International Journal of Computer Information Systems and Industrial Management Applications
ISSN 2150-7988 Volume 18(14s) 2026 pp. 942-948

https://doi.org/10.70917/ijcisim-2026-4301

Article

Software Defined Radio: Basic Design and
Analysis for Modern Wireless Communication
Systems

J. Salai Thillai Thilagam', D. Venkata Srihari Babu?, B. Siva Reddy?, P. C. Praveen Kumar*

'Department of Electronics and Communication Engineering, G. Pulla Reddy Engineering College (Autonomous), Kurnool,
Andhra Pradesh — 518007, India.

Email: salaithillai.ece@gprec.ac.in

2Department of Electronics and Communication Engineering, G. Pulla Reddy Engineering College (Autonomous), Kurnool,
Andhra Pradesh — 518007, India.

Email: sriharibabu.ece@gprec.ac.in

*Department of Electronics and Communication Engineering, G. Pulla Reddy Engineering College (Autonomous), Kurnool,
Andhra Pradesh — 518007, India.

Email: bsivareddy.ece@gprec.ac.in

“Department of Electronics and Communication Engineering, G. Pulla Reddy Engineering College (Autonomous), Kurnool,
Andhra Pradesh — 518007, India.

Email: praveenkumar.ece@gprec.ac.in

Corresponding Author: J. Salai Thillai Thilagam

Abstract: Software Defined Radio (SDR) has revolutionized modern wireless communication by replacing traditional hardware-
intensive radio components with software-based signal processing. This paradigm offers flexibility, reconfigurability, reduced
hardware costs, and rapid deployment of multiple communication standards on a single platform. SDR enables the implementation
of diverse wireless protocols such as Wi-Fi, LTE, 5G, Bluetooth, ZigBee, satellite communications, and cognitive radio using
programmable processors and field-programmable gate arrays (FPGAs). This paper presents the basic design principles of SDR,
its architecture, implementation methodology, and performance analysis. A comprehensive literature survey highlights recent
developments in SDR technologies and applications. The proposed SDR model includes software-controlled modulation, filtering,
frequency conversion, and digital signal processing blocks. System performance is analyzed based on Bit Error Rate (BER), Signal-
to-Noise Ratio (SNR), throughput, latency, and computational complexity. Results indicate that SDR provides superior flexibility,
scalability, and cost-effectiveness compared to conventional hardware radios while maintaining comparable communication
performance. The study concludes that SDR forms the technological foundation for next-generation wireless communication
systems, including 6G and Internet of Things (IoT) applications.

Keywords: Software Defined Radio (SDR), Digital Signal Processing, FPGA, GNU Radio, Wireless Communication, Cognitive
Radio, USRP, Software Architecture, Signal Processing, 5G.

1. Introduction

Wireless communication technologies have undergone significant advancements over the past three decades.
Traditional radio systems are designed using dedicated analog and digital hardware components, making them
expensive, inflexible, and difficult to upgrade. Each communication standard requires a separate hardware
implementation, increasing development costs and reducing adaptability.
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Software Defined Radio (SDR) addresses these limitations by transferring most radio functionalities from
hardware to software [1]. Instead of using dedicated analog circuits for modulation, demodulation, filtering, coding,
and synchronization, SDR performs these operations using programmable processors and digital signal processing
algorithms.

The basic concept of SDR was first proposed to develop multi-band military communication systems. Today,
SDR has become the backbone of wireless research, cognitive radio, satellite communication, public safety networks,
and fifth-generation (5G) communication systems [2,13].

Major advantages of SDR include:

e High flexibility

e Multi-standard compatibility

e Reduced hardware cost

¢ Easy software upgrades

e Remote configuration

e Rapid prototyping

o Efficient spectrum utilization

The architecture of an SDR system[12] typically consists of:
e Antenna

e RF Front-End

¢ Analog-to-Digital Converter (ADC)
e Digital Signal Processor (DSP)

e Software Processing Layer

¢ Digital-to-Analog Converter (DAC)
e RF Power Amplifier

The software layer controls nearly all communication parameters, including carrier frequency, modulation
scheme, band width, coding rate, filtering, synchronization, and protocol implementation [4].

2. Literature Survey

Software Defined Radio has received significant attention from researchers due to its flexibility and
reconfigurability.

Joseph Mitola (1995) introduced the concept of Software Radio and proposed the architecture for
programmable wireless communication systems. His work laid the foundation for cognitive radio and dynamic
spectrum access [1].

Jeffrey Reed (2002) demonstrated practical implementations of SDR using programmable DSP processors and
FPGA architectures, emphasizing software portability and rapid development[2].

Simon Haykin (2005) introduced Cognitive Radio based on SDR architecture, enabling intelligent spectrum
sensing and dynamic frequency allocation [3].

Ettus Research given the introduction of Universal Software Radio Peripheral (USRP) significantly accelerated
SDR research by providing affordable hardware for laboratory experiments [17].

GNU Radio Community published GNU Radio that became the most widely adopted open-source SDR
framework supporting real-time implementation of communication protocols.

