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Method for Extraction of Chord Progressions from
Pictures by 2D FFT

Hidefumi Kawakatsu*

Abstract—This study proposes a method for generating chord
progressions from pictures applying the two-dimensional fast
Fourier transform (2D FFT) algorithm. The picture is first
divided into some squares, and then the image in each square
is decomposed into a plurality of frequency components. We
consider the case where the frequencies obtained from each
square are transformed into a chord through combining two
kinds of intervals: (a) the difference between the frequency
components and (b) the difference between pitches in music
theory. Some examples are provided to illustrate the proposed
method.

Index Terms—fast Fourier transform, chord progression,
interval, music extraction

I. INTRODUCTION

Ightseeing destinations have been introduced on

brochures or web sites with attractive photographs or
illustrations. Music as well as pictures can be an effective
medium to communicate their appeals to tourists. This study
proposes a method for generating chord progressions from
pictures applying the two-dimensional fast Fourier transform
(2D FFT) algorithm. The method proposed here may be
available for displaying, on the web sites, the pictures along
with the music generated from them.

Several researchers have analyzed art works such as music
and paintings by means of fluctuation analysis. They have
shown that the art works display regularities in scaling
properties and long-range correlations[1], [2], [3], [4]. They
indicated that pleasant music for humans displays a behavior
similar to 1/f noise. Dagduga et al.[3] considered the music
score as a sequence of integer numbers, and then quantified
long-range correlations in a Mozart’s music score by using
DFA (detrended fluctuation analysis). Ro and Kwon[4] in-
vestigated the behavior of 1/f noise in songs which belong
to seven different genres, and showed their 1/f analysis of
songs in the region below 20 Hz can classify them into each
genre of music. For visual arts, Rodriguez et al. [5] have clar-
ified the existence of the factuality and scaling properties in
Pollock’s drip paintings. They suggested that paintings which
contain 1/ f-noise structures can also stimulate the perception
of pleasant. They applied two-dimensional DFA method to
analyze the gray-scaled images obtained from paintings. The
DFA algorithm for two dimensions has simpler structure, but
its computation time becomes greater than that of the 2D
FFT.

In our previous study, we have proposed methods for
finding pleasant photographs of tourist destinations and for
extracting music from pictures by applying the 2D DFA and

Manuscript received December 31, 2015; revised January 26, 2016.

H. Kawakatsu is with Department of Economics & Information Science,
Onomichi City University, 1600-2 Hisayamadacho, Onomichi 722-8506
Japan (corresponding author to provide phone: +81-848-22-8312 (ex.616);
fax: +81-848-22-5460; e-mail: kawakatsu@onomichi-u.ac.jp).

ISBN: 978-988-19253-8-1
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

2D FFT[6]. The method for extraction of music proposed
there, however, generated the music without considering
musical theory.

This study proposes a method for generating chord pro-
gressions from pictures applying the two-dimensional fast
Fourier transform (2D FFT) algorithm. The picture is first
divided into some squares, and then the image in each square
is decomposed into a plurality of frequency components. We
consider the case where the frequencies obtained from each
square are transformed into a chord through combining two
kinds of intervals: (a) the difference between the frequency
components and (b) the difference between pitches in music
theory. Some examples are provided to illustrate the proposed
method.

II. SPECTRAL ANALYSIS USING 2D FFT

This section provides the method for obtaining the se-
quence of frequency components from the picture by apply-
ing the two-dimensional FFT (2D FFT) to reflect the features
on the surface of the image, which will be used for extraction
of chords from the picture in Section III.

The color images are transformed into gray scale images
as

G = 0.299R + 0.587G + 0.114B. )

The size of these images is normalized to N (vertical)
x M (horizontal) pixels, where N is determined so that the
aspect ratio of the image can be maintained, and M is set
to be 2 (k = 2,3,---). Let G,(m) (m = 1,2,--- , M,
n=12---,N,G,(m)=0,1,---,255) be the brightness
(gray scale level) at the coordinates (m,n) of the gray scale
image.
1) Divide the image into L squares of length of a side of
h (h = 2F), where L (= Ly x L) denotes the number
of squares, L; = |M/h] and Ly = | N/h].

2) =1

3) Set gi(u,v) = Gyyo(z+u) ( =1,2,--- L, u =
1,2,--+ ,h,v=1,2,--- 'h), x = [(I—1) mod h] x h,
y =0 -1)/3] xh.

