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 Abstruct 
 

Wavelet-Network (W N) model has been very recently proposed and applied to 

image processing. In this paper a general model is proposed for the reconstruction of the 

lost blocks of the irregularly sampled image.The proposed model is  fast and it uses the 

correlation between the lost block and its neighbors. An algorithm is introduced which 

uses first thresholding to determine the presence or absence of edges in the lost block. 

The interpolation scheme minimizes the square of the error between the border 

coefficients of the lost block and those of its neighbors. The proposed method is able to 

improve image quality in terms of both visual perception and image fidelity  The 

architecture of the proposed neural network is fast forward multilayer perceptron and 

in it’s learning it uses the resilient back-propagation training. The reconstruction error  

is expressed in terms of (PSNR) When it is viewed on a monitor, there is virtually no 

difference between the original and the image reconstructed using the proposed method.  

 

  المستخلص
          

           في هذا البحث يمكن استرجاع الأجزاء المفقودة من الصور غير المرتبة عن طريـق اسـتخدام التركيـب         
في بادى الآمر . تكر العام ، يستعمل التركيب كمقياس للتشابه بين الأجزاء المفقودة وما يجاورها وبسرعة فائقة            المب

. تم تحقيق نظرية تستخدم مستوى تعريفي ثابت للطاقة لتحديد وجود أو عدم وجود الحافات في الأجـزاء المفقـودة                  
كما . طأ لحدود قيم مكافئات الأجزاء المفقودة وما يجاورها المقياس البيني للأجزاء المفقودة سوف يقلل من مربع الخ

الطريقة المبتكرة قادرة على . انه يقلل من ظاهرة التداخل للأجزاء فيما بينها مع إمكانية فصل تلك الحافات إن وجدت 
أسلوب . جعةتحسين جودة الصور المعالجة لاسترجاع الأجزاء المفقودة من حيث دقة التركيز المرئي للصورة المستر        
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الكيـان الهيكلـي للـشبكة    . ربط المويجة مع الشبكة العصبية يجعلها تتعامل مع المشاكل بمستوى عال من الكفاءة      
العصبية المبتكرة يكون متمثلا باستخدام الانتشار العكسي للوصول إلى دقة متناهية لاستخلاص مكافئـات الأجـزاء                

  . مثل لمعاملات نظم الشبكة طريق التدريب الأنالضائعة بأقل نسبة خطأ وع
 

Introduction 
 
        Various channel /network errors will result in damge or loss of compressed video 

packages, Reliable reception of still images is imperative in providing robust multimedia 

transmission, such as ATM and other packet-based networks, satellite channels, and wireless 

networks. In addition, the industrial standard, developed by the joint photographic expert 

group (JPEG) is based on Discrete cosine Transform (DCT) applied to sub blocks in an 

image, this method is unacceptable because it introduces blocking artifacts due to independent 

errors across block boundaries [1] Hence. the ringing effect is considered the major artifat 

around edges. 

 

         However, besides the ringing effect, edges have also been blurred by the low pass 
filtering effect introduced by the allocation of zero bit to high-frequency coefficient, several 
techniques have been proposed in the past ten years . somes techniques are rather intuitive, 
such as pixel Domain Interpolation, [2] Multi-directional Interpolation [3], etc. 
  
         Error concealment is an ill-posed problem, which has no unique recovery of the lost 
information. Many post-processing schemes have been developed, among which most 
techniques attempt to remove the blocking effect [4]-[8], and some methods focus on the 
suppression of the ringing effect [9] or both artifacts [10]-[13]. 
In this paper, our approach applies a general model to reconstruct the lost blocks of the 
irregularly sampled Image. Hence; fast schemes for wavelet-domain interpolation of 
irregularly lost blocks are presented. 
 
        We reconstruct the lost block in the wavelet domain using the correlation between the 
lost block and its neighbors. The proposed method is able to improve image quality in terms 
of both visual perception and image fidelity; a neural network (NN) classifier can handle 
problems of large dimension efficiency. Hence, the classifier is combined with the wavelet 
domain interpolation of irregularly lost blocks. The architecture of the proposed neural 
network is a fast forward multi-layer perceptron and in its learning it uses the resilient back-
propagation training. It will be seen that computation results is very closer to that normalized 
desired input-output values.    
 

