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ABSTRACT- COORDINATE Rotation Digital Computer is abbreviated as CORDIC. The key concept of CORDIC 
arithmetic is based on the simple and ancient principles of two-dimensional geometry. But the iterative formulation of a 
computational algorithm for its implementation was first described in 1959 by Jack E. Volder [1], CORDIC algorithm is a 
unique technique for performing various complex arithmetic functions using shift-add iterations. Direct digital synthesis 
(DDS) is a method to generate waveforms directly in the digital domain. In this method, the target waveforms are the sine 
and cosine ones.  
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I. INTRODUCTION 
 

The Coordinate Rotation Digital Computer 
(CORDIC) was introduced in 1959 by Volder [1]. It 
is an easy-to-implement and versatile algorithm 
widely used for digital signal processing applications. 

It computes iteratively the rotation of a two-
dimensional vector using only add and shift 
operations. CORDIC has been traditionally used for 
hardware implementations. In [2] several algorithms 
which admit efficient implementation using CORDIC 
were reviewed: linear transforms, digital filtering, and 
matrix based DSP computing algorithms. 

It was shown that CORDIC-based architectures are a 
very appealing alternative to conventional multiply-
and-add hardware. However, CORDIC may be also 
applied to implement different communication 
subsystems found in a digital radio: direct digital 
synthesizers; amplitude shift keying (ASK), phase 
shift keying (PSK), and frequency shift keying (FSK) 
modulators. 

                          The remainder of this paper is 
organized as follows. Section II, covers the 
discussion of   CORDIC Fundamentals, Section III 
presents the architectures such as folded and 
unfolded. In Section IV the comparison of CORDIC 
architecture is explained. In Section V the 
applications to communication system are discussed 
and conclusion is given in Section VI. 
 
II. FUNDAMENTALS OF  CORDIC 
 
              For an easy understanding of how to use the 
CORDIC algorithm in the implementation of digital 
intermediate frequency (IF) communications systems, 
CORDIC is presented only as a computational 
resource with three inputs (X0, Y0, and Z0) and three 
outputs (XN, YN, and ZN) that allows performing the 
following operations[3]. 

• Rotation of a vector (I, Q) by an angle q when it is 
operating in rotation mode (RM); the rotated output 
vector is multiplied by a constant value K. 
• Cartesian-to-polar conversion, when it is operating 
in vectoring mode (VM); the modulus of the vector is 
also scaled by K.  
A generic scheme that shows how to use RM 
CORDIC to implement different digital 
communication tasks is illustrated in Figure1. The 
scheme is composed of an RM CORDIC where 
signals I and Q are connected into X0 and Y0inputs, 
and the phase term q connected into Z0 input is  
q = ( ∑[fc+ fm] ) + Øm ) × π.  
This phase term is composed of the accumulation, at 
a sample period of Ts, of two frequency terms, fc and 
fm, and a phase term, Øm The additions involved in its 
computation are signed modulo-1 (limited to the 
interval [–1,1]), and the frequency and phase terms fc, 
fm and Øm are normalized to 1. The CORDIC Z0 input 
needs a phase input that takes values in the interval [–
π, π], so a multiplication by π is required to extend 
the interval of the normalized term q to the interval 
required by CORDIC [3]. 

 
Figure 2.1 a) Rotation mode b) vectoring mode CORDIC. 

 
CORDIC computes a pseudo-rotation of a two-
dimensional vector instead of perfect rotation. This 
means that the original vector is rotated by an angle 
q, and its magnitude is enlarged by a constant factor 
K. The CORDIC algorithm iteratively computes the 
pseudo-rotation by an angle q with the following 
iterations: 
Xi+1 = [Xi– di× 2–i× Yi] 
Yi+1=[Yi+di×2–i×Xi]                      (1) 
Zi+1 = Zi– di× ai 
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Instead of directly performing a rotation by the angle 
q, CORDIC performs several micro-rotations by the 
angles ai=±atan(2–i). This means that the rotation 
angle q is broken down into a set of predefined angles 
ai, so after a number of iterations the angle q is 
approximated by ∑ (di× ai), where di belongs to the 
set {–1,1}. CORDIC Eq. (1) admit two operating 
modes, the rotation mode (RM) and the vectoring 
mode (VM), which depend on how the directions of 
the micro rotations (di) are chosen: di= sign(Zi) for 
RM and di= –sign(Yi) for VM.(di) are chosen: di = 
sign(Zi) for RM and di = –sign(Yi) for VM. 
 
III. APPLICATIONS TO COMMUNICATION  
SYSTEM 

 
CORDIC algorithm can be used for efficient 
implementation of various functional modules in a 
digital communication system. Most applications of 
CORDIC in communications use the circular 
coordinate system in one or both CORDIC operating 
modes. The RM-CORDIC is mainly used to generate 
mixed signals, while the VM-CORDIC is mainly 
used to estimate phase and frequency parameters. We 
briefly outline heresome of the important 
communication applications. 
 
