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Abstract:-

In all applications and specially in real time applications, image processing and
compression plays in modern life a very important part in both storage and transmission
over internet for example, but finding orthogonal matrices as a filter or transform in
different sizes is very complex and importance to using in different applications like
image processing and communications systems, at present, new method to find orthogonal
matrices as transform filter then used for Mixed Transforms Generated by using a
technique so-called Tensor Product based for Data Processing, these techniques are
developed and utilized. Our aims at this paper are to evaluate and analyze this new mixed
technique in Image Compression using the Discrete Wavelet Transform and Slantlet
Transform both as 2D matrix but mixed by Tensor Product. The performance parameters
such as Compression Ratio, Peak Signal to Noise Ratio, and Root Mean Squared Error,
are all evaluated for both standard colored and gray images. The simulation result shows
that the techniques provide the quality of the images it was normal but acceptable and
need more researchers works.

Keywords—Mixed Transforms, Tensor Operation, Orthogonal Matrices, Wavelet
Transform, Slantlet Transform, Images Compression.

1. INTRODUCTION TO NEW properties of all converters transforms
MIXED TRANSFORMS in the same signal, in our case the

In this research work meaning of the signal will be 2D image both color and
mixing transformer is transfer signal ~gray scale. In the previous case or old
from domain to another spatial domain ~ classic methods techniques for the
by using multiple orthogonal filters mixing process will happing by the
transform for collect the benefitsand ~ form of stages as presented in Fig. 1,
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this segment will take several cases to
find Mixed Transforms from two or
more well - known Transforms, the
first Wavelets and its Groups (DWT
Discrete Wavelet Transform), and the
second one the Slantlet Transform as
2D matrix procedure.

Second 2D Image NxN

Transform NxN

*T
2D Filtering Second
Image for

Columns NxN

Transform NxN

Fig. 1 Mix Transforms Algorithm for 2D
Images (Stander method).

It can be creating a Mixed Transforms
from the above transformer as
following:

1. 2D Wavelet (DWT Discrete
Wavelet Transform), in deferent sizes
with Wavelet its self in deferent sizes
too,

2. 2D matrix Slantlet Transform in
deferent sizes with Slantlet also in
deferent sizes,

At the end there are many for mix two
transforms or more the reason for this
way to achieve the benefit for this
transforms in one matrix or different
sizes of filters to different dimensions
of objects and study the performances,
“it is very importance think that the
first matrix will be called the base or
the root and the other the branches or
leaves in illustration section 1, we find
that the mix matrix is take the figure of
base matrix if we can mix the Wavelet
possessions and Fourier properties we

can get the frequency domain and
Spatial domain, together without using
old ways as shown (as in Fig. 1) for
Images as example application it will
be desiccation in the next section”[6].

For the new method, will be custom
the tensor product, may be valuable in
dissimilar ways in vectors, matrices,
spaces, algebras, topological vector,
and modules, among several add-on
structures or objects. “The most
general multi-linear process, in some
contexts, this product is also cited to as
outer product. Matrices can denote the
linear maps A and B. Then, the matrix
relating the tensor product is the
Kronecker multiply of the two or more
matrices. There are many properties
for tensor product but for this paper we
will impervious a new property in this
paper can be functional for our
investigation and the property is” [6]:

Theorem 1L IfA:Z —>ZandB: Z—~Z
are square matrices, and both A and B
are orthogonal matrices then any act of
their tensor product on a matrix is
given by (AQB = C: Z —Z) the
matrix C will be square orthogonal as
well, somewhere Z is the set for
complex numbers together with the
vectors numbers [6] .

This theorem can be practical even on
vector number with vector or matrix
numbers but must both orthogonal, the
proof in [6] well help to understanding
this new property as shown in
Example:
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Let Wavelet Db2 2x2 [A] = [} _ﬂ
and

Wavelet Db2 4x4 [B] =
1 1 0 0

0 0 1 1

1 -1 0 0

0 0 1 -1

then:

[A]2x2 ®[Blaxs
1 10 0 1 1 0 O
o 01 1 0 0 1 1
1 -1 0 0 1 -1 0 0

o o1 -1 0o o 1 -1

ft 10 0 -1 -1 0 o0
o 01 1 0 0 -1 -1
1 -10 0 1 -1 0 0
0o o1 -1 0o o 1 -

Then to proof the orthogonally for

matrix C it is must make matrix
ultiply:

