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ABSTRACT 
A modern coordinate rotation digital computer (CORDIC)-based fast radix-2 algorithm for computation of discrete cosine 

transformation DCT). The planned algorithm has some distinguish advantages, such as Cooley-Tukey fast Fourier transformation 

(FFT)-like regular data flow, uniform post-scaling factor, in-place computation and arithmetic sequence rotation angles. Compared 

to existing DCT algorithms, this planned algorithm has lower computational complexity Furthermore; the proposed algorithm is 

highly scalable, modular, regular, and suitable for pipelined VLSI implementation. The projected algorithm can generate the next 

higher-order DCT from two identical lower-order DCTs. By using the unfolding CORDIC technique, this algorithm can overcome 

the problem of difficult to realize pipeline that in conventional CORDIC algorithms. This results in a pipeline and high-speed VLSI 

implementation. Compared to existing DCTs, the utilization of input was reduced about 40% and hence the accuracy of the output 

was increased over 50% so the output is highly scalable and it also provides an easy way to implement the unified architecture for 

DCTs and IDCTs using the orthogonal property. 
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INTRODUCTION 
 

A DCT, like a cosine transform, implies an even extension of the original function. DCT, like a cosine 
transform, implies an even extension of the original function. Illustration of the implicit even/odd extensions of 
DCT input data, for N=11 data points (red dots), for the four most common types of DCT (types I-IV). 
However, because DCTs operate on finite, discrete sequences, two issues arise that do not apply for the 
continuous cosine transform. First, one has to specify whether the function is even or odd at both the left and 
right boundaries of the domain (i.e. the min-n and max-n boundaries in the definitions below, respectively). 
Second, one has to specify around what point the function is even or odd. In particular, consider a sequence of 
four equally spaced data points, and say that we specify an even left boundary. These different boundary 
conditions strongly affect the applications of the transform and lead to uniquely useful properties for the various 
DCT types. Most directly, when using Fourier-related transforms to solve partial differential equations by 
spectral methods, the boundary conditions are directly specified as a part of the problem being solved. Or, for 
the MDCT (based on the type-IV DCT), the boundary conditions are intimately involved in the MDCT's critical 
property of time-domain aliasing cancellation. In particular, it is well known that any discontinuities in a 
function reduce the rate of convergence of the Fourier series, so that more sinusoids are needed to represent the 
function with a given accuracy. The same principle governs the usefulness of the DFT and other transforms for 
signal compression the smoothera function is, the fewer terms in its DFT or DCT are required to represent it 
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accurately, and the more it can be compressed. (Here, we think of the DFT or DCT as approximations for the 
Fourier series or cosine series of a function, respectively, in order to talk about its "smoothness") However, the 
implicit periodicity of the DFT means that discontinuities usually occur at the boundaries: any random segment 
of a signal is unlikely to have the same value at both the left and right boundaries. 

A projected CORDIC-based radix-2 fast DCT algorithm based on the planned algorithm, signal flows of 
DCTs and inverse DCTs (IDCTs) are developed and deduced sing their orthogonal properties, respectively. 
Similar to the Cooley-Turkey Fast Fourier Transformation (FFT) algorithm, the planned algorithm can generate 
the next higher- rider DCT from two identical lower-order DCTs. Furthermore, it has some distinguish 
advantages, such as FFT-like regular data flow, uniform post-scaling factor, in-place computation and 
arithmetic-sequence rotation angles. By using the unfolding CORDIC technique, this algorithm can overcome 
the problem of difficult to realize pipeline that in conventional CORDIC algorithms. This results in a pipeline 
and high-speed VLSI implementation. Compared to existing DCTs, the proposed algorithm has low 
computational complexity, and is highly scalable, modular, regular, and able to admit efficient pipelined 
implementation. In addition, this memo also provides an easy way to implement the reconfigurable or unified 
architecture for DCTs and IDCTs using the orthogonal property. 
 
Literature Survey: 

An-YeuWu [1] the CORDIC algorithm is a well-known iterative method for the computation of vector 
rotation. However, the major disadvantage is its relatively slow computational speed. For applications that 
require forward rotation (or vector rotation) only, the modified vector rotational CORDIC(MVR-CORDIC) 
algorithm, to improve the speed performance of CORDIC algorithm. This can be achieved by modifying the 
basic Micro rotation procedure of CORDIC algorithm. Meanwhile, three searching algorithms are suggested to 
find the corresponding directional and rotational sequences so as to obtain the best SQNR performance. They 
can reduce and balance the quantization errors encountered in both micro rotation and scaling phases so as to 
further improve the overall SQNR performance. We can save 50% execution time in the iterative CORDIC 
structure, or 50% hardware complexity in the parallel CORDIC structure compared with the conventional 
CORDIC scheme. 

