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ABSTRACT

Image compression plays vital role in the field of the
corporate  world, entertainment industry, multimedia,
education communications and even at home. The main
objective of Image compression is to minimize the size of
image in bytes by reducing the redundancy of the image data
without degrading the quality of image that results in the
reduction of file size so that more images can be stored in a
given amount of disk or memory space and also reduces the
time required to send the images over the network. Inspired
by the recent advancements in the image compression
techniques, we proposed an image compression framework
based on the pixel-wise fidelity. The proposed method is used
to reduce the bit rate of the pixels of the image for the
compression by using angular transformation. In the proposed
algorithm we used the normalization technique and the
inverse sine transformation to get the optimized and
compressed image as an output. Finally the results are
compared with different methods for MSE, PSNR and the
visual appearance after decoding of image.
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1. INTRODUCTION

In fast growing world of science and technology, image
compression is in demand since last few decades and since
ever its demand has not fallen down. Image compression is a
technique of reducing the number of bits by minimizing the
redundancy between neighboring pixels in an image file [1].
Many researchers have been develop and presented different
ideas and algorithms to improve the performance measures in
past decade in order to achieve the better performance and
quality. Among all, the proposed methods are either in
frequency domain or in time domain. The disadvantage of
using frequency domain is that the low frequencies pixels are
discarded whereas in time domain the image size is reduce
after compression. However every algorithm has its own
advantages and disadvantages due to nature of each scheme. It
is clear that amongst all the proposed schemes, discrete cosine
transform is easy for implementation, understanding and more
advantages if it is applied to JPEG standards. Another
technique which is more recently developed is Vector
Quantization. The performance of Vector Quantization is
directly proportional to the vector size and codebook size [2].
This means with increase in vector size, the codebook size
also increases which results in exponential increase in
encoding complexity. In this paper we proposed the scheme
based on angular transformation for the better image
compression. In this scheme we consider angular position of
each pixel under a sine wave by converting every pixel into
angle by taking inverse sine of the normalized value of pixels.
A bit plane slicing is used for further compression of image
data. The main objective of this paper is to develop a new
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compression technique in angular domain in order to achieve
high compression ratio without degrading the original image
quality.

2. PROPOSED METHOD

In this paper we proposed and develop a new concept for
image compression using angular transformation. The
compression is achieved in four steps i.e. image
normalization, Angular transformation using inverse sine
coder, divider block and Bit plane slicing.

Figure 1 below shows the complete image compression
system.
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Fig.1: Complete Image Compression scheme

In this work, all the pixels in the input image are first
normalized and after that we applied angular transformation
for converting pixels into respective phase angle and
subsequently performed division so as to reduce bit rate.
Finally bit plane slicing is used for further compression of
image [3].

3. COMPRESSION STEPS

This method involves four main steps for compression of
given input image. Steps include pixel normalization, Inverse
sine transformation, and Divider block and Bit plane slicing.

3.1 Normalization of Pixel

In image processing, the term normalization is a process of
converting the range of pixel intensity values. With the help
of normalization, the gray level values are converted to certain
range that between 0 to 1 that is good enough for
improvement in image brightness and contrast. In this
research, we adopt image normalization as used in[4], where
gray level value for each pixel is compared with maximum
gray level value in an image.

Let Pmax and pmin be the maximum and minimum gray level
value in an image Pj respectively. Then equation for
normalization becomes:

Qij = (Pij - pmin) / ( Pmax - pmin)
Where Qij is the normalized gray level values of pixels.

The approximate equation for normalization is yields to:
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For example, if we consider 5 x 5 image as shown below:

180 200 197 250 198
|165 243 176 199 220]|
Py = |120 189 221 245 195
180 176 229 212 147
l167 134 172 178 189
Here the maximum and minimum gray level values are 250
and 120.So in order to convert into normalized values we can
divide each pixel by the maximum value of gray level[5].
Finally after normalization we get following matrix:

0.72 0.80 0.79 1.00 0.79
|0.66 0.97 0.70 0.79 0.88|
Q; = 10.48 0.75 0.88 0.98 0.78
0.72 0.70 0.91 0.85 0.59
0.67 0.53 0.69 0.71 0.75

From the above matrix it is seen that all the gray level values
are converted between 0 and 1.

