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Abstract— The field of telecommunications and networks has
undergone profound developments and rapid changes in the
years 1990. With integration of large public systems, in terms

of technology, in particular, transmission networks have seen
their abilities increase, particularly regarding the rate
supported. The use of field programmable gate array circuits
for digital modulation signals has many advantages,
particularly the virtually immediate validation features, and an
unparalleled facility of adaptation in case of change of protocol

or modulation type, however implementation on field
programmable gate array makes us dependent and limited by
the speed of this type of circuit and the quantity of resources

(in the form of elementary cells) available. These limitations
can be significantly the algorithms used, and using simple
arithmetic functions, that take into account the architectural
features of these components. This work presents some
techniques that obtains a digital modulation signal, specialy
focusing on the quadrature amplitude modulation having the
particularity require controlling two parameters of the sine
wave output which are phase and amplitude. It is thus one of
the most complex modulations used today in passing\os
protocols. For the implementation on digital circuits, it
necessary to take the sampling as a factor on the est
frequency of the system. In our work we pre&ne

technique to obtain a sine wave generator based@ arallel

CORDIC processor using -Virtex5 XUP, 0T the
platform, and ISE 12.2 software autom: adapts the
VHDL type of modulation desired.

Keywords-coordinate  rotation computer;  field

programmable gate array circiNg \dapp modulation; vhdl ;
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I DUCTION

on an FPGA-type Virtex5
available to achieve the sampling
t®the sine wave of high frequency [1,
2, 3]. In our game study the iterative implement a
CORDIC gg circuit, this architecture requires multiple
@ to produce a sample sinusoids. This
Hoes not cover sampling frequency to produce
Negft possible. The uses of different architecture
producc” at each clock cycle a sample sinusoid, is the
CORDIC angle recoding (pipeline without accumulator)
,and uses the parallel cordic which to allow the production
of samples in a shifted way, the last one increases the
sampling frequency.

It is not po
XC5VLXI110T ac
frequencies requq
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%s a modulation

arrgs, one exactly 90

II. Qam Modulator

Quadrature amplitude modulation (
scheme in which two sinusoida
degrees out of phase with respQa{ W, ti*e other, are used to
transmit data over a given ph @ channel. One signal is
called the "I" signal, and caf(jseycpresented by a sine wave.
The other is called the "(@ Mo¥al, and can be represented by
a cosine wave. Becaus&sfhe carriers occupy the same
frequency banda@& by a 90-degree phase shift, each
can be mod N endently, transmitted over the same
frequency b, nd separated by demodulation at the
receiver. given bandwidth, QAM enables data
transmis t twice the rate of standard pulse amplitude
moduNtiqp without any degradation in the bit error rate
M and its derivatives are used in both mobile radio
atellite communication systems. Each symbol is a
cific combination of signal amplitude and phase. By
combining the amplitude and phase modulation of a carrier

signal, it is possible to increase the number of possible
symbols and therefore transmit more bits for each symbol. In
fact, the expression of the modulated signal is written like
this [6]:

S(t) = A(n)cos(wt +0)—B(n) sin(wt +¢ ).
S(t) =l A(n)+ jB(n)exp jot+6 | .

()
@

III.  ARCHITECTURE OF THE DIGITAL MODULATION QAM

A digital modulator  is composed of four main parts
which are the phase accumulator, sine generator, encoder,
digital and analog low-pass filter [7].

IV. SINE GENERATOR BASED OF CORDIC PROCESSOR
A. Cordic Arithmetic
CORDIC acronym Coordinate Rotation DIgital

Computer is an algorithm for calculating trigonometric and
hyperbolic functions, including use in calculators [8]. It was
first time in 1959 by Jack E. Volder. It looks like techniques
that were described by Henry Briggs in 1624 [9, 10].

