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A method for extracting the machining region from
a 3D CAD model in Standard Triangulated Language
(STL) format and automatically generating a tool path
is proposed. First, a method is proposed for extracting
the machining region and obtaining the geometrical
features such as a convex or concave shape from only
the 3D CAD model in STL format. The STL format
uses only triangular mesh data and drops all infor-
mation, which is necessary for extracting the removal
volume for the machining and geometrical character-
istics. Furthermore, the triangular mesh size is non-
uniform. A contour line model is proposed in which
the product model is minutely divided on the plane
along any one axial direction and is represented by
points at intervals below the indicated resolution ob-
tained from the contour line of the cross section of the
product. Subsequently, a method is proposed to de-
termine the machining conditions for each extracted
machining region and automatically generate a tool
path according to the geometrical features of the ma-
chining region obtained. A machining experiment was
conducted to validate the effectiveness of the proposed
method. As a result of the machining experiment, it
was confirmed that the tool path automatically gener-
ated from the 3D CAD model in STL format can be
machined without any problems and with a practical
level of accuracy.

Keywords: CAM, STL format, end milling, process
planning

1. Introduction

While industry is shifting from mass production to
small volume production or customized production, the
automation of preparation tasks such as NC program gen-
eration is strongly desired. The time and cost for prepara-
tion tasks, such as NC program generation, directly affect
the production efficiency and cost for customized produc-
tion. Some previous studies have attempted to reduce the
time required to generate an NC program, and have re-
alized digital copy milling without such a program [1–
4] or computer-aided process planning (CAPP) systems.

To achieve automation of the NC program generation, it
is necessary to recognize the machining shape and deter-
mine the machining conditions. To recognize the machin-
ing shape, a computer is not so sophisticated that it cannot
understand the geometric features of a complicated prod-
uct shape. It is therefore necessary to recognize the ma-
chining region and features of such shape. There are two
main methods for machining feature recognition: recog-
nizing the target shape [5–9] and recognizing the removal
volume [10–19]. Furthermore, to achieve automation of
NC program generation, it is necessary to automatically
determine the machining conditions, which depends sig-
nificantly on the know-how of experienced operators be-
cause conditions such as the feed speed and the axial and
radial depths of the cut significantly affect the product ef-
ficiency and cost. Some previous studies have attempted
to automatically determine the machining conditions and
others have realized the automatic determination of the
machining conditions by depending on the geometric fea-
tures of the product shape [20–22]. Other studies have
realized this by reusing machining case data [23, 24]. Al-
though some previous studies have supported the NC pro-
gram generation, it is difficult to apply such generation in
the field because the product shape is usually too compli-
cated to recognize the machining features, and the combi-
nation among the workpiece material, machine tool, and
cutting tool is not always constant. Furthermore, the di-
versity of the 3D CAD model format is one of the major
problems in realizing automated NC program generation.
Various CAD software packages are used in the field. Ow-
ing to the difference in these data formats, the 3D CAD
data designed by the ordering source are often manually
re-created by different CAD software used at the manu-
facturing site with data compatibility.

This study focuses on the data format of a 3D CAD
model and proposes a method for extracting the machin-
ing region and geometrical features from the 3D CAD
model in STL format and automatically generating a tool
path. First, a method is proposed for extracting the ma-
chining region and obtaining the geometrical features,
such as convex or concave shapes, from only the 3D CAD
model in STL format. Subsequently, this study proposes
a method for determining the machining conditions for
each extracted machining region and automatically gen-
erating a tool path according to the geometrical features
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Fig. 1. Lack of information when converting between kernel
and intermediate data.

of the machining region obtained. In this study, a machin-
ing experiment is conducted to validate the effectiveness
of the proposed method.

2. Automated Tool Path Generation by CAD
Model in STL Format

2.1. Three-Dimensional Shape Representation
Using Contour Line Model

In general, the difference in format of 3D CAD data is a
major issue when handling such data. The data format of a
3D CAD model can be classified into three types, i.e., ker-
nel data, intermediate data, and mesh data, depending on
the amount of information and the features of the compat-
ibility. Kernel data are in a format that depends on CAD
software, and is the core in creating a three-dimensional
model. Such data hold the points, lines, surfaces, and
solid information, and have a large amount of informa-
tion. The CAD data created by different kernels are in-
compatible in their present form, but can be converted
into intermediate data. Such intermediate data can hold
the CAD data created by different kernels in a format that
does not depend on the data format. In general, the inter-
mediate data store only the surface information, including
points and lines that construct a 3D shape. The solid infor-
mation held by the kernel data is dropped. The mesh data
are the data in which only the points and lines are stored.
In the mesh data, the surface information is represented
by a set of minute triangles. The surface information held
by the intermediate data is dropped.

