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Abstract- This paper proposes a method of initial interface modeling for moving boundary by level set method in a 3D grid 
space. The initial interface is represented by signed distances from an interface to grid points. This paper finds the initial 
interface only in the narrow band using oriented bounding box, and weighted pseudo-normal vector without involving 
Eikonal method. The proposed method was implemented and compared with Eikonal method using a sphere and Stanford 
common 3D test models. The results show that the proposed method can decrease more distance errors than Eikonal method 
in a particular environment.  
 
Index terms- Level Set Method, Signed Distance Function, Oriented Bounding Box, Pseudo-normal Vector. 

 
I. INTRODUCTION 
 
In recent 3D computer simulation, geometry object 
transformation in real or virtual world are calculated 
mathematically using computer graphics and 
expressed in a visual form using graphics 
technology.In the computer simulation, there is level 
set method in terms ofpartial differential equations. 
The level set method is advantageous in that, it is 
represented as a zero level setnot as a parameterwhen 
representingcurves and surfaces in a grid space,and 
the topology change such as when combining two 
circles can be easily tracked. 
In the narrow band level set method, three steps are 
usually needed to do the level set method.  
○1 grid sizeand narrow band setting based on initial 
objects and grid resolution 
○2 initial interface (boundary) modeling in the grid 
space.  
○3  moving boundary with level set method. 
This paper focuses on the initial interface modeling in 
a grid space.In the initial interface modeling, three 
method: chamfers distance transform, vector method, 
and Eikonal method are usually used to find the  
distance from an initial object boundary to an 
arbitrary grid point on a grid space[1]. 
Chamfer distance transform is a method to measure 
the distance by scanning the image with the mask 
having the local distance of the scalar value as an 
element. Since it is calculated by the distance set in 
the mask, the error is large when the distance of the 
curve is obtained at an arbitrary grid point. 
Vector method is similar to chamfer method, but the 
local distance, which is the element value of the mask, 
can be represented as a vector to calculate a more 
accurate distance than the chamfer method. 
Eikonal method is more correct than Chamfer and 
Vector method. However, there is a problem in that it 
is difficult to find the intersection points of the grid 
space where a straight line passing through the 
interface meets and the calculation of the sign is 

difficult when the intersection is at the vertex or 
edge[2]. This paper will explore a different method 
for modeling initial interface using oriented bounding 
box, and weighted pseudo-normal vector to easily 
find the intersection point and the sign and identify 
the possibility as an initial interface modeling method. 
In this paper, first, we give a short account of level 
set method in chapter 2 anddescribe how to find the 
initial distance and sign on the 3D grid space in 
chapter 3.Next, we shows the level set simulation 
results with the average error and visualization, and 
compares the proposed method and Eikonal method. 
Finally we cometo the conclusion in chapter 5. 
 
II. LEVEL SET METHOD 
 
Level set method was introduced by S. J. Osher& J. 
A. Sethian in 1988 for numerically analyzing an 
implicitly represented zero level set. In the simulation 
of the level set method, the level set is a function 
(Φ x, y, z, t C ) defined as a function of the set x, y, 
z, t with a constant distance C from the interface. The 
values of x, y, z, and t, where C is zero, are zero level 
set. The value ofΦ at the start of the simulation is 
called the initial value Φ  of level set[2]. 
The simulation of the level set method is centered on 
moving the interface at an arbitrary speed F. The 
value of the level set has a value of 0 in the interface, 
a positive value in the outside of the interface, and a 
negative value in the inside of the interfaceas shown 
in equation (1). The movement of the interface is 
based on the numerical calculation of the partial 
differential equation (2). 
 

