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ABSTRACT

Coordinate Rotation Digital Computer (CORDIC) discovered by Jack E Volder. It is a shift-add operation
and iterative algorithm. CORDIC algorithm has wide area for several applications like digital signal
processing, biomedical processing, image processing, radar signal processing, 8087 math coprocessor,
the HP-35 calculator, Discrete Fourier, Discrete Hartley and Chirp-Z transforms, filtering, robotics, real
time navigational system and also in communication systems. In this paper, we discussed about the
CORDIC algorithm and CORDIC algorithm based finite impulse response low pass & high pass filter. We
have generated the M-code for the CORDIC Algorithm and CORDIC Algorithm based FIR filter with the
help of MATLAB 2010a.We also discussed about the frequency response characteristics of FIR filter.
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1. INTRODUCTION

Filtering process is the process for refining of the signals regarding the applications. We
categorized the filter in main two parts analog filters and digital filters [7, 8]. Digital filters are
more advantageous than analog filters. Digital filters are used in DSP applications [3]. There are
basically four types of filter structure like low pass filter, high pass filter band pass, band reject
filter. The field programmable gate array (FPGA) is bench for the implementation of FIR and IIR
digital filters in the VLSI area. In the last five decades the CORDIC algorithm [1, 2] is the very
popular algorithm to producing the fast VLSI implementations. It is a hardware efficient
algorithm i.e. optimizing the area, speed, power and hardware cost. It is 2-D rotational vector
algorithm. The extended form of algorithm is a unified algorithm [5, 6] for the computations of
rotation in hyperbolic, linear, circular coordinates systems. Basically it is used for the
computations of several trigonometric functions, hyperbolic function and logarithmic functions of
real and complex numbers. As time passes there are several advancements in CORDIC algorithm
for reduction of the number of iterations, like the angle-recording (AR), modified vector rotation,
mixed scaling rotation (MSR) and scaling free CORDIC algorithms have been proposed for
reduction of no of iteration, improving the system performance and speed up the system. In this
paper we have discussed about the CORDIC Algorithm, FIR filter in section II, III respectively.
In section IV we have to deal with designing of FIR filter based on CORDIC algorithm and its
frequency response characteristics with the help of MATLAB 2010a.In section V we have
discussed about the Results and conclusion.
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2. THEORY OF CORDIC ALGORITHM

Coordinate Rotation Digital Computer (CORDIC) was implemented in 1959 by J.E.Volder. It is
used in two different modes one is rotation mode and vectoring mode. Overall the algorithm can
be realized as an iterative sequences of additions or subtractions and shift operations by using the
two modes, which are rotated by a fixed rotation angle (u- rotations).The CORDIC algorithm is in
the general rotation transform[3,4]-

X’= XCOS@ — ysing (1)

y’= Xsing + ycosg 2)
The above equations can readjusted as

X’= [X - ytang] cosg (3)

y’= [y + xtang] cosg 4)

These rotation of angles constrained so tan (¢) = #2". This will reduces tangent multiplication by
simple shift operation. i is the no iteration. The angle ¢ decomposes into elementary rotations in
sequence manner.

P=3ai &)

So iterative equations of Cordic Algorithm are

xi+1 = [xi —yi tanoi] cosai (6)
yi+1 = [yi+xi tanai] cosoi (7

For the trigonometric identities
cos(oi) = 1/(1+tan’ai)” ®)

Replace the term 1/ (1+tan’0i)"? = ki

4 9)
or ki = 1/(142%)"2
ki denotes as constant multiplication factor .The gain is defined as the inverse of the constant
multiplication factor.
Ai=1/ki (10)
The system gain An=TI[1+27%] ~1.647
So the above equation no.(6) and (7) becomes
xi+1 = ki.[xi - yi.di.2"] (11)
yi+1 = ki.[yi +xi.di.2"] (12)

di is the decision function depends the rotational mode.
First is the rotation mode and second is the vectoring mode
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a) For the rotation mode

di=-1if zi<O0
di = +1 if else

after n" iteration it produces the following results

xn= an[x0cosz0- yOsinz0]
yn= An[x0sinz0 + yOcosz0]

zn =0
b) For vectoring mode
di=+1if y<0
=-1 else

After n iteration it produces the following results

xn = An (x02+y02)”2
zn= tan" (y0/x0)+z0
yn=0

3. FINITE IMPLUSE REPONSE FILTER

(13)

(14)
(15)
(16)

7

(18)
(19)
(20)

In many applications of signal processing we want to change the relative amplitudes and
frequency contents of a signal. This process is known as filtering .The ideal filters have a
frequency response that is real and non — negative, i.e. has a zero phase characteristics. A linear
phase characteristics introduces a time shift and this causes no distortion in the shape of the signal
in the pass-band. Since the Fourier transfer of a stable impulse response is continuous function of

o, cannot get a stable filter.

