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ABSTRACT 

This paper compares digital image compression in various color spaces using Hybrid Haar 
wavelet transform. As DCT has high energy compaction property, it is combined with Haar 
transform generating Haar-DCT hybrid wavelet transform. Different component sizes are used 
and error at different compression ratios up to 32 is observed. At higher compression ratios 16-
16 component pair gives minimum error. This pair is further used to compress images in 
different color spaces like RGB, KLUV, YUV, YIQ, XYZ and YCbCr. KLUV color space show 
considerably less Root Mean Square Error (RMSE) and Mean Absolute Error (MAE) than other 
color spaces. Average Fractional Change in Pixel Value (AFCPV) in KLUV color space is nearly half 
than other color spaces. RMSE, MAE these measures are not sufficient as it give perceived error 
to human visual system. Hence other error metric Structural Similarity Index (SSIM) is used to 
observe performance superiority of various color spaces. SSIM in KLUV and RGB color space is 
equal having value 0.994 which is closest to one indicating better but similar image quality in 
both color spaces. This observation cannot be emphasized using traditional error metrics like 
RMSE, MAE and AFCPV. 
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1 Introduction 

Digital images are integral part of multimedia data and used extensively in many applications 
today. Also large amount of image data is transferred over internet. To facilitate easy storage 
and reduction in bandwidth required to transmit this data, compression of data becomes 
necessary. Compression reduces the number of bits required to represent an image. Data is 
compressed before storage and transmission and at the receiving end it is decompressed to get 
original data back. If decompressed data does not show any loss of contents then it is called as 
lossless compression. In contrast to this if decompressed data is different than original data it 
means that some loss of information is there and such type of compression is called as lossy 
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compression. Lossy compression gives higher compression ratio than lossless compression. In 
image compression loss of redundant information not visible to human visual system is 
acceptable. Hence lossy compression is preferred for images. 

Many transform based image compression methods are available in literature. Still in last two 
decades use of wavelets is emphasized for image compression. Wavelet transform gives time 
and frequency analysis of a signal. It is good in time resolution of high frequencies, while for 
slowly varying functions, it is good in frequency resolution. Basic idea behind wavelet is to 
select function prototype called mother wavelet. Then scaled and shifted version of mother 
wavelet can be used to analyze the image data. Due to high energy compaction property, it 
gives better compression ratio than Fourier Transform, Short Term Fourier Transform (STFT) [1] 
and popularly used Discrete Cosine Transform (DCT) [2]. Multi-resolution analysis [3] is another 
important property of wavelet transform that helps to view the signal at different levels. Aim of 
this paper is to use hybrid wavelet transform for color image compression in different color 
spaces.  

2 Review of Literature 

Image compression using wavelet transform is focused by many researchers since last two 
decades. M. S. Abdullah and N. Subba Rao [4] have proposed comparison of different wavelets 
for image compression. Daubechies wavelet [5], Haar wavelet, Coiflet, Symlet and bi orthogonal 
Wavelet transforms have been used to compare their performances. Wei Pin Lin et al. proposed 
a method [6] to predict the data of high frequency from a decimated image with specified down 
sampling rule. It exploits the correlation between low pass and high pass outputs which can be 
used to compress the image and get good quality reconstructed image. Tree based wavelet 
image coder is proposed by Jose Oliver, Manuel P. Malumbres [7]. In this method wavelet tree 
is formed by logically arranging transform coefficients so as to remove the redundancy among 
the sub bands. Arian Maleki et al. have proposed image compression using directional wavelet 
transforms [8]. To avoid the drawback of quad tree partitioning, they have used new scheme of 
partitioning called mega quad partitioning. Shih-Chung B. Lo, Huai Li, and Matthew T. Freedman 
have proposed neural network based wavelet transform for image compression [9]. They have 
used linear convolution neural network to seek the wavelet that minimizes the error and 
maximizes the efficiency. Daubechies wavelet and Haar wavelet have been used by them for 
compression. A hybrid image compression technique implementing a four-dimensional 
transform combining the discrete wavelet transform and the discrete cosine transform has 
been proposed by E. Elharar et al. [10]. It is used for integral imaging and outperforms JPEG 
compression scheme applied to integral images. Image compression using dual tree complex 
wavelet transform is presented by Li Hui Fang et al. [11]. It uses SPIHT algorithms, which is 
based on not only the relationship between the bit-planes and the target bit-rate but also the 
relationship between the initial threshold and the target bit-rate. Combination of fractal image 
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encoding and wavelet decomposition is proposed in by Xiao-Yan Xu et al. [12]. In their proposed 
process of encoding, the image is dealt by three level wavelet decomposition. High frequency 
section of the decomposed image adopts scathless predicting encoding, while the low 
frequency section adopts fractal compression encoding. In the process of decoding, the high 
frequency section carries out scathe less predicting decoding, while the low frequency section is 
decoded to iterative function system code which is used for subimage reconstruction. 
Compression using hybrid transform is presented in [13]. Kronecker product of Kekre transform 
with other orthogonal transforms is used and error at different compression ratios is observed. 
It has been observed that when DCT is combined with Kekre transform gives minimum error as 
DCT has high energy compaction property than other orthogonal transforms. 

