
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 04, 2015 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 158 

Design Efficient VLSI architecture for an Orthogonal Transformation 
Himanshu R Upadhyay

1
 Sohail Ansari

2
  

2
Professor 

1,2
Department of Electronics & Communication Engineering 

1,2
Shanstilal Shah Engineering College, Bhavnagar, Gujarat

Abstract— Many Orthogonal transform techniques are 

available. Among the orthogonal transform DCT is widely 

used technique in DSP. DCT is utilized in many algorithm 

related to image compression. This transform requires large 

number of multiplications and additions. Large number of 

hardware elements is required for the same, special purpose 

designed hardware should be used, which gives high 

efficiency and throughput. Many transform algorithms 

offers high speed as well as lower silicon area. In this 

project we have tried to optimize power at algorithmic level, 

architectural level and logic level. We have implemented 

architecture using row column decomposition technique 

implemented with distributed arithmetic, a multiplier less 

architecture. It contains features so as to dynamically reduce 

computation. 
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I. INTRODUCTION 

Discrete cosine transform requires high computational 

operations including multiplications and additions. To 

process the data based on real time data we require special 

purpose efficient hardware is required which can give good 

throughput. In order to have high speed transform many 

algorithm were developed. We have implemented 

architecture using row column decomposition technique 

implemented with distributed arithmetic a multiplier less 

architecture. It contains features so as to dynamically reduce 

computation. Discrete Cosine Transform is highly used in 

processing signals as image data, typically compression, 

especially in lossy compression, for the better performance. 

Because of the wide-spread use of DCT's, research into fast 

algorithms for their implementation has been rather active 

,and also, since the DCT is computation intensive, the 

development of high speed hardware and real-time DCT 

processor design have been object of research .Discrete 

cosine transform (DCT) is extensively used in domains like 

image processing. It is used in still image compression to 

compress each and every video frames individually, where 

as n-dimensional Discrete cosine transform will be helpful 

for compressing video streaming. Discrete cosine transform 

helps in transferring n-dimensional data to frequency 

domain once it comes to f-domain many operations will be 

performed in more efficient manner. 

II. HOW DCT COMPRESS IMAGES 

A. Selecting a Template (Heading 2) 

Given a test image, down sample version of the same is 

converted into transformed domain using discrete cosine 

transform (DCT) and significant coefficient are transmitted. 

At the receiver end Compressive sensing based theory is 

applied to the inverse DCT image to get the estimate of the 

original. This is a lossy compression and results are 

compared with direct DCT compression. 

Let the image be A of size,  image A is down sampled to 

image B of size image down sampling is done by taking 

average of 4 neighboring pixels and making average value 

as a new pixel of the down sample image, then DCT is 

performed on the image. After DCT operation a matrix of 

sizeof DCT coefficients from which only upper left corner 

coefficients are taken and all other are neglected, because 

most of the energy lies on the low frequencies; And it 

appears at upper left corner of the Discrete cosine transform 

and high frequency is represented by lower right values, 

which can be removed with very less perceptual loss. These 

upper left corner coefficients are sent over network. So for 

an image of size, only, data is sent/stored, if 75% of DCT 

coefficients are removed. Now at the receiver end we have a 

DCT coefficient matrix (D) of size which is padded with 

zeros in right and bottom to make it of size
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Fig. 2.1: How DCT compresses an image 

We take Inverse Discrete cosine transform(IDCT) 

of the zero padded matrix D to get an image (DI) of  . Image 

is divided in to 4X4 non overlapping blocks (B), each block 

Bi is compared with all the blocks (BDkof same sizes B) of 

down sampled images available in the database, to find the 

block (BDk) with minimum Euclidean distance to block Bi. 

