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Abstract

When feature information is lost during a data transfer, the advantage of feature-based modeling becomes invalid. After that, even a
small modification for a feature of the model becomes purely dependent on geometric and topological manipulations. The existing meth-
ods for the local modifications such as moving and tapering faces basically make use of ‘tweaking’, which is the technique to replace the
surface of a face with different one. However, tweaking is limited to the modifications that do not involve topological changes in the
model. Due to this limitation, tweaking does not work properly when local modifications involve topological changes. In this paper,
a new volumetric method for the local modification for 3D CAD models is presented. This method can handle local modification involv-
ing topological changes by first separating the volume of feature from the model using the volume decomposition, and then uniting the
modified feature with the model.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

With the advancements of the Internet and CAD data
translation techniques, more CAD models are transferred
from a CAD system to another through the network, and
‘interoperability’ is getting a common word in the CAD
industry. When CAD models are transferred to an incom-
patible CAD system, the data has to be translated so that
they can be properly restored for the system. The interop-
erability helps heighten the status of the concurrent engi-
neering and reduce the time for the product development
cycle. However, the interoperability is not complete in the
sense that only topology and geometry of the models are
translated. The true interoperability should have the ability
to manipulate not only geometry and topology, but also
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feature information on top of them. But currently the pre-
cious feature information is being lost during the CAD
data translation. Neutral formats for CAD data translation
such as STEP presently provide no ways to represent the
feature information [1]. Although the ISO committee asso-
ciated with STEP decided to create a second edition that
could convey more comprehensive design information such
as construction history features, at present, there is no such
CAD model translators that can handle the construction
history features [1].

When feature information is lost during a data transfer,
the advantage of feature-based modeling is not valid any
longer. Now modifications for the models are purely
dependent on geometric and topological manipulations.
The existing methods for the local modifications such as
moving and tapering faces basically make use of ‘tweak-
ing’, which is the technique to replace the surface of a face
with different one [2]. When the surface of a face is to be
changed, the geometry of the related entities such as edges
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Fig. 1. Move by tweaking: (a) a protrusive feature on a translated model; (b) move the boss along x-axis by 9 units—no topological changes necessary:
tweaking succeeds; (c) move the boss along x-axis direction by 20 units—topological changes necessary: tweaking fails.

Fig. 2. Move by volumetric approach: (a) wire-frame view of the model in
Fig. 1(a); (b) separation of the volume of feature by volume decompo-
sition; (c) move the feature volume by 20; (d) union of the feature and the
model.
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and vertices also need to be changed. The tweaking opera-
tion calculates the curves of the new edges by intersecting
the face’s new surface with the surfaces of adjacent faces,
and the positions of the new vertices by intersecting each
new curve with its neighbors. As long as the topology of
the entities remains the same, it is straightforward to calcu-
late their new geometry. But the cases are not always so. In
many cases, local modifications cause topological changes,
and they fail. Since there is no generalized way to handle
the topological changes, only the limited cases are handled
by incorporating some heuristics and rules.

In Fig. 1(a), for example, suppose a user needs to move
the faces of the protrusive feature on the translated model
by 9 in the x-axis direction. This modification does not
involve any topological change of the faces, and the geom-
etry of new edges and vertices can be simply calculated with
the adjacent faces of new surfaces. So the move by tweak-
ing succeeds in this case as shown in Fig. 1(b). However,
what if the user wants to move the faces of the feature by
20 in the x-axis direction as shown in Fig. 1(c)? In this case,
the modification fails.1 The feature should move beyond
the side face of the model, so the topological changes need
to be handled accordingly. But since tweaking only consid-
ers the faces to be changed and the faces adjacent to them,
the information for the topological manipulations is not
acquired. In order to get the model by tweaking as shown
in Fig. 1(c), it is necessary to consider all the faces of the
model, and check if which faces intersect with which faces,
and then tidy up the relationship to correctly generate new
edges and curves. However, this approach would be very
complicated and implausible, and the local modification
would not be ‘local’ any more. It is becoming more like a
Boolean operation requiring a ‘global’ reasoning for the
intersections of all the faces of a model.

