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ABSTRACT: The CORDIC algorithm is a repetitive calculation approach ability of emerging different basic
functions with a proper shift-and-add method Used to evaluate a large amount of functions. It contains no. of adder-
sub tractors, shift registers with respect to complexity of operation. In this paper we present improved method of
shifting by using an alternate scheme by increasing the no. of barrel shifters with increasing pre shifting method and
Fault Tolerance in Bi Rotational CORDIC circuits Higher rate of accuracy in fixed and known rotations. The
improvement in the fixed angle Rotation reducing the area- and Complexity in the application. From the basic
architecture of cordic an Fixed angle rotation is implemented by vector rotation. the rotation of vectors uncontrolled
by the circuit till all rotations are completed it will results large system gain and unpredictable angles for effective
operation of known angles in this paper angle correction ,Quadrant correction and gain correction is implemented. the
angle correction is selected by the initial vector bits of selection and the System gain is controlled by an external gain
control mechanism of fixed system gain similar to the Normal cordic implementation.

KEYWORDS: CORDIC algorithm, rotation mode and vector mode, control CORDIC.
1. INTRODUCTION

THE Coordinate Rotation Dlgital Computer (CORDIC) algorithm [1], [2] has been used for many years for efficient
implementation of vector rotation operations in hardware. It is executed merely by table look-up, shift, and addition
operations. Thus, the corresponding hardware can be implemented in very economic fashion. Subsequently, it has been
applied for many performance demanding applications in digital signal processing (DSP), image processing, and video
technology like fast Fourier transform (FFT) [3], [4], discrete Hartley transform (DHT) [4], [5], discrete cosine
transform (DCT) [4], [6], discrete sine transform (DST) [4], Hough transform (HT) [7]-[9], [12], graphics application
[10], [11], and motion vector estimation[12]. In essence, a CORDIC can be operated in two different modes: the
rotation and the vectoring mode. In the former mode of operation, given a vector with initial coordinate (xo,yo0) and a
target rotation angle zo the objective is to compute the final coordinate(x1,yl) through a series of backward and
forward rotation of the vector in an iterative manner. Digital signal processing (DSP) algorithms exhibit an increasing
need for the efficient implementation of complex arithmetic operations. The computation of trigonometric functions,
coordinate transformations or rotations of complex valued phasors is almost naturally involved with modern DSP
algorithms. Popular application examples are algorithms used in digital communication technology and in adaptive
signal processing. While in digital communications, the straightforward evaluation of the cited functions is important,
numerous matrix based adaptive signal processing algorithms require the solution of systems of linear equations, QR
factorization or the computation of Eigen values, eigenvectors or singular values. All these tasks can be efficiently
implemented using processing elements performing vector rotations.

The Coordinate Rotation Digital Computer algorithm (CORDIC) gives the opportunity to calculate the desired
functions in rather simple, and elegant way. CORDIC is a method for computing elementary functions using minimal
hardware such as shift’s, adds/subs and compares. CORDIC works by rotating the coordinate system through constant
angles until the angle is reduces to zero. The angle offsets are selected such that the operations on X and Y are only
shifts and adds.
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All trigonometric functions can be computed using vector rotation. The CORDIC algorithm was developed by Volder
in 1959. It rotates the vector, step by step, with a given angle. Additional theoretical work has been done by Walther in
1971. The main principle of CORDIC are calculations based on shift registers and adders instead of multiplications,
what saves much hardware resources. CORDIC is used for polar to rectangular and rectangular to polar conversions
and also for calculation of trigonometric functions, vector magnitude and in some transformations, like discrete Fourier
transform (DFT) or discrete cosine transform (DCT). In particular case, the CORDIC algorithm is used in wireless
LAN (WLAN) by receivers.

1. CORDIC ALGORITHM
All the trigonometric functions can be computed or derived from functions using vector rotations. The CORDIC
algorithm provides an iterative method of performing vector rotations by arbitrary angles using only shift and add

operations. The algorithm is derived using the general rotation transform.

The CORDIC algorithm performs a planar rotation. Graphicall y, planar rotation means transforming a vector (Xi, Yi)
into a new vector (Xj, Yj).

