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Abstract 
 
In the attempt to restrict the impact of data exchange issue in the processing of 3D neutral models (STEP, IGES, etc.), 
modern CAD systems provided the users with commands-tools, which are capable to directly modify the geometry of the 
model, without interfering with their design history. Nevertheless, the implementation of these tools in complex geometries 
requires expertise from the user, and their repeated use even for simple modifications leads to counter-productivity. The 
purpose of this paper is to introduce an algorithm as a method for automation of processing 3D models in native and neutral 
form, based on the technology of hybrid modeling. The function of this algorithm enables the user to separate the model 
into sub-bodies, define the new position of them (translate and/or rotate) and combine them by creating an intermediate 
volume (lofting and combination). Furthermore, to demonstrate its capabilities, the proposed algorithm is implemented to 
a variety of 3D models and assemblies in STEP-File format. The experimental results of this research clarify the efficiency 
of the algorithm’s use and give prominence to its impact on the user's productivity, utilizing the modification moves as a 
measure of comparison. 
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1 Introduction 
 
The continuous development of industrial productivity leads 
to the creation of more accurate and more efficient tools and 
methods for the improvement of every associate process. In 
the field of computer-aided design (CAD), modern software 
provides engineers with capabilities, which enhance every 
process, from the creation and validation of a model to the 
transformation of its data to neutral form for later use. 
Nevertheless, the industry still faces many difficulties, which 
in most cases, lead to counter-productivity or design errors. 
These limitations depend on the format of the model data, the 
complexity of its geometry, the duration of its creation, etc., 
and they are the point of interest in many types of research 
over the last decades.  
 One of the most common problems in CAD is the model 
data exchange between software packages with different data 
manipulation methods [1]. To eliminate this problem and to 
improve the interoperability of the CAD software, the 
industry turned to the creation of a variety of Product Data 
Exchange (PDE) standards. Specifically, one widely used 
format is STEP (Standard for the Exchange of Product Model 
Data), which is standardized by ISO-10303, and it is used to 
transfer necessary data related to the geometry and the 
creation of the 3D model [2]. However, STEP-Files do not 
support the exchange of information such as design history, 
standardized features, etc., which results in the deterrence of 
the use of traditional modeling methods (parametric, feature-
based, etc.) [3]. Consequently, the lack of this information 
renders the modification of three-dimensional models 
complicated or even impossible. 

 For the enhancement of the processing models in STEP-
File form, both the CAD software industry and research 
community developed a variety of technics and digital tools 
over the last years. Specifically, technologies such as Direct 
Editing modeling enable the user to directly interact with the 
geometry of the model, using Puss-Pull techniques [4]. These 
techniques provide the capability of recording the changes in 
the geometry to the current design history or the generation of 
a new one in the case of neutral models for effective feature 
management. Moreover, the new Direct Editing technics 
allow the insertion of parameters during the geometry 
processing, introducing this way a Hybrid modeling method, 
which unites the capabilities of both Direct and Parametric 
modeling and simplifies the future processing of the model 
due to the given parameters [5]. Moreover, CAD software 
(SOLIDWORKS, PTC CREO, CATIA, etc.) includes hybrid 
commands with different capabilities, such as the division of 
model's geometry and translation or/and rotation of specific 
surfaces or the entire model. Therefore, the implementation 
of these commands-technics is useful and rapid for small 
changes in the geometry of the neutral STEP models or for 
modifications on their outer boundaries or surfaces. 
Nevertheless, the use of the existing technics for changes in 
the internal geometry of the model is complicated, non-
standardized, and repeated. Consequently, there is a necessity 
for advanced knowledge in design and programming, which 
render the implementation of hybrid commands 
counterproductive. 
 This paper presents an algorithm as a tool for the 
automation of processing native and neutral 3D models based 
on hybrid modeling technology and direct editing commands. 
Its application enables the modification of the internal 
geometry of the model by creating and adding new 
intermediate volume. Specifically, the user can split the 
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model into subsystems (bodies), translate and rotate the 
preferable body, and result in a new geometry by reuniting 
them with the creation of intermediate volume using three 
different processes. Furthermore, the algorithm developed 
using the Application Programming Interface (API) of 
SOLIDWORKS, but due to its structure, it can be 
implemented in a variety of CAD software for different 
applications. Additionally, this paper is structured as follows. 
The next section includes information about the literature 
overview of previous research related to the creation of 
algorithms for the automation of processes implemented in 

