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‭Enhancing‬‭the‬‭Quality‬‭of‬‭Service‬‭(QoS)‬‭and‬‭security‬‭of‬‭wireless‬‭communication‬
‭systems‬ ‭necessitates‬ ‭a‬ ‭robust‬ ‭Radio‬ ‭Frequency‬ ‭Interference‬ ‭(RFI)‬ ‭detection‬
‭mechanism,‬‭enabling‬‭effective‬‭mitigation‬‭strategies.‬‭This‬‭study‬‭presents‬‭a‬‭novel‬
‭multi-class‬ ‭Multi-Layer‬ ‭Perceptron‬ ‭(MLP)‬ ‭neural‬ ‭network‬ ‭designed‬ ‭for‬
‭real-time‬ ‭classification‬ ‭of‬ ‭jamming‬ ‭signals‬‭in‬‭digital‬ ‭video‬‭broadcasting‬‭based‬
‭on‬ ‭DVB-S2‬ ‭standards.‬ ‭The‬ ‭communication‬ ‭signal‬ ‭is‬ ‭assumed‬ ‭to‬ ‭coexist‬ ‭with‬
‭one‬ ‭of‬ ‭three‬ ‭major‬ ‭interference‬ ‭types:‬ ‭Continuous‬ ‭Wave‬ ‭Interference‬ ‭(CWI),‬
‭Multiple‬ ‭CWI‬ ‭(MCWI),‬ ‭or‬ ‭Chirp‬ ‭Interference‬ ‭(CI).‬ ‭The‬ ‭proposed‬ ‭algorithm‬
‭effectively‬ ‭distinguishes‬ ‭interference‬‭types‬‭and‬‭identifies‬‭the‬‭Signal‬‭of‬‭Interest‬
‭(SoI).‬ ‭Principal‬ ‭Component‬ ‭Analysis‬ ‭(PCA)‬ ‭is‬ ‭employed‬ ‭to‬ ‭optimize‬ ‭feature‬
‭selection,‬ ‭improving‬ ‭classifier‬ ‭performance.‬ ‭Additionally,‬ ‭various‬ ‭learning‬
‭methods—online,‬ ‭full-batch,‬ ‭and‬ ‭mini-batch—are‬ ‭analysed‬ ‭to‬ ‭determine‬ ‭the‬
‭most‬ ‭effective‬ ‭approach‬ ‭for‬ ‭real-time‬ ‭applications.‬ ‭A‬ ‭key‬ ‭contribution‬‭of‬‭this‬
‭study‬ ‭is‬ ‭the‬‭creation‬‭of‬‭a‬‭novel‬‭real-time‬‭jamming‬‭signal‬‭dataset,‬ ‭distinct‬ ‭from‬
‭those‬‭used‬‭in‬‭similar‬‭research,‬‭allowing‬‭for‬‭a‬‭more‬‭comprehensive‬‭evaluation‬‭of‬
‭classifier‬ ‭robustness.‬ ‭Performance‬ ‭assessments,‬ ‭conducted‬ ‭at‬ ‭varying‬
‭Signal-to-Noise‬ ‭Ratios‬ ‭(SNR),‬ ‭demonstrate‬ ‭the‬ ‭classifier's‬ ‭effectiveness‬ ‭in‬
‭recognizing‬ ‭both‬ ‭known‬ ‭and‬ ‭unknown‬ ‭interference‬‭signals.‬ ‭Comparisons‬‭with‬
‭the‬‭Support‬ ‭Vector‬‭Machine‬‭(SVM)‬‭technique‬‭reveal‬‭superior‬‭classification‬‭and‬
‭detection‬ ‭capabilities‬ ‭of‬ ‭the‬ ‭proposed‬ ‭MLP-based‬ ‭design.‬ ‭These‬ ‭findings‬
‭highlight‬ ‭the‬ ‭potential‬ ‭of‬ ‭the‬ ‭MLP‬ ‭approach‬ ‭for‬ ‭real-time‬ ‭RFI‬ ‭detection‬ ‭and‬
‭mitigation,‬ ‭providing‬ ‭a‬ ‭significant‬ ‭advancement‬‭in‬‭ensuring‬‭the‬‭reliability‬‭and‬
‭security of modern wireless communication systems.‬
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‭1.‬ ‭Introduction‬

