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CHAPTER 7 

Implementation Of CORDIC Algorithm In 

Vectoring Mode  

Anis Shahida Mokhtar, Abdullah bin Mohd Fadzullah 

 
Abstract. Coordinate Rotation Digital Computer (CORDIC) is an 

algorithm for performing a sequence of iteration computing using the 

coordinate rotation. The significant of CORDIC lies in the fact that 

by simple shift-add operations, it can perform computing task such as 

the calculation of trigonometric, hyperbolic and logarithmic 

functions, real and complex multiplications, divisions, square roots 

and many others. In this paper, vectoring mode of CORDIC 

algorithm was implemented. The algorithm was developed using 

Verilog HDL in Quartus II software and the results obtained were 

compared with actual values of the CORDIC algorithm. The highest 

percentage of difference recorded between the actual value and 

simulation value was 2.65%. 
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1 Introduction 

 

In the past few decades, thousands of technologies and inventions, especially 

in the science and engineering field have been drastically developed. Signal 

processing and image processing, communications modulations and 

demodulations, robotics and graphics control, and many other computations 

based technologies have been developed and improved by researchers, 

scientists and engineers. Almost of the technologies stated above requires a 

very high speed calculating algorithm to be implemented with hardware and 

software implementation. Calculus provides tools and formulas to compute 

the values of trigonometric functions, for example, series expansions, Taylor 

polynomial, and rational function approximations [1]. However, these 

methods require differentiation, integration, multiplication and division 

operations that make them expensive, space demanding and also much 

complex when it turns to hardware implementations.  

Invention of CORDIC (COrdinate Rotation DIgital Computer) by 

Jack.E.Volder [1] has been recorded in 1959. His invention was a solution to 

the navigation computer problems at that time. As time passes, his invention 

have been studied and developed continuously by other scientists and 

mathematicians. The beauty of CORDIC is that, by a simple shift-add 

operations, it is capable to perform several computing tasks such as 

calculation of trigonometric, hyperbolic and logarithmic functions [2].  

 

2 The CORDIC algorithm 
 

In the most general form, a CORDIC iteration can be written as: 

 

    𝑥𝑖+1 = 𝑥𝑖 −𝑚 . 𝜇𝑖 . 𝑦𝑖  . 𝛿𝑚,𝑖    (1) 

𝑦𝑖+1 = 𝑦𝑖 + 𝜇𝑖 . 𝑥𝑖  . 𝛿𝑚,𝑖   (2) 

                    𝑧𝑖+1 = 𝑧𝑖 − 𝜇𝑖 . 𝛼𝑚,𝑖    (3) 

 
Equation (1), (2) and (3) describes a rotation of a plane vector located initially 

at (𝑥𝑖 , 𝑦𝑖) until (𝑥𝑖+1, 𝑦𝑖+1). The third iteration variable 𝑧𝑖 keeps track of the 

rotation angle, 𝛼𝑚,𝑖. The variable 𝑚 ∊ {1,0, −1} specifies a circular, linear or 

hyperbolic coordinate system, respectively. The rotation direction is steered 

by the variable 𝜇𝑖 ∊ {1, −1}. There are two operating modes for CORDIC, 

which is rotation mode and vectoring mode where this paper only focused on 

the vectoring modes of circular coordinates. 
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3 Vectoring mode of CORDIC algorithm 
 

Vectoring mode of CORDIC algorithm is to define the angular argument of 

the initial vector. In vectoring mode of CORDIC operation, the basic idea is to 

rotate an initial vector (𝑥𝑖 , 𝑦𝑖) and initial 𝑧𝑖=0 until the y-coordinates 

approaches 0 [3].  

 

    𝑥𝑛+1 = 𝑥𝑛 − 𝑦𝑛. 𝜎𝑛 . 2
−𝑛  

  (4) 

𝑦𝑛+1 = 𝑦𝑛 + 𝑥𝑛. 𝜎𝑛 . 2
−𝑛  (5) 

           𝑧𝑛+1 = 𝑧𝑛 − 𝜎𝑛. tan
−1. 2−𝑛  (6) 

 

 𝑤ℎ𝑒𝑟𝑒;              𝜎𝑛 = {
1 𝑖𝑓 𝑦𝑛 < 0
−1 𝑖𝑓 𝑦𝑛 ≥ 0

 

 
An initial value of x and y will be assigned and input z will be 0. The input 

will then iterated using equation (4), (5), and (6) up until n times of iterations. 

n will start at 0 until 𝑛 − 1. The output will be the magnitude of  𝑥𝑅,  𝑦𝑅 , and 

𝑧𝑅, where K is the constant gain which is set to K=1.64676, as in (7). 

 

  𝑥𝑅 = 𝐾√𝑥𝑖
2 + 𝑦𝑖

2     (7)  

             𝑦𝑅 = 0     (8) 

   𝑧𝑅 = tan
−1(

𝑦𝑖

𝑥𝑖
) ,    (9) 

 

Figure 1 demonstrates an example of rotation trajectory of vectoring mode of 

CORDIC. In Figure 1, an input vector of 𝑣0 is iterated nth times where n=3. 

