Downloaded from www.jusres.com
“A review paper on cordic algorithm and its applioas for current technology.”

SUISRES

oea Journal of

a.'.; lﬁéﬂ? Scientific
O Reseurch ISSN No. 2455-5800

m
Allied Science Journal of Scientific Research in Allied Sciences

T ReVi ew ArtiCIe

A REVIEW PAPER ON CORDIC ALGORITHM AND ITSAPPLICATIONSFOR
CURRENT TECHNOLOGY

Praveen Yadav, Karan Singh

Chouksey Engineering College, Bilaspur

Article history:
Submitted on: May 2016
Accepted on: June 2016

Email: info@jusres.cot
ABSTRACT:
CORDIC (Coordinate Rotation Digital Computer), alstown as the digit-by-digit method

and Volder's algorithm. This is a special-purposgitdl computer for real-time airborne
computation. In this, a unique computing techniguemployed which is especially suitable
for solving the trigonometric relationships involivan plane coordinate rotation and
conversion from rectangular to polar coordinate@RDIC algorithm is also applicable for
square root, Logarithmic, Exponential function doddigital computer. In computation unit
trigonometric functions are very crucial; at prasaany mathematical function require Sine,
Cosine, Tangent etc, and by using this algorithmeasy to compute. With ongoing
technology and limitations on power, operating frerncy and energy consumption, if we are
generating any trigonometry functions by using olltplier, adder, divider those
architectures consumes more hardware and compuaétione in- creases, for reduction of
this problem CORDIC algorithm is converted intordvaare form which is known as
CORDIC processor. In this paper basically we dabmparative study between the existing
CORDIC algorithms. In present era CORDIC algoritlerused in many applications like
Multimedia, Digital Signal Processing applicatidike Smooth Filters, DCT, and FFT etc.

KEY INDEX: CORDIC, Algorithm, FLOW, Communication, Latency.
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INTRODUCTION

CORDIC (Coordinate Rotation Digital Computer), alstown as the digit-by-digit method
and Volder's algorithm. This is a special-purposgitdl computer for real-time airborne
computation. In this, a unique computing techniguemployed which is especially suitable
for solving the trigonometric relationships invalvan plane coordinate rotation and
conversion from rectangular to polar coordinates.

CORDIC algorithm is also applicable for square raatgarithmic, Exponential function and
for digital computer. In computation unit trigonotme functions are very crucial; at present
many mathematical function require Sine, Cosin@g€at etc, and by using this algorithm it
easy to compute. With ongoing technology and litiites on power, operating frequency
and energy consumption, if we are generating aigoriometry functions by using of
multiplier, adder, divider, those architectures ssames more hardware and computational
time in-creases, for reduction of this problem CO®Dalgorithm is converted into hardware
form which is known as CORDIC processor. This pssor reduces the problem of division
and multiplication.

In CORDIC processor we can compute the functionsubing of shifter, adder and
substractor. In present era CORDIC algorithm isdueemany applications like Multimedia,
Digital Signal Processing. First CORDIC algorithfij [s converted into hardware so it was
facing some problems like scale factor, time consgnetc. In CORDIC algorithm many
modification is done but still it facing many prebis so as for future scope this CORDIC
processor require many modification.

As we know is present era every multimedia and sgerce based application is require fast
processing unit. We also know if any system is detepgbased on General purpose processor
so efficiency of the complete system will be redu€er application specification there is
need of dedicated application specific processorh&e for the aerospace and multimedia
application which is based on trigonometric funeti§o for those kind of application there is
need of specific process which is known as CORDscgssor.

1.1 APPLICATIONS:

CORDIC uses simple shift-add operations for sdvemmputing tasks such as the
calculation of trigonometric, hyperbolic and loghmic functions, real and complex

multiplications, division, square-root calculatiosplution of linear systems, eigenvalue2

0]

estimation, singular value decomposition, QR faetdion and many others. As a®
consequence, CORDIC has been used for applicahatigerse areas such:as

1. Signal and image processing[20]
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Communication & Wireless Technology [21] 3.Robotics and 3D graphics
Aerospace Application.

Discrete Cosine Transform (Image Compression Unit).

Different DSP and DIP Filters.

Network Security [22]

Biometric [23]

Fuzzy L ogic based Control System [24]

10. Multimedia Applications

© © N o g &~ D

If we aretalking about the working of CORDIC algorithm on those applications, so its
followings:

111 SIGNAL & IMAGE PROCESSING: Image data which is processed for
communication mainly undergo with some standardDigfital Image Processing (DIP)
compression like JPEG (Joint Photographic Expeou@)y, MPEG-x (Motion Picture Expert
Group), which begins major component in today'sadagntered world. Image and video
procession governs mainly with the processing oumatinly known as compression unit.
Compression unit is distinguished on two types:sl@ss: In this the image pixels are not
compressed or compromised. Lossy: With the hekpaie transform, utmost compression is
achieved. Her®CT is applications which need cosine signal so oh @palication we can
apply CORDIC algorithm. SimilddbWT, Gabour file need this algorithm.