 Wavelet Decomposition 



 

         Wavelet transform can decompose images into various multiresolution subbands. It has 

been extensively used in various fields including texture analysis [14], VLSI architecture [15], 

image coding [16,17,18]. This is because it can decompose the image into several 

multiresolution subbands and perfectly reconstruct the original image from them. It has been 

used in subband image coding [16,17,18] . Mallat [19] developed the multiresolution 

architecture which is very suitable for image analysis .  

Fig.1 shows, an image called ( Pout: 296 x 240), while Fig.2 shows, a 10 – subbands 

decomposed by two-dimensional wavelet transform with the filter proposed by Haar. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig .1 An image called (Pout: 296 X 240)  

      

 

 

 

 

 

 

 

 

 

 

 

 

  

  

  

  

 

 

 

 

 



 

Fig.2  An image called (Pout:296 X 240) is decomposed to 11-subbands  

with 2-dimensional 3-level wavelet transform. 

 

Fig 3 and 4 show, the notation and the data structure for the subbands. The original image of 

296 X 240 is decomposed into 4 sub-images of 148 X 120 in the subband decomposition of 

level -1. They are LL, LH, HL, and HH bands The sub-image of the LL band is the coarse 

image of the original image.  

 

     Similarly, the LL band is decomposed into the LL , LH , HL and HH bands of 74 X 60 in 

level-2. Finally, the LL band in level 2 is decomposed ino the LL , LH , HL and HH bands of 

37 X 30 in level - 3. Therefore, the LL band in level - 3 is coarser than the LL band in level - 

2 and so on. The edge in level - 3 is the coarsest edge and the edge in level - 1 is the finest 

edge. 
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Fig- 3 The notation for the corresponding sub-bands 
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Fig- 4 The data structure for the corresponding sub-bands  

  

 

  The Reconstruction Method 

                          



To recover the lost edge information, we test the missing blocks to see whether the block 

contains part of an edge or not.  Fig -5, shows an example of  avertical edges in V1 level. 
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Fig - 5 Shows an example : Test of vertical edge 

 

 A missing substream affects the 2X2 coefficients of the missing blocks, and tests whether the 

values are greater than certain thresheld value. If any of the four tests meets the condition, 

then we decide the missing blok is in part of vertical edge. 

The coefficients left and right of the missing block are needed to recover horizontal detail, 

and diagonal neighboring coefficients are needed to recover the diagonal detail . For each 

high frequency subband, the matrix estimate of lost coefficients is given by :         

         BWAWX 21 +=                                                          (1)  

 



where , A and B are the adjacent coefficients , and W1 and W2 are scalar parameters .In the 

vertical edge case, A and B can be T (Top) and B  

( Bottom) respectively Then, we need to find W1 and W2 where the error at the top and 

bottom borders is minimized. 

 

 

 

The Vertical , Horizontal and Diagonal Edgy Blocks 

 

     For level V0 , X , T , B consist of only one coefficient , and hence X is the average of T  

and B.while , for level V1 , X , T , B are 2X2 matrices. Fig -6 will illustrate 2X2 lost blocks 

reconstruction . 
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Fig -6 shows the V1-level lost block reconstruction 

 

where  , x1 and x2 are solved, as : - 
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 and squared error at the top border is :  
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Similarly we can solve both x3 and x4 by : 
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and the squared error at the bottom border is : - 
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Non – edgy Blocks Reconstruction 

In this paper the lost-blocks are reconstructed by all types of interpolation details of all 

neighbors, such as vertical, horizontal and diagonal, for 8X8 tiling, the finest level is V2, 

which is a 4X4 matrix, for horizontal interpolation details where the reconstruction is done by 

spliting the columns of 4 coefficients into two groups of two coefficients, each, as shown in 

the Fig(7). 

