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Abstract. In order to improve the local space utilization, this paper researches on simplify method for
irregular objects. Simplify method based on multi-granularity is proposed. According to the collision
possibility of each object in the initial layout, different granularities are set for different objects. For
one object, its global threshold and local threshold can be calculated by granularity. The object mode
is determined by the relationship between Vchobj-Vobj and global threshold and the relationship
between Vsubmax and local threshold. The object modes include prototype, convex hull and
simplified analogue that own some special geometry features. Approaches for special Boolean blocks
are set. A system was developed to verity the feasibility of the proposed method. Compared to single
granularity simplify method, simplify method based on multi-granularity can improve the layout
compactness effectively.

Introduction

Generally, because of the complex geometry of actual objects in 3D engineering layout design,
using traditional CAD models of components leads to time-consuming interference checking and
volume measurement. Thus some modeling approaches are employed to approximate the geometry of
components to shorten the interference checking time. Methods are grouped into two categories,
decomposition algorithm and bounding box algorithm.

The basic idea of decomposition algorithm is that the object is gradually broken down into
hierarchical structures. Interference checking between complex geometries can be solved by
interference checking between simple geometries. Decomposition algorithm includes octree method
and finite sphere method (FSM) in 3D or finite circle method (FCM) in 2D. Cagan et al.[1] presented
a multi-resolution modeling based on octree decomposition to solve constraints satisfaction and
interference checking problem of arbitrary components successfully. For the definition of
non-overlapping constraints, Zhang et al.[2] proposed a revised finite circle method that adapts shape
changes of elliptical components. Quinlan[3] constructed a hierarchical bounding representation
based on spheres for computing the distance between non-convex objects. The distance between
objects is determined by computing the distance between pairs of convex components. Gao et al.[4]
proposed a new strategy for the efficient integrated layout design of multi-component system. FCM
method was used to approximately describe the outline of component. Thus geometry interference
problem was solved.

The basic idea of bounding box algorithm is that using simple geometry with large size instead of
complex geometric objects for interference checking. The most common bounding boxes include
Axis-Aligned Bounding Boxes (AABB), Oriented Bounding Box (OBB), Sphere, Fixed Directions
Hulls (FDH) ). Wang Y et al.'® adopts AABB algorithm and two-dimensional projection for crudity
detection. FDH14 (k=14) is chosen for further detection. Application in NC machining simulation
presented that the algorithm is effective and efficiency. Shi et al.[”! proposed a rapid collision
detection algorithm based on the improved theory of Oriented Bounding Box to solve the problem of
the low precision of collision detection in the turn-mill combined machining simulation. Tang et al.®!
proposed a new method for collision detecting based on adaptive enclosing ellipsoids. Experiments
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demonstrate that the proposed method can improve the detection efficiency and guarantee the
detection precision.

Decomposition algorithm and bounding box algorithm are methods based on single granularity.
They can simplify the arbitrary components and improve the detection efficiency. However, most
actual objects in engineering layout design own special geometry features in order to realize different
functions. Decomposition algorithms and bounding box algorithms ignore the function feature
structure of components so that they lead to inefficient in layout design and low utilization. Thus, this
paper proposed a simplify method based on multi-granularity.

Object Simplify Method Based on Multi-granularity

Multi-granularity Set Method. Rubber ball analogy layout method is a typical visual layout design
method™. It is a set of physical movements on the base of many time steps. When the initial layout is
given, the probability of collision between two objects in the first time step can be judged by the
elastic force. Hence multi-granularity set method can be obtained.

Collision between two objects is detected at the end of the first time step. If there is collision
between object i and object j, a;; equals to 1, otherwise equals to 0. Matrix Aj; is constructed as in (1).
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The possibility of collision of each object is
a =>4
=i )
Array ai by value in descending order to get a sequence {a}, a3, A , ai, A , a,}, where
a = max{a },a = min{a;} @)

Object corresponding to ! get the minimum granularity which equals to 0.The sum of

granularities of other objects equals to 1. The larger the value of 4i  the smaller of the value of
granularity.
Mathematical model of object simplify method based on multi-granularity is

im *Ln 20

C =nk, +m.K;, +--+17,.K, , il (4)

C is a layout simplify program, 7, is the simplify granularity of the iy, object. k; is the iy, object.

Simplify method for one object. The basic idea of the simplify method for one object is as follows.
Firstly, calculate the global threshold ¢, and local threshold ¢, based upon the relationship
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between threshold and granularity 7,,;. Secondly, calculate the values of Vo, Vehonj aNd Vsupmax- Vb

refers to the volume of object. Vcnopj is the volume of its convex hull. Vsypmax refers to the volume of
the biggest Boolean block.

generated by Boolean difference operation of convex hull and object. Thirdly, compare the value
of Vobj-Venooj and ¢, and the value of Vgupmax and ¢,,,;.Compare results decide the object mode

that participates layout process. The object mode include prototype, convex hull and simplified
analogue that contains some holes or concave features.
Relationship between ¢, and granularity 7,,; and relationship between ¢,,.,,and 7,,; are

Pyiobal = noijobj * Digcal = Uoijsuuw (5)

Flowchart of simplify method is illustrated in Fig.1.
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Figure 1 Flowchart of simplify method
Algorithm of simplifying the object is as follows.
(DCalculate the object granularity, global threshold and local threshold.
@Construct the object’s convex hull as chopj, calculate Venony and Vop;.
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(3Decide the object mode based on the relationship between Venohj and Vp;.