native or STEP-Files, for the generation of new 3D models or 
the modification of the existing geometry. The second section 
includes the function and the structure of the algorithm, while 
the third section contains the mathematical template of the 
automatic hybrid processes. For the illustration of the 
algorithm's capabilities and efficiency, the fourth section 
includes case studies of its implementation to 3D neutral 
models, one for each provided intermediate volume creation 
process. Finally, conclusions and future work are included in 
the fifth section. 
 

 

 
Fig. 1. Flowchart of the algorithm’s individual steps. 
 
 
1.1 Related works 
The last decades have been published a lot of researches, 
which present the creation and implementation of algorithms, 
as applications-tools for the automation of product 
development processes. Specifically, the benefits originated 
from the use of algorithms in processes such as design, 
assembly, manufacturing, documentation, etc., of 3D models; 
give prominence to their impact on industrial productivity and 
operation accuracy, as well as to the elimination of 
unnecessary repeated processes. Kyratsis et al. developed an 
application, called Cylin3Der, using the CAD Application 
Programming Interface (API) of SOLIDWORKS, to 
automate the design and manufacture of an ISO15552 double-
acting pneumatic cylinder [6]. With the intention of 
automatically generate every part of the cylinder, the 

application provides the user with a form, demanding the 
specification of every necessary parameter. Afterward, the 
application automatically assembles the parts to the final 
model and generates some useful documents, which contain 
information for the simplification of the manufacturing 
process. The function of this tool clarifies the impact of the 
automation algorithms in the user - software interaction as 
well as in the improvement of processes included in the 
product life-cycle.  
 Zbiciak et al. developed an application as a tool for the 
automatic generation of helical and spur gears [7]. The 
function of this application demands only the specification of 
the values of some mandatory factors (e.g., tooth module (m), 
teeth number (z), etc.), which describes the form of the gear 
and are necessary for the design process. The rest of the 
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factors are calculated automatically with the use of different 
calculation algorithms. Using the API of the CAD software 
Siemens NX (Simple NX Application Programming or 
SNAP) for the creation and implementation of the application, 
the authors achieved to eliminate all the repeated design 
routines of the supported gears. 
 Haag and Anderl presented a method for the automated 
generation of an as-manufactured representation of digital 
twins in neutral form [8]. This method relies on two processes, 
the translation of the model’s data to STEP-File format and 
the creation of 15 different modification algorithms. In order 
to illustrate the function of this method, the authors created an 
application called GEMINI, using MATLAB, and 
implemented it to the design environment of Siemens NX 12.  
 
 
2. Methods 
 
2.1 Function of the algorithm 
The structure of the Automatic Hybrid Processes Algorithm 
(AHPA) is divided into three discrete areas. Fig. 1 illustrates 
the flowchart of the algorithm, where the processes of 
geometry division, the transformation of the model's position, 
as well as the creation of intermediate volume, are 
distinguishable. 
 The operation of the AHPA starts with the selection of a 
point on one of the model's edges. This point constitutes the 
input data of the algorithm, and it is considered the benchmark 
for the implementation of the automated processes. Afterward, 
the separation of the geometry can be achieved with the 
creation of a plane parallel and coincident to the selected point 
[9]. The orientation of the plane can be defined automatically 
as perpendicular to the edge, where the selected point belongs 
or manually. The second option provides the user with the 
capability to choose any edge of the model as the main 
reference for the orientation of the plane. Fig. 2 depicts the 
initial model and the two individual bodies separated by the 
plane perpendicular to the edge of the object, passing through 
the selected point. 
 

