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Abstract— A design for a general and reconfigurable 

structural design for approximation of DCT (Discrete cosine 

Transform) is proposed. Approximation is needed to reduce 

complexity of calculations in DCT without altering its 

performance. An algorithm is presented in this project for 

obtaining approximate DCT coefficients of length N from 

two N/2 lengths of DCTs with N number of additions for 

preprocessing of input. An algorithm proposed here is highly 

scalable for software implementation and for hardware 

implementation as well and involves lesser computational 

complexity to achieve several power of 2 DCT. The presented 

parallel architecture to compute approximation of DCT is 

fully reconfigurable; it is configured to compute 32-

coefficient points DCT along with two parallel 16- coefficient 

points DCTs or four parallel 8- coefficient points DCTs. The 

scalable design is used in compression of different size of 

images. 
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I. INTRODUCTION 

There are loads of applications at hand where in many images 

and videos are transmitted that includes swapping of data and 

allocation of data via internet. This is easier due to advances 

of communication technology. Up to date, finer resolution 

dynamic range methods are experiencing a higher demand. 

An image is represented as pixels in matrix form. 

Images are represented by large quantity of information, 

which requires large memory space. Image compression is 

necessary for storing and for efficient transformation. 

Compressing the image is crucial for retaining the essential 

data for image reconstruction. In this context, the essential 

mathematical tool in both video and image coding are 

transforms. Therefore, efforts are made on transform 

computations such as developing the fast algorithms and 

automatic tools for generating fast hardware processors. 

Image processing and signal processing applications requires 

transform computations for storage and as well as for 

transmission. For transmission of images, videos 

compression techniques are used. Images are represented in 

pixel form and each pixels are related to each other hence 

transforms are the basis for relating pixels of neighbourhood 

in an image and converts the related pixels values into 

transform coefficients. A mathematical tool which can be 

adopted for transform based compression technique is DCT.  

II. DISCRETE COSINE TRANSFORM 

A discrete cosine transform (DCT) constitutes a finite 

sequence of cosine functions of information states oscillating 

at different frequencies. In particular, a DCT is related to 

Fourier-transform, but with only real numbers. The DCT is 

used universally in compression of video and image 

standards.  DCT can be applied on number of image coding 

standards. DCT is used for conversion of pixel of gray level 

in spatial domain into corresponding coefficients in 

frequency domain. DCT function has a good property as 

compact energy as it operates with a set of discrete data 

values.  

III. LITERATURE SURVEY 

A. M. Shyams, et al[1] proposed a paper to reduce the cost of 

metrics of area and power while maintaining accuracy and 

high speed in Digital signal processing applications, a new 

architecture called NEDA (a New Distributed Arithmetic) 

which involves inner product of vectors for VLSI 

implementation is proposed in this paper. NEDA is very 

resourceful structural design with adders as the core 

component and is free of subtractions, multiplications and 

ROM. An efficient approach for the adder array is introduced 

to remove redundancy so that least additions are required. 

Bouguzel-Ahamad-Swami (BAS) [2] have given 

many series of methods. The proposed method have a 

excellent estimation of DCT by substituting basis vector 

elements given as zero, 1/2, one. By introducing suitably 

some zeros in 8x8 signed DCT matrix, an efficient 8x8 sparse 

orthogonal transform matrix is proposed for image 

compression. This approach is simple and consists of DCT 

approximation by applying a signum function operator to 

Forward DCT matrix. Only two bit-shift operations and 18 

additions are required in proposed transform method for fast 

computation and another merit is that it has a computation 

property in-place. 

U. S. Potluiri, et al [4] introduced a novel 8-point 

DCT approximation that requires only 14 addition operations 

and no multiplication is proposed. The proposed transform 

have low computational complexity and is also used for 

reconfigurable video standards such as HEVC. 

Several methods for approximation of DCT have 

been achieved in current literature. These approximation 

methods are very close to exact DCT resulting in significant 

coefficients with requiring only lower computations. 

