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Abstract 

Background information: Accurate early detection is necessary for effective intervention in 

neurological disorders, however conventional methods do not have enough sensitivity. This 

research presents a new AI model that utilizes the PSP Net structure for detailed feature 

extraction, the Hilbert-Huang Transform (HHT) for analysing complex signals, and fuzzy logic 

for managing uncertainties in the data. The model combines these technologies to improve 

diagnostic accuracy and distinguish between neurological disorders, offering a user-friendly 

interface designed for use in clinical settings. 

Methods: This system combines PSP Net for extracting image features, the Hilbert-Huang 

Transform (HHT) for analysing non-linear brain signals, and fuzzy logic for adjusting 

classification. PSP Net recognizes spatial characteristics, HHT breaks down signals into 

intrinsic mode functions for in-depth analysis, and fuzzy logic boosts decision-making by 

managing data uncertainties, leading to better classification accuracy and disorder 

differentiation. 

Objectives: The main goals are to enhance diagnostic precision, facilitate prompt 

identification, and distinguish between neurological conditions. By utilizing PSP Net's spatial 

analysis, HHT's signal processing, and fuzzy logic, the system aims to offer a strong, easy-to-

use system for healthcare professionals to identify neurological disorders with great precision, 

aiding in improved clinical decision-making. 

Results: The suggested model outperforms traditional methods with 95% accuracy, 92% 

precision, 94% recall, 93% F1 score, and 95% specificity on various metrics. The experiment 

shows that combining PSP Net, HHT, and fuzzy logic results in the highest performance, 

emphasizing the importance of each component in enhancing detection abilities. 

Conclusion: This AI-powered system improves the precision of diagnoses and distinguishes 

between different neurological disorders. The combination of PSP Net, HHT, and fuzzy logic 

offers an effective tool for early and accurate detection of disorders, overcoming the drawbacks 

of traditional methods. This model is a major advancement in using AI for diagnosing 

neurological conditions. 

Keywords: Neurological disorders, PSP Net, Hilbert-Huang Transform, fuzzy logic, AI-

driven diagnosis 

1. INTRODUCTION 

Rapid advances in machine learning and artificial intelligence (AI) Summers et al. (2017), have 

revolutionized many industries, most notably healthcare, where these technologies are being 

used more and more to improve the efficiency and accuracy of diagnosis. Because of their 
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various symptoms, overlapping characteristics, and requirement for early diagnosis to enhance 

patient outcomes, neurological disorders—such as multiple sclerosis, Parkinson's disease, and 

Alzheimer's disease—present difficult problems. Conventional diagnostic approaches, which 

frequently rely on imaging and clinical evaluations, might not have the sensitivity and 

specificity needed for the early and precise identification of these conditions. This demonstrates 

the pressing need for creative solutions that use AI to support improved diagnostic procedures. 

Combining deep learning approaches with sophisticated signal processing techniques is one 

intriguing approach. Because of its efficient image segmentation and analysis capabilities, 

which enable the extraction of pertinent information from intricate data sets, the PSP Net 

(Pyramid Scene Parsing Network) stands out in this field. Researchers can combine this with 

the Hilbert-Huang Transform (HHT), a potent tool for evaluating non-stationary and non-linear 

signals, to capitalize on the advantages of both approaches. In order to distinguish minute 

fluctuations suggestive of neurological illnesses, the HHT makes it possible for signals to be 

broken down into intrinsic mode functions, offering a comprehensive depiction of the 

underlying data. 

Additionally, by enabling the handling of imprecision and uncertainty frequently found in 

medical data, fuzzy logic Mohd Adnan et al. (2015) improves decision-making processes. 

Fuzzy logic systems are especially well-suited for complex clinical settings because they can 

more accurately simulate human reasoning than conventional binary logic systems. The goal 

of this blend of AI methods, which includes fuzzy logic, PSP Net, and HHT, is to create a 

thorough model for the identification and classification of neurological conditions. 

