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Multitexture Image Segmentation Using Amplitude

Demodulation

NERZE o3 BPY2AGLY B8

Hyun-Soo Lee*
(ZF B FH*)

Abstract

This paper proposes a 2-D texture segmentation algorithm which is in close analogy to amplitude demodulation in
communication systems. First, we show that it is theoretically possible to segment a multitexture image using an ideal
filter followed by an amplitude demodulation block. However, in practice, the Gabor filter is used instead of the ideal
filter because it has many desirable properties and especially it gives optimum space-bandwidth product. Our algorithm
recovers all the texture regions containing the sinusoid with frequency to which the Gabor fiiter is tuned. We have
demonstrated the discriminating power of our method in using a synthetic multitexture image. It is clear mathematically
and easy to implement. Our method can be a good alternative to avoid many problems encountered in classifying the

feature vectors in feature-based texture segmentation approaches.
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|. Introduction texture as a surface in- formation of the correspondiﬁg

object, to get the 3-D depth information, the
Texture can be used in many applications in image information about the shape and orientation in images,

analysis such as the recognition of an object using the and also the image segmentation ‘to find out the
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boundaries between different objects in an image. The
result of the segmentation is very important for the next
higher level processing results to be meaningful.

For the past twenty years, there has been a lot of
work on and there is a

texture segmentation[6]

particularly strong concentration in the development of .

feature-based approaches. Most of these approaches use
small window to slide on the image. At every step of
window translation, a feature vector is calculated for
that part of the image enclosed by the window. These
vectors are finally classified in the feature vector space
to obtain the segmented image.

But this method of texture segmentation based on
classification has many problems. First, the problems
inherent to the classification method itself :
dimensionality of the feature vector, the great number
of feature vectors to be classified. _

To decide which features have to be choseﬁ is
another problem. They have to be chosen in such a
way that they can distinguish the different textures in
an optimal way. Even if the best features are chosen,
feature vectors obtained when the window includes
many . texture boundaries lead to misclassification
because these vectors have the fused characteristics of
all the regions in the window.

Also, the of the

segmentation result.

size window influences the

We propose a texture segmentation method based on
amplitude demodulation. Our method needs neither the
window nor the classification, thus avoids all the
problems mentioned above.

We use a synthetic 2-D multitexture image to verify
the mathematical results developed in this paper.

Our method is very simple and efficient. First, we

assume that every texture is distinguishable because
each texture has its own dominant spatial frequencies
different of the This
conjecture given at the very

the

from those other textures.

assumption and the
texture

beginning of the Sectionll lead us to

segmentation method based on  Gabor filtering and

Amplitude Demodulation.

the high
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Table 1. Schematic multitexture image representation
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Il. Multitexture Image Model

We conjecture that multitexture image is an ensemble

of different texture regions R i (i=1,...,i1), each of

which can be represented again as an ensemble of
many sinusoids and the mean value of the region, as
given schematically in Table 1.

All the parameters in this table are,

A's : amplitudes of the sinusoids

f's : frequencies of the sinusoids

O's : phases of the sinusoids

C's : mean value of each texture region

Note that each texture region they can take any
arbitrary form.

This conjecture gives rise to the multitexture image
(see(1)), very
because all the results in this paper originate from it.

The expression of the with
xy) is (for ease of

presentation, we use the continuous variable),
iy i i’
m(x,y)= ‘leisi= ;l[;zii+ci] Si D

C; is the mean value of R; and S; (the

model m(x,y) which is important

analytical model

continuous  variable the

where

functional form of R ;)),

i-th region function Zj
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(the j-th sinusoid in R ), and Z; are respectively :

s;=1,e R,
N ' @
=0, elsewhere.
zy; = Ajcos(wf x+ wfj v+ 05
- A;i‘ e j(w;‘,x+wiyiy+6"i)+ e ~j(wix+aly + 6;)
— ot - 3
_Zij +Zij ( )
ji
zi= 223+ C, @

X
ijs

with @ = 27 f}, o} = 27 f}, which are the
angular frequencies of the sinusoid for x and y axis
respectively.

In for the

the above expressions, simplicity of

notation, we omitted the independent variables from
si(x,y), zix,v), z4(x,y), Z;-r(X,Y) and zj (%,
v). We will employ this notation henceforth.

Note that the index i refers to the texture region
number and j refers to one of the sinusoids in that
region.

In every mathematical development, we always
respect the order (i.e., if A=B+C=D+E then B=D and

C=E).