3.2 Angular Transformation

Now we have the normalized image which value ranges from
0 to 1. So we can create a sin wave of the normalized image
as shown in fig 2.
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Fig. 2: Sine wave of the Normalized image

sine

We know that the sine transform has the property that for two
different angles, it has same gray level value. Since we know
the inverse sine function is represented by sin™ which is
defined to be the inverse of the restricted sine function[6]:

i.e. sin x ,-%Sx < g ......... 3)

For the assigned sequence P(n), angular transform is given by:
. 2 N e i
P(j) = N—HZ?Ll p() sm[{;—:l T ()]

And the inverse is given by :

p(i) = |[Z=ZN  P()sina= (5)

Thus the inverse sine of the normalized image can be obtained
with the help of following formula:

Qj = Sin_l(Qij) ............... (6)
Where Qj; is the normalized image.

Thus we can convert all the gray level values into
corresponding angular values. Thus the resulting matrix is
given as:
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[46° 55° 52° 90° 52°]
[51° 76" 44" 52° 62°|
29° 48" 62° 78" 51°
46" 44° 65° 58" 36
42° 32° 44° 45° 48°
Thus for representing the original image the value of pixels
are 0 to 255 which requires 8 bit, but after taking inverse sine

of normalized image, we need 7 bits for representation as it
have the angular values from 0 to 90[7].

3.3 Bit Rate Reduction using Divider Block
In order to convert the image into 6 bit form for further
compression, we now divide the image by 1.5 because the
range of 0 to 90 after division will become 0 to 60 this will
reduce the bit rate of the image[8].
w_
Thus we have; Q;" = Ts e )

Qij, =

[31° 36" 34" 60° 34°]
[34° 50" 29° 34" 41°|
Q" = 130" 21° 27° 34" 22°
30° 29° 43° 38" 24°
28° 21° 29° 30" 32°
Here the maximum value of angle is 60, for which 2° = 63 and
hence we can represent it in 6 bits.

3.4 Bit Plane Slicing

Again the output obtained from divider block is processed
with the help of bit plane slicing so that further compression
of an image can be achieved. A bit plane is a set of bits
corresponding to a given bit position in each of the binary
numbers in an image. It is used to determine the adequacy of
numbers of bits used to quantize each pixel in the image [9].
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Fig.3: Bit Plane slicing for 8 bit image

From figure 3, it is seen that instead of highlighting gray level
images, it is desired to highlight the contribution made to total
image appearance by specific bits. Suppose that each pixel in
an image will be represented by 8 bits. Assume that the image
is composed of 8, 1-bit planes ranging from bit planel-0
(LSB) to bit plane 7 (MSB)[10].

In Q" we have 6 bits compressed image, now we apply the
bit plane slicing technique on Q;" image.

In Q;;"(1,1) the gray level pixel with value 46(00101110) will
be present in the 6!, 4th, 3" and 2" bit plane. After applying
2 bit plane slicing and 1 bit plane slicing on the binary number
we get image in 4 bit and 5 bit form as shown below[11].

46 —»101110 —»1011 (4 bit form)
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46 —%101110 —®10111(5 bit form)
Fig. 4: 1bit, 2 bit bit plane slicing

Suppose the original 8 bit input image is of size 100kb. So
when we apply the 0 bit bit plane slicing on Q" image the
output image will be 2/8 of the original image i.e. we are able
to compressed the size of image to 25%. For 1 bit bit plane
slicing the output image will be 3/8 of the original image i.e.
we are able to compress the image to 37.5%. For 2 bit bit
plane slicing the output image will be 4/8 of the original
image i.e. we are able to compress the image to 50%.Thus in
this proposed method we are able to compressed an image
upto 50 %.

