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Abstract- Generally, Discrete wavelet transform (DWT) are good perform a when little to no simple
mathematical operations in the wavelet basis, in many applications, wavelet transforms can be severely
truncated compressed and retain useful information Image compression. Though, DWT and the divided
wavelet transform, still suffering from Poor directionality Lack of phase information, and Shift-
sensitivity, which is a major drawback in most the communications systems. The Double-Density
Discrete Wavelet Transform (DDDWT) achieves great results compared to previous conventional
methods less complexity. Credited with this good result, so due to a simplified account that deal with
two-dimensional and three-dimensional images by the way and transformation matrices as if through a
matrix multiplication between the picture and the conversion of number DDWT. Moreover, the form
of repeated goal is achieved with the optimization process for the appropriate application.

Indexed Terms- DDDWT, Image Compression, Improve Medical Image.

I. INTRODUCTION

Data compression is the process of converting data files into smaller files for the efficiency of storage
and transmission. As one of the enabling technologies of the multimedia revolution, data compression
is a key to rapid progress being made in information technology. It would not be practical to put images,
audio, and video alone on websites without compression [1]. Several benefits Image Compression and
de-noising medical images emerging it as an attractive standard for various digital data over for various
digital data over daily life applications [2]. Attention in ways that digital image stems from two main
applications first one, improving the pictorial information for human interpretation of the areas of
treatment; and as second, processing the image data to store and transport independent representation
and visualization device. In some image processing applications require the transformation process to
solve problems [3].

Although increasing the bandwidth is a possible solution, the relatively high cost makes this less
attractive. Therefore, compression is a necessary and essential method for creating image files with
manageable and transmittable sizes [4]. In order to be useful, a compression algorithm has a
corresponding decompression algorithm that, given the compressed file, reproduces the original file.
There have been many types of compression algorithms developed. These algorithms fall into two broad
types, lossless algorithms and lessee algorithms. A lossless algorithm reproduces the original exactly.
A lessee algorithm, as its name implies, loses some data. Data loss may be unacceptable in many
applications. For example, text compression must be lossless because a very small difference can result
in statements with totally different meanings [5]. There are also many situations where loss may be
either unnoticeable or acceptable. In image compression, for example, the exact reconstructed value of
each sample of the image is not necessary [6]. Depending on the quality required of the reconstructed
image, varying amounts of loss of information can be accepted several methods are compared to their
facility to compress standard images and the fidelity of the reproduced image to the original image. In
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order to compare wavelet methods, a software tool called Min-Image was used. Min-Image was
originally created to test one type of wavelet [7].

However, the standard of DWT is an authoritative tool for analysis and processing of many real-
world signals and images. These disadvantages severely restrict its scope for certain signal and image
processing applications, for example, edge detection, image registration/segmentation, motion
estimation [8]. Other extensions of standard DWT such as Wavelet Packet Transform (WPT) and
Stationary Wavelet Transform (SWT) reduce only the first disadvantage of shift- sensitivity but with
the cost of very high redundancy and involved computation. Recent research suggests the possibility of
reducing two or more of these disadvantages. Introducing the DDWT as the tight frame equivalent of
Daubechies orthonormal wavelet transforms [9]; the wavelet filters are of a minimal length and satisfy
certain important polynomial properties in an over-sampled framework. For the reason that the DDWT,
at each scale, has twice as many wavelets as the DWT, it achieves lower shift sensitivity than the DWT
as in [10].

