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Abstract— This paper presents a throughput efficient FPGA implementation of the ‘Set Partitioning in Hierarchical Trees’ 

(SPIHT) algorithm for compression of images. The SPIHT uses inherent redundancy among wavelet coefficients and suited 

for both gray and color images. The SPIHT algorithm uses dynamic data structures which hinders hardware realization. In 

this FPGA implementation have modified basic SPIHT in two ways, one by using static (fixed) mappings which represent 

significant information and the other by interchanging the sorting and refinement passes. A hardware realization is done in 

a Xilinx XC3S200 device. The SPIHT algorithm can be applied to both grey-scale and colored images. SPIHT displays 

exceptional characteristics over several properties like good image quality, fast coding and decoding, a fully progressive bit 

stream, application in lossless compression, error protection and ability to code for exact bit rate. 

 

Keywords ─ SPIHT; wavelet coefficient; DWT; compression process; wavelet transform; encoder and decoder; offsprings; 

list of insignificant pixels (LIP); list of significant pixels (LSP); list of insignificant sets(LIS). 

 

 

I. INTRODUCTION 
 

Image compression is minimizing the size in bytes of a graphics file without degrading the quality of the image to 

an unacceptable level. The reduction in file size allows more images to be stored in a given amount of disk or memory 

space. It also reduces the time required for images to be sent over the Internet or downloaded from Web pages. There are 

several different ways in which image files can be compressed. For Internet use, the two most common compressed graphic 

image formats are the JPEG format and the GIFformat. The JPEG method is more often used for photographs, while the 

GIF method is commonly used for line art and other images in which geometric shapes are relatively simple. 

Other techniques for image compression include the use of fractalsand wavelets. These methods have not gained 

widespread acceptance for use on the Internet as of this writing. However, both methods offer promise because they offer 

higher compression ratios than the JPEG or GIF methods for some types of images. Another new method that may in time 

replace the GIF format is the PNG format. Compressing an image is significantly different than compressing raw binary 

data. Of course, general-purpose compression programs can be used to compress images, but the result is less than optimal. 

This is because images have certain statistical properties, which can be exploited by encoders specifically designed for 

them. Also, some of the finer details in the image can be sacrificed for the sake of saving a little more bandwidth or storage 

space. This also means that lossy compression techniques can be used in this area.  
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A text file or program can be compressed without the introduction of errors, but only up to a certain extent. This is 

called lossless compression. Beyond this point, errors are introduced. In text and program files, it is crucial that 

compression be lossless because a single error can seriously damage the meaning of a text file, or cause a program not to 

run. In image compression, a small loss in quality is usually not noticeable. There is no "critical point" up to which 

compression works perfectly, but beyond which it becomes impossible. When there is some tolerance for loss, the 

compression factor can be greater than it can when there is no loss tolerance. For this reason, graphic images can be 

compressed more than text files or programs. 

1.2 COMPRESSION: 

 Compression is a process of reducing the number of data bits necessary for representing a information, to properly 

utilize the available bandwidth and reduce Storage Space.  There are two types of compression namely lossless 

compression and Lossy compression. 

 

1.2.1 Lossless compression: 

In lossless compression data can be completely recovered after decompression Recovered data is identical to 

original, exploits redundancy in data. Lossless data compression is a class of data compression algorithms that allows the 

exact original data to be reconstructed from the compressed data. The term lossless is in contrast to lossy data compression, 

which only allows an approximation of the original data to be reconstructed, in exchange for better compression rates. 

1.2.2 Lossy compression: 

Data cannot be completely recovered after decompression, some information is lost for ever, gives more 

compression than lossless, discards “insignificant” data components. In information technology, lossy compression is a data 

encoding method which compresses data by discarding (losing) some of it. The procedure aims to minimize the amount of 

data that need to be held, handled, and/or transmitted by a computer. The different versions of the photo of the dog at the 

right demonstrate how much data can be dispensed with, and how the pictures become progressively coarser as the data that 

made up the original one is discarded (lost). Typically, a substantial amount of data can be discarded before the result is 

sufficiently degraded to be noticed by the user. 

