
Abstract
Advanced technologies have increased demands for visual 
information and higher quality video frames, as with 3-D movies, 
games, and HDTV. This taxes the available technologies and 
creates a gap between the huge amount of visual data required 
for multimedia applications and the still-limited hardware 
capabilities. Image and Video Compression for Multimedia 
engineering bridges the gap with concise, up-to-date video and 
image coding information. With the growing popularity of the 
applications that use large amounts of visual data, image and 
video coding is an active and dynamic field. . Image and Video 
Compression for Multimedia Engineering builds a basis for future 
study, research, and development. This paper proposes novel and 
high performance architecture for image compression which is 
based on the frequency domain representation. The digitized image 
is compressed using Discrete Hartley Transform (DHT), Discrete 
Walsh Transform (DWT), Discrete Fourier Transform (DFT), 
and Discrete Radon Transform (DRT) and their combinations 
with DHT. Discrete Hartley Transform is used as basic transform 
because of its reversibility, hence other transform kernels can 
developed from DHT. The proposed architecture is developed 
using Verilog Hardware Descriptive Language and has been tested 
for still images. Simulation Results show the hybrid transforms 
DHT+DCT and DHT+DRT give better results with respect to 
compression ratios.
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I. Introduction
The rapid growth of digital imaging application, including desktop 
publishing, multimedia, teleconferencing and high definition 
television (HDTV) has increased the need for effective and 
standardized image compression techniques. This has become more 
popular with the help of System-On-Chip (SOC) technology, which 
gives low power, area, delay, cost requirements. Visual systems 
are rapidly evolving field for telecommunications, computer and 
media industries. The progress in this field is supported by the 
availability of digital transmission channels and digital storage 
media. In addition to the available narrowband ISDN new digital 
transmission channels such as broadband ISDN, digital satellite 
channels and digital terrestrial TV broadcasting channels are also 
playing major role in video communications. Moreover, personal 
computers and workstations have become important platforms 
for multimedia interactive applications. Recent developments 
in the technology of digital storage media, image displays, and 
desktop computing and communication networks have made 
digital video and audio economically viable for the envisaged 
applications. In order to reduce transmission and storage cost 
bit rate compression schemes are employed. Bit rate reduction 
can be achieved by source coding schemes such as predictive 
coding, transform coding, sub-band coding and interpolative 
coding [1-6]. To achieve the requirements on bit rate reduction 
and remaining picture quality advanced coding schemes as 

combinations of the basic schemes are required. To facilitate world 
wide interchange of digitally encoded audio-visual data there is 
a demand for international standards for the coding methods and 
transmission-formats. International standardization committees 
have been working on the specification of several compression 
algorithms. The Joint Photographic Experts Group (JPEG) of 
the International Standards Organization (ISO) has specified an 
algorithm for compression of still images [7]. The ITU (formerly 
known as CCIIT) proposed the H.261 standard for video telephony 
and video conference [l]. The Motion Pictures experts Group 
(MPEG) of ISO has completed its first standard MPEG- 1, which 
will be used for interactive video and provides a picture quality 
comparable to VCR quality [3]. MPEG made substantial progress 
for the second phase of standards, MPEG-2, which will provide 
audio-visual quality of both broadcast TV and HDTV. Because of 
the wide field of applications MPEG-2 is a family of standards with 
different profiles and levels [4]. The envisaged mass application 
of the discussed video communication services calls for coding 
equipment of low manufacturing cost and small size. The source 
coding schemes recommended bythe international standardization 
groups are very sophisticated in order to achieve high bit rate 
reduction under the constraint of the highest possible picture 
quality. These coding schemes will result in hardware systems 
of high complexity. Thus cost effective implementation of these 
high complexity systems rely on VLSI. Recent advances in VLSI 
technology relieve the hardware problems but the high demands 
of video coding require special architectural approaches adapted 
to the video signal processing schemes.  This paper is organized 
as follows. Section II describes overview of image compression 
both lossy and lossless compressions techniques. Section III 
explains the proposed scheme which reduces the compression 
ratio. Simulation results and synthesis are explained in section 
IV, V. And finally conclusions are made in section VI.