Various CAD software packages are used in the field.
Owing to the difference in these data formats, the 3D
CAD data designed by the ordering source are often man-
ually re-created by different CAD software used at the
manufacturing site. In addition, as shown in Fig. 1, there
is a lack of information when converting the kernel data
that depend on CAD software into intermediate data, and
thus the more complex the shape is, the greater the dif-
ference from the original shape that may occur during the
restoration. Therefore, it takes time and effort to re-create
the CAD data at the manufacturing site.

The mesh data are also in a Standard Triangulated Lan-
guage (STL) format because they represent the shape with

Fig. 2. STL format.

a set of triangular elements. Owing to the representa-
tion of triangular elements, the format is highly versa-
tile. However, all historical information when creating
the CAD model is removed. In other words, this data for-
mat drops all information necessary to extract the removal
volume for machining as well as the geometrical charac-
teristics. In this study, a method to analyze only the STL
format and overcome the problems related to the extrac-
tion of the machining region is proposed to overcome the
difficulties related to the difference in data format.

In the STL format, a plane is represented by much
larger triangular meshes, and a curved surface is repre-
sented by much smaller triangular meshes in order to rep-
resent surfaces with the minimum number of triangular
meshes, as shown in Fig. 2.

Our research group has proposed a method called a
contour line model, which represents the surface of the
product shape as discrete points at intervals below the in-
dicated resolution to overcome the non-uniformity of the
triangular meshes [25, 26]. The contour line model is one
in which the product model is minutely divided on the
plane along any one axial direction, and the contour line
of the cross section is superimposed. In the STL format,
the triangular mesh size is non-uniform, and thus the dis-
tance between the intersections with the triangular mesh
obtained on the divided plane is not constant. Therefore,
the product surface needs to be represented by points at
intervals below the indicated resolution.

The algorithm for the contour line model is described
as follows. The product model expressed by the STL for-
mat is divided finely on the XY plane at intervals of the
indicated resolution, as shown in Fig. 3. For each sur-
face of the divided XY plane, the intersection between the
plane and all triangular meshes is geometrically extracted.
The line segment, where the triangular mesh and the tar-
get plane intersect, is calculated. The contour line of the
divided plane is calculated by searching for a line with
the same start of the end point and connecting the same
points, as shown in Fig. 4. The line segments composing
the contour line obtained are then of non-uniform lengths,
as shown in Fig. 5. In particular, a plane of the shape
is represented by a single long line segment, whereas a
curved surface is represented by a plurality of minute line
segments. Therefore, when the length of each line seg-
ment is longer than the indicated resolution, the points are
inserted using a linear interpolation. When the length of
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Fig. 3. Product model expressed using STL format divided
finely on the XY plane at intervals of the resolution.

Fig. 4. Geometrical relationship between triangular mesh
and the divided plane.

Fig. 5. Contour line obtained from the line segment where
the triangular mesh and divided plane intersect.

the line segment obtained from the STL format is less than
the resolution indicated, it is expressed using the line seg-
ment shown in Fig. 6. As described above, the product
surface expressed using a non-uniform triangular mesh
can be expressed by points at intervals below the indicated
resolution. The accuracy of this model depends on the
maximum value of the tolerance specified when express-
ing the 3D CAD model in STL format and the indicated
resolution of the contour line model.

Fig. 6. Contour line expressed using points at intervals be-
low the resolution.

Fig. 7. Machining region obtained from the difference in the
points of the contour line between workpiece and product.

2.2. Extraction of Machining Region and Features
by Contour Line Model

During the roughing, the machining region can be eas-
ily calculated from the difference between the points of
the contour line obtained from each plane divided at the
minute intervals of the workpiece and those of the prod-
uct, as shown in Fig. 7.

However, when applying a finishing for convex regions,
drilling for holes, or finishing or roughing for concave re-
gions that are independently machined, it is necessary to
extract the machining region independently. Therefore, in
this study, a method to extract these machining regions
from a 3D CAD model in STL format is proposed.

First, the contour line is obtained from each plane di-
vided finely along the XY plane at minute intervals of the
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Fig. 8. Extraction of machining region from contour lines
obtained from each plane divided along the XY plane.

Zi

Zi-1

Z=i
Z=i-
Z=i-

Fig. 9. Determination of independent convex or concave
machining region based on the difference in the bounding
box of the contour line on each divided plane.

product. The contour line on each divided plane is in-
dependently obtained for each closed loop, as shown in
Fig. 8. Subsequently, if the difference at the center po-
sition of the bounding box of the contour line between
Z-values and the difference of the bounding box of the
contour line are within the threshold, it is determined as
an independent convex or concave machining region, as
shown in Fig. 9. Through repetition to obtain the contour
lines until the Z-value of the divided plane is at minimum,
it is possible to obtain all independent convex or concave
machining regions.

