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Abstract: Motion estimation is a common element in many video processing algorithms, serving as a valuable 

way to capture the spatial-temporal correlation in video signals. However, the robustness of motion estimation 

often suffers from problems such as ambiguities of motion trajectory (i.e. the aperture problem) and 

illumination variances. In this paper, we explore a new framework for video processing based on the recently 

proposed wavelet transform with SPIHT algorithm and fast implementations of arithmetic coding, which 

achieve optimal compression and higher throughput by better exploiting the great numerical capabilities of the 

current processors. Also, Instead of containing an explicit motion estimation step, the wavelet transform 

provides motion-selective sub band decomposition for video signals. We proposed a new and different approach 

for based on set partitioning in hierarchical trees (SPHIT) and arithmetic coding which provides better 

performance than the previous approaches. The result is calculated by comparing the actual video size and 

compressed video size, after decoding using proposed technique. 
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I. INTRODUCTION 
Motion information provides a powerful means of improving a variety of video processing systems. 

Many algorithms have been developed during the last thirty years for applications such as motion compensated 

(MC) filtering for noise reduction, MC prediction for coding and MC interpolation for video format conversion. 

The predictive coding area is the least demanding, and the first that led to widespread use of motion estimation 

(ME), as it is sufficient for this application that motion compensation decreases the average prediction error. 

Video format conversion is one of the most demanding, as it requires estimation of the true motion over a large 

range for picture rate conversion, and with sub-pixel accuracy for MC de-interlacing.  Nevertheless, the last 

decade has brought us two generations of application-specific ICs1 (ASICs) [1, 2, 3] for MC video format 

conversion (MC-VFC) in consumer TV. Recently, real time DSP software for MC-VFC has also been 

demonstrated [4]. All these designs incorporate ME with a quality that required substantial breakthroughs. 

 In this paper, we explore a new framework for video processing based on the recently proposed 

wavelet transform [5]. Instead of containing an explicit motion estimation step, the wavelet transform provides 

motion-selective sub band decomposition for video signals. Similar approaches to video processing using 

various motion-selective 3-D transforms have been previously proposed by several researchers [6]–[8]. A 

potential advantage of the wavelet transform is that its directional resolution can be refined by invoking more 

levels of decomposition. 

In our prior work this technique was used to improve the coding efficiency of a hybrid video coding 

scheme, which is based on wavelet-based residual coding [10] and SPIHT [9]. In this paper, we demonstrate that 

the arithmetic coding approach along with set partitioning in hierarchical tree techniques to improve 

compression ratio. Adaptation is best suited for the raw video of .cif and .qcif format. 

 
Figure 1.1 Basic steps of Video Compression using proposed method. 
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II. METHODOLOGY 

The compression task is performed in following three steps: 

 

STEP1: APPLY WAVELET TRANSFORM CODING: 

First a wavelet transform is applied. This produces as many coefficients as there are pixels in the frame 

(there is no compression yet since it is only a transform). These coefficients can then be compressed more easily 

because the information is statistically concentrated in just a few coefficients. This principle is called transform 

coding. After that, the coefficients are quantized and the quantized values are entropy encoded. 

Here, Wavelet compression perform in following steps 

 

 
Figure 1.2 Wavelet transform based compression. 

 

Similarly for wavelet decompression following steps are used- 

 
Figure 1.3 Wavelet transform based decompression. 

 

STEP2: SPIHT COMPRESSION: 

The main algorithm works by partitioning the wavelet decomposed image into significant and 

insignificant partitions based on the following function:                      

      

      Sn(T)=     1, max(i,j)€T {|ci,j|}≥2
n
 

                      0, Otherwise                  ......... (i)        

 

Where Sn(T), is the significance of a set of co-ordinates T, and ci,j is the coefficient value at coordinate 

(i,j) . There are two passes in the algorithm - the sorting pass and the refinement pass. The sorting pass is 

performed on the list of insignificant sets (LIS), list of insignificant pixels (LIP) and the list of significant pixels 

(LSP). The LIP and LSP consist of nodes that contain single pixels, while the LIS contains nodes that have 

descendants. The maximum number of bits required to represent the largest coefficient in the spatial orientation 

tree is obtained and designated as nmax, which is- 

        nmax = [log2(maxi,j{|ci,j|})] ........(ii) 

During the sorting pass, those co-ordinates of the pixels which remain in the LIP are tested for 

significance by using eqn. 2. The result, Sn(T),, is sent to the output. Those that are significant will be transferred 

to the LSP as well as having their sign bit output. Sets in the LIS (which consists of nodes with descendants will 

also have their significance tested and, if found to be significant, will be removed and partitioned into subsets. 

Subsets with a single coefficient and found to be significant will be added to the LSP, or else they will be added 

to the LIP. During the refinement pass, the nth most significant bit of the coefficients in the LSP is output. The 

value of n is decreased by 1 and the sorting and refinement passes are repeated. This continues until either the 

desired rate is reached or n =0, and all the nodes in the LSP have all their bits output. The latter case will result 

in almost perfect reconstruction as all the coefficients are processed completely. The bit rate can be controlled 

precisely in the SPIHT [14] algorithm because the output produced is in single bits and the algorithm can be 

terminated at any time. The decoding process follows the encoding exactly and is almost symmetrical in terms 

of processing time. 

 

 
Figure 1.4 Steps of SPIHT based compression 
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STEP3: ARITHMETIC CODING: 

Arithmetic coding assigns a sequence of bits to a message, a sting of symbols. Arithmetic coding can 

treat the whole symbols in a list or in a message as one unit [11]. Unlike Huffman coding, arithmetic coding 

doesn´t use a discrete number of bits for each. The number of bits used to encode each symbol varies according 

to the probability assigned to that symbol. Low probability symbols use many bit, high probability symbols use 

fewer bits [12]. The main idea behind Arithmetic coding is to assign each symbol an interval. Starting with the 

interval [0...1), each interval is divided in several subinterval, which its sizes are proportional to the current 

probability of the corresponding symbols [13]. The subinterval from the coded symbol is then taken as the 

interval for the next symbol. The output is the interval of the last symbol [1, 3]. 

Arithmetic coding algorithm is shown in the following figure: 

 
Figure 1.5 Flow chart of Arithmetic encoding technique used. 

 

 

III. RESULT ANALYSIS 
 

 
Figure1.6 Input video and output Compressed video after applying proposed method. 
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Figure1.7 Input video and output Compressed video after applying proposed method 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1.1 Compression Analyses 

 

 

IV. Conclusion 
Here, we compress the first 20 frames of input video and figure 1.6 and figure 1.7 shows the input 

video and output video after compression. From table 1.1 it can be observed that from proposed algorithm 

compression may be achieved up to 96.093%. 
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Raw video No. of 

frames 

compressed 

Size (in KB) 

/frame (actual 

video) 

Size (in KB)/frame 

(Compressed video) 

Compression 

(In %) 

Foerman_qcif 20 37.12 KB 1.45 KB 96.093 

Akiyo_qcif 20 37.12 KB 1.45 KB 96.093 

Suzie_qcif 20 37.12 KB 1.45KB 96.093 