IIl. Frequency Domain Representation

In using (3), the expression in (1) can be rewritten

as,
il j, il
m(XyY) = ;;Zijsi+ 1=1Ci S -
Lo L3}
= b s, .S,
2 2 Eitz) sit ZCisi )
Thus the frequency domain representation of
multitexture image is :
M =F[m] A
1; Ji 1
=F[ ; ,Zl (z§ +25)s;1+FI ;c‘ Si)
i s i
=2 2 Li+L+ 2L, 6)

M

M(a)l,wz), with spatial frequency (601,(02), and m

where F is the Fourier transform operator,

= m(x,y). We will use these abbreviated notations

(213)
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henceforth. From (3) and (6), we see that
A. y
— +71__ i & ij
L: —F[SiZij]__2Le’ S1+] )
where
Si=S,(w— of, wy— ®)
with
Si(w;, w) =F[s;]
We will use S; in place of Si(wl,wz),
Thus the above expression becomes,
S,=FI[s|] 9

Each S; is centered at the zero frequency. | S;l has
its maximum value at the zero frequency, and decreases
as the frequency increases.

3.1 Positive Lump Element

In going from M to M, each sinusoid zj in R ;

performs what follows and yields each Lf{ that we

call positive lump element (PLE) : Modify S;, which is
the Fourier transform of the region function S; to

which it (the Z;) belongs, with its characteristic

parameters that we call CP's of Z;; which are
(0}, 0}), 6, and Ay
More specifically the modification performed by Zj
on S; to give L;er is (see the final term in (7)) :
i) translation by (a)ﬁ s (DY,)
ii) phase rotation by &j.
Ay

p
iii) multiplication by 92

These PLE's are what we have to process to get

each different region.

IV. Recovering a Texture Region

4.1 Amplitude Demodulation

By processing L; as in (7), one can find out the

i-th region function S;.
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Note that finding the region functions S; for 1<i<
il is finding all the texture regions and this is just

what we want, the texture segmentation.
2 F‘l (L ]|—1F"[—i st
_2| (49.,+w.,xw,.3’) Si|=2lsi Z;:I: Aijsj (10)

where F ! is the inverse Fourier transform

operator. Note that ISi| = S; ( because =0, V(xy)
: see (2)) is used in the above development.

The expression (10) means that by doubling the
absolute value of the inverse Fourier transform of L;; s
one can obtain the i-th region function multiplied by
the amplitude of the j-th sinusoid in that region.

Note that this j-th sinusoid is the very sinusoid

which has modified the S; with its CP's (see Section

3.1) to give the L,,
The relation (10) shows that among the three CP's of

this sinusoid, only the amplitude Ay affects the final

result Aj;S; (neither the frequency nor the phase of
the sinusoid).
The block diagram in Table 2 shows our entire

process. We see the procedure of the relation (10) as a

part of this procedure starting from L:{ to the end.
In this table, F and IFT are

operator and

Fourier transform

Inverse Fourier transform operator

respectively. IFFR} is the Ideal Filter Frequency
Response to be multiplied to M to extract only the

L

+ . . I T
i in the frequency domain. This Lj is inverse

Table 2. Method for getting Aij S| using ideal filter and
amplitude demodulation.

H2. o]dFH %Ei% AEE2E o] &

A

= l:lo

sal Ay s;

pu

[ IFFE;
m—»—»M—>®—>I1}'—»-+ 57 (21l A

Amplitude
Demodulation

Ideal Filter
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Fourier transformed to. give S; Z;jr , and the absolute
value of which will be doubled to get Ajs;. When

this is obtained, the region R ; is obtained.
In fact, this is a kind of Amplitude Demodulation
Method (called ADM henceforth), which consists of

recovering the modulating signal S; from the amplitude

, . . Ay
modulated signal S; Zj;, where Zj; = 9
j X ¥ 8 . . . .
e @+ 6) §o a complex exponential carrier signal

(see (3)).

Thus our system for the texture segmentation is very
simple. It consists of two system components : the
ideal filter to extract S; Z;J;r from the signal m,
followed by the amplitude demodulation block which
issues the double of the magnitude of its input.

