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Abstract—Wavelet theory inspired from Fourier analysis is based on the basis function and its properties. Different wavelets use different basis functions 

which may better suit to some applications. The properties of basis functions along with their shape and magnification effects the performance of an 

application. The standard biorthogonal wavelets utilize spline functions for their construction. In this paper first the design procedure of biorthogonal 

wavelets is presented. Then a modified spline function is proposed. Based on the proposed spline function, three biorthogonal wavelets are designed with 

different length. The performance of proposed wavelets is analyzed by applying them on to images for SPIHT compression. The simulation results shown 

that the proposed wavelets have performed well compared to that of standard spline based biorthogonal wavelets.  

Index Terms— spline-like function, biorthogonality, symmetry, normality.   

1   INTRODUCTION                                                                     

Though wavelets are treated as basic domain transformation technique, these have many features that a traditional 

transformation scheme doesn’t have. The first thing to note is that the basis function is unique [1]. For that matter, when compared 

with regular transformation schemes like Fourier Transformation, the wavelet transform itself is unique. Haar wavelet is different 

from Daubechies wavelet and symlet is different from coiflet. The reason is the basis function different [2]-[5]. It is noteworthy that 

the transformation style is same for all the wavelets. When a comparison is made with Fourier transformation, Fourier 

transformation is only one transform, one structure and one basis function.  

The operations like translation and dilation will be performed on the scaling and wavelet functions and the resulting waveforms 

will be used to find out the similarity with the input signal at hand. The similarity measure termed as wavelet domain will be 

utilized in inverse wavelet transform to get the original signal back without any deviation. Hence, the similarity measure plays 

major role in whole success of the wavelet transforms. Many researchers changed the basis function of the wavelet transform as per 

their view and requirement, resulting in varied wavelets and wavelet transforms [6][7].  

Apart from basis function, wavelets are different among themselves based whether same set of waveforms are being used in 

decomposition and reconstruction or not. Orthogonal wavelets use same set of scaling and wavelet functions at both decomposition 

and reconstruction end. On the other hand, biorthogonal wavelet uses different set of scaling and wavelet function at forward and 

inverse ends of the transformation. With biorthogonal wavelets, the design flexibility has increased tremendously to design as many 

wavelets as one desire as well as many wavelets as a specific application need. In the standard biorthogonal wavelets, spline 

functions are used to devise scaling and wavelet functions. Based on length of these function, further classes of wavelets are being 

designed. In this paper, the design process of wavelets with the help of spline-like functions is proposed and simulation results of 

image compression using proposed wavelets is presented [8]-[11]. 

2   DESIGN OF BIORTHOGONAL WAVELETS BASED ON SPLINE-LIKE FUNCTIONS 

The standard Spline function is defined as follows. 


=

−=
k

i

kik itNptN
0

)2()(  

where  







=

− i

k
p

ki 12

1
. 

Here the pi is the scaling value of dilated and translated spline function. The scaling value is directly proportional to binomial 

coefficients. Hence symmetry is guaranteed [12]. The coefficients are linearly distributed. Now a modified Spline is proposed. The 

new spline-like function is supposed to have symmetry but the coefficient values are modified to have more weight at center and 

gradually approaches standard spline function. The pi is modified and given below [13]-[15]. 
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The coefficients of the standard Spline and proposed Spline-like functions are given in Fig. 1. 
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Fig. 1 Coefficients of standard Spline function and proposed Spline-like function 

 

In Fig. 1, the coefficients are given by ignoring the division by 2k-1. By using the above spline-like function with different 

lengths three wavelets are designed. These are denoted by ‘biorsl12’, ‘biorsl23’ and ‘biorsl34’ respectively.  

The spline-like functions of length 3, 5 and 7 are utilized for ‘biorsl12’, ‘biorsl23’ and ‘biorsl34’ respectively. The normalized 

coefficients of the spline-like function used for the wavelet ‘biorsl12’ (k=2) are given below. 
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Similarly the coefficients for ‘biorsl23’ (k=4) and ‘biorsl34’ (k=6) are given below. 
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Using the property of double shift biorthogonality, normality, symmetry and vanishing moments the following equations are derived 

for ‘biorsl12’. 
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The unique solution to the above system of equations is given below. 
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Similarly the coefficients for ‘biorsl23’ and ‘biorsl34’ are calculated and the coefficients of ‘coifsl34’ are given below. 
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The coefficients of ‘coifsl34’ are given below. 
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The above are scaling function coefficients at decomposition and reconstruction side. The wavelet function coefficients are 

calculated from these values using expressions presented in previous sections. The wavelet and scaling functions of the proposed 

wavelets are plotted in the Fig. 2, 3 and 4. 
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Fig. 2 Wavelet and scaling functions associated with ‘biorsl12’ 

 

 
Fig. 3 Wavelet and scaling functions associated with ‘biorsl23’ 
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Fig. 4 Wavelet and scaling functions associated with ‘biorsl34’ 

3   SIMULATION RESULTS 

In this work a total of six wavelets are designed. Out of these six wavelets, three wavelets are based on the standard spline 

functions. The remaining three wavelets are based on modified spline or spline-like function described in the previous section. The 

first three wavelets are denoted by ‘biors12’, ‘biors23’ and ‘biors34’. The spline-like function-based wavelets are denoted by 

‘biorsl12’, ‘biorsl23’ and ‘biorsl34’. In this section, the designed wavelets are used for image compression. SPIHT coding was 

utilized for compression of images. Tables 1 and 2 shows the compression ratio and PSNR values using different wavelets.  

