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Abstract - A Software Defined Radio is a powerful tool to 

make multiple communication models. It has the flexibility 

and adaptability to transform itself into a radio set with the 

right programming. We can leverage this area for developing 

a universal waveform for it to become truly universal in 

nature. This will enable effective communication that is 

essential in various operational scenarios, including disaster 

management, military operations and humanitarian aid. This 

paper thus introduces the concept of "Universal Waveform for 

SDR Based Communications," a solution designed to enable 

seamless interoperability between different radio systems. 
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1. INTRODUCTION ( Size 11, Times New roman) 

 
In modern communication systems, interoperability 

between different radio platforms and standards remains a 
critical challenge. Traditional hardware based communication 
systems often lack the flexibility to adapt to multiple protocols, 
leading to inefficiencies in military, disaster recovery, and 
public safety operations. Software-Defined Radio (SDR) has 
emerged as a powerful technology to address these limitations 
by enabling dynamic waveform adaptation and 
reconfiguration. 

This paper explores the concept of a universal waveform 
designed for SDR-based communications, which can facilitate 
seamless integration across diverse communication networks. 
By utilizing advanced signal processing techniques, this 
universal waveform aims to provide efficient spectrum 
utilization, improved data transmission reliability, and reduced 
hardware dependency. The study highlights the key design 
considerations, implementation challenges, and potential 
applications of such a waveform in real-world scenarios. 

The development of a universal waveform has the potential 
to revolutionize wireless communications by offering a 
standardized yet adaptable solution for heterogeneous 
networks. This work contributes to the ongoing advancements 
in SDR technology, paving the way for future innovations in 
next-generation wireless communication systems. 

2. Body of Paper 

Existing block diagram: 

 

Problem statement: 

In critical operational scenarios such as disaster management, 

military operations, and humanitarian aid, seamless and 

reliable communication is essential. However, interoperability 

challenges among different radio communication systems 

hinder effective coordination and response efforts. Various 

agencies and organizations use distinct radio sets operating on 

different frequency bands (VHF/UHF) and employing diverse 

modulation schemes, making direct communication between 

them difficult. 

Traditional solutions require multiple radio sets or complex 

bridging systems, which increase operational complexity, 

cost, and logistical burden. A universal waveform for 

Software Defined Radios (SDRs) offers a potential solution 

by enabling interoperability across different radio systems. 

However, developing such a waveform requires overcoming 

key challenges, including standardization, security, real-time 

adaptability, and implementation feasibility. 

This research aims to address the problem of radio 

communication interoperability by designing a universal 

waveform that allows SDRs to seamlessly communicate 

across VHF and UHF bands, irrespective of radio make and 

model. The goal is to enhance operational efficiency, reduce 

equipment dependency, and improve coordination in multi- 

agency environments. 
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Proposed methodology with block diagram 

Proposed Methodology 

To develop a Universal Waveform for SDR-based 

Communications, the following technical approach is 

implemented: 

The methodology consists of the following phases: 

 

1. Identification of Radio Systems & Parameter Analysis 

 

⚫ Identify commonly used VHF/UHF radio models 

(Tadiran, Kenwood, Motorola, Yaesu). 

⚫ Record their modulation schemes, frequency ranges, 

sampling rates, and signal formats. 

⚫ Define standardized waveforms that can interoperate 

between these radios. 

 

2. Selection & Configuration of SDR and Processing 

System 

⚫ Choose an SDR platform that supports wideband 

capabilities and real-time reconfigurability (BladeRF 2.0 

micro xA4). 

⚫ Select a high-performance computing system (Intel HP 

Victus (i3/i5/i7), 8/16GB RAM, GPU). 

⚫ Set up VHF/UHF antennas for signal transmission and 

reception. 

 

3. Waveform Development Using GNU Radio Companion 

(GRC) 

⚫ Design Transmitter Flowgraph to modulate and transmit 

signals. 

⚫ Design Receiver Flowgraph to demodulate and receive 

signals. 

⚫ Implement adaptive modulation schemes (WBFM, 

NBFM) based on radio compatibility. 

⚫ Integrate both flowgraphs into a single Universal 

Waveform with GUI-based sub-flowgraph selection. 

 

4. Experimental Setup & Interoperability Testing 

 

⚫ Configure BladeRF 2.0 SDR to interface with selected 

radio models. 

