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ABSTRACT

In this article an algorithm has been developed to digitally
compress an image using two-dimensional Haar wavelets,
reduce its size, determine the recovery coefficients, and
display a higher quality image of the processed image than
the original image. It is known that one of the main
problems of image compression is to find and apply an
effective method that allows you to present each type of
pixel (dot) in a compact form. To overcome this problem,
a two-dimensional Haar wavelet modification was used,
and as a result, the image was compressed to make the
processed image more qualitative than the existing image.

Key words: Two-dimensional Haar wavelet conversion,
one-dimensional Haar wavelet conversion, image digital
processing, Haar's rapid conversion algorithm, discrete
signal.

1. INTRODUCTION

Currently, two-dimensional Haar wavelets are used in the
restoration, brightening, compression of images obtained
from medical devices, in image recognition, in the analysis
of various images in nature (color of the eye, radiography
of the kidneys, satellite images of clouds or planets, etc.
possible) is used in the study of the properties of vortex
fields and in other cases [2]. One of the main
disadvantages of images is the lack of pixel count (low
image quality) compared to the medical apparatus, and as
a result, there are various difficulties in making the
necessary diagnoses on X-ray images. In order to
overcome these problems, the two-dimensional Haar
wavelet conversion method was used [9,10].
Two-dimensional Haar wavelet modification is obtained
by applying one-dimensional Haar wavelet modification,
i.e.,, two-dimensional modification is performed by
processing rows and columns of the image into a one-
dimensional modification [1]. As a result of Haar wavelet
modification of two-dimensional signals, the floating
points of the signals are broken, resulting in small errors.
Reducing this error depends on the approximation level of
the signal[14].
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A new DWT-Hungarian method of watermarking a color
image was proposed in [15], and a new digital image
processing algorithm was considered in [16].

2. ONE DIMENSIONAL HAAR'S FAST CHANGE
ALGORITHM

Depending on the classes of signals, continuous and
discrete wavelet modification methods are used to process
them. Haar’s one-dimensional wavelet rapid change is the
simplest and basis for wavelet change [3,4,7]. Get
f(fy, f2,..., f;) one - dimensional discrete signal. As a
result of discrete wavelet modification, the processed
signal is divided into two pieces of equal size [5]. One is
the average value view a,, or approximation of the signal,

and the other is the different value view d,, or detail of the
signal [7].
They are represented in the following form,

an :fzn_\]];_fznl n 21,2,3,..., N /2 (1)

here a ={a,},n e Z -formula for determining the average

values.
If the signal has a different value,

d, - fan-1—fon

n=123...N/2(2)
here d; =(dq,ds,...,dy;2) -formula for determining

different values[8].
These values generate two new signalsa={a,},neZ:

one to restore the original signal and the other to restore
the first signald ={d,},neZ, indeed [6].
fon-1=an +dp
fon=an—-dn (3

If we look at the example of the rapid change wavelet
sound signals (Figure 1)
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Figure 1: Processing of sound signals using one-dimensional
Haar wavelet, a) initial signal b) compressed signal.
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To understand how the Haar Quick Change works, let’s
look at the following simple example [3]. Let’s suppose
12314

4567

18912
3456

When applying one-dimensional XO along the first line,
the approximation coefficients are based on (1).
1 1
——(1+2) and—=(3+4)
2 2

V2 V2

and the difference coefficients are based on (2)

1 1
-2 md 3-8

| the massive can be applied to other rows by the same
modification. By placing the approximation coefficients of
each row in the first two columns and the difference
coefficients corresponding to the next two columns, we
obtain the following results [8,11].

12314
_ 45 6 7 |on one-dimensional XO line
8912
3456
3 7 -1-1
119 13: -1 -1
V21173 -1 -1
7 11 : -1 -1

In a given ratio, the approximation coefficients and the
difference coefficients are separated by a dot on each line.
If we apply one-dimensional XO to the column of the
array generated in the next step, we have the resulting
array of the first level.

