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Abstract— This paper presents an approach to lossy image 

compression based on the Set Partitioning In Hierarchical 

Trees (SPIHT) technique presented A. Said and W. Pearlman 

[1]. The algorithm was implemented in MATLAB 7.0, and 

tests of the algorithm were done using different BPP. A 

qualitative analysis of the results among the different BPP is 

included. 
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I. INTRODUCTION 

An important development in the field of digital image 

processing has been image compression. The idea is to 

efficiently reduce the memory an image occupies in memory 

by eliminating redundant data. One way to identify redundant 

data in an image is by exploiting the limitations of the human 

visual system; certain information in an image is not relevant 

to human perception. Wavelets allow one to represent image 

data such that perceptually redundant data can be located and 

removed. By performing the Discrete Wavelet Transform 

(DWT) on an image, the image is converted into the 

frequency domain, separating it into trends, areas of high 

statistical correlation, and details, such as edges or object 

boundaries. In practice, many of the details in an image can 

be eliminated without perceptible effect. 

 An important development in the field of digital 

image processing has been image compression. The idea is to 

efficiently reduce the memory an image occupies in memory 

by eliminating redundant data. One way to identify redundant 

data in an image is by exploiting the limitations of the human 

visual system; certain information in an image is not relevant 

to human perception. Wavelets allow one to represent image 

data such that perceptually redundant data can be located and 

removed. By performing the Discrete Wavelet Transform 

(DWT) on an image, the image is converted into the 

frequency domain, separating it into trends, areas of high 

statistical correlation, and details, such as edges or object 

boundaries. In practice, many of the details in an image can 

be eliminated without perceptible effect. 

 This compression technique is a form lossy 

compression in which data is destroyed. This is in contrast to 

lossless compression in which the original data prior to 

compression can be reconstructed exactly. Using lossy 

compression techniques, one can achieve much greater 

compression ratios than by using lossless compression 

techniques. 

 A desirable property of an image compression 

scheme is that of an embedded bit stream. When encoded as 

an embedded bit stream, an image is suitable for progressive 

transmission, in which the entire image is always visible and 

becomes clearer as it is received. 

 This contrasts raster-based transmission in which 

the image is transmitted row-by-row, completely 

decompressed, but only part of the image is visible until it is 

completely received. The Set Partitioning in Hierarchical 

Trees (SPIHT) algorithm produces an embedded bit stream 

from an image that has been transformed into the frequency 

domain using the DWT. The bit stream generated by the EZW 

algorithm represents a sequence of binary decisions that 

distinguish an image from the null or all gray image. Using 

this method an encoder can terminate the encoding at any 

point, allowing a target bit rate to be reached exactly; 

likewise, a decoder can terminate the decoding at any point, 

allowing for progressive transmission. 

II. BACKGROUND 

Wavelets are a class of functions that satisfy certain 

mathematical requirements and are used in representing data 

or other functions. Using the superposition of functions to 

approximate other functions is nothing new. In the 1800s, 

Joseph Fourier discovered that any periodic function can be 

expressed as the sum of a series of sines and cosines; this is 

known today as Fourier analysis. Wavelets are an extension 

of Fourier analysis. The goal of wavelet analysis is to turn the 

information of a signal into numbers—coefficients—that can 

be manipulated, stored, transmitted, analyzed, or used to 

reconstruct the original signal. By translation (moving) and 

dilation (squeezing or stretching) the wavelets to change their 

frequency, they automatically adapt to different components 

of a signal, using a small window to look at brief high-

frequency components, and a large window to look at long-

lived low frequency components. This procedure is known as 

Multiresolution Analysis (MRA). Using MRA, a signal is 

studied at a coarse resolution to get a global description and 

at increasingly higher resolutions to obtain increasingly fine 

details. 

III. SPIHT ALGORITHM 

This algorithm laid the foundation of modern wavelet coders 

and provides excellent performance for the compression of 

still images as compared to block based DCT algorithm. 

Introduced by A. Said and W. Pearlman in 1996 [1], this 

algorithm uses the multi-resolution properties of wavelet 

transform. 