⚫ Use GNU Radio Companion to execute the Universal 

Waveform in real time. 

⚫ Test communication across different radio sets in 

controlled lab conditions. 

⚫ Adjust parameters (frequency, gain, filters) to optimize 

signal clarity and reduce interference. 

 

5. Real-World Deployment & Performance Evaluation 

 

⚫ Deploy Universal Waveform SDR in disaster response, 

military, and emergency operations. 

⚫ Evaluate range, signal quality, and interoperability 

performance. 

⚫ Refine and update the waveform based on field 

feedback. 

⚫ Proposed block diagram: 
 

 

Technical Specifications on Methodology 

1. Identification of Compatible Radio Sets 

 

⚫ Selection of widely used radio models such as Tadiran, 

Kenwood, Motorola, and Yaesu that operate in the VHF 

(30-300 MHz) and UHF (300-3000 MHz) bands. 

⚫ Recording their modulation schemes, frequency ranges, 

and signal parameters. 

 

2. SDR Selection and Configuration 

 

⚫ BladeRF 2.0 micro xA4 is chosen for its wideband 

capabilities (47 -0MHz – 6 GHz) and reconfigurability. 

⚫ Integration with a high-performance computing system 

for real-time signal processing. 

 

3. Waveform Design using GNU Radio Companion (GRC) 

 

⚫ Developing flowgraphs to enable SDR-based 

transmission and reception of signals. 

⚫ Implementing modulation/demodulation techniques like 

WBFM (Wideband FM) and NBFM (Narrowband FM) 

to support different radio systems. 

⚫ Designing a graphical user interface (GUI) to allow users 

to switch between radio models seamlessly. 

 

4. Experimental Setup and Testing 

 

⚫ Connecting SDR to a PC/Laptop for real-time 

processing. 

⚫ Configuring antennas for optimal transmission/reception 

across VHF/UHF bands. Conducting lab trials to verify 

interoperability between different radio sets. 
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Flowchart: 
 

2 Software and Hardware used 

Hardware Specifications: 

Implementation – practical setup 

Software Details 

The implementation of the universal waveform for Software 

Defined Radios (SDRs) was carried out using a combination 

of open-source tools and SDR-specific software. Below are 

the detailed descriptions of the software used: 

1. GNU Radio Companion (GRC) 

GNU Radio Companion is an open-source graphical tool that 

enables users to build signal processing flowgraphs using a 

drag-and-drop interface. It is the primary development 

environment used for: 

• Creating waveform designs and SDR processing chains. 

• Real-time simulation and signal analysis. 

• Integration of modulation and demodulation schemes. 

• Customization through Python scripting. 

2. Python (Integrated in GRC) 

Python is used as the scripting backend for GNU 

Radio. It facilitates: 

• Custom processing blocks. 

• Logical control of signal flow. 

• Development of the graphical user interface (GUI) to 

select waveforms dynamically. 

 

3. Osmocom Blocks 

Osmocom (Open-Source Mobile Communication) blocks are 

GNU Radio-compatible drivers that allow communication 

between GRC and SDR hardware like BladeRF. These 

include: 

• osmocom Sink for transmitting signals. 

• osmocom Source for receiving signals. 

• 

• 4. Qt GUI Framework 
 

 

 

Software Specifications: 

The Qt interface within GNU Radio is used to implement 

user-interactive controls, such as: 

• Selecting target radio sets (Kenwood, Motorola, etc.). 

• Dynamically switching between VHF and UHF 

configurations. 

• Displaying signal parameters (frequency, gain, etc.). 

 

5. BladeRF-CLI Tools 

Command-line utilities provided by Nuand for: 

 

• Flashing firmware to the BladeRF 2.0 micro xA4. 

• Verifying hardware configuration and signal chain. 

• Performing standalone tests without launching GRC. 
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6. Operating System – Ubuntu 22.04 LTS 

Chosen for its robust support for SDR libraries and real-time 

operations. Ubuntu simplifies: 

• Dependency management via APT. 

• Driver installation and configuration. 

• Stability and community support for open-source SDR 
development. 

 

7. Optional Tools 

• Wireshark: For protocol analysis in network-based SDR 

experiments. 