B. Principe of Cordic Processor

The principle of the CORDIC algorithm as described by
Volder, is relatively simple [11, 12]. Its role to effect the

matrix rotation angle of the vector \7(2) of the unit circle,
like rotation can be written in the following form:

www.edlib.asdf.res.in
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— (cose = sine) - 3
~ \sin® cosO @
By placing cos 0 factor, this may also be written
v o B tge) v 4
= cos (tge 1 4)

In fact, for a value of 0 taken in the interval]-g; % [, Volder

has shown that there a sequence of values d; exists,

d; with € {-1,1}, for which 0 = Y2 d;arctan2!
Thus, a rotation angle 0 can be written in the following
matrix form [13,14]:

= (1 —di2\
V= l—[(di -arctg2™') - n( 4.2 '1 ).V. (5)
i=0 i=0 c

To simplify this expression, we can pose:
oo fee]

Co = | | cos(djarctg2™) = 1_[ cos(arctg2™) - (6)

i=0 i=0

Because the function cos is pair = 0.6073.

C. Operating Mode of Cordic Processor

Following its mode of operation, the CORDIC can be to
used for different purposes. You can:
-Or know the angle of a vector M(x.y)
Mode VECRORING.

- Or ask him to perform the rotation of a vector by N 6
Mode ROTATION.
S,

In the latter mode, with values x and y, tr%;wnalitie
0s! 1

we can also obtain the values of sin6 c

TABLEI THE OPERATING M CORDIC
Mode Pre- Post—C@ns Sense of
Condition @ Progression
S -
Rotation X=X \\Q‘ cosg-y*sing
y°iy Q\y =y*cosB+x*sin g
2078 z=0 di=
e | {_1 siz; < 0
0 x_'y‘sm?, +1 orelse
~1 y=x"smg
Y= -0
zo=0 z
Vectoring X=X x=0 d=
Yo=Y y=x2 + y2 {—1 six; <0
z~8 z =tan’/(2) +1 orelse
ICNCRE 13
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V. ARCHITECTURE OF CORDIC PROCESSOR
The different architectures cordic processor

A. Architecture iterative cordic

This architecture is used for generating digital sine it is
composed of three main elements [16,17]:
- a read only memory (Rom), containing pre-calculated
values of arctan 2,
- a combinational block, loaded for calculating @sive
values of x; and y;. \n
- a combinational block, loaded for evaluatir%he $cmaining
angle.

V,; (;:‘( ) is the vector obtained in the k%

rotation for rotation vy, to v’y i

yon. the micro-

ivaJeht to the system:

{ Xk+1 P edi 27"
Yk + xkdk2_k. (7)
Zp 41 B dkarctgz_k.

ﬁ &15sizg, =0,1o0relse.

\ error made on the value V' of the

ut this value, called scale factor, depond
f performed micro-rotations, and not their
osing a vector V like that——\?(A‘gN).

e?ginning of operation of the circuit, the blocks X
are pre-loaded with the values 0 and A * Cy
ectively, and Z is loaded with the value of the angle
ose cosine is to be calculated, namely ©. At every
iteration, the new values of X and Y are calculated based on
the values of the preceding step, and the direction of rotation
given by the sign of Z.

The value of Z is changed to reflect the rotation that it rest
to make of affect the rotation angle ©. The calculation is
terminated when Z = 0, to the accuracy close to the circuit
architecture on which this is implanted. It takes about

n+1 iterations to get the value of a sine wave sample with a
precision of n bits.

B. Architecture pipeline cordic without accumulator

For a theoretical precision of n bits, there are (n +1)
stages [18, 19]. Either pipeline stage is not loaded of effect
that a single micro-rotation always the same, the k™ stage
corresponds to the system of equations [20, 21, 22]:

( Xiee1 = X — Yiedi27% -
Yiet1r = Vi + Xie - d27% -

| mm ok ®
k=1

0 =g+ ) 27
k=1

This architecture allows the circuit which it is implemented
to achieve higher clock frequency that obtained with other
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algorithms presented, because it reduces the critical path of
the combinatorial portion of each pipeline stages by
removing the sign detection stage. and one of the adders /
subtractors.
It uses:
e N +1 adder subtractor complete paths for each of
the three calculations (X, Y. Z).
e 2 (N +1) shifts, requiring no combinational logic
element.

C. Architecture Parallel Cordic

The principle of this structure is presented on allowing
the production of samples in a shifted way, it is necessary to
modify the provided term of phase in a following way.

