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ABSTRACT 

Trigonometric functions have a wide variety of applications in real life. Trigonometric-related calculations which are widely 

found in a broad range of applications can be performed by using CORDIC algorithm. Specially SIN and COSINE waves have 

been very useful in medical science, signal processing, geology, electronic communication, thermal analysis and many more. 

Real life application requires fast calculation capabilities as much as possible. CORDIC is Coordinate Rotation Digital 

Computing. Cordic algorithm’s used to find the sine and cosine angle in the integer form. The CORDIC algorithmic is an 

iterative computing algorithm capable of evaluating various elementary functions using a unified shift-and-add approach Used 

to calculate a wide variety of functions. It requires only addition, subtraction, bit shift and looks up the table. Where multipliers 

are not used. The algorithm is implemented here for an angle of 30 degrees and the Active-HDL results are shown along with 

sine and cosine values in the tabular form for different rotation angles. It can be used in digital synchronizers, graphics 

processors, scientific calculators, and so on. It offers a substantial saving of area complexity over the conventional Design.  

Designing of CORDIC Processor in Verilog to determine the sine and cosine The result has been shown in this paper that 

resolution of CORDIC algorithm is best for implementing many trigonometrical functions. Here a brief concept, design strategy, 

implementation of cordic architecture and summary of cordic synthesis results based on Xilinx FPGA. The system simulation is 

carried out using Xilinx ISE design suite 14.1. The system is implemented using Xilinx Spartan-6 XC6SLX45 FPGA with Verilog 

hardware description language. 
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1. INTRODUCTION           

The cordic was introduced in 1959 by Jack E. Volder. It is 

very efficient to compute the values of sin, cos, tan, sinh, cosh 

and tanh. It requires no multiplication. The most versatile 

application of the cordic algorithm is used in the modern 

digital systems, such as mobile communication, digital signal 

processing, image processing and other fields. 

The cordic algorithm requires only addition, subtraction and 

bit shift which involves in a simple successive iterative 

procedure to perform several computing tasks by operating in 

either rotation mode or vector mode following any one among 

linear, hyperbolic and circular trajectories. 

The calculation of trigonometric functions usually follows the 

methods: ROM Look up Table, Polynomial approximation, 

and cordic algorithm. ROM look-up table is a simple, easy 

and direct method which can be used to reduce trigonometric 

functions, the only drawback is that when the data quantity 

increase, storage space will increase exponentially. The 

polynomial approximation method is rarely used because of 

multiplication, consumes more resources and hardware 

complexity. Cordic algorithm has outstanding advantages 

when compared with ROM look up the table and polynomial 

approximation. It requires no multiplication. All operations 

are an only shift, addition, and subtraction. Where it 

consumes less resources and hardware implementation 

easily. 

 1.1 Objectives 

 To implement with shift, add and subtractor type 

algorithm. 

 To compute trigonometric functions such as 

hyperbolic, linear and logarithmic functions. 

1.2 Cordic Methodology 

The name CORDIC stands for Coordinate Rotation Digital 

Computer. J E. Volder developed the method of computing 

the rotation of a vector in a Cartesian coordinate system. If a 

vector V with coordinates (x, y) is rotated to an angle  then 

we get a new vector V ' can be obtained with coordinates (x', 

y') where x' and y' can be obtained by initial coordinates  x, y 

and   by the following method[2] as shown in figure. 
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Chart: Rotation of a vector V by an angle 

X = r cos 𝜃, Y = r sin 𝜃                     (1) 

(x’) = (x. cos (∅) – y.sin (∅))              (2) 

(y’) = (y.cos (∅) +x.sin (∅))                (3) 

x’ = cos(∅) [x - y.tan(∅)]                    (4) 

y’ = cos(∅) [y + x.tan(∅)]                   (5) 

Now if tan(∅) = 2−𝑖  the value inside the bracket can be 

simplified. In digital hardware ,this denotes a simple shift 

operation. Furthermore, if those rotations are performed 

iteratively and in both directions ,every value of tan (∅) is 

presentable with ∅ = arctan(2−𝑖) the cosine term could also 

be simplified and since cos(∅) = cos(-∅) it is a constant for a 

fixed number of iterations. 