II.BLOCK DIAGRAM 

 

 

 

 

 

 

 

 

 

 

 

 

    

Fig 1.2: Effective compression in digital images with embedded encoder and entropy                       encoder 
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encoding process the output of enoding process is bit stream. we are applying decoding techniques to bitstream here 

decoding techniques same as reverse process of encoding technique and inverse discrete wavelet transformation and finally 

we got the reconstructed image we are verifying this compression is lossy or lossless by using mse and psnr methods.  

2.1 WAVELET TRANSFORM 

                        Wavelets are mathematical functions defined over a finite interval and having an average value of zero that 

transform data into different frequency components, representing each component with a resolution matched to its scale. 

2.2 DISCRETE WAVELET TRANSFORM 

                       Calculating wavelet coefficients at every possible scale is a fair amount of work, and it generates an awful lot 

of data. If the scales and positions are chosen based on powers of two, the so-called dyadicscales and positions, then 

calculating wavelet coefficients are efficient and just as accurate. This is obtained from discrete wavelet transform(DWT).  

2.3 SPIHT algorithm 

 

SPIHT consists of two passes, the ordering pass and the refinement pass. In the ordering pass SPIHT attempts to 

order the coefficients according to their magnitude. In the refinement pass the quantization of coefficients is refined. The 

ordering and refining is made relative to a threshold. The threshold is appropriately initialised and then continuously made 

smaller with each round of the algorithm. SPIHT maintains three lists of coordinates of coefficients in the decomposition. 

These are the List of Insignificant Pixels (LIP), the List of Significant Pixels (LSP) and the List of Insignificant Sets (LIS). 

To decide if a coefficient is significant or not SPIHT uses the following definition. A coefficient is deemed significant at a 

certain threshold if its magnitude is larger then or equal to the threshold. Using the notion of significance the LIP, LIS and 

LSP can be explained. The LIP contains coordinates of coefficients that are insignificant at the current threshold,  The LSP 

contains the coordinates of coefficients that are significant at the same threshold.The LIS contains coordinates of the roots 

of the spatial parent-children trees  . 

1. In the ordering pass of SPIHT (marked by the dotted line in the schematic above) the LIP is first searched for 

coefficients that are significant at the current threshold, if one is found 1 is output then the sign of the coefficient is marked 

by outputting either 1 or 0 (positive or negative). Now the significant coefficient is moved to the LSP. If a coefficient in 

LIP is insignificant a 0 is outputted. 

 

2. Next in the ordering pass the sets in LIS are processed. For every set in the  LIS it is decided whether the set is 

significant or insignificant. A set is deemed significant if at least one coefficient in the set is significant. If the set is 

significant the immediate children of the root are sorted into LIP and LSP depending on their significance and 0s and 1s are 

output as when processing LIP. After sorting the children a new set (spatial coefficient tree) for each child is formed in the 

LIS. If the set is deemed insignificant, that is this set was a zero-tree, a 0 is outputted and no more processing is needed. 

The above is a simplification of the LIS processing but the important thing to remember is that entire sets of insignificant 

coefficients, zero-trees, are represented with a single 0. The idea behind defining spatial parent-children relationships as in 

is to increase the possibility of finding these zero-trees.  

3.The SPIHT algorithm continues with the refinement pass. In the refinement pass the “next bit” in the binary 

representation of the coefficients in LSP is outputted. The “next bit” is related to the current threshold. The processing of 

LSP ends one round of the SPIHT algorithm, before the next round starts the current threshold is halved. 

 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 10, October 2014, Pg. 225-230 

 

Thirandas.Swathi, IJRIT          228 

 

Spiht process 

Below is a schematic of how SPIHT works. 

 

III. ARCHITECTURE 

To build an embedded system on Xilinx FPGAs, the embedded development kit (EDK) is used to complete the 

reconfigurable design. Figure 1 shows the design flow. 

software flow                          hardware flow 
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Unlike the design flow in the traditional software design using C/C++ language or hardware design using hardware 

description languages, the EDK enables the integration of both hardware and software components of an embedded system. 

