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ABSTRACT 

This paper presents a hybrid wavelet transform technique which studies the effect of global components on the quality of 
image compression. Hybrid wavelet transform is generated using two different component orthogonal transforms. One 
orthogonal transform represents global featuresof image in betterway and another is used to represent local features. 
Walsh transform of size 8x8 is used as a base transform i.e. to represent global characteristics of image. Other transforms 
like DCT, Discrete Real Fourier Transform,DiscreteHartley transform (DHT), Discrete Sine Transform (DST), Discrete 
Kekre Transform (DKT) and Slant transform of size 32x32 are used to focus on local characteristics of an image.256x256 
hybrid wavelet transform is generated and multiple iterations of global components are included using columns of base 
transform and its effect on reconstructed image quality is observed in terms of Root Mean Square Error (RMSE) and Peak 
Signal to Noise Ratio (PSNR).  From the experiments it has been observed that when DCT is used to extract local 
features, best results are obtained among all combinations with Walsh transform. These results are also compared with 
Walsh transform and observed to be much superior at higher compression ratios giving better image quality. 
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INTRODUCTION 

Images carryessential visual information. Increasing use of multimedia and internet has made storage and transmission of 
images easier. But it consumes large space, bandwidth and time to store and transfer the images. It creates an immense 
need to compress the images so as to reduce storage space and transmission. Eliminating redundancies in the image is 
the basic idea behind compression.Neighboring pixels in the image are correlated. Decorrelating these pixels removes 
redundancy in the image. Transforms are good mean to de-correlate pixels in the image.Many image compression 
techniques use transform based methods.Discrete Fourier Transform (DFT) and Short Time Fourier Transform 
(STFT)[1]do not give satisfactory results for nonstationary signals. DFT cannot detect local properties of a signal. STFT 
gives local properties at the cost of global properties.Discrete Cosine Transform(DCT) [2] is most widely used transform 
due to its high decorrelation property. To apply DCT, image should be divided into non overlapping blocks. It gives rise to 
blocking artifacts which avoids smooth degradation of image quality at the edges[3]. 

In recent years more attention has been given to wavelet transforms [4,5]. Wavelets provide solution to the problem of 
blocking artifacts as they are applied to whole image. It also gives better compression ratio due to itsbetter energy 
compaction property which results in better visual quality of an image.Wavelet transform reveals local characteristics of an 
image. So the drawback of DFT and STFT is eliminated by wavelets.Multi-resolution is another important property of 
wavelets. It allows viewing different frequencies at different resolutions[6,7]. Low frequencies last for entire duration of the 
signal whereas high frequencies appear from time to time as short burst.These properties make wavelet transforms 

applicable in numerous fields.The areas of application differ from science [4] to medicine and finance [5]. 

Next to wavelet transform comes hybrid wavelet transform. Hybrid wavelet transform is combination of two different 
orthogonal transforms.It combines the traits of both the component transforms. Some orthogonal transforms might give 
global properties in better way whereas some transforms give local characteristics in better way. Combining such two 
transforms to form hybrid wavelet transform gives better results. Initially only Haar wavelets had been studied. But later in 
recent research wavelets of Walsh[8,9,10], DCT, Kekre[11,12,13], Hartley [14] and Real DFT [15] have been proposed 
and studied. By changing the component orthogonal transform, hybrid wavelet transforms can be used in specific 
applications. 

Generation of hybrid wavelet transform from two component orthogonal transform has been proposed in [16]. Two 
components transform matrices of size pxp and qxq are selected separately. Hybrid wavelet transform matrix of size 
pqxpq is generated from these component transforms. Here first „q‟ number of rows of the hybrid wavelet transform matrix 
is calculated as the product of each element of first row of the orthogonal transform B with each of the columns of the 
orthogonal transform A. These rows represent global components in hybrid wavelet transform. Remaining rows are 
obtained by translating the rows of matrix B from second row onwards. 

PROPOSED TECHNIQUE 

Generation of Hybrid Wavelet Transform 

Consider two orthogonal transforms of size MxM and NxN respectively. Then hybrid wavelet transform of size MNxMN can 
be generated using these two component transforms. 