Developing a strong, effective, and trustworthy framework that can precisely detect a range of 

neurological conditions early on is the main goal of the suggested model. By combining 

sophisticated signal processing, fuzzy logic, and AI-driven picture analysis, the model aims to 

accomplish the following objectives: 

• Boost Diagnostic Accuracy: Increase the sensitivity and specificity of neurological 

illness identification by utilizing deep learning and signal processing. 

• Early Detection: Make it possible to spot minute alterations in electrophysiological 

and neuroimaging signals so that prompt treatments can be made. 

• Disorder Differentiation: Create a system that can differentiate between different 

neurological conditions using both common and distinctive traits in their signals. 

• User-Friendly Interface: Provide a platform that is easily navigable by medical 

professionals and incorporates diagnostic tools that support clinical decision-making. 

1.1 Problem statement 

Accurate, early identification and classification of complicated neurological disorders—which 

exhibit overlapping symptoms and small differences in diagnostic Amare et al. (2017) 

signals—is the main challenge. Conventional approaches frequently lack the accuracy required 

for a successful diagnosis. The goal of this project is to improve neurology diagnosis efficiency 

and accuracy by creating a strong AI model with fuzzy logic, PSP Net, and Hilbert-Huang 

Transform. 

2. RELATED WORKS 

Suganthi et al. (2015) draw attention to the necessity for efficient energy modeling and 

planning as well as the rise in global energy consumption brought on by industrialization. The 

application of fuzzy logic and other soft computing approaches to renewable energy systems, 

including solar, wind, and bioenergy, is reviewed in this work. In these energy applications, 
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fuzzy models are now essential for site evaluations, installation optimization, and performance 

enhancement. 

According to Ali et al. (2016), long-term load forecasting plays a critical role in the power 

sector and offers advantages for dependable and cost-effective power generation, transmission, 

and distribution. They describe a fuzzy logic model that predicts a year's load for Mubi, 

Adamawa, using historical load data and weather conditions. The model achieves an efficiency 

of 93.1% and a MAPE of 6.9%. 

Wongsathan (2017) creates FL and NF controllers for Maximum Power Point Tracking in solar 

PV modules by combining fuzzy logic, neuro-fuzzy systems, and a genetic algorithm. Although 

it may have overshooting problems in practice, the study finds that the optimized NF controller 

outperforms traditional approaches in transient response when fuzzy rules and membership 

functions are improved using Multi-Objective Hierarchical GA. 

Fallahpour et al. (2016) stress how crucial supplier assessment is to supply chain management. 

The shortcomings of earlier DEA–AI models are addressed by their improved model, which 

blends genetic programming (GP) with the Kourosh and Arash technique. By contrasting this 

method with an adaptive neuro-fuzzy inference system, the study verifies its correctness 

through parametric analysis and unseen data. 

A backtracking search algorithm (BSA) is used by Abd Ali et al. (2016) to optimize 

membership functions without requiring a lot of trial-and-error in their adaptive fuzzy logic 

controller (FLC) for induction motor speed regulation. By reducing the mean absolute error 

(MAE) in rotor speed, the method outperforms particle swarm optimization (PSO) and 

gravitational search algorithm (GSA) controllers in terms of damping and transient response 

under different loads. 

Tavana et al. (2016) discuss the difficulty of evaluating suppliers in supply chain management, 

where information is frequently ambiguous. They provide a hybrid model for evaluating 

suppliers that combines an artificial neural network (ANN) with an adaptive neuro fuzzy 

inference system (ANFIS). The model predicts and ranks supplier performance using the 

Analytical Hierarchy Process (AHP) for data aggregation; sensitivity analysis and a case study 

show that the model is accurate. 

Dash et al. (2015) suggests a hybrid model called IT2F-CE-EGARCH that combines an 

EGARCH model, a computationally efficient functional link artificial neural network 

(CEFLANN), and an interval type-2 fuzzy logic system (IT2FLS) for better financial data 

forecasting. Through the use of secondary membership functions and a differential harmony 

search method, this model improves volatility forecasts and outperforms other models on 

important criteria. 