For the hardware side, the design entry from VHDL/Verilog is first synthesized into a gate-level netlist, and then translated 

into the primitives, mapped on the specific device resources such as Look-up tables, flip-flops, and block memories. The 

location and interconnections of these device resources are then placed and routed to meet with the timing Constraints. A 

downloadable .bit file is created for the whole hardware platform. The software side follows the standard embedded 

software flow to compile the source codes into an executable and linkable file (ELF) format. Meanwhile, a microprocessor 

software specification (MSS) file and a microprocessor hardware specification (MHS) file are used to define software 

structure and hardware connection of the system. The EDK uses these files to control the design flow and eventually merge 

the system into a single downloadable file. The whole design runs on a real-time operating system (RTOS). 

 

IV.VEDIOSURVILLANCE CO−PROCESSOR 

There are different ways to include processors inside Xilinx FPGA for System-on-a-Chip (SoC): PowerPC hard processor 

core, or Xilinx MicroBlaze soft processor core, or user-defined soft processor core in 

VHDL/Verilog. In this work, The 32-bit MicroBlaze processor is chosen because of the flexibility. The user can tailor the 

processor with or without advance features, based on the budget of hardware. The advance features include memory 

management unit, floating processing unit, hardware multiplier, hardware divider, instruction and data cache links etc. The 

architecture overview of the system is shown in Figure 2. It can be seen that there are two different buses (i.e., processor 

local bus (PLB) and fast simplex link (FSLbus) used in the system [5-6]. PLB follows IBM 

core connect bus architecture, which supports high bandwidth master and slave devices, provides up to 128- bit data bus, up 

to 64-bit address bus and centralized bus 

Arbitration. It is a type of shared bus. Besides the access overhead, PLB potentially has the risk of hardware/software 

incoherent due to bus arbitration. On the other hand, FSL supports point-to-point unidirectional communication. A pair of 

FSL buses (from processor to peripheral and from peripheral to processor) can form a dedicated high speed bus without 

arbitration mechanism. Xilinx provides C and assembly language support for easy access. Therefore, most of peripherals 

are connected to the processor through PLB; the DWT coprocessor is connected through FSL instead. 

 

 

 

 

 

 

 

                            

             

 

 

 

 

 

 

 

 

               

 

 

Fig 3 System Overview 

 

The current system offers several methods for distributing the data. These methods are a UART, and VGA, and Ethernet 

controllers. The UART is used for providing an interface to a host computer, allowing user interaction with the system and 

facilitating data transfer. The VGA core produces a standalone real-time display. The Ethernet connection allows a 

convenient way to export the data for use and analysis on other systems. In our work, to validate the DWT coprocessor, an 

image data stream is formed using VISUAL BASIC, then transmitted from the host computer to FPGA board through 

UART port. 

 

                                         PLB     

                                             PLB    

  

                                      P 

         URAT                    L   

                                      B                                        

 

Micro blaze 32-bit 

processor 

Background 

subtraction 

algorithm 

URAT 

DDR 

SDRAM 

   PLB 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 10, October 2014, Pg. 225-230 

 

Thirandas.Swathi, IJRIT          230 

 

 

 

 

V.EXPERIMENTAL RESULTS 

 
In the section we analyze the performance of SPIHT algorithm through simulations based on MATLAB GUI tool. 

In the simulation, the original image was compressed to give the reconstructed image and the CR, PSNR, MSE values are 

shown below. 

 

 

 
        

CONCLUSION 

In this we have developed a technique for line based wavelet transforms. We pointed out that this  transform can be 

assigned to the encoder or the decoder and that it can hold compressed data. We provided an analysis for the case where 

both encoder and decoder are symmetric in terms of memory needs and complexity. We described highly scalable spiht 

coding algorithm that can work with very low memory in combination with the line-based transform, and showed that its 

performance can be competitive with state of the art image coders, at a fraction of their memory utilization 
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