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Abstract—    Discrete image processing using two-

dimensional (2D) transforms are well known in providing good 

capturing of image data. 2-D transforms used in several ways 

provide a better approaches to preserving texture and 

directional information  from image. In texture and directional 

images the use of multiresolution with multidirectional 

transform has better performance and capturing its 

information. The Directional Filter Bank (DFB) is the base of 

the directionality property of these transforms. This paper 

provide a review on some of the popular multiresolution 

transform with additional directional filter banks. The 

multiresolution transform is the responsible to capture low 

frequency information. The popular transform reviewed in this 

work are wavelet, contourlet and non-uniform directional filter 

bank (nuDFB).  Wavelet has been the popular transform for 

capturing image data while contourlet is popular in preserving 

directional information. The nuDFB on the other hand has the 

advantages over other both transform because of its non-

redundant multiresolution transform and and fix directional 

filter. Directional filter bank that exist in the transform will be 

able  to capture better image information for further processing 

such as compression and denoising.   

Index Terms—: Texture and directional image, Directional 

filter bank, Multiresolution, Multidirection, 2D transforms.  

 

I. INTRODUCTION 

The visual information has gained more importance 

in the science by image processing starting from drawing in 

the beginning of human life until now. With the ability of 

representing images digitally, image representations become 

more flexible for processing. There are several types of 

images and each type contains different data structure. 

Texture and directional images are one of the most sensitive 

images in image processing because they contain detailed 

data. 

Representation of images in one dimensional (1-D) 

form for applications such as compression have been studied 
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base on wavelet transform because it has an optimal 

performance in some cases [1]. For example image can be 

represented in one dimensional (1-D) using wavelet for some 

applications such as compression and the result shown an 

optimal performance.  Moreover, wavelet transform is a 

suitable for algorithms effectively especially it leads to fast 

transforms and convenient tree data structures, these are the 

core reasons of the succeeding of wavelet transform in many 

signal processing and communication applications. The two 

dimensional   (2-D) wavelet transform is constructed by 

tensor products from 1-D wavelet transform. It is used for 

images applications such as image denoising based on gray 

relational threshold [2]. With all the efficiency of wavelet 

but it is not the right tool for capturing contours of natural 

images.  Wavelet unable to efficiently represent the 

directional information in an image. It also does not have the 

ability of providing a different length elements of 

representation with directionality [3]. The directional filter 

banks (DFB) in work by Bamberger and Smith [4] 

decompose the image into multidirectional information and 

the DFB later used in contourlet transfrom. Contourlet create 

a revolution in image processing world because of its 

efficient decomposition and perfect reconstruction 

properties. The separable DFB is a decomposition tool that 

divides frequency directionally. 

 

The directional frequency decomposition in the 2-D DFB. 

This filter bank has been used in many image processing 

tasks and it implemented with multiresolution property in 

many researches [5], [6], [7] and [8]. DFB has a decimated 

decomposition process but it has a weakness in the low 

frequency part of the image. The mutiscale or 

multiresolution helps in solving this problem in partitioning 

the frequency before applying the DFB. The multiscale and 

multi directional transforms varies in the multiscale part, but 

in most of them, the DFB is a common for the directionality 

with some modulation for each transform. For example 

Steerable pyramid(Manjunath & Ma, 1996) is a multiscale 

and multidirectional filter bank uses basic filters with 

translation and rotation of signal function without applying 

for the lowpass subband. It decimates the lowpass subband 

and a set of undecimated directional subbands which makes 

it a recursive pyramid. This is caused by the undecimated 

directional subband. It is a redundant transform with more 

coefficents than in the original image.  

   The modulations made suitable to the multiscale and have 

a better transform for preserving texture images that requires 

higher sensitivity so that it can captures the details of the 

image. In many tasks, texture images have the bigger 

challenge in image processing. Wavelet transform is one of 

the best transforms that provide a good capturing of pointed 
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singularities but not for line singularities. Wavelet weak in 

providing the NLA decay for the images that has regular 

regions[9]. Contourlet transform[10] was proposed as a 

multidirectional and multiresolution transform that has 

efficiency in capturing line singularities. Contourlet has a 

good denoising and compression results. In the other hand it 

has a redundancy which is not desired for some applications 

[11]. The research continued concerning contourlet 

transform as an efficient transform for tasks of image 

processing such as denoising, compression and 

enhancement. With the revolution that contourlet made in 

image processing, it still has some aliasing noise and 

redundancy. Contourlet also does not have the shift invariant 

properties that make the transform flexible in frequency 

domain. The non-uniform directional filter bank (nuDFB) 

[11] was proposed to overcome the aliasing problem in 

contourlet. nuDFB is an efficient development of contourlet 

using wavelet and directional filter bank for multiscale 

multidirectional property. For the shift invariant property 

nonsubsampled contourlet transform NSCT [12] was 

proposed it solves the shift invariant property in contourlet 

but it added much redundancy which is not desired in 

compression. NSCT also provide the frequency localization. 

