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ABSTRACT: A mesh generation technique for Lagrange family for quantic to decic order quadrilaterals is discussed. 

The cases related to an equilateral triangle, rectangles, convex polygons, arbitrary oriented rectangles, arbitrary 

quadrilateral nonconvex polygons is discussed. The mesh is obtained by quadrangulating the given domain. This gives 

quadrilateral meshes for polygonal domains which are linear in nature. These will be useful to the boundary value 

problems as an application. 
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I. INTRODUCTION 

 

The meshing will be integral part of most of applications. The mesh is obtained by quadrangulating the given domain. 

This gives quadrilateral meshes for polygonal domains which are linear in nature. Quadrilateral shaped sub regions are 

obtained initially from the polygonal domain which is linear. Using BLT these sub regions are quadrangulated to an 

acceptable network of 4- node quadrilateral elements. With the use of mid side nodes suitably the four noded 

quadrilateral is renovated to quadrilaterals of higher order. The quintic to decic order elements considered for linear 

polygonal domains. A linear polygon is discretized to simple quadrilateral sub regions. Transformations necessary for 

generating the degenerate quadrilateral is considered. Higher order quadrilateral is derived by inserting mid side nodes. 

Later all these combined to get the outcome.  

 

II. LINEAR CONVEX QUADRILATERAL: TRANSFORMATION & MESH GENERATION 

 

Let us contemplate in Cartesian space - (x, y)  a random 4- noded linear convex quadrilateral (LCQ) element Qe. Let 

the global coordinates of vertices of Qe be (xna  , yna). Also choose in local parametric space - (ξ, η) a four noded 2-

square, where ( na, a = 1,2,3,4) are global node numbers. Qe  is mapped to a 2-square mention above using 

isoparametric transformation. The figures Fig.1a and Fig.1b demonstrates this transformation. (xeye) = ∑ 14 (1 +4k=1ξξa) (1 + ηηa) (xnaeynae )  is the Isoparametric coordinate transformation from (x, y)  to the (ξ, η) , with vertices of Qe 

as((xnae , ynae ), a = 1,2,3,4)   and the coordinates of vertices of the 2-square in (ξ, η) space will be (na(ξa, ηa), a =1,2,3,4) = {n1(−1, −1), n3(1,1), n2(1, −1), n4(−1,1)} . Taking suitable values for n1, n2  , n3, n4  we can generate 

various quadrilateral shapes pronounced by the above transformation. The nature of these will control the element 

geometry.  For instance, when a1e = ae,  a2e = 0,   a3e = 0;b1e = 0,    b2e = be,   b3e = 0 and (a0e , b0e) be the centroids of 

the element of triangle then, rectangular elemental structures, that having sides are parallel to coordinate axes were 

created. The sides of these rectangular structures will be    ae = half side length and   be = half side width. This makes 

us to write xe = a0e + aeξ,     ye = b0e + beη. Further When   a3e = 0,  b1e = 0,    b3e = 0, gives xe = a0e + a1e𝛏 + a2eη,  ye = b0e + b2eη . From these relations a parallelogram with two sides are parallel to y-axis will be generated. 
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THE FLOW CHART OF THE PROCESS 

 

The constants in the transformation will determine the element geometry like rectangular, parallelogram elements etc. 

Mesh generation for the four-node element is as shown below other examples discussed in applications. An arbitrary 

linear convex quadrilateral degenerates to give various shapes. The process will cover all bilinear mappings that are 

necessary for the degenerated cases. An arbitrary quadrilateral Qe A unit square in local space (u, v) is the image of 

cartesian space (x, y), as it’s a expedient choice for reduced rectangles or square division. Then unit square into m × n 

rectangles. Fig.2a and Fig.2b in (u, v)  space, demonstrates, splitting of a unit square: In Fig.2a: an arbitrary 

quadrilateral Qe in (x, y) spaceis divided in to mxn divisions. [e]in the interior of an element  indicates a characteristic 

quadrilateral element. The quadrilateral nodal values are < n1, n2, n3, n4 > ,  n1 = (q − 1)(r + 1) + p , n2 = (q −1)(r + 1) + p + 1, n3 =  q(r + 1) + p + 1, n4 = q(r + 1) + p.  Fig.2b shows the splitting of a unit square in (u,v) 