(@)If Vobj-Venobj=0, the object is a convex object. Prototype is chosen to join the layout process and
the simplify process ends.

(D)1 Vobj-Venonj< @g100a1» the object contains small holes or concave features. Convex hull is chosen

to be the simplifier and the simplify process ends.
(©)If Vir,, —Vori > @qionar» - the object contains big holes or concave features. Further research is

needed, go to step @.
@Do Boolean difference operation of object and its convex hull. Generate Boolean block sub;

which corresponds to the ji, hole or the ji, concave feature.
®Calculate the value of Vs, » the volume of sub;, and determine whether sub; should retain or

not according to the relationship between vV, and ¢,

@If V,,, <@.» Sub; issmall, that’s it, the ji hole or the ji, concave feature is small. The Boolean
)

block should be removed.
(D)If V,,, >0 Sub; is large, that means, the ji, hole or the ji concave feature is large. The

Boolean block should be retained.
®Repeat step ® until all the Boolean blocks are dealt. All the reserved Boolean blocks form a set
C.... DO Boolean difference operation of ch,,; and C_,,. The result is the simplified analogue that the

system needs.
Special Boolean block treatment. The difference between volumes is used as the basis of object
simplification. Principle of this method is simple and the result is relatively accurate. But this method
must make the appropriate special treatment for some special Boolean blocks, such as slender blocks
and annular blocks.

A slender block is a block with a small sectional area and long length, shown as Fig.2.

save "

_
Figure 2 A slender block
When ratio between the inner radius and wall thickness is larger than a given value, the object is an
annular block, as shown in Fig.3.

Figure 3 An annular block
Holes or concave features that correspond to slender blocks or annular blocks should retain
according to simplify method mentioned in section 2.2. Other objects have little probability to enter
these holes or concave areas. These holes or concave areas make the layout process more complicated.
Holes or concave features that correspond to slender blocks or annular blocks should remove in the
actual treatment.

Examples and Analysis

Examples. Objects can be classified into three classes. Class A is regular objects. No matter what the
granularity is, prototype is used to participate the layout process, such as a cylinder, as shown in Fig.4.
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Figure 4 Class A
Class B has a hole or only one concave features, as shown in Fig.5, (a) is the prototype of object B,
(b) is its convex hull. Volume of B is 18.0336mm?, volume of its convex hull is 21.9908mm?®. When
n < 0.22 IS true, (a) is used for layout, otherwise (b) is used for layout.

A
(a) (b)
Figure 5 Class B and its convex hull
Class C has many holes or concave features, as shown in figure 6. Volume of C is 1958.63mm?® and
volume of its convex hull is 3000.00mm?®. When n > 053, simplifier (c) is used for layout. When
n < 053, relationship between volume of Boolean blocks and local threshold should be considered.

Volume of concave feature number 1 is 900.000mm?®. Volume of hole number 1 is 139.456mm?.
When ; < 015, (a) is used for layout. When o.15 < < 053, (b) is used for layout.

=/ I

(a) (b) (©)
Figure 6 Class C and its simplifiers
Initial layout is as shown in Fig.7. Time step is set as 1/60ms. At the end of the first time step, the
layout process is as shown in Fig.8.

Figure 7 Initial layout with prototype

Figure 8 Layout of the first time step
a, and », can be calculated. The results are shown in Table 1.
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Object a, aj

ID T
1 1 4 | 0.2352
2 4 1 | 0.0588
3 3 2 | 0.1176
4 2 3 | 0.1764
5 2 3| 0.1764
6 1 4 | 0.2352

Table 1 Object and their a,, 7.

Different objects has different granularities, initial layout with simplified objects is shown in Fig.9.

Figure 9 Initial layout with simplified objects
Analysis. Compactness in 3D layout design is measured as the ratio between the sum of the
volumes of all objects and the volume of the layout space %!,
Simplify objects by single granularity method (such as convex hull) and the proposed
multi-granularity method are used for layout design separately. Compactness under different methods
are compared in Fig. 10.
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Figure 10 Comparison picture of compactness
From Fig.10, we can see that multi-granularity method get the higher compactness than single
granularity.
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Summary

Irregular object simplify method based on multi-granularity is proposed. Granularity set method,
simplify method for one object and special Boolean block treatment method are described in detail.
Simplified objects based on single granularity and multi-granularity are used for layout design
separately. Comparison result verify the feasibility and effectiveness of the proposed method. It
provides the foundation for digital design of irregular objects layout. The outline recognition of
objects is to be further researched so that the compactness of layout can be further improved.
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