Jun Maaand et al., [2] figured a general multi-input/multi-output (MIMO) digital filters, whereas the single-
input/single-output (SISO) filters are treated as special cases. The filter synthesis procedure contains five major 
steps and only involves applying orthogonal transformations that are known to be numerically very reliable and, 
therefore, is ideal for very large scale integration (VLSI) implementations. The proposed filter architectures are 
pipelined at fine-grain level and, thus, can be operated at arbitrarily high sample rates. which is linear with 
respect to the filter order and pipelining level. Different filter design and realization approaches are explored, 
and the resulting topologies are compared. It is shown both theoretically and numerically how the proposed 
orthogonal filter realizations achieve low sensitivity due to finite word-length truncations. 

JunheZho [2] consider an  optical two-dimensional discrete sine transform and discrete cosine transform 
(2DDST/DCT) are proposed to be realized on two-dimensional multimode interference (2DMMI) couplers. 
Similar to the one-dimensional case, the 2DDST/DCT requires only one 2DMMI coupler and a few phase 
shifters. Malvar (2009) figured a fast radix- algorithm for an efficient computation of the type-IV discrete cosine 
transform (DCT-IV) has been proposed in, where is an odd positive integer. In particular, based on the proposed 
fast algorithm, optimized efficient 3, 5, and 9point scaled DCT-IV (SDCT-IV) modules have been derived in . 
As a response, an improved efficient optimized 9-point scaled DCT-IV (SDCT-IV) module in terms of the 
arithmetic complexity is presented. The improved optimized efficient 9-point SDCT-IV module requires 17 
multiplications, 53 additions, and three shifts. Consequently, the arithmetic complexity of extended fast mixed-
radix DCT-IV algorithm for composite lengths is also significantly improved. A. N. Moskalev and et al., [3] 
examine a new recursive fast radix-2 algorithm for an efficient computation of the modulated complex lapped 
transform (MCLT) is presented. The corresponding fast MDCT and MDST computational structures are regular 
and complementary to each other. Consequently, this fact enables us by their composition to construct a fast 
MCLT computational structure representing the fast recursive radix-2MCLT algorithm. Combining the 
proposed fast radix-2 MCLT algorithm with an existing generalized fast mixed-radix MDCT algorithm defined 
for the composite lengths, where is an odd positive integer, we can compute the MCLT for the composite 
lengths, thus supporting a wider range of transform sizes compared to existing fast MCLT algorithms. 

Min-Woo Lee and et al., [4] figured a low-power coordinate rotation digital computer (CORDIC)-based 
reconfigurable discrete cosine transform (DCT) architecture. The main idea of this paper is based on the 
interesting fact that all the computations in DCT are not equally important in generating the frequency domain 
outputs. Thus, the computational energy can be significantly reduced without seriously compromising the image 
quality. The proposed CORDIC-based 2-D DCT architecture is implemented using 0.13 μm CMOS process, and 
the experimental results show that our reconfigurable DCT achieves power savings ranging from 22.9% to 
52.2% over the CORDIC-based Loeffler DCT at the cost of minor image quality degradations. K. Rodrigues and 
et al., [5] examine the CORDIC algorithm is used in the evaluation of a wide variety of elementary functions. It 
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is a simple and elegant method, but it suffers from long latency. The Angle Recoding method is able to reduce 
the number of iterations by more than50 percent, but its implementation in hardware requires a large increase in 
cycle time, to accommodate its complex angle selection function. This restricts its use to those cases where the 
angle of rotation is fixed and known in advance, so that the angle selection can be performed offline. This 
document presents a simpler implementation of the angle selection scheme that does not require an increase in 
cycle time, thus allowing the Angle Recoding method to be used dynamically for arbitrary angles. Vladimir 
Britanak [6] examines a fast radix- algorithm for an efficient computation of the type-IV discrete cosine 
transform (DCT-IV) has been proposed in [1], where is an odd positive integer. In particular, based on the 
proposed fast algorithm, optimized efficient 3-, 5-, and 9-point scaled DCT-IV (SDCT-IV) modules have been 
derived in [1]. As a response, an improved efficient optimized 9-point scaled DCT-IV (SDCT-IV) module in 
terms of the arithmetic complexity is presented. The improved optimized efficient 9-point SDCT-IV module 
requires 17 multiplications, 53 additions, and three shifts. Consequently, the arithmetic complexity of extended 
fast mixed-radix DCT-IV algorithm for composite lengths is also significantly improved. 