Approximation methods are free of multipliers with 

eliminating all floating-point operations. Hence, these 

approximation methods replace the exact DCT method 

providing low power and low cost designs. Implementation 

on hardware is economical as the performance is done in the 

absence of multipliers.  

IV. DEISGN METHODOLOGY 

A. Approximation of Dct: 

Algorithms for approximation of DCT are proposed with the 

main objective of reducing the power and calculation time. 

Multiplications are the operations in DCT which 

consumes majority of time and power and it is very complex 
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to calculate the values of DCT. Approximation is needed in 

DCT for higher transform lengths as computational 

complication increases non-linearly with higher size lengths 

DCT. To offer lower circuit complexity and superior 

compression performance Multiplier-free approximate DCTs 

have been proposed which can be easily implemented in 

VLSI hardware by using only addition operation and 

subtraction operations. Thus, compared to integer and 

conventional DCTs, approximated DCTs result in reduction 

of the chip area as well as in power consumption. 

Also HEVC, which is the modern standard for video 

coding utilizes DCT of higher sizes for achieving accurate 

results.The element for N- point DCT matrix is given by the 

multiplication of cosine terms with √(2/N  ) to the ratio of 2N 

where N is the size of the DCT. 

For any even value of N, the cosine transform is 

equally to computing N/2-point DCT. Hence, for even rows 

of N x N matrix size of DCT that is first N/2 elements 

corresponds to N/2-point DCT matrix. As a result, recursive 

decomposition of CN can be computed by the following 

equations: 

The DCT matrix CN can be represented by using 

odd/even symmetries of its row vectors by subsequent matrix 

product given by multiplication of 1/√2 with permutation and 

addition matrices with sparse matrix. A review of matrices 

has to be done to reduce the computation complexity of DCT. 

Matrices of addition and permutation contributes less to the  

arithmetic complexity as permutation block  do not entail any 

arithmetic and logical operations and only N/2 subtraction 

and additions are required for addition matrix and these 

cannot be there  further reduced. Thus to reduce the 

complexity of N-point DCT, the sparse matrix has to be 

considered and it needs to be approximated. 

Sparse matrix consists of elements CN/2   and SN/2. 

Let Ĉ N/2 and Ŝ N/2 represents the approximated matrices of 

CN/2 and SN/2, respectively. To obtain approximated sub 

matrices the smallest size length of DCT matrix is considered. 

Since 2-point and 4-point DCT requires only adders, the 

procedure to 8-point approximation DCT is terminated. In the 

sparse matrix it is observed that S8 works on differences of 

pixel pairs while C8 works on sum of same pixel pairs. For 

approximate of DCT inspection of many possibilities for little 

complexity and here are some possibility options: 

The first possible solution observed is 

approximating S8 by a matrix of size 8 x 8 in which at least 

one 1 in each row and all other elements are 0s. By doing this 

closer to exact DCT is achieved since, the elements equals to 

1 match to the exact DCT values in each row in maximum 

number. 

The second one is approximating S8   by void 

matrix, which means that DCT-coefficients which are all 

even-indexed are presumed to be 0. The results of this are far 

from the exact DCT- values since odd coefficients contain no 

information.  

The third observation is approximating S8 by Ĉ8. C8 

as well as S8 are the sub matrices of C16 and this 

approximation has attractive computational properties since 

these sub matrices works at a distance of 8 for the differences 

and sum of pixel pairs, other than good compression 

efficiency and scalability, excellent reliability of signal-flow 

graph, scope for reconfigurability and orthogonality can be 

seen. 

There are still many possible solutions to be 

searched but those results do not have the capability for 

reconfigurability what is attained by replacing S8 by Ĉ8. 

Based upon third feasible option thus two advantages by 

substituting Ŝ8 by Ĉ8 is observed. 

Firstly, due to efficiency of Ĉ8 the excellent 

compression performance can be obtained. Secondly, the 

architecture is reconfigurable and much simpler. 

