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Abstract 
 
There is very high amount of information can be transferred all over the 

world for communication. The communications are defined as video 

communication, audio communication, broadcasting message, data 

communication and so on. The modification of the radio device is cost 
effective and it is very critical to modify them. To overcome all these errors, 

SDR is the method which came to effect in 70’s. Abbreviation of SDR is 

Software Defined Radio which means all the hardware components of radio 
device are implemented as a software tools like mixer, amplifier, modulator, 

filters, etc. as single tool in a personal computer. The main advantage of this 

technique is to avoid the limited spectrum. The main era of the proposed 

research work is to implement and design the software defined radio (SDR) 
using Simulink tool in MATLAB software. 

 

Key words: Software Defined Radio, MATLAB & SIMULINK, IEEE 

802.11 standards, Adaptive modulation and Demodulation. 
 

1 Introduction 
 

Software Defined Radio is nothing but the communication software with 

transceiver where all the components used for communication system such as  
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modulator and demodulator, mixers and  are implemented into the single 

software than the usage of hardware [1]. This technique is used because there 

is a scheme of developing a module that is amicable with more than one 
wireless communication related standard. The proposed research work has 

used with re configurable hardware’s with replacement of software for 

various technology. 

 

1.1 Evolution of Software Defined Radio  
 

The initial improvement of Software Defined Radio (SDR) took place 
during70’s in that time, very low frequency radios are used which can be 

based on ADC which is connected to the 8085 microprocessors. These 

methods are used by the ground forces in the countries like USA and 
Britain.US military paper plays the important role in the development of 

SDR is the name of speak easy. The main aim of the work is to utilize the 

programmable processing to emulate larger than 10 military radios, which is 

working in the frequency bands lies between 2- 2000MHZ. This paper used 
also in another way, which is also designed to easily matching with new 

coding and modulation techniques in future. There by the communication of 

the military can keep fast with coding and   modulation    techniques. From 
the initial wireless communication about 1890 [2,3], radio conveyance 

methods have continually progress, giving end users the feasibility to stay 

linked with enlarge transmission data rates [4]. Then the stage of broadcast 

wireless transmission [5] with television broadcasts which utilized additional 
band width, but as long as  a good customer familiarity.  

Now- a- days the usage of computers and tablets are higher and 

powerful, which reaches the 60’s comfort to use these technologies for 
communication purpose even to the long- distance destination via two ways 

as wired and wireless [6]. Smart phones are manufactured with the 

technologies where the computers have. It makes the users to communicate 
easier, faster, from anywhere, at anytime to anybody as they like faster. The 

volume and weight of the device are reduced to carry along with them form 

easy communication [7]. Many recently launched phones are now movable 

computers, providing ingress to information from both cellular networks, and 
attain good wireless communications at high speeds that was unimaginable a 

decade ago. To the incessant work in communications, this uses the arrival of 

Wireless Local Area Networks which were initialized about the year 1985 
authority by the United States Federal Communications Commission. The 

chamber provided the not licensed spectrum in three dissimilar sections to be 

utilized in the some of the implications: Industry (902MHz-928MHz), 
Science (2400MHz-2483.5MHz) and [8]. The IEEE conventional for 

Wireless LAN was not declared until 1997[9]. Consent advantage of certain 

freedoms in the frequency spectrum, protocols include Bluetooth and Wi Fi 

escalate and are now a important part of any corporate system.  
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Despite the extension achieved by frequent technologies, an interesting 

and probably problematic topic basic to all indication devices is that their 
radios and its protocols are hardware predicted devices. In actual fact, these 

devices are bounded in their activity to the hardware components and could 

be rearrange to perform some other wireless protocols faroff what are the 

hardware provides [10]. Normally, the Software Defined Radio, based on this 
article, aims to on condition that a solution to problems reported along with 

the abounding other interests. 