 

 



                     Left                           Lost – Block                      Right 

             L1                         L4               X1    X2     X3   X4        R1                    R4 

            L5                    L8           X5    X6     X7     X8        R5                    R8 

          L9                   L12             X9    X10   X11 X12         R9                    R12 

            L13                  L16            X13   X14   X15  X16     R13                   R16 

 

Fig.(7) shows the 4X4:Horizontal type details of lost block reconstruction. 
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       And so on ….. 

For horizontal edgy lost blocks, Fig -8 will illustrate the location pixels                              

                    Horizontal left                             Lost-block                          Horizontal Right  
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Fig.(8) shows 2X2:Horizontal type reconstruction 
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Wavelet Network Based Proposed Lost Block Reconstruction Procedure: 
 

The following procedure is followed in this proposed reconstruction method using the 
Wavelet Network. To the knowledge of the author, there is no method proposed using this 
technique. Thus this is the first time that a reconstruction procedure is followed using Wavelet 
Network. 

 
Step-1 Referring to the previous image processing procedure, the goal of the proposed tested 
methods is to minimize the squared error between the lost block and its neighbors. In this 
paper a novel selecthion type of the surrounding neighbor coefficients is achieved. Whether 
vertical, horizontal, or diagonal reconstruction process the same nearest values of these 
neighbors pixels are obtained. 
 
Step-2   Start with the filling-in processes a decomposition space of any selected image; the 
estimated matrix of any lost coefficients is given by means of equation 1. Next apply 



equations 2 up-to 5 to recognize the vertical edgy and non-edgy (2X2) or (4X4) matrix 
missing of blocks reconstruction. Equations 6 up-to 14 will be used to 
recogniz the horizontal and diagonal (2X2) or (4X4) missing matrix of blocks 
reconstruction. 
 
Step-3    To recognize the correlation process of   step-2 between the lost block and its 
neighbors; a fast scheme forward multilayer perceptron with resilient back-propagation 
training is used. The classifier (NN) is combined with the wavelet domain interpolation. 
 
(a)- Initializ the scalar parameters (i.e., weights) W1 and W2 of equation 1. then update 
these weights after presenting each training of tested image to reach nearest lost blocks 
values that are closer to the desired values. 
 
(b) - Apply a set input coefficients in a form of matrix to that classifier (NN). These, 
coefficients represent the interpolation parts for both missing and surrounding blocks 
that are putt under testing method.while, the missing blocks are putt as a desired 
matrix. 
 
(c) - Because the decomposition extracted coefficients are under transient gray levels, 
hence, the matrix coefficients are sometimes either positive or negative. Therefore, the 
sigmoid function is used. 
 
(d) - Because  the extracted coefficients will be in a high range value, the input and the 
desired coefficients matrices must be normalized. In addition it is necessary to initialize 
the scalar parameter (i.e., λ) of the sigmoid function. 
 
Step-4    Apply the adaptation techniques based on the LMS algorithms. The 
implementation of the above steps (step 3-b up-to 3-d) is done with starting at minimum 
suggestion errors. 
 
Step-5      In case of the missing matrix coefficients  in form of (4X4) matrix, the split 
coefficients process is used . So, steps (3.a-3.d) and step-4 are repeated four times in each 
quadrant sub-tested image. 
 
Step-6   Arrange the updating reconstruction blocks of each iteration in a special matrix. 
Then, make a comparison with that desired one. 
 
Step-7    Evaluate the peak-signal-to-noise-ratio (PSNR) of each iteration for both missing 
and the surrounding pixels. Hence, [11]. 
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Example  
 

 In this example an image namely Pout of 240X296 pixels is considered. In order to 
simplify the application of the proposed method, first of all a block of 2X2 is assumed to be 



lost from the given image with vertical, horizontal, and diagonal test. Fig.(9) shows the 
proposed block diagram of the missing blocks. 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
  
 

 
 
 
 
 
 
 
 
  
 
 
 
 

