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Abstract 
 
Today, the software defined radio-based applications and modern 

communication system requires a Trans recipient comprising of a totally 

programmable circuit which modulates and demodulates. CORDIC 

algorithm is the process that does not require memory to generate modulators 

and demodulators. Instead of utilizing multiplier, the CORDIC algorithm 

evaluates only the shifter and adder operations and thus it is considered as a 

flexible algorithm. This algorithm is also mainly utilized for digital signal 

processing and VLSI (Very large-scale integration). In this a Universal 

modulator based on CORDIC algorithm has been implemented in Verilog-

HDL, for digital communication applications. This paper focuses on analysis 

and simulation of BPSK (Binary phase shift keying), BFSK (Binary 

frequency shift keying), BASK (Binary amplitude shift keying) modulation 

scheme utilizing DDS (direct digital synthesis) based on CORDIC algorithm. 

The modulator accepts digitized carrier and modulating signals and produces 

BASK, BPSK, BFSK signals, according to the modulating signal. A 

MENTOR Graphic software is used to generate the layout of the analyzed 

parameters.  By using Verilog descriptive language, the entire simulation is 

performed on Xilinx-ISE and Modelism. 
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1 Introduction 
 

Software Defined Radio (SDR) is an important method where 

components are implemented in hardware instead of implemented in terms of 

software [1]. SDR is a trans-receiver system in which DDS based Co-

ordinate Rotation Digital Computer (CORDIC) is an important block which 

generates the cosine and sine waveforms [2]. To improve the SDR in terms 

of area and time, many techniques are used. One of the techniques to design 

DDS is CORDIC method is utilized for the creation of cosine and sine 

waveforms [3].  

DDS is an important method which generates waveforms in digital form. 

Direct digital synthesis is a method under the classification of frequency 

synthesizer used for producing waveforms from single, fixed reference clock 

[4]. DDS has been considered as a superior technique for generating 

accurate, frequency agile and low distortion waveform. DDS is implemented 

by using algorithm called CORDIC [5]. By utilizing adder and shifter 

operations, this algorithm calculates the two-dimensional vector’s pseudo 

rotation. In this paper, CORDIC based DDS is proposed. This paper presents 

the way in which CORDIC algorithm can be used in the implementation of 

DDS. The simulation of various modulation schemes such as BASK, BFSK, 

and BPSK using CORDIC based DDS is done. 

 

1.1 Direct Digital Synthesis  
 

DDS is an important method which produces arbitrary waveforms. It 

offers numerous advantages, such as high resolution, high frequency 

conversion speed, low phase noise and phase continuous in contrast to the 

other frequency synthesizer. The DDS is commonly utilized as a signal 

generator source in the digital signal [6]. A CORDIC algorithm based novel 

type DDS implementation process is suggested in this work. The circuit is 

thus convenient and easy to realization. The new technique could even 

precisely generate the sine and cosine output waves and can meet the 

accuracy, high speed, real-time computing and high-resolution requirements. 

The new CORDIC-based novel style DDS has a lower resource utilization 

and a significantly enhanced speed and efficiency compared to the traditional 

DDS. 
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1.2 Scope of Work  
 

The proposed architecture of DDS using CORDIC is simulated by means 

of Verilog HDL and implemented in terms of FPGA with less area 

requirement and to increases the speed. The major advantage of using 

CORDIC in DDS is to reduce the ROM size. 

 

2 Literature Review 
 

For the efficient implementation of universal modulator, a pipelined 

CORDIC with 2 multiplexer phases was proposed by Kalra et.al. in 2014 [7]. 

To compared it to unrolling CORDIC, which only utilizes shifters and 

adjusters and non-pipelines, the universal modulator was introduced on the 

Spartan 3E FPGA, and its effects were compared to the unrolling CORDIC. 

For frequency, phase and amplitude modulation the Universal Modulator was 

utilized. During installation the pipeline multiplexer-based modulator has 

been found to be 5% more effective than unrolling CORDIC and 4% more 

efficient. 

Using PWM technique the practical implementation of the matrix converter 

conversion function is carried out. The Matrix Converter Control Strategy for 

SVM provides best power, maximum voltage gain and controllable input 

displacement factor. Several potential SVM algorithms are mainly intended 

to minimise energy losses or to maximise output voltage and input current 

parameters. Popovici implemented an algorithm in 2016 to regulate the 

matrix converters by introducing a universal SVM modulator [8]. This helps 

in utilizing multiple control choices designed to minimise energy loss or to 

manage the dominant harmonics. 