X=rcosé .Y=rsmnf g
1)

\;~=|:_\-I:|=l:xcos¢—ys%n¢:] e
v ycos ¢+ xsmg =

Fig 1 Rotation of 2 Vector V by the angle ¢b [7]
V came into picture after anticlockwise rotation by an angle & . From Fig.1, it can be observed

0 -6=¢ ©)

0X = xl = rcos 9I (4
=rcos(g+8) (3
=(rcos6).cos¢ —(r sinf).sing (6)

Using Fig 2

OX =x =x cos ¢ — ysing
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Fig 2 Vector V with magnitude r and phase 8

0’:=y =rsind @]

= xsing + ycos ¢ (8)

V" after anticlockwise rotation of vector V by angle @ is

x: B cos¢p —sing || x
¥ sing cos¢ || v ©)

It is well known that the rotation matrix

cos ¢ —sin ;:):l

singd  cos ¢

R(¢) = |:
(10)

will rotate a vector ‘:ﬁ:| . anticlockwise by radians in two
¥

dimensional spaces [6] If this rotation matrix is applied to the

initial Vect01'|:-:|. the result will be vector co-ardmates of
0

[COS ¢:|. It is eesily seen that CORDIC method could be
sing

applied to caleulate the functions sin(@) and cos(¢) by

in a program-like style:
For n=0 to [inf]

If (Z(n) >=0) then

Z(n + 1) := Z(n) — atan(1/2™n);

Else

Z(n + 1) := Z(n) + atan(1/2"n);

End if;

End for;
In CORDIC processing, a bulk scale factor is generated that needs to be compensated. As long as all of the iterations
allowed by a certain word length are carried out, the scale factor remains a constant and can be compensated with
minimal hardware. However, in principle, the vector rotation for the majority of the angles lying in the coordinate space
can be carried out using a smaller number of iterations by optimally choosing appropriate elementary rotation steps.
This essentially requires by passing or repeating some of the CORDIC iterations as was proposed in [13] and [25].
However, in such a case, the scale factor no longer remains constant or predictable. The situation is much worse when
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the CORDIC works in an embedded system where other circuitry of that system (a typical example is an OFDM
synchronizer for IEEE 802.11(a) standard [15]) generates data and supplies it to the CORDIC. In such a case, the
CORDIC has no a priori information about the actual angle of rotation and, hence, the scale factor is completely
unpredictable. For its compensation, hardware circuitry is needed that is as complex as the original CORDIC itself. To
the best of our knowledge, there is no existing scheme reported to date that can keep the scale factor constant and
predictable while at the same time adaptively executing the minimum number of elementary rotation steps However,
the former approach results in an overhead in hardware while the latter increases the total number of CORDIC

iterations.

aprlyving successive rotations to the initial vector [1:| Inds
o

possible to modify the rotation matrix by bringing a cos(¢)

term out of the matrix. Then [§]

fi 1 tomal &)
£ p) — coa(d) | tance) 1 ] (an

The mmitiplication by the tangent term can he awnided if

—i = : 5 s
ta(gp) = 2 In digilal hardware, Uns denoles a sunpls slall
aperation and siace cosi¢@) — cos(—g) 1s constant for a fixed

number of iterations.

1

R(¢>=mn{¢i>[j_'z - ] (12)

Lguation (%) can be exprassed as

o 1 5T x
=msw_)L i =R J[ J 5
¥ ]2 1 R

# may be posiiive or negative depending upon whether the
7

rotation is anriclockwise or clockwise. Equation (13) can be

= 1 —di2 " |« "y
v | — cos(d; ) g ; (14)
¥ d;2 " 1 ¥

The basic CORDIC equalion ¢an now be expressed [7] as

expressed as

X, =k 0 —yd;2 By (s
Vi =k Oy +xd; 270 a6
Angle accumulator is
z,. == _d.?. ld.ll_l 7
Or I =5 —dih 17

The architecture of the new CORDIC rotator can be derived by a suitable hardware mapping of the algorithm described
above. For sake of clarity, the implementation of a 16-bit CORDIC rotator is described here as an example. All of the
discussions presented in this section can be generalized for an n- bit CORDIC rotator as well.
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The atan(1/2) is pre-calculated and stored in a table. [inf] is replaced with the required number of iterations, which is
about 1 iteration per bit (16 iterations yield a 16bit result).

Where i denote the number of rotation required reaching the
required angle of the required vector. £; = cos(arctan (2 i )
and d; =1 (direction of rotation). the product of the k;

represents K-factor.

k=T
1=0 (18)

=1
Where ig}kf =05 ¢.005 . 05§y .C0s gy k05 @y (&

is the angle of rotation here for n times rotation). These ¢, are

stored in the ROM of the CORDIC hardware as the look up

table, Ir;,- 1s the CORDIC gain. For 8-bit hardware CORDIC

approximation  method, the  value  of k;oas

7
&:,- =}_g{]l205 §; = tos éo.-:os ;ﬁlocu éz k05 ¢y

= c0545% cos 26.565% .c0514.026° ... cos 0.4469°
=0.6073 (19)