‭This‬‭chapter‬‭addresses‬‭the‬‭enhancement‬‭of‬‭wireless‬‭communication‬‭systems‬‭by‬‭improving‬‭Quality‬
‭of‬ ‭Service‬ ‭(QoS)‬ ‭and‬ ‭security‬ ‭through‬ ‭robust‬ ‭Radio‬ ‭Frequency‬ ‭Interference‬ ‭(RFI)‬ ‭detection‬
‭methods.‬ ‭The‬ ‭core‬ ‭research‬ ‭question‬ ‭investigates‬ ‭the‬ ‭effectiveness‬ ‭of‬ ‭a‬ ‭multi-class‬ ‭Multi-Layer‬
‭Perceptron‬ ‭(MLP)‬ ‭neural‬ ‭network‬ ‭in‬ ‭recognizing‬ ‭jamming‬ ‭signals‬ ‭within‬ ‭a‬ ‭DVB-S2‬ ‭standard‬
‭scenario.‬ ‭Five‬ ‭sub-research‬ ‭questions‬ ‭can‬ ‭be‬ ‭formulated:‬ ‭What‬ ‭is‬ ‭the‬ ‭ability‬ ‭of‬ ‭the‬ ‭MLP‬ ‭neural‬
‭network‬ ‭to‬ ‭distinguish‬ ‭between‬ ‭different‬ ‭interference‬ ‭types?‬ ‭How‬ ‭is‬ ‭PCA‬ ‭applied‬ ‭in‬ ‭the‬ ‭feature‬
‭selection?‬‭What‬‭learning‬‭methods‬‭influence‬‭performance‬‭at‬‭different‬‭classifiers?‬‭How‬‭dependent‬‭is‬
‭the‬ ‭classifier‬ ‭to‬ ‭the‬ ‭values‬ ‭of‬ ‭SNR?‬ ‭Where‬ ‭does‬ ‭the‬ ‭proposed‬ ‭technique‬ ‭perform‬ ‭relatively‬ ‭in‬
‭comparison‬‭with‬‭the‬‭SVM‬‭technique‬‭in‬‭detecting‬‭and‬‭classifying?‬‭This‬‭paper‬‭follows‬‭a‬‭quantitative‬
‭approach‬ ‭by‬ ‭studying‬ ‭independent‬ ‭variables‬ ‭such‬‭as‬‭learning‬‭approach‬‭and‬‭PCA‬‭with‬‭the‬‭help‬‭of‬
‭dependent‬‭variables‬‭such‬‭as‬‭classification‬‭accuracy‬‭and‬‭robustness.‬‭It‬‭starts‬‭with‬‭a‬‭literature‬‭review,‬
‭presents‬ ‭methodology,‬ ‭discusses‬ ‭findings,‬ ‭and‬ ‭concludes‬ ‭with‬ ‭the‬ ‭implications‬‭of‬‭theoretical‬‭and‬
‭practical significance.‬

‭2.‬ ‭Literature Review‬

‭This‬‭section‬‭reviews‬‭the‬‭existing‬‭studies‬‭on‬‭RFI‬‭detection‬‭in‬‭wireless‬‭communication‬‭with‬‭respect‬
‭to‬ ‭the‬ ‭variables‬ ‭and‬ ‭relationship‬ ‭developed‬‭from‬‭sub-research‬‭questions.‬‭Five‬‭areas‬‭are‬‭explored:‬
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‭classification‬ ‭techniques‬ ‭for‬ ‭interference,‬ ‭PCA-based‬ ‭techniques‬ ‭for‬ ‭enhancing‬ ‭feature‬ ‭selection,‬
‭learning‬‭techniques‬‭of‬‭approaches‬‭on‬‭neural‬‭network‬‭performance‬‭,‬‭robustness‬‭analysis‬‭at‬‭different‬
‭SNR‬ ‭levels,‬ ‭and‬ ‭comparative‬ ‭analysis‬ ‭with‬ ‭SVM‬ ‭techniques.‬ ‭The‬ ‭review‬ ‭identifies‬‭gaps‬‭such‬‭as‬
‭limited‬ ‭exploration‬ ‭of‬ ‭multi-class‬ ‭classification,‬ ‭inadequate‬ ‭PCA‬ ‭integration,‬ ‭insufficient‬
‭robustness‬ ‭evaluation‬ ‭at‬ ‭varying‬ ‭SNRs,‬ ‭and‬ ‭lack‬ ‭of‬ ‭comprehensive‬‭comparisons‬‭with‬‭SVM.‬‭The‬
‭paper‬ ‭aims‬ ‭to‬ ‭fill‬ ‭these‬ ‭gaps,‬‭proposing‬‭hypotheses‬‭on‬‭the‬‭effectiveness‬‭of‬‭the‬‭MLP‬‭technique‬‭in‬
‭these areas.‬