4) Compute the power spectral density P;(u,v) from
g1(u,v) using two-dimensional FFT (2D FFT), and
calculate the average of P;(u,v), which is given by

_ 1 <&
Pi(r) = —> Pi(r,0), )
0=1
where r = vu? + v2.
5) Find the frequencies r; (i = 1,2,---,7) corre-

sponding to the local maxima for the average val-
ues of spectral densities P;(r) in Eq. (2), where
ray < 1) < - < 71y and 3 < 7 < h/2. Let
x = (z1,22, ,%r) = (r@), 7@ T(r))-

6) If [ < L, increment [ by one and go to Step 3).
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TABLE I
MAIN INTERVALS

Intervals
Pl
m2
M2
m3
M3
P4

dim5
P5
augs
M6 or dim7
m7
M7
P8

Number of semitones

S 0 0N R W = O

—_
N =

III. METHOD FOR EXTRACTION OF CHORDS

Musical chords have the following properties:

(1) The quality of a compound interval is determined by
the quality of the simple interval on which it is based.

(i1) Chords with same notes can be classified into the same
chord. For instance, Am7 (with the notes ACEG) is the
same chord as C6 (with the notes CEGA).

Let A = {1,2,---,108} and B = {1,2,---,12}. We
assign an integer s € A to each musical note of the scale
such that middle C (C4) is assigned 49, the note just above
(Ctt4 or Db4 ) is 50 and the musical rest is 0. We refer to s
as “note number”.

In this case, the above property (i) leads to the following
property (iii):

(iii) The span of semitones, denoted by d(s1, s2), to derive
the interval between two pitches can be given by

d(s1,s2) = [f(s2) = f(s1)l,

(51,82 € A, 51 < 83) 3

where f : A — B is a surjection since f(A4) = B,
which is expressed by

fls) = (s =1)

We propose the method for extraction of chord progres-
sions on the basis of the above observations. The method
consists of following six steps:

D i=1

2) Find the x;, which is given by Step 5) in Section II.

Each component z; can be transformed into y; € B by
the equation y; = f(x;) in Eq. (4) since the compound
interval is determined by the simple interval on which
it is based, as explained in Property (i). Assume that
1; expresses a temporarily root of the chord, which is
referred to as “interim root” in this study. Then yl(J )
with y; as the interim root is given by an “inversion
of intervals”, i.e., by shifting y; (¢ < j) up one octave:

(4 _ ), () ()
yl] = (y({),y(;)a"' vy(i))
= (yj7yj+17"' y Yrs
y1+12,y9 + 12, Jy; 1 + 12).  (5)

mod 12] + 1. 4)
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3)

4)

5)

TABLE II
EXAMPLE OF TRAINING SAMPLES

k Qy Ch

1 (0,1,0,0,1,0,0,0,0,0) O

2 (0,1,0,0,0,1,0,0,0,0) OF5

3 (0,0,1,0,1,0,0,0,0,0) DOsus4
4  (1,0,0,0,1,0,0,0,0,0) Om

5  (1,0,0,1,0,0,0,0,0,0) Om~°
6 (1,0,0,0,0,1,0,0,0,0) Om*5
7 (0,1,0,0,1,0,1,0,0,0) 06

8 (1,0,0,0,1,0,1,0,0,0) Omé6
9 (0,1,0,0,1,0,0,0,0,1) OM7
10 (1,0,0,0,1,0,0,0,0,1) OmM7
11 (1,0,0,1,0,0,0,0,0,1) OdimM7
12 (0,1,0,0,1,0,0,0,1,0) 0O7

13 (0,1,0,0,0,1,0,0,1,0) D07+3
14 (0,1,0,1,0,0,0,0,1,0) O7

15 (0,0,1,0,1,0,0,0,1,0) DO7sus4
16 (1,0,0,0,1,0,0,0,1,0) Om7
17 (1,0,0,1,0,0,0,0,1,0) Om7~°>
18 (1,0,0,1,0,0,0,1,0,0) Odim7

Measure the intervals between the interim root yg?

and y((i)) (t = 2,3,...,7) through calculation of the

difference of semitones, d(yg;,yéi))), between them,

which can be derived by Eq. (3). Table I shows the

intervals mainly used in this study corresponding to

the number of semitones.

We here introduce some more additional notation as

follows:

77(98))) interval between y((ig and ygf)) t =
2,3,...,7).