Now suppose we were able to separate the volume of the
feature from the model as shown in Fig. 2(b). In this case, it
will be straightforward to modify the separated feature
without concerning about the topological changes. The
1 With the ACIS 3D modeling kernel, the operation results in an invalid
model.
move operation can be simply done by first translating
the separated feature by 20 as shown in Fig. 2(c), and then
uniting it with the remaining volume by a Boolean opera-
tion. The resultant model is shown in Fig. 2(d). By doing
this, the local modification involving topological changes
can be achieved without considering all the faces of the
model to calculate new edges.

In this paper, we propose a new volumetric approach to
local modifications for data exchanged 3D solid models.
The overview of this approach is illustrated in Fig. 3. This
approach comprises of three steps: separating feature by
selective volume decomposition, modifying feature, and
uniting the modified feature. It is noted that the method pre-
sented in this paper is limited to modifications of protrusive
features. In addition, the faces with concave edges should be
analytic surfaces so they can be extended uniquely. In the
following sections, each step is explained in detail.



Feature separation by
selective volume

Modification of the
separated feature

Uniting the modified
feature

Fig. 3. Overview of the volumetric approach to local modification.
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2. Feature separation by selective volume decomposition

There were several research efforts to decompose a solid
model into simpler volumes [3–6]. Most of them are found
in the area of machining feature recognition. These meth-
ods were used to decompose the delta volume—the volu-
metric difference between the part and the stock—of
machined parts into the volumes of simple machining fea-
tures. These volume decomposition methods have been
used in other engineering applications [7–9]. Among them,
maximal volume decomposition (MVD) [3,4] is an existing
method to decompose a solid model into the sub-volumes
called maximal volumes. Volume V is a maximal volume
of solid model S if V satisfies all the following conditions:

(a) V � S.
(b) V does not have a concave edge.
(c) Every halfspace of V is a halfspace of S.
(d) V X A, where A is a volume that satisfies the above

conditions.

Separation of feature of interest—the key process of the
method to be presented in this paper—is primarily depen-
dent on this maximal volume decomposition [3,4]. How-
ever, this method involves several new techniques to
accomplish to separation of features of interest from data
exchanged CAD models. These are:

• Selective volume decomposition
Although it is possible to separate features of interest by
using the ordinary maximal volume decomposition, it
may become computationally very heavy as it extends
all the faces and intersect them to create a cellular
model. The method presented in this paper is capable
of decomposing a solid model into sub-volumes by
extending and intersecting only the faces selected by
users. This capability significantly reduces the computa-
tional load and provides a more efficient way to handle
the feature modifications.
Fig. 4. Classification of CFACEs: (a) solid model; (b) cells created by face
• Application of decomposition method to model modifi-
cation
Although the volume decomposition method is a gen-
eral method to decompose a complex solid model into
simpler volumes, it has been mainly used in the area
of machining feature recognition. For machining fea-
ture recognition, a delta volume—difference between a
part and the stock—is decomposed into machining fea-
tures that are all subtractive features. The method pro-
posed in this paper applies the decomposition method
to the model modifications. It selectively decomposes
the model itself to modify protrusive features that are
additive features.

The first step of MVD is to extend all the faces having
concave edges and intersect the extended faces with the
model. This gives a non-manifold model that has multiple
3D regions partitioned by the extended faces. These regions
are formed into cells each of which contains topological
entities that enclose a void. Each cell points to a CSHELL
that is a topological entity bounding the 3D region of the
cell. A CSHELL contains a list of CFACEs. CFACE is a
face of cell that points to a face in the model with a forward
or reversed sense. CFACEs can be classified into the fol-
lowing three types based on their underlying surfaces and
senses: R-CFACE, E-CFACE, and C-CFACE. Here, R-,
E-, and C- stand for Real, Extended, and Complement,
respectively (see Fig. 4).

The faces of original solid model are denoted by Foi,
where i = 1, . . . ,N, and a CFACE Fc (N is the number
of faces of the original model). It is defined that
Fc"Fok = 1 if the surface geometry of Fok and Fc is
identical, and they use the same side of the surface. Sim-
ilarly, Fc"Fok = �1 if the surface geometry of Fok and
Fc is identical, and they use the opposite sides of the
surface.