Fig. 2. The model before and after the implementation of the separation 
process. 
 
 The next step of the algorithm includes the definition of 
the final position and orientation of the moveable body. The 
user selects one of the resulted bodies and defines the 
direction and the length of the movement. Otherwise, he can 

rotate the moving body by defining the rotation axis and the 
angle. The direction of the movement and rotation of the body 
is defined automatically from the coordinate system of the 
design environment or manually from the user, with the 
selection of an edge.  The final step of the algorithm includes 
the creation of intermediate volume for the combination of the 
divided bodies. The volume generation process can be 
achieved with the selection of one of the three different 
processes depicted in Fig. 1 and Fig. 3. 
 The first process, depicted in Fig. 3 Case a, is 
implemented in cases where the direction of the body's 
movement is the same as the direction of the edge, where 
belongs to the selected point. Also, all the necessary 
information about the initial and final position of the divided 
points is provided from the previous processes, hence the 
generation of the intermediate volume occurs automatically, 
and the combination of the resulted bodies is achieved with 
straight lines. 
 The second process is implemented in cases where the 
movement of the selected body is towards a new position in 
three-dimensional space defined by the user. Moreover, Case 
b of Fig. 3 illustrates that the generation of the intermediate 
volume and the combination of the bodies occurs 
automatically in the same way as Case a.   
In the third process (Fig. 3, Case c), the movement of the 
selected body is the same as Case b, but for the generation of 
the intermediate volume, the user should define a number n 
(n≠0) of guided curves for the combination of the divided 
bodies [10]. In all three cases, the volume generation process 
is followed by an optional combination process, which results 
in the new geometry representation. 
 

 
Fig. 3. Different cases for the generation of the intermediate volume, 
according to the movement of the selected body.  
 
 
3. Theory 
 
3.1 Basic Automatic Processes 
The function of AHPA lies in the cooperation of five 
processes Separation, Translation, Rotation, Lofting, and 
Combination. The basic theory behind the process of 
Translation and Rotation comes from linear algebra [11] and 
especially from the theory of Transformations [12]. The 
processes of separation, lofting, and combination, which 
implemented in the boundary represented models, use the 
operators  of Boolean algebra [13] and the Set Theory [14]. 
Furthermore, the representation of a three-dimensional model 
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in computer-aided design software is achieved with a set of 
points arranged at different planes. Therefore, several sets of 
points structure a 4x4 algebraic matrices, such as the C [15] 
(Eq. 1). 
 

C =         (1) 

 
 

3.2 Separation 
In the first step of the algorithm, the user chooses a point S0, 
where the vertical plane is coincident. With the intention of 
separate the model into two different bodies, the dividing 
method utilizes between the coincident points S0i (when i=1, 
2...n) of the plane and the volume of the model Fig. 4.a. The 
volume VA of the model comprises of a set A of points. After 
the separation of the merged volume VA, the two outcome 
volumes VB and VC consist of the different subsets of points 
B and C, whose intersection is an empty set ΒÇC=Æ, when 
Β≠C [13,16]. To summarize, Fig. 4.b depicts the separation 
process, which divides the coincident points S0i of the plane 
and the model into two different sets of points S1i and S2i 
(when i=1,2,…n). These sets of points represent the subsets B 
and C of volumes VB and VC, respectively.  
 

 
 

Fig.  4. (a) Volume Α before separation, (b) Separation of Point S0i in 
sub-points S1i and S2i in order to create two different volumes VΒ, VC. 
 
3.3 Translation and Rotation 
The processes of Translation and Rotation derive from linear 
algebra and specifically from the theory of Transformation 
[12]. This theory represents these transformations as 
matrixes, which in cooperation with the correct mathematical 
equations can lead to several changes to the position of the 
model in the Euclidean space. Furthermore, a transformation 
of a matrix C to another form C' (according to the process) 
lies in the equation C'=R*C [17] (where R is the 
transformation matrix). The translation of an object [17] in 
three-dimensional space uses the matrix Rs, where the points 
x', y', and z' symbolize the new coordinates of the model. 
During the operation of the AHPA, the user defines these 
coordinates for the distance of the two bodies. 