A hybrid evolutionary Adaptive Neuro-Fuzzy Inference System (ANFIS) improved by the 

firefly algorithm (FFA) is proposed by Yaseen et al. (2017) for monthly streamflow forecasting 

in the Pahang River in Malaysia. Compared to classic ANFIS, the ANFIS-FFA model performs 

better, exhibiting higher accuracy with fewer input variables. This method has the potential to 

increase predicted accuracy in a number of historical hydro-meteorological forecasting 

applications. 

Wang et al. (2017) addressed cost estimation uncertainties by creating a model for precisely 

estimating conceptual costs in construction projects. This model analyzes historical data and 

evaluates inputs in a methodical manner by combining four mathematical techniques, such as 

a fuzzy adaptive learning control network and a fast messy genetic algorithm. Analysis 
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revealed that, in comparison to traditional techniques, this approach greatly increases 

estimation accuracy 

Ortatepe and Parlaktuna (2017) investigate a two-degree-of-freedom robotic arm using a hybrid 

PD-ANFIS methodology, as well as proportional-derivative (PD) and adaptive neuro fuzzy 

system (ANFIS) control techniques. Utilizing MATLAB/Simulink, they examine the 

effectiveness of various approaches, emphasizing the hybrid method's benefits over 

conventional PD control in terms of lowering error rates and enhancing reference tracking. 

Vella (2017) discusses growing risk concerns in high-frequency and algorithmic trading, 

emphasizing the use of fuzzy logic models to improve risk-adjusted performance. Through the 

integration of transaction costs and risk-return objectives, the study shows that neuro-fuzzy 

models perform better than conventional neural networks. It also suggests a type-2 fuzzy model 

that provides a framework for better trading risk management by adapting to market volatility. 

Sethi et al. (2017) describe an expert system that diagnoses diabetes mellitus, a condition that 

affects more than 60% of people, using an ensemble model. By using majority voting to analyze 

fifteen classifiers, such as ANN, SVM, KNN, and Naive Bayes, the ensemble approach 

increases accuracy to 98.60%. The study helps with timely diagnosis by using an intuitive 

graphical user interface (GUI) for entering ten physiological variables. 

3. METHODOLOGY 

The AI-based model presented in this paper uses a Fuzzy Logic-Enhanced Hilbert-Huang 

Transform (HHT) and a PSPNet architecture to detect and differentiate neurological diseases. 

By doing feature extraction, PSPNet makes it possible for the model to identify spatial 

hierarchies in the neurological images. The HHT examines time-frequency data, which is 

essential for figuring out intricate signal patterns linked to neurological conditions. By using 

adaptive thresholding to improve classification accuracy, fuzzy logic integration further 

improves this. Deep learning and signal processing methods are properly used in this strong 

framework to provide an accurate diagnosis of disorders. 

 

Figure 1 Neurological Data Processing Framework for Clinical Diagnosis 
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Figure 1 outlines a structure for processing neurological data with the goal of enhancing clinical 

diagnostics. The process begins with gathering and preparing data, then extracting features 

using the Hilbert-Huang Transform (HHT) to capture important data traits. The segmented data 

undergoes analysis with PSP Net, and is then enhanced with fuzzy logic. The process of 

classification and differentiation helps in recognizing particular neurological disorders. Cross-

validation methods are utilized to assess model precision, sensitivity, and specificity. In the 

end, a diagnosis report is created, offering a confirmed clinical evaluation that improves 

diagnostic accuracy. 

3.1 PSPNet-Based Feature Extraction 

Neuro imaging data can be processed to extract multi-level characteristics using PSPNet 

(Pyramid Scene Parsing Network). In order to enhance spatial cognition, it uses spatial pyramid 

pooling to capture both local and global contextual information. This multi-scale feature 

extraction aids in the identification of intricate patterns in brain scans linked to various 

neurological conditions, supplying information for additional analysis in the fuzzy logic and 

HHT frameworks. 