• A CFACE Fc is R-CFACE if the underlying face of Fc
is a part of a face of the original model.
extension; (c) CFACEs (all the unmarked CFACEs are R-CFACEs).



Fig. 5. An example of maximal volume decomposition: (a) a part; (b) the cellular model of the part; (c) top view of the cellular model; (d) maximal
volumes of the part.

Y. Woo, S.H. Lee / Advances in Engineering Software 37 (2006) 826–835 829
• A CFACE Fc is E-CFACE if it satisfies the following
conditions:
� {xjFc"Fox = 1} 5 ;.
� {yjFc"Foy = � 1} = ;.
� The underlying face of Fc is not a part of a face of the

original model.
• A CFACE Fc is C-CFACE if it satisfies the following
conditions:
� {xjFc"Fox = 1} = ;.
� {yjFc"Foy = � 1} 5 ;.
� The underlying face of Fc is not a part of a face of the

original model.

There can be a case where a CFACE satisfies the condi-
tions for not only E-CFACE but also C-CFACE. This hap-
pens when a model has two faces that share the same
surface geometry, but they use the different sides of the sur-
face. This kind of CFACE is classified as S-CFACE (S-
stands for special). The occurrence of S-CFACE is rela-
tively very low.

When a solid model is decomposed into cells by the method
explained above, there always exist the cells that have only R-
CFACEs and C-CFACEs. These cells are called seed cells. For
identification of seed cells, a S-CFACE is considered as C-
CFACE. For instance, the cellular model of the part in
Fig. 5(a) is generated by extending the faces and intersecting
them with the model as shown in Fig. 5(b). Fig. 5(c) shows
the top view of the cellular model. In this case, the cellular
model has 10 cells of which A, D, G and J are the seed cells.2
2 A has 5 R-CFACEs and 1 C-CFACE; B has 3 R-CFACEs,
2 E-CFACEs, and 2 C-CFACEs; C has 4 R-CFACEs, 2 E-CFACEs,
and 1 C-CFACE; D has 3 R-CFACEs and 1 C-CFACE; E has 2 R-
CFACEs, 2 E-CFACEs, and 1 C-CFACE; F has 2 R-CFACEs, 2 E-
CFACEs, and 1 C-CFACE; G has 3 R-CFACEs and 1 C-CFACE; H has
3 R-CFACEs, 1 E-CFACE, and 2 C-CFACEs; I has 2 R-CFACEs, 3 E-
CFACEs, and 1 C-CFACE; J has 5 R-CFACEs and 1 C-CFACE.
Once the cellular model is generated, the next step is to
collect certain cells that constitute a maximal volume. It is
noted that a maximal volume is a combination of cells, and
it always has at least one seed cell. Therefore, a maximal
volume can be generated by adding cells to a seed cell such
that their union satisfies the conditions for maximal vol-
ume. Fig. 6 shows the scheme of the method that collects
cells for a maximal volume with a given seed cell. In the
scheme, Lall denotes a list that will include all the cells con-
stituting a maximal volume at the end. Liter denotes a list
that will include only the cells satisfying the collecting con-
dition that are adjacent to an input cell.

The algorithm in Fig. 6 is explained with the example
model in Fig. 5. For the seed cell A, it is first added to Lall.
Since the cell B is in contact with the C-CFACE of the cell
A, it is added to Lall and Liter. There are no other cells to be
added for the seed cell A, so the process goes to the step
(12) where the cell B in Liter is given to the step (2) as input.
For the cell B, the cells C and E are added to Lall and Liter

since they are in contact with C-CFACEs. However, the
cell D in contact with the E-CFACE of the cell B is not
added, because it does not satisfy the condition in the step
(7). Again, the process goes to the step (12), where the cells
C and E in Liter are given to the step (2) as input.