1 1 0 0 1 1 0 0
o 01 1 o0 0 1 1
1 -1 0 0 1 -1 0 0
o 01 -1 0 0 1 -1
1 10 0 -1 -1 0 0
o 01 1 0 0 -1 -1
1 -1 0 0 1 -1 0 0
o 01 -1 0o 0 1 -1
1 0 1 0 1 0 1 0
10 -1 0 1 0 -1 O
o1 0 1 o0 1 o0 1
o1 o -1 0 1 0 -1
10 1 0 -1 0 1 0
10 -1 0 -1 0 -1 0
o1 0 1 0 -1 0 1
o1 0 -1 0 -1 0 -1

=4[I]8x8

2. IMAGE COMPRESSION USING

MIX TRANSFORM
The image compression is a data
compression procedure of numerical
images. The goal of the digital image
looseness is to minimalize the idleness
of the image data in order to transfer
and stock data in the effective system
[6], uphold the energy retained and
growth the compression ratio. A
technique for the image compression is
explained; in the Wavelet Transform
the coefficients below a certain value
of threshold are removed therefore a
total threshold can be used to progress
Wavelet compression method [3].
There are several of image
compression parameters, some of them
are:

1. Energy: The energy is a
measurement  of  pixel  pair’s
repetitions. It can be figured by:

Energy = Y. Y. P2(i,j) (1)

where in equ. (1) P 4 j is the
probability density here [5].

2. Peak Signal to Noise Ratio
(PSNR): To quantify the image
quality and to measure the similarity
between the original image and
reconstructed image, PSNR parameter
can be used. A better image quality
can be produced by larger PSNR [4]. It
can be calculated by [1]:

2
PSNR = 10 logio (=)

@)

where (MSE) is mean square error
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between any two images which is
given by the equation:

MSE = —Z L, (P = Q2 3)

where P; is the original image, Qi is the
compressed image data and “k” size of

the image.

3. Root Mean Square Error
(RMSE): 1t is the square root of a
mean square error [2]:

RMSE = +MSE (4)
From calculations above, final
equations will be:

1. The transform construction
equation:

[T]omyom =

[WD2] 74, @[WD2]ym-nyom-n  (5)

where: n variation from 1 to m-1 for
our example in this paper as shown in
tables from 1 to 4 we take 2048x2048
or 21x2™ the size of the original Gray
Image, and take DWT as following
from equation (5):

[Tlp115011 =
[WD2],1,,1Q[WD2],10,510

then:

[T]211x211 =
WDZ]Zz 22®[WD2]29X29

[
[T]p114011 =
[WD2],s, 23®[WD2]28X28

then:

then:

[T]y114011 =
[WDZ]210X210 X® [WD2]21X21

Note that For Slantlet Transform is
the same for DWT and for Color the
image size will be 219x21°,

2. the original image will be three
parts Red, Green and Blue:

[Img]
= [P] 2Mx2™Mp [P]mesz , [P] 2Mx2™Mp

3. find the result for the equations:

[Qlzmyem = [T][Img][T]*"
= [T] [P]mesz , [T] [P]mezm [T]*T

[ T] [P]gmygm g [T]*T (6)
4. take the first quarter or
[Q],m/2,,m2  then now can be

transmitter or store.

5. for reconstruction the
[G]mezm = [Q]zm/zxzm/z +
[Zero],m,m where [Zero],my,m is
Zeros matrix.

image

6. then the final image will be

[Img]ymyym = [T [G]ymyom[T]

= [T]""[Glamyom g [T], [T [Glomyom g [T]

’ [T]*T [G] 2Mx2™Mp [T] (7)

7. Peak Signal to Noise Ratio
(PSNR) will be:

MSE = -Z =1(R — Img;)* (8)

And Root Mean Square Error RMSE =
VMSE
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All result for the above equations can

Table. 1 The Results of (Wavelet) Tensor Product

be study well in the Tables from 1 to4:

Ist Matrix 2nd Matrix Size (M2) NO#B(;LglJb- Energy of LL
Size (M1) " Of Mixed Sut?—éand PSNR RMSE
Image
2%x2 1024x1024 2%2 1.7738 33.9938 5.1115
4x4 512x512 4x4 2.5387 35.0936 4.5036
8x8 256%256 8x8 1.6405 41.1319 2.2472
16x16 128x128 16x16 1.1741 48.4519 0.9675
32x32 64x64 32x32 1.6829 48.6761 0.9428
64%64 32x32 64%x64 1.5682 55.5744 0.5183
128x128 16x16 128x128 1.4877 58.8925 0.3497
256%256 8x8 256x256 1.4824 65.8984 0.1298
512x512 4x4 512x512 1.5185 70.6603 0.0750
1024x1024 2%2 1024x1024 1.5110 84.9407 0.0145
Table. 2 The Results of (Slantlet) Tensor Product for Gray Image
1st 2nd NSO# of lﬁf “Green | “Blue” | oo\p | pSNR | PSNR | RMSE | RMSE | RMSE
Matrix Matrix B;r?(-j Sub- S;JbL SILIB of of of of of of
Size (M1) | Size (M2) Of Mixed Band Band Band “Red” “Green “Blue” “Red” “Green “Blue”
Image En;rg Energy | Energy Band ” Band Band Band ” Band Band
2%2 512x512 2%2 0.7006 0.2104 0.1096 43.8275 | 41.8245 | 41.6127 2.1172 2.0750 2.1262
4x4 256%256 4x4 0.4929 0.1357 0.0475 39.7548 | 42.8426 | 44.3864 3.4772 2.3858 1.5450
8x8 128x128 8x8 0.8465 0.1889 0.0084 42.9081 | 45.9646 | 43.4502 2.3669 1.6353 1.7208
16x16 64x64 16x16 0.9099 0.1679 0.0728 46.4676 | 46.1341 | 50.2651 1.5391 1.6022 0.7852
32x32 32x32 32x32 0.7275 0.2104 0.0278 57.1958 | 56.4455 | 50.8632 0.4276 0.4674 0.7330
64x64 16x16 64x64 0.6104 0.2202 0.0337 60.4681 | 54.5466 | 51.2610 0.2426 0.4796 0.7001
128x128 8x8 128x128 0.7608 0.2320 0.0530 59.3510 | 54.5118 | 52.8010 0.2759 0.4816 0.5864
256x256 4x4 256x256 0.6932 0.2134 0.0240 53.9698 | 51.3522 | 51.2047 0.5126 0.6928 0.7047
512x512 2%2 512x512 0.7152 0.2295 0.0214 53.9369 | 51.3784 | 51.2331 0.5145 0.6907 0.7024

Zainab Ibraheem
Saifuldeen A. Mohammed
Nabeel Jameel Tawfiq

Association of Arab Universities Journal of Engineering Sciences
NO.3 Volume.25 Year.2018



160

Table. 3 The Results of (Wavelet) Tensor Product for Color Image

1st Nof of “Red” “Green | “Blue”
. 2nd Sub- LL " u PSNR PSNR PSNR RMSE | RMSE | RMSE
Matrix - LL LL
Size Matrix Band Sub- Sub- Sub- of of of of of f
(M1) Size (M2) of Band Band Band “Red” | “Green | “Blue” “Red” “Green | “Blue”
Mixed Energ Band ” Band Band Band ” Band Band
I Energy | Energy
mage y
2%2 512x512 2x2 0.4346 0.0254 0.0090 43.8275 | 41.8245 | 41.6127 2.1172 2.0750 2.1262
4x4 256x256 4x4 0.5819 0.0680 0.0346 37.6148 | 41.1033 | 50.6396 45246 2.9485 0.9330
8x8 128x128 8x8 1.1174 0.1498 0.0025 41.4094 | 44.8595 | 43.9096 2.8404 1.8686 1.6322
16x16 64x64 16x16 1.3332 0.5127 0.1848 58.9588 | 48.3333 | 50.0048 0.3470 1.2299 0.8091
32x32 32x32 32x32 1.3048 0.3317 0.1624 57.3495 | 59.3156 | 53.2305 0.3473 0.3326 0.5581
64x64 16x16 64x64 1.5086 | 0.1749 0.1138 | 61.8882 | 56.4204 | 53.3412 | 0.2455 0.3866 0.5510
128x128 8x8 128x128 1.7231 0.3172 0.1319 66.4304 | 57.0376 | 55.4054 0.1221 0.3600 0.4345
256x256 4x4 256x256 | 1.3866 | 0.2115 0.0771 | 56.9824 | 54.1930 | 53.8474 | 0.3623 0.4996 0.5198
512x512 2x2 512x512 | 1.3076 | 0.2090 0.0756 | 54.7462 | 53.0308 | 53.2306 | 0.4687 0.5711 0.5581
Table. 4 The Results of (Slantlet) Tensor Product for Color Image
No# Of Sub-
. 2nd Matrix Band Energy of LL
1st Matrix Size (M1) Size (M2) Of Mixed Sub-Band PSNR RMSE
Image
2%2 1024x1024 2x%2 1.6627 33.9938 5.1115
4x4 512x512 4x4 3.8200 35.2405 4.4281
8x8 256%256 8x8 2.9560 39.5438 2.6981
16x16 128x128 16x16 2.0213 40.2806 2.4786
32x32 64x64 32x32 2.0697 47.3442 1.0991
64x64 32x32 64x64 2.2290 56.3576 0.3894
128x128 16x16 128x128 2.1896 83.6799 0.0168
256x256 8x8 256x256 2.1232 66.3734 0.1229
512x512 4x4 512x512 2.0869 73.9637 0.0594
1024x1024 2%2 1024x1024 2.0807 74.7335 0.0469
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3.RESULTS AND CONCLUSION
From Fig. 2 to Fig. 9 will be shown
that it can to make study and compare
between the two transform DWT and
Slantlet just in this paper, in Image
Compression, but also, it can make
long study for all types of transform
and for combine two or more
transforms like Wavelet and Slantlet
with Fourier. In the end in this paper
and the proposal method, the
conclusion for this result in tables
from 1to 4 and from Fig. 2 to Fig. 9
can be summarize as fallowing:

* it is obviously strong that, it can
be realized in the first, the new method
is not all case can be suitable for
Image Comparisons as showed except

the most obvious case when the
transform for both DWT and Slantlet
and both in Color and Gray, as
fallowing:

[T]omyom =
[WD2],1,,1Q@[WD2],m-1,,m-1

or

[T]mezm
= [SLT],1,,1 ®[SLT],m-1,,m-1

* it is obviously strong that, this new
techniqgue can work as encryptions
tools and comparisons in the same
time if the transform will work as
encryptions private key.
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Fig. 2 Gray image: The model of (wavelet) tensor product for best result
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Fig. 3 Gray image: The model of (wavelet) tenser product after Mix.

Zainab Ibraheem Association of Arab Universities Journal of Engineering Sciences
Saifuldeen A. Mohammed NO.3 Volume. 25 Year.2018
Nabeel Jameel Tawfiq



163

e A

% o %+
JR—
L — =i
=
=} - H
=18 4 g
4 4 4
J.J"xv____f
o L ) ) . L o L 1 n L "
0 = 0 = ) =0 =0 (7 = T = 0 =

Fig. 4 Gray image:

% 0 Hs2 of HMaTk PE=e HE ofMkad % 1t HEL of R
c N =

o1 0z ©03 04 65 @ @5 1 15 I 25 3 o = 1o 1=m =o =
x w0
Subband after 0 padding

Fig. 5 Gray image: The model of (Slantlet) tenser product after Mix. and reconstruction.

Zainab Ibraheem Association of Arab Universities Journal of Engineering Sciences
Saifuldeen A. Mohammed NO.3 Volume.25 Year.2018
Nabeel Jameel Tawfiq



164

g Sl i i i) A e

i ziogram of Criginel mags Hiztogram of md bared FHiziogram of green b o gram of Bus b

- foed

— = 00w

Ll

20m

a
m m m a = M = 2 W [:] 3 mo '} 2 3 [:] E 'm S I Im

Fig. 6 Coloer image: The model of (wavelet) tenser product for best result

M Manx H recec weh mage

x 1 Fek of H Marix z et of Mo o P
" ] 2om
El El
L] % mom ——=H
] H H
H aom
z 3 eom
T aom
z
] 20m
3 ok ]
] o oz [E] o4 ] = T T ] = m =0 2Z; 2 Mo

Zainab Ibraheem Association of Arab Universities Journal of Engineering Sciences
Saifuldeen A. Mohammed NO.3 Volume.25 Year.2018
Nabeel Jameel Tawfiq



165

e A

e =0 o T e e = o o G e = ot o e e Mo
2 2 2

El
—
[ [ [ [

] ] Im ™ ] ® ] Tz s & = m T 2 3 & =
= = 1 =

Rec o o Qearsec Viang Green Sen e o Qeverses Virg T e Denc o Seversec Vg

Hiztogram of Criginal mage Fiztogram of me e Fim o of grean et i gram of i e

1Z20m

— = mom

som

fried

[
a m 2m Pl a k- m M 2@ 2= a aa mo '} 30 A0 a = 1m |1 2 Im

Fig. 8 Color image: The model of (Slantlet) tenser product for best result.
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Fig. 9 Color image: The model of (Slantlet) tenser product after Mix. and reconstruction.
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