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Abstract: - In digital communication, there is a need of different modulation technique (such as ASK FSK PSK) to
convey a message signal. A Universal modulation is the solution to obtain different modulation techniques. For the
implementation of Universal Modulator on FPGA, different architecture have been proposed. One of the technique way
to realize the Universal Modulator is Look up table (LUT). Here the CORDIC architecture is used for efficient
realization of Universal Modulator. The coordinate rotation digital computer (CORDIC) algorithm is widely used in
various technological fields such as digital signal processing (DSP), biomedical signal processing, robotics,
communication systems, image processing etc. For simple shift and add operation, CORDIC based systems are
increased drastically. For the realization of Amplitude modulation, Frequency modulation and Phase modulation, this
Universal Modulation is used. The generation of SIN and COS output values will are tested for a given input angle (θ)
value. The universal modulator will be designed around the CORDIC algorithms which can generate all most all digital
modulation schemes such as ASK, PSK, FSK.
Keywords: FPGA Universal Modulator CORDIC ASK FSK PSK.
I.
INTRODUCTION
The coordinate rotation digital computer (CORDIC)
algorithm is a well-known iterative technique to perform
various basic arithmetic operations including the
computation of trigonometric functions, vector magnitude
estimation, polar to rectangular transformation etc. It is
preferred due to its simple shift-add operations, low cost
and less complexity. In telecommunication the carrier
waveform, that is modulated with an input signal for the
purpose of conveying information. It is possible to
generate the carrier directly by using an algorithm called
CORDIC. CORDIC algorithm avoids the use of function
generator which generates a carrier or different wave
forms like sine wave, triangular wave, square wave etc. By
using CORDIC algorithm, the digital modulation
techniques can also be implemented like ASK, FSK, PSK,
and QPSK. A carrier generator is generated by using
CORDIC algorithm for digital modulation techniques by
avoiding hardware complexity at very less power.
CORDIC may not be the fastest technique to perform
these operations, it is attractive due to the simplicity of its
hardware implementation, since the same iterative
algorithm could be used for all these applications using the
basic shift-add operations. Some of the typical approaches
for reduced-complexity implementation are focused on
minimization of the complexity of scaling operation the
basic principle underlying the CORDIC-based
computation, and present its iterative algorithm for
different operating modes and planar coordinate systems.
The basic computing technique used in both the
ROTATION and VECTORING modes in CORDIC is a
step by step sequence of pseudo rotations which result in
an overall rotation through the given angle (ROTATION)
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or result in a final angular argument of
zero(VECTORING).The algorithm is very attractive for
hardware implementation because it uses only shift and
add operations to perform vector rotation. The rotation of
the two dimensional vector shown in fig1 p0 = x0 y0
through an angle, to obtain a rotated vector pn =
xn yn could be performed by the matrix product pn =
Rp0 ,
where R is rotation matrix:
cosθ −sinθ
sinθ cosθ

Fig 1:Two-dimentional Rotation vector
To achieve simplicity of hardware realization of the
rotation, the key ideas used in CORDIC arithmetic are to
(i) decompose the rotations into a sequence of elementary
rotations through predefined angles that could be
implemented with minimum hardware cost; and (ii) to
avoid scaling, that might involve arithmetic operation,
such as square-root and division.
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II.
REVIEW WORK
Mr. J.E. Volder in [1] has proposed the CORDIC
Trigonometric Computing Technique the COordinate
Rotation DIgital Computer (CORDIC) is a special purpose
digital computer for real time computation. In this
computer a unique computing technique is employed
which is especially suitable for solving the trigonometric
relationship. This involved phase coordinate rotation and
conversion from rectangular to polar coordinates. In this
paper only the trigonometric algorithm used in this
computer and instrumentation of this algorithm.
The CORDIC computing technique is especially suitable
for use in a special-purpose computer where the majority
of the computation involves trigonometric relationship. In
general, the ROTATION and VECTORING operations
should be considered constant-length routine in which the
number of word times per operation is equal to the word
length. While not covered in this paper, similar algorithms
have been developed for multiplication, division,
conversion between binary and mixed radix systems, and
extraction of square root, hyperbolic coordinate
transformation exponentiation and generation of
logarithm. It is believed that similar algorithm based on
this fundamental concept of computation could be
developed for many other computing requirements.