II. THEORETICAL BACKGROUND

2.1 Characteristics of Discrete Wavelets Transform

The DWT has the disadvantages of redundancy and impracticability with digital computers. As
parameters (a, b) take continuous values, the resulting DWT is a very redundant representation, and
impracticability is the result of redundancy. So, the scale and shift parameters are evaluated on a discrete
grid of time-scale plane leading to a discrete set of continuous basis functions. The discretization is
performed by setting [11]:

b=b!, a=k b a,, for jkeZ . @

Where a0 > 1 is a dilated step and b0 # 0 is a translation step. The family of wavelets then becomes:
Vik ®) :aaj/ZW(a(;jt_kbo) 2
And the wavelet decomposition of a function f (t) is:
f(t):z ZDf(Lk) l/’j,k(t) 3
j=0 k=—

Where a 2-D set of coefficients DF (j, k) is called DWT of a given function f (t). The selection of y (t)
is made in such a way that basis function set {yj, k} constitute an orthonormal basis of L2 (R) so that:

D, (.K) = [}, O F IO = (w;, O F (1)) @

2.2 Computation technique of the DDWT

The DDWT is implemented on discrete-time signals using the over-sampled analysis and synthesis filter
bank shown in Figure (1). The up-sampled signals are filtered by the corresponding synthesis low pass
h0 (n) and two high pass h1 (n) and h2 (n) filters and then added to reconstruct the original signal.
Note that the filters in the synthesis stage, are not necessarily the same as those in the analysis stage.
For an orthogonal filter bank, hi (n) has been just the time reversals of hi (n).
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Wavelet frames, having the form described above, have twice as many wavelets than is necessary. Yet
note that the filter bank illustrated in Equation (5) is oversampled by 3/2, not by 2. Though, if the filter
bank is iterated a single time on its low-pass branch (h0), the total oversampling rate will be 7/4. For a
three-stage filter bank, the oversampling rate will be 15/8. When this filter bank is iterated on its low-
pass branch indefinitely, the total oversampling rate increases to 2, which is consistent with the
redundancy of the frame for L2 (R) [12]. For computing fast discrete DDW transforms consider (W)
the following transformation matrix for length-7 [13].

[M0) h@) h(2) h(3) K@) hE) KE) 0 0 A 0 0 ]

0 0 h(0) h(0) h(2) h(3) h(4) h(E) KE) A 0 0

M M M M M M M M M M M M (5)
h(2) h(3) h(4) h() K6 0 0 0 0 A h0)h)
h(0) h@ h(@) h(@) h(4) h(E) hE) o 0 A 0 0

wol 0 0 h0O) h@) hE) hE) h4) hE) nE) A 0 0
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h(2) h(3) h(4) h(E) hE) 0 0 0 0 A h(0) hQ
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0 0 h(0) h@ h hEB h4) 0o 0 A 0 0

M M M M M M M MMM M M
h@) hE h@) o 0o 0 0 0 0 A h©) K b,

2

2 ) — 2T i, ni—
$an iy — 21—l Jp i} > X in)
|2 = i) —] 2T [P

Analysis Synthesis

Figure 1: Analysis and Synthesis of 1-D Single Stages for DDWT.

2.3 Literature Review for Image Compression

Still, several difficult problems remain unresolved in the Image compression. There are applied to the
graphic images algorithms, the basic concepts to store graphic images, colour space, it is also discussed
in the summary, proposed a context novel based dual wavelet transform coding approach (CBTC) which
combines BWT with highly ranked context account on the basis of coding scheme to compress an
integral part of scale of gray images. Nationality [14], the two compression methods for irregular 3D
mesh sequence with constant communication using integer wavelet analysis of the exact spatial
technique. Also in [15], fractal image compression coding proposed a plan based on wavelet transform
with the search of diamonds. In addition, Liu Hui and Silang in [16], proposed a new image coding
method based on DWT and quad-tree decomposition. In [17], it was proposed to link new wavelet
encoding a large tree way to improve the image compression together within the wavelet tree to
facilitate the encryption algorithm. In [18], the new wavelet transform image encryption algorithm with
DWT is applied to the original image. Moreover, in [19] reported the design and field programmable
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gate array (FPGA) implementation of system heaviness 2-D DBWT N separable. Zhang et al studied
the conversion of the two categories of coding and sub and coding for image compression NDE
ultrasonic [20]. In [21], the proposed new 3D image based on wavelet transforms of each of the images
and estimate the disparity between the sub band stereo pair compression system. Pantene others,
compression techniques made to improve the ultrasound images and the catheter by applying wavelet
transform outperforms discrete cosine transform [21]. Image Compressor fast used bi-orthogonal
wavelet transform, which gives high-speed calculations and pressure excellent performance worked in
[22]. Presentation Angelidis in [23] technique for MR image compression coding based on the
conversion plan using a wavelet transform and vector quantization.