• Audacity: To analyze recorded audio for signal distortion 

or delay. 

 

Dataset 

This implementation does not use a static dataset in the 

traditional sense (like a database or a CSV file). Instead, it 

operates on live real-time audio and radio frequency (RF) 

signals, which serve as the input and output data for 

transmission and reception: 

Input Sources: 

• Microphone Input: Captures live voice input via the 

laptop/PC. 

• External RF Signals: Received from compatible 

UHF/VHF radios (e.g., Motorola, Yaesu). 

 

Output Observations: 

• Speaker Output: The received demodulated signal is 

converted to audio output and played via the laptop 

speaker. 

• Transmitted RF Signal: Verified by listening on the 

external radio set tuned to the same frequency. 

 

This real-time signal interaction confirms the effectiveness of 

the waveform in establishing two-way communication 

between different hardware platforms. 

Flow Chart Based on Block Diagram 

implementation process 

The process of implementing the universal waveform through 

GRC and verifying communication between SDR and external 

radios can be explained via the following stepwise flow: 

 

 

Simulation Process | Implementation Process 
and Verification on Results 

A. Simulation and Implementation Setup 
The following steps outline the real-world simulation and 

deployment strategy used: 

Step 1: Hardware Integration 

• BladeRF 2.0 micro xA4 connected via USB to the host 

computer. 

• External VHF/UHF radios powered on and tuned to 

experimental frequencies (e.g., 144.5 MHz or 433 MHz). 

Step 2: Flowgraph Construction 

• GNU Radio flowgraphs designed for: 

• Transmitter: Converts microphone audio to modulated 

RF signal using WBFM or NBFM. 

• Receiver: Captures RF signal via BladeRF, demodulates 

it, and outputs audio via speakers. 

Step 3: Frequency and Gain Tuning 

• Adjust frequency to match target radio set. 

• Fine-tune gain, sampling rate, and filter parameters for 

optimal reception. 
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Step 4: Execution and Real-Time Testing 

• Run the flowgraph. 

• Speak into the mic — signal transmitted by BladeRF and 

received by UHF/VHF radio. 

• Vice versa: Talk into external radio — SDR receives 

signal and plays it through speaker. 

B. Result Verification 

• Audio Verification: Clear voice communication in 

both directions confirms the waveform's interoperability. 

• Frequency Switching: Successfully changed 

flowgraph parameters to switch between different radio 

sets and frequencies. 

• Waveform Reusability: Same transceiver 

flowgraph used for multiple radio models by changing 

modulation schemes and tuning frequency/gain. 

 

Results and discussion 

Results with Numerical Values 

Below are the experimental results in tabular format, based on 

GNU Radio Companion implementation using BladeRF 2.0 

micro xA4 SDR: 

Results with Graphical-Graphs 
 

 

 
 

http://www.ijsrem.com/


DOI: 10.55041/IJSREM48945 

International Journal of Scientific Research in Engineering and Management (IJSREM) 
Volume: 09 Issue: 05 | May - 2025 SJIF Rating: 8.586 ISSN: 2582-3930 

© 2025, IJSREM | www.ijsrem.com | Page 6 

 

 

 

 
 

http://www.ijsrem.com/


DOI: 10.55041/IJSREM48945 

International Journal of Scientific Research in Engineering and Management (IJSREM) 
Volume: 09 Issue: 05 | May - 2025 SJIF Rating: 8.586 ISSN: 2582-3930 

© 2025, IJSREM | www.ijsrem.com | Page 7 

 

 

Comparison with 4.1 and 4.2 Justification 

with reference to Base Paper 

The base paper and previous studies highlighted challenges in 

achieving interoperability due to: 

• Varying modulation techniques, 

• Non-uniform frequencies, 

• Proprietary hardware protocols. 

This implementation, as shown in the numerical and graphical 

results, successfully bridges these challenges: 

• Numerical Validation (4.1): Tables show that the 

designed waveform offers low BER (<0.01), stable signal 

strength, and acceptable latency for real-time voice 

communication. 

• Graphical Insights (4.2): BER-SNR plots and 

modulation comparisons validate robust communication under 

noisy environments. The compatibility matrix confirms the 

waveform’s universality. 

• Interoperability Justification: Unlike traditional 

systems limited to specific radio types, this universal 

waveform dynamically configures modulation, gain, and 

flowgraph selection for each radio set, enabling plug-and-play 

adaptability. 