J. Walther in [2] has proposed a unified algorithm for
elementary functions. In this paper they showed that, by
varying a few simple parameters it could be used as a
single algorithm for unified implementation of a wide
range of elementary transcendental function. This function
involving logarithm exponential and square roots along
with those suggested by [1] Volder. Next, in the year 2009
marks the completion of 50 years of the invention of
CORDIC by Jack E. Volder. The CORDIC lies in the fact
that by simple shift-add operations. It can perform several
computing tasks such as the calculation of trigonometric,
hyperbolic and logarithmic functions, real and complex
multiplications, division, square-root, solution of linear
systems, eigenvalue estimation and many others.
Meher, P.K. et.al in [3]. Has designed a 50 Years of
CORDIC: Algorithms, Architectures, and Applications.
Year 2009 marks the completion of 50 years of the
invention of CORDIC (COordinate Rotation DIgital
Computer) by Jack E. Volder. The beauty of CORDIC lies
in the fact that by simple shift-add operations, it can
perform several computing tasks such as the calculation of
trigonometric, hyperbolic and logarithmic functions, real
and complex multiplications, division, square-root,
solution of linear systems, eigenvalue estimation, singular
value decomposition, QR factorization and many others.
As a consequence, CORDIC has been utilized for
applications in diverse areas such as signal and image
processing, communication systems, robotics and 3-D
graphics apart from general scientific and technical
computation. In this article, they gave a brief overview of
the key developments in the CORDIC algorithms and
architectures along with their potential and upcoming
applications.
In the last fifty years, several algorithms and architectures
have been developed to speed up the CORDIC by
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reducing its iteration counts and through its pipelined
implementation. Moreover, its applications in several
diverse areas including signal processing, image
processing, communication, robotics and graphics apart
from general scientific and technical computations have
been explored. Latency of computation, however,
continues to be the major drawback of the CORDIC
algorithm, since it does not have efficient algorithms for
its parallel implementation. But, CORDIC on the other
hand is inherently suitable for pipelined designs, due to its
iterative behaviour, and small cycle time compared with
the conventional arithmetic. For high-throughput
applications, efficient pipelined-architectures with
multiple-CORDIC units could be developed to take the
advantage of pipeline ability of CORDIC, because the
digital hardware is getting cheaper along with the
progressive
device-scaling.
Research
on
fast
implementation
of
shift-accumulation
operation,
exploration of new number systems for CORDIC,
optimization of CORDIC for constant rotation have scope
for further reduction of its latency. Another way to use
CORDIC efficiently, is to transform the computational
algorithm into independent segments, and to implement
the individual segments by different CORDIC processors.
With enhancement of its throughput and reduction of
latency, it is expected that CORDIC would be useful for
many high-speed and real-time applications. The areadelay-accuracy trade-off for different advanced algorithms
may be investigated in detail and compared with in future
work.
Peter Nilsson in [7] has proposed the complexity reduction
in unrolled CORDIC architectures. Here he shows a novel
methodology to reduce the complexity in unrolled
CORDIC architectures. The methodology is based on
eliminating the CORDIC stages starting from the first
stage. As an example, a six stage CORDIC is used but the
methodology is applicable on CORDICs with an arbitrary
number of stages. The paper shows that the complexity
can be reduced by 25%.
Naresh V et.al in [8]. Has designed an area efficient
multiplexer based CORDIC. In this, the efficacy of this
approach is studied for the implementation on FPGA. For
this study, both non pipelined and 2 level pipelined
CORDIC with 8 stages and using two schemes - one using
adders in all the stages and another using multiplexers in
the second and third stages. It is found that the
nonpipelined and pipelined CORDICs using multiplexer
requires 1.6, 1.4 times lower area in Xilinx FPGA and 1.8,
1.6 times lower area than that using only adders. This is
achieved without reduction in speed.
III.
PROPOSED WORK
By observing all the authors works, proposes a Universal
Modulator. Using the two levels pipelined CORDIC
architecture which operates in Rotation mode works as a
Universal Modulator.
The various input of the system is used for Amplitude
modulation, Frequency modulation and Phase modulation.
In this work a pipelined CORDIC of 2 stages of multiplex
is proposed for efficient realization of Universal
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Modulator. Its performance is compared with the other
CORDIC architecture like, Unrolled CORDIC and MUX
based Unpipelined CORDIC.
IV.
CONCLUSION
All the authors have proposed different type of CORDIC
architecture to solve the trigonometric relationship for
realization of Universal Modulator. But that proposed
technique having some trade off between speed and the
delay. The aim of pipeline approach for MUX based
CORDIC is to obtain sine and cosine of angle with an
improved in area and delay.
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