2.4 Optimize DWT Compression Algorithms

To calculate a single level discrete Wavelet transform for 1-D signal the next steps should be followed:
1. Checking input dimensions: Input vector should be of length N, where N must be even and N
length (analysis filters).

2. Construct a transformation matrix: Using transformation matrices given in equation (5) .

3. The transformation of the input vector, which can be done by putting on matrix multiplication
to the (3N/2) XN constructed transformation matrix by the Nx1 input vector.

Y = [VV]SQIXN [X]N <1 (6)

Where:
XL :Y[O:%—l}, XH1=Y|:%:N—1:| (7)

Figure (2) shows the 1-D wavelet Compression, inverse forward transform, algorithms. For a complete
DDWT Compression of the Image Xn with 2n entries, the Max Compression Step can be defined in the
domain of [1, n]. Compression Step implements one step of the wavelet Compression in an array of
data. [12] As we know, images are 2-D signals. A simple way to perform wavelet decomposition on an
image is to alternate between operations on the rows and columns. First, wavelet Compression is
performed on the pixel values in each row of the image. Then, wavelet Compression is performed to
each column of the previous result. The process is repeated to perform the complete wavelet
decomposition.
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Figure 2: DDWT Composition Algorithm in Min-Image algorithms

I1l.  PROPOSED THE DDWT TECHNIQUE FOR COMPRESSION 2-D SIGNAL

3.1 Computation of the DDWT for 2-D

As simplifying design complexity is one of the main anxieties of this paper, and depending on the
mathematical characteristics of the transformation matrix is given in equation (5), a fast orthogonal-based
transform can be determined with the more simplified computation procedure. Starting from the
equivalence of two matrix theorem, the equivalence relation Y=WXT, where W and T are non-singular,
is a very general one. It can be thought of as a transformation of a matrix X into a matrix Y, where both
are square matrices, equivalent and having the same rank. Many applications involve special cases of
equivalence transformations in which W and T have further properties. Thus,

If T=wWT=w"*
Then: Y=W x X xWT =W x X x W (8)

An orthogonal transformation and Y is orthogonal to X. So as the transformation matrices are given
in (5) transpose are equal to their inverse matrices the orthogonal transformation of (W) can be used in
the computation of discrete DDWT.
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To compute a single level Orthogonal —based discrete DDWT for 2-D signal the next steps should
be followed:

a. Checking input dimensions: Input matrix should be of length NxN, where N must be even and
N >= length filters.

b. For a NxN matrix input 2-D signal X, build a 3N/2xN transformation matrix, T using
transformation matrices is given in equation (5).

c. Apply Transformation by multiplying the transformation matrix by the input matrix by the
transpose of the transformation matrix

[yl = [W] x [X] x [W] 9)
This multiplication of the three matrices results in the final discrete DDWT transformed matrix.
3.2 Numerical Cases of Calculating 2D- DDWT.

a. Let X be the input 2-D signal, x =rand(8,8)

[X] 6xs =
0] 1 2 3 4 5 5] 7
1 2 3 4 5 6 7 8
2 3 4 5 6 7 8 9
3 4 5 5] 7 8 9 0
1 3 6 5 4 3 2 i
5] 5 6 7 7 6 7 4
[X] sxs=
0] 1 2 3 4 5 6 7
1 2 3 4 5 6 7 8
2 3 4 5 6 7 8 9
3 4 5 6 7 8 9 0
1 3 6 5 4 3 2 7
6 5 6 7 7 6 7 4
(0] 0 (0] 0 0 0] 0 0
(0] 0 (0] 0 o 0 0 0