The requirements for the use of trellis codes used in the basic scheme of 

transmission diversity has been outlined by Alamouti et.al in 1998 [9]. The 

correct methods for soft Viterbi encoding decisions are estimated and the 

asymptotic coding gains calculated. Difference increases by 2 emitted 

antennas and one obtained by antenna, with the construction process. Trellis 

codes tailored for AWGN also have been demonstrated to be optimised for 

use in accordance with the Rayleigh fading transmission diversity system. 

Optimum trellis codes developed for AWGN have also been demonstrated to 

be suitable for use in a sluggish Rayleigh fading with the transition diversity 

scheme and to equate the asymptotic coding advantage obtained using trellis 

coding to the coding gain on the AWGN channel. Results have shown that 

the diversity transmission method used for trellis codes gives additional 

coding benefits along with a diversity order of 2. 

The most crucial module for the design of communications systems 

requires modulator and numerous implementations include various  
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modulator types. A universal modulator architecture is an appropriate 

way to do this. Development and assessment is suggested for Xilinx Virtex-5 

XC5VFX70T Field Programmable Gate Array for universal modulators with 

and without CORDIC with and without reconfiguration block was proposed 

by Vaishanvi et.al. in 2015 [10]. Every approach utilizing different hardware 

resources and every approach has its own advantages and drawbacks can be 

seen in the performance of all forms of universal modulators. 

The paper presented by Katkar and Yogesh in 2015 uses the CORDIC 

digital synthesis algorithm [11]. This algorithm is effective for converting the 

process into the amplitude of sinus. CORDIC is implemented by simple 

hardware through repeated shift-add operations. This paper is highlighted 

with CORDIC as a direct digital synthesiser, with minimum speed 

specifications in FPGA. In this paper, the use of the CORDIC algorithm is 

exposed for the implementation of digital modulators such as PSK, ASK, 

FSK in the MATLAB and FSK, ASK, QPSK, BPSK, 4-QAM in the VHDL, 

etc. The same hardware is used as a separate functional component, using 

variable software parameter settings only. 

 

3 Proposed Methodology 
 

CORDIC is an iterative and versatile algorithm which uses pseudo 

rotations to calculate elementary functions. instead of utilizing multiplier, 

CORDIC utilizes shifter and adder operations which greatly reduces the 

complexity [12-15]. CORDIC performs several functions like the calculation 

of exponential functions, logarithmic, trigonometric etc. CORDIC works on 

two modes such as vectoring mode and rotation mode.  

Vectoring mode: In this type of mode the input vector’s y-axis is 

required to be zero. So, this mode calculates the phase and magnitude of the 

input vector.  

Rotation mode: In this type of mode, the θ component is required to be 

zero and this mode calculates the plane rotation of the input vector. 

 

3.1 Mathematical Model of CORDIC 
 

Consider an input vector Ei(Xi,Yi) which is rotated by an angle αi. Then, 

the new vector becomes Ei+1(Xi+1 ,Yi+1).  

The following iteration equations are 

                           (1) 

                           (2) 

                 (3) 

Then the above equation becomes  

                               (4) 

                                (5) 

Replace                   
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Where {    }  {
                         

                             
} 

Then the above equation becomes  

                        (6) 

                         (7) 

                    (8) 

Here K is the scale factor to simplify the algorithm which allows pseudo 

rotations then the cos α is term was omitted. Figure 1 shows Mathematical 

Model of CORDIC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

  

Figure 1 Mathematical Model of CORDIC 

 

Using CORDIC in rotation mode  

                          (9) 

                         (10) 

                  (11) 

CORDIC performs several micro rotations by the angles  

                   (13) 

Where αi is the fixed elementary angles.  

After n iterations when Zn is sufficiently close to 0, then it becomes Z = ∑αi 

and  

       (        –         )     (14) 

Where K = 1.646 760258……….  

                             (15) 
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The range of convergence is 0° ≤ Z ≤ 99.7°. Outside this range, trig identities 

is utilized to convert to the range  

                    (16) 

                    (17) 

 

Here CORDIC works on rotation mode. CORDIC consists of three 

inputs Z0, Y0 and X0. It also having three outputs ZN, YN and XN. Here 

CORDIC acts as an oscillator to produce a sine and cosine signal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2 CORDIC in Rotation Mode 
 

3.2 Universal Modulator with Innovative CORDIC Algorithm 
 

 
 

Figure 3 Flow Chart of the Proposed Work 
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 Wireless DSS (Direct Digital Synthesis) is the proposed CORDIC 

algorithm for universal modulator. DDS is an important method of producing 

arbitrary waveforms. Compared to other existing frequency synthesizer, it 

has many benefits such as increased resolution, low phase noise, continuous 

phase and high frequency conversion speed. These features make wireless 

DDS the regular source of the digital signal generator. A novel CORDIC 

algorithms based wireless DDS-type implementation framework is being 

proposed. So, the circuit is fast and quick to understand. The novel approach 

can generate the cosine and sine output waves accurately, and can meet high 

speed, precision, real-time computing and high-resolution requirements. The 

novel CORDIC algorithm based wireless DDS sort has minimized resource 

utilization and highly enhanced speed and performance.  