An ideal frequency selective filter passes complex exponential signal. For a given set of
frequencies and completely rejects the others. In figure 1 shows frequency response for ideal low
pass filter (LPF), ideal high pass filter (HPF), ideal band pass filter (BPF) and ideal backstop filter

(BSF).
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L
v

(a) Low Pass Filter (b)High Pass Filter (c) Band Pass Filter

Figurel: Ideal Filter Frequency Response

¥
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(d) Band Reject Filter

Finite Impulse Response: The term digital filter arises because these filters operate on discrete-
time signals. Finite Impulse Response is the filter in which output response is equal to the
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weighted finite sum of past, present and perhaps future values of the filter input, i.e.

M2
y[n] = £ bx[n-k] (21
k=-M1

where both M1 and M2 are finite. An FIR filter is based on a feed-forward filter. Feed forward
means that there is no feedback of past or future to form the present output, just input related
terms. The causal FIR filters has difference equation of the form

M
y[n] = T bix[n-k] (22)
k=0

The time domain impulse response of a filter corresponding to a given (desired) frequency
response may be calculated from the inverse Fourier transform of the desired frequency response:

II
Hy(n) = %*I1 | Hy(o) ™ do
-1

The samples hy(n) from the above are time domain values, as indicated by the index n. These are
the time domain samples that would have the frequency response Hy(w).The conceptual leap is
that we use these numbers as weighting coefficients in a difference equation to form filter itself.

For M=3 the FIR Filter

o
L=
-—

x[n] l =®
UMIT bl
DELAY
» X L R

K[n-1] L\_./I

v b2

UNIT
DELAY e

[n-2]

L 4

UNIT b3

DEL&Y

. + » v[n]

Figure2: Fir filter for M=3

The impulse response hy(n) thus computed will be infinite in extent. In a practical filter, the order
must be limited. This is obtained by truncating the impulse response. Assuming N is odd, the
16
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calculation of hy(n) over the range
-(N-1)/2< n< (N-1)/2
4. CORDIC BASED HIGH PASS FIR FILTER
In this paper we design the CORDIC algorithm based High pass FIR filter with help of

MATLAB2010a and by its simulink tool. We have chosen the arbitrary frequency response
equation of a High pass FIR filter [10].
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Figure 3: Simulation of high pass filter based on CORDIC algorithm
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Figure 5: CORDIC Subsystem

5. RESULTS AND CONCLUSION

PLOT OF MAGNITUDE VALUE VS ANGLE (BY SIMULINK OUTPUT)

Angle (win degree) | Output Magnitude Value Plot ofmagnitude Higpw)of & angle
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20 0.002128 )
H
30 0.1961 E nsh
10 03673 2
= gl
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= 0If
80 0.7458 z
20 0.827 o
100 09032
J:"z:l I:l -vla ;,'3 ala ala 0
7 57 ! b - B
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MATLAB 2010a M-CODE OUTPUT

a) Filter length N=256 and for CORDIC algorithm no of iteration i=16

18



TiESe rEspOmse

=

=

=]

les{=dian/sampe:

2

i NS S

3
=/

Plot of magnitude of hi;

100 120 140

Angles values & (Rdlan'samples)

60

International Journal of VLSI design & Communication Systems (VLSICS) Vol.§, No.4, August 2017

T T T T T T T
1 1 1 1 1 1 1 T T T T T
| | h | h | | : : : : "
i e g | : : : : !
1 1 1 1 1 1 (=] S S U U U U Uy
| | h | h | ] h | h | h
| | h | h | | h h h h |
e S [EpEpE— =] 1 1 1 1 '
' ' 1 ' 1 ' ' = ||||"||||.“||||“||||.“||||“|||| d
| | h | h |
TS TS NN S B - B 2 A
IRRRE R R R AR, SOl R bt =g = A _
' ' ' | ' | | a — mmmbe e - EEEE
, : , , : . o @ =} : : : , : :
IR i St el Sy iy B 2 Lo "
R I T T = ) R R e R
\ | h i | h o B
T = 8 H H H . i i
T S o 5 R A e deees
' ' ' ' ' ' ' - —_— ¥ v 1 v 1 I I
b il SR EEEEEE EEEEL EEEETEEEE ou [e) a ! ! ! ! ' '

\ i | i . i i b =W i h h h h | |
R i R S D I A - '8 L R R SR ERRRREE R LR ERRE
i v , K H R s B \O ' ' ' ' '
| ' | ' | | = — ' ' ' | |
I N IR SO SR S oy Il iR EEEE PR EEEE EEEELEEEEEERENEERL
i v v .._ H v 1 = - ! ! ! ! ! !

