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This paper investigates the use of the Bernstein Basis Function network for 

reconstructing accurate geometries of bones from medical images. Accurate models 

of bone geometry are indispensable for biomedical applications, especially in 

designing customized orthopedic implants. The two-layer neural architecture BBF 

network uses nonlinear Bernstein polynomials to perform curve and surface fitting, 

where the generated weights during training act as control points for Bézier curves. 

The BBF network adjusts the number of basis neurons so that curve fitting accuracy 

is optimally balanced with smoothness, addressing weaknesses inherent in 

traditional and earlier neural network methods. The constraints of positional and 

tangential continuity are incorporated into the learning algorithm to improve 

geometric consistency. Quantitative analysis has shown that the BBF network 

significantly improves the precision of curve fitting, reduces the roughness of 

reconstructions, and outperforms other methods in simulation studies. Experiments 

in vivo further validate its clinical usability, showing its ability to reproduce 

complex geometries with high accuracy in bone reproductions. This study also 

shows that the BBF network can be a crucial innovation in medical imaging where 

anatomical modeling and personalized medicine can be accomplished robustly. 

Some limitations include: dependency on certain imaging techniques and dataset 

biases. As such, the future course of work involves broader validations across 

various imaging techniques. 
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1. Introduction 

This research develops a hierarchical, class-based inheritance structure for the classification of 

plastics materials. It aims to group polymer families by chemical similarities while considering 

physical properties critical to engineering design. The central research question is how to create a 

flexible and extendable classification scheme that organizes plastics effectively for both chemical 

and engineering purposes. Sub-research questions include: (1) What are the limitations of existing 

plastics classification methods? (2) How can chemical similarity is balanced with engineering 

relevance? (3) What is role of minimal chemical changes during the classification challenges? (4) 

How could a software mechanism be modified or enhanced to improve better the classification? (5) 

What practical implications occur following this classification approach? For that purpose, it draws 

upon a qualitative method towards addressing these questions. 

This research endeavour develops a comprehensive hierarchical, class-based inheritance structure 

designed specifically for the effective classification of various plastics materials. The primary 

objective is to systematically group different polymer families based on their chemical similarities 

while also considering the physical properties that are critical to engineering design processes. The 

central research question focuses on how to create a classification scheme that is both flexible and 

extendable, allowing for an effective organization of plastics for purposes related to both chemical 
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properties and engineering applications. In addition, several sub-research questions are posed to 

explore the topic in depth: (1) What are the limitations inherent in existing methods for classifying 

plastics? (2) How can a balance be achieved between chemical similarities and engineering 

relevance? (3) What role do minimal chemical changes play in the challenges associated with 

classification? (4) How might a software mechanism be modified or enhanced to facilitate a more 

effective classification process? (5) What practical implications arise as a result of adopting this 

classification approach? To address these questions comprehensively, the research employs a 

qualitative methodology. 

. 

2. Literature Review 

This section reviews existing literature on plastics classification, addressing five sub-research 

questions: existing limitations in current classification methods, a balance between chemical 

similarity and engineering relevance, minimal impact of chemical modification, the enhancement of 

the mechanisms by software, and practical impacts of classification. The review highlights 

weaknesses like a lack of flexibility in existing methods, problems of correlating chemical and 

engineering aspects, lack of enough recognition of changes in the microstructure, inadequacy in the 

current software solutions, and the absence of a bridge between practical application needs. 

2.1 Limitations of Existing Plastics Classification Methods 
Initial studies on plastics classification tended to rely upon the simple chemical classifications with 

little or no regard for the engineering applications. More refined chemical classifications were 

subsequently reported, but these tended to be inflexible and less applicable. Recent efforts have been 

made to incorporate engineering considerations, but this remains difficult to accommodate various 

material properties and applications. 

2.2 Balancing Chemical Similarity with Engineering Relevance 
Early approaches were based on chemical similarity, often to the detriment of engineering relevance. 
Later approaches acknowledged this gap and proposed models that considered both aspects, though 
usually with little success. Modern research focuses on refining these models, yet fails to consistently 
match chemical and engineering criteria. 

2.3 Impact of Minimal Chemical Modifications 
The traditional classifications were ignoring the effects of minor chemical changes. Recent studies 
have established that these modifications significantly alter the material properties, necessitating 
more adaptive classification systems. However, the challenges are still there to be achieved in 
balancing chemical precision with practical relevance. 

2.4 Advancements in Software Mechanisms for Classification 
The first solutions offered for material classification were relatively naive and rigid. Object-

oriented approaches have been developed in recent years, but many of these fail to exploit 

application-specific properties. Flexibility and adaptability in newer mechanisms are being 

envisioned, though practical implementation remains in its infancy. 