 The equation for an object, which is moved, can be 
expressed as C’=C*Rs (Eq. 2).  
 

Rs=                (2) 

 
 In the case of the Rotation process, there is a type of 
matrix for every axis x,y,z [17]. Significantly, the 
transformation matrices Rx (Eq. 3), Ry (Eq. 4), Rz (Eq. 5) can 
change the angle θ of the object (C to C') through the General 
equation C'=C*Rn (where n=x, y and z).  
 The equation for an object, which is rotated about X-
axis, can be expressed as C’=C*Rx, and the matrix: 
 

Rx =                (3) 

 
The equation for an object, which is rotated about Y-

axis, can be expressed as C’=C*Ry, and the matrix:  
 

Ry =                    (4) 

 
 The equation for an object, which is rotated about Z-
axis, can be expressed as C’=C*Rz, and the matrix: 
 
 

 Rz =                                           (5)

 
 
 

 In more complex cases, where the final position and 
orientation of the rigid body result from several translations 
or rotations, the final transformation matrix called 
“Homogenous transformation matrix” [18,19] derives from 
the multiplication of the intermediates transformation 
matrices (Rs or Rx or Ry or Rz). The matrix of Eq. 6 illustrates 
the general form of the 4x4 Hogomenous transformation, 
which consists of four individuals vectors (n,s, a, and d). The 
vectors n,s, and a represent the direction of x', y', and z' 
respectively with reference in the initial frame o,x,y, and z. 
The vector d(dx, dy, dz) is an equation, which represents the 
distance of the new axis origin o' respectively on the initial 
origin o, with reference in the initial frame o,x,y, and z. 
 

Η =                                                    (6) 
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3.4 Volume Creation and Combination 
The volume-creation processes derive from the operations of 
the Boundary Representation (B-rep) [13] method. This 
method represents the solid geometry of the model as a 
collection of connected points, lines, and surfaces (limits), 
and uses different operations (lofting, extrude, sweeping, 
drafting, etc.) depending on the procedure. The function of 
this algorithm includes the use of the lofting process [16], 
using as volume-creation guides, lines, or curves, which 
depends on the movement of the body and the geometry of 
the intermediate volume.  Moreover, the combination [16] of 
the two bodies lies in the Boolean operation of conjunction 
(sum or + or ∪), where the set of points A of a body VA and 
the set of points B of a body VB are combined to form a body 
VC, with a set of points C (A ∪ B = C). 
 

3.4.1 Automatic Lofting P1 
The process of Automatic Lofting 1 is implemented in case of 
the body’s movement alongside the axis of the edge, (volume 
VB Fig. 5). The algorithm uses Lofting operation [16] to create 
an intermediate volume VC to combine the bodies of VA and 
VB. This process does not require a guide axis or a distance of 
operation because the algorithm uses the parameters and the 
axis of the translation process. Furthermore, the points Ci 
(i=1,2,3,4) and the lines LCi,Ci (i=1,2,...,8), which determine 
the geometry of volume Vc, are known. Points Ci (i=1 to 4) 
are derived from the initial position before the division, and 
points Ci (i=5, 6, 7, 8) are calculated by the Homogenous 
Matrix (3.6). In the final step, the algorithm applies the 
process of combination VA∪VB∪VC=VD  and create the new 
body VD. 

  

 
 

Fig. 5. Intermediate volume creation with the Automatic Lofting P1 alongside the axis of the edge, where the chosen point tangents, and combination 
process for the new body creation VD. 
 
