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Abstract: This year, 2012 make CORDIC (COmputer Rotation DIgital Computer) algorithm to complete its 53 

years of invention. CORDIC algorithm is invented in 1959 by Jack E. Volder. CORDIC is one of the simple 

algorithm which uses only addition and binary shift operations for its working. In 1959 Volder presents a real 

time solution for the problems raised in navigation system, and that solution is supposed as birth of CORDIC 

algorithm. In present, CORDIC has a number of applications in the field of calculation of trigonometric 

functions, square root, logarithmic functions in Robotics, 3-D graphics, communication etc. This paper presents 

evolution of CORDIC along with its architecture and applications. The paper also covers some comparative 

result analysis of CORDIC core implementation.  
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I. Introduction 

Acronym for CORDIC is COrdinate Rotation Digital COmputer. CORDIC is invented by Jack E. Volder in 

1959. CORDIC is initially evolved in 1956[1] at the aeronautics department of Convair to resolve the navigation 

problem in B-58 bomber which is just replacement of analog resolver by some new technique like CORDIC 

algorithm. CORDIC is well suited for calculators where the cost matter much more than its speed. It is well 

suited and faster than the other approaches for the application where no multiplier is required in the structure as 

used in the microprocessors. At that time CORDIC is used for the calculation of the trigonometric functions. But 

as time passed John Stephen Walther in 1971 derive a number of application in calculating square root, 

hyperbolic functions, logarithmic functions, exponential functions, multiplication and division etc. 

One think that we should keep in mind is that CORDIC is not the fastest technique but its simple structural 

implementation making it different from the other computational techniques. CORDIC uses the same shift-add 

operation for all application. The main work in CORDIC algorithm till now can be divided into two parts, one is 

about improving its throughput rate and the second is about improving the area efficiency of CORDIC 

algorithm. The first approach mainly achieved by reducing the complexity of barrel shifter and also by reducing 

the scaling factor. And reduced latency realization can be achieved by schemes like angle recording, mixed 

grain and higher radix CORDIC, parallel CORDIC, pipelined CORDIC. 

Field of applications for CORDIC is now becoming very vast because of the benefit of simple hardware 

implementation using CORDIC. Other than  application related to calculation of elementary functions, CORDIC 

has some other common and future application like Direct Digital Synthesizers (DDS) for generating waveform 

in the digital domain directly, in calculating Hough Transform for image recognition techniques, in effective 

realization of the 3-D Computer Graphics. 

II. CORDIC Algorithm 

Now as Vi is two dimensional vector then we can write trigonometric equation for the two axis in the matrix 

form as written below: 

  
     
    

  =        –          
              

   
  
  
                   (1) 

 

From equation (1) we can derive relation as written below: 

xi+1 = xi cos  i– yisin  i 

yi+1 = xi sin  i+ yicos i                        (2) 

 

Again making cos  icommon in equation (1) and factoring accordingly: 

  
     
    

  = (1/√(1+tan
2
 i))   –           

         
   

  
  
       (3) 
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1). Iterative CORDIC: The basic concept of CORDIC algorithm is iterative rotation of the input vector. Means 

the desired angle rotation is break up into small microratations and then for each microrotation we calculate the 

value step by step. Volder[1] consider that particular microrotation ( i) equal to tan
-1

2
-i
.now if we use this much 

amount of subrotation then equation (3) can be written as 

 

  
     
    

  = Ki   
 –           

         
   

  
  
       (4) 

 

where scale factor Ki=( 1/√(1+tan
2
 i)). Now as shown in above equation the direction of rotation may be clock 

wise or anticlockwise means unpredictable for different iterations so for that ease we define a binary notation d i 

to identify the direction. It can equal either +1 or -1. So putting di in above equation we get 

 

xi+1 = ki(xi  - di 2
-i   

yi) 

yi+1 = ki(yi+ di2
-i 

 xi)
                            

(5) 
 

As the value of di depends on the direction of rotation. If we move clockwise then the value of di is +1 

otherwise -1.Now these iterations are basically combination of elementary functions like addition , subtraction , 

shifting and table look up operations and no multiplication and division functions are required in the CORDIC 

operation. Here the complexity of the algorithm can be reduced by eliminating the scaling factor from equation 

