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DESCRIPTION
In the dynamic landscape of wireless networks, signal recognition 
is crucial for efficient communication, resource allocation, and 
network management. With the proliferation of Internet of Things 
(IoT) devices, mobile applications, and emerging technologies like 
5G and beyond, the demand for lightweight signal recognition 
techniques has intensified. Traditional signal recognition methods 
often face challenges in terms of computational complexity, energy 
consumption, and scalability, particularly in resource-constrained 
environments. To address these limitations, researchers have been 
exploring hybrid models that combine machine learning algo-
rithms with domain knowledge and signal processing techniques 
to achieve lightweight and accurate signal recognition in wireless 
networks. A hybrid model approach leverages the strengths of 
both machine learning algorithms and domain-specific knowl-
edge to optimize signal recognition performance while minimiz-
ing computational overhead. Machine learning techniques, such 
as deep learning, support vector machines (SVM), and decision 
trees, excel at extracting complex patterns and features from raw 
data, making them well-suited for signal classification tasks. By 
training machine learning models on labeled datasets containing 
signal samples, these algorithms can learn to distinguish between 
different types of signals with high accuracy. However, convention-
al machine learning approaches may suffer from computational 
complexity and memory requirements, which can be prohibitive 
in resource-constrained wireless networks. Moreover, training 
machine learning models often necessitates large amounts of la-
beled data, which may not always be readily available, particular-
ly for rare or emerging signal types. To mitigate these challenges, 
hybrid models integrate domain-specific knowledge, signal pro-
cessing techniques, and feature engineering methods to enhance 
the efficiency and effectiveness of signal recognition algorithms. 
One example of a hybrid model for lightweight signal recognition 
is the integration of feature extraction algorithms with machine 
learning classifiers. Feature extraction techniques, such as wavelet 

transforms, Fourier transforms, and principal component analy-
sis (PCA), enable the extraction of relevant signal characteristics 
and features from raw data. By preprocessing signal samples and 
extracting informative features, hybrid models reduce the dimen-
sionality of the input space, thereby improving the efficiency and 
speed of subsequent machine learning algorithms. Furthermore, 
hybrid models may incorporate domain-specific knowledge, such 
as signal modulation schemes, transmission protocols, and chan-
nel characteristics, to enhance signal recognition accuracy. By inte-
grating domain knowledge into the model architecture, hybrid ap-
proaches can capture contextual information and exploit inherent 
signal characteristics to improve classification performance. For 
example, knowledge about common modulation schemes, such 
as Amplitude Modulation (AM), Frequency Modulation (FM), and 
Phase Modulation (PM), can guide feature selection and classifi-
er design, leading to more robust and accurate signal recognition. 
Another key aspect of lightweight signal recognition in wireless 
networks is the consideration of energy efficiency and resource 
constraints. In battery-powered IoT devices, energy consumption 
is a critical factor that impacts device longevity and operational 
efficiency. Traditional signal recognition techniques may impose 
significant computational overhead and energy consumption, 
making them unsuitable for resource-constrained environments. 
Hybrid models aim to mitigate these challenges by optimizing al-
gorithmic efficiency, minimizing memory usage, and leveraging 
hardware acceleration techniques, such as Field-programmable 
Gate Arrays (FPGAs) and Application-specific Integrated Circuits 
(ASICs), to accelerate signal processing tasks.
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