If the minimum Euclidean distance is less than the threshold 

value  than this block BDkis considered as matched block, 

for this 4 x 4 matched block BDka corresponding block of 

double size (8 x 8) is extracted from the original image 

available in1 the database for the corresponding down 

sample image in which block BDkis found. This8 x 8 block 

is placed in the reconstruction image on the location 

according to the block Bi. This searching for the matching 

block in database is images is performed using Approximate 

Nearest Neighbor Search(ANN), free available ANN library 

is used for ANN search[2].In other words we are converting 

an 
 

 
 

 

 
image in n x n image using block matching with 

database images. There is high probability that we will not 

get matching block BDkfor some blocks. So we need to 

estimate the unmatched blocks from the data available about 

unmatched block from DI and matched blocks B using 

Orthogonal Matching Pursuit Algorithm (OMP)[3,4]. 



Design Efficient VLSI architecture for an Orthogonal Transformation 

 (IJSRD/Vol. 3/Issue 04/2015/043) 

 

 All rights reserved by www.ijsrd.com 159 

Many papers related to discrete cosine transform is 

there which tells the importance of Discrete cosine 

transform.  Hardware implementation of discrete cosine 

transform will give higher output than software solutions. 

Better hardware solutions will lower down the 

computational load over the multi-core processor and hence 

the entire performance of the   media systems will be 

improved. Another important parameter is the quality of the 

music in the system. Quality depends on DCT-IDCT inter 

conversion accuracy which will effect the quality of 

multimedia. 

Hence, hardware specific Discrete cosine transform  

should be there, two dimensional Discrete cosine transform 

algorithms are most important for image compression, We 

should focus on designing efficient hardware 

implementations of 2-D DCT based compression by 

decreasing the number of computations and increase the 

efficiency and accuracy of reverse transform and decreasing 

the  chip area so as to optimize the utilized power of 

Discrete cosine transform. As the N-dimension DCT is of 

imp. Algorithms which can be extended to that can be given 

more importance. JPEG is the standard image compression 

format  it has very good techniques for Discrete cosine 

transform quantization and compression, it was only 

developed for low compressions. 

Due to availability of faster processors   8×8 DCT 

block size is not mandatory which was earlier selected for 

speed. Discrete Cosine Transform (DCT) decorrelates the 

image data. Each coefficient should be encoded individually 

without losing compression efficiency. 

B. One-Dimensional DCT 

Discrete cosine transform for 1-D sequence of length N can 

be defined as 

 
First value looks like average value so it is called 

DC Coefficient. Rest are  called the AC Coefficients. 

To fix ideas, ignore the f(x) and α(u) component in 

(1). 

The plot of 

 
If we keep N=8 and and change the value of u than 

(u = 0)  represents average dc value, and all other 

waveforms is like harmonics of increasing frequency . They 

are called cosine basis function, they are orthogonal. So 

multiplication with other waveform followed by summation 

gives  zero over one sample  whereas multiplication with 

itself and then summation gives a scalar value. Cosine basic  

function are individual none can be represented in the form 

of other. 

 
Fig. 2.2: One Dimensional Cosine Functions 

For sequence pertaining more than N sample points 

can be divided in to sub sequence and Discrete cosine 

transform can be applied. Where the values of basis function 

points will remain same. Only the values of function will 

change. Hence exploiting this property basis functions can 

be computed  well in advance and 0then multiplied ith the 

sub-sequences. Which results in reduction of operations and 

increase of efficiency 

C. Two-Dimensional DCT 

Two dimensional DCT is the extension of one dimensional 

DCT so we can directly find it out as follows 

 
Two dimensions basis function can be obtained 

from one dimension basic function as shown in the figure 

one [13]. The basis functions for N = 8 are shown in. 

There is the basis increases  in frequency both in 

the vertical and horizontal direction. The top left basis 

function is due to the DC component  in Figure 1 with its 

transpose. Hence it is basically a  DC coefficient. 
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Fig. 2.3: Two Basic function of 2D DCT Black = negative 

amplitude, White = Positive ampliture 

III. COMPARISON OF 2D APPROACHES WITH DIFFERENT 1D 

ALGORITHMS 

Computational requirements of both the row-column 

approach and the direct approach are compared with the use 

of different 1-D base algorithms in table 3.1. From the given 

computational requirements,  row-column and direct 2-D 

approaches of DA Chen and Fralick 1-D algorithm appeared 

optimal since it is the multiplier less architecture. Chen and 

Fralick algo using DA is optimal (multiplier less 

architecture)Direct method uses 278 less addition with 

greater complexity hence it cannot be a choice for low 

power design.  .We have selected Fraclick DA algorithm for 

Architectural Design. 