Φ x, t 0 forx ∈ Ω ∶ outside
Φ x, t 0 forx ∈  Φ ∶ boundary
Φ x, t 0 forx ∈ Ω ∶ inside

 (1) 

 
∂ Φ F|∇Φ| 0,   ift 0, Φ x, t Φ x (2) 
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Figure 1: Level Set Function with initial value()  

 
∂ Φ is the partial derivative of Φ with respect to time 
(t), and ∇Φ is the gradient with respect to space (x, y, 
z) of Φ. Φ x is the value of the initial interface, and 
F is the moving speed of the surface. 
By calculating the above partial differential equation 
using the Φ x  given as an initial value and the 
moving speed of the surface, the moved boundary 
interface can be obtained every time. 
 
 
III. INTIAL DISTACNE FINDING FOR 
INTERFACE MOVING USING LEVEL SET 
METHOD. 
 
This paper focus on initialization of boundary model 
stage of level set method flow chart in Figure 2. And 
the paper use Stanford common 3D test models as 
object model. So, the initial object boundary is 
composed of a triangular mesh structure. The paper 
usesOriented Bounding Box Tree as an object data 
structure. OBB Tree is an algorithm that is easy to 
find an object and to detect object collision. We can 
get the distance using the bounding boxas follows[3]. 
 
c p n ∙ p op

∙
, d |p c| (3) 

 
Where, p is a grid point within a narrow band 
adjacent to the interface of the initial object in the 
grid space, op represents the axis of the OBB, and n 
represents the direction of the normal vector of the 
OBB. C represents the intersection where the p-grid 
point is projected to the nearest OBB. 
 
 
When the gap betweenand object boundary and grid 
points is transformed into a distance with a wrong 
sign in the 3D grid space, the sign computation error 
can occur as shown in Fig 4. It should be displayed as 
positive value outside the boundary, but it is indicated 
as negative value[4,5]. 
 
The sign computation error occurs more often when 
the intersection is at the vertex of the polyhedron, or 
at the edge where the two sides meet.  

 

 
Figure 2: Flow Chart for simulation using Level Set Method 

 

 
Figure 3: Computing distance between grid point and surface 

intersection point. 
 

 
Figure 4: Vis. Error by Wrong Calculated Sign(Green_) 

 
 

Figure 5: normal vector calculation, incident angles of neighbor surface 
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In order to solve such a wrong sign problem, a 
pseudo normal vector to which weights are applied is 
used for sign calculation. It is a similar method to be 
used for visibility calculation in computer graphics. 
Figure 5 schematically shows the case where the 
intersection (c) is located at the apex of the 
polyhedron (M).It is an intersection where three 
vertices (A, B, C) meet. 
 
The normal vectors of three planes are given byn , n , 
andn .The pseudo-normal vector n  of a vertex is 
obtained as a weighted average using the equation (4) 
for the normal vectorsn , n , andn of the face.The 
weights a , a , and a  are proportional to the size of 
each face close to the vertex. 
 

n
∑

‖∑ ‖
   (4) 

 
Here,a  is a weight proportionalto the angle of the i 
surface near the apex and n  is the i surface normal 
vector. The sign of the intersection C is calculated 
using the following equation (5). 
 
ifn  ∙ p c 0; pispositive
ifn  ∙ p c 0; pisnegative
ifn  ∙ p c 0; p 0

 (5) 

 
Here, p denotes an arbitrary grid point, and c denotes 
an intersection point. 
 
IV. SIMULATIONS AND EXPERIMENTAL 
RESULTS 
 
A. Experiment 
In this experiment, we used Stanford common 3D test 
models: Box, Cow, and Rabbit in the * .ob and * .stl 
file formats as evaluation data. Table 1 shows an 
overview of the test data used. The 3Dgeometry 
object model is polygon mesh. The stl file format 
stores vertex coordinates, three vertices, and a normal 
vector, and the obj file format is stored as vertex 
coordinates, texture coordinates, normal vector[6]. 
 