 The SPIHT encoder can stop encoding of an image 

data at any desired target rate. Similarly, the decoder can stop 

decoding at any point resulting in image quality produced at 

the truncated bit stream of the image data. While the zero-tree 

structure is analogous to the zigzag scanning of the transform 

coefficients and end of block (EOB) symbol used in DCT 

based algorithms. 

 The SPIHT algorithm first uses DWT for the 

decomposition of an image where at each level i, the lowest 
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spatial frequency subband is split into 4 more subbands for 

next higher level i+1,i.e., LLi+1, LHi+1, HLi+1 and HHi+1 and 

then decimated. The coefficient at coarse scale is called 

parent while the coefficients at the next fine scales in the same 

spatial orientation are called children. 

 
Fig. 1: SPIHT’s Zerotree 

 The success of the SPIHT is in part due to the 

organization of the wavelet coefficients into the spatial 

orientation zerotrees. Fig.1 shows the spatial orientation 

zerotree in a wavelet pyramid, which has the tree root in the 

subband at the coarsest level of the pyramid and branches 

successively into the subbands at the finer level in the same 

spatial orientation. The SPIHT coder uses three types of sets: 

D(i, j) denoting the set of all descendants of a node (i, j), O(i, 

j) representing the set of all offspring of the node (i, j), and 

L(i, j) representing the set of all descendants excluding the 

immediate four offspring (called non-child descendants) of 

the node    (i, j), that is, L(i, j)= D(i, j) – O(i, j). A wavelet 

coefficient at coordinate (i, j), C i, j is called significant with 

respect to a given threshold T (T = 2n at resolution n) if C i, j 

 T; otherwise, it is called insignificant. For a quick 

reference, here are some of the important definitions. 

1) LIS 

List of insignificant sets: contains sets of wavelet  coefficients 

which are defined by tree structures, and  which  had  been  

found  to  have  magnitude smaller  than  a  threshold (are 

insignificant). The sets exclude the coefficient corresponding 

to the tree or all subtree roots, and have at least four elements. 

2) LIP 

List of insignificant pixels: contains individual coefficients 

that have magnitude smaller than the threshold. 

3) LSP 

List of significant pixels: pixels found to have magnitude 

larger that the threshold (are significant). 

4) (i, j) 

Set of coordinates of all offspring (direct descendants) of 

node (i, j): children. 

5) D (i, j) 

Set of coordinates of all descendants node of node (i, j): 

children, grandchildren, great-grand etc. 

6) L (i, j) 

D (i, j) − O (i, j): (all descendants except offspring): 

grandchildren, great-grand etc. 

 In a practical implementation, the significant 

information is stored in three ordered lists: a list of 

insignificance sets (LIS), a list of insignificant pixels (LIP), 

and a list of significant pixels (LSP). In all lists, each entry is 

identified by a coordinate (i, j), which represents individual 

pixels in the LIP and LSP, and indicates either the set D (i, j) 

(a set of type A) or L (i, j) (a set of type B) in the LIS. At the 

initialization step, the coefficients in the highest pyramid 

level (the coarsest level) are added to LIP and only those with 

descendants also to LIS as type A entries. The LSP is set as 

an empty list. The SPIHT coder starts with the most 

significant bit plane. At every bit plane, it tests the tree lists 

in order, starting with LIP, followed by LIS and LSP. The 

coefficients in the LIP are coded. Those that become 

significant are moved to the end of the LSP and their signs 

are coded. Similarly, sets D (i, j) and L (i, j) are sequentially 

coded following the LIS order, and those that become 

significant are partitioned into subsets. The set partitioning 

rules are as follows 

1) If D (i, j) is significant, then it is partitioned into L (i, j) 

plus the four single-element sets with (k, l) O (i, j). 

2) If  L(i, j)  is  significant,  then  it  is  partitioned  into   four   

sets   D (k, l)   with (k, l) O (i, j). 

 Newly formed sets L (i, j), D (k, l) are added to the 

end of LIS to be coded again before the same sorting pass 

ends. Finally, each coefficient in LSP except the ones added 

in the last sorting pass is refined in each refinement pass. The 

algorithm then repeats the above procedure for the next 

resolution, and then stops at desired bit rates. The decoding 

algorithm can be obtained by duplicating the encoder’s 

execution path. An additional task done by the decoder is to 

update the reconstructed image [2]. 