2.5 Practical Implications of the Proposed Classification Approach 
Early research often did not consider the practical implications of classification systems. Recent 

efforts have brought into focus the need to align classifications with engineering needs, but 

practical application is still a challenge. Research continues to try to fill this gap by developing 

robust and adaptable systems. 

In the early stages of research, there was frequently a lack of attention to the practical implications 

associated with classification systems. However, more recent endeavours have highlighted the 
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critical importance of aligning these classifications with the specific needs of engineering. Despite 

this increased awareness, the practical application of these classifications remains a significant 

challenge. Ongoing research efforts are dedicated to addressing this gap by creating robust and 

adaptable systems that can effectively meet these practical requirements 

3.  Method 

This study adopts a qualitative research methodology to create a comprehensive hierarchical 

classification system for plastics. It begins with a thorough review of existing literature to critically 

examine current classification methods, highlighting their limitations and areas for improvement. To 

gather data, the research incorporates expert interviews and case studies from within the plastics 

industry, aiming to merge insights from both chemical and engineering perspectives. The data 

processing phase utilizes thematic analysis to identify significant themes and insights, which will 

inform the development of a flexible and practical classification system tailored to the complexities 

of plastic materials. This approach not only enhances understanding but also aims to address the 

diverse challenges faced in the classification of plastics today. 

4. Findings 
Key findings of the proposed classification system are presented, and relevant sub-research questions 

on limitations of existing methods, balancing chemical and engineering criteria, challenges posed by 

chemical modifications, improvements in software mechanisms, and practical implications are 

addressed. Specific findings include: "Improved Flexibility in Plastics Classification," "Chemical 

and Engineering Criteria Integration," "Chemical Modifications Adaptability," "Software 

Mechanisms Innovations," and "Practical Applications and Implications." These findings indicate 

the viability of a classification system that balances chemical similarity with engineering relevance 

and offers practical solutions for the plastics industry. 

 

4.1  Improved Flexibility in Plastics Classification 
This means that the proposed classification system is much more flexible than traditional methods. 

The insights of interviews point out that the flexibility it offers can help in getting more accurate 

groupings, both on chemical and engineering criteria, addressing a limitation of previous systems. 

4.2  Incorporation of Chemical and Engineering Criteria 
The study demonstrates successful integration of chemical similarity and engineering relevance in 

the classification system. Case studies show that this integration facilitates more precise material 

selection and design, enhancing practical application in engineering contexts. 

4.3  Adaptability to Chemical Modifications   
Findings highlight the system's adaptability to minimal chemical modifications, a significant 

challenge in previous classifications. Survey data indicate that this adaptability supports consistent 

material groupings, even with processing-induced changes. 

4.4  Innovations in Software Mechanisms   
The research introduces novel mechanisms of software that enhance classification by incorporating 

application-specific properties. The participants have responded that these innovations improve the 

robustness and flexibility of the system, addressing weaknesses in existing software solutions. 

4.5 Practical Applications and Implications 
The study establishes practical applications of the classification system, which are highly relevant to 

engineering design. The insights from industry experts reveal that the system has potential for 

improving material selection processes and supporting customized engineering solutions 
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5. Conclusion 

This work extends the classification of plastics by proposing a flexible, hierarchical system that 

balances chemical and engineering criteria effectively. It demonstrates the feasibility of combining 

chemical similarity with engineering relevance, thus filling gaps in current approaches. The results 

indicate considerable practical utility, providing useful information for material selection and 

engineering design. On the other hand, the study's focus on plastics may limit its applicability to 

other materials. Future research should be aimed at ascertaining the adaptability of the system to 

other classes of materials and further improving its software mechanisms. This work contributes to 

the theoretical and practical understanding of materials classification, emphasizing the importance 

of flexibility and adaptability in addressing engineering needs. 

This research expands upon the existing classification of plastics by introducing a flexible, 

hierarchical system that effectively balances both chemical and engineering criteria. It illustrates the 

feasibility of integrating chemical similarity with engineering relevance, thereby addressing and 

filling existing gaps in current classification approaches. The findings from this study indicate a 

significant level of practical utility, offering valuable insights for both material selection processes 

and engineering design considerations. However, it is important to note that the study's primary 

emphasis on plastics may restrict the applicability of the proposed system to other types of materials. 

Therefore, future research endeavours should focus on determining the adaptability of this 

classification system to additional classes of materials, as well as on enhancing its software 

mechanisms for better performance. This work makes a meaningful contribution to both the 

theoretical and practical understanding of materials classification, highlighting the critical 

importance of flexibility and adaptability in meeting the diverse needs of engineering applications 

. 
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