3.4.2 Automatic Lofting P2 
The process of Automatic Lofting P2 is implemented when 
the user moves one of the bodies alongside the axes x,y,z to a 
new position in three-dimensional space. Specifically, during 
the translation of the body VB Fig.6, alongside the axes, y, and 
x, the user sets the parameters of distance dy and dx and the 
direction of the process. The algorithm uses these parameters 
(guide axis and distance) for the creation of the intermediate 
volume VC and the combination of the divided bodies VA and 
VB, in the same way as case 1, points Ci (i=1,2,3,4) and lines 
LCi,Ci (i=1,2,...,8) determining the geometry of volume VC, 
are known. Points Ci (i=1 to 4) are derived from the initial 
position before the division, and points Ci (i=5 το 8) are 
calculated by Homogenous Transformation Matrix (3.6). 
Finally, the algorithm applies the process of combination 
VA∪VB∪VC=VD and create the new body VD. 
 

3.4.3 Semi-automatic Lofting 
The Semi-automatic Lofting process is implemented in cases 
where the user wants to shape a complex geometrical 
intermediate body and especially when the translation and the 
rotation of the body are alongside the axes x,y,z to a new 
position in three-dimensional space. Through this process, the 
algorithm enables the user to design guide curves (paths) 2D 
or 3D splines (Fig. 7) in order to determine the shape of the 
intermediate body VC and to set the construction path of the 
process [10]. The guide curves are polynomials and their 
functions are defined by the user or automatically by the 
software during the design. In this case, the topology of the 
intermediate volume derives from the guide curves. The 
lofting operates between two solid bodies with known 
topologies, and therefore there are not any discrepancies in 
the geometry during the construction of the surfaces, which 
consist of the intermediate volume. In the final step, the 
algorithm uses the relations between the points Ai, Bi, and Ci 



E. Varitis, K. Rinos and D. Sagris/Journal of Engineering Science and Technology Review 13 (6) (2020) 46 - 55 
 

 
 

51 

to apply the process of combination VA∪VB∪VC=VD and 
create the geometry of the new body VD. 

 

 

 
 
Fig. 6. Implementation of the Automatic Lofting P2 process alongside the axis derived from the new position of the volume VB, and combination of the 
bodies for the creation of new body VD. 
  

 
 

Fig. 7. Implementation of the Semi-automatic Lofting process alongside the path of the curve, which is designed by the user for the creation of new 
volume VD. 
 
4. Examples 
 
The main purpose of the following section is the illustration 
of the use and the capabilities of the algorithm, which is 
implemented in the C++ language in an Integrated 
Development Environment (IDE). The algorithm operates in 
the STEP-Files’ design environment of the software of 
SOLIDWORKS, through a communication protocol API 
(Application Programming Interface) [20]. Furthermore, the 
following examples are divided into three categories based on 

the different capabilities of the algorithm. Specifically, the 
models, Picker Nozzle (Fig. 8), Gripper’s Part (Fig. 10), and 
Industrial Hanging Conveyor (Fig. 12) are in the form of Step-
Files and, depending on their geometry; they cover all the 
three cases of intermediate volume creation.  
 
4.1 Single axis movement-rotation and use of Automatic 
Lofting P1 process 
The Picker Nozzle example (Fig. 8) represents a three-
dimensional model in the STEP-File format, which illustrates 
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the use of AHPA for the modification of the central axis’ 
geometry. The operation of the algorithm starts when the user 
chooses the starting point (Fig. 8.a) on one of the edges of the 
Nozzle’s central axis. Afterward, the algorithm automatically 
applies the separation process on the auto-created plane, 
which is coincident to the starting point. Moreover, after the 
selection of one of the two resulting bodies, the user defines 
the parameters of the distance dz and the angle of rotation θ = 
90 ° (along the z-axis), and the algorithm automatically 
applies the translation and the rotation processes (Fig. 
8.b) Furthermore, due to the translation of the body across the 
z-axis, which is parallel to the edge (where the chosen point 

tangents), the algorithm allows the user to create 
automatically an intermediate volume (Fig. 8.c) with the 
selection of the Automatic Lofting P1. This process is suitable 
for that model-case due to the translation of the divided body. 
In the final step of the algorithm, the user chooses the process 
of combination (Figure 8.d), which results in the creation of a 
merged body with new geometry. Nevertheless, it is 
remarkable that the algorithm applies the automated 
processes without interfering with the external (Fillets) or 
internal (Bores) configurations (Fig. 8.c), which exist in the 
model unless this action is pretentious. 