b. For an 8x8 (N x N)) input 2-D signal, X, and length (6) filter, constructs a 12x8 (BTNX N)

transformation matrix, W, using length (6) coefficients filter:
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[W] 12:8=
0.1430 0.5174  0.6396 0.2443 -0.0755 -0.0546 0 0
0 0 0.1430 0.5174 0.6396 0.2443 -0.0755 0.0546
-0.0755  -0.0546 0 0 0.1430 0.5174 0.6396 0.2443
0.6396  0.2443 -0.0755  -0.0546 0 0 0.1430 0.5174
-0.0185 -0.0669 -0.0739 0.0004 0.5811 -0.4222 0 0
0 [} -0.0185 -0.0669 -0.0739 0.0004 0.5811 -0.4222
0.5811 -0.4222 0 0 -0.0185 -0.0669 -0.073 0.0004
-0.0739  0.0004 0.5811 -0.4222 0 0 -0.0185 0.0669
-0.0460 -0.1666 0.0031 0.6776 -0.4681 [} 0 0
0 0 -0.0460 -0.1666 0.0031 0.6776 -0.4681 0
-0.4681 0 Q Q -0.0460 -0.1660 0.0031 0.6776
0.0031 0.6776 -0.4681 0 0 0 -0.0460 0.1666

c. Apply transformation:
[Y] 12x12= [W] 1206 X[X1] &xe X [W'] 8x12=

56763 101001 154918 83807 ;00654 11525 -18990 09356 0952 (00345 39327 -2.0450 9.9004

123725 1232577597 04125 @.8783 14684 03299 0741 01543 09265 -1.655747780 5.1943

40650 3748 03924 03025 1 01776 0.0440 03359 -0.3268 5-0.6962 -02m2

13734 34755 6.3554 35066 02306 -09:81 05518 -0.0000 L0000 31978 LAI300393 1o
25752 -1.4380 00429 20129 %3.5791 0.7021 04157 02666 20828 -0.744309646 -1.2359 -1.2686
£.7002 -0.0291-0.0949  0.1907 EL0.0455 00729 00003 -01328 30183709476 05996 0.0963 -0.4689
£.0508 -0.0391 02036 -0.1028 §-0.0435 0.0423 06222 -0.2066
00200 0.0310 16238 24145 & -00000 -1.7827 -0.1069 03411 £0.0000 -0.0000 3.1808 -0.8486
06192 23333 17612 09238 . {.1860 4.0467 -0.0807 -0.2397 .-0.4627 -0.0000 45220 12830
42805 46309 37314 40443 04407 01593 04904 -01719 02579 04279 06036 -0.1868
15596 -4.1361 -5.7439 -3.4888 -().1263 0.0974 03912 0.3345: -0.1081 0.1052-1.6857 0.95470.0497

0.

06511 14737 05717 00000 00000  -0.2703 0.1453  -0.0000% -0.0000 0.7961 -0.3616

3.3 Computation of the Inverse DDWT
To calculate a single level 2-D inverse discrete DDW transforms using non-separable method the
next steps should be shadowed:
1. LetY be the 3N/2x3N/2 DD-Wavelet transformed matrix.
2. Construct Nx3N/2 reconstruction matrix, T=W', with transformation matrices given in equation
(5).
3. Reconstruction of the input matrix by multiplying the reconstruction matrix by the input matrix by
the transpose of the reconstruction matrix.
To find the 2D inverse DDWT by applying input matrix reconstruction:

[X3]exs = [W] sx12X[y] 12x12% [W'] 8x12
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0.0000 1.0000 2.0000 3.0000 4.0000 50000 6.0000 7.0000