3 7 -1 -1
i 9 13: -1-1 on one-dimensional XO column
V2117 3 -1 -1

7 11 : -1 -1

2730

Hakimjon Zaynidinov et al., International Journal of Advanced Trends in Computer Science and Engineering, 9(3), May — June 2020, 2729 - 2734

1220 : -2-2
2414 1 -2 -2
-6-6:0 0
10-8: 0

So we have the following arrays,
12 20 -2 =2
A= , H=
24 14 -2 =2

(—6 —6] (0 0]
V= , D=
10 -8 00
Each massive shown in the example above has a size
(number of rows/2) - (number of columns/2) and
respectively they are called A, H, V, and D, [13].
A (approximation area) is the area that contains
information about the global properties of the image.
Deleting the spectral coefficients from this area results in
the greatest distortion of the original image. H (horizontal
area) contains information about the vertical lines hidden
in the image. Removing the spectral coefficients from this
area removes the horizontal details in the original image.V
(vertical area) contains information about the horizontal
lines hidden in the image. Removing the spectral
coefficients from this area eliminates the vertical details in
the original image. D (diagonal area) contains information
about the diagonal details hidden in the image. Removal of
spectral coefficients from this field results in minimal
distortions in the original image. Thus, the Quick Haar
Transformation (QHT) is applied to arrays where the
number of rows and columns in the image array is 2.
Includes division into QHT2. The number of
computational operations, on the other hand, is less
compared to the Haar modification (XM "). To split an
image, you first need to apply a one-dimensional QHT to
each line that represents the pixel value. One-dimensional
QHT is applied to each column.

3. CHANGING
WAVELET

TWO-DIMENSIONAL HAAR

For example, 2x 2given massive of three-dimensional
monochrome images,

hnjli=1wu2”;jzlqun(n

it can be expressed as a function of two variables
[0,9%[0,], the part of which is defined in the unit

field[8]. For a given two-variable function f (S, 1)
2N 2N

(5= X 5 %, jHijx; (500
i=1j=1
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Let the equality be fulfilled, here

{i—l i} {j—l j}
o =1 2o [ on o |
20 2 A
={@ty3e{Lil—LJte{i:l—lJ}
! 2n’2n’ n’2n

L(shelixl;)
0. elixlj)”

and

H|i><lj (S,t)z{

¢n,i—1(3) ¢n,j—1(t)
Jan o

The parameter s entered here is placed vertically and by

substituting (3) into (2) we obtain the index i of the
massivexi; [8].

=Hy; (H) (0= ®

1 2"2"
F(s.) =—2 2 X j#n,i-1(S)gn, j-1(t) =
2" i=1j=1
1 2" 2"
— 2.9 2 Xi,j%n, j-a () #n,ia(s) =
2" =1 j=1

1 2"
= 2_n.§12i (t)n,i-1(s) @)

Here
2n
zi(t) = 2 X, j#n, j-1(t) )
j=1

For each | step (5) is similar to equation (3) and the first
step of a one-dimensional QHT is performed [7]. We, we

have a  different form  of equation  for
z; (t), i=1,2,..2" (see formula 2)
o1y
zi)= ¥ ang b1+
j=0
"t
+ 2 dnog ¥, j(D @)
j=0

Now we replace (6) with (4) and form the following
2n

2. Zi (1) ¢n i1 (8) =

F(s,t) =+
2" ia
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2N 2N
X Xang faj®+
2"ial jo " LTt
2N
+ _zodrl1—1,j‘//n—l,j(t) Pn,i-1(s) =
J:
1 2n—l_1 on :
=— 2 12an-1j%n-1,j(8) dn-1j(O) +
27 j=0 |i=t
2n—l_1 on :
+ 2 1 20n-gjfni-1(s) wn-g, j®)
j=0 |i=1

N1
oa j(S)en-1,j(t)+

J

on-14

+ 2 B j®O®
j=0

here

2" .
aj(t)= ;) ah—l, j#n,i—1(8) and
_2” _
Bj(s)= 'gld:]_l’ i#n,i-1(s)

for j a j and 8 j the expressions are constant and are

similar to (3). One-dimensional QHT can be applied to it.
By doing this, we get the following,

2N
aj(t)= > all”l—l,j(bn,i—l(s) =
i=0
N1 on-14
Z%) an]_l,i¢n—1,i(3)"' Z%) dnj_l,il//n—l,i(s)
1= 1=

2N
Bjt)= _Z%)drll—l,j(bn,i—l(s) =
i=
on-14

2 gnj_l’i(bn _1,i(8)+

i=0

2n_1—1::-
+ 2 dnj_l i¥n-1i (s)
i=0 '
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here