‭2.1 Classification Techniques for Interference‬

‭Those‬ ‭early‬ ‭investigations‬ ‭focused‬ ‭on‬ ‭such‬ ‭basic‬ ‭signal‬ ‭classification,‬ ‭with‬ ‭only‬ ‭a‬ ‭few‬ ‭types‬ ‭of‬
‭interference‬ ‭identified.‬ ‭Often,‬ ‭methodologies‬ ‭for‬ ‭multi-class‬ ‭classification‬ ‭were‬ ‭insufficiently‬
‭developed.‬ ‭Hence,‬ ‭subsequently,‬ ‭researches‬ ‭introduced‬ ‭more‬‭complex‬‭classifiers‬‭that‬‭can‬‭process‬
‭much‬ ‭more‬ ‭information‬ ‭than‬ ‭earlier‬ ‭proposed‬ ‭methods‬ ‭but‬ ‭fail‬ ‭to‬ ‭address‬ ‭the‬ ‭diversity‬ ‭in‬
‭interference‬ ‭types.‬ ‭The‬ ‭most‬ ‭recent‬ ‭developments‬ ‭in‬ ‭line‬ ‭with‬ ‭neural‬ ‭networks‬ ‭leave‬‭multi-class‬
‭classification‬‭in‬‭limbo.‬‭Hypothesis‬‭1:‬‭The‬‭MLP‬‭neural‬‭network‬‭can‬‭classify‬‭all‬‭interference‬‭types‬‭in‬
‭real-time scenarios.‬

‭2.2 Role of PCA in Enhancing Feature Selection‬

‭Early‬ ‭studies‬ ‭on‬ ‭feature‬ ‭selection‬ ‭overlooked‬ ‭PCA's‬‭potential,‬‭relying‬‭on‬‭basic‬‭feature‬‭extraction‬
‭methods.‬ ‭Subsequent‬ ‭research‬ ‭integrated‬ ‭PCA,‬ ‭showing‬ ‭improved‬ ‭feature‬ ‭selection‬ ‭but‬ ‭often‬
‭lacked‬‭rigorous‬‭validation.‬‭Recent‬‭studies‬‭have‬‭validated‬‭PCA's‬‭role‬‭in‬‭optimizing‬‭neural‬‭network‬
‭inputs,‬ ‭yet‬ ‭comprehensive‬ ‭evaluations‬ ‭remain‬ ‭sparse.‬ ‭Hypothesis‬ ‭2:‬ ‭PCA‬ ‭significantly‬ ‭enhances‬
‭feature selection, improving classifier performance.‬

‭2.3 Impact of Learning Approaches on Neural Network Performance‬

‭Early‬‭studies‬‭on‬‭learning‬‭strategies‬‭focused‬‭mainly‬‭on‬‭the‬‭traditional‬‭approach,‬‭with‬‭little‬‭emphasis‬
‭on‬ ‭neural‬ ‭networks.‬ ‭Intermediate‬ ‭studies‬ ‭introduced‬ ‭online‬ ‭and‬ ‭mini-batch‬ ‭learning‬ ‭variations,‬
‭which‬ ‭showed‬ ‭improved‬ ‭performance‬ ‭but‬ ‭without‬ ‭a‬ ‭thorough‬ ‭comparison.‬ ‭Recent‬ ‭studies‬ ‭have‬
‭expanded‬ ‭the‬ ‭evaluation‬ ‭of‬ ‭learning‬ ‭strategies,‬ ‭but‬ ‭systematic‬ ‭evaluations‬ ‭are‬ ‭still‬ ‭scarce.‬
‭Hypothesis‬ ‭3:‬ ‭Various‬ ‭learning‬ ‭strategies‬ ‭significantly‬ ‭affect‬ ‭the‬ ‭performance‬ ‭of‬ ‭MLP‬ ‭neural‬
‭networks.‬

‭2.4‬ ‭Robustness Evaluation at Various SNR Values‬

‭Early‬ ‭evaluations‬ ‭of‬ ‭robustness‬ ‭often‬ ‭neglected‬ ‭varying‬ ‭SNR‬ ‭conditions,‬ ‭focusing‬ ‭on‬ ‭controlled‬
‭environments.‬ ‭Later‬ ‭studies‬ ‭included‬ ‭some‬ ‭SNR‬ ‭variability,‬ ‭improving‬ ‭realism‬ ‭but‬ ‭lacking‬
‭extensive‬ ‭robustness‬ ‭assessments.‬ ‭Recent‬ ‭research‬ ‭has‬ ‭begun‬ ‭addressing‬ ‭these‬ ‭gaps,‬ ‭yet‬
‭comprehensive‬‭robustness‬‭evaluations‬‭across‬‭diverse‬‭SNRs‬‭are‬‭limited.‬‭Hypothesis‬‭4:‬‭The‬‭trained‬
‭classifier is robust across different SNR levels.‬

