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Abstract— Image Compression is a method, which reduces the size of the data to reduce the amount of
spacerequired to store the data. The Discrete cosine transform (DCT) isa method for transforms a signal
or image from spatial domain to frequency component. It is a widely used technique in image
compression. In this paper, we present a lossless discrete cosine transform (DCT) compression technique
for two-dimensional images are proposed. In the several scenarios, the utilization of the proposed
technique for image compression resulted in comparable or better performance, when compared to the
different modes of the losdess JPEG standard.
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|. INTRODUCTION

Image compression techniques have been designed to manipulate the statistical redundancy present within real
world images. Among the emerging standards are MPEG for compression of motion video, JPEG for
compression of images and CCITT H.261 (aso known as Px64), for compression of video telephony and
teleconferencing.

All three of these standards employ a basic technique known as the discrete cosine transform (DCT), which is
developed by Ahmed, Natargjan, and Rao [1974]. It is a lossless compression technique. The DCT is usualy
applied to reduce spatial redundancy in order to achieve good compression performance. Some of the
applications of two-dimensional DCT technique involve image compression and compression of individua
video frames. DCT is aso useful for transferring multidimensional data from spatial domain to frequency
domain, where different operations, like spread spectrum, data compression, data watermarking can be
performed in performed manner. The JPEG process is awidely used form of lossy image compression that centers
on the Discrete Cosine Transform. DCT and Fourier transforms convert images from spatial-domain to
frequency-domain to decorrelate pixels. The JPEG is used for both color and black and-white images.

Compression- Compression is a method, which is reducing the size of the data to reduce the amount of space
required to store the data. Compression may be in the form of Data compression, Image compression, Audio
data compression, and video compression and Bandwidth compression in Telecommunications. Compression
categorized in two broad ways:

Lossless Compression: It never removes any information from the original image. These are referred to as bit-
preserving or reversible compression also lossless compression frequently involves some form of entropy
encoding and that are based in information theoretic techniques. The following algorithms are loss ess-

CCITT group 3 & 4 compression

Flate/deflate compression

Huffman compression

LZW compression

RLE compression

Lossy Compression: It creates smaller files by discarding access image data from the original image. Video and
Audio compression techniques are most suited to this form of compression.

The following algorithm is Lossy-

e JPEG compression

The advantage of lossy methods over lossless methods is that in some cases, alossy method can produce a much
smaller compressed file than any known lossless method.
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Figure I1:Example af Lossy Compression
The above images show the use of lossy compression to reduce the file size of the image. Theimageis an excerpt
of the image of Lenna, a defacto industry-standard test image. The first image is 12,249 bytes. The second image
has been compressed (JPEG quality 30) and is 85% smaller, at 1,869 bytes. Notice the loss of detail. The third
image has been highly compressed (JPEG quality 5) and is 96% smaller, at 559 bytes. The compression artifacts
are much more noticeable and the loss of detail is great.

[I.SOME BASIC COMPRESSION METHODS

The JPEG compression: Joint Photographic Expert Group (JPEG) which is commonly used method of
compression for photographic images. JPEG compression can be used in avariety of file formats:

e EPSHiles

e EPSDCSHiles

o  JFIF-files

e PDF-files
Firstly the image is partitioned into non-overlapping 8*8 blocks. Then DCT is applied to each block to convert
the spatial domain gray level of pixels into coefficients in frequency domain. After the computation of DCT
coefficients, they are normalized according to a quantization table with different scales provided by the JPEG
standard computed by psycho visual evidence. The quantized coefficients are rearranged in a zigzag scan order
for further compressed by an efficient lossess coding algorithm such as run-length coding, Huffman coding.
The process may be acquired as such given under:

. Theimagefirst is broken into 8x8 blocks of pixels.

. The DCT is applied to each block, it is working from left to right, top to bottom.

Each block is compressed using quantization table.