II. Overview of Image Compression
Image compression addresses the problem of reducing the 
amount of data required to represent a digital image. It is a 
process intended to yield a compact representation of an image, 
thereby reducing the image storage/transmission requirements. 
Compression is achieved by the removal of one or more of the 
three basic data redundancies, Coding Redundancy, Interpixel 
Redundancy, Psychovisual Redundancy. Coding redundancy is 
present when less than optimal code words are used. Interpixel 
redundancy results from correlations between the pixels of an 
image. Psychovisual redundancy is due to data that is ignored by 
the human visual system (i.e. visually non essential information). 
Image compression techniques reduce the number of bits required 
to represent an image by taking advantage of these redundancies. 
An inverse process called decompression (decoding) is applied 
to the compressed data to get there constructed image. The 
objective of compression is to reduce the number of bits as 
much as possible, while keeping the resolution and the visual 
quality of the reconstructed image as close to the original image 
as possible. Image compression systems are composed of two 

A Novel VLSI Architecture of SOC for Image Compression 
Model for Multimedia Applications

1Dr. P. John Paul, 2S. Koteswari, 3B. Kezia Rani
1Dept. of CSE, GATES Engineering College, Gooty, Ananthapur, A.P., India.

2Dept. of ECE, D.N.R Engineering College, Bhimavaram, W.G. Dist, A.P., India.
3Dept. of CSE, The Engineering Academy, Hyderabad, A.P., India.

 130 InternatIonal Journal of Computer SCIenCe and teChnology

IJCSt Vol. 2, ISSue 3, September 2011 I S S N  :  2 2 2 9 - 4 3 3 3 ( P r i n t )  |  I S S N  :  0 9 7 6 - 8 4 9 1 ( O n l i n e )

w w w . i j c s t . c o m



distinct structural blocks: an encoder and a decoder. Image f (x,y) 
is fed into the encoder, which creates a set of symbols form the 
input data and uses them to represent the image. If we let n1 and 
n2 denote the number of information carrying units( usually bits ) 
in the original and encoded images respectively, the compression 
that is achieved can be quantified numerically via the compression 
ratio, CR = n1 /n2.
As shown in the figure, the encoder is responsible for reducing 
the coding, interpixel and psychovisual redundancies of input 
image. In first stage, the mapper transforms the input image into 
a format designed to reduce interpixel redundancies. The second 
stage, qunatizer block reduces the accuracy of mapper’s output 
in accordance with a predefined criterion. In third and final stage, 
a symbol decoder creates a code for quantizer output and maps 
the output in accordance with the code. These blocks perform, 
in reverse order, the inverse operations of the encoder’s symbol 
coder and mapper block. As quantization is irreversible, an inverse 
quantization is not included.

 Fig. 1: Image compression framework

A. Benefits of image compression
1. It provides a potential cost savings associated with sending 

less data over switched telephone network where cost of call 
is really usually based upon its duration

2. It not only reduces storage requirements but also overall 
execution time.

3. It also reduces the probability of transmission errors since 
fewer bits are transferred.

4. It also provides a level of security against illicit 
monitoring.

B. Image compression techniques
The image compression techniques are broadly classified into two 
categories depending whether or not an exact replica of the original 
image could be reconstructed using the compressed image. These 
are Lossless technique, Lossy technique [8]. 

1. Lossless compression technique
In lossless compression techniques, the original image can be 
perfectly recovered form the compressed (encoded) image. These 
are also called noiseless since they do not add noise to the signal 
(image).It is also known as entropy coding since it use statistics/
decomposition techniques to eliminate/minimize redundancy. 
Lossless compression is used only for a few applications with 
stringent requirements such as medical imaging. Following 
techniques are included in lossless compression, Run length 
encoding, Huffman encoding, LZW coding, Area coding.

2. Lossy compression technique
Lossy schemes provide much higher compression ratios than 
lossless schemes. Lossy schemes are widely used since the quality 
of the reconstructed images is adequate for most applications .By 
this scheme, the decompressed image is not identical to the original 
image, but reasonably close to it. In this prediction – transformation 

–  decomposition process is completely reversible. The quantization 
process results in loss of information. The entropy coding after the 
quantization step, however, is lossless. The decoding is a reverse 
process. Firstly, entropy decoding is applied to compressed data 
to get the quantized data. Secondly, dequantization is applied to 
it &finally the inverse transformation to get the reconstructed 
image. Major performance considerations of a lossy compression 
scheme include, Compression ratio, Signal - to – noise ratio, Speed 
of encoding & decoding. Lossy compression techniques includes 
the schemes, Transformation coding, Vector quantization, Fractal 
coding, Block Truncation Coding, Sub band coding.

Lossless Compression Techniques

(i). Run Length Encoding
This is a very simple compression method used for sequential 
data. It is very useful in case of repetitive data. This technique 
replaces sequences of identical symbols (pixels), called runs by 
shorter symbols. The run length code for a gray scale image is 
represented by a sequence {Vi, Ri} where Vi is the intensity of 
pixel and Ri refers to the number of consecutive pixels with the 
intensity Vi .If both Vi and Ri are represented by one byte, this 
span of 12 pixels is coded using eight bytes yielding a compression 
ration of 1: 5.