(5). As the value of the scaling factor is constant and decreases directly with number of iterations so we can  

limit the step by step scaling to a single step. 

n 

Kn  = ∏  Ki=1.646760255(for n=24) 

i=0                            (6) 

 

2). Modes of working:CORDIC algorithm basically works in two modes,rotation mode and vectoring mode. In 

the rotation mode of algorithm the θ-component of the input is forced to zero so that the evaluation of the input 

vector after rotation of phase θ is done. For the rotation mode we can write: 

  

 xi+1 = ki(xi  - di 2
-i   

yi) 

 yi+1 = ki(yi+ di 2
-i 

 xi) 

 θi+1 = θi - di   i           (7) 

Hence rotations are initialized when the value of θ-component is forced to zero. And after that following 

rotation based on coomponent di take place: 

 

 di = sign(θ) = +1, x<0 (clockwise) 

    -1,  x≥0   (anticlockwise) 

Vectoring mode is for the evaluation of the magnitude and phase of the input vector. In this working mode the 

y-component of input vector is forced to zero such that: 

  

 xi+1 = ki[xi  + di pi 2
-i   

yi] 

 yi+1 = ki[yi- di pi 2
-i 

 x
i 
]
 

 θi+1 = θi + di pi  i                       (8) 

where di = sign of x-component and pi = sign  of y-componet, now applying the result of equation (6), we can 

write  

 Xn = Kn (√(x0
2 
+ y0

2
))andYn = 0 

 θn  = θ0 + tan
-1

(y0/x0) 

now for equation (7) and (8) a generalised equation is same as euation (9): 

Table I Example of successive angle rotation values 
Iteration tan(α(i))) α(i) (in degrees) 

0 1 45 

1 0.5 26.5 

2 0.25 14.03 

3 0.125 7.125 

4 0.0625 3.576 

5 0.03125 1.7899 

6 0.015625 0.895 

7 0.00781 0.4476 

8 0.00390 0.2238 

 9 0.001953125 
 

0.1 
 10 0.0009765625 

 

0.055 
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 xi+1 = ki[xi  - mi 2
-i   

yi] 

 yi+1 = ki[yi+mi pi 2
-i 

 x
i 
]

 

 θi+1 = θi - mi  i 

 mi =   (sign θi) for rotation mode  
       -(sign yi) for vectpring mode 

 

 

 

 

 

Figure 2: Flow chart of CORDIC algorithm 

Figure 2 shows the simulation flow chart of CORDIC algorithm for calculating trigonometric function. The 

Flow chart shows behavior of the CORDIC algorithm. In the first step we initialize the input parameters to the 

algorithm. Like the adder x is first set to the scaling parameter having value equal to 0.6072 and y is feeded with 

zero. Theta is the desired value of the angle for which sin and cosine values to be calculated. If the value of 

input angle is negative then its sign carries an input equal to 1 otherwise is a 0. The RESET is initially carries an 

input equal to 1 for putting scaling factor into action, and force to low state for calculating output. The second 

step declares whether the vector rotation is in the clockwise direction or in the anticlockwise direction and on 

the basis of that we will find out the value of respective angle rotation for that particular step. Next step defines 

the value angle rotation value whether it is greater than or lesser than the value of angle of the last step. If 

present step is greater than we move anticlockwise hence di= +1 is stored otherwise di= +1. Last step carries the 

updated value of sin and cosine. 

