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Abstract

This paper presents color image processing and analysis using quaternionie Fanrier
transform (QFT). Algorithm of color image enhancement is described, Image eom-
pression using QFT is considered, Results using the suggested method are compared
with the results using existing methods,

1 Introduction

' Orthogonal transforms such as Fourier, Hadamard, sinusoidal, and wavelet transforms [1]-{3]
. are widely used in digital image Processing problems (compression, filtration, enhancement.
. and etc.) The mentioned above transforms have the energy compaction property and possess
| fast algorithms, which determines their intensive usage in various problems of digital image
. and signal processing, -
Gray scale image processing methods are widely explored. Note that. as a rule, color
' images are processed similar 1o gray scale images by separate color components Reed. Green,
»and Blue. For the purpose of color image processing at once, i.e. applying the transform on
 the color image taken as a whole, we present image pixels in quaternion form and use the
JQFT in image enhancement and compression problems. The paper is organized as follows:
i 3. the
icolor image enhancement method and simple compression mode using QFT are described,

‘Then. in section 4, experimental results are presented with their further analysis. And the
Hfinal 5th section includes the conclusion and direction of further tasks.

2 Quaternion Algebra and Discrete QFT

Quaternions are mathematical objects which act as rotational operators in three-dimensional
geometric space, The quaternion algebra was introduced by Sir Hamilton in 1843, The

aave three different imaginary units 1, j, k, that are all Square roots of -1, i.e, i = j = =
v'—1. Each quaternion is a linear combination of 1,4, j, k, basis quaternions.
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5. The norm of a quaternion is defined by: ll=Tg=@=g+q+B+a&
6. The inverse of quaternion defined as: q“'=§=£=ﬂp2=w‘". |
Thee.tponemialnndhmrithmicfunetiomolquntunimp=a+bi+cj+dkmdeﬁud.i

as:

7. explu) = (cos(p) + 2L sin(p)) exp(a),

8 Infg) = In ﬂ"ﬂ+wﬂ!&2,wmp= VETE+d.

r :

If the scalar part of quaternion is cqual to zero, the quaternion is called a pure quaternion,

In this case we have i = —p, p? = =[luli. Now define 2D quaternionic Fourier transform.
(5. Let X = (z{m,n]) be a matrix of size M x N, where zm,n] is the real, complex or
quaternion number. The direct and inverse discrete quaternionic Fourier transform (DDQFT
and IDQFT) defined by the following formulas: 1

| Mo o 2x
Fu,v]= 3 E“P("hﬁm“}x[mm] exp(—mﬁmr). u=0M~1,ve= ON=T,

AMl=1N=1

z[m,n} = ﬁ E g., exp(m%;mulf"lu, ulnxp{q;ghgnv}. s =T, n =00
(1

where ¢y, g; are any quaternions.
In some case the following definitions of QFT are also used
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M=l N=~]
Plug=3 3 m(—mrg +3))zimn), u=O =T, =GN =T,
=) n=i)

M=1N=1

1 Sl
admnl = g7y X X ep(an(G7 + 1)) Fliwel, m = GM =T, n =GN =T,
(2)
whmepisnpureunitequnt&njon.mmhug:*{1’+j+k}.

3 Suggested Method of Color Image Enhancement and Compression

All jmage enhancement techniques have one major goal: to improve some characteris-
Lics/quality of an image so that the processed image is better than the originel one. Two
major classifications of imuage enhancement techniques can be defined: spatial domain en-
hancement and transform (or spectral) domain enhancement.

Spatial domain enhancement techniques deal with the image’s direct intensity values.
A common non-transform based enhancement technique is a global histogram equalization.
Histogram equalization suffers from the problem of being poorly suited for retaining local
details due to its global treatment of the image. Transform domain enhancement tech-
niques involve mapping the image intensity data into a given transform domain by using the
orthogonal transforms such as the DCT-2, Fourier, and other unitary transforms.