This iterative rotation can now be expressed as: 

xi+1 = ki [xi – yi.di. 2−𝑖]            (6) 

yi+1= ki [yi – xi.di. 2−𝑖]             (7) 

where I denotes the number of rotation required to reach the 

required angle of the required vector, cos(arctan(2−𝑖 )) and di 

= ±1. The product of the Ki’s represents the so-called K factor 

: 

k = 𝜋𝑖=0
𝑛−1

 𝑘𝑖  

where πi=0
n−1 ki= 

cos∅ocos∅1cos∅2cos∅3cos∅4 .................cos∅n−1 
(∅ is the angle of rotation here for n times 
rotation).𝑘𝑖is the gain and its value changes as 
the number of 
𝑘𝑖 = 𝜋𝑖=0

7 cos∅𝑖=cos∅𝑜 . cos∅1.cos∅2. cos∅3. cos∅4. 
cos∅5. cos∅6. cos∅7 
 

i tan(φ) 

= 2−𝑖 

φ = a 

tan(2−𝑖) 

0 1 45 

1 1/2 26.565 

2 1/4 14.036 

3 1/8 7.125 

4 1/16 3.576 

5 1/32 1.79 

6 1/64 0.895 

7 1/128 0.448 

8 1/256 0.224 

9 1/512 0.112 

 
From the TABLE 1, it can be seen that precision up to 

0.44690 is possible for 8-bit CORDIC hardware. To simplify 

each rotation, picking αi (angle of rotation in an ith iteration) 

such that αi = di 2−𝑖. such that it has value +1 or -1 depending 

upon the rotation i. e. di∈{+1,-1} . Then 

• 𝑋𝑖+1 = 𝑘𝑖 [𝑋𝑖 - 𝑌𝑖 𝑑𝑖  2
−𝑖]              (9) 

• 𝑌𝑖+1 = 𝑘𝑖 [𝑌𝑖 + 𝑋𝑖 𝑑𝑖 2
−𝑖]              (10) 

• 𝑍𝑖+1 = 𝑍𝑖 - 𝑑𝑖  𝑡𝑎𝑛−1(2−𝑖)            (11) 

The computation of Xi+1 or Yi+1 requires an i-bit right shift 

and an add/subtract. If the function tan−12−i is pre-computed 

and stored in a table (TABLE 1) for different values of i, a 

single add/subtract suffices to compute Zi+1. Each CORDIC 

iteration thus involves two shifts, a table lookup, and three 

additions. If the rotation is done by the same set of angles 

(with + or - signs), then the expansion factor K is a constant 

and can be pre-computed.[3] For example, to rotate by 30 

degrees, the following sequence of angles be followed that 

add up to ≈ 30 degrees. 

 30.0 ≈45.0 - 26.6 + 14.0 - 7.1 + 3.6 + 1.8 - 0.9 + 0.4 -0.2 + 

0.1 = 30.1 

In effect, what actually happens in CORDIC is that z is 

initialized to 30 degrees and then, in each step, the sign of the 

next rotation angle is selected to try to change the sign of z; 

that is, di= sign ( zi) is chosen, where the sign function is 

defined to be -1 or +1 depending on whether the argument is 

negative or non-negative.[4]- [7] Table 2 shows the process 

of selecting the signs of the rotation angles for the desired 

rotation of +30 degree. 

Table 2: Choosing the signs of the rotation angles to 

force z to zero 

i 𝑍𝑖  –φ 𝑍𝑖+1 

0 +30.0-45.0 -15 

1 -15.0+26.6 11.6 

2 +11.6-14.0 -2.4 

3 -2.4+7.1 4.7 

4 +4.7-3.6 1.1 

5 +1.1-1.8 -0.7 

6 -0.7+0.9 0.2 

7 +0.2-0.4 -0.2 

8 -0.2+0.2 0 

9 +0.0-0.1 -0.1 
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1.3 Results 

 

Fig 2: simulation results in Xilinx 

This is the simulation results in Xilinx which represents sin 

and cosine waveform. 

 

Fig 3:  shows device utilization summary 

 

Fig 4: FPGA Implementation results 

2. CONCLUSION 

Cordic is not the fastest way to perform multiplications or to 

compute logarithms and exponentials but, since the same 

algorithm allows the computation of most mathematical 

functions using very simple basic operations, it is attractive 

for hardware implementations. It presents mathematical and 

analytical aspects of implementing the cordic algorithm for 

sinusoidal calculations. This method is much simpler than the 

conventional methods as the computations are reduced to 

only shift and add operations instead of complex 

multiplication operations. 
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