Vladimir Britanak [6] had developed a new recursive fast radix-2 algorithm for an efficient computation of 
the modulated complex lapped transform (MCLT) is presented. Based on a new proposed alternative recursive 
sparse matrix factorization for the MDCT (modified discrete cosine transform) matrix and a relation between the 
MDCT and the MDST (modified discrete sine transform), firstly a new recursive fast radix-2 MDST algorithm 
is derived. The fast MCLT computational structure is regular and all its stages may be realized in parallel. 
Combining the proposed fast radix-2 MCLT algorithm with an existing generalized fast mixed-radix MDCT 
algorithm defined for the composite lengths , where is an odd positive integer, we can compute the MCLT for 
the composite lengths, thus supporting a wider range of transform sizes compared to existing fast MCLT 
algorithms. 

Wei-Hsin Chang and et al., (2008) consider the effect of fixed-point arithmetics with limited precision for 
different fast Fourier transform (FFT) algorithms. A matrix representation of error propagation model is 
proposed to analyze the rounding effect. An analytic expression of overall quantization loss due to the arithmetic 
quantization errors is derived to compare the performance with Decimation-In-Time (DIT) and Decimation-In-
Frequency (DIF) configurations. From the simulation results, the radix-2 DIT FFT algorithm has better accuracy 
in term of Signal-To-Quantization-Noise Ratio (SQNR). Based on the results, a simple criterion of word length 
optimization is proposed to yield comparable accuracy with fewer bit budgets. 

Zhigang Wu and et al., had presents an efficient architecture for computing the eight-point 1-D scaled DCT 
(Discrete Cosine Transform) with a new algorithm based on a selected Loeffler DCT scheme whose 
multiplications are placed in the last stage. The proposed DCT architecture does not require any scaling 
compensation in the computation. Furthermore, a multiplication approximation method is developed, which is 
more efficient than traditional CORDIC (Coordinate Rotation Digital Computer) -based algorithms. Compared 
to the latest work the proposed approach can save 14% addition operations for the same precision requirement 
and the path delay can be significantly reduced as well. 

 
Proposed System: 

The general signal-flow graph for the proposed fast DCT algorithm given, while the signal-flow graphs of 
2-point DCT, 4-point DCT, and 8-point DCT are respectively represented where the angles in the circles are 
used to represent CORDICs with this rotation angles. There are two separate -point DCTs and one CORDIC 
array. As mentioned above, the CORDIC array has CORDICs with arithmetic-sequence rotation angles. The 
inputs are addressed in bit-reverse order and the outputs are addressed in natural order. It also supports in-place 
computation like the FFT. Regular and pure feed-forward data paths of the signal flow make them suitable for 
Pipelined VLSI implementation. For special applications, a double-angle formula can be used to reduce 
CORDIC types. Hence, the architecture based on the signal flow is highly modular. Furthermore, the modified 
unfolded CORDIC, which presented in our previous work, can be used to speed up computations and overcome 
recursive problems in conventional CORDICs. Similarly, the fast algorithm for the -point IDCT can be deduced 
like the fast DCT algorithm. Alternatively, it can be obtained more easily using their orthogonal property. As is 
known, the DCT and IDCT are orthogonal transformations, and the signal flow of the -point IDCT can be easily 
obtained by inverting the transfer function of each building block and reversing the signal flow direction. 

 

 
Fig. 1: Signal flow of a 2-point fast DCT 
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Fig. 2: Signal flow of a 4-point fast DCT 

 
Fig. 3: Signal flow of a 4-point fast DCT Without scaling factor 
 

 
 
Fig. 4: Signal flow of an 8-point fast DCT 

 
Among radix algorithms, the radix-2 algorithm is the most popular because of its computational efficiency 

and structural simplicity. In this project, we propose a CORDIC-based radix-2 fast DCT algorithm. Based on the 
planned algorithm, signal flows of DCTs and inverse DCTs (IDCTs) are developed and deduced using their 
orthogonal properties, respectively. DCTs are important to numerous applications in science and engineering, 
from lossy compression of audio (e.g.MP3) and video (e.g.JPEG) DCTs are also widely employed in solving 
partial differential equations by spectral methods. DCTs express a function or a signal in terms of a sum of 
sinusoids with different frequencies and amplitudes. Like the Discrete Fourier Transform (DFT), a DCT 
operates on a function at a finite number of discrete data points. However the DFT is the most important discrete 
transform, used to perform fourier analysis in many practical applications here the input samples are complex 
numbers and the output coefficients are complex as well. The DFT differs from the Discrete time Fourier 
Transform (DTFT) in that its input and output sequences are both finite. The DFT also used to efficiently solve 
partial differential equations, and to perform other operations such as convolutions or multiplying large integers. 
A Fast Fourier Transform (FFT) is an algorithm to compute the Discrete Fourier Transform (DFT) and its 
inverse. A Fourier Transform converts time to frequency and vice versa, Similar to the Cooley-Tukey Fast 
Fourier Transformation (FFT) algorithm, the planned algorithm can generate the next higher-order DCT from 
two identical lower-order DCTs. Furthermore, it has some distinguish advantages, such as FFT-like regular data 
flow, uniform post-scaling factor, in-place computation and arithmetic-sequence rotation angles. By using the 
unfolding CORDIC technique, this algorithm can overcome the problem of difficult to realize pipeline that in 
conventional CORDIC algorithms. 