1.1.2 DISCRETE COSINE TRANSFORM (IMAGE COMPRESSION UNIT): Like
other transforms, the Discrete Cosine Transform Tp&ttempts to de-correlate the image
data. After decorrelation each transform coeffitiean be encoded independently without
losing compression efficiency. This section dessilthe DCT and some of its important
properties. Using CORDIC algorithm we find the seommation.

1.1.3MULTIMEDIA APPLICATION

In present era, multimedia has become an integrptetl of every communication and
contains data like message, images, videos, axeafr information. This information
constitutes a large flow of data into network & shaffects the channel bandwidth with more
power requirement for hand-held devices. This Bntite multimedia application to become®
user friendly, but in-fact most of applications nigi deals with image and video data,g{
because human are more attracted towards visuayéimideo) data. CORDIC algorithm actg

a very important role for these applications.
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1.1.4 AEROSPACE APPLICATION: his application need CORDIC algorithm because in
this application we have to find the motion of therospace and that is possible by the
calculation some trigonometric functions.

1.1.5 COMMUNICATION SYSTEM: This system also need the CORDIC algorithm
because in this application we have to calculatkiphelitrigopnometric function which are use

in the transformation of 3G and $g network

Input signal -
ENCODER Channel

Coder

Source
Coder

Y

v

Reconstructed
output

signal Source Channel
4—— Decoder [«

Decoder

DECODER

Fig. 1.1.1 Communication System

This paper is device in five sections where, second is literature review, third one is
previous research issues, fourth one is future s@pCORDIC algorithm and last one is
conclusion which conclude the whole paper.

2. LITERATURE REVIEW

First CORDIC algorithm is developed in 1959 instlthe author proposed solution for
trigonometric function and rotation, but this apgeb is facing with many problem like heavy
hardware is require, constant term and scale fagtaiso a major problem [1]. An-other new
approach is developed [2], in this paper authorculis some new factions like log,
exponential and square root but this approachsis facing the same major problems scale
factor, large hardware, constant term.

After the above methods a lot of improvement isedam CORDIC algorithm and many
generalized technique are proposed for computingws functions like sine/cosine [3], [4],
transforms [5], [6], exponents/logarithms, squarets, Eigen values [7] etc. During the past
50 years [8], there have been major advances idé¢kgn of the algorithm to overcome its
major drawbacks. In [9], [10], [11] authors suggds use of greedy search algorithms for
identifying the micro-rotations.

2016

The efficiency of these approaches are based oprttbility of rotation angle which is the " .

main problem. Implementation of it in terms of haede is difficult and it is facing another
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major problem; variable scale factor. This facemihich reduces the advantage of latency.
For reduction of scale factor problem low comphgxdchnique is used and the approach is
Taylor series expansion which also has some draksbd&ange of convergence is a major
problem, for Reduction of this problem some newrapph is suggested. The low complexity
technique for eliminating the scale factor is tlse of Taylor series expansion. The Scaling-
Free CORDIC and modified scale-free CORDIC [12, &8} techniques based on Taylor
series approach. The former suffers from low raoigeonvergence (RoC) which renders it
unsuitable for practical applications, while thdtda extends the RoC but them facing
problem of constant scale-factof6f2.

The Scaling-Free CORDIC and modified scale-free OOR [14, 15] in [14] author
suggested new approach for generation of sinefepsinthis approach author eliminate a
ROM and a large barrel shifter in the hardware eng@ntation of the CORDIC system, but
this approach suffers from low range of convergegi@C) which render sit unsuitable for
practical applications, in [15] author proposed oe® technique for reduction of scale factor
and number of iterations. They focused on Radixetlifled Booth Recording- Modification
of CORDIC algorithm is Radix-4 modified booth redmrg, with this it keeps working
without a scale factor and the corresponding hareviar data path can still be excluded,
while enabling each iteration in pipeline stage alihprocess two bits at a time from the
vector. By this author achieve reduction in numtfeiterations. Constant multiplier- there is
one constant term is produce whichlis2 for this constant term in previous works extra
hardware is require, so this can be avoided by taabsnultiplier which is reduce extra
hardware problem. Domain Folding Elimination, ireyapus work angle of the scaling-free
CORDIC kernel is between (1)_: 15! to 5 rad but in this work convergence range is
between - to, [14, 15] also facing constant scad¢of problem. In [18] here author propose
the leading-one bit detection technique to idenitify micro-rotations. The scale free design
of the proposed algorithm is based on Taylor sezigmnsion of the sine and cosine waves.
In [19] author use the same approach but there thgtement Hyperbolic CORDIC
function.