: ' ' ' ' ' ' = ' Voo ' ' '
R R I e s .8 R i e b ek e

- ~
: : , : , : : < ; : : : " : i
e, 5 R S S PR SR R S
= = = = = = = = =
8 § 8 § B 8B B § = Poroh
SIEIPE] BsEl Sy H H H H H H H
(e e S < w v w8 @ & § 8
o) L O T
= (s1EpE) asen d
T o =
T T T T T T @ m
g —
p—
L 2]
. it $
2 i
I ] o &
L E ]
i # o i
&=
o = B
o .
I B g
. I 12 e &
g un [5) g M
L E_ © N 5 :
E L 18 2 3
A Z ok
m
L S E
o 2
I m m £
i ]
p— A= (&}
St i —
2 ==
o ] Ao
. : : 1 1 1 E =1
i — i i =+ i o (3] L3] - " w - L] [=] (=]
(B0y yo apnyuGey - I o o o o - o o =} = =
m iy o apiyn ey

19

ROUEKY [xmladisample)

MNormmalzed



International Journal of VLSI design & Communication Systems (VLSICS) Vol.§, No.4, August 2017

&
lot of h(e

Polar Plot of h(e

P

c) Filter length N=63 and for CORDIC algorithm no. of iteration i =16

Pt aTmagnRuse of (e} 2Nge s(E 0N/ SamDkes)

T T T T T T -
' ' ' ' ' '
' ' ' ' ' '
' ' ' ' '
T E Y [ P
' ' | ' ' ' =]
' ' ' ' ' '
' ' ' ' '
' ' ' ' | o
|||||||||||||| L e e e T =]
' ' ' ' ' '
' ' ' , ' '
' ' ' ' ' -
R P CE R TEET L
1 1 1 1 1 1 =
' ' ' ' ' '
' ' ' ' '
" [ RS =1
Il ' ' | ' ' ' o
8 Voo |
w 1 | 1 1 W
1/ eyl el e el Rl Rl Tl il =1
' ' ' ' '
' ' ' ' ' '
' ' ' ' ' -
Fe=a=-spmm—y-sa-=op ==
a 1 1 1 1 1 1 =
' ' ' ' ' '
' ' ' ' ' '
be—ao oo _a_a_ o _|m
1 1 1 1 1 1 (=]
' ' ' ' ' '
' ' ' ' ' '
' ' ' ' ' ! o
it el el Rl Tl st P
' ' ' ' ' '
' ' ' ' ' '
' ' ' ' ' ' -
e e e R
1 1 1 1 1 1 =
' ' ' ' ' '
' ' ' ' ' '
=]
B 8 B 3 8 8 B
%" %Y i
(SIEIDED a1
=]
T T T T T =
- 12
r 1%
r 19
=
[=;
o —
L Soe—— |
5 =
o
L L L L L =
] - =] ] -+ B =] o
- =] =] o =] 5

(o monfen

[T EOEIMDE)

Moz ed Fremuency

Angles welues e redlansampes)

Polar Plot of h(e

lot of h(e

P

20



International Journal of VLSI design & Communication Systems (VLSICS) Vol.§, No.4, August 2017

=16

37 and for CORDIC algorithm no. of iteration i

d) Filter length N

T T T T T -
' \ ' ' '
' \ ' ' '
' \ ' ' '
...... S SRR SRR A I
1 1 1 1 =
' I ' ' \
' | ' ' '
...... R R S SUey 0 B 1.
' \ ' ' ' ~
: : : ; : . i
...... Y [ [ ap—— e
, : , , , ° B
' \ ' ' '
' I ' ' ' K]
w oo ] [
I H i H H 1 ]
& , : , , -
b - =
L R A EEEEE EUECISEERE ag
a ' I ' ' ' 3
i : : : : : N
L e R Sk
: | : : : m
...... I A SR U AR 1
" ! " " ! = E
' \ ' ' ' Z
...... A S S A
J i : : : :
' \ ' ' '
' | ' ' ' -
||||| [t b e e e
1 1 1 1 1 -
: i : : :
H H H H H -
= % § % § 8 =8
v g
(EIRpED asE g
o
T T T T T =
i
m 14
i g
3 G 12
m = -
§ g i
| 2 dn E
M m zm
i It 4
m
w | g iz 8
=, it LY
z o
= )
k-] m ]
gt {e
al & g
i i g
E | o 1=
k] a -
g8 L —
o A — oo
o— |
L —_— o
— 1
3
L 1 . L L = 1.
(e — L=} w -t 0~y (=] -y
- =] (=] (=] =] =]
(1 4o e

