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A machining process is very dependent on the model 
created. The more complicated the model, the greater the 
design difficulty and the greater the machining process. 
Reduced production costs can help a company increase 
profits. A focus on production cost can be achieved in  
a number of ways, the first of which is by replacing mate-
rials or changing the design. It is better to reduce product 
costs during the design stage than during the manufactur-
ing stage. The main objective of this research is to develop 
an application that can recognize features in a CAD pro-
gram and calculate the complexity index of shapes in real 
time. In this study, the prismatic features and slab fea-
tures classified by Jong-Yun Jung were used. The feature 
recognition method applied in this study is a hybrid of the 
rule-based and graph-based methods, which uses the STL 
file developed by Sunil and Pande to obtain all the infor-
mation needed. Then, the results are extracted from fea-
ture recognition data and are used to calculate the pro-
duct complexity index of the model being studied. This 
study applied the product complexity index, following the 
model developed earlier by El Maraghy. Validation is per-
formed by comparing the software count with the com-
plexity index calculated with the STEP method by Hendri 
and Sholeh et al. This research develops a program that 
recognizes features in CAD software and calculates the 
index complexity of shapes in real time. This will allow 
designers to calculate the expected complexity value 
during the design process. As a result, the estimated pro-
duction cost can be seen early on. Finally, this software is 
tested for calculating the index values for the complexity 
of a combined features model. The use of eight slots and 
eight pockets as a benchmark scoring for shape produces 
a more accurate product complexity index
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1. Introduction

Recently, the market evolved and became more competi-
tive, causing companies to have to work to maintain their 
competitive advantage. The main factor that influences 
competitive advantage is product cost [1]. The previous 
work indicates that estimating the cost of future products as 
soon as possible is necessary. The ability to influence the final 
cost decreases as work on a project advances because of the 
increased cost of modification [2]. The price of a product is 
closely related to the cost of its production. Lower produc-
tion costs make cheaper final prices. A company can increase 
its profits by reducing its products’ production costs. An 
emphasis on production cost can be created in several ways; 
first by replacing the materials or changing the design. Re-
ducing product costs is better at the design stage than at the 
manufacturing stage. Designers can modify a design to obtain 
proper performance at a reasonable cost if the manufacturing 
cost can be reliably estimated during the design stage [3].  
In the design stage, proactive decision-making and elimi-
nation of mistakes were performed using a cost modeling 

system for lean product and process development [4]. In this 
way, production costs will be lowered, which also leads to the 
probability of improving the product. 

The value of the complexity index of the product must 
be taken into account to estimate the overall cost of produc-
tion [5]. The value of the complexity can be obtained if the 
features of the part are already known and identified. The 
more features that are contained in the part, the greater its 
complexity, resulting in a costly manufacturing process [6]. 
The complexity also significantly affects the quality, energy 
consumption, and overall process efficiency [7]. Production 
times can be shortened if the product structure is simplified 
by altering the design features [8]. Recently, more efficient 
design and development of products are demanded by the 
industry [9]. If a company decides to change the design 
of its product, its production cost also changes. However, 
an estimation of the production cost is only possible if the 
design is complete. This can be inefficient because when  
a design exhibits greater complexity than a previous one, it is 
then constrained to be altered to reduce the production cost. 
Changing a design can be difficult for designers.
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Obtaining the value of the product’s complexity index on 
the CAD models can be done by utilizing the feature identifi-
cation method. Then, all of the information can be calculated 
to obtain a value for the products’ complexity index [10]. 
These values for the complexity index can be used as a refer-
ence for determining the costs of the production of the model. 

Therefore, the study is devoted to overcoming the sci-
entific problem, that is, the development of the application, 
which is able to automatically recognize features in the de-
sign and calculate the complexity index of shapes in real time.