 
 

Fig. 8. Application of Automatic Lofting P1 process for the modification of a picker nozzle’s geometry. 
  
 The example of Fig. 8 demonstrates the impact of the 
algorithm’s implementation to models in STEP-File form, 
which have to be modified (separate and translate) across a 
single axis. In contrary to the function of direct editing 
commands, the use of the Automatic Lofting P1 process 
automates the creation of the intermediate volume and 
eliminated unnecessary time-consuming moves. Furthermore, 
to validate the performance of the algorithm, the column chart 
of Fig. 9 compares the number of user’s modification moves, 
which have been counted when he uses both the AHPA and 
manual method for the modification of the picker nozzle. 
Specifically, the design tree of Fig. 9 includes an average of 
moves for every necessary command (Plane, Split, Body 
Translation, etc.) for the manual modification process. A 
comparison of these numbers (6 and 21 moves) indicates that 
the use of the AHPA leads to the reduction of the modification 
moves at a percentage of 71,43% (15 moves). Besides that, 
the performance of the algorithm can be maximized when the 

automated processes are applied repeatedly in long-length 
models with exterior configurations, where the modification 
routine is known and repeatable. 

 
Fig. 9. Comparison of performance between AHPA and manual method, 
utilizing the user’s moves during the modification of the Picker Nozzle 
as the measure of comparison. 
 

4 .  
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Fig. 10. Application of Automatic Lofting P2 for the modification of a gripper’s part geometry. 
 

4.2 Multiple axis movement-rotation and use of Automatic 
Lofting P2 process 
The Gripper's Part example Fig.10 represents a three-
dimensional model in the STEP-File format, where the user 
applies the AHPA to modify its geometry by placing the 
feature from the left side in a horizontal position. In the first 
step of the algorithm, the user determines the starting point on 
one of the model's edges, and the algorithm applies the 
separation process on the auto-created plane Fig. 10.a. 
Furthermore, choosing one of the resulted bodies and defining 
the distance parameters dz and dy as well as the rotation angle 
θ, the algorithm applies the processes of translation and 
rotation. As a result the body is translated along the axes z and 
y, and it is rotated along the axis x Fig. 10.b. Moreover, after 
the selection of the Automatic Lofting P2 process, the 
algorithm uses the parameters of the translation and rotation 
processes from the previous step as well as the resulted 
geometry of the separated points to create the intermediate 
volume Fig. 10.c. In the final step of the algorithm, the user 
chooses the process of combination Fig. 10.d and creates the 
final geometry form of the model, which includes the required 
modifications.   
 The model of Fig.10 belongs in the cases of neutral 
models where the translation and rotation of the selected body 
are towards a defined position in three-dimensional space. 
The implementation of the Automatic Lofting P2 process 
provides the user with the capability to increase his efficiency 

during the modification of the neutral model by automating 
all the repeated moves. Specifically, a comparison between 
the use of AHPA and the direct editing commands is 
illustrated in the column chart of Fig. 11. Choosing the 
number of modification moves as the measure of comparison, 
it is deduced that for the modification of the gripper's part, the 
use of AHPA demands 6 moves, and the use of the manual 
method demands 25 moves from the average user. 
Consequently, the use of AHPA reduces the moves at a 
percentage of 76% (19 moves), while at the same time; it 
simplifies future processing by attributing parameters to the 
model with the use of hybrid modeling. 
 

 
Fig. 11. Comparison of performance between AHPA and manual method, 
utilizing the user’s moves during the modification of the Gripper’s Part 
as the measure of comparison. 
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Figure 12: Application of the Semi-automatic Lofting process for the modification of the hanging conveyor’s geometry. 
 