Fig. (9) The proposed block diagram of the missing blocks in the form of sub-image decomposition 
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Table 
(1) 

gives 
the 

location of the missing blocks with its neighbors. The total coefficients are 10X10 pixels, which represent 
the third depth decomposition at the assigned location. 
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Table(2) represents  the  processing  image Pout of 240x296; (I)  first 
sub-image, 3-depth decomposition coefficients(I1) with a desired sub- 

Matrix coefficients and (8-neighbors) for each V, H, and D 
 
  
  
  
  
  
  
  
T 
 
 
 
 
 
 

TTable(3)      represents the resultant output of (NN) with V1, H1, and D1 analysis procedure as a 
filling-in coefficients with a corresponding (PSNR). 
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 Vertical-Test Horizontal-Test Diagonal-Test 

 87.04  96.98   86.78  87.02 86.85  86.89  
  Or1  

 87.02  87.06    86.89  87.06 87.01  87.06 

PSNR1       95.9282          95.9573        95.9186 



Fig. (10) shows an image called (clown: 200x320) with a simulated loss 

level-3 decompotion

level-2 decompotion

level-1 decompotion

 

Fig. (11) shows an image called (clown: 200x320) in the form of the second-quadrant sub-image, 3-depth 

decomposition with a simulation loss. 

 
 



level-3 decompotion

level-2 decompotion

 
Fig. (12) shows an image called (clown: 200x320) Filling-in is in a decomposition space  

 
Conclusions 
 

In the classical method,  the wavelet transform is used as a very efficient multi-
resolutions modeling to translate the image into four small sub-images in each depth. 
These trees of images contain the split orthogonal features, which are distributed in this 
multi-resolutions multi-scale model. 

 
1- The reconstruction of sub band coefficients iteratively generated lost coefficients to 
minimize the mean squared error between the correctly received coefficients and the 
coefficients resulting from the analysis of the synthesized reconstructed image.In 
general, the reconstructed LH and HL bands provide accurate information for edge 
placement. 
 
2- Low frequency reconstruction performs well on horizontal, vertical, and strong 
diagonal edges. Hence, the accurate edge placement is achieved by adapting the 
interpolation grid in both the H, V, and the D directions as determined by the edges 
present. 
 
3- The sub band decomposition provides natural framework through which 
relationships between low and high frequency sub bands can be used to characterize the 
low frequency signal for accurate edge reconstruction. In the case of reconstruction, 
coefficients so that edges are accurately synthesized are crucial to providing visually 
acceptable images. where, Some low frequency coefficients are missing, so processing of 
the low frequency band cannot be used to accurately identify edge locations. 
4- In the proposed method, any setting lost coefficients to zero produces an image with 
dark “holes” spread out to an extent determined by the number of decomposition levels 



and the filter length. High frequency loss without reconstruction may or may not be 
visible, depending on where the loss occurs. Better and the more accurate reconstruction 
is achieved when all coefficients used in interpolation and derivative estimation are 
known. and if vectors are staggered down rows or columns. 
 
5- The performance of our proposed method was evaluated by reconstructing random 
loss of three coefficient groupings across all sub bands at all decomposition levels: single 
coefficients, vectors of length 4, and blocks of size 2X2. Hence, the image reconstruction 
consists of two parts: reconstruction of lost coefficients in the visually most important 
lowest frequency band and reconstruction of coefficients in all other bands. 
 
6- The lost blocks are generated as a linear combination of available adjacent blocks, 
when the data matches the assumptions, the reconstructed image quality can be quite 
good. However, when the data does not match the assumptions, in the best case the 
reconstructed blocks may be visually acceptable but may differ greatly from the original 
blocks. where the randomly lost coefficients are most likely to have the highest number 
of known coefficients required in interpolation present. Conversely, blocks require the 
most coefficients estimation for use in interpolation process. 

 
7- The proposed method has been tested in the context of intermediate view reconstruction 
where the reconstruction error will be expressed in terms of image fidelity as it is shown in 
the proposed tables. It is seen that the proposed method clearly outperforms the nearest-
neighbors and the polynomial reconstructions. When viewed on a monitor, there is virtually 

no difference between the original and the reconstructed image.  
 

