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ABSTRACT

Discrete Cosine Transform (DCT) is widely usedtransformation for compression in image and video
standardslike H.264 or MPEGv4, JPEG etc. Currently the new standarddeveloped Codec is Highly Efficient
Video Coding (HEVC) orH.265. With the help of the transformation matrix the computational cost can be
dynamically reduce. This paper proposesa novel approach of multiplier-less modified approximate DCT like
transformalgorithm and also comparison with exact DCT algorithm and theapproximate DCT like transform.
This proposed algorithm willhave lower computational complexity. Furthermore, the proposedalgorithm will be

modular in approach, and suitable for pipelinedVVLSI implementation.
Keywords—Approximate DCT, DCT, JPEG, HEVC, Multiplier-less DCT transform

l. INTRODUCTION

Discrete cosine transform proposed in [1] is a
very widely wused transformation method for
compression in the field of Digital Image and Video
Processing. After the first introduction in the 1974, it
has evolved and has become one of the important
component of video and image processing standards.
DCT of type-Il [2] is generally used for various
compression techniques. Different approaches based
upon theoretical mathematics have be publish in the
past to reduce the architecture where by maintaining
the integrity and the functionality of the original DCT
which can be found in [6-8],[10]. The DCT has
maintained its durability in the compression work-
flow by its simple and low bit transformation criteria,
still many new algorithms have come up from time to
time related to DCT. Image and Video standards like
H.264 or MPEGv4 [3], JPEG [9] etc. have
implemented DCT as the compression tool. The most
recently released Codec HEVC or H.265 [4] for
video processing uses the Chen’s architecture [5] for
computing the DCT. The JPEG standard [9] which is
widely used Codec for image storage also uses DCT
for the Image compression. The implementation of
[1] requires huge amount of multipliers and adders at
the hardware level, which turns out to be costly with
respect to the size and power consumption. DCT is
widely popular for mostly because it is effective in
transforming the image data into an easily
compressible form and this can efficiently be
implemented both in software and hardware. This
papers gives a comparison of the work proposed by
[10] with [1] on the basis of quality of image. Also a
modified work is proposed and compared with [10]
and [1] respectively. The paper has two sections the
first gives the mathematical model from [10] and the
second gives the proposed work and the related
comparative analysis done.

1. REVIEW OF APPROXIMATE DCT
METHOD
Novel approaches from the past literature can be
found for minimizing the computational complexity.
In [10], A fast algorithm is proposed which minimize
the floating point operations by means of
approximate transforms which deals with a minimum
cost argument of the transformation matrix:
T = arg min cost(T) (8]
Where, T has Coefficients

1 1 1 1 1 1 1 17
0 1 0 0 0 0 -1 0
1 0 0 -1 -1 0 0 1
1 0 0 0 0 0 0 -1
1 -1 -1 1 1 -1 -1 1
0 0 0 1 -1 0 0 0
0 -1 1 0 0 1 -1 0
-0 0 1 0 0 -1 0 0-

In a JPEG like image compression mostly the
higher frequency components are discarded by the
guantization matrix. In the depth analysis the amount
of data to be preserved in the matrix is given by a
number r were by coefficients of rows and columns >
r are made zero. Using the matrix T from (1), the
orthogonal matrix C can be obtained by using the
equation

C=D-T 2)
Where, C is the obtained orthogonal transformation
matrixand D is the diagonal matrix containing the

weight of theCosine Factors:
D = dia (LLELLLEL) &)
I\VB' V2’2’ V2’ VB’ V2 2’2
The 8 x 8 input matrix A is converted into 2-D
DCT output matrix B by:
B=C-A-CT 4)
Where, " denotes the Transpose of matrix C

I11. PROPOSED TRANSFORM
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JPEG like image compression deals with the
Zig-zag transmission of the data from the matrix
there by sending the lower frequency components
first [9]. Also the Higher frequency components are
discarded as mentioned in [10], the upper left half of
the Matrix B has almost all the data of the image
block including the DC signal and the lower
frequency component.