2. Literature review and problem statement

The paper [11] presents an explanation of Facet Model 
3D, which represents a form or model in 3D space, forming  
a solid discretization. The facet of the model is formed from  
a collection of 2D form fields commonly known as facets. 
This program produces a model-based 3D triangulation tri-
angle or triangular mesh, which is a finite element modeling 
where flat square elements can be represented as two coincid-
ing triangles. 3D facet models can be stored in a .stl file that 
contains vertex, edge, and face information. This file format 
is commonly used in CAD programs.

The paper [12] provides the definition of feature recogni-
tion (FR), it is a geometric model process in a CAD system 
to find portions of the model that match the characteristics 
of interest. Feature identification is a method that automati-
cally identifies the model’s features as designed in CAD and 
extracts all information for the feature. Automatic feature 
extraction in the CAD model exhibits the effect of reducing 
lead time from the design analysis process [5]. The paper [13] 
proposed an intelligent FR methodology (IFRM) to develop 
an FR system to communicate with a range of CAD/CAM 
systems. An extraction of manufacturing features from engi-
neering CAD models is being developed by [14] using a com-
puter-based FR process.

The study of feature-based design (FBD) has been under-
way for several years. Definitions of features appear in areas 
such as feature taxonomies, mapping, validation, constraints in 
FBD, interfaces, information-storage schemes, and the object-
orien ted approach [15]. Interactive feature definition is used to 
facilitate the definition of features by non-programming experts 
and has been applied to a prototype of a re-design support sys-
tem [16]. The term feature demonstrates different meanings, 
depending on where the term is used. Many articles defined 
features. According to [17], a feature is any entity that is part of 
the design, engineering, or manufacture of a product. [18] con-
siders a feature to designate a unique area on the part’s surface. 
However, many definitions are representatives of engineered 
geometry, assembly, or other aspects of manufacturing.

The paper [19] classified features according to their cutting 
type, finding four feature classes. The first type is rotational fea-
tures, created using a turning machine. The second is prismatic 
features, which mostly use a slab machine or a face-milling ma-
chine. The third is slab features, which use an end mill machine. 
The last is revolving features, which use a drilling machine and 
a reaming machine. Fig. 1 presents each of those classes.

These features can be identified automatically using soft-
ware programmed to identify features. The previous research 
developed a method of identifying features using the hybrid 
method [20]. This method forms a combination of graph-
based and rule-based methods. Graph-based methods are  
a means of identification that generates features by utilizing  

a face adjacency graph (FAG) from CAD models. An FAG con-
stitutes a relationship between neighboring faces. An exam ple 
of an FAG can be seen in Fig. 2.

Fig.	1.	Terms	and	classification	of	features	[19]

Fig.	2.	Face	Adjacency	Graph	[20]
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A feature can be identified through a focus on its face 
adjacency and can engage a set of rules to define a certain 
feature; hence, a feature FAG (FFAG) is identified. The first 
step of identifying an FFAG is identifying the type of face, 
that is, a plane, cylinder, or curve. The plane face is called  
a base explicit feature graph (BEFG), and a cylinder or curve 
face is called a no-BEFG (NEFG). One unique feature can be 
defined through setting a certain rule in the parent-children 
relationship in the BEFG and NEFG.

Product complexity is affected by information and vo-
lume [21]. This information consists of the basic material 
used to make the product, the product design, its specifi-
cations, and its components or parts (Fig. 3, 4). This can 
be narrowed down to features and specifications. Features 
are the forms to generate, and specifications are the desired 
qualities associated with the generated features. The product 
complexity index is denoted as CIproduct.

