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of offshore plant
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Analysis and improvement of simplification algorithm
using edge region and centroid comparison of 3D model
of offshore plant

Lee, Min Kyu

Department of Naval Architecture & Ocean Systems Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Large systems such as offshore plants are very large in size and have a
complex shape. Thus, that have a large amount of three-dimensional data.

A simplification algorithm is necessary to simulate this huge 3D model.

In order to simplified the offshore plant model, we applied the Garland
algorithm, which is commonly used for lighter weight of the polygon mesh

model, to the offshore plant.

It is a simplifying method using characteristics of polygons using quadric
error metrics. However, applying this algorithm to the offshore plant model

yielded a result with a very large error.
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As a cause of this phenomenon, we describe the side effects and the
range of influence added to keep the boundaries. Describe the side effects
and range of edge weights added to maintain the boundary, which is the

cause of this phenomenon.

In this paper, we describe a breakable edge with a new vertex that is
largely offset by weight, and provide criteria and rationale for it. Then we
present another calculation method of new vertex based on the geometric
change of the polygon group formed by the breakable edge. The positions
of the new vertex was selected by comparing the positions of centroid

before and after simplifying of each plane of the polygon group.

KEY WORDS: Offshore plant 3]&Z#E; Massive 3D model ti&% 3D =4 ;
Mesh simplification w4 7333} ; Breakable edge 7&7] 4% =Ag] ; Allowable

area &8 9.
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n . Degree

Fig. 4 NURBS equation
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Table 1 Comparison of NURBS and polygon mesh

NURBS Polygon mesh
Usage Modeling(CAD) Rendering, Simulation
Element Subdivided surface elements (triangular) Polygons

o ) Realistic Rendering
Advantage Exquisite modeling )
(Texture mapping)
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Fig. 9 Evaluate the sign of
distance
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Table 2 Comparison of distances using Metro

Comparison factor Model 1 -> Model 2 Model 2 -> Model 1
max 0.001095 0.001094
mean 0.000471 0.000463
RMS 0.000502 0.000495
Hausdorff distance 0.001095
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Fig. 10 Model 1 for metro

Fig. 11 Model 2 for metro
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Fig. 13 Approximated bunny

Fig. 12 Original bunny model model with only 1,000 triangle

with 69,451 triangle mesh
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Fig. 14 Original dehydrator model Fig. 15 Approximated dehydrator model
with 454,202 triangles with only 200,000 triangle meshes
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Fig. 16 Original column model
with 454,202 triangle meshes

Fig. 17 Approximated column model

with only 200,000 triangle meshes
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Fig. 18 Original low pressure tank
model with 454,202 triangles

Fig. 19 Approximated low pressure
tank model with only 200,000 triangle
meshes
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Fig. 22 Simplification process
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Fig. 23 A part isolated from original model
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Fig. 24 Case with fatal error, isolated from
original model
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Fig. 25 Case of new vertex for polygon location
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i eB|ldhbD| e 2 x|E

G156/ 15 Ualy_edgepoints,txt m\

7 440(193390.000000, B263.646484, 39455.277344) 441(193350.000000, 8277.566406, 39431.652344) : (193390.000000, 5174.950155, 39335.576563)