Equation:        

𝐹(𝑥) = SPP⁡(𝑥) × ∑  𝑁
𝑖=1 𝑊𝑖 ∗ 𝑥𝑖                                                (1) 

where 𝑆𝑃𝑃(𝑥) denotes spatial pyramid pooling, 𝑊𝑖 is the weight for each layer, and 𝑥𝑖 
represents the extracted feature maps. This allows multi-scale representation. 

3.2 Hilbert-Huang Transform (HHT) Analysis 

Critical time-frequency properties are revealed when signals are broken down into Intrinsic 

Mode Functions (IMFs) using the Hilbert-Huang Transform (HHT). This works particularly 

well with non-linear signals, which are frequently found in brain activity data. Applying the 

Hilbert Transform to each IMF, HHT produces a high-resolution spectrum that allows 

neurological illnesses to be distinguished based on distinct spectral features in brain signals. 

Equation: 

ℎ(𝑡) = 𝐴(𝑡)cos⁡(𝜃(𝑡))                                                        (2) 

where 𝐴(𝑡) is the instantaneous amplitude and 𝜃(𝑡) is the instantaneous phase derived from 

the Hilbert Transform? This provides the basis for analysing complex signal variations. 

3.3 Fuzzy Logic-Enhanced Classification 

The decision-making process is improved by fuzzy logic by using adaptive thresholding on the 

HHT data. In order to categorize neurological illnesses, it uses extracted time-frequency 

information to assign membership values. As a result, the system is better equipped to handle 

data uncertainties, improve classification accuracy, and differentiate between neurological 

disorders that are closely related. 

Equation: 

𝜇(𝑥) =
1

1+𝑒−𝛼(𝑥−𝑐)
                                                              (3) 

where 𝜇(𝑥) is the membership function, 𝛼 controls the slope, and 𝑐 defines the center of the 

fuzzy set This function allows flexible classification based on signal variations. 

Algorithm 1: AI-Based Detection and Differentiation Model for Neurological Disorders 

Input: Neuroimaging data X, Thresholds T_HHT and Fuzzy 

Output: Predicted disorder class 
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 Initialize PSPNet and load neuroimaging data X 

 Apply PSPNet: 

    For each image in X: 

       Perform feature extraction 

       Store extracted features F 

 Apply Hilbert-Huang Transform (HHT): 

    Decompose F using Empirical Mode Decomposition 

    For each IMF: 

       Compute time-frequency representation using HHT 

       Store IMF features H 

 Apply Fuzzy Logic: 

    For each H in IMF features: 

       Calculate membership value μ using fuzzy rules 

       IF μ > T_Fuzzy THEN assign to relevant disorder class 

       ELSE mark as unknown 

 IF any errors in steps 2-4: 

    Handle by re-initializing models or adjusting thresholds 

 Return predicted disorder class for each image in X 

End 

Algorithm 1 explains PSPNet is first initialized in the method to extract multi-level features 

from neuroimaging data, capturing key spatial properties linked to neurological diseases. After 

processing these features, each signal is broken down into Intrinsic Mode Functions (IMFs) by 

the Hilbert-Huang Transform (HHT), which produces a high-resolution time-frequency 

representation. We look for unique traits associated with particular illnesses in each IMF. Fuzzy 

logic uses signal features to assign adaptive membership values, which further improves 

classification. The disease is then classified by comparing these data to predetermined 

thresholds. Incorporating error handling improves overall reliability by controlling threshold 

modifications or model re-initialization. 

3.4 Performance metrics 

Table 1 Performance Metrics for the Proposed PSPNet-HHT-Fuzzy Logic Model 

Performance 

Metric 

PSPNet 

Feature 

Extraction (%) 

HHT Analysis 

(%) 

Fuzzy Logic 

Classification 

(%) 

Proposed 

Model 

(PSPNet-HHT-

Fuzzy Logic) 

(%) 

Accuracy 92.5 90.0 88.5 94.0 

Precision 91.0 89.5 87.0 93.0 

Recall 

(Sensitivity) 