Let 

 

  

  A= and B= 

   

 

 

Here A is of size MxM and B is of size NxN then hybrid wavelet transform matrix TAB generated from A and B will be of 
size MNxMN. To obtain TAB, multiply each column of matrix A by each element of first row of matrix B and repeat each 
column of A, „N‟ number of times. It gives first M rows of TAB. To obtain next M rows of matrix TAB, shift and rotate 
second row of matrix B appending it with zeroes. Similarly all N-1 rows of matrix B are shifted and translated. In this way, 
in matrix TAB first M rows represent global components of an image. Matrix representation of TAB is shown in Fig1. 
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Fig 1:Matrix representation of Hybrid Wavelet Transform Matrix with first ‘M’ rows representing global 
components of an image. 

To increase the contribution of global characteristics in the image, formation of TAB is done differently. First M rows of 
TABare formed by repeating each column of „A‟ N times and multiplying each column by each element of first row of B. 
Next M rows are formed by repeating each column of „A‟ N times and multiplying each column by each element in second 
row of B.Remaining (N-2)M rows are obtained by performing shift and rotate operation on third row onwards of Matrix B by 
appending zeroes to it.Resulting TABmatrix is shown in Fig 2. Here two iterations of column repetition of matrix A are 
performed to increase the contribution of global components.    
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Fig2: Hybrid Wavelet Transform Matrix with first ‘2M’ rows representing global components of image. 

In matrix TAB we can increase contribution of global components by increasing the iterations of column repetition in matrix 
„A‟ and multiplying each repeated column in i

th
 iteration by each element in ith row of „B‟. Shift and rotate operation is 

performed on remaining rows of matrix B by appending zeroes to it. When N iterations are performed we get kroneker 
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product of A and B. Thus transformation matrix to be used in image compression algorithm can be varied and results are 
observed in each case. 

Walsh transform matrix is used to contribute global components i.e. as a base matrix. Different transforms like DCT, 
RealDFT, Discrete Hartley Transform (DHT), DST, Kekre Transform (DKT) and Slant are used to focus on local 
components of an image. 

Algorithm for Image Compression 

1. Consider colour image of size 256x256. 
2. Separate R, G, B components of an image 
3. Let „A‟ is Walsh transform of size 8x8 and „B‟ is any of the above mentioned transforms of size 32x32, then hybrid 

transform of 256x256 size is generated as stated in step I of proposed technique. 
4. Full Hybrid Wavelet Transform of image „f‟ is obtained as „F‟= [TAB]*[f]*[TAB]

t
. 

5. Elements in transformed plane are sorted in descending order of their energy and in each step (8*256) 
lowestenergy elements are eliminated. 

6. Reconstruct the image by applying inverse transform. 
7. Calculate RMSE and PSNR between original image and reconstructed image at different compression ratios. 
8. Vary the contribution of global components and regenerate hybrid wavelet transform matrix TAB. Repeat steps 4 

to 7 using this transform matrix. Compare the results in each case. 

EXPERIMENTS AND RESULTS 

Twelve different colour images are used for experimentation. Algorithm is run using Matlab 7.2 on AMD Dual Core 
processor with 4 GB RAM. 

    

    

    

Fig3: Set of twelve test images of different classes used for experimental purpose namely (from left to right and 
top to bottom) Mandrill, Peppers, Lord Ganesha, Flower, Cartoon, dolphin, Birds, Waterlili, Bud, Bear, Leaves and 

Lenna 



     ISSN 22773061 
       

1032 | P a g e                                     J u l y  2 0 ,  2 0 1 3  

Figure 4 shows average RMSE plotted against different compression ratios for DWT-DCT hybrid wavelet transform. Here 
DWT is selected as base transform and DCT is used to extract local features of an image.Contribution of global 
components is increased by varying the iterations in generation of transformation matrix as mentioned in section I of 
proposed technique. Number of iterations are varied from 1,2,4,8,16 and 32. As we increase the contribution of global 
components, less local features are extracted by second component transform. It reduces the visual quality of the image. 
In graph it is reflected by increase in error between original image and reconstructed image.Also with increase in 
compression ratio, RMSE increases. 

 
 

Fig4:  Average RMSE vs. Compression Ratio for DWT-DCT Hybrid Wavelet with variation in Global Components 

 
Figure 5 shows plot of Average RMSEvs. compression ratio, using Real DFT to extract the local features. With increasing 
focus on global components, extraction of local information reduces. It degrades quality of reconstructed image. Hence 
RMSE value increases as compression ratio increase. 

 
Fig5: Average RMSE vs. Compression Ratio for DWT-RealDFT Hybrid Wavelet with variation in Global 

Components 

Figure 6 shows the graph where Discrete Hartley Transform is used to extract local properties. With increase in 
compression ratio and global components, RMSE value increases. 