The new contourlet transform in [6] also proposed a way to 

provide frequency localization in contourlet. The 

multiresolution multidirectional transforms efficiency 

depends on the multiscale and multidirection processes. 

Multiscale process 

The mutiscale is the responsible of partitioning the 

frequencies to small blocks for better decomposition. In [10] 

the responsible of multiscale is the Laplacian Pyramids (LP) 

[13]. It does that by downsampling each level to produce a 

low pass region resulting bandpass region that remains. The 

improvement of LP used is just to add the remaining part 

that remain from the framing to the prediction [14].  The LP 

is been applied in the contourlet transform to overcome the 

weakness of DFB of capturing the low frequency. The LP 

will provide a property of capturing the low frequency that 

leak from the DFB to get a perfect reconstruction after 

decomposition. the localization of frequency and shift 

invariant property are not preserved well in the contourlet 

transform because of the up and down samplers of the LP 

and DFB as well [12]. The NonSubsampled Contourlet 

transform (NSCT) proposed to improve contourlet and 

provide the shift invariant property to the contourlet. The 

improvement is to delete the up and down samplers of the 

contourlet and upsampling in each state then take the 

remaining parts for each. Providing the shift invariant 

property make the NSCT a base for many researches such as 

image fusion [15] and retrieval application such as [16]. The 

NSCT has an efficient representation and it is suitable for 

many applications but its redundancy is much higher than 

contourlet. Non Uniform Directional Filter bank nuDFB 

[11] was proposed to overcome the redundancy and to alias-

free of the contourlet. The mulitresolution part in nuDFB is 

modified in its tree structure of the DFB with combination of 

discrete wavelet filter bank. In [7] the multiscale process 

implemented by using improved circular symmetric filter 

bank (ICSFB) which provides a circular shape of multiscale 

decomposition. This property make it more suitable for iris 

of eye texture preserving. Circular Hough transform after 

using the Canny edge detection to generate edge map is the 

base of the circular decomposition.  

 Multidirectional process 

The multidirectional process is the process which 

the transform can decompose the image directionally in the 

frequency domain. DFB was the common base of this 

process because of the efficient provided in this filter bank. 

In the contourlet transform, the directionality of the 

transform has been perfectly applied using this filter bank. 

NSCT repeat the same development of contourlet that was 

used in LP of the transform. The DFB was also the core of 

the nuDFB which was modified as will be in detail in section 

II. 

Multiscale and Multidirectional  

Combining the both processes, multidirectional and 

multiresolution form a different transform that has different 

properties. We have in contourlet transform the combining 

both LP and DFB similar with the NSCT. The difference 

between each transform is the way they combined and 

modified. In contourlet transform, the combination process 

is by keeping the low frequency band in image and apply the 

DFB on the bandpass regions created by LP. In the NSCT 

the nonsubsampled Laplacian pyramid, (NSLP) and non-

subsampled DFB (NSDFB) are applied. The modification 

that was made in both dimensions is removing the up and 

down sampling and upsampling each stage. This step will 

create a bandpass region that will be created. Both 

contourlet transform and NSCT are redundant. The 

redundancy in NSCT is higher than contourlet transform 

because of the modification made. Redundancy is necessary 

in some of improvements of image representation 

transforms. In the other hand it is not desirable in some 

application such as image compression. nuDFB is a 

transform which depends on DFB in majority of its parts.  

The decomposition process in nuDFB is unique compared 

to the previous multiresolution multidirectional transforms.  

 

II. THE NUDFB 

The processing of image in nuDFB depends on the 

directionality of the transform. Discrete wavelet transform is 

used in the nuDFB to that makes it less redundant. In [17] 

the nuDFB with arbitrary frequency partitioning is proposed. 

In this work the decimation of frequency is ignored for 

providing nonsubsampled nuDFB.  For providing the 2D the 

pseudopolar Fourier transform (PPFT)  [18]. 

Nonsubsampled nuDFB provides a perfect capturing of 

directional information but with redundancy. Because of that 

the nuDFB in [11] will be more focused in this paper.  