References 
 

1.  Esteban D., and Galand C., “Application of Quadrature Mirror Filters to Split 
Band Voice Coding Schemes, ” in : Proc. 1977. IEEE Internat. Conf. Acoust. 
Speech signal process, Hartford, of CT, PP. 191-195, May. 1977. 

2. Smith M.,J.T., and T.P., Barnwell, “Exact Reconstruction Techniques for Tree-
Structured Suband Coders,” IEEE Trans. Acoust. Speech Signal Process. Report No. 
ASSP-34, PP. 434-441, June. 1986. 

3.  Skodras A.N, Christopoulos, C., and Ebrahimi, T. “Jpeg2000: The Upcoming Still 
Image Compression Standard,” Proceedings of the 11th Portuguese Confernce on 
Pattern Recognition, Porto, Portugal, PP. 359-366, May. 2000. 

4. Chang,  E. “An Image Coding and Reconstruction Scheme for Modile Computing,” 
in Proceedings of the 5th IDMS (springer-Verlag LNCS 1483). Oslo, Norway, pp. 
137-148, September. 1998. 

5. Wada, M. “Selective Recovery of Video Packet Loss Using Error Concealment,” 
IEEE. Journal on Selected Areas in Communications. Report No. (JSAC) 7, PP. 207-
214, June. 1989. 

6. Pancha P., and Zarki, M. E., “Mpeg Coding for Variable Bit-Rate Video 
Transmission,” IEEE. Communications Magazine 32, PP. 54-56, May 1994. 

7. Ghanbari M., and Pancha V., Sferidis, “Cell-Loss Concealment If Atm Networks,” 
IEEE. Transactions on Circuits and systems for Video Technology vol.3, PP. 238-
247, June 1993. 

8. Zhu, Q. Wang Y., and Shaw,  L. “Coding and Cell Loss Recovery In Det Based 
Packet Video,” IEEE. Transactions on Circuits and Systems for Video Technology 
vol. 3, PP. 248-258, June 1993. 



9. Tom, A.S. Yeh,  C.L. and Chu, F. “Packet Video for Cell Loss Protection Using 
Deinterleaving and Scrambling,” IEEE. International Conference on Acoustics 
Speech, and signal Processing, PP. 2857-2860, May 1991. 

10.  Wang Y, zhu q., and Shaw, L., “Maximally Smooth Image Recovery In Transform 
Coding,” IEEE. Transactions on Communications vol.41, PP. 1544-1551, October 
1993. 

11. Sun H. and Kwok W., “Concealment of Damaged Block Transform Coded Images,” 
Using Projections Onto Conves Sets, IEEE. Transactions on Image Processing vol.4, 
PP. 470-477, April 1995. 

12.  Salama P, “Error Concealment Techniques for Encoded Video Streams,” 
Proceedings of IEEE. Of ICIP, vol. 1, PP. 9-12, October 1995. 

13. Rogers J. K. and Cosman P. C, “Wavelet Zero tree Image Compression With 
Packetization,” IEEE. Signal Processing Letters, vol. 5, PP. 105-107, May 1998. 

14. ., Ulichney R, Digital Half toning, MIT Press, Cambridge, Mass. , 1987. 
15. Range S. G., Sapiro, and M. Bertalmio, “Wavelet Domain Reconstruction of Lost 

Blocks In Wireless Image Transmission and Packet-Switched Networks,” submitted 
to IEEE. Transactions on Image Processing, 2002. 

16. Cho S.W., and Pearlman, A., “Error Resilience and Recovery In Streaming of 
Embedded Video,” journal of Signal Processing vol. 82, PP. 1545-1558, November 
2002. 

17. Philips, C., L., and Parr,J.M, Signals, Systems, and Transforms, Prentice Hall, 
Englood Cliffts, 1995. 

18. Daubechies, I., “What Do Wavelets Come From, Personal Point of View,” 
Proceeding of the IEEE, Vol. 84, No. 4, PP. 510-513, April 1996 {Special issue 
wavelet}. 

 
  