V. PROPOSED DESIGN 

A. Proposed Scalable Architecture of DCT: 

In the part described below, the scalable architecture for 

computing approximation of DCT of length N=16 and 32 is 

proposed. 

The block diagram based on C8 DCT matrix for the 

computation of DCT is shown in Figure.1 The approximate 

DCT coefficients are obtained by F = CN * Xt for a given 

input sequence {X (n)}, n ∈ [0, N − 1].  

 
Fig. 1: Design Flow-graph of 8-point DCT 

The basic block for the computation of 8-point DCT 

is shown in figure 1. It is based on the approximation of DCT 

transposition matrix. 

For 16-point DCT first the inputs are fed to adder of 

16-point unit and the output of this adder unit is now the input 

for two 8-point DCTs. The results for 16-point DCT is 

computed by same 8-point DCT as calculated above and at 

the output side the results are arranged to get the ordered DCT 

of 16-point. 

 
Fig. 2: Scalable design of 16-point DCT 

The overall complexity for calculation of different 

DCT lengths as 16, 64-point and 32-point DCT 

approximations requires 60, 368, and 152 additions, 

respectively. The proposed structure for DCT requires less 

number of addition operations and does not involve any shift 

operations.  Normally, the calculation complexity of N -point 

DCT is equivalent to N (log2N-(1/4)) additions. Since, for the 

calculation of higher size DCTs of different lengths, the 

design of scalable and regular structures is used, the 
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computation time is found to be (log2N) TA where TA is the 

addition-time. 

B. Proposed Reconfiguration Scheme: 

For video coding applications different lengths of DCT such 

as N= 16, 32 are essential. 

Therefore, as a replacement for of using separate 

architectures of DCT for computation of different size 

lengths, a known DCT structural design is reused. Such 

reconfigurable structure of DCT is proposed which can be 

reused for higher lengths of DCT. The approximation of 16-

coefficient points DCT using reconfigurable architecture is as 

shown in Fig.3. 

 
Fig. 3: Reconfiguration scheme for 16-point and 8-point 

DCT. 

For computation of 16-point DCT an input adder of 

16-point that generates output result of a (i) and b (i), i=[1:7], 

and  two 8-point approximated DCT units. 

As it is a reconfigurable architecture it is used to 

compute 16-point as well as 8-point DCT depending upon the 

select line.For computation of 16-point DCT select line is 

chosen as 1 and the inputs to 8-point DCTs are from the 16-

point adder unit. If select line is 0 then the input to the 8-point 

DCT is fed directly without adder unit and 8-point DCT is 

computed. Meanwhile, for the reconfigurable structure two-

parallel 8-point DCTs can be obtained, yielding 16-point 

coefficients in a single cycle irrespective of the transform size 

length. Therefore, select line is utilized as a input controller 

to the MUXes for selecting inputs according to the transform 

size of the DCT to be calculated and to perform 

transformation. 

A reconfigurable architecture for the calculation of 

8-point, 16-, and 32-point DCTs is as in Fig.4.  

 
Fig. 4: Proposed Reconfiguration of DCT for N= 8, 16 and 

32-point DCT. 

Specifically, when sel={01},{00},{11} the 32 

coefficient outputs corresponds to two 16-point DCTs, four 

8-point DCTs, or 32-point DCT, respectively. The throughput 

of 32 inputs is 32 DCT coefficients for all the desired 

transform size for every clock cycle. 

VI. PROJECT OUTCOMES 

The proposed DCT design is implemented using Xilinx 

design suite 12.2 Version with Modelsim Altera 10.0c 

simulator. The obtained results for N=8,16,32- point DCT as 

well as four Parallel 8-point DCT, two Parallel 16-point DCT 

for input of 32- Point coefficients. 

For 32-point input data 32-point DCT is performed 

when sel=11 and results is as shown in figure 5 and when sel 

=01 two parallel 16-point DCTs is performed and if sel=00 

then four parallel 8-point DCTs are performed as shown in 

figure 6. 