Recent Developments
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Recent research focuses on 5G implementation, Massive MIMO, Artificial Intelligence-assisted SDR, Edge
Computing, SDR-based IoT, Machine Learning-based Spectrum Sensing, Software-based Radar Systems [5].

Research Gap
Despite extensive research, several challenges remain:

e High computational complexity

FPGA programming difficulty

Real-time processing limitations

e Power consumption

Security vulnerabilities
¢ Synchronization errors

Therefore, there is a need for efficient SDR architectures capable of supporting future wireless networks. The
block diagram of general SDR is shown in figure 1.
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Fig.1.Block diagram of general SDR
3. Methodology
The proposed methodology consists of six major stages.
Step 1: RF Signal Reception
Incoming electromagnetic waves are received by the antenna.
Step 2: RF Front-End Processing
The RF front-end amplifies and filters the received signal while minimizing interference.
Step 3: Analog-to-Digital Conversion
The filtered analog signal is sampled by a high-speed ADC.
Step 4: Digital Signal Processing

Digital processing performs Filtering, Frequency translation, Synchronization, Channel estimation,
Demodulation, Error correction [6].

Step 5: Software Processing

Software modules execute Protocol selection, Adaptive modulation, Spectrum sensing, Cognitive decision
making.

Step 6: Signal Transmission
The processed signal is converted back to analog using DAC and transmitted.
4. Basic Design of Software Defined Radio

Hardware Components for the design of Software defined radio are Antenna, Low Noise Amplifier (LNA), RF
Mixer, ADC, FPGA, DSP Processor, DAC, Power Amplifier. The following Software Components are required: GNU
Radio, MATLAB, Python, UHD Drivers, Signal Processing Libraries. The flow chart model is given in figure 2.
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Fig.2 Flow chart model of SDR
5. Design Analysis
The SDR performance is evaluated using the following metrics.
A. Bit Error Rate (BER)

BER represents the ratio of incorrectly received bits to the total transmitted bits. Lower BER indicates better
communication reliability.

B. Signal-to-Noise Ratio (SNR)

SNR measures signal quality relative to background noise. Higher SNR generally improves BER and
throughput.

C. Throughput

Throughput is the effective data transmission rate after accounting for protocol overhead and retransmissions.
D. Latency

Latency measures the end-to-end delay introduced by software processing and hardware conversion stages.
E. Flexibility

Unlike conventional radios, SDR can support multiple communication standards through software updates
without hardware modifications.

6. Experimental Setup
Simulation Environment contains the following hardware and software requirements. They are
e MATLAB R2024a
e GNU Radio
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USRP B210

Ubuntu Linux

Intel Core 17 Processor

Python 3.11

The following parameters were analyzed in simulation environment.
7. Results

The simulation results on Communication Parameters, BER performance, throughput comparison, flexibility
comparison are shown in the table 1-4.

Table 1. Communication Parameters

Parameter Values
Carrier Frequency 2.4 GHz
Bandwidth 20 MHz
Modulation QPSK
Sampling Rate 20 MS/s
Channel AWGN
Transmission Power 20 dBm

Table 2. BER Performance

SNR in dB BER
0 0.081
5 0.032
10 0.008
15 0.0012
20 0.0001

Table 3. Throughput Comparison

Radio Type Throughput
Conventional Radio 8 Mbps
SDR 18 Mbps

Table 4. Flexibility Comparison

Feature Conventional Radio SDR
Hardware Upgrade Required Not Required
Multi-band No Yes
Multi-standard Limited Yes
Reconfigurable No Yes
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Cost High Moderate

The results demonstrate that BER decreases as SNR increases, while SDR achieves higher throughput and
significantly greater flexibility than conventional radio systems [17].

8. Discussion

The analysis indicates that SDR effectively replaces specialized hardware with programmable software,
enabling rapid adaptation to evolving wireless standards [7]. The architecture supports multiple modulation
techniques, frequency bands, and communication protocols on a single hardware platform. Performance metrics show
that software processing introduces manageable latency while providing substantial gains in flexibility and ease of
deployment [8].

Challenges remain in computational demands, power consumption, and real-time processing for very high-
bandwidth applications. However, advances in multicore processors, GPUs, and FPGAs continue to improve SDR
performance. Emerging integration with artificial intelligence and machine learning is expected to further enhance
adaptive spectrum management, interference mitigation, and autonomous network optimization [9-11]. Using NI
SDR, undergraduate students can engage in a variety of experiments that enhance their understanding of wireless
communications and signal processing [14-16]. Here are some suggested experiments: Modulation, Synchronization
techniques, Channel coding, channel estimation and MIMO communication [19-20].

9. Conclusion

Software Defined Radio is a transformative technology that provides a flexible, programmable, and cost-
effective approach to wireless communication. By migrating core radio functions from hardware to software, SDR
supports multiple communication standards on a single platform and simplifies upgrades through software changes
rather than hardware redesign.

The presented design and analysis show that SDR offers improved adaptability, competitive communication
performance, and strong potential for integration into 5G, future 6G systems, cognitive radio [18], and IoT
applications. Future work may focus on Al-assisted spectrum management, low-power SDR architectures, and
enhanced cyber security mechanisms.
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