1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000 8.0000

2.0000 3.0000 4.0000 5.0000 6.0000 7.0000 8.0000 9.0000

3.0000 4.0000 5.0000 6.0000 7.0000 80000 9.0000 0.0000

1.0000 3.0000 6.0000 5.0000 4.0000 3.0000 2.0000 7.0000

6.0000 5.0000 6.0000 7.0000 7.0000 6.0000 7.0000 4.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Atagiven level in the iterated filter bank, this separable extension produces nine 2D sub-bands.
These sub-bands are shown in Figure (3). Since L is a low-pass filter (ho(n)) while both Hi and H; are
high-pass filters (h1(n) and hz(n)), the H2H>, H2H1, H1H>, H1H1 sub-bands each have a frequency-domain
support comparable to that of the HH sub-band in a DWT. A similar scheme creates the HiL, HoL (LHs,
LH>) sub-band with the same frequency-domain support as the corresponding HL (LH) sub-band of the

DWT, but with twice as many coefficients. Lastly, note that there is only one sub-band LL with the
same frequency-domain support as the LL sub-band in a DWT.

Level 2

X

~—-@
—iE-0—— @
~rm—-@-—-0--mm—@
@ E-0-

N
4

a2

N N
Level — x—
2 2

Figure 3: An Oversampled Filter Bank for 2-D Images.

a. Proposed DDWT Image Compression

There are deliberated the compression from an approximation problem point of view. More
specifically, let us fix an orthogonal wavelet ¥. Given an integer M > 1, it is trying to find the best
approximation of f by using a representation:

FIM(x)} = Xdjk ¥jk (x) (10)
With M non-zero coefficients
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In addition, we are interested in finding an optimal approximation minimizing the RMSE. Because of
the orthogonally of the wavelets, this is equivalent to minimizing [24]:

i | (f, Wik (x) —dj) |2} (11)

The DDWT compression has borrowed some stages in terms of the use of the first stage as an image
after an initial conversion, and a simple example will explain in the next section of the DDW transform.
Figure (4) shows the image before and after the shift. While spreading the distribution of transactions
before the shift, and the vast majority of the wavelet coefficients is small neglect ably.

] YD > [Lo] —| 1D [LoLo]
WT
[X} ) 3N 3N N N N N
NN 2% 273 P
Level 1 Level 2

Figure 4: Image compression

Image compression can be achieved users DD- proposed wavelet transform that is low complex
using the 2-D signal should be by following these steps:

A. Construct a transformation matrix: Using transformation matrices given in (5) and equation
in(8). And, input matrix length NxN, where N >= length filters.
B. Transformation of input rows by applying matrix multiplication to the (3N/2) xN

constructed transformation matrix by the NxN input matrix:

YID = W x X
(12)

C.  Apply matrix multiplication to the (3N/2) xN constructed transformation matrix by the NxN
column matrix :

Y2D =W = Y1D
(13)
D. The final discrete DD-Wavelet transformed matrix is equal:

Y2D" = W =Y2D (14)

E.  After divided the Y2D to nine filters can be selected the [LL] N/6xN/6
Where, the all details information in LL i.e. image compression to six times less.

F. Can repeat the previous steps to compress the image to 12 times less, however, with less
quality
LL2 = W * LOLO (15)

Then, select the first upper part LLLL for all image information as shown in Figure (5)
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Level 3
rraf
Level 2 Decomposition
ILIL | LLH
Level 1

LHL | LHH
LL I LH
HL \ HH

-—>

Figure 5: DDWT image compression

IV.  SIMULATION RESULTS

The proposed expansive wavelet transform can be extended to multiple dimensions in a way that
is similar to the usually separable implementation. For two-dimensional (2-D) signals, there will be
eight sub-bands at each stage: LB, LH, BL, BB, BH, HL, HB, and HH, where “L” stands for “low-
pass,” H stands for “high-pass,” and B stand for “band-pass.” These are in addition to the LL sub-band.
If the LL sub-band is of size, then the LH sub-band will be of a size, the HH sub-band will be of a size,
etc. the relative sizes of each sub-band. In Compression, the critically sampled 2-D DWT has three sub-
bands, LH, HL, HH, each of size. Therefore, the 2-D form of the proposed transform is five-times
expansive. That can potentially be substantially less than the 2-D form of the DDWT, which is -times
expensive, where is the number of stages as shown in Figure (6).
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Original / 1. TH, ILH->