A) Analog and Digital Modulation:  
A generic scheme to use CORDIC in RM for digital 
modulation is shown in Figure 3.2, where the phase-
generation unit of Figure 3.2  is changed to generate 
the phase according to[(∑(fc +  fm)) + Øm]. π , for 
fc andfm being the normalized carrier and the 
modulating frequencies, respectively, andØm is the 
phase of modulating component. By suitable 
selection of the parametersfc, fm and Øm and the 
CORDIC inputs X0 and Y0, the generic scheme of 
Figure 3.2 it could be used for digital realization [8]-
[10] of analog amplitude modulation (AM), phase 
modulation (PM), and frequency modulation (FM), as 
well as the digital modulations, e.g., amplitude shift 
keying (ASK), phase-shift keying (PSK), and 
frequency- shift keying (FSK) modulators. It could 
also be used for the up/down converters for 
quadrature-amplitude modulators (QAM) [11] and 
full mixers for complex signals or phase and 
frequency corrector circuits for synchronization. 
 
B) Direct Digital Synthesis: 
                          Direct digital synthesis [4], [5] is the 
process of generating sinusoidal waveforms directly 
in the digital domain. A direct digital synthesizer 
(DDS) consists of a phase accumulator and a phase-
to-waveform converter [6]. The phase-generation 
circuit increments the phase according to ∑fc∗ π and 
feeds the phase information to the phase-to-waveform 
converter, where fc is the normalized carrier 
frequency in every cycle. The phase-to-waveform 
converter could be realized by an RM-CORDIC [3], 
[7], as shown in Figure 3.1. The cosine and sine 

waveforms are obtained respectively by the CORDIC 
outputs XN and YN . 
 

 
Figure 3.1 CORDIC-based Direct Digital Synthesizer 훉= ∑ 

fc∗ 훑. 
 

 
Figure 3.2 A generic scheme to use RM CORDIC for digital 

modulation. I and Q are, respectively, the in-phase and 
quadrature signals to be modulated. 

 
 
IV. CORDIC IMPLEMENTATION IN DDS 

 
 The CORDIC generic scheme of Fig. 3.2 can be used 
to directly generate in the digital domain at IF the 
analog modulations AM, PM, and FM, or the binary 
modulations ASK, PSK, and FSK. Considering  m(n)  
as the modulator signal, ASK can be implemented by 
choosing in Fig. 3.2,  a carrier  frequency fc, using 
the input Xo as modulator signal I = m(n)/K, and 
leaving to zero fm, Φm, and Q. In such a case the 
ASK signal  s(n) = m(n) × cos(fc × pi × n)  is 
generated through XN CORDIC output. If PSK is 
desired, the terms fm and Q of Fig. 5 are zeroed, the 
input Xo is fixed to I = 1/K, and the phase modulator 
signal is Φm = m(n). Then the PSK signal s(n) = cos 
(fc × pi × n + m(n) × pi) is obtained with a carrier 
frequency fc, through the XN output. An FSK signal 
can be generated with the scheme of Fig. 3.2 if the 
frequency modulating signal is fm = m(n), the carrier 
frequency is a fixed value fc, the terms Φm, and Q 
are zero and the X0 input is I = 1/K. The FSK signal 
s(n) = cos (fc × pi × n + (m(n) × pi×  n)) is also 
obtained by the output XN. In an ASK, PSK, or FSK 
modulator, it is required to up-sample the base-band 
modulator signal m(n) up to the sampling rate (fs) of 
the CORDIC processor and DAC. As this signal 
usually is a narrow band one, a Cascade-Integrator- 
Comb filter (CIC) is a very low hardware cost 
solution to perform this task. 
                 Figure 4.1 shows the flow chart for Matlab 
program i.e. the parameter settings for ASK, FSK, 
PSK Modulation. Figure 5.1 shows the ASK 
Modulated Signal. For binary 1 carrier signal 
obtained as it is and for binary 0 output becomes 0. 
Figure 5.2 shows the FSK Modulated Signal. For 
binary 1 increased carrier frequency signal is 
obtained and for binary 0 carrier signal obtained as it 
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is. Figure 5.3 shows the PSK Modulated Signal For 
each state change in modulating signal i.e. from 
binary 1 to binary 0 or vice versa, the phase change in 
carrier signal is obtained. 
 
4.1 Flow Chart for MATLAB Program 
 

 
         

 
V. RESULTS 
 

 

Figure 5.1  ASK Modulated signal 

 
 

Figure 5.2  FSK Modulated signal 
 

 
 

Figure 5.3  PSK Modulated signal 
 

VI. CONCLUSION 
 
 CORDIC is the effective and secure solution 
for a large set of computational tasks involving the 
evaluation of trigonometric and transcendental 
functions, calculation of multiplication, division, 
square-root and logarithm, solution of linear systems 
etc. CORDIC is implemented by a simple hardware 
using repeated shift-add operations. These features of 
CORDIC have made it a preferable choice for a wide 
variety of applications in communication system as in 
Direct Digital synthesizer, Analog and Digital 
modulation subsystems. 
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