Fig 3 chaining mulriple miero-rotation together

As shown in fig 3. multiple micro rotations may be chamned

together as the vector moves i discrete angular steps
(¢0-¢]-¢2-___-¢r3)ﬁ'om its aratial position of V(x.y)
towards its final target position of Vic.y)
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1 —tan ¢y,

T | =cos ¢y .c0s ... 005 ¢
y 0 1 h tﬂllﬁﬁo 1

1 —tangy | x
| tan g, - y

For 8 bit CORDIC hardware. cosine and sine of angle ¢ can

be represented in matrix form by using equation (19)

{005(,6]_ 1 —tand, 1 —tang, {0.6073]

sing | tan ¢, 1 || tangy 1 0

TABLE 1

FOR 8, 16, 24, 32 BIT CORDIC HARDWARE [8]

: 7 — Hia #; ¢ = ¢ in radians
a7 (27)

01 45° 0.7854

1 |05 26.565° 04636

2 | 025 14.036° 0.2450

3 | 0125 7.125° 0.1244

4 | 0.0625 3.57¢° 0.0624

5 | 003125 1.7876° 0.0312

6 | 0.015625 0.8938° 0.0156

7 | 0.0078125 0.4465° 0.0078

8 | 0.00390625 0.2238° 0.0039

9 | 0.001953125 0.1119° 0.0019

10 | 0.0009765625 0.05595° 0.00098

11 | 0.00048828125 0.02798° 0.00049

12 | 0.000244140625 0.01399° 0.00024

13 | 0.0001220703125 0.00699° 0.00012

14 | 0.00006103515625 0.00349° 0.000061

15 | 0.00003051757813 0.00175° 0.000031

16 | 0.00001525878906 0.000874° 0.0000152

17 | 0.000007629394531 0.000437° 0.0000076

18 | 0.000003814697266 0.0002186" 0.0000038

19 | 0.000001907348633 0.0001093° 0.0000019

20 | 0.0000009536743164 0.00005464° 0.00000095

21 | 0.0000004768371582 0.0000273° 0.00000048

22 | 0.0000002384185791 0.00001366° 0.00000024

23 | 0.0000001192092896 0.00000683° 0.00000012

24 | 0.00000005960464478 0.000003415° 0.0000000595

25 | 0.00000002980232239 0.000001708° 0.0000000298

26 | 0.00000001490116119 0.000000854° 0.0000000149

27 | 0.000000007450580597 0.000000427° 0.00000000745

28 | 0.000000003725290298 0.000000213° 0.00000000371

29 | 0.000000001862645149 0.000000107° 0.00000000187

30 | 0.0000000009313225746 | 0.0000000534° | 0.00000000093

31 | 0.0000000004656612873 | 0.0000000267° | 0.00000000047

For 16 bit CORDIC hardware. the value of k:‘ is
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i
k. = cos ¢y = TT cos g,.cos @ ....cos ¢ ;= 0.6073
A =

For 24 bit CORDIC hardware. the value of k; is

23 23
k; — ;_1;[0 cos ¢; — .il:_{) €OS Py .cos ... cos fyy — 0.6073

For 32 bit CORDIC hardware. the value of k; is

31 31
?r{-_ — il=_JO <os ¢; — jl;% cos "bO .cos -1151 ....COS5 51531 =0.6073

CORDIC gain k; is same for all the CORDIC hardware.

1. SCALING OPTIMIZATION AND IMPLEMENTATION

Optimized set of angle rotations and micro-rotations are discussed in this section

A. Fixed Rotation Angle scaling approach
The normalized equation for the scale-factor given by (2) can be articulated explicitly for the set of selected m1 micro

rotations as
g —1 i
K= [ [(+2-26y =
t=l)
where k(i) for 0<i<m is the no. of shifts in the ith micro-rotation. Except for k(i)=0 (i.e., rotation by 45), by binomial
expansion, any term can be written as

[ 302 5x® 35zt 63z 23128

5T 8 16 "1z 26 | 1024

where = = 27,
1. SCALING IMPLEMENTATION FOR CORDIC

Micro-rotations and Scaling implemented either in the same circuit in interleaved manner or in two individual stages.
The realization of scaling as well as the micro-rotation would however depend on desired level of accuracy, and the
realization of scaling also depends on the realization of micro-rotations. Therefore, we discuss here the implementation
of the scaling circuits with respect to different implementations of micro-rotations.