. The array of compressed blocks that comprise the image is stored in adrastically reduced amount of space.
When desired, the image is reconstructed through decompression, known as a process that uses the Inverse
Discrete Cosine Transform (IDCT).

aRwWN R

Run-Length Encoding (RLE): RLE stands for Run Length Encoding. It is a lossless agorithm that only
furnishes decent compression ratios in specific types of data.
It is form of data compression in which the same data value occurs in many consecutive data elements (known
as Runs) are stored as a single data value and count. This is most useful on data that contains many such runs:
for example, simple graphic images such asicons, line drawings, and animations. It may be increase the file size
because, that doesn't have many runs, and is not useful with files. RLE compression can be used in the
following file formats:

e TIFFfiles

e PDFfiles

Huffman Coding: The Huffman compression algorithm is invented by David Huffman, formerly a professor at
MIT. Huffman compression is a lossless compression algorithm that is apotheosis for compressing text or
program files. This credibly explainswhy it is used alot in compression programs like ZIP or ARJ.
Huffman encoding can be further optimized in two different ways:
e Adaptive Huffman code dynamically changes the code words concordant to the change of probabilities
of the symbols.
e Extended Huffman compression can encode groups of symbols rather than single symbols.

[11.PROPOSED METHODOLOGY
The Discrete Cosine Transform: DCT Attempts to decorrelate the image data after decorrelation each

transform coefficient can be encoded without dropping off compression efficiency. The DCT and some of its
important properties.
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The One-Dimensional DCT: The DCT of alist of n real numbers s(x), where x=0, 1, ..... , N-1, is the list of
length n given by

Cldl = ae(a) Zﬂ:ﬂ cas [1':"{ i 1'h]

Foru=0,1,2,...N-1

Similarly, the inverse transform is defined as-
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Thus, the first transform coefficient is the coefficient is the average value of the sample sequence.

The Two-Dimensional DCT: The Discrete Cosine Transform (DCT) is one of many transforms that takes its
input and transforms it into a linear combination of weighted basis functions. These basis functions are
commonly the frequency. The 2-D Discrete Cosine Transform is just a one dimensional DCT applied twice,
once in the x direction, and again in the y direction. One can imagine the computational complexity of doing so
for alarge image. Thus, many algorithms, such as the Fast Fourier Transform (FFT), have been created to speed
the computation.

The DCT computes thei, jth entry of the DCT of an image.
Bmdl Bmdl
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N is the size of the block that the DCT is applied on. The equation calculates one entry (i, jth) of the
transformed image from the pixel values of the original image matrix. For the standard 8*8 block that JPEG
compression uses, N equals* and x and y range from 0 to 7. Therefore D (1,j) would be as in equation:

DG, j) = _E.;.mﬂz E?fﬁﬂm[{% + ﬂﬂrs] [I:?:p + 13#51
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Because the DCT uses cosine functions, the resulting matrix depends on the horizontal and vertical frequencies.
Therefore an image block with alot of change in has a very random looking resulting matrix of alarge value for
the first element and zeroes for the other element.

IV.EXPERIMENTAL RESULT

To evaluate the performance of the proposed scheme, 2-D DCT is applied on Lena' s image (352* 352) as a test
image. First DCT applied to rows only through compression factor 2, compression factor 4 and compression
factor 8, and observe the result. After that, DCT applied to rows* column. The results are then compared with
various compression methods. We used Peak Signal-to Noise Ratio (PSNR) and Mean Square Error (MSE) for a
compressed image. This ratio is often used as a quality measurement between the original and compressed
image.