The basic limitations of the transform based image cnhancement methods are: a) they
introduce certain artifacts; b) they cannot simultaneously enhance all parts of the image
very well; ¢) it is difficult to automate the image enhancement procedure.

It then becomes obvious to ask the following questioris: is it possible to apply the existing
methods of gray scale image enhancement on color images and is it possible to develop a
new method of color image enhancement?

It is of utmost importance to preliminarily determine a suitable method of color imege
enhancement measure. An important step lowards image enhancement approach is the
creation of a new measure, This problem becomes more apparent when the enhancement
algorithms are parametric and one needs: a) to choose the best parameters; b) to choose the
best transform among class of unitary transforms; c) to automate the image enhancement
procedures.

Let X = (z[m, n]) be a quaternion matrix of color image of size M x N, i.e.

z[m, ] = iz"[m,n] + jz°[m,n] + kzBlm,n), m=0 M =T n= 0,N—1,

where z%(m, n], z%[m, n], and z2[m,n] are the value of Reed, Green, and Blue component
of color image, respectively. :

Below we consider a special case of formula (1) for ¢, = i, and gz = 4. In this case the
DDQFT and the IDQFT can be rewritten as:
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Suggested color image enhancement method can be realized by the following steps: :
Step 1. Calculate spectral components of quaternion image according to formula (3).
Step 2. For all u and ¢ define one of the following sets of real numbers:

a!  Colu.v] = const:

) Gl = Cofe vl Fjuv]*, 0<a<h

o Ciluv]= Pl 0<3<l, 0<A<Y

W Cileel = [Pt @0, 0Sa<], 0s3<1 0<A<2

Step 3. With one of components C modify the spectrum as:
Filu,v] = Cifu, v} F¥u, vl.

Step 4. On the matrix (Ff[u, v]) realize IDQFT transform (see eq. (3) and define new
color image {x[m,n]).
The quality measure of the resulting image is calculated by the following way [6]. The

image is split into non overlapping blocks of size m X n. As a result we obtain 43 blocks.
Then. for each r—th color block we define the maximal and the minimal intemin values

Y., aird Y5 (the mean ul' color pixel calculated by formula (R + G + B)/3)). and define

the value EME, = 20[5‘#“ Then, we calculate the average value for all blocks: :
mn MN/mn=y

E‘UEn,J..\.m‘n - m 'gu Ea‘lﬁ.—. (.l}

Then for a fixed m and n we define the values of parameters a, 4, \ when the function
EME, i3y takes the local right-sided minimal value. As o result we receive an image
defined for these purameters that is considered to be the enhanced version of the original
inage. The above given method schematically is presented below:

o] 12T ey 1 c, Flna) [0 )
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Further, the color image compression task using the DQFT is considered. The DDQFT is

realized on the quaternion matrix X = z{m, n] of a color image of size M x N using formula

* (3). Spectral elements that do not exceed the several value of threshold T are considered 1o
be zero. thereby image compression is realized.

4 Experimental Results

Image sized 1282128 is examined below. In enhancement experiments using the algorithm
described in the section 3 m = n = 8 and o are fixed. The following images were examined:
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Figure 1. Original images.

The resulting images after using QF T by formula (3) in algorithm described in the Section
3 on the images of Fig.1 are presented below:

c
Figure 2, Outcome images after using formula (3) in the above described algorithm.

5

Figure 3. Power spectral density graphics for images a and b from Fig.1.
The first right-side minimal value EME for Fig.1(a) and Fig.1 (b) achieve for 3 = 0.8,
A= 185, EME = 4.39, and 8 = 0.85, A = 1.8, EME = 6,97, respectively,



Figure 3. Outcome images after

Table 1

mages after using QFT by formula

mages of Fig.1 are presented belo

b (5

d

using formula (2) in the above desc ribed algorithm,

dues of parameters corresponding for enhancement images from Fig. 2 are given in

*a

Image | 3 Y | EME | PSA Rt | PSNR
M2m) | 0.5 | 1.86] 489 | 181 16,94
2b) | 0.8 | 1.85| 6.99 10.62 12,86
) (095 18 [ 9018 | 1A | 1702
Ad) |075{1.95|1241| 1316 | 1872
%) |070]190] 660 | 800 | 800