The rotation stops at 𝑣3 where it approaches x-axis and the value of angle φ is 

obtained. As for this CORDIC algorithm, the value of angle φ is the value of 

angle z in radians.  
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Figure 1: Rotation trajectory of vectoring mode 

 
In this study, the algorithm implemented with some inputs that were randomly 

assigned. The algorithm also being developed using Verilog HDL in Quartus 

II software. 

 

  

4 Methodology 

 
Results produced from the method carried out are actual results calculated 

using Microsoft Excel and simulation results obtained from the simulation of 

developed algorithm in Quartus II software and Modelsim-Altera.  

In order to perform the calculation and simulation, 20 different inputs 

were chosen randomly within the first quadrant of Cartesian plane ranging 

from 0 until 1 as shown in Figure 2. 
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Figure 2: Coordinate of inputs on Cartesian plane 

The results obtained from the calculations and the simulations were 

compared and analyzed in the next section of this paper. 

 

5 Results and Analysis 
 

In this section, results from the method carried out based on the previous 

section was discussed. 20 different inputs randomly chosen based on Figure 2 

were calculated using the vectoring mode of CORDIC algorithm as in 

Equation (4), (5), and (6). The calculation was made 14 times, from n=0 until 

n=13. All of the values obtained from the calculation based from inputs 

assigned were tabulated in Table 1.  

The same inputs were used in simulation using Verilog HDL in Quartus 

II. Simulation was performed based on the developed algorithm of the 

vectoring mode of CORDIC algorithm. The outputs were verified using 

Modelsim-Altera. Figure 3 shows the result of the simulation output from 

Modelsim-Altera. 
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Figure 3:  Simulation output of the random input. 

 
From Figure 3 the, the yellow oval indicates that output was read after 14 

clock cycles. The values inside the waveform were in the fixed point 

representation. The simulation was repeated using all the inputs in order to 

obtain results of all inputs. Note that, the fixed point values will be converted 

into floating point using Q1.14 format. The results obtained then recorded and 

tabulated in Table 1.  

 

Table 3: Table of actual values and simulation obtained from 20 inputs 

 

 

From Table 1, the percentage of difference between actual value and 

simulation value were presented using line graph as in Figure 4 until Figure 6. 
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Figure 4 : Percentage of error as a function of Input x 

Figure 4 illustrated the percentage of difference between the actual value 

of x and simulation value of x. The highest point plotted is at x19, where the 

percentage of error recorded for the value of x is 0.07% error. Referring to 

Table 1, x19 indicates input (0.2, 0.9) for the x and y input. From Figure 3, 

input (0.2, 0.9) was located farthest from the x-axis. As mentioned earlier in 

this paper, the same number of 14 iterations and 14 clock cycles were 

performed for the calculation and simulation respectively. The number of 

clock cycles sufficient to obtain output with least error was not optimized, 

thus resulted the 0.075 difference. 

 

 

Figure 5: Percentage of error as a function of Input y 

From Figure 5, it can be seen that the highest percentage of error recorded 

for the value of y is 0.026% error, at y16. Referring to Figure 2, y16 is the input 

number 16. The number of clock cycles in simulation was insufficient and not 

optimized. 
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Figure 6: Percentage of error as a function of Input z 

 

As in Figure 6, it illustrates the percentage of difference between the 

actual value of z and simulation value of z. It can be seen that the highest 

percentage of error recorded for the value of z is 2.7% error, at z3. As z was 

the rotated angle in radian of the input vector, the error was the difference of 

angle obtained from the actual angle rotated and simulation angle rotated. 

From Figure 2, input number 3 was the nearest located to the x-axis. As 

mentioned earlier in this paper, the same number of 14 iterations and 14 clock 

cycles were performed for the calculation and simulation respectively. The 

number of clock cycles sufficient to obtain output with least error was not 

optimized, thus resulted the 2.7% error. It can be optimized, in order to obtain 

the least difference. However, the optimization between the number of 

iterations and the clock cycles was not included in the scopes of this study.  

After same 14 times iterations for calculation and 14 clock cycles in 

simulation were performed, the highest difference between the actual value 

and simulation value recorded is 2.65% which is obtained from the value of z, 

where z is the value of angle rotated in radians. This error can be considered 

as low, as many motor control and robotics applications have parameter error 

tolerance up to ±10% of error [4]. 

 

 

6 Conclusion  

 
The study of the vectoring mode of the CORDIC algorithm were conducted. 

The results obtained from the calculation using CORDIC algorithm and the 

simulation using Quartus II software were discussed and analyzed briefly. It is 

found that the highest error of difference occurred between the actual and 

simulation value after 14 times of iterations and 14 clock cycles was only 

2.65% error. The error occurred because no optimization was made between 

number of iterations and number of clock cycle. This range of error can be 
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further studied in order to be applied in real time applications either in 

robotics, signal processing, communication systems, or motor control 

processor, that are recommended to be conducted in upcoming studies. This is 

to increase the performance of the design, or the efficiency of the devices, 

depending on the applications that leaned on this CORDIC algorithm.  
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