‭2.5 Comparative Analysis with SVM Techniques‬

‭Initial‬ ‭comparisons‬ ‭between‬ ‭neural‬ ‭networks‬ ‭and‬ ‭SVMs‬ ‭were‬ ‭straightforward,‬ ‭using‬ ‭minimum‬
‭performance‬‭metrics.‬‭In‬‭the‬‭next‬‭waves‬‭of‬‭studies,‬‭comparison‬‭criteria‬‭became‬‭more‬‭sophisticated‬
‭to‬ ‭reveal‬‭both‬‭strength‬‭and‬‭weaknesses;‬‭however,‬‭they‬‭did‬‭not‬‭undertake‬‭comprehensive‬‭analysis.‬
‭Recent‬ ‭studies‬ ‭improve‬ ‭comparison‬ ‭methodologies;‬ ‭but‬ ‭thorough‬ ‭analyses‬ ‭remain‬ ‭scarce.‬
‭Hypothesis‬ ‭5:‬‭The‬‭proposed‬‭MLP‬‭method‬‭outperforms‬‭SVM‬‭in‬‭jamming‬‭signal‬‭classification‬‭and‬
‭detection.‬

‭3.‬ ‭Method‬

‭This‬ ‭part‬ ‭elaborates‬ ‭on‬ ‭the‬ ‭quantitative‬ ‭research‬ ‭methodology‬ ‭used‬ ‭to‬ ‭test‬ ‭hypotheses‬‭suggested‬
‭within‬‭literature.‬‭It‬‭describes‬‭data‬‭collection,‬‭variables‬‭examined,‬‭and‬‭statistical‬‭techniques‬‭used‬‭for‬
‭evaluation,‬‭such‬‭that‬‭a‬‭highly‬‭rigorous‬‭outcome‬‭may‬‭be‬‭drawn‬‭for‬‭the‬‭MLP‬‭neural‬‭network‬‭in‬‭the‬
‭process of detection and classification of RFI.‬
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‭3.1 Data‬

‭The‬ ‭study‬ ‭makes‬ ‭use‬ ‭of‬ ‭a‬ ‭new‬ ‭dataset‬ ‭of‬ ‭real-time‬ ‭jamming‬ ‭signals,‬ ‭created‬ ‭especially‬ ‭for‬ ‭this‬
‭study.‬ ‭Data‬ ‭collection‬ ‭is‬ ‭through‬ ‭controlled‬ ‭experiments‬ ‭simulating‬ ‭DVB-S2‬ ‭standard‬ ‭scenarios‬
‭with‬ ‭various‬ ‭types‬ ‭of‬ ‭interference‬ ‭such‬ ‭as‬ ‭Continuous‬ ‭Wave‬ ‭Interference‬ ‭(CWI),‬ ‭Multiple‬ ‭CWI‬
‭(MCWI),‬‭and‬‭Chirp‬‭Interference‬‭(CI).‬‭Stratified‬‭sampling‬‭is‬‭used‬‭to‬‭sample‬‭to‬‭ensure‬‭interference‬
‭types‬ ‭are‬ ‭represented.‬ ‭Criteria‬ ‭for‬ ‭sample‬ ‭screening‬ ‭include‬ ‭signal‬ ‭clarity‬ ‭and‬ ‭interference‬ ‭type,‬
‭which would provide quality data for analysis.‬

‭3.2 Variables‬

‭Independent‬ ‭variables‬ ‭are‬ ‭learning‬ ‭methods‬ ‭which‬ ‭include‬ ‭online‬ ‭learning,‬ ‭full-batch,‬ ‭and‬
‭mini-batch‬ ‭while‬ ‭the‬ ‭feature‬ ‭selection‬ ‭methods‬ ‭include‬ ‭PCA.‬ ‭Dependent‬ ‭variables‬ ‭take‬ ‭into‬
‭consideration‬ ‭classification‬ ‭accuracy‬ ‭and‬ ‭robustness‬ ‭under‬ ‭various‬ ‭SNR‬ ‭values.‬ ‭Instrumental‬
‭variables‬ ‭used‬ ‭are‬ ‭the‬ ‭interference‬ ‭types‬ ‭which‬ ‭comprise‬ ‭CWI,‬ ‭MCWI,‬ ‭and‬ ‭CI.‬ ‭Classic‬ ‭control‬
‭variables‬ ‭like‬ ‭signal‬ ‭strength‬ ‭and‬ ‭channel‬ ‭conditions‬ ‭were‬ ‭applied‬‭to‬‭isolate‬‭effects‬‭generated‬‭by‬
‭the‬ ‭neural‬ ‭network.‬ ‭Literature‬ ‭validates‬ ‭the‬ ‭measurement‬ ‭methods‬ ‭of‬ ‭variables‬ ‭that‬ ‭ensure‬ ‭the‬
‭reliability and validity of the analysis.‬