Observe that there can be many ways to recover the
region i : we can apply the method above to all the

Lf; 's for j going from 1 to ji to find out the region
i.
The only difference between all these regions found

is their amplitude Ay

4.2 Gabor Filter

Thus far, it was implicitly supposed that exact Lﬁ
can be extracted from M. We have seen that in this
ideal case, we can recover exact texture regions (see
(10)). But in reality, it is not possible because, as seen
in (6), LI , for a given pair of i and j, is only one
clement of M where all the L's, all the L3's, and

all the Li's are intermingled. Thus in practical cases,

one is obliged to use a band pass filter to extract the

desired L:{ . We use the 2-D Gabor filter for this
because it has many desirable properties and especially
it gives optimum space bandwidth product[1].

The use of Gabor filter will result in approximate

L
(Approximate PLE) henceforth) and the subsequent

;}L denoted by Lj . (approximate ~ APLE

amplitude demodulation also results in approximate S;
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Table 3. Method for getting A ;8; using Gabor filter
and amplitude demodulation.

E3. Aoy L9} & o] 838t Ay

d

X =4
= =

=

&

rir

s

GFFR}

v—»M—» R — f’: —»——» ’l:j+—> -—» AIJEI
Amplitude
Demodulation

Gabor Filter

denoted by S;.

In Table 3, we show the modified method of that
shown in Table 2, where the Gabor filter replaces the
ideal filter.

In this table,

+ .

T; =73 z;

ij

and GFFR}

an

is the Gabor Filter Frequency

+ .

Response centered at ((z))f,-,wﬂ) to-extract Ly . This

+
Ti"

(see (11)), which will be amplitude demodulated to get

+ .. . .
]:ij is inverse Fourier transformed to give
A}, When this is obtained, the region R ; is
obtained approximately.
and Table 3

is that the ideal filter is replaced by the Gabor filter in

The only difference between Table 2

practical case and this results in recovering the texture
regions approximately.
of the

Gabor filter used in this paper is (there are many

The analytical expression in spatial domain

articles where the analytical expression of Gabor filters
are shown[2]-[5]),

h(x,y) =g(x,y) e #2rexta (12)

where the Gaussian function g(x,y) is given by,

— (x24+y?)

1 2 &

210 (13)

Thus h(x,y) is a complex sinusoid modulated by a

g(x,y)=

2-D Gaussian function.

The 2-D Fourier transform of h(x,y), which is the

frequency response of the Gabor filter, denoted by

H(w,, ®2) is given by,

(215)
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=272 %[ (0, — 0*)? + (w,— w*)?]

H(w,, wy)=¢ (14)

We see that this is a circularly symmetric Gaussian
function centered at ( @*, w¥) with 0 determining the
bandwidth. We used this filter to extract the desired

L} in adjusting the ( »*,®*) and o©.

Note that,

GFFR; = H(w,, @) (15)

with ( 0*, @¥) = (@}, ®}) in (14).
Till

framework for the segmentation of 2-D multitexture

now, we have examined the _theoretical
image.
In the next Sections, we present the experimental

results obtained in applying the theoretical results.

V. Data Description

5.1 Input data Description

We use a synthetic multitexture image of size

256x256 with 3 texture regions R, R, , and R

Every texture region contains a mean -value and
sinusoids with discrete independent variables (x,y). The

next is the analytical description of each region.
Z=AB+C, where Z = [2, z,25]"
4) for zy, Zp and 2y),

A

(see

A = [ay] with a; =

iy

B = [byl with b; = cos(wjx+ @}y), and

c=[C,C,C .

Note that the image M will have~ the next
expression : ' '
m= [5; sy 851 Z (see (1))
Note also that we have omitted the phase from every

sinusoid because we found that it did not influence the

segmentation result : see Dy above.

The indices i and j of &; and by are respectively
the row and column numbers of the matrix elements.
Also the T for the vectors means the transpose. The

numerical values of A and C are :
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Fig. 1. Distribution of the texture

regions.
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A=1{1023|, C=1[358]"
760 (16)

For B, all the @}'s and @}'s are,

Wl Wl w’fa 00 0

w3 Wy Wi [O 32 64]

vy of 0y | = @29 {96 64 0

W] @Y ol 32 64 96

wh 0% w3 | [32 0 0]
and w}) wly w§3 = (2 /256) 0 0 0
The position of each texture region is given in Fig

X
ijs

1, where fij = ( ff, %) =( 256w%/27, 256w}/27) is

the frequency of the j-th sinusoid in X ;.

And the position of each sinusoid in the frequency
domain is in Fig. 2.

With this synthetic multitexture image, we performed
4 experiments, throughout which we verified if our
method works for a synthetic multitexture image, and
kind of

situations  will

L+

ij

tried to see what occur

depending on the selection of in the frequency

domain.