4.3 Multiple axis movement-rotation and use of Semi-
automatic Lofting process 
The Industrial Hanging Conveyor example Fig. 12 represents 
a three-dimensional model in the STEP-File format. The 
AHPA creates an intermediate volume with complex 
geometry and modifies the path (change of the transport 
height), where sliding the hanging receptors. After the 
activation of the algorithm, the user determines a starter point 
on one of the model's edges to generate the auto-created plane 
and the separation process is implemented automatically to 
divide the model into two different bodies Fig. 12.a. The next 
step of the algorithm includes the selection of one of the 
bodies and the definition of the proper parameters of distance 
dz and dy, which leads to the translation of the body along the 
axes z and y Fig. 12.b.  Furthermore, the user chooses the 
Semi-automatic Lofting process to attribute curvature in the 
geometry of the final body and defines the necessary guide 
curve Fig. 12.c, which operates as the leading path for the 
creation of the intermediate volume Fig. 12.d.  Finally, the 
user chooses the process of combination Fig.12.e to create a 
uniformed body with new geometry and dimensions. It is 
obvious that the operation of the algorithm does not influence 
the geometry of the inner profile of the conveyor and 
maintains its standardization Fig. 12.f. 
 The model of Fig. 12 demonstrates the impact of the 
Semi-automatic Lofting Process on modifications, which 
demand a customized inner or/and outer geometry for the 
creation of the intermediate volume. The example of Hanging 
Conveyor as other manufacturing structures in neutral form, 
which include conveyors or beams with a variety of cross-
sections, demand several modifications across their path, 
something complicated and time-consuming for the average 
user due to the absence of the design tree. Hence, the use of 
AHPA automates the repeated moves while it simplifies the 
implementation of the modification processes. Furthermore, 
comparing the number of necessary modification moves for 
each method (12 for AHPA, and 28 for the manual), depicted 
in the column chart of Fig. 13,  it is deduced that the use of 
AHPA leads to the reduction of the modification moves at a 
percentage of 57,14% (16 moves). 
 

 
Fig. 13. Comparison of performance between AHPA and manual method, 
utilizing the user’s moves during the modification of the Industrial 
Hanging Conveyor as the measure of comparison. 
 
 
5. Conclusion and Future Work 
 
The algorithm presented in this paper developed to automate 
the processing of 3D models in native or STEP-Files form. Its 
function enables the user to automatically modify the internal 
geometry of the model by adding new intermediate volume, 
based on three provided processes. Moreover, the function of 
the algorithm does not require the existence of the design 
history, the relations between the parts of the model, and other 
data, which are not supported by the STEP-Files. Therefore, 
it can be implemented directly to the geometry of the model, 
regardless of its complexity or the format of the file. 
Furthermore, due to its structure of the workflow, this 
algorithm consists of an integrated template for the 
standardization of neutral 3D model processing, which is 
crucial for the improvement of the current use of individual 
direct editing processes.  
 The examples presented in this paper illustrate the impact 
of the algorithm in the elimination of repeated and time-
consuming processes. Using the number of user's moves as a 
measure of comparison between the current method and the 
use of AHPA, it is demonstrated that the automatic hybrid 
processes increase the productivity of the user while it 
facilitates the modification process. Additionally, the use of 
hybrid technology as the principal modeling method of the 
automatic processes enables the user to use both the 
capabilities of the direct and parametric modeling during the 
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modification. Consequently, the proposed algorithm 
eliminates the difficulty of the user to modify and configure 
the geometry of neutral and native models by establishing 
parameters for further processing. Last but not least, the user 
can rapidly and accurately modify the model without 
interfering with any configurations (bores, threads, chamfers) 
present in the surface geometry. 
 The present paper provides many opportunities for further 
research. The absence of automated processes in neutral file 
formats (STEP, IGES) compared to the impact of this 
algorithm on the modification of three-dimensional models 
necessitates the creation of different hybrid algorithms for the 
automation of design commands and processes. These 

algorithms will be implemented immediately in several 
design processes (Part modeling, Assembly, Mold tools, etc.) 
and file formats. Moreover, the cooperation of these 
algorithms can lead to the creation of a standardized software-
toolbox, which can be the fully-automated package of 
processes with application to several file formats and 
applications. 
 
This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License  
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