 
Fig. 5: Simulation results for 32-point DCT 

 
Fig. 6: Simulation results for 32-point input data when 

sel=01 and sel=00. 
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VII. APPLICATION 

A. Scalable DCT for Image Compression Using Discrete 

Cosine Transform: 

Transforms are used to map the pixel values of an original 

image into corresponding coefficients which have a smaller 

magnitude of values than the original image making the 

image distortion less when decoded. The ability of the 

transform lies in representing an original data in fewer 

coefficients. For this reason, Discrete Cosine Transform is 

widely used in image compression applications. 

Transformation of an image usually starts with dividing an 

original image into sub blocks of smaller size. For each sub 

block transform coefficients are calculated, the left upper-

most coefficients contain much of the information of an 

original image whose values are then quantized and encoded. 

The image is represented as N x M matrix of pixel 

values where each pixel intensity values are represented as f 

(i, j). i represents the row in matrix and j represents the 

column in the matrix. After transform that is after applying 

the image to DCT the result is F (u,v). The DCT coefficients 

values indicating signal values are of importance lies in the 

upper left corner usually indicating the lower frequencies and 

higher values of frequency coefficients are neglected to 

compress the image.  

For real-time arrangements and for internet various 

applications entail different points of quality depending on 

the resources. Algorithms are designed such as scalable 

architecture of bandwidth and quality of the output data.  In 

this project a scalable DCT is designed for compression of 

image. The designed scalable structure is capable of 

compressing the image of different sizes in a single 

architecture.  

For project validation the code is written in 

MATLAB using different image sizes. For different image 

sizes of the compressed image the resulting image is with the 

enhanced quality.   

The original image is compressed with different 

DCT coefficients as with 4-, 16- and 32-point coefficients and 

the compressed image is given to the inverse DCT and 

original image is reconstructed with improved quality. 

There are some examples where image quality can 

be improved independent of the image size. In the figures 

given below the images differ in sizes and dimensions. Image 

visualization is made higher independent of its size and 

correspondingly its quality is increased.  

In the figure 7  the two images source image 1 and 

source image 2 with different qualities  and are the fusion 

images that is the portion of image is blurred in one image 

and is with exact quality in other is compared to obtain a 

image of DCT+Variance fusion results. As in figure above 

the source image 1 contains a bottle which is blurred and a 

tag with good quality whereas a source image 2 with clarity 

in bottle and blurred tag. The scalable DCT is applied to 

images which compares two images and results in good 

clarity image for the blurred portion. 

 
Fig. 7: “DCT+Variance” fusion result for different images. 

The proposed reconfigurable and general 

architecture is compared with other approximation of DCT 

methods. The number of operations required in calculating 

the DCT for different approximation methods are given in the 

figure below. 

 
Fig. 8: Comparison of different methods of approximation 

DCT. 

As shown in figure 8 the proposed method requires 

no shift operations and requires less number of additions 

compared to other methods and it is found that compared to 

all other methods as the length size increases the requirement 

of addition operations are minimum of all.  

In this project xlinix 12.2 version for writing the 

code and the synthesis result is as given below: 

Optimization Goal: Speed 

On-chip Power: 27.34 mW. 

VIII. CONCLUSION AND FUTURE WORK 

In this project a design is proposed for generalized and 

reconfigurable structure of DCT which is capable of 

computing DCT irrespective of its length size. The proposed 

DCT is able to find out DCT coefficients of 8-, 16-, and 32-

point in a single architecture which results in 32-coefficients 

in a single clock cycle. This architecture is general where it 

can be used in any image and video compression methods. 

Investigation of the project has done by applying different 

point DCTs for an image and application of image processing 

using scalable DCT for different size of images which yields 

in an improved quality of the images. The future work 

includes applying the reconfigurable architecture for 3D 

DCTs. 
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