3.1. Mathematical Model

Keeping in mind the constraints mentioned to
create T matrix in [10] a new modified matrix T~ is
proposed which is:
r1
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In the process of modification due care was
taken to preserve the C matrix orthogonality, Also
some of the diagonal matrix elements are removed so
as to reduce the computational complexity with the T*
matrix the Orthogonal matrix C*canbe obtained by:

C*=D*-T* (5)
Where, The diagonal matrix D" is:
D = di (1 11 1oooo) ©)
= dia Y= =5 =Y, Uy
B2 V2

And the 2D DCT of the input block A can be

calculate as:
B*=C"A-CT (7)

B is the output 8 x 8 block for the input A, Here
the 2-D DCT is calculated using 1-D DCT on the
Column matrix followed by 1-D DCT on the row
Matrix.
3.2. Analysis

Quality of the Transformed Image is checked by
the PSNR values with depth control and the values
are compared to the original DCT process. Here
while doing the depth analysis, up-to 4, considering
only the 16 coefficient and discarding the rest, PSNR
value obtained and compared, It is found that PSNR
values after r > 4 are found to be almost constant for
the Proposed T .

PSNR (dB)

according to the depth control factor r.
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Fig. 1 shows the graph of the quality analysis

(c) PSNR 33.43dB
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(d) PSNR 35.23dB
Figure 2. (a) shows the Input 512 x 512 image Lena,
(b), (c) are the output images obtained after
decompression. (d) Shows the output image using
proposed T*. Here r=4.

It can be observed that the removal higher
frequency components from the matrix produced
better PSNR ratings. Accordingly this new
transformation matrix T'is proposed satisfying the
constraints mention in [10]

V. RESULTS

The transform matrix T from [10] and the
equation from [2] are used to make test model in
Matlab™ script and the PSNR values according to
[11] are measured for different values of r and are
compared. The famous Lena image of size 512 x 512
is used, the image is broken into 8 x 8 block for
processing using the transform matrix T from [10],
while the regular equation based approach is used
and a model code is made to process 8 x 8 block for
[1]. The study of the transformed matrix block shows
mostly the upper left corner of the matrix holds the
compressed transformed data.

Fig. 2 (a) shows the Input 512 x 512 Lena Image
in grayscale, (b) shows the output of the exact DCT
by [1], (c) shows the output by the Transformation
matrix presented in [10] and (d) shows the output of
the proposed transformation matrix T . It is seen that
after maintaining the depth of 4, i.e. round 16
coefficient of the upper left corner contains most of
the image data in the compressed form, so the rest of
coefficient related to higher frequency data of the
image block are discarded which is shown by the
proposed T . Table-1 shows the comparison between
methods used. For the purpose of comparison one
more quantity UQI [12] is taken into consideration.
Result shows that this proposed T has better PSNR
and UQI for same value of r as compared to T.
Original DCT has better values but it consumes more
hardware architecture as compared to the other two.
Hence on the basis of this two parameters of
comparison, the proposed T~ can be used in place of

).

V.  CONCLUSION

The proposed transform matrix could be used as
a modified approximate 8-point DCT matrix, the
proposed transformation matrix only has values of
{0,+1} which are only addition and subtraction,
there are no shifting operations and multipliers to
compute the transformation coefficient as in [5], [6],
[7], and [8].

TABLE- 1: Comparative results on the basis of

PSNR and UQI
Depth  PSNR
uQl
n @)
Original DCT [1] 4 38.45  0.8209
Approximate DCT 4 3343 05511
[10]
Proposed DCT 4 35.23  0.6698

The future work is to implement this on a
hardware platform so that a new IP based core for 8-
point DCT can be proposed. This work can be used to
model a hardware DCT core which can implemented
on upcoming standards like HEVC [4] and also can be
used with the present standards of image and video
processing Codec and tools.
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