Let us assume we have the signal x(n) that is 

downsampled by M matrix, then the discrete Fourier 

transform of this signal y(n) is: 

 
(M )

1
( ) 2

T

T T

k N

Y X M M k
M

  


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 TN M  =  The is the group of integer lattice that belong to 

the parallelepiped SPD [19] the resulted from the matrix  

and SPD( ) that is defined as {Mx, x  }. 

The upsampling for x(n) will result: 

1(M ),
(n)

0,

x n Mk
y

otherwise

 
  
 

      (2) 

This can be written in Fourier transform as 

( ) (M )TY X                          (3) 

If the up and down sampling applied for the signal then 

from (1) and (3) we will get  

(M )

1
( ) ( 2 k)

T

T

k N

Y X M
M

   



                    (4) 

In the multirate filter banks getting a diamond shape or fan 

shape by using the quincuncs filter bank (QFB). The lattice 

of QFB is the only non-separable 2-D filters. The diagonal 

filter bank also is used because it has the parallelogram for 

getting perfect reconstruction. An extension of nuDFB in 

[20] in which they add a permissibility to the nuDFB.   

Assuming that the 2-D signal x(n) has decomposed  by the 

discrete wavelet transform as a output with four channels 

analysis filterbank: 

     2ij ijx n h k x D n k                            (5) 

 

i,j = ⋲ {0, 1}  

ijh  = The impulse response of  

the analysis filterbank. 

 

 x(n) can be represented as 2-D discrete equation. The signal 

x(n) is the projection of  2l n  

 In the space spanned by filter coefficients  for the first 

impulse h for V1 as  2 1ijh n D k V  and use the remaining 3 

h sub bands for the W as  2ijh n D k W1.  From that we can 

get the equation as: 

 2

0 1 1l n V W V                                 (6) 

Applying this formula will result the multiscale 

multidirectional transform. The low frequency band will be 

efficiently captured with directionality. W1 will be spanned 

with three sub bands so the formula will be: 

 2

0 1 2 3 ml n V W W W V            (7) 

The DFB and the DWT combination process forms the 

above frequency partitioning. Where V denotes the coarse 

region (low frequency region) and W represent the finer 

regions (the higher frequencies). The tree structure plays 

important role of the shift invariant property. In [21] shows 

that the tree structure can provide a shift multiscale 

multidirectional transform with a small redundancy.  The 

tree structure used in the nuDFB is by using the diagonal 

filter bank at the first low pass band and then applying the 

quincunx filter bank for the remaining bands. 

The diagonal filter banks add to the low frequency band, 

which is the same as in the DWT. The similarity of the 

nuDFB with the DWT is that they both have same low pass 

frequency support. In [22] the hidden Markove uses a new 

nuDFB structure by modifying the quincunx filter bank 

which has the name of nonuniform quincunx directional 

filter bank(nuqDFB). The DWT has vertical, horizontal and 

diagonal where the nuDFB has six directional subbands 

frequencies.  This design will provide less computation 

complexity and efficient reconstruction design. The 

redundancy also will be removed which is an important 

property in many applications in the image processing tasks. 

With low bitrate thresholding values, the nuDFB will 

provide better NLA than in the DWT due of the line and 

point singularity properties in this transform.  

   

HH + DFB 2
LH + DFB 2

HL + DFB 2

LL

LH + DFB 1 HH + DFB 1

HL + DFB 1

 
Fig. 1. nuDFB spatial decomposition 

 

Fig. 1 shows the spatial decomposition for one level of 

nuDFB.  Where for more decomposition will applied on the 

LL region.         
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Fig. 2.Taxnomy of the multiresolution multidirectional transforms 

 

 

III. NUDFB OVER MULTIRESOLUTION MULTIDIRECTIONAL 

TRANSFORMS 

 

Fig. 2 shows the process of the development of the 

multiresolution multidirectional transforms in the image 

processing. It is clear that wavelet is one of the most used 

because its stability of processing images. The higher 

frequency subbands needs more development, which results 

the invention of the new transforms. The contourlet 

transform deals with the Laplacian transform as the 

multiscale base. LP provided better capturing of the low 

frequency bands, which will be a perfect if united with the 

DFB except that the LP results more redundancy.  While 

DFB are deals with the higher frequency directionally.  The 

nuDFB has non-redundant transform, which is an advantage 

over the contourlet transform. The localization of frequency 

and shift invariance that was a problem and solved by the 

NSCT added much more redundancy although it has a 

perfect reconstruction. The nuDFB provided the shift 

invariant with maximum decimated frequency. The non-

redundant contourlet transform (NRCT) [23]  has solved the 

redundancy problem but its features are not at the level of 

the nuDFB. NRCT is an extension of wavelet transform 

which applies the directional filter bank only in the high 

frequency band of the 2D wavelet transform. The 

improvement of the nuDFB of providing advanced 

decimation of frequency with free-aliasing transform.  