@ = w.T. (m. n+i) +®(n). ©)

VI. IMPLEMENTATION AND RESULTS

Different architectures are implemented on a circuit
FPGA (XC5VLX110T).The software tools used for this
synthesis are ISE12.2. This software ISE12.2 is an
integrated environment (company Xilinx) development of
digital systems on reconfigurable components with purpose
a hardware implementation on FPGA. ISE is available at
www.xilinx.com in divers versions (..., 8.1, 9.2, ... 10.1,
12.2, 12.3 ...).In ISE, the design can be described in three
main forms:
-Diagrams,

- hardware description language (HDL) like as VHIQL)

Verilog.etc....

-State Diagrams. @

A. description language VHDL Q
VHDL is the VHSIC Hardware Des&iN anguage.

n
VHSIC is an abbreviation for Very RHj d Integrated
Circuit. It can describe the behavj and structure of

electronic systems, but is particulages®e€d as a language
to describe the structure and b of digital electronic

hardware designs, such as and FPGAs as well as
conventional digital circuitf

4@0
QO
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B. Synthesis results

TABLE II. COMPARISON TABLE BETWEEN ITERATIVE CORDIC AND
PIPELINE CORDIC WITHOUT ACCUMULATOR.

Archi Iterative Cordic Cordic With Recoding
te
c
Freque Freque Freque
S 4 ncy on 4 Frequenc
Bey samplin ney y *
Maxim Cells | Maximu e Ifi& ells
um g (cell) m Semp b (cell)
| oo | O o | SCm?
(bits Hertz) Saple Hertz) - 5
Al W2
08 378458 | 47307 | 106 5& 107.804 136
»
354.070 | 22.129 | 208 548.768 | 66.625 465
16 o~
32 | 339929 | 10.622 455.154 | 10.965 1953
*
ULTS OF PARRALEL CORDIC.
Parallel Cordic
Frequency Frequency on
Maximum sampling Cells (cellule)
(M-Hertz) (M-Sample/s)
2410.072 431216 544
16 2199.072 266.5 1860
32 1820.616 43.86 7812
C. Synthesis Results on 8 bits
e Modes
Diagrammatic
= | sufelode,
)y | Ji —
h = / = /
MmodeErtee , i
M R
\ A\
@f‘ _|J \
~
- /
EE—
MR

Figure 1. The diagrammatic modes of the CORDIC processor.
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D. The sampling fre uency compared the other structure

Technological . ; :
The smpling requencyresolution over binary
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Figure 2. The technological ode ofthe CORDIC processor.
Test bench o

Resolution b of e e wave i)

Fy .Maxi u am ling ate reached with various architectures.
different bits we achieve better frequency sampling
rtcture of generator si s id based parallel

CORDIC because produce at either clock cycle a sample of
sine ut the herar itecture requires divers clock cycle to
produce a sample. T s is not suitable for producing a
sampling frequency la g as possible.

=

E. The number of cells s a function of binary resolution

Figure 3. Tes bench of the CORDIC processor.
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Number of cell occupied on FPGA
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Figure4. Number o ogi c lls used on the FPGA XC5VLX110T.

We will see in the resul s of the three implementations on

FPGA structure parallel

ISBN : 978-81-925233-8-5

ORDIC uses several numbers but
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the iterative and recoding angle CORDIC uses minimum
number of cells.

F. The number of cells as a function of sample frequency
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Figure 5. Sampling frequency depending on the number of logic cells
occupied.
In both curves we will see structure is based iterative
CORDIC uses minimum sampling frequency and the

several clock cycle to produce a sample. We develop
structure to simply remove the accumulator of angle eac
clock cycle, which produce a sample of this sine se
parallel cordic is presented on allowing the prod&gt®dn of
samples in a shifted way, last increased @ ampling

frequency for the purpose of this work wh% Wish.
VII. CONCLUSK

number of cells, this is bad architecture because requiress

We presented in this section an,
sine wave using a process
requirements of an optimal est:
of type FPGA XC5LX11
the effective use of a
obtain a short critica
of more importa

e of generation of

IC to fulfill the
ent on a digital circuit
sulting structure authorizes
, Which makes it possible to
d thus a frequency of operation
t FPGA. Lastly, the simplification
e removal of the accumulating stage of
ssible to reduce occupied surface, and.

This last itecture multiplies the number of samples
ac ced in only one cycle of clock, and use
struc arallel cordic for increases sample of this sine by

as much the effectiveness of modulator QAM.

