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ABSTRACT

We introduce a generalization of the affine moment invariants for
color textures recognition using Quaternion Algebra and present
results of experiments on a challenging dataset. The advantage of
the proposed method is that it can process color image directly,
without losing color information. It is shown that the QAMIs
can be obtained from the usual AMIs. Experiments show that
color texture descriptors are more efficient and discriminant.
Moreover, a new set of invariants can be obtained from each
QAMI (due to the non-commutativity of Quaternion algebra).
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1. INTRODUCTION

The theory of moment invariants has been used extensively and
many types of moment functions were concerned for image
recognition. In the literature, several works dealt with invariant
multi-channel objects recognition by transforming the color image
into gray-scale one or decomposing the color image into three
channels and then computing the moment invariants of the
three channels separately [1-4]. But with those methods color
information may be lost.

A more interesting approach consists on processing the color
image directly in a global manner. Recently, the quaternion algebra
has been exploited in color image processing more and more by
encoding the three components as a pure quaternion, which allow
treating color image as a vector field [5].

The use of the quaternion valued moment functions has been
proposed by [648]]. In this paper we focus on invariants under affine
transformations and we introduce a generalization of the affine
moment invariants for color images using Quaternion algebra.
Quaternion Affine moment invariants (QAMIs) to recognize
affine-deformed color images were proposed.

The invariants derived in this study are shown useful and efficient
in a numerical example.

2. PRELIMINARIES
2.1 Quaternion algebra

Quaternions are an extension of the complex numbers, were
introduced by Hamilton in 1843 [9]]. The set of quaternions form
a non commutative ring.

A quaternion is written as the sum of a scalar part and a vector part
which consists on three imaginary components as follows

g=a+bi+cj+dk

Where a,b,c,d € R, 3> = j2 = k> = —land ij = —ji =
k,jk = —kj =i, ki = —ik = j.

The conjugate of a quaternion g is ¢ = a — bi — ¢j — dk.

The modulus of a quaternion q is |g| = va? + b? + ¢2 + d=2.

2.2 Affine moment invariants

The affine moment invariants are invariant under the following
general affine transformation

ap + a1x + aszy,
v = b0+b1$+b3y (1)



The general two dimensional (p+¢q)*" order moments of a function
f € L?(R2;R) are defined as:

= // 2Py f(z,y) dedy p,q € N 2

The corresponding central moments are defined as :

= // (x—z)P(y —ye)' f(z,y) dedy p,ge N (3)

Where . xég

are the coordinates of the center of gravity of a given

and y. =
object.

In order to achieve the translation invariance T.Suk propose in [[10]
to use the central moments Equation instead of the general
moments Equation (). The first few affine moment invariants
under the general affine transformations Equation (1)) of a function
f € L?*(R?%;R) introduced in e.g. [T0H12] are as follows:

I = (paopoz — #31)/ Hoos
I, = (—Hgoﬂg3 + 63021 1203 — Aptzopty — 41T piso0
+ 3#%1“%2)/#687

Is = (paopos —4psipas + 3#52)/“30-

3. QUATERNION AFFINE MOMENT INVARIANTS
(QAMIS)

Motivated by processing color image directly without decomposing
it on three channels, we define the quaternion-based affine moment
invariants. The definition of the Quaternion affine moments is given
as follow:

DEFINITION 1. Let f € L?(R%;H), the general quaternion
moments of [ are the quaternion valued functions mq,, defined
by

my) = // Py f(z,y) dzdy p,q €N )
DEFINITION 2. Let f € L?*(R?;H), the central quaternion

moments of [ are the quaternion valued functions mq,, defined
by

“Qm // (@ —|zq. NP (y — lyq.)*f(z,y) dzdy p,q €N

i (5)
mQi0 __ mQ
With Q. = 0o = leO . W
and yq, = QO = MQ,, - &00‘2 are the quaternion

ImQoo
coordinates of the center of gravity of f.

It follows the definition of the quaternion affine moment invariants.

In order to have invariance of a function F of quaternion moments
(assuming that F'g has the form of polynomial of quaternion-valued
moments) under the general affine transformations Equation (TJ), as
the same way as for usual affine moment invariants [[10], invariance
of Fy, is constructed as follows:

(1) Central quaternion moments are used instead of general
quaternion moments for translation invariance. For moments
we have :

" _ )
Qra — PQpq-
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With p5 (f ) are the central quaternion moments after translation
by given parameters.

(2) Fg .is d.ivide.d by the appropriate power of ugo)o for two-axis
scaling invariance. For moments we have :

(f) -2 .(f)

1(f) (p+g+2),,(f) = w2y
00’

BGpg =@ By andpig,
So,

(f) ()
‘UJqu 'LLQPQ

(£ =

HQqo +1 HQqo +1

With “,C(JJ; )q the central quaternion moments after two-axis
scaling by the factor w.

(3) For invariance under one-axis scaling by the factor , members
of Fg must be isobars. For quaternion valued moments we
obtain:

() — s=+1) ()
FQpq = 9 HQpq-
We obtain the condition that the sum of p'” indexes of each
member of Fo must be equal to the sum of ¢*" indexes.