To compute the PSNR, first cal cul ate the mean-squared error using the following equation:
L Il

M3E = LE 30 = KR 0F
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Where x (m, n) and y (m, n) are the two images of the size m*n. In this case x isthe original image and y isthe
compressed image.
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The results are then compared with different compression factors as shown in the following table:

DCT torows DCT to rows*column
CF2 CF4 CF8 CF2 CF4 CF8
MSE | 52.64 45.75 40.52 48.64 43.30 38.97
PSNR | 0.3538 1.72 5.76 0.8883 3.03 8.24

1) Image of size 352*352:

a) :DCT torowsonly

Original Image Compression Factor 2

100 200 300 100 200 300

Compression Factor 8

b) DCT torows*columns:
QOriginal Image

100 200 300 100 200 300
Compression Factor 4 * 4 Compression Factor 87 8
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V.CONCLUSIONS

In this paper, there are 256 possible shades of gray in a black and white picture, and a difference of say 10 is
hardly obtrusive to the human eye. DCT takes advantage of redundancies of the data by grouping pixels with
similar frequencies. Thus we can also conclude that the difference between original and decompressed image
goes on decreasing as there is in increase in image resolution at the same compression ratio. This image
compression schemes for images have been presented based on the 2-D DCT. The anticipating results obtained
relevant reconstructed image quality as well as preservation of significant image details, while on the other hand
accomplishing high compression rates.

High compression ratio and better image quality accomplished which is better than existing methods. This paper
has concentrated on development of efficient and effective algorithm for till image compression. Fast and
lossless compression algorithm using 2-D DCT is developed. Results show that reduction in encoding time with
little degradation in image quality compare to subsisting method. Compression ratio is also increased, while
comparing the proposed method with other methods. Our future work involves improving image quality by
increasing PSNR value and lowering M SE value.

REFERENCES:

[1]  Andrew B. Watson, NASA Ames Research, “Image Compression Using the Discrete Cosine Transform”, Mathematica Journal, 4(1),
1994, p. 81-88.

[2] Nageswara Rao Thota, and Srinivasa Kumar Devireddy, “Image Compression Using Discrete Cosine Transform”, Georgian
Electronic Scientific Journal: Computer Science and Telecommunications 2008|No.3(17).

[3] Swastik Das and Rashmi Ranjan Sethy, “A Thesis on Image Compression using Discrete Cosine Transform and Discrete Wavelet
Transform”, Guided By: Prof. R. Baliarsingh, dept of Computer Science & Engineering, National Institute of Rourkela

[4] F. Feing, S. Winograd, “Fast algorithms for the discrete cosine transform”, IEEE Transactions on Signal Processing, val. 40, no. 9,
September, 1992.

[5] N.Ahmed, T. Natargan, and K.R. Rao,” Discrete Cosine Transform”, |EEE Trans. Computers, 90-93, Jan 1974.

[6] Wallace, G. 1991. The JPEG still picture compression standard communications of the ACM 34(4): 30-44.

[71  Chih-chang chen, Oscal T-C. Chen “A Low complexity computation scheme of discrete cosine transform and quantization with
adaptation to block content”, Dept of Electrical Engineering, 2000 | EEE.

[8] Chih-chang chen, Oscal T-C. Chen “signal and Media Laboratories’, Dept of Electrical Engineering, 2000 |EEE.

[9] Yung-Gi Wu, “Medica Image compression by sampling DCT coefficient”, 2002 | EEE.

[10] W. Yan, P. Hao, C. Xu, "Matrix factorization for fast DCT algorithms’, |[EEE International Conference on Acoustics, Speech, and
Signal Processing, vol. 3, 2006.

[11] V. Kober, “Fast agorithm for the computation of diding discrete Hartley transform”, IEEE Transactions on Signal Processing, vol.
55, Issue 6,pp.2937-2944, June, 2007.

AUTHORSPROFILE

Jalandhar.

Anjali Kapoor received degree of BTech in Computer Science from Pranveer Singh Institute of
Technology, Kanpur in 2009. | am currently pursuing MTech in Computer Science from NIT

Punjab. She received degree of MTech in Computer Science from TIET Patiala. She received

@ Dr Renu Dhir received degree of BTech in Computer Science from Punjab University,

degree of Phd from Punjabi University Patiala.

ISSN : 0975-3397 Vol. 3 No. 6 June 2011 2419