 

Table 1 CR Values obtained using different wavelets 

 

COMPRESSION RATIO 

Wavelet/Image BMI cameraman ct greens lena MI NI pepper rice SI 

Spline12 2.22 2.33 3.32 1.94 2.48 2.44 2.13 2.57 2.60 1.86 

Spline23 1.94 1.96 3.10 1.74 2.13 2.06 1.80 2.19 2.20 1.60 

Spline34 1.47 1.56 2.41 1.36 1.66 1.66 1.45 1.58 1.74 1.32 

Spline-like12 2.32 2.40 3.37 2.01 2.60 2.52 2.19 2.71 2.74 1.91 

Spline-like23 2.14 2.25 3.27 1.88 2.38 2.36 2.06 2.46 2.47 1.80 

Spline-like34 1.94 1.95 3.08 1.73 2.14 2.19 1.89 2.14 2.19 1.59 
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Table 2 PSNR Values obtained using different wavelets 

 

PEAK SIGNAL TO NOISE RATIO 

Wavelet/Image BMI cameraman ct greens lena MI NI pepper rice SI 

Spline12 25.8 27.5 33.5 24.6 33.4 27.6 26.7 32.2 35.5 21.8 

Spline23 18.6 21.7 27.2 18.7 26.1 20.5 20.7 24.9 26.9 16.0 

Spline34 16.9 18.1 24.3 10.3 17.5 12.6 16.7 17.7 18.0 10.0 

Spline-like12 27.7 28.9 34.6 26.2 34.8 29.6 28.1 34.0 36.9 23.4 

Spline-like23 26.4 28.9 34.7 26.1 33.1 28.5 28.0 32.4 34.2 23.3 

Spline-like34 32.5 34.6 40.6 26.6 34.4 32.3 31.8 34.7 34.7 27.4 

 

Fig. 2 and 3 plot the CR and PSNR values tabulated in tables 1 and 2. Based on the length of the functions it is correct to 

compare ‘biors12’ with ‘biorsl12’ etc. To analyze effectiveness of proposed spline-like functions. Any wavelet can be compared 

with any other wavelet to check the usefulness of a wavelet in compressing images. In the case of spline-based wavelets the 

compression measures both CR and PSNR are decreasing as the length of spline function increases. In the case of spline-like 

function-based wavelets the compression ratio decreases as the length spline-like function increases but PSNR varies differently. 

Simulation results of about 10 images are presented.  

Out of these poor results are recorded for ‘greens’ image. CR of 1.94, 1.74, 1.36 and PSNR of 24.6dB, 18.7dB, 10.3dB are 

obtained using ‘biors12’, ‘biors23’ and ‘biors34’ respectively. CR of 2.01, 1.88, 1.73 and PSNR of 26.2dB, 26.1dB, 26.6dB are 

obtained using ‘biorsl12’, ‘biorsl23’ and ‘biorsl34’ respectively. Better results are recorded for ‘CT Scan’ image. CR of 3.32, 3.10, 

2.41 and PSNR of 33.5dB, 27.2dB, 24.3dB are obtained using ‘biors12’, ‘biors23’ and ‘biors34’ respectively. CR of 3.37, 3.27, 3.08 

and PSNR of 34.6dB, 34.7dB, 40.6dB are obtained using ‘biorsl12’, ‘biorsl23’ and ‘biorsl34’ respectively. 

 

 
Fig. 2 CR Values obtained using different wavelets 
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Fig. 3 PSNR Values obtained using different wavelets 

4   CONCLUSIONS 

Biorthogonal wavelets being more flexible for design are in use in wide variety of applications. The interesting feature of 

biorthogonal wavelet is that giving multiple degrees of freedom to realize the wavelet transform more over realizing the real 

meaning of the wavelet transform itself. In this paper in addition to the presentation of construction of biorthogonal wavelet 

transform, new basis functions are proposed and realized the biorthogonal wavelet transforms using the new basis functions. The 

new wavelet transforms are verified with the perfect reconstruction conditions practically by applying to images. Then these 

wavelets are used for compressing images using the algorithm of SPIHT. The simulation results presented proved the superiority of 

the proposed wavelets.  
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