The compression factor and the size of the information 
of entropy H as expressed by (1) are used to represent the 
number of information elements:

H N= +log ,2 1  (1)

where N – the total amount of information.
Uniqueness scale or diversity ratio (DR) is defined as the 

ratio of differing information among the total information, as 
expressed in (2):

D
n
NR = ,  (2)

where n – the amount of unique information.
The relative complexity coefficient (Cj) has been intro-

duced to capture the information content. The complexity 
of the feature or task increases with the effort expended (i.e., 
increased necessary stages or tools). The matrix method is 

used to determine the relative complexity coefficient [21]. 
The complexity of the products is represented by the product 
complexity index (CIproduct) and is a function of product infor-
mation/entropy (Hproduct), product diversity ratio (DR.product),  
and relative product complexity coefficient (Cj, product). The 
value of the relative product complexity coefficient (Cj, product)  
is based on the general principles of manufacturing and depends 
on the type of the process or volume. Its value increa ses with the 
effort required to produce the final component of the product.

The product complexity index (CIproduct) is a combination 
of the relative ratios of diversity and complexity and is ex-
pressed using entropy information, as shown in (3):

CI D C Hproduct R product j product product= + ⋅, , ,

CI
n
N

C Nproduct j product= + ⋅ +, log .2 1  (3)

The product complexity coefficient Cj,product 
is defined as:

C xf Cj product f

F

f feature, , ,= ⋅
=∑ 1

 (4)

where Cf,feature – the coefficient of the relative 
complexity features; xf – the percentage of the 
x-th factor related to dissimilar features. 

C
F F S S

F Sf feature
N CF N CF

N N
, ,=

⋅ + ⋅
+

 (5)

where FN – the number of features; FCF – the fea-
ture complexity factor; SN – the number of specifi-
cations; SCF – the specification complexity factor.

F
factor level

JCF

jj

J

= =∑ _
,1  (6)

where J – the number of categories that affect 
the feature, factor_levelj – the factor for the j-th 

category.

S
factor level

KCF

kk

K

= =∑ _
,1  (7)

where K – the number of specifications that af-
fect the feature, factor_levelk – the factor for the 
k-th specification.

From the description of the literature, it can be seen that 
at the early stage of design, cost estimation is not possible 
without feature recognition that can be used to determine the 
level of complexity of a product design based on the machin-
ing process. Therefore, it is necessary to develop a CAD appli-
cation that can automatically calculate the complexity index.

3. The aim and objectives of the study

The aim of this study is to develop an application that is 
able to recognize features in a CAD program and calculate 
the complexity index of shapes in real time. To achieve this 
aim, the following objectives are accomplished:

– to calculate the complexity index using the STEP Method;
– to develop an application to identify prismatic and  

slab features automatically from designs made in CAD (com-
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plexity index calculations using a hybrid feature-recogni-
tion method).

4. Materials and Methods

The development methods used on this research are de-
scribed below.

4. 1. Software Design and Rules
Fig. 5 presents a flow diagram for the procedure of creat-

ing the software, which is divided into two phases. The first 
phase is the identification of all features of the model, and 
the second is the calculation of the values of the product 
complexity index. Then, the software can be called the FR 
Complexity Index (FRCI).

The method used to recognize the features was developed 
by [20]. This is a hybrid method that is both graph-based and 
rule-based. Four stages are present in the process of introduc-
ing the model’s features. These stages are as follows: (1) reading  
the STL file, (2) segmentation of the region according to the 
normal force, (3) formation of FAG, and (4) identification of 
features using certain rules.

An STL file is a CAD data format that represents a model 
in the form of triangular facets. Each facet exhibits a normal 

force that points outward from the model and three verti-
ces (the x, y, and z coordinates).

The part model with the STL format exhibits certain 
limitations, as follows:

– absence of topological information: the information on 
connectivity between the facets is not available in the STL 
file, and all facet data are randomly arranged;

– errors in STL files: STL files often contain errors when 
opened, including numerical errors, vertex-to-vertex output 
errors, errors in facet orientation, non-manifold conditions, 
and others.

This step is the first step necessary to take to obtain the 
information needed for each subsequent one. The coordinates 
and direction of the normal force obtained from the facets are 
necessary for the next stage.