08}

06k

04

40

10

Polar Plot of h(e

lot of h(e

P

=16

17 and for CORDIC algorithm no. of iteration i

Plat of magnitude of hig) v6 anges(=dlan/samples)

(e) Filter length N:

Pree fesponse

(4o wpnbey

. :
' \
||||||||| | [P R
v |
' \
' \
||||||||| | IR0 U U U |
v |
' \
' \
.................. T
v |
' \
' I
|||||||| g ||
v |
' !
' !
U [ P—
| v )
\ ' !
\ ' !
[ [ U [ P—
L] L] 1 1 1
' I h I I
' I | I I
L L H
= = = = = = =
- L7 L] + ] P
(e peu) ased
T T T T T T T T T
=
=
=
i
L
by
=
=
=
G
=t
=
=
o
¥,
r—
=2
L L L L L L ! L L
— o = - ['=) Wi - “ L] — (=]
[=] =] =] (=] [=] [=] =] [=] [=]

18

18

14

vomalzed FRQUENG fw EASSMOE)

Anglesvaluss e radEnsamples)

21



International Journal of VLSI design & Communication Systems (VLSICS) Vol.§, No.4, August 2017

22

olar plot of h(e

lot of h(e

P

T T T T T T T T T -
' ' ' ' I ' ' ' '
' ' ' ' ! ' ' '
' ' ' ' \ ' ' ' \ -
R S S T e i Sy v Sy
' ' ' ' \ ' ' 1 '
' ' ' ' I ' ' ' '
I S I S I __Jm
e A
R T ar
b Lol __L__J___L |L|||_|||_.||..“J“
L A 8
= mu.."..-h-.."..-_r--.“ ._--L...".--"..-.mm -
5 P S R A R g
= b R T A S T S T w B
nlm T A bl
A A R R
=] [P il bl R Tl bl bl et R EEbl el o
—_— 1 1 1 1 1 1 1 1 1 .m
0 1 1 1 1 1 1 1 1 1 H
~ I S S S S R I I
© e Rtk (<1 -
—_ ' ' ' ' \ ' ' ' ' z
A S A R S A A A R P
A i s e Rl S R Sl Sl £
= e
o) A TR RN SR T NI SR NPT o
= 1 1 1 1 1 1 1 1 1 =
s T
e = L+] -+ eﬂ !m_ = o~ -+ =) L) J_H.
= vt R A
e (RLEpE D 8 ey
]
o)
=}
—
T T T T T . T T T w =
)
2p
- Huwo < .E.. o ] |
©) 2
-t = m
r 1= A 2 @
R 21 & oo
. o b 5ol
. o i .
i a
5 :
- 4= = .ﬁ.. o ....r._.
el x s_ 3
) =t 5 '
I 1= = < i) [
G o~ m. .oﬁ_
o 1 B I L
- - -
o 3 Z. ,M
al = g
- - =iy [T 2]
= L
(0]
—
o H ﬁ
= ! ! ! ! ! ! ! ! ! -
i - 4 a8 5 8 8 a2 4 &5 ° L L L
- ay ] ) 7] - ) — = - - - - - N - - - b ay u =] T = P ) i
= - - R - - - - - [ Canpoapiyifey b} =] o = _nﬂ =] o = I
=~ - - - - -



International Journal of VLSI design & Communication Systems (VLSICS) Vol.§, No.4, August 2017

We observed from the above results that the FIR filter has linear phase response. In magnitude
response (from simulink) the magnitude of the output is varies from negative value to positive
value and after 120° value the magnitude value is constant.

In magnitude response (from MATLAB) of the filter, the magnitude value of the output is
varies from negative value to the positive value it becomes constant after at angle 75
radian/samples for filter length N=256,after 35 radian/samples for the filter length N=126,after
20 radian/samples for filter length N=63, after 10 radian/samples for filter length N=37,after 5
radian/samples for the filter length N=17 and after 2 radian/samples for the filter length N=7.It
means the cutoff point at the angle(radian/samples) e=2 for the filter length N=7,e=5 for the
filter length N=17, e=10 for the filter length N= 37, e=20 for the filter length N=63 , e=35 for the
filter length N=126 and e=75 for the filter length N=256 respectively, those are very close ideal
characteristics of the high pass filter. There are some distortion is observed in the phase response
characteristics of the filter when we take the filter length N= 17and 7.When we are decreased the
filter length the cutoff point also decreased but some distortion are occurred in phase response
characteristics. Magnitude plot of h versus samples value and the polar plot of the h are denser as
filter length increases.