Although it is possible to obtain an independent ma-
chining region as described above, it is not easy to de-
termine whether the machining region obtained is convex
or concave because the STL format consists of triangular
mesh data. Thus, this study aims to determine the geo-
metrical features of the machining region obtained as fol-
lows. First, the intersection of a straight line parallel to the

Fig. 10. Determination of geometrical features (convex or
concave) of the machining region.

Fig. 11. Tool path for finishing of convex machining region.

X-axis at the Y -value of the center of the bounding box of
the machining region and the contour line is calculated
for the XY plane at any Z-value where the obtained ma-
chining region exists. Subsequently, the intersections ob-
tained are numbered from the smallest X-value, as shown
in Fig. 10. When the number of intersections with the
target contour line is odd, the machining region can be
determined to have a convex shape. By contrast, when
the number of intersections with the target contour line
is even, the machining region can be determined as a con-
cave shape. By applying these processes for all machining
regions obtained, the machining region and its features
can be extracted from the 3D CAD model in STL format.

2.3. Tool Path Generation
When the obtained machining region is a convex shape,

the tool path for finishing can be calculated by offsetting
the obtained contour line toward the outside based on the
radius of the tool, as shown in Fig. 11. When the obtained
machining region has a concave shape, the tool path for
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(a) Finishing

(b) Roughing

Fig. 12. Tool path of concave machining region.

the finishing can be calculated by offsetting the obtained
contour line toward the inside using the radius of the tool,
as shown in Fig. 12(a). When the obtained machining re-
gion has a concave shape, the tool path used for roughing
can also be calculated by offsetting the points representing
one outer tool path with intervals toward the inside based
on the radial depth of the cut, as shown in Fig. 12(b).
Drilling can be conducted when the obtained machining
region is a concave shape and the tool approaching sur-
face is a circle. Although it is also possible to calculate
the tool path for roughing by offsetting the points repre-
senting one inter-tool path with intervals toward the out-
side based on the radial depth of the cut when the obtained
machining region has a convex shape, it is difficult to cal-
culate the tool path for roughing within a product shape
with multiple convex regions, as shown in Fig. 10, owing
to interference with the tool. Therefore, when the product
shape has multiple convex regions, the roughing is con-
ducted using a scanning operation.

The tool paths for the scanning operation are calculated
based on the amount of interference between the product
surface represented by the contour line model obtained
from each plane divided finely on the ZX plane at minute
intervals of the product and tool. The tool position can
be determined by calculating the amount of interference
between the product surface and the tool in the Z-axis di-
rection at every minute interval with respect to the tool
feed direction, and offsetting the maximum value of the
interference amount in the Z-axis direction. First, the tool
is divided by the planes with the same interval as the prod-
uct, as shown in Fig. 13. In the case of a square-end mill,
the tool is shown as a rectangle on the plane. Next, the
amount of interference on each divided plane is calculated
by detecting the product of the surface points existing in
the tool, as shown in Fig. 14. The maximum amount of
interference is calculated from the amount of interference
on each divided plane. The tool position can be calcu-
lated by offsetting the tool in the Z-axis direction by the

Fig. 13. Description of product and tool with contour line
model for scanning operation.

Fig. 14. Tool offset according to the calculated amount of
interference.

Fig. 15. Tool path for scanning operation obtained by cal-
culating the tool position at each minute interval.

maximum amount of interference obtained. By calculat-
ing the tool position for every minute interval with respect
to the tool feed direction, the tool path can be calculated
as shown in Fig. 15.

2.4. Determination of Machining Conditions
The tool path can be calculated as described in the pre-

vious section when the machining conditions are deter-
mined for each machining region extracted. Here, the
determination of the tool diameter for the region is de-
scribed.

When the machining region is concave and its ap-
proaching surface is circular, the region is machined us-
ing a drill with the same diameter as that of the circle on
the approaching surface. When the approaching surface is
not a circle or there is no drill with the same diameter as
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(a) Case in which the tool diameter is small

(b) Case in which the tool diameter is large

Fig. 16. Determination of tool diameter for concave ma-
chining region.

the diameter of the circle, contour machining is selected.
Therefore, the tool with the largest tool diameter that can
be machined without interfering with the contour line of
the approaching surface obtained is selected, as shown in
Fig. 16.

When the machining region is convex, a tool with the
largest tool diameter that can be machined without inter-
fering with the neighboring convex region is selected, as
shown in Fig. 17. In the scanning used for roughing, the
same tool diameter as that applied for a convex region is
used because it is necessary to achieve a machining with-
out interfering with any convex regions.