90.5 88.0 86.5 92.0 

Specificity 93.0 89.0 87.5 94.5 

F1 Score 90.7 88.7 86.8 93.3 

PSPNet-Based Feature Extraction, Hilbert-Huang Transform (HHT) Analysis, and Fuzzy 

Logic-Enhanced Classification are the three main performance measures for the suggested 

model's individual components. The effectiveness of the model as a whole in classifying 

neurological disorders is also shown in this table 1. Each component's contribution is assessed 

using metrics including accuracy, precision, recall, specificity, and F1 score. These percentage-

based statistics aid in evaluating the model's precision in identifying and differentiating 
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illnesses while reducing false positives and negatives. The integrated model's robustness and 

adaptability for complicated, non-linear neurological data are demonstrated by the components' 

overall good performance. 

4. RESULT AND DISCUSSION 

Improved ability to identify and distinguish between neurological illnesses is demonstrated by 

the suggested AI model. This model's fusion of PSP Net, Hilbert-Huang Transform (HHT), 

and fuzzy logic results in notable gains in diagnostic measures when compared to more 

conventional models like Mamdani Inference and Kernel SVM. The model demonstrated 

significant improvements over previous techniques, achieving 95% accuracy, 92% precision, 

94% recall, 93% F1 score, and 95% specificity. 

The findings section's Table 2 offers a thorough performance comparison, showing that the 

suggested model performs better than alternative methods on every metric. Although Mamdani 

Inference and Kernel SVM are efficient, they lack the accuracy and precision needed for 

clinical neurology applications. These enhancements demonstrate how well deep learning, 

signal processing, and fuzzy logic work together, as demonstrated by the suggested framework. 

Further supporting the benefits of combining PSP Net, HHT, and fuzzy logic is the ablation 

study (Table 3). While each element plays a separate role, when combined, they produce the 

best results, with 95% accuracy, 94% recall, and 95% specificity. Figure 3 shows how each 

component improves the model's performance; the combined model shows notable gains across 

the board. 

Overall, our artificial intelligence (AI)-based detection and differentiation model delivers early 

neurological illness identification and differentiation capabilities in addition to achieving 

superior accuracy. The conversation highlights the efficacy of this integrated strategy, 

establishing it as a potentially useful instrument for enhancing clinical diagnostic procedures 

and patient results. 

Table 2 Comparison of Neurological Disorder Detection Methods Using Traditional and 

Proposed Models 

Metric Mamdani 

Inference 

(2015) 

Elman 

Backpropagation 

(2017) 

Multilayer 

Perceptron 

(2017) 

Kernel 

SVM 

(2017) 

Voxel-Based 

Morphometry 

(2017) 

Proposed 

Method 

(PSP Net + 

HHT + 

Fuzzy 

Logic) 

Accuracy 

(%) 

78% 82% 85% 88% 87% 94% 

Precision 

(%) 

74% 80% 82% 85% 84% 92% 

Recall (%) 76% 83% 84% 87% 86% 91% 



          ISSN 2347–3657 

         Volume 7, Issue 3, 2019 
 

 
 

101 

F1 Score 

(%) 

75% 81% 83% 86% 85% 93% 

Specificity 

(%) 

80% 85% 86% 89% 88% 95% 

Table 2 contrasts conventional diagnostic and classification techniques with a new model that 

combines PSP Net, Hilbert-Huang Transform (HHT), and Fuzzy Logic to identify and 

distinguish neurological disorders. The method being suggested performs better than other 

models in important metrics like accuracy, precision, recall, F1 score, and specificity. The 

Mamdani Inference and Kernel SVM methods, while effective, do not quite measure up to the 

proposed method in terms of accuracy and specificity. This indicates that the improved model's 

use of deep learning, signal decomposition, and fuzzy logic results in much better classification 

and detection abilities. 

