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Abstract--- Wireless communication development relies heavily on Universal Software Radio Peripheral (USRP), which enables real-time, flexible experimentation. Its software-defined radio (SDR) technology support bridges the theoretical concept gap with reality. Prototype and rapid development can be hindered by limited flexibility and hardware constraints of existing wireless communication systems. This paper recommends a method for transcending such limitations through use of USRP in combination with GNU Radio to conduct SDR tests. For a wide range of wireless conditions, this arrangement allows the system to provide adaptive modulation, real-time signal processing, and protocol adaptive testing. Applications of the proposed method include cognitive radio, spectrum sensing, and 5G protocol development. Findings of wireless communication research demonstrate faster deployment, greater mobility, and improved accuracy. Merging USRP with GNU Radio demonstrates to be an effective means to transcend traditional limitations and encourages real wireless system innovation.
Keywords--- Universal Software Radio Peripheral (USRP), Software-Defined Radio (SDR), GNU Radio, Wireless Communication, Real-Time Experimentation.
I. INTRODUCTION
The rapid development of wireless communication technology has had an effect on Internet of Things applications, as it has in many other areas; this development is revolutionary in nature [1]. When stuck on outdated technology, legacy communication systems encounter physical limitations, sluggish evolution cycles, and rigid design approaches [2]. Software Defined Radio (SDR) is one example of a hardware-bound approach that enables a multitude of experimentation with various communication methods [3]. Unmatched versatility for real-time wireless signal processing, transmission, and modulation is offered by Universal Software Radio Peripherals, an SDR system component [4]. An optimal setting for rapid prototyping, testing, and modification of wireless communications systems may be created using GNU Radio, USRP devices, and open-source development tools [5] [6]. Research on next-generation technologies, such cognitive radio, 5G network rollout testing, dynamic spectrum sharing, and many more, may be effectively conducted with this combo [7]. Without a doubt, USRPs provide researchers a great deal of leeway to experiment with different protocols within certain parameters, allowing them to avoid the expenses linked to hardware constraints [8] [9]. They also provide Software Defined Radio systems with potent tools for handling the problems caused by ever-changing wireless communication networks, which helps developers create new applications and next-gen solutions [10] [11] [12].
More efficiency and adaptability are clearly needed for wireless communication exploration. Conventions also face issues with hardware restrictions and slow growth [13]. Together, USRP and GNU Radio offer an environment that facilitates the development, testing, and deployment of cutting-edge wireless technologies like cognitive radio and 5G, as well as their real-time assessment and experimentation [14]. Because of current wireless communication systems' inadequate real-time responsiveness and inflexible hardware limitations, advanced testing and development of novel communication technologies is challenging [15] [16]. These limitations greatly restrict the development of sophisticated solutions for advanced communication, such as those required for IoT systems, cognitive radio, and 5G networks [17] [18]. The problem lies in the need for greater adaptability of such frameworks that are capable of streamlining the testing, validation, and deployment processes of protocols in order to keep up with the rapid evolution of modern wireless technologies [19] [20].
Figure 1 shows a physical experimental setup along with many real-time applications that were assessed using the proposed method. Among the hardware elements included in it are USRP devices, antennas, and PCs running GNU Radio. The surroundings could be a mirror of either an indoor or outdoor environment utilized for channel impact evaluation in the real world. Among the demonstrated applications are spectrum sensing, cognitive radio testing, 5G waveform transmission, and Internet of Things device communication. The figure highlights the platform's versatility that due to its numerous applications could assist academic research as well as industrial development. It demonstrates how reasonably cost-effective it is to simulate sophisticated communication scenarios with open-source tools and commercial off-the-shelf hardware. This graphic illustration thus highlights both the pedagogic and research value of the system in bridging the gap between the theoretical construct and actual practice as well.
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Figure 1: Experimental Setup and Application Scenarios