Simple wavelet generation method proposed by Kekre et al. [14] is used to compare 
performance of wavelet transforms to respective orthogonal transforms [15]. It has been 
observed that wavelet transforms of orthogonal transforms give better compression than 
respective orthogonal transform. Next advancement to wavelet transforms is hybrid wavelet 
transform that uses two different orthogonal transforms to generate new transformation 
matrix. In recent years hybrid wavelet transforms have been studied and proven to be better 
than wavelet transform in many image processing applications including image compression. 
Compression using Real Fourier-DCT hybrid wavelet transform is proposed by Kekre et al. [16]. 
It shows that when RealDFT and DCT are combined to generate hybrid wavelet, it gives better 
performance than compression obtained by individual DCT or Real DFT. It is also better than 
DCT wavelet transform [8] .Hybrid wavelet of Haar and non sinusoidal transforms has been 
proposed in [17]. Different sizes of component transforms have been tried and one giving 
better image quality has been selected. On the other hand Haar transform paired with 
sinusoidal transforms is used for image compression [18]. Haar transform paired with DCT gives 
superior performance than its combination with DST, Hartley and Real-DFT.    

This paper is extension of our previous work based on hybrid Haar wavelet transform. Here 
Haar-DCT hybrid wavelet is used for compressing images in various color spaces. Different error 
metrics are used as RMSE is not a substantial measure to observe the performance in different 
color spaces. 

3 Proposed Method 

Let A denotes MxM base component transform and B denotes NxN local component transform. 
Then using A and B hybrid wavelet T of MNxMN size is generated using Kekre’s algorithm. First 
‘M’ rows of resultant matrix are calculated by repeating each column of ‘A’, ‘N’ times and 
multiplying it with each element of first row of B. These ‘M’ rows represent global 
characteristics in hybrid wavelet transform. Remaining rows are obtained by translating the 
rows of matrix B and padding zeroes to it from second row onwards. These rows contribute 
local features of an image. Generated hybrid wavelet transform is shown below in Figure 1.  
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Figure 1: Generation of Hybrid Wavelet Matrix using Component Matrices A and B 

Hybrid wavelet using different component size is generated and applied on images. To generate 
256x256 size transformation matrix, different component sizes used are 8-32, 16-16, 32-8 and 
64-4. Here 8-32 means 8x8 base transform and 32x32 local transform. Here Haar transform is 
used as base transform and DCT is used as local component transform to generate Haar-DCT 
hybrid wavelet of size 256x256. 

4 Results and Discussions 

Proposed method is applied on a set of color images belonging to different classes. Each image 
is of size 256x256. Execution is done on AMD dual core processor using Matlab 2012. Set of test 
images is shown in Figure 2. 
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Mandrill Peppers Grapes Cartoon 

    
Dolphin Waterlili Bud Bear 

    

Lena Apple Ball Balloon 

    
Bird Colormap Fruits Hibiscus 

   

 

Puppy Rose Tiger  
Figure 2: Test Set of Images from Different Classes 

Figure 3 shows graph of RMSE versus compression ratio for Haar-DCT hybrid wavelet transform. 
To obtain transformation matrix of size 256x256, different component sizes like 8x8 Haar and 
32x32 DCT can be selected. It is denoted as 8-32 for reading simplicity. Similarly 16-16, 32-8 and 
64-4 pairs can also be used. 
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Figure 3: RMSE in Haar-DCT Hybrid Wavelet Transform With Variation in Component Sizes   

It has been observed that for lower compression ratios up to 8, a pair that gives less RMSE is 32-
8. At compression ratio 10.67, both pairs of 16-16 and 32-8 give equal error and at higher 
compression ratios 16-16 component size give less error. 