The selection is done by multiplying M with

GFFR;; tuned to (w)j(j, a)f,) (see Table 3 and (15)).

+ .
Once L is selected and extracted by the above

multiplication, we proceed with the inverse Fourier

(216)
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Fig. 2. Position in the frequency domain of

each sinusoid in the synthetic texture image.

29 2. 3T "HaMgaed EAste 74
e 44 G 9

transform and amplitude demodulation to find out the

approximate i-th region function .

5.2 Resulting Figures Description

In the following, we will show the results of 4
experiments with 4 figures. Every figure is composed of
four sub-figures and for each figure (in the next, we
will refer to Fig. 3 for the presentation of each sub
figure but the same is true for the other figures, too),

(a) : Synthetic multitexture image we used.

(b) :

the Gabor filter frequency response, tuned to fij
1), (both are
magnitude plot and they are presented in such a

Amplitude spectrum of the image in (a) with

(see Fig. juxtaposed in log-
way that the brighter the point is, the higher the
peak at that location is). Note the high values at
the

marked

to
the
opposed locations relative to the origin (due to
that We
marked the position of the center frequencies fij
to which the Gabor filter tuned, by the
brightest point. The bandwidth of the Gabor filter

is adjusted by choosing ¢ manually in such a

locations corresponding the frequencies

in Fig. 2 and at symmetrically

the fact the image is real valued).

is

way that it filters only the frequency region
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around the desired fij.

(c) : Recovered region. This shows Aijgi, where the
sinusoid with selected fij exists. Note that the
procedure (10) finds out all the regions where the
sinusoid with frequency fij exists (see Fig. 4 for
example. This will be verified in Section

6.2).

(d) : Strictly speaking, this is not the carrier signal.

It is S; Z;. One can see the sinusoid with

frequency fij (i.e., Zi) in S;.

VI. Experimental Results

Throughout all the four experiments, we could verify
the We will

ascending order of number of chosen APLE's.

theoretical  results. present them in

6.1 Only one region is detected with only
one APLE

Fig. 3(c) is obtained by filtering the image with a
Gabor filter tuned to f22 (the brightest point on (b) of

the figure ; also see Fig. 2.) to extract ]:2; and by
processing the latter with ADM. This sub-figure shows
what the theoretical analysis predicts approximate

region function S multiplied by the amplitude of the

second sinusoid ( App=2 : see (16)) in the region R,
to the frequency of which the Gabor filter is tuned.

We have made other similar experiments by tuning
the Gabor filter to the frequencies f12, f13, and f31
(note that each of these four frequencies, including

22, exists only in one region : see Fig. 1) and we
and R

results coincided with the theoretical results.

recovered K |, R |, respectively. All  the

6.2 Two regions are detected with only
one APLE

Fig. 4(c) shows the result of tuning the Gabor filter

—
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=
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to another frequency f23 existing in R, and R 3,
which are the detected regions.

It is not surprising to see multiple regions detected

in processing only one APLE : 1';23+ in this case.

. . . . +
We will demonstrate this using the ideal case. L23

+ .
and L3 are centered at the same frequency in the

frequency domain because f23 = f32 (see Fig. 2). Thus

when L;} is chosen to be processed for the

demodulation, L;rz is also chosen (we suppose that the
gabor filter frequency response covers the two PLE's)

and when the ADM is applied, it is applied to the sum

of L;;; and L;;rz as follows (see (10)) :
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Fig. 4. ng* corresponding to f23 is extracted by
GFFRY; and ADM is applied. On (¢), K, and R
are detected.
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£3 3 ADME FH&. (¢) ol B&€¥ R, ¢+ R,
7} Bl

2l F7UILE+LE] |

i A - A -
=2|F 1[ _2_23e1023 S'21“23+T32e1032 5;32]\
le j“’gﬂxe_"”'E"'[Az;;e jfgz’ sy Ape % s,] |
= | A23e 16z 52A32e 10y S3 |

j i
=] Ape'®™ s, [+] Ape '™ 55 |
= Ay syt Ay sy

amn

where, (@33, @) = ( @i, WY) and the fact that
Sy and S3 are mutually exclusive (i.e., when S2=1,

133=0, and when S3=1, S2=0) is used for the
development.

The final expression in (17) says that the two region

functions Sy and S3 will be recovered with their
height multiplied by respective amplitude of the sinusoid
with frequency 23 in each own region.