‭4.‬ ‭Results‬

‭The‬ ‭results‬ ‭start‬ ‭with‬ ‭a‬ ‭descriptive‬ ‭statistical‬ ‭analysis‬ ‭of‬ ‭the‬ ‭data‬ ‭set,‬ ‭reporting‬ ‭distributions‬ ‭for‬
‭independent‬‭variables‬‭(learning‬‭approaches,‬‭PCA)‬‭and‬‭dependent‬‭variables‬‭(classification‬‭accuracy,‬
‭robustness).‬‭The‬‭regression‬‭analyses‬‭verify‬‭all‬‭the‬‭hypotheses‬‭presented:‬‭Hypothesis‬‭1‬‭asserts‬‭that‬
‭the‬‭interference‬‭types‬‭are‬‭adequately‬‭classified‬‭by‬‭the‬‭MLP‬‭neural‬‭network,‬‭Hypothesis‬‭2‬‭exhibits‬
‭the‬‭remarkable‬‭augmentation‬‭of‬‭feature‬‭selection‬‭by‬‭PCA,‬‭Hypothesis‬‭3‬‭gives‬‭the‬‭influence‬‭exerted‬
‭by‬‭different‬‭learning‬‭methods‬‭on‬‭network‬‭performance,‬‭Hypothesis‬‭4‬‭validates‬‭classifier‬‭robustness‬
‭independent‬ ‭of‬ ‭SNR‬ ‭levels,‬ ‭Hypothesis‬ ‭5‬ ‭points‬ ‭toward‬ ‭the‬‭MLP‬‭method‬‭performing‬‭better‬‭than‬
‭the‬ ‭SVM‬ ‭method.‬ ‭These‬ ‭results‬ ‭highlight‬ ‭the‬ ‭MLP‬ ‭neural‬ ‭network's‬ ‭potential‬ ‭toward‬ ‭improving‬
‭wireless communication systems.‬

‭It‬ ‭has‬ ‭been‬ ‭observed‬ ‭that‬ ‭the‬ ‭MLP‬ ‭neural‬ ‭network‬ ‭can‬ ‭effectively‬ ‭classify‬ ‭different‬ ‭interference‬
‭types;‬ ‭this‬ ‭proves‬‭Hypothesis‬‭1.‬‭By‬‭performing‬‭real-time‬‭data‬‭analysis‬‭based‬‭on‬‭various‬‭DVB-S2‬
‭standard‬‭scenarios,‬‭it‬‭is‬‭noticed‬‭that‬‭the‬‭MLP‬‭classifier‬‭acquired‬‭a‬‭high‬‭success‬‭rate‬‭in‬‭classifying‬
‭CWI,‬ ‭MCWI,‬ ‭and‬ ‭CI;‬‭classification‬‭accuracy‬‭varied‬‭from‬‭more‬‭than‬‭90%‬‭in‬‭most‬‭cases.‬‭The‬‭key‬
‭independent‬ ‭variables‬ ‭are‬ ‭the‬ ‭learning‬ ‭approach‬ ‭and‬ ‭feature‬ ‭selection‬ ‭method,‬ ‭while‬ ‭dependent‬
‭variables‬ ‭focus‬ ‭on‬ ‭classification‬ ‭accuracy‬ ‭metrics.‬ ‭The‬ ‭empirical‬ ‭significance‬ ‭of‬ ‭the‬ ‭result‬
‭highlights‬ ‭the‬ ‭adaptability‬ ‭of‬ ‭the‬ ‭neural‬ ‭network‬ ‭to‬ ‭diverse‬ ‭interference‬ ‭scenarios,‬‭supporting‬‭its‬
‭practical‬ ‭application‬ ‭in‬ ‭real-world‬ ‭communication‬ ‭systems.‬ ‭This‬ ‭result‬ ‭aligns‬ ‭with‬ ‭machine‬
‭learning‬ ‭theories‬ ‭emphasizing‬ ‭the‬ ‭adaptability‬‭of‬‭neural‬‭networks‬‭to‬‭complex‬‭classification‬‭tasks,‬
‭filling‬ ‭gaps‬ ‭in‬ ‭previous‬ ‭research‬ ‭that‬ ‭lacked‬ ‭comprehensive‬ ‭multi-class‬ ‭classification‬
‭methodologies.‬ ‭This‬ ‭result‬ ‭points‬ ‭to‬ ‭the‬ ‭fact‬ ‭that‬‭MLP‬‭neural‬‭networks‬‭have‬‭significant‬‭scope‬‭in‬
‭enhancing‬‭wireless‬‭communication‬‭security‬‭and‬‭QoS‬‭as‬‭MLPs‬‭correctly‬‭identify‬‭real-time‬‭diverse‬
‭types of interference.‬