Figure 3 gives a simple idea about the CORDIC algorithm. Only shifters, registers and adder / subtractor are 

used for the calculations [6]. Adder/ subtractor are used for the binary addition and subtraction. Shift registers 

perform the single bit shifting according to the algorithm. And LUTs (look up tables) are used to set the value of 

the constants according to the demand of angle setting for the algorithm.  
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Figure 3: Simple CORDIC architecture 

 

III. Algorithms and Architecture 

 

1). Double Rotation CORDIC algorithm: As discussed earlier in the paper the removal of the scale factor is a 

big deal in reducing the complexity. Double rotation method is good idea to remove the scale factor. In this 

method input vector is rotated twice by angle equal to θforthe second rotation ϕ=cos
-1

K
-1

[3]. From equation (4) 

If second rotation of angle ϕ is applied then: 

  
   
  

  = K  
    θ ϕ     θ  ϕ  

     θ ϕ     θ  ϕ
   

 
 
        (9) 

 

  
   
  

  = K  
    θ ϕ     θ  ϕ  
     θ ϕ     θ  ϕ

   
 
 
      (10)  

using these two equation  

(x
+
 + x

-
)/2= K (x cosθ cosϕ+ y sinϕ sinθ) 

(y
+
 + y

-
)/2= K (-x cosθ cosϕ+ y sinϕ sinθ) 

 

As ϕ=cos
-1

K
-1

 so, 

(x
+
 + x

-
)/2= (x cosθ+ y sinθ) 

(y
+
 + y

-
)/2= (-x cosθ+ y sinθ) 

Here it is clear that if equation number (9) and (10) are feasible for hardware implementation then it will be 

possible to compensate for the scaling factor results in reduced complexity of the algorithm 

 

Figure4. Architecture for Double Rotation Method [3] 

2) Merged CORDIC Algorithm: Merged algorithm give reduced hardware complexity over the conventional 

CORDIC. In merged algorithm the rotation matrix is represented as the multiplication of matrices from different 

iteration. Equation (11) gives a basic idea of merged CORDIC algorithm. The hardware complexity in the 

conventional algorithm 
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 xi+1 = xi  - (di 2
-i 

+ dn-i+12
-n+i-1  

) yi 

 yi+1 =yi+(di 2
-i 

+ dn-i+12
-n+i-1  

) xi 

 θi+1 = θi - di   m,i – dn-i+1  m,n-i+1 

Figure 5. shows the hardware architectures for the conventional and merged algorithm. The computational 

complexity from equation (4) is three addition and 2 shift operation per iteration, so total complexity is 3(n+1) 

addition and 2n shift with the hardware complexity of (n+1). Whereas this hardware complexity reduces to 

4n+n(n/2+1)[4]which result in saving of (1+9/(n+1))/2 shifters.  

 

 
 Fig 5(a). Conventional CORDIC Architecture        Fig 5(b). Merged CORDIC Architecture 

 

3) Higher Radix CORDIC: The generalized equation for a 4-Radix iterative CORDIC algorithm [5] can be 

written as: 

 

 xi+1 = xi  - di 4
-i   

yi 

 yi+1 = yi+di pi 4
-i 

 x
i      

 θi+1 = θi - tan
-1

di4
-i 

where di Є (-2,-1,0,1,2) and tan
-1

di4
-i 

is elementary angle rotation which is to be performed for each rotation. 4-

Radix algorithm reduces the number of iteration to half as compare to the conventional one but increases the 

hardware complexity. Also there is some problem related to the compensation of scaling factor which can be 

defined by: 

Kn  = ∏  Ki = ( 1/√(1+di
2
4

-2i
)) 

       i=0 
4.) Pipelined CORDIC architecture: As CORDIC iterations are identical, it is very much convenient to map 

them into pipelined architectures. The main emphasis in efficient pipelined implementation lies with the 

minimization of the critical path. The earliest pipelined architecture that we find was suggested by Deprettere, 

Dewilde and Udo in 1984 [7]. Pipelined CORDIC circuits have been used thereafter for high-throughput 

implementation of sinusoidal wave generation, fixed and adaptive filters, discrete orthogonal transforms and 

other signal processing applications. A generic architecture of pipelined CORDIC circuit is shown in Figure 6. It 

consists of stages of CORDIC units where each of the pipelined stages consists of a basic CORDIC engine of 

the kind shown in Figure 2. Since the number of shifts to be performed by the shifters at different stages is fixed 

(shift-operation through -bit positions is performed at the nth stage) in case of pipelined CORDIC the shift 

operations could be hardwired with adders; and therefore shifters are eliminated in the pipelined 

implementation. The critical-path of pipelined CORDIC thus amounts to the time required by the add/subtract 

operations in each of the stages. Pipelined architecture uses a structure similar to that of a Parallel CORDIC. It 

uses pipeline registers in between each iteration phase. 