As shown in figure 7, DST is used to extract local features with Walsh transform as a base transform. From graph it can be 

seen that, for compression ratio greater than 8, RMSE value decreases with increase in incorporation of global 

components. 

Plot of Average RMSE for DWT-DKT and DWT-Slant is shown in figure 8 and 9 respectively. Minimizing the focus on local 

features reduces the image quality because local features are responsible for smooth representation of the image. 
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Fig 6 : Average RMSE vs. Compression Ratio for DWT-DHT Hybrid Wavelet with variation in Global Components 

 
Fig 7: Average RMSE vs. Compression Ratio for DWT-DST Hybrid Wavelet with variation in Global Components 

Figure 10 shows original image of „Flower‟. Six different hybrid wavelet transforms namely DWT-DCT, DWT-RealDFT, 

DWT-DHT, DWT-DST, DWT-DKT and DWT-Slant are applied on this image with variation in global components. Then it is 

reconstructed by applying inverse transform. 
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Fig 8: Average RMSE vs. Compression Ratio for DWT-DKT Hybrid Wavelet with variation in Global Components 

Reconstructed images of flower at compression ratio 4 are shown in Figure 11. Similarly, figure 12 and 14 shows original 
image of „Lena‟ and „Peppers‟ and their corresponding reconstructed images at compression ratio 4 are shown in Figure 
13 and 15 with respective RMSE and PSNR values. It has been observed that, RMSE values show gradual increase as 
global components are increased. 

 
 

Fig 9: Average RMSE vs. Compression Ratio for DWT-Slant Hybrid Wavelet with variation in Global Components 
 

  

 
Fig10: Original Image (Flower) 

 
 
 
 
 
 
 
 
 

0

5

10

15

20

25

30

1
.0

3

1
.0

7

1
.1

0

1
.1

4

1
.1

9

1
.2

3

1
.2

8

1
.3

3

1
.3

9

1
.4

5

1
.5

2

1
.6

0

1
.6

8

1
.7

8

1
.8

8

2
.0

0

2
.1

3

2
.2

9

2
.4

6

2
.6

7

2
.9

1

3
.2

0

3
.5

6

4
.0

0

4
.5

7

5
.3

3

6
.4

0

8
.0

0

1
0

.6
7

1
6

.0
0

3
2

.0
0

A
vg

. R
M

SE

Compression Ratio

Avg RMSE for DWT-DKT
GC=1 GC=2 GC=4 GC=8 GC=16 GC=32

0

5

10

15

20

1
.0

3
1

.0
7

1
.1

0
1

.1
4

1
.1

9
1

.2
3

1
.2

8
1

.3
3

1
.3

9
1

.4
5

1
.5

2
1

.6
0

1
.6

8
1

.7
8

1
.8

8
2

.0
0

2
.1

3
2

.2
9

2
.4

6
2

.6
7

2
.9

1
3

.2
0

3
.5

6
4

.0
0

4
.5

7
5

.3
3

6
.4

0
8

.0
0

1
0

.6
7

1
6

.0
0

3
2

.0
0

A
vg

. R
M

SE

Compression ratio

Avg RMSE for DWT-Slant
GC=1 GC=2 GC=4 GC=8 GC=16 GC=32



     ISSN 22773061 
       

1035 | P a g e                                     J u l y  2 0 ,  2 0 1 3  

 
No. of times Global Properties Repeated 

D
W

T
-D

C
T

 
1 2 4 8 16 32 

      
RMSE 0.740 0.749 0.766 0.801 0.918 1.031 

PSNR 50.74 50.64 50.44 50.05 48.87 47.86 

D
W

T
-

R
e

a
lD

F
T

 

      

      
RMSE 0.864 0.876 0.900 0.945 1.075 1.168 

PSNR 49.4 49.28 49.04 48.62 47.50 46.78 

D
W

T
-H

a
rt

le
y
       

      
RMSE 1.262 1.289 1.332 1.391 1.439 1.656 

PSNR 46.10 45.92 45.64 45.26 44.96 43.74 

D
W

T
-D

S
T

 

      

      
RMSE 1.895 1.932 1.875 1.751 1.596 1.488 

PSNR 42.57 42.41 42.67 43.26 44.07 44.67 

D
W

T
-D

K
T

 

      
RMSE 4.503 4.648 4.918 5.359 6.375 7.629 

PSNR 35.06 34.78 34.29 33.54 32.04 30.48 

D
W

T
-S

la
n

t 

      