 The proposed architecture of wireless DDS using CORDIC is simulated 

using Verilog HDL and implemented with less area need in terms of FPGA 

and for improving the speed. The big benefit of using CORDIC in wireless 

DDS is raising the size of the ROM. Figure 2  provides CORDIC in Rotation 

Mode. Figure 3 shows Flow Chart of the Proposed Work. 

 

3.3 Code Development and Implementation 
 

The following procedure is carried out: 

 For development of the application, VHDL is to be utilized. 

 For the purpose of modulator verification and functional simulation, 

ModelSim and IC studio of mentor graphics has been utilized. 

 Version 14.4 of Xilinx ISE is used in the design translation. 

     For I/O routing, backend and design optimization, Routing tools 

and Xilinx Placement have been utilized. 

 Calculating the samples depending on the process command word. 

 

3.4 User Options for CORDIC Algorithm 
 

 Code for the production of carrier-wave form and to perform digital 

modular techniques such as BASK, BFSK and BPSK are written in 

Verilog HDL for CORDIC algorithm. 

 The following control word format is utilized to implement the 

CORDIC algorithm. 

     K MM FFFFF A 

 K =0 normal mode (Generation of wave form) 

K =1 modulator mode (BASK, BFSK, BPSK, OQPSK)  

MM = 0000 Basic mode; Sinusoidal wave 

MM = 0001 Square wave 

MM = 1000 triangular wave  

MM = 0011 arbitrary wave form mode. 

IN SHIFT KEYING MODE  
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MM =0000 BASK mode.  

    MM =0001 BFSK mode.  

    MM= 1000 BPSK mode.  

     The decimal number of frequencies is represented by FFFFF and the unit is 

in Hz (must be 25000, 15000, 02500, 05000), Amplitude factor is 

represented by A and it should be 1 or 2. 16-bit integer part and 16-bit 

fractional part are used to denote the angle. 8-bit fractional value and 24-bit 

integer value are utilized in representation of the sine value (Effectively 8-bit 

fractional part and 2 bit integer part going to 10 bit DAC). 

 

   4 Results and Discussion 
 

4.1 Simulations for Various Types of Modulations 
 

4.1.1 Binary Phase Shift Keying 
 

In this, the carrier’s phase is varied in accordance to binary data. 180° 

for binary 0 and 0° for binary 1. In this pair of signals is given that differ 

only in phase of 180° are known as antipodal signals. Figure 4 illustrates 

Simulation of BPSK. 

 

 
 

Figure 4 Simulation of BPSK 
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 4.1.2 Binary Amplitude Shift Keying 
 

In this, while keeping the phase and frequency constant, depending on 

the message level (“1” or “0”)., the sinusoidal carrier signal's amplitude is 

modified. Figure 5 shows Simulation of BASK. 

 

 
 

Figure 5 Simulation of BASK 
 

    4.1.3 Binary Frequency Shift Keying 
 

In this, while phase and amplitude remain constant, the carrier’s 

frequency is changed accordance to the binary data. In this, symbols 1 and 0 

are differentiated from one another by sending one among the two sinusoidal 

waves that varies in amount of frequency. Figure 6 shows Simulation of 

BFSK. 
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Figure 6 Simulation of BFSK 

 

4.2 Differentiate Table between Existing and Proposed System 
 

Table 1 provides Comparison Table between Existing and Proposed 

System. 
Table 1 Comparison Table between Existing and Proposed System 

 

Method Name  Area in Number of Lut Delay 

Spartan 3 XC 

3S200TQ144 

 

Gates 

Flip 

Flops 

Input/Output 

Blocks (IOBs) 

 

Delay 

Gate or 

Logic 

Delay 

Path or 

Route 

Delay 

LUT Based DDS 1,98,80,3 80 67 10.288ns 6.886ns 3.412ns 

CORDIC Based DDS 2149 54 13 10.240ns 6.555ns 3.115ns 
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4.3 Utilization of Device Summary Wise 
 
 
 
 Table 2 provides Summary of Device Utilization. 