ICNCRE "13

ISBN : 978-81-925233-8-5

REFERENCES

[1] F. Cardells-Tormo and J. Valls-Coquillat, "Area-optimized
implementationvof quadrature direct digital frequency synthesizers on
LUT-based FPGAs", IEEE Trans. Circuits Syst. — I, vol. 50, pp.
135-138, Mar. 2003.

[21 R L. Ukeiley. Field Programmable Gate Armays (FPGAs), PTR
Prentice Hall, Englewood Cliffs, 1993.

[3] Programmable Logic
(FPGA_CPLD) http://www_optimagic.com/market html.

[4] GLAVIEUX Alam / JOINDOT Michel tions
numérniques, Panis, Masson, 1996.

[5] Bemard Sklar, " Digital communications: tals and
applications 2/E ", University of Califomia, Los 4SBN: 0-13-
084788-7 Publisher: Prentice Hall PTR, 200, Cloth Bound

w/CD-ROM;: 1104 pp Published: 01/11/2:
[6] M Stein, " Les modems %j&smﬂsum de données
numériques”, 2 édition, Ma:
n I Tlemey C. M. Rader, 1d, "A digital frequency
oacoust., vol. 19, pp. 48-57,

. K. Parhi, "Evaluation of CORDIC
" J. VLSI Signal Processing, vol. 32,

IC trigonometric computing technique”, IRE
ut., vol. EC-8, pp. 330334, Sept. 1959.
birth of CORDIC," J. VLSI Signal Processing,
. 101-105, June 2000.

"CORDIC-based VLSI architectures for digital signal
eseing”’. IEEE Signal Processing Magazine. pp. 16-35, Juil. 1992.
at and J Muller, "The CORDIC algonthm : new results for fast
Iimplementation”, [EEE Trans. Comput., vol. C42, pp. 168-178,
Feb. 1993.

3] D. S. Phatak "Double step branching CORDIC : a new algorithm for
fast sine and cosine generation”, IEEE Trans. Comput., vol. 47_no. 5,
pp- 587- 602, May 1998.

[14] A. Singh et al, "Comparison of branching CORDIC
implementations”, i Proc. IEEE Int. Conf on Application-Specific
Systems, Architectures, and Processors, June 2003, pp. 215-225.

[15] Hamza ABD EL KEBIR, Conception d un accélérateur de calcul de
fonctions trigonométriques a base de CORDIC lannion-France.20
février 2010.

[16] Y. Hen Hu, "CORDIC-based VLSI architectures for digital signal
processing”, IEEE Signal Processing Magazine, pp. 16-35, Juil. 1992.

[17] J. Duprat and J Muller, "The CORDIC algorithm : new results for fast

VLSI implementation”, IEEE Trans. Comput., vol. C-42, pp. 168—

178, Feb. 1993.

[18] C. Y. Kang and E. E, Swartzlander, Jr., "A digit-pipelined direct
digital frequency synthesis architecture”, m Proc. IEEE Workshop on
Signal Processing Systems (SIPS 2003), Aug. 2003, pp. 224-229.

[19] C. Y. Kang and E. E, Swartzlander, Jr , "Digit-pipelined direct digital
frequency synthesis based on differential CORDIC", IEEE Trans.
Circuits and Systems I : Regular Papers. vol. 53, no. 5, pp. 1035—
1044, May 2006.

[20] J. Duprat and J Muller, "The CORDIC algonithm : new results for fast
VLSI implementation”, IEEE Trans. Comput., vol. C-42, pp. 168—
178, Feb. 1993.

[21] D. S. Phatak, "Double step branching CORDIC : a new algorithm for
fast sine and cosine generation”, IEEE Trans. Comput., vol. 47_ no. 5,
pp- 587- 602, May 1998.

[22] A. Singh et al, "Companison of branching CORDIC
implementations”, mn Proc. IEEE Int. Conf on Application-Specific
Systems, Architectures, and Processors, June 2003, pp. 215-225

www_edlib.asdf res.in



Proceedings of The first International Conference on Nanoelectronics, Communications and Renewable Energy 2013 168

o
S
3

ICNCRE 13 ISBN : 978-81-925233-8-5 www.edlib.asdfres.in