Compared to the base implementation (paper [9] – IEEE 

Communications Magazine, 2023), this system achieves 

greater adaptability and lower latency, with practical 

validation using real hardware. 

Final Summary 

• The universal waveform developed for Software 

Defined Radio (SDR) effectively supports communication 

across both VHF and UHF frequency bands. 

• The system integrates flexible modulation schemes 

(NBFM and WBFM) and supports interoperability with widely 

used commercial radio sets such as Kenwood, Motorola, 

Yaesu, and Tadiran. 

• Practical results show: 

• Low Bit Error Rate (BER) of 0.005 at 10 

dB SNR, indicating strong signal integrity. 

• Audio latency of 0.4 seconds, acceptable 

for real-time communication. 

• Throughput of 64 kbps, sufficient for high- 

quality voice transmission. 

• Signal strength (RSSI) of approximately - 

60 dBm, confirming good reception. 

• CPU usage maintained between 30–45% 

during operation, indicating efficient resource utilization. 

• The waveform was successfully simulated and tested using 

GNU Radio Companion, validating both transmitter and 

receiver flowgraphs. 

• The implementation confirms compatibility and 

adaptability across various signal settings and radio 

specifications. 

• When compared to base research papers, the current 

implementation aligns well with theoretical 

expectations  and  offers  improved  real-time 

operability. 

• This solution proves to be a viable, low-cost, and 

modular approach for communication in disaster 

management, emergency response, and defence 

scenarios. 

• The system offers scalability and ease of integration 

for new radio sets by simply adding additional 

flowgraphs, enhancing long-term usability. 

3. CONCLUSIONS 
• The implementation of a Universal Waveform using 

Software Defined Radio (SDR) demonstrates 

significant potential in bridging interoperability gaps 

between various radio communication systems. 

• The solution successfully enables communication 

across VHF and UHF frequency bands, using open- 

source platforms such as GNU Radio Companion 

and hardware like BladeRF 2.0 micro xA4. 

• The system was validated through practical testing 

with multiple radio sets (Kenwood, Yaesu, Motorola, 

Tadiran), showing compatibility with different 

modulation schemes and sampling rates. 

• Key performance metrics such as low Bit Error Rate 

(BER), acceptable audio latency, and stable 

throughput confirm the feasibility of the proposed 

solution for real-time communication. 

• Overall, this work establishes a robust foundation 

for modular, scalable, and field-deployable SDR 

systems capable of serving in critical applications 

such as disaster relief, military operations, and 

emergency services. 

 

 

 

 

ACKNOWLEDGEMENT 

 
The authors sincerely thank the Institute of Aeronautical 

Engineering (IARE), Hyderabad, for providing the necessary 

infrastructure, technical resources, and institutional support 

throughout the course of this research. 

 

We are especially grateful to Dr. S China Venkateshwarlu, 

Professor, Department of Electronics and Communication 

Engineering, for his expert supervision, insightful feedback, 

and academic mentorship, which were instrumental to the 

successful completion of this project. 

 

We extend our heartfelt thanks to Dr. V Siva Nagaraju, 

Professor, Department of Electronics and Communication 

Engineering, for his constant encouragement, valuable 

technical discussions, and research guidance during the design 

and testing phases. 

We also express our deep appreciation to Dr. P Munaswamy, 

Head of the Department & Professor, Department of 

Electronics and Communication Engineering, for facilitating 

access to lab facilities, enabling real-time testing of SDR 

systems, and supporting this interdisciplinary initiative. 

http://www.ijsrem.com/


DOI: 10.55041/IJSREM48945 

International Journal of Scientific Research in Engineering and Management (IJSREM) 
Volume: 09 Issue: 05 | May - 2025 SJIF Rating: 8.586 ISSN: 2582-3930 

© 2025, IJSREM | www.ijsrem.com | Page 8 

 

 

Finally, Mr. Bawge Akshat, the primary researcher and 

student author, acknowledges the unwavering support from the 

teaching faculty, lab technicians, and peers at IARE, whose 

collaboration and assistance helped bridge the gap between 

theoretical design and practical implementation. 