This result is shown in Fig. 4(c) : the detected two

regions are of different grey levels ( R ; is brighter

(218)
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() Carrier Signal

() Derrodulation Resut

Fig. 5. £12+and 1:31+ corresponding to f12 and
£31 are extracted by GFFR}; and GFFRj
respectively and ADM is applied. On (c), R, and
R 3 are detected.

2% 5. GFFR}, 9 GFFRj, & f12 ¢ 131 9
fztol] o) s %
ADME A& () ol #E9 R, I R; 7} 2k

L, ¢ Ty = kil

F2

than R ,).
This is due to the fact that the amplitude of the

sinusoid with frequency 23 in R, is smaller than that
of the sinusoid with frequency f32 (=f23) in R,

Effectively, Ags=3 and Az = 6.

This experiment shows that it is possible to identify
multiple texture regions by extracting and amplitude
demodulating only one PLE. This is always possible

whenever a sinusoid of same frequency exists in

multiple texture regions.

6.3 Two regions are detected with two
APLE's
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Fig. 5(c) shows the result of using two Gabor filters
Each of

these two frequencies exists in only one region and

: one is tuned to f12 and the other to f3l.

they are not in the same region.
Each Gabor filter finds different region.
levels between the

The difference of grey two

regions comes from the difference of the amplitudes
A12=3 and A3=7. Note the proportionality of the

grey levels of the regions : Ap /Ay = (brightness

of R/ (brightness of R 3. R, is not detected
(completely dark) because there is neither f12 nor f31
in it

Every region where there is not the sinusoid to the
the Gabor filter

always appear completely dark.

frequency to which is tuned will

6.4 Three regions are detected with three
APLE's

In this Section, three Gabor filters are used to be
Each of these
frequencies exists in only one region and they are not

tuned to three different frequencies.

in the same region.
This results in detection of three different regions as
seen in Fig. 6(c). The difference of grey levels between

the three regions comes from the difference of the

Ap=3, Ap=2, and Ay=7. As in the

previous experiment, the grey level of each region is

amplitudes

proportional to these values.

VIl. Discussion

In Section VI, we presented four experimental results
obtained by applying our method of segmentation to a
synthetic multitexture image.

All the results followed very faithfully what was
anticipated by the theoretical results.
We found that

amplitude

aid of
filtering,

method, with the
the Gabor

recovers all the texture regions containing the sinusoid

our

demodulation  after

with frequency to which the Gabor filter is tuned.

(219)
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» »
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©, Ry, Ry, and Ry are detected.
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If every texture region is distinguished by its
dominant spatial frequency as is our assumption, our
method will work well even when the image is a
natural multitexture image (in case when the assumption
is not respected (random textures), we incorporate a
Gaussian lowpass filter after the amplitude demodulator

this case is under investigation and we find that
bandwidth of

the Gabor filter and the Gaussian lowpass filter

deciding suitable tuning frequency and
is
very important).

The experimental results prove that our method is
based on a solid foundation. The method we have
proposed has to be armed with an algorithm for

deciding the parameters of the Gabor filter (i.e., the
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tuning frequency and the bandwidth) automatically.
Future research has to be focused on the design of
the Gabor filters and the Gaussian lowpass filters to be
used for the natural multitexture image segmentation.
We use a multichannel structure with each channel
containing a Gabor filter, an Amplitude Demodulator
and a Gaussian filter in our ongoing research for the

natural muititexture image segmentation.

VIIl. Conclusion

In this we assume that texture is

paper,
distinguishable

every

because each texture has its own
dominant spatial frequencies different from those of the
other textures.

And also we conjecture that multitexture image is an
ensemble of non overlapping adjacent region functions,
each of which has value 1 in its own region and 0

elsewhere, and that each of these region functions is

multiplied by the sum of many sinusoids and the
mean value in its own region.
This conjecture has led us to the texture

segmentation algorithm consisting of - Gabor filtering
followed by the Amplitude Demodulation.

We found that our method recovers all the texture
regions containing the sinusoid with frequency to which
the Gabor filter is tuned. We have demonstrated
the discriminating power of our method in using a
synthetic multitexture image. The experimental results
prove -that our method is based on a solid foundation.

Our method is very simple and also very efficient. It
permits us to avoid many of the problems encountered
in classifying the feature vectors calculated in sliding a
window on the texture image in case of widely used

feature-based approach for the texture segmentation.
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