 

nuDFB is a simple design which has a simple computation 

complexity. nuDFB has the property of preserving texture 

classification and preserves texture images.  In image 

denoising algorithm by Bui, 2006 nuDFB was used with 

discrete wavelet transform (DWT). Markov tree was used in 

this work for accounting inter-scale, inter-direction and 

inter-location dependency. Because of the flexible structure 

of nuDFB over other transform from the same family which 

is the essential support of the lowpass band region 

 
2

/ 2, / 2  which make it able to have more 

multiresolution filterbank. Using Discrete Fourier Transform 

(DFT) for preserving texture of image like in [24] would 

provide an efficient texture preserving but without 

directionality. Using DFB in preserving texture in images 

guarantees better results because of multidirectionality that 

DFB provides.   

IV. THE NONLINEAR APPROXIMATION (NLA) 

 The NLA is a numerical computation that compute a 

complicated functions (target function) with an easier way to 

compute called the (approximant) [25]. The bit rate used in 

this table for the image.. The Peak Signal to Noise Ratio 

(PSNR) and Structure Similarity (SSIM) are the tools of 

measuring NLA. The decomposition levels used are five 

levels for nuDFB, Contourlet and Wavelet. The 

directionality used in both nuDFB and contourlet are 12 

directional levels. For contourlet we used four directional 
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levels for the first decomposition and eight directional levels 

for the second decomposition level. In the nuDFB there are 

6 directional levels for both first and second levels. The 

cause of doing it this way is that contourlet uses the 

directional levels as  which can’t be six as in the nuDFB.  

 

 

 

Table. 1 nonlinear approximation  
PSNR for nuDFB, Contourlet and Wavelet 

Bit rate 0.025 0.05 0.1 0.15 0.2 0.25 0.3 

nuDFB 17.2 18.16 19.37 20.83 21.83 23.61 24.79 

Contourlet 15.84 17.11 18.72 20.19 21.44 22.27 23.36 

Wavelet 17.09 17.73 19.61 20.96 22.34 23.76 24.86 

SSIM for nuDFB, Contourlet and Wavelet 

Bit Rate 0.025 0.05 0.1 0.15 0.2 0.25 0.3 

nuDFB 0.39 0.5 0.61 0.68 0.73 0.78 0.81 

Contourlet 0.39 0.49 0.6 0.66 0.71 0.75 0.78 

Wavelet  0.4 0.51 0.63 0.7 0.75 0.79 0.83 

 

V. REDUNDANCY AND COMPUTATION COMPLEXITY 

 

In the contourlet, transform the multiscale process 

uses the LP with complex computation process. In contourlet 

transform, the LP requires / 2 1pL   operation per input 

sample. For N pixels image the LP complexity will be 

defined  as: 
1

1

1 4
1 1

4 2 3 2

j
J p p

j

L L
N N





    
      

     
 (operations) 

(8). And for DFB for l-level of full binary tree  as: 

 
1

1

1 4
max

4 3

j
J

d j d jj
N L l NL l





 
 

 
  (operations)  

(9) 

 

pL and dL  =  The number of taps of 

 the pyramidal and directional filters LP 

 and DFB in the contourlet transform. 

 

 In the nuDFB the computation complexity is simple and less 

complexity. In the NSCT the nonsubsampled LP and DFB 

has a complexity, which equal to 

                                            B x N x L                                     

(10) 

 

 B =  denotes the number of subbands. 

N = number of pixels. 

 L = number of operation per output sample. 

 

 The nuDFB has fully decimated frequency decomposition 

and has less computation complexity with perfect 

reconstruction, which is an advanced than some of 

multiresolution multidirectional transforms. nuDFB was 

used efficiently in denoising images and preserving texture 

in images. Using nuDFB in the application or extensions 

provides less redundancy and higher efficiency as insured by 

[18, 19, 21 and 22] .  

VI. CONCLUSION 

In multiresolution multidirectional filter banks there are 

some of the matters that play an  important role of the 

transform. The redundancy and computational complexity 

are some of the problem that was clearly appeared on some 

transforms. Each of the transform can perform well at certain 

condition. For preserving texture and directional information 

in images however, require more consideration whether to 

have more redundancy when using contourlet or reduce 

efficiency with nuDFB but maintain its directionality 

information with reduce complexity.  
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