Initialization 

   n = [log2 (max |coeff|)] 

   LIP = All elements in H 

   LSP = Empty 

   LIS = D’s of Roots 

Significance Map Encoding (“Sorting Pass”) 

   Process LIP 

      for each coeff (i, j) in LIP 

         Output Sn (i, j) 

         If Sn (i, j) =1 

            Output sign of coeff (i,j): 0/1 = -/+ 

            Move (i, j) to the LSP 

         Endif 

      End loop over LIP 

   Process LIS 

      for each set (i, j) in LIS 

         if type D 

           Send Sn (D(i, j)) 

            if Sn (D (i, j)) =1 

               for each (k, l) є  

                  output Sn (k, l) 

                  if Sn (k, l) =1, then add (k,l) to the LSP and 

                  output sign of coeff: 0/1 = -/+ 

                  if Sn (k, l) =0, then add (k, l) to the end of  

                  the LIP 

              Endfor 

           Endif 

        else (type L) 

           Send Sn (L(i, j)) 

           if Sn (L(i, j)) =1 

               

              an entry of type D 
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              remove (i, j) from the LIS 

           end if on type 

        End loop over LIS 

Refinement Pass 

   Process LSP 

      for each element (i, j) in LSP – except those just 

      added above 

      Output the nth most significant bit of coeff 

   End loop over LSP 

Update 

Decrement n by 1 

Go to Significance Map Encoding Step 

Adaptive Arithmetic Code (Optional) 

 The main loop ends when the threshold reaches a 

minimum value. For integer coefficients this minimum value 

equals zero and the divide by two can be replaced by a shift 

right operation. 

 Here we add another ending condition based on the 

number of outputted bits then we can meet any target bit rate 

exactly without doing too much work. 

IV. IMPLEMENTATION & RESULTS 

We implemented a SPIHT coder based on the above 

principles. In order to test the effectiveness of the SPIHT 

lossy compression technique, 50 images were compressed 

and reconstructed at bit rates ranging from 0.015625 BPP to 

1 BPP. The test images were grayscale images. The images 

contained no synthetic images or clip art. The metric used to 

test the fidelity of the compressed images were Mean Square 

Error (MSE) AND peak signal to noise ratio (PSNR). The 

MSE is given in Equation below for grayscale images 

MSE = q
2 = 

N

1
  

kj

kjgkjf

,

]),[],[( 2 

 Where the sum over j, k denotes the sum over all 

pixels in the image and N is the number of pixels in each 

image. The PSNR between two images having 8 bits per pixel 

or sample in terms of decibels (dBs) is given by: 

PSNR = 10 log10 
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 Generally when PSNR is 40 dB or greater, then the 

original and the reconstructed images are virtually 

indistinguishable by human observers. 

 Here coding has been performed on image by using 

Bior4.4 type mother wavelet, wavelet scale=8, CR=8 to 512 

(0.015625 bpp to 1 bpp) and fixed pixel values. Fig 2 shows 

the graphical comparison of PSNR for two compression 

algorithms viz. the EZW coding and the SPIHT coding. 

 
Fig. 2: 

V. CONCLUSION 

It is observed that EZW coded image has achieved the highest 

PSNR of 32.6365dB corresponding to CR of 1(BPP=1) and 

lowest PSNR of 21.6991dB (BPP=0.015625).Whereas 

SPIHT coded image has the highest amount of PSNR of 

35.7290dB and lowest PSNR of 23.0209dB indicating that 

SPIHT is much suitable for lower bit rates (i.e. BPP below 

0.125). 

 
Fig. 3 (a): Uncompressed 

 
Fig. 3 (b): Bpp =0.015625 
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Fig. 3 (c): Bpp =0.03125 

 
Fig. 3 (d): Bpp =0.0625 

 
Fig. 3 (e): Bpp =0.125 

 
Fig. 3 (f): Bpp =0.25 

 
Fig. 3 (g): Bpp =0.50 

 
Fig. 3 (h): Bpp =1 
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