Computing Sine and Cosine functions
Sine and Cosine can be calculated using the first CORDIC scheme which calculates:

|_Xj YiZ, J =[P(X cogz,)-Y;sifz,), (Y, co$Z, )+ X; sinz,)), O
By using the following values as inputs

o 060725
P 16467
Y =0
Z.=0

the core calculates:
X ,,Y,,Z, |=[cos8, sing, 0]
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The input Z takes values from —180degrees to +180 degrees where:
0x8000 = -180degrees
OXEFFF = +80degrees
But the core only converges in the range —90degrees to +90degrees.

The other inputs and the outputs are all in the range of —1 to +1. The congregate constant P represented in this format
results in:

Xi = 2" o P =19898(dec) = 4DBA(hex)
Example:

Calculate sine and cosine of 30degrees.
First the angle has to be calculated:

360deg = 2*°
16
ldeg=—
: 360
216
30deg = ¢ 30 =~ 5461(dec) = 1555(hex)

360
The core calculates the following sine and cosine values for Zi=5461:
Sin : 16380(dec) = 3FFC(hex)
Cos : 28381(dec) = 6EDD(hex)
The outputs represent values in the —1 to +1 range. The results can be derived as follows:

2 =1.0 2 =1.0
1.0 1.0
16380 = o5 ¢16380 = 0.4999 28381 = o5 ¢ 28381 =0.8661
Odeg | 30deg | 45deg | 60 deg | 90 deg
Sin | 0x01C | Ox3FF | Ox5A | OX6ED | 0x800
C C 82 C 0
Co | 0x800 | OX6ED | Ox5A | 0x400 | 0x01C
s 0 D 83 0 C
Sin | 0.0140 | 0.4999 | 0.707 | 0.8660 | 1.000
3 8 09 9 00
Co | 1.0000 | 0.8661 | 0.707 | 0.5000 | 0.014
S 0 2 12 0 03

Where as the result should have been 0.5 and 0.8660.
Table 1: Sin/Cos outputs for some common angle

Although the core is very accurate small errors can be introduced by the algorithm (see example and results
table). This should be only a problem when using the core over the entire output range, because the difference between
+1 (Ox7FFF) and -1 (0x8000) is only 1bit.

Generalized Implementation of Scaling

The shift and add circuits for scaling with respect to (7) is shown. The scaling circuit of Shift and add scaling circuit by
hardwired pre-shifted loading can use hardwired pre-shifting for minimizing barrel-shifter difficulty and could be
located after the CORDIC cell of Fig. 2 to perform micro-rotation and scaling in two separate stages. The generalized
CORDIC circuit for fixed rotation to perform the micro-rotation and the scaling in interleaved manner in alternate
cycles is shown. The circuit of Fig. 8 is similar to that of Fig. It involves only an additional line-changer circuit to
change the path of unshifted (direct) input.
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VII. Bl ROTATIONAL CORDIC

e
D e 7

A

i

Registen: Hegistar: ¥

For Reducing Errors in Quadrant, angle and Gain correction Bi rotational Cordic is one of the techniques with extra
hard ware implementation predefined gain and Quadrant correctional algorithms these are implemented form the basic
cordic theory for the more accuracy in gain .The angle range should be -90 to +90 and all angles should be in the rage
of first and fourth Quadrant of rotational implementation. These blocks improves the cordic fixe4d rotation with more
accuracy .The accuracy can also be improved by the more no of shifting stages. also.

COMPLEXITY CONSIDERATIONS

We discuss here the hardware and time complexity of the proposed design. In the presented text we do not find similar
work on CORDIC realization of known and fixed rotations. Therefore, we compare the proposed design with the
conventional CORDIC design for the rotation of unknown angle. We have used the basic CORDIC processor in [3, Fig.
2] for the realization of conventional CORDIC. In addition, we have designed a reference architecture (see Fig. 1) for
straight forward implementation of fixed rotations, and we have compared the complexities and speed performance of
the proposed design with the conventional and reference design.

V. RESULTS AND ANALYSIS

™ ISE Schematic Viewer (P.40xd) - [bf_cordic (RTLI ]
D et tew Wodw Laoe Hep

bi_cordic

bcade (BT

Desion Objects of Top Level Block Properties: (o Seection)

RTL Schematic of Cordic algorithm
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Technology Schematic of Cordic algorithm
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Simulation Results of Cordic algorithm
V1. CONCLUSION

In this paper Control on BI CORDIC is implemented with Angle correction and Quadrant corrections .Accuracy can be
further increased by these CORDIC algorithm techniques. Overshoot problem in original CORDIC has been overcome
by angle selection scheme. Due to the increasing of no. of bits complexity of hardware also increases, which results in
accurate simulation results. .
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