 

2 Literature Study 
 

Researchers the main scope of the author is to develop a model of SDR 
using Simulink software in MATLAB to develop the IEEE 802.11 standard 

as well as Bluetooth. By designing the several protocols for Wireless LAN, 

the Bluetooth standards are designed and demonstrated their functionalities 
which include the Bluetooth basic protocols and IEEE 802.11a standard for 

LAN. Along with IEEE 802.11a standard, the communication modes as 

BPSK with 6mbps transmission data rate was developed in his research 

work. The half convolution codes are used for forward error correction [11]. 
        The authors reviews about the Software Defined Radio mechanics, 

which includes hardware methods and implementation fields [12]. With the 

use of low performed device, the several testes are performed and enormous 
tests are executed using free software. The software defined radio seems to 

be low in cost. As well as, a list of important substructures related to the 

policy has been advanced in the previous years is offered, giving the 
utilization of three of them [12]. 

Software Defined Radio is a communication technology which has the 

possibilities to develop all the communication components like mixer, 

modulator etc into the single software. The comparison between the 
traditional radio systems with software defined radio, the SDR 

communication system has the highest performance ration than the 

traditional system. Past some decades deal with several communications 
schemes and even nowadays also several investigators are going on in 

progression [13]. 

Scholars work suggests a field- programmable gate array  which is 
evolved from  Software Defined Radio which has developed under the flight 

termination system. The flight termination system is the innovative 

implementation of digital FTS technique in software defined radio. Thus, the 

FTS is developed in FPGA towards to reduce the hardware properties to 
improve enhancement and optimization techniques. LabVIEW is a software 

tool, which has a high-level programming language. It helps to simulate and 

develop the proposed system in real time and entitle  prototyping [14]. 
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An author explains that, the work of field and digital signal processing 

designed in the radio transceiver has improved to linkup the worldwide 

coverage requirements to occupy the other characteristics in the mobile 
telephony [15, 16]. The Software-Defined Radio is the empirical method for 

the proposed research work. An author reviews the concept of software 

defined radio and the advantages of SDR and its design. And also, the 
concepts of SDR and technical solutions, challenges and applications of SDR 

also reviewed by the authors. 

An author explains the proposed research work, about the radios has 
implemented to process some particular waveform. Single function radios are 

operated in static environment which is simple to optimize the enforcement 

of radio, size and power fusion of the radio. Before the cell phone 

technologies where came to market the radios are the only communication 
system used by the people [17]. With the help of Wi-Fi transmission station 

connects the user to the internet for voice communication after the mobile 

technology came to the market. A software- defined radio is the radio 
wireless communication module where the physical layer of the system is 

completely software based. 

 

3 Implementation & Methodology 
 

The implementation is taken place using SIMULINK for the following 
below interests. 

SIMULINK is the best way of conveying the demonstration process of 

the proposed work with graphical user interface. With the combination of 

SIMULINK and MATLAB it will be simple to develop several base band 
signal behaviors. S block is the algorithm used in the Simulink which makes 

the software to function the program what we programmed are implemented 

in the proposed research work as shown in figure 1. 
 

 
Figure 1: Block Diagram of SDR 

 

 
 
 



                                                                                                                  
 

 
 
 
 
 

An Power Efficient Implementation of SDR Using MATLAB &SIMULINK with 
Adaptive Modulation and Demodulation Techniques 4588 

 
3.1 CRC Encoding 
 

A cyclic redundancy check (CRC) is an encoding method which can be 

used to detect the errors in the digital networks and it helps to identify the 

sudden changes occurrence in the raw data. CRC methods are popular 

because it is easy to implement in the binary hardware system. And it is easy 
to analyze mathematically.Detection of errors as noise in transmission 

channels. The noise from the transmission channel has detected easily 

because it has the fixed length and the functions are used as a hash function 
as shown in table 1. 

Q(x) =          

                       
Table 1: Example of CRC Representation 

 

Name Normal Reversed Reversed 

reciprocal 

CRC 0x3 0xC 0x9 

  

3.2 Convolutional Code- Error Detection 
 

Convolutional code error detection is one kind of error-correcting code, 

it also provides the parity symbols through the sliding application.The  
application signifies the convolution of the encoder for the data. 