(ii). Huffman Encoding
This is a general technique for coding symbols based on their 
statistical occurrence frequencies (probabilities). The pixels in 
the image are treated as symbols. The symbols that occur more 
frequently are assigned a smaller number of bits, while the symbols 
that occur less frequently are assigned a relatively larger number of 
bits. Huffman code is a prefix code. This means that the (binary) 
code of any symbol is not the prefix of the code of any other 
symbol. Most image coding standards use lossy techniques in 
the earlier stages of compression and use Huffman coding as the 
final step.

(iii). LZW Coding
LZW (Lempel- Ziv – Welch) is a dictionary based coding. 
Dictionary based coding can be static or dynamic. In static 
dictionary coding, dictionary is fixed during the encoding and 
decoding processes. In dynamic dictionary coding, the dictionary 
is updated on fly. LZW is widely used in computer industry and 
is implemented as compress command on UNIX.

(iv). Area Coding
Area coding is an enhanced form of run length coding, reflecting 
the two dimensional character of images. This is a significant 
advance over the other lossless methods. For coding an image it 
does not make too much sense to interpret it as a sequential stream, 
as it is in fact an array of sequences building up a two dimensional 
object. The algorithms for area coding try to find rectangular 
regions with the same characteristics. These regions are coded 
in a descriptive form as an element with two points and a certain 
structure. This type of coding can be highly effective but it bears 
the problem of a nonlinear method, which cannot be implemented 
in hardware. Therefore, the performance in terms of compression 
time is not competitive, although the compression ratio is.

Lossy Compression Techniques

(i). Transformation Coding
In this coding scheme, transforms such as DFT (Discrete Fourier 
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Transform) and DCT (Discrete Cosine Transform) are used to 
change the pixels in the original image into frequency domain 
coefficients (called transform coefficients).These coefficients 
have several desirable properties. One is the energy compaction 
property that results in most of the energy of the original data 
being concentrated in only a few of the significant transform 
coefficients. This is the basis of achieving the compression. Only 
those few significant coefficients are selected and the remaining 
are discarded. The selected coefficients are considered for further 
quantization and entropy encoding. DCT coding has been the most 
common approach to transform coding. It is also adopted in the 
JPEG image compression standard.

(ii). Vector Quantization
The basic idea in this technique is to develop a dictionary of 
fixed-size vectors, called code vectors. A vector is usually a 
block of pixel values. A given image is then partitioned into non-
overlapping blocks (vectors) called image vectors. Then for each 
in the dictionary is determined and its index in the dictionary is 
used as the encoding of the original image vector. Thus, each 
image is represented by a sequence of indices that can be further 
entropy coded.

(iii). Fractal Coding
The essential idea here is to decompose the image into segments 
by using standard image processing techniques such as color 
separation, edge detection, and spectrum and texture analysis. 
Then each segment is looked up in a library of fractals. The library 
actually contains codes called iterated function system (IFS) codes, 
which are compact sets of numbers. Using a systematic procedure, 
a set of codes for a given image are determined, such that when 
the IFS codes are applied to a suitable set of image blocks yield 
an image that is a very close approximation of the original. This 
scheme is highly effective for compressing images that have good 
regularity and self-similarity.

(iv). Block truncation coding
In this scheme, the image is divided into non overlapping blocks 
of pixels. For each block, threshold and reconstruction values are 
determined. The threshold is usually the mean of the pixel values 
in the block. Then a bitmap of the block is derived by replacing 
all pixels whose values are greater than or equal (less than) to 
the threshold by a 1 (0). Then for each segment (group of 1s and 
0s) in the bitmap, the reconstruction value is determined. This 
is the average of the values of the corresponding pixels in the 
original block.

(v).  Sub band coding
In this scheme, the image is analyzed to produce the components 
containing frequencies in well-defined bands, the sub bands. 
Subsequently, quantization and coding is applied to each of the 
bands. The advantage of this scheme is that the quantization and 
coding well suited for each of the sub bands can be designed 
separately.

III. VLSI Architecture
In the following sections the hybrid transforms are discussed. 
The coefficients of Hartley transform are expressed in terms 
of other transforms and the combined coefficients are used for 
image compression. The different transforms FFT, FCT, FST, 
and FHT are studied for similarities and the conversions has been 
proposed [9-14]. A single chip converged VLSI architecture for 
hybrid transforms for image compression has been developed as 

shown in Fig.2.