(4) Computation of the Fg invariance under skew transformation
is obtained as the same way as for usual affine moment
invariants [10], with replacing the real valued function by
quaternion valued function.

One can see that conditions to have invariance of quaternion
affine moments are the same conditions to have invariance of
usual affine moments, hence, we can embed usual affine moment
invariants introduced by T.Suk in e.g. [10H12] into the quaternion
algebra. Since the value of these affine invariants is a quaternion.
Two different quaternions cannot be compared directly but this is
possible using their magnitude.

We can construct quaternion affine invariants as follows:

Iq = |Fgl. (6)
4. APPLICATION TO COLOR IMAGE
RECOGNITION
4.1 Quaternion affine moment invariants for color
image

For the application we have in mind the color image recognition,
we define quaternion affine moment invariants of a color image.
We consider the subset H, of pure quaternions for encoding
three-channel images.

DEFINITION 3. Let f € L?(R?; H) be a function associated to
a color image and defined by

Flz,y) = frlz, y)i+ fo(x,9)5 + folz, y)k. @)

Where f., f. and f, correspond to the red, green and blue levels.
The quaternion central moments of f are the quaternion valued
Sfunctions pip,q defined by

M(szq // ( —2q.DP(y — lyg. ) f(x,y) dedy p,q € N.
) ()]

We derive the quaternion affine moment invariants for color images
from quaternion affine moment invariants.



4.2 Color image recognition I: simple texture images

We now present application to color image recognition to
validate the effectiveness of the proposed QAMIs under affine
transformations. The original color images used in tests are shown
on Figure [I] (images are downloaded from Mayang Textures
Library [I3]), all these images are 300 x 300 pixels. Figure [2]
presents a sample image, showing a textured surface viewed under
different transformed version. For experiments the real-valued
invariants I, and I, are used (the user has freedom to choose
invariants to use (an optimum choice: depending on number and
quality of descriptors)).

]Ql = |(MQ20NQ02 _N‘QQH)/Mé?oo"
Ios = [(1QuolQos — 4HQs HQ1s t 3“%22)/“6@00"

For the texture recognition experiments, as one can see from Figure

[l the classification of images was correct with a null error rate; the
QAMIs remain almost unchanged for all affine transformations of
each image. Therefore, the QAMIs derived here could be useful in
color pattern recognition tasks that require affine transformations.
Remark Due to the non commutativity of quaternions, every
permutation of moments, in the product terms of the invariants,
can be considered as a new invariant (we had obtained invariance
from experimental tests. We may do the theoretical demonstration
in a future work). Here are examples of the two QAMIs used in
experiments :

IQ1,1 = |(“Q20MQ02 - luéu)//jé?oo"
Ig,, = [( — 101,) B -
Q1,2 HQoz2HQ20 — HQq1 )/ HQoo

and
Igs, = |(BQaoHQos — 4Qs1 HQ1s + 3”‘%22 )/“%00 B
‘IQS,Z = |(:uQ04 BQuo — Qg HQrs T 31“?222 )/M(C)Qoo ,
IQG,a = |(H‘Q40“Qo4 - 4:“‘@13“@?31 + 3”%22)/“%00 "
IQ6,4 = |(MQ04:U‘Q40 —4pQ 5 Qs T 3:“?222)//"(2200 ‘

4.3 Color image recognition II: challenging dataset

In this section, we show classification results on a challenging
dataset (Figure [), it contains 4 different texture classes (ground
(A, B and C) and wool (L)) where each class is represented by one
image divided into 40 sub-images of 50 x 50 pixels. And here also,
the real-valued invariants I, and I, are used for experimental
tests. Figure [5] shows the category classification results. We can
observe that the proposed method works well, textures are almost
correctly classified. Table [T] shows the confusion matrix and the
classification rates for the individual classes. Experiments on the
4 texture classes demonstrate the effectiveness of the QAMIs for
visual classification.

5. CONCLUSION

In this paper we have extended the usual affine moments to
color image using the quaternion algebra. The quaternion based
moment invariants with respect to affine transformations have been
constructed. The experiment results show that the proposed method
is efficient and perform better the existing one which is based on
RGB decomposition. The main advantage of the QAMIs is that it
can treat color image in a global manner and directly, without losing
color information.
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Future works will be devoted to find a general form of the affine
moment invariants for multi-channel objects (with more than three
levels) using Clifford algebra.
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Traditional islamic
plasterwork

Fig. 1. The original images used in experiment tests
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Mosaic tiles

Weathered tiles

Fig. 2. The original color image -grout paint- and its transformed version

Table 1. Confusion matrix for the dataset used in Subsection .3}

Classes A B C L Rate
A 31 0 9 0 71.5
B 0 22 17 1 55
C 3 7 30 0 75
L 0 0 0 40 100
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Fig. 3. Texture classification results (I)

Fig. 4. Samples of the dataset used in Subsection[d.3]experiment tests
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Fig. 5. Texture classification results (IT)
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