 
Table 3.1: Computatinal comparison between various 

algorithm 

Fast 1-DDCT algorithm was selected for use in 

both direct and row-column 2-D approaches was developed 

by Chen and Fralick[7]. 8-point, 1-D DCT, written in matrix 

factorization, is given below. We choosed this algorithm 

because it lends perfectly to Distributed Arithmetic 

implementation thereby eliminating all the multiplications in 

the design. Distributed Arithmetic replaces high cost high 

power multiplier with the low cost low power adders. 
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A. Distributed Arithmetic 

Let us apply DA on multiplicative addition of given 2D 

arrays. 

          ∑  [ ] [ ]

   

   

  [ ] [ ]   [ ] [ ]     [ ] [ 
  ] 

C[n] are known coefficients and variable x[n] can 

be represented in the bits format as follows: 

 [ ]  ∑   [ ]

   

   

    

where   [ ] is 0 or 1 representing bth position of 

the given binary representation 

         ∑  [ ]

   

   

∑   [ ]

   

   

    

Let us try to calculate the four dimension dot 

product of the two four dimensional vector in which 

horizontal vector consists of constant element and vertical 

vector consists of the variable vector 

[    ]  [

 
 
 
 

] 

Let us represent vectors in eight bit binary format 

as shown in the equation below. 

[    ]  [

                

                

                

                

] 

Multiply both the matrix to obtain the following 

equation. 

[                   ]    

 [                   ]
   

 [                   ]
   

 [                   ]
   

 [                   ]
   

 [                   ]
   

 [                   ]
   

 [                   ]
    

Each bit of P,Q,R,S  is either zero or one. Thus the 

terms in the brackets reduces to combination of sum of four 

know constant's. For each term constant A,B,C,D are either 

included in he the sum or not, depending on the value of bits 

of P,Q,R,S  for each bit. Withfour constants there will be 16 

possile combinations each ot them will be stored in the look 

up table. Input of the look up table will be bits of variable 

vectors and output will be summed constants. 
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Fig. 3.2: DA Implementation 

Elements required to implement the DA are a 16-

element LUT and decoder, an adder and a shifter, group 

together as shown in the figure. Shift register inputs one 

column of input bits per clock cycle to the LUT. MS column 

of bits are fed first and the LS column. Output continuously 

get summed with shifting of previous look up. In serial 

architecture answer is obtained in number of clock cycles 

equal to bit length of the input element's. Serial input limit 

performance greater performance can be obtained by 

increasing the hardware. 

 
Fig. 3.3: Look up table 

B. Fully Parallel approach in Discrete Arithmetic  

By replicating LUT as shown in the figure. LUT can be 

replicated as many times as there are input bits. If input are 

8 bits it should be replicated 8 times. and answer will 

converge in one clock cycle. 

 
Fig. 3.4: Parallel Implementation of DA 

 
Table 3.2: Binary representaiton of coefficients 

IV. POWER REDUCTION 

Development of the design is done in such a way that 

minimum power is consumed with respect to   algorithm and 

architecture level.  

Computational efficiency was the primary measure 

to optimize the power. A special type of algorithm was 

selected so as to minimize the power requirements of the 

design by choosing multiplier less architecture. Row column 

decomposition was choosed after comparing the power with 

direct method. Regularity of row column method reduces 

the power requirements as well as area due to simple control 

logic. 

Power is consumed mainly during the switching. 

So our logic should be such that the switching requirement 

in the circuit is minimum we choosed Moore FSM for the 

control logic our Mealy FSM. Another care for switching 

we took was clear signal should not reset all the flip flop but 

just few flipflops necessary for controling. We have added 

one extra mux in each unit so at the time of reset all the 

flops should not necessarily switch to zero instead they 

where overwrittern. 

Stall signal is used to keep flip flop away from 

switching to reduce the power associated with the switching 

of clock nets. 