Pipelined CORDIC proves to be advantageous with continuous input values. For an N bit data CORDIC core, N 

stage pipeline can give maximum result. The first output of an N-stage pipelined CORDIC core is obtained after 

N clock cycles. Thereafter, outputs will be generated during every clock cycle. The advantage of pipelined 

CORDIC core over parallel and iterative CORDIC cores is its frequency of operation which is much higher 

when compared to the latter two structures. Pipeline realizes same throughput as that of parallel core with 

improved frequency of operation. Drawback of pipelined structure is the increase in area introduced by the 

registers. Pipelined CORDIC implementation is well designed in [8] and [9]. Hence, there is a trade-off between 

parallel and pipelined cores based on frequency and area. 
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Figure 6 Pipelined CORDIC 
 

IV Applications 

CORDIC has a number of applications in the various fields. As we know in CORDIC algorithm no 

multiplication but only binary addition and bit-shifting operation ensures simple VLSI implementation. 

Hardware requirement and cost of CORDIC processor is less as only shift registers, adders and look-up table 

(ROM) are required. So number of gates required in hardware implementation, such as on an FPGA, is 

minimum as hardware complexity is greatly reduced compared to other processors such as DSP multipliers. 

This makes it relatively simple in design. Delay involved during processing is comparable to that during the 

implementation of a division or square-rooting operation. So due to these advantages CORDIC is still used in 

various applications and there are a number of field in the present where we can take benefit of these 

advantages. Following are the main area where CORDIC can be used: 

 

1.) CORDIC to calculate DCT 

Discrete Cosine Transformation (DCT) [10] is the most widely used transformation algorithm. DCT, first 

proposed by Ahmed et al, 1974, has got more importance in recent years, especially in the fields of Image 

Compression and Video Compression. This chapter focuses on efficient hardware implementation 

of DCT by decreasing the number of computations, enhancing the accuracy of reconstruction of the original 

data, and decreasing chip area. As a result of which the power consumption also decreases. DCT also improves 

speed, as compared to other standard Image compression algorithms like JPEG.  

 

Beside DCT, CORDIC techniques have a wide range of DSP applications including fixed/adaptive filtering, and 

the computation of discrete sinusoidal transforms such as the DFT, discrete Hartley transform (DHT), discrete 

cosine transform (DCT), discrete sine transform (DST) and chirp -transform (CZT). The DFT and DHT of N-

point input sequence x(m) ,in general is given by:- 

                 N-1 
 X (k) = ∑ C(k,m) x(m), for k=0,1,2,3….N-1  

                        m 

C(k,m) = cos 2∏km/N – j sin2∏km/N    (for DFT) 

cos 2∏km/N + sin2∏km/N    (for DHT)                (11) 

     

The input sequence for the DFT is, in general, complex and the computation of X(k) can be partitioned into 

blocks of form imaginary and real parts, which is in the same form as the output of RM-CORDIC for 

θ=2∏km/N. 

 

2.) CORDIC for Robotics and 3D 

CORDIC has also been applied to robot control, where CORDIC circuits serve as the functional units of a 

programmable CPU co-processor. Another application of CORDIC is for kinematics of redundant manipulators. 

It is shown in [11] that the case of inverse kinematics can be implemented efficiently in parallel by computing 

pseudo-inverse through singular value decomposition. Collision detection is another area where CORDIC has 

been applied to robotics. A CORDIC-based highly parallel solution for collision detection between a robot 

manipulator and multiple obstacles in the workspace is suggested in [12]. The collision detection problem is 

formulated as one that involves a number of coordinate transformations. CORDIC-based processing elements 

are used to efficiently perform the coordinate transformations by shift-add operations. The processing in 

graphics such as 3-D vector rotation, lighting and vector interpolation are computation-intensive and are 

geometric in nature. CORDIC architecture is therefore a natural candidate for cost-effective implementation of 

these geometric computations in graphics. 3-D vector interpolation is also an important function in graphics 

 
 

 

 
BASIC  

CORDIC  

PROCE- 
SSOR 

 

R 

E 
G 

I 

S 
T 

E 

R 

 
 

 

 
BASIC  

CORDIC  

PROCE- 

SSOR 

R 

E 
G 

I 

S 
T 

E 

R 

 
 

 

 
BASIC  

CORDIC  

PROCE- 

SSOR 

R 

E 
G 

I 

S 
T 

E 

R 

X0 

Y1 

X2 

Y2 

X1 

Y0 

. . . . . . . . 