20 feature‘ vector of “unknown pattern”, where
z0) = (29)7 Zéj)v e 72%)) (ZZSJ) € {Ov 1})

In this case, the first component z\) in z() is set

to be 1 if n(yéi))) is “m1”, otherwise 2\ becomes

0. The remaining components, zéj ),zéj ), e 72%), in

z(j), correspond to “M3”, “P4”, “dim5”, “P5”, “aug5”,
“M6”, “dim7”, “m7”, “M7”, respectively. It should
be noted that the number of semitones of “M6” and
that of “dim7” take the same value of 9. Therefore,
249 (corresponding to M6) and z{’) (corresponding to
dim7) are respectively set to be 0 and 1 if z; (m3) =1
and z4 (dim5) = 1, otherwise (), 2{") = (1,0).
Calculate the degree of similarity between yl(] and
an actual musical chords by means of deriving the
simple matching coefficient between them. Table II
shows training samples, where the square (O) repre-
sents a root of the chord. Then determine C, = C,ij* )
(= Cp) and y?) = ¢ (= yr) through finding
(4, k) = (j*,k*), which maximizes S,(C]) for all j and
k, where
, 100 ,0G)
s9 = 3 (2 = Qk,b). ©)

b=1

Determine the root of the chord extracted in the
previous step as follows:
We suppose that the chord of I is most frequently
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TABLE III
HARMONIC FUNCTIONS IN C MAJOR

Harmonic functions  Main chord  Substitute chord
Tonic | ((®) I(Em), VI(Am)
Dominant V(G) [VII (Bm~—?)]
Sub-dominant IV(F) II(Dm)

used in the chord progression. Then the most frequent
value, denoted by y,,,,, of the first component in y; for
l=1,2,---,L can be estimated as the root of 1. For
instance, if the key of the objective chord progression
is C, Ymo 1s considered as the note of C. In this case,
the notes (note numbers) in y; can be transformed by
yft) + d, where d = 49 — y,0 (t = 1,2,--- ,7) since
49 is assigned as C4 as mentioned above.

In the case where other keys are used, the root of I
can be estimated without loss of generality since the
keynote of its scale can be used for this estimation.

6) If [ < L, increment /[ by one and go to Step 2).

IV. EXAMPLES OF THE PROPOSED METHOD

This section presents examples for the extraction of chord
progressions from some pictures to illustrate the proposed
method in this study.

We focus on the following cases for simplicity:

(i) The chord progression is generated in C major.

(ii)) The chords obtained from Step 4) in Section III are
arranged so that the chord progression may include
cadences (T-S-T, T-D-T and T-S-D-T) in order of their
appearance. Table III summarizes chord names in C
major corresponding to harmonic functions (T, D and
S), where T, D and S respectively denote Tonic, Domi-
nant and Sub-dominant. For instance, if the sequence of
(C, C, E, G) is extracted from the procedure proposed
in Section III, the chord progression of C-F-G-C (T-S-
D-T) is then obtained.

The chords that the root is a natural tone are chosen
from the chords extracted from the picture to generate
a chord progression in C major. This signifies that the
length of the generated chord progression depends on
the number of extracted chords with the root of the
natural tone.

The chords can be inverted to be included the
strong cadence, the semitone descending (or ascend-
ing) and/or parallel motion in the base line (bass
line) as many as possible. The note of M3 is inserted
just behind the chords of sus4, if any, which can be
expected to resolve to a major chord.

(iii)

@iv)

We also consider the case where the picture divided into
16 squares, which indicates that 16 chords are first extracted
from a picture.

The procedure proposed in Section III first generates the
following chords from the picture in Fig. (1)(a):

D(omit5), C(omit5), C#m(*t>), Em, Fsus4 Ctm(~>), Cm,
Ctm, Em—®, Ffm(*>) Dm(omit5) C C{(+%), Ctm(omit5)
Df and G(+9).

By selecting the chords with the root of the natural tones
from this sequence, we then obtain the sequence which
contains:
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omit5 omit5 omit5 (+5) (-5)
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(a) Example 1
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(c) Example 3
Fig. 1. Examples

D(omit5), C(omit5), Em, Em(~®, Dm(omit5), C and
GH5),

By sorting these so as to satisfy the conditions (ii) and (iv),
the chord progression is generated as shown in Fig. (1)(a).

Figure (1)(b) and (c) also reveal the different pictures and
the chord progressions generated from these pictures.

V. CONCLUSION

This study have developed a method for generating chord
progressions from pictures applying the two-dimensional fast
Fourier transform (2D FFT) algorithm. The picture is first
divided into some squares, and then the image in each square
is decomposed into a plurality of frequency components.
We have considered the case where the frequencies in each
square are transformed into a chord through combining two
kinds of intervals: (a) the difference between the frequency

IMECS 2016



Proceedings of the International MultiConference of Engineers and Computer Scientists 2016 Vol I,
IMECS 2016, March 16 - 18,2016, Hong Kong

components and (b) the difference between pitches in music
theory. We could extract chords which “embed” or “hidden”
in the picture considering the inversion and the interval in
musical theory. Some examples are provided to illustrate the
proposed method.

This study extracted the chords by applying the 2D FFT,
but by using the wavelet analysis, a wide variety of chord
progressions can be generated from the picture. Taking
account of such factors is an interesting extension.
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