Special power scheme has been implemented 

dedicated to Chen and Fralick algorithm so as to further 

optimize the power requirements 

A. Low Power Scheme 

This scheme has the ability to dynamically scale down 

power based on operating conditions by using the least 

possible resources in the operating environment. Only in the 

worst case senario all the devices in the system will work 

else part of the devices in the system will work and other 

part will be shutted off. 

1) Power Reduction for Row 1,2,3 

Equation depicts row 1, row 2, row 3 of  Chen and Fralick 

algorithm. If the second variable vector consists of all zeros 

than obviously the output will be zero. Moreover if all the 

variable vector consists of all ones then the output will be 

sum of constants in each rows which is zero for Row 1,2,3. 

So output will be zero if the vector consists of all ones or all 

zeros. 
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Example: 

 
All 8 columns of the bits which form the variable 

vector are shown. Each column of bits would be fed to LUT 

for decoding, summation, and weighting. After applying this 

power reduction scheme all those columns which are boxed 

will not  be fed to  LUT.   Which will keep LUT away from 

glitching , adder from consuming power and flipflops linked 

to it for switching. 

2) Power Reduction for Row 0,4,5,6,7 
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For the variable vectors which are multiplied with rows 

0,4,5,6,7 of the matrix of equation shown below. Sum of the 

constants from these rows do not equal zero another 

approach of bit rejection is taken. As we know that sign 

extention of any number does not provide any information. 

So if the entire column of bits from the variable vector are 

part of same sign extension than that column will not be 

passed on the LUT structure for the computation. 

First two columns are extraneous sign extension 

bits and should be rejected by our power reduction scheme.  

Hence, first two columns will note be fed to LUT. Last 

column also consists of all one but it is not the part of the 

sign extension bit so they should not be rejected. Thus this is 

the more restricted form of the previous algorithm that 

would have rejected this bits. 

 

B. Hardware Architecture 

Implementation of 2-D DCT is done here using row-column 

technique on the Chen and Fralick fast 1-D DCT algorithm. 

Desgin consists of different modules as shown in the figure. 

 
Fig. 5.1: DCT Hardware Architecture 

C. Chen & Fralick  vector generator 

This module will generate Chen and Fraclick vector shown 

below. 
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In each an every clock cycle one 8 bit vector will 

come in to the mux which is stored by the D flip flop in the 

next stage. On the eighth clock pulse of the counter all the 

eight vectors from flip flops will go in-to  4 X 1 MUX in 

such a way so as to generate 2 set of  Fralick vector sum and 

diffrences are generated as per the requirements, than 9 bit 8 

x 1 demux will pass all those vector one by one in every 

clock cycle. 

 
Fig. 5.2: Chen and Fralick vector generator 

 
Fig. 5.3: Shifting input 
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Fig. 5.4: Generating Chen and Fralick Vector 

D. DA Pre Processor 

This module will split our vector in to 9 bits and combine all 

the 8 vector in the columnar way, which will be helpful in 

the power reduction process first 8 bits from all the 8 rows 

will go in terms of columns. We will pass last bit as it is as 

LSB will not be useful in sign bit and we can use same 8 bit 

standard hardware in every preprocessing step. 

 
Fig. 5.5: DA-Preprocessor 

Output of this DA-preprocessor is fed to power 

reduction algorithm block which will sense the bit-pattern 

and check weather power reduction is possible for this bit 

patter or not and if yes it will switch off the blocks 

accordingly so as to minimize output power. 

 

One of the input of parallel   DA implementation 

discussed in previous section is output of power reduction 

block it will switch of the corresponding DA block so as to 

reduce power. 

Pixel value required after processing to have the 

expected mean to zero is 127. If all the elements in the row 

is maximum i.e 127 the maximum possible product term is 

(127*8)*(23170/256) final output will be reaching 

maximum value to (127*8)*23170/65536. We can divide it 

by 2 to the power 16 to ignore 16 lsb. 