Table 2

The resulting images after using conventional Fourier transform algorithm on color images

b ;

Figure 4. Outcome enhanced images while using Fourier transform with separate

compenents Red, Green, and Blue

i Fiz. 1 with separate components Red, Green, and Blue are presented below:

"
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The resulting parameters while using using Fourier transform on separate coniponents
Hed, Green, and Blue are given in a Table 3 below:

Table 3
Tmege ] 3 | % | & | 2 | & ENE, | EM. ENE, NR- 1
"’z':":"'mrﬂ, 08 T 68 | 1.4 l.gr r?s 38 | "i‘.ﬁ;""""ﬁa, R I 18, i
abj | 08 | 08 | 08 | 185) )85 | 188 | 465 | 1090 | 942 | 197 | 708 1334
[ 2tc) | 098|006 096|185 18 | 15 |. 938 | 823 | 869 | 1092 | 1785 | 194
ud) | 095 095 095|185 | 18 | 19 1508 | 1ass | 828 132 1925 | 1rT2 |
2) | 08 | 04 | 08 | 185|185 | 185 |Z607 {607 | 607 | 167 | 167 | 16t

Now we pr;:séﬁ't the results of color image compression. The original images of size
256x256 are given in a Fig. 5.

' Figure 5. Original color images.

s

The direct Fourier transform is used on separate Red, Green, and Blue components of
images from Fig.5. As a result we receive three complex matrices of size 256x256=65536 for
each image. Spectral clements with Jow intensity are discarded from each three matrices.
As a result, 14649 spectral elements of image Fig.5(a) and 12414 spectral elements of image
Fig.5(b) were retained. For saving a complex number a + jb, where a, b are real numbers.
we need memory for two real numbers. So then, for retaining of three complex matrices. the
quantity of elements form a total of 14649 that requires memory for 29298 real numbers. and
for 12414 complex numbers correspondingly - 24828. On the images (a) and (b) from Fig,
5 DDQFT was applied as well. Spectral components with low intensity were discarded and
4883 spectral elements for Fig. 5(a) and 4138 spectral elements for Fig.5(b) were retained.
i.e, 4883 quaternions for Fig. 5(a) and 4138 quaternions for Fig. 5(b). For saving 1883
quaternions, memory for 19532 real numbers is required, and for 4138 quaternions the re-
quired memory is correspondingly 16552. Then, inverse Fourier transform and IDQFT were
applied on retained spectra accordingly. The outcome images are presented on Fig.6(a).(b)
und Fig.7(a),(b), They are approximately of the same quality. This can be noticed on cal-
culated PSNR. but the outcome spectrum while using DDQFT on Fig. 5(a) and Fig. 5(b)
images occupies 1.5 Limes less space than the outcome spectrum while using the conventional
Fourier transform.
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Figure 6. (a) compressed with DFT: PSNR=26.25, memor) 1-..1.._
b) compressed with DQFT: PSNR=26.26, memory 78125

Figure 7. a) compressed with DFT: PSNR=26.77, memory 99312;
(b) compressed with DQFT: PSNR=26.79. memory 066208.

5 Conclusion

The color image enhancement algorithm is suggested, as well as image quality measure rate
is defined in the paper. Comparison of results of using quaternionic Fourier transform and

nventional Fourier transform for color image processing and analysis are presented. The
paper is significant by the fact that color image is analysis taken as n whole, i.e. 1t is not
divided into image forming separate color components Red. Green, and Blue This allows
using many of the existing grav scale image processing algorithms for color images. Late
11,1t 15 planned to develop and realize fast algorithms of quaternionic Fourier transform for

FC and ArmCluster
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