 

Table 2 Summary of Device Utilization 

 
System Analysis No. of LUTs No. of Slices Total Gate Count for 

Design 

Existing System 157 78 1,98,803 

Proposed System 146 71 2149 

 

Memory = 128 bit wide memory 

Low Power = 5V DC  

Data Rate = 28.7bps 

Bit-Error Rate = 0.01182 

SNR = 4.1 

Speed = 10 

 

        4.4 Top Level Universal Modulator Simulation Module 
 

The mode command word is suitably chosen to operate in all modes. The 

Modelsim simulated waveform. Mode command Words for different time 

durations are taken as 

Mode command <= "00000000010"; -- Basic waveform  

Mode command <= "01000000100"; -- BASK waveform  

Mode command <= "01000000011"; -- BPSK waveform  

Mode command <= "01000001000"; -- BFSK waveform 

Mode command <= "10000001010"; -- OQPSK waveform  

 

Figure 7  Generate LAYOUT using MENTOR GRAPHIC software. 
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Figure 7 Generate LAYOUT using MENTOR GRAPHIC software 

 

4.5 ARM-Based Microcontroller Lpc2148 
   

 LPC2148 Microcontroller Features: 

 ARM7TDMI-S microcontroller is 16/32-bit. 

 ARM7TDMI-S has static flash program memory of 32 to 512 kB and 

RAM of 8 to 40 KB. 

 ARM7TDMI-S, 128 bit wide accelerator/ interface high speed 60 MHz 

operation. 

 Full chip erased data in 40 millisecond and coding of 256 bytes in 1 

millisecond. 

 It has instruction execution in high speed and Real Monitor software. 

 USB 2.0 Full Speed compliant Device Controller with 2-4 KB of 

endpoint RAM. 

 32 bit ARM7 TDMI-S embedded graph support and real-time  
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emulation CPU, that employed the microcontroller with embedded 

512 KB high speed flash Memory. A wide memory interface of 128-

bit and omni accelerator an architecture enable Code execution  of 32-

bit at the extreme clock rate. For vital code size applicable, the 

alternative 32-bit Thumb mode minimizes the code 35 % more with 

less performance penalty. LPC2148 are perfect for the usage where 

miniaturization is a vital need, like point-of-sale and access control, 

because of their low consumption of power and small size. A bunch of 

serial communications interfaces ranging from multiple Universal-

ARTS, a USB 2.00 Full Speed device, Special-SP to I2C
s
 and Stack-

PI make these devices very suitable for converters and communication 

design structures. 

 

4.6 Applications 
 

 For frequency sweeping and generating signal, the universal 

modulator is widely favored. 

 In many digital modulation schemes as BFSK, BPSK, BASK, the 

universal modulator can be effectively employed. 

 Universal modulator is able to control rapid frequency changes well. 

  

4.7 Merits 
 

 Fast switching among frequencies in a large bandwidth. 

 High accuracy and frequency resolution. 

 CORDIC saves more hardware cost. 

 It utilizes less area compared to LUT method. 

 CORDIC based architecture are advantageous for its flexibility and 

generality. 

 Generally, the CORDIC architecture is very appropriate for the 

execution with pipelined VLSI array processors. 

 

4.8 Performance Evaluation 
 

VLSI-implementation of universal modulator by using CORDIC 

algorithm promotes so many advantages over many LUT algorithms. 

Generally, CORDIC architectures can be commonly characterized by the 

hardware realization of the three iterative equations as folded and unfolded. 

The direct replication of equations into hardware leads to a folded 

architecture. In order for any iterations to take place in a single functional 

unit the folded structures need to be multiplexed in the time domain. This is 

a method for trading area in signal processing architectures for speed. 

Implementing the whole CORDIC code utilizing a word design serial is the  
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one of the commonly utilized folded architecture. Evaluation and analysis 

of the following parameters is performed. 

 Evaluation of performance of various digital modulation schemes for 

signal-to-noise ratios. 

 Evaluation of performance of various digital modulation schemes for 

transmitted power efficiencies. 

 Evaluation of performance of various digital modulation schemes for 

transmitted bandwidth efficiencies. 

 Evaluation of performance of various digital modulation schemes for bit 

and baud rate. 

 

5 Conclusion and Future Scope 
 

This paper presents the usage of CORDIC algorithm in direct digital 

synthesis. This paper emphasizes the Direct Digital Synthesizer utilizing 

CORDIC which having less area to implement in FPGA which increases the 

speed and reduces the delay. This paper shows that by means of DDS, 

CORDIC algorithm is used to implement different communications systems 

such as BPSK, BASK, BFSK, QPSK in Verilog HDL. This paper also 

describes CORDIC based DDS which reduces the number of LUT and 

number of slices which requires minimal consumption of resource and 

heavily enhanced speed and performance. 
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