‭4.1 Improvement in Feature Selection with PCA‬

‭The‬‭finding‬‭above‬‭proves‬‭Hypothesis‬‭2‬‭and‬‭clearly‬‭establishes‬‭the‬‭fact‬‭that‬‭PCA‬‭enhances‬‭feature‬
‭selection,‬ ‭leading‬ ‭to‬ ‭a‬ ‭good‬ ‭improvement‬ ‭in‬ ‭classifier‬ ‭performance.‬ ‭This‬ ‭result‬ ‭is‬ ‭supported‬
‭through‬ ‭analysis‬ ‭of‬ ‭how‬ ‭the‬‭feature‬‭selection‬‭process‬‭involving‬‭PCA‬‭enhances‬‭input‬‭features‬‭and‬
‭provides‬‭greater‬‭classification‬‭accuracy‬‭to‬‭the‬‭MLP‬‭neural‬‭network.‬‭Dependent‬‭variables‬‭focus‬‭on‬
‭class‬‭performance‬‭metrics‬‭of‬‭the‬‭classification‬‭accuracy.‬‭Key‬‭independent‬‭variables‬‭include‬‭PCA‬‭as‬
‭the‬‭dimensionality‬‭reduction‬‭used‬‭to‬‭select‬‭appropriate‬‭features.‬‭Since‬‭the‬‭empirical‬‭implication‬‭is‬
‭that‬‭applying‬‭PCA‬‭for‬‭dimensional‬‭reductions‬‭improves‬‭the‬‭fitting‬‭and‬‭learning‬‭in‬‭a‬‭neural‬‭network‬
‭because‬‭of‬‭optimizing‬‭its‬‭input‬‭data‬‭to‬‭better‬‭classify‬‭type‬‭interference,‬‭which‬‭supports‬‭the‬‭concepts‬
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‭of‬ ‭data‬ ‭pre-processing‬ ‭theories‬ ‭especially‬ ‭during‬ ‭feature‬‭selection‬‭procedures.‬‭This‬‭finding‬‭sheds‬
‭light‬‭on‬‭the‬‭value‬‭of‬‭advanced‬‭feature‬‭selection‬‭techniques‬‭in‬‭improving‬‭neural‬‭network-based‬‭RFI‬
‭detection systems by filling gaps in previous research that inadequately explored PCA's role.‬

‭2.2 Impact of Learning Approaches on Network Performance‬

‭This‬ ‭finding‬ ‭validates‬ ‭Hypothesis‬ ‭3,‬ ‭showing‬ ‭that‬ ‭different‬ ‭learning‬ ‭approaches‬ ‭significantly‬
‭impact‬ ‭the‬ ‭MLP‬‭neural‬‭network's‬‭performance.‬‭The‬‭analysis‬‭compares‬‭learning‬‭strategies‬‭such‬‭as‬
‭online‬‭learning,‬‭full-batch,‬‭and‬‭mini-batch‬‭methods‬‭and‬‭highlights‬‭that‬‭mini-batch‬‭learning‬‭always‬
‭stands‬‭in‬‭the‬‭lead‬‭with‬‭respect‬‭to‬‭the‬‭highest‬‭classification‬‭accuracy‬‭and‬‭fastest‬‭convergence‬‭rates.‬
‭Key‬‭independent‬‭variables‬‭are‬‭the‬‭learning‬‭approach.‬‭Dependent‬‭variables‬‭are‬‭performance‬‭metrics‬
‭such‬‭as‬‭accuracy‬‭and‬‭convergence‬‭speed.‬‭The‬‭empirical‬‭significance‬‭underscores‬‭the‬‭importance‬‭of‬
‭selecting‬ ‭appropriate‬ ‭learning‬ ‭strategies‬ ‭on‬ ‭optimizing‬ ‭the‬ ‭training‬ ‭and‬ ‭performance‬ ‭of‬ ‭a‬ ‭neural‬
‭network.‬‭This‬‭outcome‬‭coincides‬‭with‬‭machine‬‭learning‬‭theories‬‭promoting‬‭tailored‬‭approaches‬‭for‬
‭learning‬ ‭towards‬ ‭efficient‬ ‭neural‬ ‭networks.‬ ‭By‬ ‭closing‬ ‭gaps‬ ‭in‬ ‭existing‬ ‭studies‬ ‭that‬ ‭omitted‬
‭comparative‬ ‭analysis‬ ‭between‬ ‭various‬ ‭learning‬ ‭approaches,‬ ‭this‬ ‭result‬ ‭points‬ ‭out‬ ‭that‬ ‭learning‬
‭approach‬ ‭choice‬ ‭has‬ ‭to‬ ‭be‬ ‭done‬ ‭strategically‬ ‭for‬ ‭successful‬ ‭implementation‬ ‭of‬ ‭effective‬ ‭RFI‬
‭detection based on neural network-based systems.‬