4. EXPERIMENTAL RESULTS

In this section, we present the experimental results of the
proposed method based on several experiments involving real
image data. The set of experiments evaluate the effect of
different methods on the quality of the reconstructed image.
Experiments were conducted using the standard data base
such as images ‘lena’, ‘Football’,Lotus’and Cutebaby. The
performance measures for analysis used is mainly Mean
square Error (MSE), Peak Signal to Noise Ratio (PSNR),
Compression Ratio and Image Quality[12]. Here MSE is the
cumulative squared error between the compressed and the
original image. Whereas PSNR is a measure of the peak error.
For evaluating mean square error and peak signal to noise
ratio we use the following formulae[13].

1 ”
MSE = Xy Yo Z},=1( Q; - Q;”) 2 ®)
255

Where Q(i,j) is the original image and Q(i,j)” is the
compressed version of the image and X,Y are the dimensions
of given image, 255 is the peak signal value.

Fig. 5: (a) Original lena image (b) Reconstructed image
using DCT (c) Reconstructed image using RLE (d)
Reconstructed image using Huffmans (e) Reconstructed
image using wavelet dB2 filter (f) Reconstructed image
using proposed method.
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Fig.6: (a) Original image (b) Reconstructed image using
DCT (c) Reconstructed image using RLE (d)
Reconstructed image using Huffmans (e) Reconstructed
image using wavelet dB2 filter (f) Reconstructed image
using proposed method.

Fig.7: (a) Original image (b) Reconstructed image using
DCT (c) Reconstructed image using RLE (d)
Reconstructed image using Huffmans (e) Reconstructed
image using wavelet dB2 filter (f) Reconstructed image
using proposed method.
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Figure 8: (a) Original Cutebaby image (b) Reconstructed
image using DCT (c) Reconstructed image using RLE (d)
Reconstructed image using Huffumans (e) Reconstructed
image using wavelet dB6 filter (f) Reconstructed image
using proposed method.
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Table I: Comparison of results for different images for different parameters

Parameters DCT RLE Huffman | Wavelet | Proposed
(dB2/dB6) | Method
Image 1 MMSE (dB) 3.75 26.52 25.26 2.62 1.29
Lenalmage PSNR (dB) 42.39 2384 | 2370 43.93 45.89
Compression Ratio (%) 74.90 47.22 7.7 12.16 50
Time Elapsed (s) 0.11 0.13 0.32 1.89 0.085
Image 2 MMSE (dB) 1.04 37.32 39.90 2.07 0.67
Football PSNR (dB) 47.98 2796 | 27.92 44.96 5154
Compression Ratio (%) 64.12 48.79 16.98 48.72 50
Time Elapsed (s) 0.55 0.25 0.43 0.79 0.041
Image 3 MMSE (dB) 10.35 28.27 32.21 3.24 0.58
Lotus Image PSNR (dB) 37.98 2436 | 2622 43.02 52.79
Compression Ratio (%) 73.77 46.27 5.09 28.98 51.12
Time Elapsed (s) 0.016 0.12 0.28 6.84 0.0067
Image 4 MMSE (dB) 1.35 40.21 38.32 12.73 0.245
Cutebaby Image PSNR (dB) 46.82 2011 | 2082 37.08 60.31
Compression Ratio (%) 72.70 48.76 15.54 28.55 50.28
Time Elapsed (s) 0.58 0.19 0.45 2.54 0.039

5. CONCLUSION

For compression of images many researchers have been
proposed various algorithms and techniques. In this paper we
propose an efficient method based on angular domain
concept. The proposed method is developing in MATLAB
and simulating the methods for MMSE, PSNR and
compression ratio. The experimental results shows the
proposed method works very efficiently and effectively and
the results obtained are extremely good. For comparison, we
use standard existing methods such as DCT, RLT, Huffmans
and Wavelet with dB2 and dB6 filters with proposed method
and performance measures consider are MMSE, PSNR,
Compression ratio and visual quality of the reconstructed
image. It is seen that the overall percentage of compressed
image is 50.00 % which is a very high compression rate. Also
the visual quality of output image is intact and hence is
exactly as same as input image. Moreover, the Peak Signal to
Noise ratio (PSNR) value obtained is very high and is in
between 50 dB to 60 dB and minimum mean square error
(MMSE) value is very low and comes out to be 0.245 for
image cutebaby. Moreover, from the table 1 it is clear that
performance measures obtained are very good enough to show
the high success rate of the research being done by means of
this paper.
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