
Adaptively Weighted Numerical Integration over 

Arbitrary Domains 

Vaidyanathan Thiagarajan, Vadim Shapiro 

Spatial Automation Laboratory, University of Wisconsin-Madison, Madison, WI-53706 

ABSTRACT 

In ‘Adaptively Weighted Numerical Integration’ (AW), for a given set of 

basis functions, quadrature points, order and domain of integration, the 

quadrature weights are obtained by solving a system of suitable moment 

fitting equations in least square sense. The adaptivity of weights to the 

domain is ensured by incorporating a shape sensitivity term in 

formulating the moment fitting equations. Thus, the adaptivity of weights 

allow accurate integration over arbitrary 2D and 3D domains without 

excessive domain subdivision,  which is useful in many applications and 

meshfree analysis in particular. Experimental results (in 2D) indicate that 

adaptively weighted integration compares favorably with more traditional 

approaches. 
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  Figure. 2(a) (Scaled)  

  Cartesian Product Rule 

Figure 3(a). A ‘notched’ domain along  

with its polygonal approximation. 
Figure 3(b). Relative error (in integral) comparison for  

various quadrature rule – ‘notched’ domain 

Figure 4(a). Quadtree decomposition of a ‘wavy’ 

domain along with the polygonal approximation of  

its boundary cells. 

Figure 4(b).  Integral value comparison for various 

levels of quadtree decomposition – ‘wavy ‘domain. 

Figure. 2(b) Polygonal      

 Approximation 

REFERENCES 

 

 

[1] Dasgupta G. Integration within polygonal finite elements. J. Aerosp. Eng., 2003. 

[2] S. E. Mousavi and N. Sukumar. Numerical integration of polynomials and discontinuous functions on irregular convex 

polygons and polyhedrons. Computational Mechanics, 2011. 

[3] K.K. Choi and N.H. Kim. Structural Sensitivity Analysis and Optimization I: Linear Systems. New York: Springer, 2005. 

[4] Luft B., Shapiro V., and Tsukanov I. Geometrically adaptive numerical integration. In Proceedings of 2008 ACM Symposium 

on Solid and Physical Modeling, NY, 2008 

[5] Thiagarajan V. and Shapiro V. Adaptively weighted numerical integration over arbitrary domains. Technical Report, Spatial 

Automation Laboratory, 2012. 

 

  


