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Abstract
Conventional B-splines lack the capacity of local refinement that is required in order to realize ideal convergence order in genuine applications. The 
challenges with the isogeometric approach include the need to develop an alternative mathematical approach of higher-order equations proven to 
converge to the shape interface. The main purpose of this study is to determine the realization approach for isogeometric structure in convergence 
splines/NURBS of distinctive nature of higher-order stability. The basis for this realization approach (i.e. convergence splines/NURBS of higher-
order) for B-Spline is degree (order) of realization as used in B-Spline theory. In this approach, the converging (C) order of the basis functions is 
elevated. An ideal (new) isogeometric structure (i.e. curve or mesh) in convergence splines/NURBS of higher-order stability for improved local 
refinement has been realized. It is clear that when the order C is enhanced (i.e. realized), converging number n must also be enhanced (i.e. 
realized) by the equivalent amount of degree. In the process of order enhancement (i.e. the order realization), the stability of every knot value is 
elevated. Order realization initiates by replicating present knots by the equivalent number as the increase in converging order. In this, every knot 
vector value is elevated by one point. In line with this, the amount of control points and the basic functions are boosted or amplified from 8 to 13. 
The refined control points computed was improved where the convergence of higher-order was realized.
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Introduction

There are many applications of mathematical approaches, equations, 
models, and shapes in engineering, physics, medicine, and biology to solve 
some real-life scientific problems. Despite the massive influence of the 
application of shape optimization procedures in many fields of endeavours, 
the design of real-life structural elements in engineering through mathematical 
approaches has little progress over the recent decade. The major constraint 
in structural shape realization emanates from Computer Aided Design (CAD) 
analysis models, commonly numerical simulation, and estimate, are include 
lower order approaches, and lack of integration within the realization process, 
severely hampers extensive use of this method [1]. Among the computational 
geometric approaches, Non-Uniform Rational B-Splines (NURBS) have 
various application [2,3]. NURBS precisely signify conic segments for instance 
circles, cones, cylinders, and spheres. NURBS have several valuable 
mathematical properties, for example, integral refinement algorithms, convex 
structure property, variation fading property, and point-wise positivity in the 
existence of intermittent data. The property that has attracted enormous 
consideration in the context of Iso-geometric Analysis (IGA) is the higher-order 
stability in NURBS, contrary to the Co-stability of Lagrange bases used in the 
conventional Finite Element Methods (FEM). The IGA offers many benefits as 
compared to the finite element technique. In IGA, the NURBS root functions 
distinctive from CAD are use straightforwardly for the analysis. For appropriate 
analysis of convergence splines/NURBS of higher-order, iso-geometric precise 
inter connecting techniques is smoothly achieve on the roughest level of the 
CAD geometry. The challenges with the iso-geometric analysis approach 

include the need to develop an alternative mathematical approach of higher-
order equations proven to converge to the shape boundary.

Literature Review

The additional vital problem of theoretical features concerns the utilization 
of splines/NURBS of higher-order, where convergence is realized by increasing 
the degree and perhaps the inter element orderliness. It is also recognized 
in the iso-geometric literature as h- or p-refinement. This is a challenging 
area of research in applied mathematics, and the relationship between 
degree, orderliness stability, and estimate properties are still not completely 
comprehend. Aside from the h- and p-refinements, [4] introduced the probability 
of k-refinement, this produces good convergence points with less degrees of 
freedom. Some of the most noted literature are partial and unclear theoretical 
findings by Montardini et al. [5] and valuable numerical results by Schillinger 
et al.[6]. In addition, Buffa et al. [7] examined exponential convergence for 
singular solutions in iso-geometric element analysis in electromagnetics based 
on B-splines approximation. As established in the literature, in order to realize 
the integrals points of convergence splines/NURBS, the points are selects not 
to lie in singular points [8]. Moreover, a numerical estimate of two high-order 
point eld problems can likely consider on the surface. A precise measure is 
considered in the building NURBS function on the surface [9], which permits 
the usage of basic functions converging the required degree of stability almost 
in all points, even on the closed surfaces. This study considers the estimate 
of convergence splines/NURBS comprising higher-order Laplace Beltrami 
operators, speci cally of the fourth and sixth order. Therefore, the main purpose 
of this study is to determine the realization approach for iso-geometric structure 
in convergence splines/NURBS of distinctive nature of higher-order stability by 
improving the iso-geometric constraints while maintaining behavioral stability. 
This is analyzed in twofold: one, the bandwidth of likely realizations of the 
iso-geometric approach with appropriate equations are defined, while two is 
an integrated approach to the whole structural shape realization from CAD to 
distinctive NURBS, which is defined for the different levels of iso-geometric 
conformity in the structural equations. The issue with conventional B-splines 
and NURBS is that they are express as a tensor effect of univariate B-splines. 
It implies that refinement in a single univariate B-splines prompts the addition 
of a complete fresh row or column of knots. The basis for this realization 
approach (i.e. convergence splines/ NURBS of higher-order stability) for 
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B-Spline theory that allows the higher-order stability is order realization, 
also known as degree realization as the order and degree terms are used 
exchangeable in B-Spline theory. In this approach, the converging order of 
the basic functions is elevated. As the basis functions have c-ni constant 
derivatives transversely element boundaries, when the stability is preferred 
to be conserved, it is clear that when the order c is enhanced (i.e. realized), 
converging number n must also be enhanced (i.e. realized) by the equivalent 
amount of degree. The converging uses iso-geometric finite element similar 
to the isoperimetric concept. Thus, during the process of order enhancement 
(i.e. the order realization), the stability of every knot value is elevated. In the 
case of knot addition, the geometry and parameterization were kept unaltered. 
Order realization initiates by replicating present knots by the equivalent sum 
as the increase in converging order. Subsequently, the order of convergence 
splines is increased.