Parsing is done at this stage to separate the facets.  
This process resembles numbering each facet to establish  
its identity. The algorithm of the process of STL parsing can 
be seen in Fig. 6. Reading of this STL file can only be done 
with STL files created in CATIA applications.

This model’s segmentation into regions can be done by 
looking for facets with the same normal force and then group-
ing them together. By grouping facets according to their 
normal style, finding neighboring facets to establish a region 
becomes easier [22].
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Fig.	6.	STL	Parsing	Algorithm

This segmentation of model regions in the STL is carried 
out to obtain surface information from the model. A region 
is a set of neighboring facets. After the grouping is per-
formed, checking the relationship between neighboring fa-
cets becomes necessary. The algorithm of this process can be  
seen in Fig. 7.
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Fig.	7.	Region	Segmentation	Algorithm

The first selection of a facet is made randomly, and the se-
lected facet is checked for neighboring relationships to form 
a region. This is performed using information on the facet, 
namely the edge, such that the edge is obtained using infor-
mation on two joined vertices. If the facets exhibit the same 
edge information as the neighboring facets that have been 
checked, then the facets are neighbors and can be grouped 

into a region. Then, the neighboring relationship is checked 
between the region and other facets.

If the facet is a neighbor of the region, the facet can be 
registered in the region being checked. This process is carried 
out for regions with other normal forces until no more facets 
remain in the STL file being tested. In this study, the surface 
of the region is flat and not curved.

The purpose of establishing an FAG is to find a neighbor-
ing relationship between one surface and other surfaces to 
form an angle of 90°, a basin, an angle of 270°, or a convex 
form [12]. An illustration of this stage can be seen in Fig. 8.

Fig.	8.	Relationship	Between	Surfaces	[12]
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To obtain this information, each surface is given an image 
point that provides information on the surface position to be 
tested for its neighboring relationship with other surfaces. Fig. 9 
provides an overview of the algorithms used in this method.

This positioning utilizes coordinate image information; 
the midpoint of this position determination marks the mid-
point of the CAD model that has been created. Taking the ex-
treme points from the x, y, and z axes and then the midpoints 
for each axis, we get point 0 from the CAD model. After each 
surface demonstrates an image point, one surface is taken 
randomly, and its proximity to other surfaces is checked.

The way to check this is to use normal force information 
from the surface being checked and the surface of its neighbors. 
The rule governing whether a surface is a neighboring surface 
to another demonstrating a concave profile is as follows:

– the checked surface demonstrates a smaller coordinate 
value than the neighboring surface, according to the normal 
force of the checked surface;

– the neighboring surface demonstrates a smaller coordi-
nate value than the surface that is checked, according to the 
normal force of the neighboring surface; 
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– this neighboring surface is a neighboring surface and 
forms a concave profile only when conditions a and b are met, 
such that if at least one of the two is not met, then the surface 
is convex or does not produce an angle of 90°.

Information from surfaces that demonstrate a neighbor-
ing concave relationship can be used to identify the model’s 

features. Surfaces that exhibit a neighboring relationship 
with other surfaces that are convex or produce an angle of 
270° will be separated or eliminated; thus, only the concave 
surface can be identified in its features, according to the 
neighboring relationship. Thus, this FAG becomes an FFAG, 
in which a BEFG and an NEFG are present.

Fig.	9.	Concave	and	Convex	Algorithm
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In this study, only BEFG is discussed, which is a feature 
graph that incorporates a data surface as the base. No NEFG 
is discussed here because this type of graph is a feature graph 
that exhibits a flat base surface or one with a curved shape 
as the surface of its base where curvature is not detected on 
this software.

By developing the rule-based concept that is simplified 
to be applied on each facet. From the FAG, we can obtain 
BEFG, for which specific rules can be given to determine the 
model’s features. Among the features to be identified are the 
features within the prismatic and slab categories. 

