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Geometric Implicit Function Modeling and Analysis Using R-functions

Heonju Shin*, Tae-wan Kim** and Dongwoo Sheen***

ABSTRACT

Current geometric modeling and analysis are commonly based on B-Rep modeling and a finite ele-
ments method respectively. Furthermore, it is difficult to represent an object whose maierial property is
heterogeneous using the B-Rep method because the B-Rep is basically used for homogeneous models.
In addition, meshes are required to analyze a property of a model when the finite elements method is
applied. However, the process of generating meshes from B-Rep is cumbersome and sometimes diffi-
cule especially when the model is deformed as time goes by because the topology of deforming meshes
are changed. To overcome those problems in modeling and analysis including homogeneous and hetero-
geneous materials, we suggest a unified modeling and analysis method based on implicit representation
of the model vsing R-function which is suggested by Rvachev. For implicit modeling of an object a
distance field is approximated and blended for a complex object. Using the implicit function mesh-free
analysis is possible where meshes are not necessary. Generally mesh-free analysis requires heavy com-
putational cost compared to a finite elements method. To improve the computing time of function eval-
uation, we utilize GPU programming. Finally, we give an example of a simple pipe design problem and
show modeling and analysis process using our unified modeling and analysis method.

Key words: Approximated distance implicit function, R-function, heterogeneous material modeling, mesh-

free analysis, GPU programming
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CPU GPU
Z2:17 Z27
o E ¢ w5
N Ha zUE Mg
AFEY A4 &2 shader o1 &2
I3 [, C++, JAVA, CG, GLSL, HLSL
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Table 3. 2% shader 9019) F7/9 53
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Table 4. GPU$} CPU2] Al41A) 74 vl 2
GPU {pixel shader)
0.062

cru
0.453

Aay

A 7Hs)

samplar tex;
strudt PS_INPUT
floar2 texeoord : TEXCODROD;

struct PS_OUTPUT
veaor value : COLORO;

£ campi circle, dk Functi
Host aircle(in float x¢, in float ye, in float v, in float x, in Aoat y)

return {r*r - {x - xc)*(x - xc) - {y - yc)*{y - vc)) f (2%r):
7/ R-function, AND
float conjunction{in float f1, in float £2)
return €L + €2 « sqet(f1=fL + F2%f2);
#/ R-function, NOT
Aoat not{in Aoat f)
return -f;
Hoat p1_X, pl_y. D2_X, D2_v;

float x1 = 0.5, y1 = 0.5, r1 = 0.4;
Hoat x2 » D.7, ¥2 = 0.5, r2 = 0.1;

{7 input coordinmtes
/7 circlel {center, radius)
/f arcle2 {center, radius)

7" 1), 2)

PS_OUTPUT gpu_mawn(PS_INFUT wnput}

{
PS_OUTPUT output = (PS_OUTPUT)O;
M input coordinates
vectar tmp = tex20(tex, input.texcoard);
p2Ix - tmpf2];
p2_y = tnpf3]:
// compute omega(pl), amega{p2)
float wh_1 = circle(xl, y1, r1, p1_x, pl_v);
fioat wi_1 = cirde{x2, y2, r2, pl_x, pl_y);
filoat w_1 = canjunction(wD_1, nak{wi_1}};
float wD_2 = cirde(x}, y1, rL, p2_x, p2 v):
flaat wi_2 = cirde(x2. ¥2, r2, p2_¥, P2_y);
foat w_2 = conjunchion{wD_2, m:t(w! "3
H retuen
output.value[0) = w_L;
output.valus[1] = w_2;

return output;
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