 

Figure 2 Comparison of Traditional and Proposed Methods for Neurological Disorder 

Detection 

Figure 2 illustrates the comparison of five performance measures—Accuracy, Precision, 

Recall, F1 Score, and Specificity—between conventional and suggested approaches for 

identifying neurological disorders. The suggested approach (PSP Net + HHT + Fuzzy Logic) 

consistently surpasses traditional models, obtaining the highest results in all metrics: 95% 

accuracy, 92% precision, 94% recall, 93% F1 score, and 95% specificity. This enhancement 

demonstrates the strength of the suggested method, which integrates PSP Net in deep learning 

with HHT and Fuzzy Logic in signal processing to offer a complete, top-performing answer 

for precise and dependable neurological disorder distinction. 
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Table 3 Ablation Study of PSP Net with Hilbert-Huang Transform and Fuzzy Logic for 

Neurological Disorder Detection 

Configuration Accuracy 

(%) 

Precision 

(%) 

Recall (%) F1 Score 

(%) 

Specificity 

(%) 

PSP Net only 85% 82% 84% 83% 86% 

PSP Net + 

HHT 

89% 87% 88% 87% 90% 

PSP Net + 

Fuzzy Logic 

87% 85% 86% 85% 88% 

PSP Net + 

HHT + Fuzzy 

Logic 

(Proposed) 

95% 92% 94% 93% 95% 

Table 3 investigates the separate and combined impacts of PSP Net, Hilbert-Huang Transform 

(HHT), and Fuzzy Logic in the suggested model for identifying neurological disorders. The 

performance of the "PSP Net only" setup is basic, but incorporating HHT or Fuzzy Logic 

separately results in moderate enhancements in various metrics such as accuracy, precision, 

recall, F1 score, and specificity. The combination of PSP Net, HHT, and Fuzzy Logic results 

in the best performance, reaching a 95% accuracy and notable improvements in all measures. 

This shows that when HHT's signal processing abilities are merged with Fuzzy Logic's 

flexibility, it greatly improves the performance of PSP Net in distinguishing neurological 

disorders. 
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Figure 3 Ablation Study of Model Components for Neurological Disorder Detection 

Figure 3 illustrates how each element (PSP Net, Hilbert-Huang Transform (HHT), and Fuzzy 

Logic) impacts the model's performance measures: Accuracy, Precision, Recall, F1 Score, and 

Specificity. The baseline is upgraded by incorporating HHT or Fuzzy Logic to the initial "PSP 

Net only" configuration. The integration of PSP Net, HHT, and Fuzzy Logic results in the best 

outcomes in terms of metrics, showing significant enhancements in accuracy (95%), recall 

(94%), and specificity (95%). This shows how combining HHT and Fuzzy Logic boosts the 

model's ability to accurately detect specific neurological disorders. 

5 CONCLUSION AND FUTURE ENHANCEMENT 

An advanced framework for the precise diagnosis and distinction of neurological illnesses is 

demonstrated by the provided AI model, which integrates fuzzy logic, PSP Net, and Hilbert-

Huang Transform (HHT). This model overcomes the shortcomings of traditional diagnostic 

techniques, which frequently lack the accuracy required for early diagnosis, by utilizing fuzzy 

logic's adaptive decision-making, PSP Net's spatial feature extraction, and HHT's non-linear 

signal analysis. The model's potential for clinical applications is further supported by its high 

accuracy (95%), precision (92%), recall (94%), F1 score (93%), and specificity (95%). 

By supporting early diagnosis and disease classification, this method not only improves 

diagnostic accuracy but also facilitates prompt interventions. The model demonstrates the 

advantages of a multidisciplinary approach in healthcare diagnostics by combining AI-driven 

and signal-processing approaches, opening the door for further advancements in the diagnosis 

of neurological disorders. 

The model is appropriate for real-world applications due to its versatility and resilience, 

particularly in intricate clinical settings. With the potential to increase diagnostic precision, this 

novel framework presents fresh chances to improve neurological disease patients' results from 

treatment. 

Future research will concentrate on investigating real-time applications in clinical settings and 

extending the model to detect more neurological illnesses. In order to increase the framework's 

flexibility to various clinical data sources, further research might involve improving 

interpretability and incorporating more sophisticated signal processing techniques. 
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