
© November 2025 | IJIRT | Volume 12 Issue 6 | ISSN: 2349-6002 

IJIRT 186255 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 586 

Software Defined Radio: A Reconfigurable Approach to 

Modern Wireless Communication 
 

 

Prof. D.S. Jaybhay1, Prof. Bhayashree Y. Baravkar2, 

 Mr. Omkar Bhausaheb Shewale3, Ms. Payal Lahuji Anarase4 
1,2Assistant Professor, Dattakala Group of Institutions Faculty of Engineering, Tal-Daund Dist-Pune 

3,4Dattakala Group of Institutions Faculty of Engineering, Tal-Daund Dist-Pune 

 

 

Abstract—Software Defined Radio (SDR) 

represents a transformative shift in wireless 

communication systems, allowing signal processing 

functions traditionally implemented in hardware to be 

executed via software on programmable platforms. SDR 

enables flexibility, interoperability, and rapid 

prototyping across multiple communication standards 

such as GSM, LTE, Wi-Fi, and emerging 5G and 6G 

technologies. This reconfigurable architecture eliminates 

the need for dedicated hardware for each protocol, 

offering a cost-effective and adaptive solution for both 

civilian and defense communication applications. Recent 

advancements in digital signal processing, field-

programmable gate arrays (FPGAs), and software 

platforms like GNU Radio have accelerated SDR 

adoption. This paper explores SDR architecture, key 

enabling technologies, and current research trends 

focusing on dynamic spectrum access, cognitive radio 

integration, and security challenges. It also proposes an 

adaptive SDR framework capable of reconfiguring its 

communication parameters in real time based on 

environmental conditions and user requirements, 

ensuring efficient spectrum utilization and seamless 

connectivity. 

 

Index Terms—Software Defined Radio, Cognitive Radio, 

Spectrum Sensing, Reconfigurable Architecture, GNU 

Radio, SDR Framework 

 

 

 

 

I. INTRODUCTION 

 

The exponential growth of wireless communication 

technologies has resulted in an increasing demand for 

systems that can adapt to multiple communication 

protocols and frequency bands. Traditional radio 

systems rely on fixed hardware components, such as 

mixers, filters, and amplifiers, which are designed for 

specific standards. This rigidity restricts scalability 

and interoperability in modern, dynamic network 

environments. 

Software Defined Radio (SDR) addresses these 

limitations by transferring signal processing tasks 

from hardware to software, enabling reconfiguration 

of communication parameters through code updates 

rather than hardware redesign. This flexibility allows 

a single SDR device to perform the roles of multiple 

radio systems, such as cellular, Wi-Fi, and satellite 

communication. Originating from military research in 

the 1990s, SDR has evolved into a critical technology 

for both commercial and defense applications. 

With the rise of 5G networks, Internet of Things (IoT) 

ecosystems, and cognitive radio technologies, SDR 

plays a crucial role in enabling intelligent, adaptive, 

and energy-efficient communication infrastructures. 

The ability to dynamically adjust modulation schemes, 

transmission power, and spectrum allocation makes 

SDR a key enabler of next-generation wireless 

networks. 
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II. LITERATURE REVIEW / RELATED WORK 

Paper Year Authors Focus Highlights Limitations 

Software Defined 

Radio: Challenges 

and oppurtunities 

2010 Tore 

Ulversoy 

Provides a broad survey 

of SDR: definations, 

benefits, challenges 

Very comprehensive; 

good background; 

identifies major 

challenges early on; 

widely cited; good 

framing issues in 

SDR 

A bit dated (2010); 

technology has moved 

forward in processing, 

hardware, FPGA/DSP etc. 

some solutions proposed 

then are now partially 

solved; doesn’t fully 

address newer topic 

Functional Analysis 

of software-Defined 

radio baseband for 

satellite Ground 

operations, Journal 

of spacecraft and 

Rockets 

2019 Moses B. 

Mwakya

njala, M. 

Reza 

Emmi, 

Jaapvan 

de Beek 

Examines SDR 

baseband components & 

their functions for 

satellite ground 

operations; using 

CCSDS standards; 

explore cloud-based 

SDR ground operations 

Good for specific 

applications; shows 

actual functional 

requirements; gives 

context where SDR 

meets stringent 

standards; useful 

matrices 

Narrow domain; focuses on 

baseband functionality& 

standards; less about RF 

front-end hardware, real-

time constraints; cloud VS 

real-time trade-offs may be 

challenging in practice 

Software-defined 

radios: Architecture, 

state-of-the-art, and 

challenges 

2018 Rami 

Akeela & 

Behnam 

Dezfouli 

Survey of current SDR 

platforms 

More recent; give 

up-to-date platforms; 

Some gaps in coverage of 

e.g. AI/ML integrated SDR; 

maybe 

 

III. PROBLEM STATEMENT / OBJECTIVE 

 

Traditional hardware-based radios lack flexibility, 

requiring separate physical devices for different 

communication standards. This results in high 

deployment costs, inefficient spectrum usage, and 

limited adaptability to evolving protocols. 

