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Abstract—Discrete Cosine Transform (DCT) is one of the widely
used transform for image compression. It de-correlates image
data. Independent encoding of the transformed coefficients can
be done in compression without losing image quality. In this
paper we present implementation of Discrete Cosine Transform
(DCT) on VLSI platform. Using the separability property of 2D
DCT, the 2D DCT architecture is divided into two 1D DCT
blocks with the transpose buffer. The architecture used for
calculating 1D DCT is based on Arai’s algorithm for DCT
calculation. The design is implemented on Spartan 3E board
from Xilinx for an 8x8 input block.
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I. INTRODUCTION

Transform coding is integral part of image/video processing
applications. Transform coding is based on the concept that
pixels in an image have some amount of correlation with the
neighbouring pixels. In the similar way, a high correlation
exists in the adjacent frames of a video. By using this
correlation information the value of the pixel can be
predicated from its neighbouring pixels. So transformation
maps correlated data of spatial image into uncorrelated
transformed coefficients. Transformation is the lossless
process and inverse transformation of transformed image
gives original image.

Discrete Cosine Transform (DCT) is widely used for
transform coding in most image processing applications. The
large amount of data in the digital image is a big problem for
transmission & storage of images. Different compression
schemes have been developed to transmit/store the image &
video with fewer amounts of data. Because of its symmetry,
energy compaction and simplicity DCT algorithm is more
effective for image compression. A DCT based image
processing system gives lossy compression of an image
because of the use of quantizer. After transformation most of
the image information is packed in a few coefficients. So

DCT’s according to its separability property. The two
dimensional DCT of an image is obtained by using 1D DCT
processor & a transpose buffer.

The 2D DCT of N X N matrix is obtained by row-column
decomposition technique. An image is decomposed into small
blocks of 8x8 pixels for computational efficiency. An image
is decomposed into small blocks of 8x8 pixels for
computational efficiency. First 1D DCT of each column of
decomposed data block is calculated. The resulting matrix is
transposed and stored in memory. Then another 1D DCT of
each row of the transposed matrix is calculated to get the 2D
DCT of decomposed block. This paper describes computation
of 2D DCT by two successive 1D DCT computation.

I1. DISCRETE COSINE TRANSFORM FORMULAE

The DCT is a transformation that contains a sequence of
discrete numbers in which each number is a summation of
cosine functions with varying amplitude and frequency.

A. 1D DCT

The N-point DCT and inverse DCT (IDCT) of N-point
sequence x(n) is defined as [1]:
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1D DCT equation for N=8 can be written in matrix form as
follows:
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B. 2D DCT

As digital images are two dimensional, 2D DCT is applied to
them. Mathematical representation of N x N point 2D DCT

can be written as
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In equation no [], x(m,n) is 2D input data and X(k,) is
transformed DCT coefficients.

[Jcan be written as follows:
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DCT of columns of x(m,n). Therefore it is concluded that
calculating 1D DCT of columns followed by 1D DCT of
rows results in 2D DCT coefficients of 2D input data.

I1l. ALGORITHM FOR DCT

A.One Dimensional DCT calculation

A high degree of computational complexity exists for
calculating 2D DCT. Many authors have developed simple
methods for this calculation like [2], [4], [5], [6], [10] &
others. Especially for image processing applications many
algorithms have been proposed for 2D DCT calculation with

less complexity.

This paper uses the architecture proposed in [3] for
calculating DCT. It is Arai’s scaled DCT algorithm. This
algorithm has many simplifications which help to reach
higher performance. Because of these simplifications it is
possible to calculate eight point 1D DCT with just 29
additions and 5 Multiplications. Thus only 464 additions and
80 multiplications are required for calculating 2D DCT of an
8x8 block. As it is scaled DCT algorithm the scaled outputs
can be obtained by 8 scaling multipliers at output for eight
point 1D DCT. Fig-1 shows Arai’s DCT architecture.
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Fig 1: Arai’s Eight-point Fast DCT Flow graph

The {ai} are input elements and {si} are scaled DCT
coefficients. The multipliers used in structure are of four
different values namely ml, m2, m3, m4. These fixed

multipliers are given by
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B.Two Dimensional DCT Calculation

To calculate 2D DCT there are many proposed architectures
as [7], [8], [9] & others. The 2D DCT architecture presented
in fig-2 is used in this paper. This architecture is divided into
three parts, two 1D DCT architecture and one transpose
buffer. The two 1D DCT architectures are similar with
different bit widths at internal stages. The 1D DCT
architecture discussed in above section is used here in each

1D DCT block.

Fig-2: 2D DCT architecture

The input to the 2D DCT architecture in our design is
matrixes of 8x8 elements with 8 bit width of each element.
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The first 1D DCT receives the row wise data from input  The different resources in the FPGA are LUTSs, Flip Flops,
matrix and stores results in transpose buffer. Transpose buffer bonded 10Bs, etc. The utilization of these resources for
gives column wise inputs to the second 1d DCT architecture. calculating DCT of 8x8 image is shown in Fig 4.

The result of this is nothing but 2D DCT coefficients.

IV. RESULTS Device Utilization Summary
Logic Utilization Used Available Utilization
A. Synthesis and Implementation Number of Slice Fiip Flops 2,194 9,312 3%
Mumber of 4input LUTs 4,218 9,312 45%
The RTL schematic of the implementation of DCT on 8x8 Number of occupied Sices 2785 465 %
Iﬂ';]agﬁ IS S_hO\;VI:j IQ flgth Tlge SChedm?tlcTﬁon'lilsisb?f i bIOCkg Number of Slices containing only related logic 2,786 2,786 100%
whic _ar? II':IC_U_ e n e Op module. e nrs _OC name Number of Siices containing unrelated logic 0 2,786 0%
mem_in is initialized with fche 64 bytes of 8x8 input _block. ot oo of Pput LTS py ppon -
The dct_module block receives 8-8 bytes from mem_in and ——— P
calculates the 1D DCT. These results are stored in ram '
naming mem_out and also in the internal array of Number used 252 oLt =
dct_module. In dct_module the 1D DCT array is transposed Penber of onded [OFs & — 2%
and 2D DCT s calculated. The results of the 2D DCT are fumber of RAMB16¢ 5 2 5%
stored in mem_out2. The VHDL is used for modelling the Number of BFGHLUXs L A #
design. The ISE project Navigator from Xilinx was used for Average Fanout of Non-Clock Nets 281

synthesis.

Fig 4: Device Utilization Summary For 8x8 image size

B. Simulation Results

The simulation results of the design are shown in Fig 5. The
results of DCT are verified by results obtained using
MATLAB software.
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Fig 5: Simulation Results

C. FPGA Implemetation

The successful implementation of the design was done on
device xc3s500e-4fg320 from the Spartan 3E family. The
results from the board are observed using chip scope pro tool
of Xilinx.

Fig 3: RTL schematic of top module for DCT of an image
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V. CONCLUSION

In this paper hardware implementation of DCT of 8x8 size
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