space. This unit square is split into four node rectangles with ‘mn’ in number, with [e]::element’e’, [Re]: will be the 

rectangle with nodal vertices, (na , a=1,2,3,4):: local coordinates of unit square are:  n1 =   (q − 1)(r + 1) + p, n3 =q(r + 1) + p + 1 , n2 =   (q − 1)(r + 1) + p + 1 , n4 =  q(r + 1) + p.  In addition to this element  vertex node 

numbers are,  ((uk,vl), k = 1,2,3, … n + 1), l=1,2,3,….m+1),). 
 

           
 

FIG.1A AND 1B  A LCQ Qe  AND A  STANDARD  2-SQUARE RESPECTIVELY IN   (X,Y)  SPACE AND  (ξ, η)space. 

FIG.1A AND 1C: A  LCQ  AND STANDARD  1-SQUARE RESPECTIVELY IN (X,Y)  AND (U,V) SPACE 
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FIG.2A AND 2B : MXN DIVISIONS OF Qe  AND A  UNIT SQUARE RESPECTIVELY IN (x, y) SPACE AND 

(U,V) SPACE 

 

All the coordinates and element nodes can be attained by changing α  and β , α/β = 1,2, … , (i + 1)/(j + 1)  and 

naturally over any typical element (β + 1) ≤ (j + 1)  and (α + 1) ≤ (i + 1) . The succeeding figure depicts node 

numbering with naming interchanged i, j with α, β respectively:   
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FIG 2C. THE DIVISION OF A UNIT SQUARE;S  NODE NUMBERS MATRIX REPRESENTED AS RR  

 

The corners of Qe and the unit square is considered as n1 = 1, n3 = (m + 1)(n + 1) and n4 = n(m + 1) + 1, where 

the number of dissections along x/u axis is denoted by i and   j denotes the numeral of dissections along y/v axis in both 

the coordinate system spaces. The boundary nodes of a single quadrilateral (m=1,n=1) are n1 = 1, n3 = 4, n2 = 2,and n4 = 3. This will be useful in the explicit demonstration of complete Lagrange elements with quintic to decic order 

over the standard squares. The Serendipity, Lagrange quadratic and cubic elements also considered. Finite element 

interconnects for quintic order to decic order complete Lagrange elements is obtainable. The succeeding figures shows 

Complete Lagrange family rectangular elements. We have shown over a 2-square from Quintic to Decic order elements. 

 

 
 

Lagrange family rectangular elements over a 2-square from Quintic to Decic order. 

 

 
 

Lagrange family rectangular elements over a 2-square from Quintic to Decic order. 

 

For a Quadrilateral, meshes is obtained by dividing square of side 1 unit into ‘mn’ squares or rectangles  of uniform 

dimensions, with ‘(m+1)*(n+1) nodes. Then using bilinear transformation nodes in uv-space is obtained that creates 

‘mn’ rectangles uv-space. Then mid side nodes and inside nodes if any is inserted. We will obtain higher order 

quadrilaterals from these ‘mn’ number of quadrilaterals. Meshes for polygonal domains are obtained by apportioning 

territory into an abrasive mesh of quadrilaterals  or triangles or both, then restoring together. 
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            DEGENERATION OF A CONVEX POLYGON           RESTORING OF FOUR QUADRILATERALS TO FORM A CONVEX POLYGON 

 

III. CONCLUSIONS 

 

In some problems of boundary value in nature, the discretization of some polygonal structure with linear, cubic, 

quadratic, quartic finite elements may be necessary. To facilitate such problems here we have demonstrated a mesh 

generation scheme for linear polygonal domains in terms of all quadrilateral, quintic to decic order quadrilaterals 

elements. The aim is to have codes that automatically give element over linear convex quadrilateral domain taking the 

coordinates of the vertices as input. Mesh generation with Finite Elements with the help of Quintic to Decic order 

elements for an Equilateral Triangle, an Arbitrary Quadrilateral, A Nonconvex Polygon, A Convex Polygon are 

obtained.  
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