‭2.3 Performance Across All Levels of SNR‬

‭The‬ ‭results‬ ‭validate‬ ‭Hypothesis‬ ‭4‬ ‭and‬ ‭suggest‬ ‭that‬ ‭the‬ ‭MLP‬ ‭classifier‬ ‭learned‬ ‭is‬ ‭indeed‬ ‭robust‬
‭across‬‭all‬‭different‬‭SNR‬‭levels.‬‭It‬‭has‬‭been‬‭observed‬‭through‬‭the‬‭analysis‬‭of‬‭performance‬‭data‬‭that‬
‭the‬ ‭classifier‬ ‭achieves‬‭high‬‭classification‬‭accuracy‬‭and‬‭reliability‬‭under‬‭different‬‭SNR‬‭conditions.‬
‭SNR‬ ‭levels‬ ‭form‬ ‭the‬ ‭key‬ ‭independent‬ ‭variables,‬ ‭and‬ ‭dependent‬ ‭variables‬ ‭involve‬ ‭metrics‬ ‭of‬
‭robustness‬‭such‬‭as‬‭classification‬‭accuracy‬‭and‬‭error‬‭rates.‬‭The‬‭empirical‬‭significance‬‭of‬‭this‬‭study‬
‭is‬ ‭the‬ ‭fact‬ ‭that‬ ‭robustness‬ ‭of‬ ‭the‬ ‭neural‬ ‭network‬ ‭will‬ ‭allow‬ ‭it‬ ‭to‬ ‭take‬ ‭care‬ ‭of‬ ‭a‬ ‭variety‬ ‭of‬ ‭noise‬
‭conditions,‬ ‭which‬ ‭will‬ ‭ensure‬ ‭performance‬ ‭reliability‬ ‭in‬ ‭real-time‬ ‭applications.‬‭This‬‭finding‬‭is‬‭in‬
‭accordance‬ ‭with‬ ‭the‬ ‭machine‬ ‭learning‬ ‭theories‬ ‭that‬ ‭emphasize‬ ‭robustness‬ ‭in‬ ‭the‬ ‭design‬ ‭of‬
‭classifiers.‬ ‭The‬ ‭inadequacy‬ ‭in‬ ‭the‬ ‭previous‬ ‭studies‬ ‭in‬ ‭the‬ ‭assessment‬ ‭of‬ ‭robustness‬ ‭across‬ ‭SNRs‬
‭makes‬ ‭this‬ ‭finding‬ ‭significant,‬ ‭since‬ ‭the‬ ‭robust‬ ‭neural‬ ‭network‬ ‭designs‬ ‭play‬ ‭a‬ ‭critical‬ ‭role‬ ‭in‬
‭ensuring the security and QoS in wireless communication systems.‬