Mame & Value Min M Marme Value Min hax
Hn 7 7 7 En 17 717

HH cos [0.6233-01716,-0171.. -0.1716 06233 ] cos <1x17double> 01716 09322
HH cost [01716,-01716-017.. 01716 -01716 HH cos1 <117 double> 01716 0.7388
H cos2 [-0ATI6,-01T16,-017.. 01716 -0.1T16 EH cos2 < 1xi7 double 01716 04456
Hd < Ti6 double> 1 1 EHd <116 double> i 1

He 7 7 7 He 17 17 17
Hn [0.5484,0.9061,09061,.. 05484 0.9061 En <1x17 double> 0.0346  0.3061
Hi 16 6 16 Ei 16 6 16

H sin 10.7816,09849,09649,.. 07816 (09849 Eﬁ_sin =117 double> 03612 0.5955
H sint [0.9840,0.9849,0,3649,.. 09849 (.0849 EH sin1 <117 double» 06735 0.8955
H sin2 [0.9849,0.0849,0.9849,.. 09849  (.0849 B sin2 <117 double > 08949 0.5849
Hw [26926,5.3856,6,0784,., 26028 168496 B w <117 double> 11068 12.6495
Hﬂx < T 17 double> 01716 00T EE e < 1xi17 doubles Q1716 06071
Hy < 1x17 double > i 09960 Hy <1417 double> 0 05960
— <1017 double> 171063 16,8496 H: <117 double> 17.1063 18.6496
Name & Value Min  Max Mame Value Min  Max
Hw~ 37 ¥ Hx & T

E cos < k37 double= 01716 0.9854 BaCDS < 163 doubles 0ATI6 00048
Hﬂ cosl < k37 double= 01716 09426 |:H{':'51 < w3 daubles 01716 09739
B cos2 <Ix37 double> 01716 08728 HH cos? < 1x63 double> 01716 09553
E_ﬂ d <Txlbdouble= 1 1 H} d < 1516 doubles 1 1

He 37 37 37 He B3 8 6
Hh < Tx37double> 01166 09061 Hn < 1n63 doutbie> 01447 00061
H 16 % 16 Hi 16 6 16

H sin < Tx37 doubles 01683 09988 & sin < 1463 doubia> 00996 0.9994
Eﬂ sinl < Ix37 double 03331 0997 Eliin‘. < w3 double > 01981 09934
HH sinz < 37 double» 04876 0.9938 H sinz < 1063 double> 02047 (0970
Hﬂ W < Ix37 double 05004 18.649 EHW < 163 double (.2992 166496
Hj b < Ixi7doubles 01716 0.6071 |:Hx < 117 daubia 01716 0.6071
Hy <Tx17 double> 0 0.9960 Hy <117 dauble> 0 0.9960
Hﬂz < Ix17double> 171063 18.8496 Hﬂz < 1x17 double 17.1063 168496
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Marme Value Min Max Wame Value Min Il
Hn 126 126 126 Hn 256 256 25
H cos < w126 double> 01716 09985 H cos < 15256 double> 0.1716 09994
E cosl <8126 dowble> 00T16 (9948 Eﬂ cos] < 1256 double> -0.1716 09935
E cosd <120 double> 01716 (09886 E cosd < Jx%256 double> -0.1716 0.9970
Hd <TuT6doubles 1 1 Hd <1 IGdoubles 1 1
He 126 126 126 He 256 % 256
EH h < Ix126 double= 01560 090&1 |:E| h < 1256 double> -0.1589 09061
Hi 16 6 16 tHi 16 6 16
Eﬂ zin < Tx126 douhle 00439 (9934 Eﬂ sin < 1x256 dowble> 00246 09997
H:l sinl < w126 double= 00996 (9954 H:l sinl < 1256 double> 0.0491 09997
Eﬂ sim2 < Ix126 double> 01490 029970 Eﬂ sim2 < 1256 double> 00735 09994
E W < T 126 double» 0149 16849 Eﬂ W < 13256 double» (0736 18.8490
E ¥ < Ix17double > 01716 06071 |:H ) < 117 docible = 01716 08071
Hy <17 double> 0 09960 Hy < 1x17double 0 0.9960
Eﬂ z < Ix17double> 17.1063 168496 H: < 1x 1 7double> 171063 18.84%96
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