Xn-1 

Yn-1 

Xn 

Yn 

Φ0 
Φn-1 

Φ1 



Bagga et al., International Journal of Engineering, Business and Enterprise Applications, 2 (1), Aug-Nov, 2012, pp. 14-21 

 

IJEBEA 12-205, © 2012, IJEBEA All Rights Reserved                                                                                                                            Page 20 

 

which is required for good-quality shading for graphic rendering. It is shown that the variable-precision 

capability of CORDIC engine could be utilized to realize a power aware implementation of the 3-D vector 

interpolator [13]. 

 

3.) CORDIC in communication 

CORDIC also have some useful applications in communication. CORDIC can be used for efficient generation 

of amplitude modulation, Frequency modulation, phase modulation, ASK, FSK, PSK, orthogonal frequency 

division multiplexing.  So with these applications CORDIC can be used in software defined Radios [14] which 

involve modulation and demodulation of digitally generated waves. It has been presented a pipelined CORDIC-

based architecture for sine and cosine waves generator targeted to support modulation and demodulation in 

SDR. Compared with other techniques, CORDIC had shown to have benefits when applied to SDR. The main 

one was CORDIC make it possible of creating high accuracy waves, even for low frequencies. In [15] the Use 

of CORDIC in Software Defined Radios is discussed with Direct digital synthesis, which is a method to 

generate waveforms directly in the digital domain. It show generation of various modulator systems and also 

cover up-/down converters of in-phase and quadrature signals, full mixers for complex signals, and phase 

detection for synchronizers which are generally used in Software defined radio. 

 

4.) Other application 

The algorithm was basically developed for replacing the anlog resolvers by the digital resolvers for solving real-

time navigation problems of B-58 bomber. After that John Walther extended the basic CORDIC theory to 

provide solution to and implement a diverse range of functions. This algorithm finds use in 8087 Math 

coprocessor, the HP-35 calculator, radar signal processors, and robotics. Most calculators especially the ones 

built by Texas Instruments and Hewlett-Packard use CORDIC algorithm for calculation of transcendental 

functions.  

 

V. CORDIC Core Implementation 

Implementation of CORDIC architectures is done using Xilinx ISE 12.1. The target device is SpartanIII xc3s50-

5pq208. Table 2, shows the comparative result for three different architectures. This is clear from the 

comparison table that CORDIC with ripple carry adder shows the best result as compared to other architectures. 

Throughput rate for RCA is found to be maximum which can again be improved by using pipelined architecture. 

 

Table II Comparative implementation result of CORDIC core 
Parameters Slices 4 input 

LUT’s 

Frequency 

(MHz) 

Available 768 1536  

CLA 252 488 56.769 

RCA 179 344 66.325 

CLA+RCA 266 520 58.986 

 
VI. Conclusion 

CORDIC algorithm can play an important role in various fields. The low cost, hardware efficiency and its 

simple structure are the factors which can be utilized further for development of various aspects. CORDIC 

applications in communication (Direct digital synthesizer), 3-D graphics and in various other fields makes it 

more attractive which can further be improved for better results. So CORDIC has the potential to make 

computation of various systems easy and efficient, as this is already proven in the past and CORDIC still ready 

for new tasks. s 

The implementation section gave three different ideas of implementing CORDIC algorithm for calculating 

sinusoidal and co-sinusoidal functions. CORDIC with ripple carry adder gave the best possible result in both 

ways.  Using ripple carry adder maximum frequency as well as best area efficient result can be achieved as 

compares to carry look ahead adder and combinational adder architecture. 
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