study have analyzed the same pictures
using the method proposed in Subsection 1I-B (Methdd 2

to compare the features of Method 1 and 2. In this study, we
also have modified our method for extracting music[8] so as
to generating various kind of chord.

gm, such that the ratio of containing dissonance in When we had shown the results obtained from the analysis

Q(!) is less than or equal t&(l).
SetS ((I—1)(B+1)+1)=Q(), where B denotes
the number of interpolating sounds.
If I =1, go to Step 9), otherwise go to to Step 7).
For the melody part, set the value ©f (;_2)(B+1)+;
(j =2,---,B — 1) corresponding to the value far;
as follows:
a) a; > —0.75.
Set

5)

6)
7

SH,(1-2)(B+1)+j = Ti—1 (12)

wherery (k = 1,2,---,B — 2) is a positive

using the 198 pictures at a seminar for the general public
held in Onomichi, and asked for the participants’ opinions,
they mostly agreed with our observation. This indicates that
our method can efficiently be applied to classify the pictures
of tourist areas where scenery with old houses, shrines and
temples. In contrast, the comment on music created from
these pictures was that music should be created enough to
evoke the scene in the pictures. The pictures used in this
study are transformed into gray scale images. In many cases,
the pictures of the tourist spots where countryside scenery
are preserved consist of mountains, plants, coasts, temples
and so on. The color of mountains, coasts and temples are

integer, which is given as the uniform randont'Sually green, blue and brown, respectively. Various melodies

number on the intervalyy —1, ¢m1)-

can be created by changing of musical key depending on the
color of the objects in the picture. Taking account of such
factors is an interesting extension.
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This study has developed the following two methods ap-
plying the two-dimensional DFA (detrended fluctuation anal-
ysis) and the one-dimensional FFT (fast Fourier transform)
algorithm: (1) a method for finding pleasant photographs of
local tourist spots using the two-dimensional DFA, and (2) a
method for creating music from these photographs using one-

dimensional FFT. We have defined “pleasant photograph”

as

the photograph containing)/ f noise components since the
recent studies (such as E. Rodriguez et al. [5]) had suggested

that paintings which contaiti/ f-noise structures stimulate

the perception of pleasant.
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