Table 1 3D Test Model Data 

 
 
In this paper, we use the above object as an initial 
object interface to initialize all grid points in a narrow 
bandfor Eikonal method and the proposed method 
(OBB tree and signed distance) and compare the 
errors(difference)between the proposed method and 
Eikonal method for the visualization. The point to be 
noted when simulating by level set method is to 

adjust the moving speed F of the interface, the time 
interval Δt, and the lattice spacing Δx to CFL 
(Courant-Friedrichs-Lewy) conditions so that the 
interface does not proceed more than one grid  at a 
time. It should be set to Δt≤Δx [7].If this condition is 
not met, the interface becomes unstable. In this 
experiment, we set the simulation parameters to 0.01 

(0.002) for the speed F if the grid interval ∇x is 0.02 

(0.004) and the time interval ∇t is 1 (1).  
 
Using those parameters and the following equation 
(6), we have compared the processing time and the 
distance error of Eikonal method and the proposed 
method in the narrow band while moving the 
interface by level set method.  
E ∑ A B /n, ifs ∈ L s    (6) 
 
Where, E represents an average error, and L(s) 
represents a narrow band adjacent to the labeled 
interface. N is the number of grid points belonging to 
the labeled neighboring narrow band. A is the 
distance from the interface to grid point of the 
proposed method, and B is that of Eikonal method. 
The error was compared with how the average error 
changes every time while moving the interface by the 
level set method. Since we can’t know which of the 
proposed method and Eikonal method is more 
accurate by comparing only the two methods, we 
compare the proposed method and Eikonal method 
with the method using the sphere whose distance can 
be calculated by the actual math formula 
 
B. Result& Analysis 
The results of this experiment: the mean of average 
error of all moving time in the different grid size and 
the average error of each movingtime are shown in 
Figure 6. And the visualization of the simulation 
result with Stanford common 3D test modelsis shown 
in Figure 8. 
 
In order to determine which of the proposed method 
and the Eikonal method is correct, the reference value 
is obtained by using a sphere (Figure 6, 7) that can 
calculate the distance value by the math formula. 
Figure 6 compares the average errors of time 0 in the 
different number of grids in narrow band. In 323, the 
proposed method has an error of 0.27400. The 
Eikonal method has an error of 0.29243. In 1283, the 
proposed method has an error of 0.27593. The 
Eikonal method has an error of 0.27655.  
 
 
The proposed method has smaller error than the 
Eikonal method. The smaller the number of grid 
becomes, the greater the number of the average error 
becomes in representing the initial object. The 
average error is distance frommath formula is used as 
reference. 
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Figure 6: Average error of time 0 in different grid resolution of 

a sphere in narrow band,A: Proposed method B:Eikonal 
method. Distance from math formula is used as reference. 

 

 
Figure 7: Mean average error in each moving time of a sphere 

in narrow band,A: Proposed method B: Eikonal method. 
Distance from math formula is used as reference. 

 
In Fig. 7, the result shows the average error in each 
moving time for 5 times simulation. Since it is not 
known how much the radius of the sphere increases 
during this time, the initial radius of the sphere is set 
to the radius of the sphere model data.The final radius 
is defined as the average of the simulated results over 
the 5 times period using the Eikonal method and the 
proposed method.Based on these differences, we 
calculate theradius of the sphere by the time of the 

reference, and calculate the reference distance based 
on the radius.Then, we compare the reference value 
with the simulation result.The error at the beginning 
of the simulation was 0.2759 for the proposed method 
and 0.2766 for the Eikonal method, which was 0.007 
larger than the proposed method. 
 
 
CONCLUSION 
 
In this paper, we explore how to obtain the initial 
interface for the simulation using the level set method 
in the 3D grid space. The distance from the object 
surface to the grid point is calculated using OBB and 
the pseudo-normal vector with angle weighting to 
accurately calculate the sign distance of the level set. 
The result of simulation shows that the distance 
difference (error) from that of math formula of the 
proposed method can be controlled to be small and 
the visualization result is excellent when compared 
with the Eikonal method. 
Future research will use the proposed method to 
simulate real industry applications such as semi-
conductor etching deposition process. 
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