A convolutional encoder can perform the convolution of the input flow 

with the encoder's impulse responses: 

=                                                                                         (1) 

Where x- input sequence 

 y – output sequence  

 j - impulse response for output  
Convolutional encoder is the discrete linear system from that the output 

of an encoder can be stated by its transfer function that can be relevant to the 

polynomial generator. 
  

3.3 Gaussian Phase Shift Keying Technique 
 

Phase-shift keying is the digital modulation technique, where the data 

could be modulated the phase of carrier signal. The modulation must be 

varied in the sine and cosine inputs at a specific time where the phase shift 

keying technique has utilized in the wireless LAN’s, RFID and Bluetooth 
communication.  
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Q(x) is the probability of single sample took from the random process 

with zero mean. The Gaussian probability density function will be larger or 

equal to x. It is a scaled form of complementary Gaussian error function: 
The error rates occurred in the signal is known to be additive white 

Gaussian noise (AWGN). 

 

3.4 Binary Phase-Shift Keying (BPSK) 
 

Binary Phase Shift Keying is the easiest form of phase shift keying. The 
BPSK technique can be used in two ways that are separated by 180° and so 

these techniques are known as 2-PSK. The technique named BPSK drives the 

highest noise level prior to reach the demodulator. The data could be 

modulated at 1 bit/symbol and also it is inappropriate for higher data-rate 
applications. 

The basic form for BPSK follows the equation: 

                                        (2) 
The bit error rate of BPSK under the additive white Gaussian noise 

(AWGN) can be computed as: 

              (Or)                                                                (3) 
Since there is one bit per symbol, this is also the symbol error rate. Here, 

the proposed research work has been implemented as designing the model of 

SDR using Simulink software tool in MATLAB to implement the IEEE 
802.11 standard. 

                           
Figure. 2: Architecture of SDR 

 

The implemented work as given in figure 2 has initialized the signal to 
begun the process and converts the analog signal to the digital signal where 

the CRC encoding has implemented to encode the data transmitted for the 

communication over the network. The proposed research work has used 

convolution codes to detect the error corrections occurred in the signal while 
communication. 
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The signals are modulated here with the Gaussian phase shift key 

technique, which can be often used in the research works for better execution 
of the data at the receiver side. The Additive White Gaussian noise channel 

has implemented for the signal transmission. The researchers gave preference 

to the AWGN channel for transmission because of the noise is additive. 

Where the strength of the signal received is equal to the strength of the signal 
from the transmitter signal plus noise. This gives the wide equality in 

communication system. 

At the receiver end the modulated wave can be demodulated using 
Gaussian phase shift keying technique. And the convolutions codes are 

implemented at the receiver side for error detection and correction. CRC 

decoding techniques have implemented to decode the encoded data from the 
transmitter signal. Then, the signal conversion process takes place by 

converting the digital to analog signal. Then the results execute with filtered 

noise and the signal is amplified at the receiver side. 

 

3.5 Signal to Noise Ratio (SNR) 
  

Signal-to-Noise Ratio is the ratio of the amplitude of the desired analog 
or digital data signal to the amplitude of noise in a transmission wireless 

channel at a definitive point in time. SNR is always expressed 

logarithmically in decibels (dB). Signal to Noise Ratio used to calculate the 

quality of a transmission wireless channel over the network channel. The 
high ratio of SNR is easier to separate the errors and remove the noise in the 

channel. A SNR of zero represent that the desired signal is essentially in 

distinguishable from the unwanted noise. 
  

3.6 Bit Error Rate (BER) 
 

Bit Error Rate in digital transmission, the error bit rate is the error 

percentage of bits divided by the sum of bits that have been transmitter, 

receiver over the given time period. For example, four erroneous bits out of 

10,000 bits transmitted can be expressed as 4 x 10
-4
, or the expression 3 x10

-5
 

will indicate that three bits were in error out of 1,00,000 transmitted. Bit 

Error Rate is the digital equivalent of the Signal-to-Noise Ratio in an analog 

module. 
  