Now for the cell C, it has one C-CFACE in contact with
the cell F, so the cell F is added to Lall and Liter. The cell G
is in contact with an E-CFACE of the cell C, but it is not
added due to the condition in the step (7). There are no
other cells to be added for the cell C. For the cell E, it
has the E-CFACE in contact with the cell H, but the cell
H is not added due to the condition in the step (7). The cell
F is in contact with the C-CFACE of the cell E, but it is not
added either since it has been already added to the lists
(condition in the step (8)). Now the cell F is the only cell
in Liter, which is given to the step (2) as input. There are
no cells to be added for the cell F, so the process termi-
nates. Starting with the seed cell A, the cell B, C, E, and



Fig. 6. Method for collecting cells constituting a maximal volume from a seed cell.
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F are collected. The cells A-B-C-E-F are composed into a
maximal volume in Fig. 5(d).

Likewise, for the seed cell D, the cell B, C, E, F, G, H,
and I are collected. The seed cell G is not used since it is
contained in a collection. For the seed cell J, the cell C,
F, G, and I are collected. By composing the cells in each
collection, three maximal volumes are generated for the
model as shown in Fig. 5(d). How to compose the cells
can be found in [10].
For the purpose of separation of a specific feature, how-
ever, it is not necessary to extend all the faces to create
cells. Only a set of faces necessary for separating the feature
from the model are used. Those faces will be the faces of
the feature that user selects and their adjacent faces
through concave edges. By extending only these faces and
intersecting them with the model, the cellular model that
is sufficient for the feature separation can be generated.
The subsequent operations will be the same as the regular



Fig. 7. Selective volume decomposition with the face f1: (a) part; (b) cellular model with selective face extension; (c) top view of the cellular model; (d) sub-
volumes generated by selective volume decomposition.
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MVD except that the concave edges on non-selected faces
are treated as ‘‘not-concave’’ in the cell collection.

Suppose a user picks the face f1 in Fig. 7(a). The face f2
is adjacent to f1 through the concave edge. Therefore, the
face f1 and f2 are extended and intersected to form the cel-
lular model shown in Fig. 7(b). In this case, the cellular
model has only five cells of which the cell A and E are
the seed cells. Based on the algorithm shown in Fig. 6,
the cells B, C, and D are added to the seed cell A, and
are composed into the sub-volume V1 in Fig. 7(d). Simi-
larly, the cells C and D are added to the seed cell E, and
are composed into the sub-volume V2. With this selective
volume decomposition, only two sub-volumes are gener-
ated. It is noted that a sub-volume generated by the selec-
tive volume decomposition is not necessarily a maximal
Fig. 8. Feature separation by selective volume decomposition: (a) a model
intersected; (c) cells; (d) feature separated.
volume, since not all the faces having concave edges are
extended.

Once sub-volumes are generated, we need to identify
which sub-volume is the volume of the separated feature.
The volume of the separated feature can be identified by
checking if a sub-volume contains a face picked by the user.
If so, it is the volume of the separated feature. The selective
volume decomposition may produce more than two sub-
volumes. In this case, the sub-volumes that are not the vol-
ume of feature are united together, so we have only two
volumes: the volume of the separated feature and the vol-
ume of the model with the feature separated. From now
on, the volume of the separated feature is called the feature

volume, and the volume of the model with the feature sep-
arated the base volume.
with the feature to be separated; (b) gray faces are to be extended and



Fig. 9. Some possible modifications for the separated feature: (a) move by translation; (b) tapering by tweaking; (c) extension by scaling; (d) deletion.
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Consider the model in Fig. 8(a) for instance. In order to
separate the cylindrical boss, a user picks the faces denoted
by gray color. The planar face adjacent to the picked cylin-
drical face through concave edge is also selected for the
decomposition as shown in Fig. 8(b). Next, the selected
faces are extended, and they are intersected with the model
to generate the cellular model shown in Fig. 8(c). This cel-
lular model has four cells of which the cell A and the cell D
are the seed cells. For the seed cell A, the cell B is added,
and they are composed into the feature volume. For the
seed cell D, the cell C and B are added, and they are com-
posed into the base volume in this case. Fig. 8(d) shows the
feature volume and the base volume for the model.