fS)=-of Taj)dn O+
2 i=1

o1

+ 2Bj(S)wn, i) |=
i=1

1 (2"t 2”‘1—1~j
= ) ) ‘3‘n_1,i¢n—l,i(3)Jr
2 j=0 i=0
2n—1_1~_

+ z%) dnj_l,j‘//n—l,i(s) (Ijn,j(t)Jr
i=

2n—l_l 2n—1_1~_
+ X ) élunj_l,i(bn—l,i(S)Jr
j=0 i=0

N1~
+ 'Zo di g j¥n-1i(8) Wy j®)
1=

Considering the given equations, we get the following,

2n—l_lzn—l_l

fen= % % a5 fn, j Odn1i () +
= 1=
2n—1_12n—1_1

R 07 Bt j OVn-1i (5) +

2n—1_12n—1_1

+ Y Y W W O 1i(9)+
-0 j=0

2n—1_12n—1_1

+ Y Y dltvng jOvni(s)@®
i-0 i1

here

n-1_ 1 T
z_nan—l,i’ hi,j _Z_ndn—l,i’

n-1_ :j
L] - z_ndn—l,i

As a result, the functions are divided into the following
functions [4],

Pn-1,j O-1i(8), Pn-1,jOWn_1i(s), and
¥n-1,j On1i (8), Wn, j O, (s)
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Thus, the first phase of two-dimensional XM is continued
by applying the first phase of one-dimensional QHT to
each line of the image and then applying the first phase of
one-dimensional QHT to each line of the masive .

The above (8) is two-dimensional Haar wavelet equation,
which requires finding a large number of coefficients. The
use of a long chain of coefficients and signal values allows
to improve the quality of signal recovery.Filtering of
signals is performed using two types of filters, high
frequency (HF) and low frequency (LF), as shown in
Figure 1. As a result, the image is divided into four parts:
LFLF, LFHF, HFHF and HF. As you know, because the
image is two-dimensional, filtering pixel values is done
first by columns, then by rows. During the filtering
process, the pixel color values are multiplied by the Haar
wavelet coefficients and are the sum of the result. Thus,
this conversion process continues until the last pixel of the
image is etched.

=N
dimens=ional NxN/2 NxN/2
mage —
LFHF HFHF LFHF HFHF
—n’
G s, LFHF | HFHF T
LFLF HFLF HFLF
LFLF | HFLF

Figure 2: 1st and 2nd degree fragmentation scheme of images in
two-dimensional Haar wavelet.

Suppose we were given an X-ray of the head. C ++
Builder and Matlab programs based on the model shown
in (8) were used to improve the quality of the stain in that
image [11,12]. The following results were obtained after
Level 1 fragmentation and Level 2 fragmentation (Figure
3, Figure 4).
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Figure 3: 1* degree fragmentation in two-dimensional Haar
wavelet.



Iﬂseﬁede
Tl P!\

;

'

Level 2 fragmentation

Figure 4: Level 2 fragmentation in two-dimensional Haar
wavelet.

Coefficients of recovery after 1st degree fragmentation as
a result of digital processing of X-ray image of the head

(Table 1)

Table 1:Coefficients of recovery of the 1 level decomposition

Ne-odd No-
a;i(S)- i(S)-

numbers J( ) couple ’BJ( )
Image numbers | Imagerecovery
recovery coefficients

coefficients (FQ)

(©Q)

1. 0 2. 0

3. 0 4. 0

5. 0 6. 0

7. 509 8. 507,5

9. 507,5 10. 492,5

11. 307 12. 187

13. 0 14. 0

15. 437,25 16. 479,75

17. 493,75 18. 536,25

19. 669,5 20. 824,75

21. 976 22. 212,5

23. 700 24. 720,75

25. 1016 26. 1006,25

Coefficients of recovery after 2nd degree fragmentation as
a result of digital processing of the radiographic image of
the head (Table 2)
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Table 2: Coefficients of recovery of the 2nd level decomposition
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Ne-odd Ne-
a:(S)- (S)-

numbers J( ) couple ’BJ( )

Image numbers Image
recovery recovery
coefficients coefficients
(0Q) (FQ)

1. 0 2. 0

3. 0 4. 0

5. 0 6. 0

1. 277,5 8. 225,5

9. 229 10. 102

11. 109 12. 507

13. 0 14. 0

15. 524,25 16. 533

17. 489,75 18. 457,75

19. 614,75 20. 639,5

21. 690 22. 971,5

23. 1016 24. 1020

25. 4,75 26. 24,25

4. CONCLUSION

As a result of digital processing of two-dimensional Haar
wavelet conversion, an algorithm was developed based on
1st-degree and 2nd-degree compression of images,
improving the quality of the compressed image and
determining its recovery coefficients. As a result, the
compressed image is made brighter than the existing
image. The amount of these coefficients was 159048 after
the 1st degree fragmentation and 159330 after the 2nd
degree fragmentation. The large amount of these
coefficients give some positive results in image recovery.
This developed algorithm can also be widely used in
determining the number of spots in a subsequent image.
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