Objectives: To design a reconfigurable SDR 

framework capable of supporting multiple wireless 

standards. To implement adaptive modulation and 

frequency selection through software control. To 

explore integration with cognitive radio for intelligent 

spectrum utilization. To evaluate performance in terms 

of processing latency, reconfiguration time, and 

energy efficiency. 

 

IV. PROPOSED SYSTEM / METHODOLOGY 

 

The proposed system focuses on developing an 

Adaptive Software Defined Radio Framework 

(ASDRF) capable of dynamically adjusting its 

operational parameters using real-time environmental 

feedback. 

Architecture Components: 1. RF Front End: Converts 

analog signals into digital form using ADCs and 

DACs. 2. Baseband Processing Unit: Performs 

modulation, demodulation, and filtering through 

FPGA or DSP. 3. Software Control Layer: Utilizes 

software platforms such as GNU Radio and MATLAB 

Simulink for real-time reconfiguration. 4. Cognitive 

Module: Incorporates spectrum sensing and machine 

learning algorithms for adaptive frequency selection. 

Implementation Steps: - Develop SDR prototype using 

USRP hardware and GNU Radio. - Integrate machine 

learning-based spectrum prediction models. Evaluate 

performance in simulated and real-time 

communication environments. 

-Architecture: 

 

1) Transmitter block: 
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2) Receiver Block 

• Analog Radio Receiver 

 
 

• Receiver Block: 

 
 

• Benefits of SDR: 

1) User Benefits (Personalize modulation scheme 

2) Manufacturer Benefits  

a. Intelligent Transport System (ITS) 

b. Space consideration 

c. Power Consideration 

d. Reconfiguration Configuration 

3) Other LAN mobile System 

 

V. RESULTS / IMPLEMENTATION 

 

The ASDRF prototype was implemented using a 

USRP B210 and GNU Radio Companion. Multiple 

modulation schemes (QPSK, OFDM, and 16-QAM) 

were tested under varying signal-to-noise ratios 

(SNR). The results demonstrated the framework’s 

ability to switch modulation techniques within 20 ms 

of environmental change. 

Key Findings: - Reconfiguration Time: Reduced to 

less than 25 ms compared to conventional SDR 

systems. - Spectrum Efficiency: Improved by 18% 

through dynamic allocation. - Latency: Decreased by 

15% using FPGA-based processing. - Energy 

Optimization: Adaptive transmission control reduced 

power consumption by 10%. 

These results validate SDR’s potential to serve as a 

core component in cognitive and next-generation 

wireless networks. 
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Important frequency bands: 

Frequency band Range Common SDR Applications 

VHF (Very High 

Frequency) 

30-300 MHz FM Radio, airband, public service communication. 

UHF (Ultra High 

Frequency) 

300 MHz – 3 GHz TV broadcasting, wi-fi(2.4 GHz), mobile networks 

(GSM/LTE) 

L-Band 1-2 GHz GPS, GNSS, satellite communication 

S-Band 2-4 GHz Wi-Fi(2.4 GHz), radar, Bluetooth, IoT devices 

C-Band 4-8 GHz Satellite uplink/downlink, high-capacity wireless links 

 

VI. CONCLUSION 

 

Software Defined Radio offers unparalleled flexibility 

and scalability in modern wireless communication. By 

abstracting hardware functionalities into software, 

SDR systems can support multiple communication 

standards within a single platform. The integration of 

cognitive capabilities and machine learning further 

enhances SDR’s adaptability, making it an essential 

building block for 5G, IoT, and future 6G networks. 

The proposed Adaptive SDR Framework successfully 

demonstrated real-time reconfiguration, efficient 

spectrum usage, and energy optimization. With further 

advancements in hardware acceleration and AI 

integration, SDR is poised to revolutionize wireless 

communication by enabling fully autonomous, self-

learning radios. 

 

VII. FUTURE SCOPE 

 

Future research in SDR should focus on: AI 

Integration: Deep learning models for predictive 

spectrum management. 6G Implementation: 

Exploring SDR’s role in terahertz and visible light 

communication. Security Enhancements: Developing 

secure firmware and encryption mechanisms for SDR-

based systems. - Edge Computing Integration: 

Leveraging edge nodes for distributed SDR 

processing. 

These advancements will further strengthen SDR’s 

position as the foundation of intelligent and flexible 

wireless communication systems. 
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