 

REFERENCES 

 
1. Kothapalli, S., & Murthy, N. (2020). Design and 

Implementation of a Universal Communication System 

using Software Defined Radio for Disaster Recovery. 

International Journal of Advanced Research in Electronics 

and Communication Engineering, 9(5), 45–49. 

2. Singh, A., & Sharma, M. (2021). Optimization Techniques 

for SDR in Military Communication Systems. Journal of 

Defense Technology and Communication, 12(3), 112–117. 

3. Xie, Z., & Chen, P. (2023).  Advanced SDR-Based 

BIOGRAPHIES 

Mr.  Bawge Akshat 

student in department of 

Electronics And 

Communication 

Engineering at Institute 

of Aeronautical, 

Dundigal. He Published 

a Research Paper 

Recently on 
“AUTOMATIC 

FAN REGULATION 

BASED  ON 

TEMPERATUR 

USING AURDINO” at 

IJSREM as a part of academics .His other project works 

are – “INFERNO (Insect Neutralization using 

Focused Energy and Remote Navigation Operations” 

and “OBJECT DETECTION USING DRONE”. He 

has a interest in Communication Devices. Email: 

22951a0414@iare.ac.in . 

Techniques for Reliable VHF/UHF Communication. IEEE 

Communications Magazine, 61(7), 58–65. 

4. GNU Radio Project. (2022). GNU Radio Companion 

Documentation. [Online]. Available: 

https://wiki.gnuradio.org 

5. Nuand LLC. (2022). bladeRF 2.0 micro xA4 - Hardware 

Documentation. [Online]. Available: 

https://www.nuand.com 

6. Chen, J., & Wang, T. (2019). Flexible Waveform Design 

for SDR in Emergency Radio Networks. Proceedings of the 

International Conference on Wireless Networks and Signal 

Processing, 2019, 78–83. 

7. Rao, K., & Reddy, M. (2020). Interoperability in Tactical 

Radio Systems Using SDR Frameworks. Indian Journal of 

Engineering and Technology, 15(1), 25–30. 

 

 

 

 

experience, he can be contacted at email: 

c.venkateswarlu@iare.ac.in . 

 

 

Dr. V. Siva Nagaraju is a 

professor in the Department of 

Electronics and 

Communication Engineering at 

the Institute of Aeronautical 

Engineering (IARE). He holds a 

Ph.D. degree in Electronics and 

Communication Engineering witha 

specialization in Microwave 

Engineering. 
With over 21 years of 

academic experience, Dr. Nagaraju is known for his expertise 

in teaching core electronics subjects and has contributed 

significantly to the academic and research community. He has 

published multiple research papers in reputed journals and 

conferences, and his academic interests include 

electromagnetic theory, microwave engineering, and related 

areas. He can be contacted at email: v.sivanagaraju@iare.ac.in 
.

Dr Sonagiri China 

Venkateswarlu professor 

in the Department of 

Electronics and 

Communication 

Engineering at the Institute 

of Aeronautical 

Engineering (IARE). He 

holds a Ph.D. degree in 

Electronics and 

Communication 

Engineering with  a 

specialization in Digital 

Speech Processing. He has 

more than 40 citations and paper publications across 

various publishing platforms, and expertise in teaching 

subjects such as microprocessors and microcontrollers, 

digital signal processing, digital image processing, and 

speech  processing.  With  20  years  of  teaching 

Dr. P. Munaswamy is 

a Professor in the 

Department of 

Electronics  and 

Communication 

Engineering at  the 

Institute of 

Aeronautical 

Engineering (IARE), 

Hyderabad. He holds a 

Ph.D. in Electronics 

and Communication 

Engineering  from 

JNTU Hyderabad and 

has over 20 years of 

academic and research experience. His areas of expertise 

include software-defined radio, reconfigurable architectures, 

RF systems, and signal processing. Dr. Munaswamy has 

published numerous research papers, holds a granted patent, 

and has guided Ph.D. research. He is a recipient of several 

academic awards and is a life member of IETE and ISTE. 

Email: pmunaswamy@iare.ac.in . 

http://www.ijsrem.com/
mailto:22951a0414@iare.ac.in
https://www.nuand.com/
mailto:c.venkateswarlu@iare.ac.in
mailto:v.sivanagaraju@iare.ac.in
mailto:pmunaswamy@iare.ac.in