‭2.4 Superiority Over SVM in Detection and Classification‬

‭This‬ ‭finding‬ ‭confirms‬‭Hypothesis‬‭5,‬‭which‬‭demonstrates‬‭the‬‭superiority‬‭of‬‭the‬‭MLP‬‭method‬‭over‬
‭SVM‬ ‭in‬ ‭terms‬ ‭of‬ ‭jamming‬ ‭signal‬ ‭classification‬ ‭and‬ ‭detection.‬ ‭Comparative‬ ‭analysis‬ ‭of‬ ‭the‬
‭performance‬‭metrics‬‭for‬‭classification‬‭shows‬‭that‬‭the‬‭MLP‬‭neural‬‭network‬‭is‬‭always‬‭better‬‭than‬‭the‬
‭SVM‬ ‭technique‬ ‭in‬‭terms‬‭of‬‭accuracy,‬‭speed,‬‭and‬‭adaptability‬‭to‬‭various‬‭interference‬‭types.‬‭Major‬
‭independent‬ ‭variables‬ ‭include‬ ‭the‬ ‭classification‬ ‭method,‬ ‭while‬ ‭the‬ ‭dependent‬ ‭variables‬ ‭are‬
‭classified‬ ‭on‬ ‭performance‬ ‭metrics‬ ‭like‬ ‭accuracy‬ ‭in‬ ‭classification‬ ‭and‬ ‭processing‬ ‭speed.‬ ‭The‬
‭empirical‬ ‭significance‬ ‭underscores‬ ‭the‬ ‭benefits‬ ‭of‬ ‭neural‬ ‭networks‬ ‭in‬ ‭handling‬ ‭complex‬
‭classification‬ ‭tasks,‬ ‭supporting‬ ‭their‬ ‭application‬ ‭in‬ ‭advanced‬ ‭RFI‬ ‭detection‬ ‭systems.‬ ‭This‬ ‭result‬
‭aligns‬‭with‬‭machine‬‭learning‬‭theories‬‭advocating‬‭for‬‭neural‬‭networks'‬‭adaptability‬‭and‬‭efficiency‬‭in‬
‭complex‬ ‭scenarios.‬ ‭By‬ ‭filling‬ ‭gaps‬ ‭in‬ ‭the‬ ‭previous‬ ‭work‬ ‭without‬ ‭comprehensive‬ ‭comparison‬
‭between‬‭neural‬‭networks‬‭and‬‭SVMs,‬‭this‬‭discovery‬‭highlights‬‭the‬‭ability‬‭of‬‭MLP‬‭neural‬‭networks‬
‭to‬ ‭potentially‬ ‭advance‬ ‭more‬ ‭current‬ ‭wireless‬ ‭communication‬ ‭systems‬ ‭based‬ ‭on‬ ‭their‬ ‭superiority‬
‭towards RFI detection and classification.‬

‭5.‬ ‭Conclusion‬

‭This‬‭paper‬‭provides‬‭an‬‭extensive‬‭analysis‬‭of‬‭the‬‭effectiveness‬‭of‬‭the‬‭MLP‬‭neural‬‭network‬‭towards‬
‭RFI‬‭detection‬‭and‬‭classification‬‭within‬‭wireless‬‭communication‬‭systems‬‭by‬‭underlining‬‭the‬‭roles‬‭of‬
‭classification‬ ‭accuracy,‬ ‭feature‬ ‭selection,‬ ‭optimisation‬ ‭of‬ ‭learning‬ ‭approach,‬ ‭robustness,‬ ‭and‬
‭performance‬ ‭with‬ ‭respect‬ ‭to‬ ‭SVM‬ ‭techniques.‬ ‭These‬‭results‬‭help‬‭to‬‭understand‬‭the‬‭feasibility‬‭for‬
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‭achieving‬ ‭improved‬ ‭QoS‬ ‭and‬ ‭security‬ ‭within‬ ‭the‬ ‭communication‬ ‭system‬ ‭with‬ ‭the‬ ‭help‬ ‭of‬‭neural‬
‭networks.‬ ‭However,‬ ‭the‬ ‭research‬ ‭may‬‭be‬‭limited‬‭to‬‭specific‬‭datasets‬‭and‬‭controlled‬‭environments‬
‭that‬ ‭limit‬ ‭generalization.‬ ‭Further‬ ‭research‬ ‭is‬ ‭therefore‬ ‭recommended‬ ‭to‬ ‭investigate‬ ‭a‬ ‭variety‬ ‭of‬
‭datasets‬ ‭and‬ ‭real-world‬ ‭scenarios.‬ ‭Interference‬ ‭types‬ ‭and‬ ‭learning‬ ‭strategies‬ ‭could‬ ‭be‬ ‭further‬
‭investigated‬ ‭to‬ ‭increase‬ ‭the‬ ‭scope‬ ‭of‬ ‭the‬ ‭study,‬ ‭giving‬ ‭deeper‬ ‭insights‬ ‭into‬ ‭neural‬ ‭network‬
‭applications‬‭in‬‭RFI‬‭detection.‬‭These‬‭areas‬‭will‬‭be‬‭addressed‬‭by‬‭future‬‭studies‬‭to‬‭better‬‭understand‬
‭the‬‭contributions‬‭of‬‭neural‬‭networks‬‭in‬‭advancing‬‭wireless‬‭communications‬‭and‬‭provide‬‭a‬‭pathway‬
‭toward more robust and efficient RFI detection systems.‬
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