II. RELATED WORKS
Related works in wireless communication have extensively explored the use of Software-Defined Radio (SDR) and USRP for real-time signal processing, protocol development, and adaptive communication systems. Previous studies highlight their effectiveness in cognitive radio, spectrum sensing, and 5G prototyping, emphasizing flexibility, reconfigurability, and rapid prototyping capabilities in research environments.
Human Activity Recognition (HAR)
This work explores a contactless Human Activity Recognition (HAR) system to enhance smart healthcare systems through the use of USRP, Radar, and RFID technologies. Machine learning and hybrid deep learning models such as LSTM-CNN and Super Learner are employed to use USRP initially to analyze Wi-Fi channel state information (CSI) for accurate activity detection [21]. Ideal for geriatric care, a passive UHF RFID tag wall (TRT-Wall) accurately identifies various human postures and movements. Based on an LSTM-VAE model, the paper introduces RFiDARFusion, a new RFID-radar fusion system. In complex, long-distance, and non-line-of-sight scenarios, this fusion significantly enhances identification accuracy.
Digital Video Broadcasting (DVB)
Though their hardware is difficult to upgrade because of compatibility problems with current systems and protocols, modern communication devices are becoming sophisticated and linked. Reconfigurable hardware presents a solution as it lets gadgets evolve with the times without completely replacement [22]. Still, commercial hardware and software solutions are sometimes expensive. GNU Radio and Universal Software Radio Peripheral (USRP) open-source tools help to solve this difficulty. This method helps digital systems like Digital Video Broadcasting (DVB) and OFDM as well as analog systems like Community Radio and RDS to be developed. It presents a cheap, easily available platform fit even for first-year engineering students.
Internet of Things (IoT)
Rising cyberattacks using Internet of Things (IoT) devices expose major flaws in both the devices and their supporting systems. IoT devices small enough today may hack whole networks. Reviewing wireless technology allowing IoT connection, this paper focuses on weaknesses and uses Software Defined Radio (SDR) to replicate wireless assaults [23]. Key risks and current countermeasures are found by means of a rigorous literature review Hardware restrictions and technical variety make the IoT reference model's perception layer most susceptible. Future cybersecurity solutions find SDR perfect because of its adaptability, particularly when combined with protection mechanisms based on cognitive and deep learning.
LabVIEW-based Virtual Instrumentation (LVVI)
Particularly at universities, the Universal Software Radio Peripheral (USRP) has grown to be a popular venue for hardware-based research and validation in software-defined radio (SDR) and cognitive radio (CR) studies. With the most recent National Instruments (NI) LabVIEW version, USRP now provides an academic usage more scalable and user-friendly platform. Integration with LabVIEW-based Virtual Instrumentation (LVVI) enhances laboratory demonstrations and classroom applications [24]. This combination is optimal for educational and experimental settings in engineering curricula, as it enables rapid building of real-time communication systems, hence supporting both basic and advanced concepts in signal processing and communications [25].
III. PROPOSED METHOD
The proposed method utilizes USRP and GNU Radio to create a flexible, reconfigurable wireless communication framework, enabling real-time experimentation, rapid prototyping, and efficient testing of modern communication systems.
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Figure 2: High-Level Architecture of USRP-GNU Radio Framework

Figure 2 is a reference image of the overall design of the proposed wireless communication system based on USRP and GNU Radio. Modulation type, frequency, and bandwidth are some of the user-defined parameters initiating this process. These parameters are controlled using the GNU Radio software, which produces flow graphs and controls signal processing processes. The real-time reception and transmission of radio frequency (RF) signals are made feasible through the USRP device, which serves as an interface between the wireless channel and the program. Signal reconstruction is done with a USRP-GNU Radio configuration such as that used on the receiver side. The system closes at the application level with real-world applications such as 5G, the Internet of Things, and cognitive radio prototypes. This illustration attempts to offer a vivid mental picture of the interconnections between hardware and software elements for dynamic wireless communication research. The stresses scalability, modularity, and flexibility place are many..

Reflecting real-time adaptation  in SDR systems , the presented equation 1 represents a complicated interaction  between signal quality characteristics, such as the density of power (), modulation influence (), and convey uncertainty.
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Figure 3: Internal Signal Processing Flow with USRP and GNU Radio

A comprehensive flowchart of the signal processing that takes place inside the proposed system is shown in Figure 3. Starting with GNU Radio's signal producing blocks, the procedure starts Included among these blocks are encoding, filtering, and modulation. The signal then makes its way to the USRP, where it experiences DAC conversion and RF transmission. Capturing the transmitted signal at the receiving end falls to the USRP. Demodulating, decoding, and signal analysis are then the responsibility of GNU Radio blocks. This image shows how software performs digital signal processing (DSP) operations and how they interact with possibly modified hardware. This element reflects the easiness with which one may create or modify communication protocols and experiments. Furthermore, the flow guarantees little hardware dependency and helps short development cycles to flourish. Additionally displayed is real-time testing and visualization of basic communication concepts like channel modeling, error correction, and orthogonal frequency division multiplexing (OFDM).