2-D Image

Level 1

H,L H,H, H:H>

H-L H-H) H-H.
TLevel 3

———
ILLL LLH, L LH-
H,LL H,H, H,H>
Level 2
H,.LL H,H, HoH>

Figure 6: Compressions of Image sub-bands after 2-level decomposition for DDDWT

4.1 Result DDWT based general lamge Compression

Figure (7-a) and Figure (7-b) shown as the Original Fountain's, colour and black and white, Image
with size (550 * 700). That equal of dimensions image with adding zeroes, then Image with
size(1024*1024) shows in figure (7-c) and image in filter (LL) with compressions of image N/2,with
size(240*240), image in filter (LLL) with compressions of image N/4 with size (1115*1115) where are
seeing in Figure (7-d) and Figure (7-e). Lastly, return back the image when applied the inverse DDWT
as shown in Figure (7-f).

a) Original Image with cloer

50
100
150
200
250
300
350 |8
400
450
500
550 [

(a) Original image
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b) Original Image without cloer

50
100
150
200
250
300
350
400 5 :
450
500
550

(b) Original image

c) adding a zeros to image

100
200
300
a00 B
500
500
700
500

s00

1000
200 400 BO0 S00 1000

(c) That equal of dimensions image
d) Out Image dividing to 9 segments

500
00
1000
1200

1400

200 400 GO0 500 1000 1200 1400
(d) Compression image first level
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e ) the nois of high filters

100 200 300 400 00
(e) Lossy image

h) Inverse framelet transform 2D

~ 10 200 300 400 500 60D 700

(f) Image inverse DDWT
Figure7: Image Compression based on DDWT

4.2 Enhancement Medical Image based on DDWT

Found in some medical fields, usage vast of shapes for image, maybe it was containing the noise.
This noise resulting from badness it using of devices, or the devices it is old, or any case, this method
found, to clearing how to de-noise image, by using double density wavelet, this layout in Figure (8) is
showing stages de-noising as shown in explaining for each figure. In addition, PSNR results of the
filtered image with DDWT in Soft Thresholding with 11, for x-ray images as shown in Table 1.
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20
40
60
80
100
120
140
160
180
200 F.
220

50 100 150 200
(a) Original x-ray image

a0 100 150 200

(b) Noisy Gaussian image

50 100 150 200
(c) First level improves the image
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50 100 150 2IJEI
(d) Improve image after inverse DDWT

Figure 8: Improve x-ray images based on DDWT.

Table 1: PSNR Results of the Filtered Three Images

Name of image PSNR (dB) of PSNR (dB) of De-noising PSNR (dB) of DDWT

Noisy image by DDW after Compressions
X-ray 13.55 16. 69 16.04
Haemorrhoids 12.17 17. 67 16.55
Fountain's 11.30 19. 11 18.03

V. CONCLUSIONS

Discrete Double Density Wavelet Transform plays an important role in image Compression applications
because of its double density discrete wavelet transforms. Therefore, its filter divides the image
transform into nine levels instead of four levels in DWT. The DDWT is the most commonly used
approaches in image de-noising. Therefore, it has a promising future in image enhancement and lifting
up the noise types in the field of Framelet transform. This method is a tenderfoot and is better than
wavelet transform. It has found applications in Compression medical images as well as in removing
low bit rate compression artefacts, the allowance on image. There are two important parameters in
DDDWT Compression algorithm, PSNR gives (14.46) value while the PSNR was increased in the
proposed compression method, it gives (17.03) PSNR value when the noise variance is (22).
Furthermore, MSE equal 2.5896e-14 and, SNR after de-noising DDWT equal 17.03 dB while PSNR =
15.34 dB and SNR-Noisy Image =14.78dB. A system for image compression using DDW transforms
whether for a colour image or the image without colour proved to provide good results.
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