   Fig. 2 :

A. DFT/FFT Definition
The Discrete Fourier Transform (DFT) of a sampled signal x(n), 
n=0 ……N-1 is given by

for k = 0,1,2,……. (N −1)
The inverse Fourier Transform is defined as

FFT is fast algorithm used to evaluate the DFT

B. Hartley Transform
The Discrete Hartley Transform (DHT) of a real signal x (n) is 
defined as follows

For k = 0, 1, 2… (N −1) .
The complex multiplications in the DFT formula are replaced with 
real multiplications in the DHT. This reduces the computation 
time. As shown in [7], we achieve the inverse DHT by

C. DFT and FHT Hybrid Transform
After studying the similarities of FHT and DFT we can propose 
the architecture for DFT from FHT as follows.
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D FHT and FFT Hybrid Transform 
The relation between the FHT coefficients and DFT coefficients 
is obtained as follows

E. DCT and DST Definition
The Discrete Cosine and Discrete Sine Transform are defined 
as

F. Hartley and DCT/DST Hybrid Transform 
The similarities of FHT and FCT/FST can be related as follows

G. DCT and FHT Hybrid Transform
To implement the FHT from FCT the following equation is 
used

IV. Simulation Results
The similarities among each transform are studied and the hybrid 
transforms are developed. Each transform is simulated using 
Active HDL 8. But compression ratio have been found out for each 
transform and Hybrid transform using MATLAB® simulation 
because as Verilog can not give the numerical numbers with 
regarding to compression ratio. All these results are tabulated in 
the following sections for comparison and to approve the novelty 
of the above mentioned architecture. The delays are measured 
using Synopsys tools and tabulated in the following tables 1, and 
2. In all these tables CR represents Compression Ratio

Table 1: Compression ration for individual transform
Transform CR (%)
Discrete Cosine transform(DCT) 72
Discrete Sine Transform(DST) 61
Discrete Fourier Transform(DFT) 45
Discrete Hartley Transform(DHT) 75
Discrete Walsh Transform(DWT) 69

Table 2 shows the compression ratio of hybrid transform and it 
can be observed that DCT+DHT give better efficiency compared 
to other hybrid transform. For this analysis only a still image is 
considered. This table also shows that DRT+DHT can also be 
used for compression of still images.

Table 2 : Hybrid Transform for various inputs.
Transform Type of the  

Image
CR (%)

DCT+DHT
Still Image   81
Text   56
Video   34

DST+DHT
Still Image   45
Text   22
Video   31

DFT+DHT
Still Image   30
Text   13
Video   23

DWT+DHT
Still Image   56
Text   42
Video   63

V. Synthesis Results
They are synthesized using Synopsys tools. The Delay and Area 
of each Transform are obtained and for each Hybrid transform 
from FHT which is considered to be the main transform for rest 
of the transforms. Table 3 indicates the Delays and area of the 
individual and Hybrid transform

Table 3 : Delay and area of the individual and Hybrid 
Transform

Area Transform Delay
761 DHT 14.81ns
656 DFT 34.12ns
688 DCT 23.15ns
890 DST 31.65ns
1341 DHT+DFT 45.35ns
1123 DHT+DCT 32.76ns
1457 DHT+DST 49.19ns
1670 DHT+DWT 41.90ns

The DCT has been synthesized; the floor planning of  DCT is 
shown in fig.3 and the lay out of DHT is shown in fig.4 these 
cells are considered for Magma tools to synthesize. The floor-
planning of combined transform is shown in fig.5 It is observed 
from layout that the more number gates required to implement 
DHT+DCT which is true when compared with single kernel DCT 
.Noise levels have been observed using Magma Blast Noise. It is 
required to use an filter to reduce the noise levels.

Fig. 3 : The floor planning of DCT          
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Fig. 4: The floor planning of DHT

Fig. 5: The floor planning for DCT +DHT  

VI. Conclusions
A new hybrid transforms for image compression are developed, 
for  all these combined transform Hartley transform is used 
because of its less complexity. Hartley transform has been 
considered as basis for all hybrid transforms and transformation 
coefficients have been generated from Hartley transform kernel. 
Hybrid transform is calculated from other transforms by deriving 
the transformation coefficients in terms of Hartley transform. 
Simulations have been conducted for all hybrid transforms and it is 
proved that DHT+DCT is better compression ratio when compared 
to all other transform techniques. Because, DCT performs only 
real operations and as same as DHT therefore for still images 
hybrid transform DCT+DHT is used and for video processing 
DRT+DHT is used and the proposed hybrid transform can be used 
for multimedia applications. This work may be extended to derive 
a new single kernel transform which may have less complexity 
than the proposed hybrid transform and to be expected to give 
better compression results and faster so that it may occupy less 
area and less power dissipation.
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