Essential for adaptive wireless communication , equation (2) captures the interaction of signal power change, spectral efficiency (), as well as spatial-temporal factors ().
This approach demonstrates the effectiveness of open-source SDR tools for building and evaluating wireless systems, offering a scalable, cost-efficient solution suitable for research, education, and next-generation communication applications.
IV. RESULT AND DISCUSSION
The proposed method is compared here with regard to key performance criteria: signal-to-- noise ratio (SNR) and bit error rate (BER). The results confirm the system's suitability for wireless real-time applications and high-end communication experiments by demonstrating its accuracy, efficiency, and robustness in a variety of communication structures.

Analysis of Bit Error Rate
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Figure 4: Analysis of Bit Error Rate

Figure 4 provides a comparison of five communication models: HAR, DVB, IoT, LVVI, and SDR according to varying sample sizes. All systems indicate a steady performance enhancement as the sample size increases from 20 to 100, thus implying enhanced transmission reliability. Among the techniques, SDR repeatedly shows the lowest BER throughout all sample levels, therefore confirming its strength and efficiency in signal integrity. Higher sample numbers allow LVVI to additionally prove fit for complex systems by performing competitively. Although first trailing, HAR and DVB demonstrate consistent progress and are hence feasible in certain circumstances. This trend emphasizes how effectively the proposed approach reduces errors with increasing data amount, thus validating its appropriateness for high-accuracy applications. The low values of BER confirm the ability of the system to maintain reliable communication in most scenarios. The results suggest the superiority of SDR-based solutions for real-time and error-prone wireless communication tasks.

Equation (3) illustrates  the dynamic interplay of spatial factors (), shifting control (), and signal amplifying (), demonstrating system flexibility. In the suggested real-time adjustment of transmission control and amplification by analysis of bit error rate.
Analysis of Signal-to-Noise Ratio
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Figure 5: Analysis of Signal-to-Noise Ratio

Figure 5 contrasts the resistance to noise and signal quality retention of the same five communication technologies under different sample sizes. All systems show an improving trend in SNR values with the rising sample sizes that reflects lower interference and better signal clarity. SDR once again outperforms the others, maintaining the highest SNR, which demonstrates its ability to preserve signal fidelity in noisy environments. LVVI and IoT systems also show strong performance, particularly in mid to high sample ranges, making them suitable for modern wireless applications. DVB and HAR are robust and can tolerate lower SNR values in less rigorous environments. The outcome confirms that the proposed methodology is flexible across dynamic wireless environments without compromising the integrity of signals. How the system will be useful where signal integrity needs to be insured, like distant monitoring and health care, comes out strongly where high SNR values are supported.

Important for real-time communication  management, equation (4) captures the interaction among bandwidth changes (), signal variations (, and dynamics of transmission () on analysis of signal-to-noise ratio. 

Key for evaluating wireless performance  equation (5) shows a compounded representation of strength of signal (), amplifiers ratios (), and shifting efficiency ().
V. CONCLUSION
This paper proposes that open-source SDR platforms are quite promising because they provide a varied and inexpensive platform for wireless communication using USRP and GNU Radio. The proposed method facilitates analog and digital standards, real-time signal processing, and efficient modulation and demodulation. Experimental testing employed benchmarking performance measures like Bit Error Rate (BER) and Signal-to-Noise Ratio (SNR) to evaluate the effectiveness and reliability of the system. SDR best fits high-performance, real-time communication environments and outperformed alternative frameworks under all test conditions. The proposed approach is ideal for research and education due to its high scalability. It is easy to configure it to work with emerging technologies such as cognitive radio networks, the internet of things, and 5G. Rapid prototyping is even feasible due to software and hardware integration that saves development time and expense. The conclusions of this research make a compelling argument for SDR-based advanced wireless experimentation as a solution over more traditional, hardware-based solutions.
Dynamic spectrum access and adaptive modulation are some of the domains where future research will attempt to employ machine learning methods in a bid to enhance system smarts. Attempts will also be made to tackle insecurity in open wireless environments through setting up more secure communication protocols. The potential of expanding the framework to support real-time mobile scenarios and multi-antenna MIMO configurations will also be explored. Finally, to ensure performance under critical real-world conditions, this system can be tested under healthcare and disaster management environments.
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