      
RMSE 0.995 1.009 1.036 1.109 1.240 1.497 

PSNR 48.17 48.05 47.82 47.23 46.26 44.62 

 
Fig11:Reconstructed ‘Flower’ Image using Different Hybrid Wavelet Transforms with Variation in 

Global Components at Compression Ratio 4 
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Fig12: Original Image (Lenna) 

 
 

 

No. of times Global Properties Repeated 

D
W

T
-D

C
T

 

1 2 4 8 16 32 

      
RMSE 2.634 2.693 2.830 3.109 3.711 4.265 

PSNR 39.71 39.52 39.09 38.27 36.74 35.53 

D
W

T
-

R
e
a

lD
F

T
 

      

      
RMSE 2.927 2.983 3.104 3.368 3.915 4.408 

PSNR 38.80 38.63 38.29 37.58 36.27 35.24 

       

D
W

T
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H
a
rt

le
y
 

      
RMSE 3.590 3.665 3.803 4.115 4.391 5.017 

PSNR 37.02 36.84 36.52 35.84 35.27 34.12 

       

D
W

T
-D

S
T

 

      
RMSE 4.202 4.259 4.182 4.141 4.388 4.659 

PSNR 35.66 35.54 35.70 35.78 35.28 34.76 

D
W

T
-D

K
T

 

      
RMSE 7.056 7.347 7.886 8.781 10.140 11.646 

PSNR 31.15 30.80 30.19 29.25 28.01 26.80 

       

D
W

T
-S

la
n

t 

      
RMSE 3.474 3.545 3.692 4.008 4.555 5.320 

PSNR 37.31 37.13 36.78 36.07 34.96 33.61 

Fig 13: Reconstructed ‘Lena’ Image using Different Hybrid WaveletTransforms with Variation in Global 
Components at Compression Ratio 4 
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Fig 14: Original Image (Peppers) 

 
No. of times Global Properties Repeated 

D
W

T
-D

C
T

 

1 2 4 8 16 32 

      
RMSE 5.40 5.436 5.523 5.723 5.982 6.219 

PSNR 33.48 33.42 33.28 32.97 32.59 32.25 

       

D
W

T
-

R
e

a
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F
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RMSE 5.635 5.680 5.741 5.922 6.138 6.349 

PSNR 33.11 33.04 32.95 32.68 32.37 32.07 
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y
 

      
RMSE 6.085 6.141 6.220 6.353 6.439 6.714 

PSNR 32.44 32.36 32.25 32.07 31.95 31.59 

       

D
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S
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RMSE 6.426 6.470 6.413 6.408 6.472 6.622 

PSNR 31.97 31.91 31.98 31.99 31.91 31.71 

D
W

T
-D

K
T

 

      
RMSE 9.828 10.054 10.473 11.268 12.725 13.963 

PSNR 28.28 28.08 27.72 27.09 26.03 25.23 

       

D
W

T
-S
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n

t 

      
RMSE 5.900 5.943 6.005 6.158 6.448 6.791 

PSNR 32.71 32.65 32.56 32.34 31.94 31.49 

 

Fig 15: Reconstructed ‘Peppers’ Image using Different Hybrid Wavelet Transforms with Variation in Global 
Components at Compression Ratio 4 
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CONCLUSION 

This paper presents hybrid wavelet transform based image compression technique where hybrid wavelet transform matrix 

contributing different levels of global components can be generated. Walsh transform is used as base transform matrix 

and it is combined with different orthogonal component transforms that contribute to local features of an image. As more 

global components are focused, less local features are extracted.It introduces more distortion in the image since local 

features represent image smoothly. Hence RMSE valuerisesgradually and PSNR decreases.To extract local features of 

an image, different combinations are tried with Discrete Walsh transform (DWT). From experiments it has been observed 

that, DWT-DCT hybrid wavelet shows superior performance followed by DWT-RealDFT.Results of hybrid wavelet 

transform with variation in global components are compared with that of Walshtransform that was studied in our previous 

paper. Proposed method gives RMSE  0.740, 5.40 and 2.63 for „Flower‟, „Peppers‟ and „Lenna‟ image respectively. With 

Walsh transform these values are 2.13, 7.49 and 6.09 respectively. It has been observed that proposed technique gives 

considerably better performance even at higher compression ratios. At higher compression ratio, RMSE value 

increasesindicating slow degradation in image quality.This degradation is more in orthogonal Walsh transform at higher 

compression ratio 
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