4 Results 
  

The non-graphical results expected in the proposed research 

paper can be explained as follows in figure 3. Convolutional codes are 

used to determine the errors that are executed successfully with the 
proposed research work. The algorithms designed for Gaussian phase  
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shift keying technique are verified with given given data and found to be 

correct. All the verified algorithms are included in the Simulink software 

model and executes successfully. 
  

 

 
Figure 3: Simulink Model for CRC with DAC/ADC Unit 

 

The demodulation can be defined that; it performs some process to 
retrain the modulated signal where demodulation reverse the process of 

modulation and bring the signal back as same. The simulation results of the 

proposed research work include some the following aspects. There are two 

basic modulation techniques used in the proposed work as BPSK and PSK. 
These schemes were plotted for a given data. The effect of noisy channel is 

drawn in the waves and the recovered signal also plotted at receiver end. At 

last the BER curve for the ideal AWGN channel with the specifications 
mentioned above is simulated and executed properly with different 

modulation values. The graphical results are included below: 

 

          
 

 

Figure.4 : Input wave 
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The figure 4 shows that the input signal has initiated to perform the 
operation. 

             
Figure 5: SNR vs BER for BPSK in Gaussian environment m=0.25 

 

The figure 5 has performed the operation using Signal to Noise Ratio 

(SNR), Bit Error Rate (BER) for BPSK technique in Gaussian environment 
with the value of 0.25. Where the value used as 0.25 are index value 

implemented in Simulink. 

 

            
Figure 6: SNR vs BER for BPSK in Gaussian environment m=0.5 
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The figure 6 has performed the operation using Signal to Noise Ratio 

(SNR), Bit Error Rate (BER) for BPSK technique in Gaussian environment 

with the value of 0.5 where the value used as 0.5 are index value 
implemented in Simulink. 

               
Figure 7: SNR vs BER for BPSK in Gaussian environment m=0.75 

 

The figure 7 has performed the operation using Signal to Noise Ratio 
(SNR), Bit Error Rate (BER) for BPSK technique in Gaussian environment 

with the value of 0.75 where the value used as 0.75 are index value 

implemented in Simulink. 
 

            
  

Figure 8: SNR vs BER for BPSK in Gaussian environment m=1 
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The figure 8 has performed the operation using Signal to Noise Ratio 

(SNR), Bit Error Rate (BER) for BPSK technique in Gaussian environment 
with the value of 1 where the value used as 1 are index value implemented in 

Simulink. 

 

        
 

 

 

 

 

 

 

 

 

 

 

Figure 9: Signal of BPSK modulation 

The figure 9 shows that the signal for binary phase shift keying technique 

performs the modulation operation. Thereby the data are encoding while 

communication. 

  
 

 

 

 

 

 

 

 

 

 

                                                                      Figure 10: Output signal 

The figure 10 explains that the output signal has retrieved successfully 

after the modulation and demodulation technique. And the data hidden are 
extracted and the output received at receiver side. 

  

 

  
 

 

 
 

 
                                      Figure 11: SNR vs BER for BPSK in Gaussian environment composition 
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The figure 11 has performed the operation using Signal to Noise Ratio 

(SNR), Bit Error Rate (BER) for BPSK technique in Gaussian environment 

with the value of 0.25, 0.5, 0.75 and  1 are index value implemented in 
Simulink. 

 
Figure 12: CRC wave output 

 

 
Figure 13: ADC sample output 

 

 
 

 

 

 

 

 

 

 

 

 

 

                                                          Figure 14: DAC generated sample 
 

The figure 12, 13 and 14 explain about the signal conversion output 

process as modulation and demodulation at transmitter and receiver side. 
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5 Conclusion 
 

Transceivers are designed for the communication standard can be 

developed completely in the software tool platform than the prevailing 

architectures. The proposed research works came to the conclusion that; all 
the users have gained through this method where all the separate components 

are designed within the software which supports more communication 

standards which makes the user free from carrying all the hardware’s 
separately. With the implementation of software defined radio (SDR), the 

users are free in buying the multiple equipment for communication purpose. 

The SDR are flexible software where all the protocols are implemented 

within the software for radio communication. The SDR platforms are more 
flexible and designed with low cost and also, it makes the users attentions 

towards the SDR. 
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