3. Modifications for separated feature

Now that the feature volume is separated from the
model, a modification for the feature is only limited to
the feature itself. It is free to modify the feature without
concerning about the topological changes caused by possi-
ble interactions between the feature volume and the base
volume. This allows us to do various modeling operations.
Some of them are shown in Fig. 9.
Fig. 10. Alternative results b
In Fig. 9(a), the feature is separated and then moved by
a simple translation operation. In Fig. 9(b), the feature is
separated and tapered by a tweaking operation. In
Fig. 9(c), the feature is separated and extended by a scaling
operation. In Fig. 9(d), the feature is separated and
removed from the model.

4. Uniting feature volume

Once a modification for the feature volume is com-
pleted, the next step is to uniting it with the base volume.
For the example in Fig. 9(a), it can be done by a simple
Boolean unite operation. However, it should be noted that
there may be alternative ways of uniting the feature volume
with the base volume depending on the user’s intention.
For example, the user may want to have the feature mod-
ified either as shown in CASE I or as shown in CASE II in
Fig. 10 based on the user’s modification purpose. If CASE
I is the choice of the user, it can be simply done by uniting
the feature volume with the base volume. However, if
CASE II is the choice of the user, it is not as straightfor-
ward. In this case, only some portions of the feature vol-
ume should be united with the base volume. Therefore, it
ased on user’s intention.



Fig. 11. Cells created by non-regularly uniting the two volumes.

Fig. 12. Local modification by feature separation: move operation.
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is necessary to provide the user with the function for select-
ing the desired portions of the feature volume.

For this selecting function, it is needed to partition the
feature volume using the base volume. The partition of
the feature volume can be achieved by a non-regularized
Boolean unite operation. The non-regularized Boolean
unite operation for the feature volume and the base volume
gives a non-manifold model, from which the cells enclosing
the portions partitioned by the faces can be generated. For
the model in Fig. 10, four cells are generated by non-regu-
larly uniting the feature volume and the base volume as
shown in Fig. 11. From these four cells, since only A and
C are the cells that are originated from the feature volume,
and are not contained by the base volume, these two cells
Fig. 13. Examples of local modifications of data exchanged parts by the featur
picked by user.
are prompted for the user’s selection. By selecting only
A, we can get the model shown in the case II in Fig. 10.
If there is only one cell that is originated from the feature
volume and is not contained by the base volume, there is
only a single choice.

5. Implementation and examples

The method presented in this paper has been imple-
mented using C++ on top of ACIS running on a Windows
PC. For the model shown in Fig. 12, a user selects the faces
of protrusion feature to be modified. When the selection is
done, a pop-up window prompts the user to input the dis-
tances to move in x-, y-, and z-directions. The boss features
e separation with the selective volume decomposition. The faces in red are



Fig. 14. Basic concept of modification of depression features.
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is successfully moved by 20 along the x-axis direction.
Fig. 13 shows more examples of local modifications for
data exchanged CAD models. These modifications are
not possible with the conventional tweaking operations.

6. Conclusion

In this paper, a new method for local modification for
solid models has been presented. It is summarized as
follows:

• The method presented in this paper, which is based on the
selective volume decomposition, can separate the feature
of interest from the model, so that modifications for the
feature can be accomplished without concerning about
the topological changes. The method can complement
the shortcomings of the current tweaking method. Since
this method is independent of feature-based models, it
allows the modifications for the static CAD model whose
feature information has been lost during data transfers.

• The selective volume decomposition is a general method
for solid modeling. Therefore, it can be used for other
modeling operations such as design feature restoration
and model simplification.

• Presently, the method only can handle the protrusive fea-
tures that have boundaries of concave edges. If a bound-
ary of concave edges of protrusive feature gets blended
into other features such as fillets, preliminary operations
to remove blending features may be necessary for practi-
cal use. The existing methods for removing blending fea-
tures [11,12] can be used for this purpose.

• Modification of depression features currently has not
been addressed. Further research needs to be made to
address this limitation. The basic concept to accomplish
the modification of depression features would be similar
to that of protrusive features. However, since a depres-
sion feature cannot be represent as a volume that is a
subset of solid model, it would be necessary to introduce
a new solid from which the volume equivalent of the
depression feature can be extracted. Fig. 14 shows this
basic concept with a model with simple hole. It should
be noted that this idea is primitive.
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