As shown in the figure we have Tranpose memory 

which  is required to store intermediate Z coeeficients which 

stores the 64 coeeficients in the first 64 locations of the 

RAM, so the  valid output at the adder is obtained at 15th 

clk. (one bit for input register + wight bit for  SR + one bit 

for sub + one bit for comp. Signal + one bit for reg product  

+ two bits for partial produtds addition) So the RAM is 

enabled at the 15th clk)  

Both rams are enabled and then data is written into 

the first ram for 64 clk cycles. It  is written in each 

consecutive location . After writing data in all 64 locations 

first ram goes to read more and second go to write mode 

The cycle then repeats. Data is always writeen in 

consequetive locations. But it is read d in a different order. 

If data is assumed is written simultaneously in each row at a 

time, in an 8x8 matrix, than data is read each column at a 

time that is after reeading first data every eighth data sample 

is read out.  

Implementation of 2D DCT is same as the 1D-DCT 

implementation. 

DCT coefficient will be there from the first ram 

after 15 + 64 clk cycles. And second one after 79
th

 clock 

cycles 

 
Fig. 5.6: DCT 
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Fig. 5.7: Storing 1D DCT coefficient 

 
Fig. 5.8: Finding IDCT of given 12 bit DCT output so as to 

obtain the original pixel 

IDCT Is performed in same way as DCT waveforms. 

 
Fig. 5.9: DCT-IDCT 

 
Fig. 5.10: Clk Reset Xin 

V. POWER REDUCTION 

Power reduction algorithm depicted in chapter 4 was applied 

to the chen and Fralick vector generator to reduce the power 

consumption.  Performance of the both the multiplier less 

architecture was analyzed. 

At the architect level we might search new method 

to redesign transpose stage. This stage has half of the total 

number o f flip-flops so it accounts total half of the core 

size. As increase in power and area are proportionate on 

should do a research change the design so as to allow for 

inserting register array in transpose, so as to optimize size 

and power of the stage Area used by both the architecture in 

accordance to the slices is depicted in the below figure. 

 Cordic Our algorithm 

1D-DCT 750 520 

2D-DCT 970 650 

Total 1610 1170 

Table 5.1: Area required by the algorithm 

Power consumed in mirco joule was calculated 

using Xilinx for both the method by using lena image as the 

input. 

 w/0 power reduction With power reduction 

1D-DCT 30 25 

2D-DCT 54 40 

Total 84 65 

Table 5.2: Comparison of power consumption in micro joule 

Power consumption depends on the switching 

factors. To reduce the power consumption one should try to 

reduce the switching factors of the flip flop in the half stage. 

Instead of writing and then copying to register data the set of 

register should just be swapped once the sampling is 

completed. After than each flip flops with switch at very 128 

cycles instead of 64, Which will reduce power consumption. 
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VI. CONCLUSION 

From the various orthogonal techniques DCT is best suited 

for image compression. Adds on hardware implementation 

of DCT will have advantage of hardware efficiency ad 

high throughput. Out of various available DCT algorithm 

we have choose Chen fralick algorithm with row column 

decomposition technique and DA architecture which is 

multiplier less. Various power awareness schemes are used 

at algorithmic level and architectural level so as to 

minimize power. 

We proposed a low power architecture for 

Discrete cosine transform for the image or video coders. 

We realized the power reduction by reducing the number 

of arithmetic operations, One dimensional DCT was 

decomposed into 2-input butterflies using chens algorithm. 

This paper proposed a low-power DCT architecture 

for image/video coders. Power reduction was realized by 

minimizing the number of arithmetic operations. In order to 

minimize the operations, the 1-D DCT was decomposed into 

2-input  butterflies using Chen’s factorization; The total 

required number of operations for the 8x1 DCT was 56; it 

represents a reduction of 39% compared to the conventional 

algorithm. 

The power consumption of  the proposed and the 

conventional multiplier less DCT were estimated using 

Xilinx Xpower tool for a Xilinx FPGA. The result showed 

that the proposed DCT architecture, requires 10% of the 

energy consumed by the conventional algorithm. 

The proposed architecture is expected to  be useful 

in mobile multimedia applications. 
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