& 442(193390.000000, 5283.754883, 39438.406250) 445(193390.000000, 8267.828125, 39460.730463) : (193390.000000, 5189.332031, 39333.476563)
873(193334.000000, 8237.980469, 39609.511719) 881(193334.000000, 8237.557617, 39605.066406) : (193334.000000, 65536.000000, 32768.000000)
873 (193334.000000, 8237.980469, 39609.511719) ©82(193334.000000, 8234.657227, 39606.019531) : (193334.000000, 65536.000000, 68.000000)
874 (193334.000000, 8233.606445, 39609.51171%9) ©82(193334.000000, 8234. 39606.019531) : (193334.000000, 65536.000000, 32768.000000)
881(193334.000000, 8237.557617, 39605.066406) 882(193334.000000, 8234. 39606.019531) : (193334.000000, €5536.000000, 68.000000)
982 (193390.000000, §233.606445, 39609.511715) 950 (193350.000000, 8234. 39606.019531) : (193390.000000, €5536.000000, €3.000000)
983 (193390.000000, §237.980463, 39609.511715) 989 (193350.000000, 8237. 39605.066406) : (193390.000000, 65536.000000, 32768.000000)
583 (193390.000000, §237.98046%, 39609.511713) 950 (193350.000000, 8234. 39606.019531) : (193390.000000, €5536.000000, €8.000000)
989 (193390.000000, 8237.557617, 39605.066408) 990 (193390.000000, 8234. 39606.019531) : (193390.000000, 65536.000000, 32768.000000)
1238 (193390.000000, $237.557617, 39605.066406)  1241(193390.000000, 823%.65 39606.019531) : (193390.000000, €5536.000000, 16384.000000)
1239(193334.000000, 8237.557617, 39605.066406)  1240(193334.000000, 8234.657227, 39606.019531) : (193334.000000, €5536.000000, 16384.000000)

1357(193334.000000, 8311.381836, 39540.558594)  1378(193334.000000, 8316.955078, 39536.730469) : (193334.000000, -0.000000, 16384.000000)
1359(193334.000000, 8306.534570, 39536.183594) 1368 (193334.000000, B8303.309570, 39537.656250) : (193334.000000, 16384.000000, -0.000000)
1359(193334.000000, 8306.934570, 39536.183594)  1366(193334.000000, B308.043945, 39533.039063) : (193334.000000, -0.000000, 16384.000000)
1360(193334.000000, 8306.934570, 39540.558594) 1368 (193334.000000, B8303.309570, 39537.656250) : (193334.000000, 16384.000000, -0.000000)
1364 (193334.000000, 8298.040039, 39558.058594) 1418 (193334.000000, B296.563477, 39560.757813) : (193334.000000, -0.000000, 16384.000000)
1374 (193334.000000, 8320.276367, 39540.558594) 1378 (193334.000000, B316.955078, 39536.730469) : (193334.000000, —-65536.000000, 32768.000000)

1423(193334.000000, $306.934570, 39562.428688 1431(193334.000000, 8305.474609, 39564.449219) : (193334.000000, -65536.000000, 16384.000000)
1465(193390.000000, §311.381836, 39540.558594)  1486(193390.000000, 8316.955078, 39536.730469) : (193390.000000, -0.000000, 16384.000000)
1466 (193390.000000, £306.534570, 39540.558594)  1476(193390.000000, 8303.309570, 39537.656250) : (193350.000000, 16334.000000, —0.000000)

1467 {193390,000000, £306.534570, 39536 .183554) 1476(193390.000000, S303,309570, 39537.A56250) : (1693390.000000, 16334.000000, -0.000000)

Fig. 27 Z values out of the min-max box
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Fig. 28 A 3D model
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Fig. 30 Number of polygon connected on edge
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Fig. 34 Location analysis of new

vertices
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Table 3 Comparison of ratios of outside edge

number of number of edges )
Model . Ratio(%)
total edge outside allowable area
104,288 304 0.29
8.706 68 0.78
76,175 45 0.06
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Fig. 35 10 points selected on edge
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Fig. 36 Original polygon group and breakable edge
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Fig. 38 Original model and one of case points on edge
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Fig. 39 Original polygon group in 3D

Fig. 40 Cases of simplified model connect to a point in the path of an breakable
edge
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Fig. 41 Translation of centroid
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0.000206  wrt bounding bo

diagonal )

wrt bounding box diagonal)

Fig. 45 Error between original & simplified model after

simplified using centroid variation

Table 4 Comparison of distance of both method using metro

. Area Centroid
Comparison -
fact Original-> simplified -> Original-> simplified ->
actor
simplified Original simplified Original
max 0.080134 12.262821 0.078937 9.942577
mean 0.010214 0.097693 0.010371 0.088937
RMS 0.015426 0.644009 0.015568 0.562130
Hausdorff
) 12.262821 9.942577
distance
- 4‘] -
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