Discussion

Refining the B-splines

In order to increase higher-order surface and curves above, the refinement 
process for B-splines was carried out based on equation the existing spline 
theory was applied. The iso-geometric product B-splines make a subdivision 
of the local refined B-splines, which conform to certain same key refinement 
concepts. From B-spline theory, it can be identified that inserting additional 
knots can be done to improve the basis without altering the geometric definition. 
This emanates from the reason that there is a relationship between B-splines 
in the old rough spline and in the new improved (refined) spline.

Conclusion

This study has determined structural shape realization for ideal iso-
geometric structure in convergence splines/NURBS of distinctive nature 
of higher-order stability by improving the iso-geometric for local refinement. 
Conventional B-splines lack the capacity of local refinement that is required in 
order to realize ideal convergence order in genuine applications. Predominantly, 
higher-order iso-geometric approaches based on product B-splines could 
not realize the complete potential propounded by iso-geometric analysis 
when used for problems relating mesh or curve design. The ideal (new) iso-
geometric structure in convergence splines/NURBS of higher-order stability for 
improved local refinement has been realized. It is clear that when the order C 
is enhanced, converging number n must also be enhanced by the equivalent 
amount of degree. In the process of order enhancement, the stability of every 

knot value is elevated. Order realization initiates by replicating present knots 
by the equivalent amount as the increase in converging order. In this, every 
knot vector value is elevated by one point. In line with this, the amount of 
control points and the basic functions are boosted or amplified from 8 to 13. 
The refined control points computed was improved where the convergence of 
higher-order was realized.

Conflict of interest

None.

References

1. Evans, E. J., Scott M.A., Li X. and Thomas D.C. “Hierarchical Tsplines: Analysis-
suitability, Bézier Extraction, and Application as an Adaptive basis for Isogeometric 
analysis.” Comp Mds App Mech Eng 284 (2015):1-20.

2. Farin, Gerald. "NURBS for Curve and Surface Design: from Projective Geometry 
to Practical use." (1999).

3. Cohen, Elaine, Richard F. Riesenfeld, and Gershon Elber. “Geometric Modelling 
with Splines: An Introduction.” CRC Press (2001).

4. Beirao da Veiga, Lourenco, Annalisa Buffa, Judith Rivas and Giancarlo Sangalli. 
“Some Estimates for h–p–krefinement in Isogeometric Analysis.” Num Math 118 
(2011):271-305.

5. Montardini, Monica, Giancarlo Sangalli and Lorenzo Tamellini. “Optimal-order 
Isogeometric Collocation at Galerkin Superconvergent Points.” Comp Mds App 
Mech Eng 316 (2017):741-757.

6. Schillinger, Dominik, Luca Dede, Michael A. Scott and John A. Evans, et al. 
“An Isogeometric Design-Through-Analysis Methodology Based on Adaptive 
Hierarchical Refinement of NURBS, Immersed Boundary Methods, and T-spline 
CAD Surfaces.” Comp Mds App Mech Eng 249 (2012):116-150.

7. Buffa, Annalisa, Giancarlo Sangalli and Rafael Vázquez. “Isogeometric Analysis 
in Electromagnetics: B-splines Approximation.” Comp Mds App Mech Eng 199 
(2010):1143-1152.

8. Li, Kang and Xiaoping Qian. “Isogeometric analysis and shape optimization via 
boundary integral.” Comp-Aid Des 43 (2011): 1427-1437.

9. Coox, Laurens, Francesco Greco, Onur Atak and Dirk Vandepitte, et al. “A Robust 
Patch Coupling Method for NURBS-based Isogeometric Analysis of Non-conforming 
Multipatch Surfaces.” Comp Mds App Mech Eng 316 (2017):235-260.

How to cite this article: Shatnawi, Mohd Taib. "Realization of Convergence 
Splines/ NURBS of Higher-Order Stability in Isgeometric Analysis ". J Appl 
Computat Math 11 (2022): 480.

https://www.sciencedirect.com/science/article/pii/S0045782514001807
https://www.sciencedirect.com/science/article/pii/S0045782514001807
https://www.sciencedirect.com/science/article/pii/S0045782514001807
https://www.taylorfrancis.com/books/mono/10.1201/9781439863909/nurbs-curve-surface-design-gerald-farin
https://www.taylorfrancis.com/books/mono/10.1201/9781439863909/nurbs-curve-surface-design-gerald-farin
https://link.springer.com/article/10.1007/s00211-010-0338-z
https://www.sciencedirect.com/science/article/pii/S0045782516312750
https://www.sciencedirect.com/science/article/pii/S0045782516312750
https://www.sciencedirect.com/science/article/pii/S004578251200093X
https://www.sciencedirect.com/science/article/pii/S004578251200093X
https://www.sciencedirect.com/science/article/pii/S004578251200093X
https://www.sciencedirect.com/science/article/pii/S0045782509004010
https://www.sciencedirect.com/science/article/pii/S0045782509004010
https://www.sciencedirect.com/science/article/pii/S0010448511002302
https://www.sciencedirect.com/science/article/pii/S0010448511002302
https://www.sciencedirect.com/science/article/pii/S0045782516306120
https://www.sciencedirect.com/science/article/pii/S0045782516306120
https://www.sciencedirect.com/science/article/pii/S0045782516306120