 
Cordic Based Dctalgorithm: 

CORDIC or Coordinate Rotation Digital Computer is a simple and hardware-efficient algorithm for the 
implementation of various elementary, especially trigonometric, functions. Instead of using Calculus based 
methods such as polynomial or rational functional approximation, it uses simple shift, add, subtract and table 
look-up operations to achieve this objective. The CORDIC algorithm was first proposed by Jack E Volder in 
1959. It is usually implemented in either Rotation mode or Vectoring mode. In either mode, the algorithm is 
rotation of an angle vector by a definite angle but in variable directions. This fixed rotation in variable direction 
is implemented through an iterative sequence of addition/subtraction followed by bit-shift operation. The final 
result is obtained by appropriately scaling the result obtained after successive iterations. Owing to its simplicity 
the CORDIC algorithm can be easily implemented on a VLSI system. Hardware requirement and cost of 
CORDIC processor is less as only shift registers, adders and look-up table (ROM) are required Number of gates 
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required in hardware implementation, such as on an FPGA, is minimum as hardware complexity is greatly 
reduced compared to other processors such as DSP multipliers It is relatively simple in design No multiplication 
and only addition, subtraction and bit-shifting operation ensures simple VLSI implementation Delay involved 
during processing is comparable to that during the implementation of a division or square-rooting operation 
Either if there is an absence of a hardware multiplier (e.g. uC,uP) or there is a necessity to optimize the number 
of logic gates The algorithm was basically developed to offer digital solutions to the problems of real-time 
navigation in B-58 bomber John Walther extended the basic CORDIC theory to provide solution to and 
implement a diverse range of functions This algorithm finds use in 8087 Math coprocessor the HP-35 calculator 
radar signal processors and robotics. CORDIC algorithm has also been described for the calculation of DFT 
DHT, Chirp Z-transforms filtering Singular value decomposition and solving linear systems .Most calculators 
especially the ones built by Texas Instruments and Hewlett-Packard use CORDIC algorithm for calculation of 
transcendental Functions. 

 
                           Sin θ Input angle CORDIC Processor Cos θ 

                                    
Fig. 5: Block Diagram of a CORDIC processor 

 
Fpga Design Flow: 

The flow for the design using FPGA outlines the whole process of device design, and guarantees that none 
of the steps is overlooked. Thus, it ensures that we have the best chance of getting back Working prototype that 
will correctly function in the final system to be designed. 

 

 
 

Fig. 6:  FPGA Flow Chart 
 

Experiment Results: 
 

          
 

Fig. 7: Two point DCT                                                              Fig. 8: Four point DCT 
 
Input : x0, x1, x2, ……xn  
Outputs : y0, y1, y2,…..yn  
a0, a1, a2,…..an  
b0, b1, b2,….bn  
Scale factor: 400ns 
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Fig. 9: Four points without scaling factor                           Fig. 10: 4 point DCT 
 

 
 

Fig.11: 8 point IDCT 
 
The I Sim GUI opens and loads the design. The simulator time remains at 0 ns until you specify a run time. 

For comparison purposes, you can browse to the completed folder for a completed version of the 
simulate_isim.bat batch file.RAM speed automatically increases. They associate the input (compared) with their 
memory contents in one clock cycle. They are configurable in multiple formats of width and depth of search 
data that allows searches to be conducted in parallel. We can add new entries into their table to learn what they 
don’t know before. It is designed to overcome the long latency and low endurance. The power consumption is 
77.2% and searching time period with in second shown in fig.(7-11). 

 
Conclusion: 

A modern CORDIC- based radix-2 fast DCT algorithm. This algorithm can generate the next higher order 
DCT from two identical lower-orders DCTs. Compared to existing DCT algorithms, our proposed algorithm has 
several distinct advantages, such as low computational complexity, and being highly scalable, modular, regular, 
and able to admit efficient pipelined implementation. Furthermore, the proposed algorithm also provides an easy 
way to implement a reconfigurable or unified architecture for DCTs and IDCTs. Implementation of CORDIC 
based Inverse Discrete Cosine Transform will be done. The fast algorithm for the -point IDCT can be deduced 
like the fast DCT algorithm. Alternatively, it can be obtained more easily using their orthogonal property. As is 
known, the DCT and IDCT are orthogonal transformations, and the signal flow of the -point IDCT can be easily 
obtained by inverting the transfer function of each building block. 
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