2.1 BASIC CORDIC ALGORITHM:

CORDIC ALGORITHM [1] The underlying principle of (@CORDIC algorithm is based on 2

two-dimension geometry. This algorithm operate&egitin or rotation or vectoring mode, &

0]

following linear, circular or hyperbolic trajectes. We focus on rotation mode of operati

)

org

- - - m
in circular trajectory. g
w
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A. Conventional CORDIC Algorithm Let the vector Y6a, Yb] be derived by rotating the

vector Vb [XaYb] through an angle, then:

[¥o) = re-[a] ke = [Goey Gono] (D

Equation (1) forms the basic principle for iteraticoordinate calculation in CORDIC
algorithm [1]. The key concept in realizing rotatsousing CORDIC is to express the angle of
rotation [1 as an aggregation of pre-defined elementary ardgéised as: where b is the
word-length in bits. (2)

— \'B : .
5= Xj—pui*ai
Whereui = —1,1; ai = tan-1 2-j

The RoC of the conventional CORDIC is [-99.9 de®9eg] and using extra iteration step
can be extended to the entire coordinate spacercfagon matrix Rp, in its original form is
computation intensive; it requires computing sined acosine functions with four
multiplication and two addition operations. Faatgrithe cosine term simplifies the rotation
matrix Rp (1) by converting the multiplication tdifs operations, as tangent of the
elementary angles is defined in negative powerswai(2). But the penalty paid is the
introduction of the scale-factor which varies adtog to the cosine of the elementary-
rotation.

COSINE waves based on the CORDIC (Coordinate Rwtddigital Computer) algorithm.
[16].this suggested an novel approach in this aggrauthor uses leading-one bit detection
technique to identify the micro-rotations. This g#es eliminate complex search algorithm.
The scale free design of the algorithm is based aylor series expansion of the sine and
cosine waves. This proposed algorithm is up totfoarder of Taylor series. Micro-Rotation
Sequence Generation, in previous work for anglatimt ROM is required but by using of
Micro Rotation Sequence Generation no any ROM regiar storing the elementary angles
of rotation. this proposed algorithm is also facwi¢h many problems like increase in error;
number of iteration increases, to reduce this gmbanother approach is suggested [17]. In
this approach author using same technique of [16bey convert that architecture in to
parallel form they proposed CORDIC parallel rotatmplementation to be maximally ©

optimized for high performance with the lower cimsérea-consuming.
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direction of micro-rotation. With sequential exaountof large number of iterations it tends to

a constant, referred to as the gain of the CORDdGrigthm. The scale-factor is thus

compensated either in the post or pre processiitg un

1 —ui.2'o

rRp=ki.| 1
P ui.2” Coso1 3)

B. SCALE FREE REVIEW:
Scaling-free CORDIC [12] was the first attempt tesign scale-free coordinate CORDIC

equations using Taylor series expansion. Here, rfiero-rotations are restricted to

anticlockwise direction only, such that, any angleotation is represented as the algebraic

sum of elementary angles. The sine and cosineiturscare approximated to:

3.

Sinai =2-i, Cosai = 1 —22i+1 4)

PROBLEMSIN PREVIOUS RESEARCH

According to previous research there is lots ofiessare there on CORDIC algorithm and

CORDIC processor. Those issues are suckcal® Factor Many algorithms are facing from

Scaling factor problem and which was addressed agymesearchers in return the latency

has been neglected in the improved appro&davy hardware Many algorithms require

multiplier factor some are require constant mukipfactor some require number of shifter

logic and heavily adder and substractastency [17] This approach reduces latency problem

but still we can reduce latency in term of hardwdileese issues can still resolve and these

are most important issues which have to resolvature because right now we are in the age

of HD vision and 4G communication technology wheeeneed fast algorithms.
4,
CORDIC algorithm is useful in many application likggital Signal Processing, Multimedia,

FUTURE SCOPE ON CORDIC ALGORITHM

Function Generation but still CORDIC processor $ageany problems which | discussed in

research gap. So there are followings object ikwhiill resolve in future:

1
2.
3.

reduction in hardware complexity
reduce scale factor problem
Reduction in Latency.

Accuracy issues
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So this is the future scope of this CORDIC alganittvhich will give a new direction to the

researchers.

5.

CONCLUSION

According to current technology future is totallgsed on virtual world. Right now every

thins is based on online like shopping, movies,gesa educations eta. So for these type of

application there is need of some other supposgystem which are known as communitarian

system, networking, Internet of things etc. now #ikse system is based on some

mathematical functions which are well known asadmnigmetric function. Now trigonometric

function is calculated by using of a interestingoaithm which is known as CORDIC

algorithm. So in this paper basically we discussualthe previous existing technology and

changes of technology by using of CORDIC algorithife also discuss the issues which is

faces by CORDIC algorithm. CORDIC algorithm havéslof future scope. This algorithm

will change the level of the application efficiency
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