This combination is further used to compress image in different color spaces. Six different color 
spaces namely RGB, KLUV, XYZ, YUV, YIQ, YCbCr have been used. RMSE against compression 
ratio in these different color spaces is plotted in fig. 4. 

 
Figure 4: RMSE in various Color Spaces using Haar-DCT Hybrid Wavelet Transform with Component Size 16-

16 

From Figure 4 it has been observed that, RMSE obtained in KLUV color space is less than RMSE 
in other color spaces for all compression ratios. Error in YCbCr color space is slightly more than 
in KLUV color space and it is followed by error in RGB color space. XYZ color space shows 
maximum error. YIQ and YUV color space show same error. 

Further mean absolute difference between original image and reconstructed image is 
computed. In Figure 5, MAE at various compression ratios is plotted for different color spaces. 
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Error pattern obtained is similar to that of RMSE. Lowest MAE is obtained in KLUV color space 
followed by MAE in YCbCr color space and then RGB color space.   

 
Figure 5: MAE in various Color Spaces using Haar-DCT Hybrid Wavelet Transform with Component Size 16-16 

AFCPV for various color spaces is plotted in Figure 6. In KLUV color space AFCPV is nearly half of 
AFCPV obtained in RGB, XYZ, YUV and YIQ color spaces.   

 
Figure 6:  AFCPV in various Color Spaces using Haar-DCT Hybrid Wavelet Transform with Component Size 16-

16 

Figure 7 shows SSIM plotted against compression ratio. SSIM considers image degradation as 
perceived change in structural information. Hence provides good approximation to perceived 
image quality. Value of SSIM ranges between -1 to 1. It is 1 for exactly similar images.  
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Figure 7: Comparison of SSIM in Haar-DCT Hybrid Wavelet in different color spaces 

As shown in Figure 7, SSIM in KLUV color space at compression ratio 32 is 0.9943. It indicates 
that reconstructed image quality is closer to original image. In RGB color space SSIM value is 
equal to 0.994 showing similar image quality. SSIM measure in YUV, YIQ and YCbCr color space 
exhibit similar performance showing value 0.993. XYZ color space shows lowest SSIM means 
that lower image quality. 

Figure 8 shows reconstructed image ‘Lena’ obtained using Haar-DCT hybrid wavelet transform 
at compression ratios 4, 8, 16 and 32 respectively. Different color spaces used are RGB, YCbCr, 
XYZ, KLUV, YIQ and YUV. SSIM value of each image is indicated below the image. From figure it 
is clear that, SSIM value closest to 1 indicates that reconstructed image with better quality is 
obtained. With increase in compression ratio SSIM value decreases. Though similar AFCPV 
values are obtained at specific compression ratio, difference in reconstructed image quality is 
highlighted by SSIM values of image at that compression ratio. 
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YCbCr 

    
SSIM  0.999 0998 0.997 0.993 

AFCPV 0.020 0.039 0.064 0.097 

XYZ 

    
SSIM 0.999 0.998 0.995 0.990 

AFCPV 0.018 0.039 0.065 0.097 

KLUV 

    
SSIM 1 0.999 0.998 0.9943 

AFCPV 0.006 0.011 0.019 0.028 

YIQ 

    
SSIM 0.999 0998 0.996 0.993 

AFCPV 0.035 0.051 0.075 0.106 

YUV 

    
SSIM 0.999 0998 0.996 0.993 

AFCPV 0.035 0.051 0.075 0.106 
Figure 8: Reconstructed ‘Lena’ Image in Various Color Spaces using Haar-DCT hybrid Wavelet Transform at 

Different Compression Ratios 

5 Conclusion 

In this paper performance of Haar-DCT hybrid wavelet in various color spaces is compared. 
From different component size combinations, 16-16 component size is observed to better in 
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RGB color space and is used in different color spaces. Different error metrics are used to 
compare the performance as RMSE gives the information about the perceived error. KLUV color 
space shows minimum error than other color spaces in terms of RMSE, MAE and AFCPV. 
Compression in KLUV color space can be better measured in terms of SSIM than RMSE, MAE 
and AFCPV in any color space. SSIM of 0.9943 is obtained in KLUV color space at compression 
ratio 32. As it is closest to 1 it indicates that reconstructed image is much similar to original 
image. It is closely followed by RGB color space showing slight less SSIM than KLUV color space. 
Though RMSE, MAE and AFCPV in KLUV color space is considerably less than respective values 
in RGB color space, SSIM values show negligible difference in these two color spaces. It 
indicates slight difference in quality of reconstructed images  
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