As described above, the machining region can be au-
tomatically extracted from the STL format of the product
model by the contour line model, and the tool diameter for
machining can be selected from the tool list. In this study,
the machining conditions, such as the spindle speed, feed
speed, and axial and radial depths of the cut, were deter-
mined by referring to our previous study [24], the param-
eters of which are determined from the machining case
data by recognizing the most similar geometrical features
of the machining region.

3. Case Study

To validate the method for extracting the machining re-
gion and features from the 3D CAD model in the STL
format and generating a tool path, a tool path was gen-
erated for a product model, as shown in Fig. 18, and a
machining experiment was conducted. Fig. 18 also shows
the machining region and features extracted by the pro-
posed contour line model. Table 1 lists the tools required

(a) Case in which the tool diameter is small

(b) Case in which the tool diameter is large

Fig. 17. Determination of tool diameter for convex machin-
ing region.

Fig. 18. 3D CAD model used in the case study.

Table 1. Tool list for case study.

No. Diameter Tool type
1 2 mm Square end mill
2 4 mm Square end mill
3 6 mm Square end mill
4 4 mm Flat drill
5 6 mm Flat drill
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Table 2. Extracted machining region and the tool determined.

Region Tool No. Region Tool No.
Convex 1© 3 Hole 1© 4
Convex 2© 2 Hole 2© 4
Convex 3© 3 Concave 1© 1
Convex 4© 2 Concave 2© 1
Convex 5© 2

Table 3. Machining conditions for each tool.
(D, diameter; Rd , radial depth of cut; Ad , axial depth of cut;
Spindle, spindle speed; Feed, feed speed)

No. D
[mm]

Rd
[mm]

Ad
[mm]

Spindle
[min−1]

Feed
[mm/min]

1 2 0.5 0.25 10000 200
2 4 1.0 0.5 10000 200
3 6 2.0 0.5 10000 200
4 4 – – 5000 100
5 6 – – 5000 100

Fig. 19. Tool path generated for convex and concave regions.

to determine the machining conditions. Table 2 shows
the tools determined using the proposed method. Table 3
shows the machining conditions for each tool when the
workpiece material is aluminum alloy A2017. Fig. 19
shows the tool path calculated from these machining con-
ditions. The machining experiment was conducted using a
vertical-type machining center (Modia Systems Co., Ltd.,
Mini Miller100). Fig. 20 shows the results of the machin-
ing experiment using the generated tool path. Table 4
shows the length in the X-, Y -, and Z-directions when
comparing the CAD model and those models measured
using digital calipers. According to the results shown in
Table 4, it was confirmed that the tool path automatically
generated from the STL format of the CAD model can

Fig. 20. Results of machining experiment for case study.

Table 4. Extracted machining region and the determined tool.
(NM, not measured)

Region
Model [mm] Measured [mm]

X Y Z X Y Z

Convex 1© φ12.00 12.00 φ11.94 12.01

Convex 2© 11.00 17.00 10.00 10.99 16.98 10.02

Convex 3© φ6.00 6.00 φ5.96 6.00

Convex 4© NM 50.00 6.00 NM 49.94 5.94

Convex 5© NM 50.00 8.00 NM 49.94 7.96

Hole 1© φ4.00 8.00 φ3.95 8.01

Hole 2© φ4.00 8.00 φ3.95 8.02

Concave 1© 14.00 6.00 6.00 13.96 5.97 6.04

Concave 2© NM NM 5.00 NM NM 5.05

be machined without any machining problems and with
practical accuracy. It was also confirmed that a polygo-
nal finished surface appears on the side wall of convex 1©
and convex 5©. With the proposed method, a tool path is
generated according to the polygon expressed by the STL
format of the CAD model. However, when convex 1©
is intended to be a cylinder, a finished surface along the
circle may be desired. A circular interpolation will be an
area of our future research, and may be improved by using
the circular interpolation function on the CNC controller.

4. Conclusions

This study proposed a method for extracting a machin-
ing region from the STL format of a 3D CAD model and
generating a tool path. This study was conducted as fol-
lows.

1. The machining region can be extracted, and its geo-
metrical features can be obtained from the STL format
of the 3D CAD model by a three-dimensional shape
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expressed by superimposing the contour line of the
cross sections obtained by dividing the product along
any one axial direction.

2. The machining conditions for each machining region
extracted from the STL format of the 3D CAD model
can be determined, and the tool path can be automati-
cally generated.

3. The results of the machining experiment showed that
the proposed method makes it possible to automati-
cally generate a tool path that can be machined without
any machining problems and with practical accuracy.
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