Following the feature classification made by [19], it ap-
pears that the prismatic feature incorporates two types of 
features, which are included in the prismatic feature category, 
namely, the stair feature and the slot feature. The BEFG for 
each feature is shown in Fig. 10. The rules for the stair feature 
rules are very simple, such that the checked surface has only 
one neighboring surface. In comparison, the slot rule exhibits 
a base surface that is crushed by the neighboring surface.

   
                       a                                                   b

Fig.	10.	Prismatic	feature	category:		
a	–	Graph	Stair	Feature;	b	–	Graph	Slot	Feature

Three features are included in the slab feature category:  
a depression feature, a notch feature, and a pocket feature. 
The BEFG for each feature is shown in Fig. 11.

The BEFG of the notch feature is triangular, such 
that the ground surface exhibits two neighboring surfa-
ces, and these two neighbors are neighbors to each other. 
The BEFG shape of the depressed feature is similar to the 
BEFG shape of the notch feature. The difference here is that 
the base surface exhibits three neighboring surfaces where  
one of the neighbors also exhibits three neighboring sur-

faces, and the remainder exhibit two neighboring surfaces.  
The base surface exhibits four neighboring surfaces for the 
pocket feature, each of which exhibits three other neighbor-
ing surfaces.

4. 2. Calculating the Product Complexity Index 
To obtain the value for the product complexity index of  

a CAD model, additional information from the CAD models 
is needed. This information includes the following: 

1) the type of features contained in the CAD model;
2) the form of the features;
3) the geometrical features;
4) tolerance. 
All of this information is obtained from the FR process 

of the CAD model. The information obtained can then be 
weighted according to each aspect.

In this stage, the information obtained is the total 
amount of information drawn from the model according to 
its features (N). If the number of features in the model is 
known, the N value can be obtained in a multiple of 15 from 
the number of features. Apart from knowing the number of 
features, knowing the type of each feature is also important. 
The weighting of the features’ shape and dimensional values 
depends on the types of features in the model because the 
weighting calculations are carried out in each feature. This 
information is needed to obtain the amount of unique in-
formation (n); the value of n can only be obtained after the 
following is known: 

1) what types of features are present and how many fea-
tures are the same;

2) the dimensions of each feature;
3) the position of the features.
The shape value of a model depends on the number of 

its features. The information needed to obtain the feature’s 
shape value is rooted in how large the number of surfaces are 
present that form the feature and how many edges it exhibits. 
The weighting is based on the feature category. This feature 
includes prismatic and slab features.

For weighting on the prismatic fea-
ture, the slot feature can be used as  
a reference because it exhibits a higher 
number of faces and edges than a stair. 
In this study, the weighting reference for 
prismatic features uses the slot feature 
with a total of 4 features and their mul-
tiples, up to 16 features in one model.  
Fig. 12 provides an overview of the shape- 
weighting algorithm, with reference to 
four slots and four pockets.

For weighting on the slab feature, 
the pocket feature can be used as a refe-
rence because it exhibits a greater num-
ber of surfaces and edges than other slab 
features. In this study, the weighting refe-
rence for the slab feature uses a pocket 
feature with 4 features and their multi-
ples, up to 16 features in one model.

The weighting of the feature geometry is drawn from the 
length (L) and depth (D) dimensions of each feature. The 
weighting is based on the given feature category. The cate-
gories of this feature are prismatic and slab features. Dimen-
sional weighting is different from feature weighting, which 
uses the feature with the most information as a reference  
for weighting.

   
                     a                                            b                                            c

Fig.	11.	Slab	Feature:	a	–	Graph	Depression	Feature;	b	–	Graph	Notch	Feature;	
c – Graph	Pocket	Feature
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Each feature exhibits an algorithm for determining L, 
width, and D.

The algorithm used to determine the weighting for each 
feature dimension can be seen in Fig. 13. In the prismatic 
feature category, dimensional weighting is only performed if 
a model exhibits a simultaneous stair feature and slot feature. 
Thus, the highest-dimensional value is sought, and then this 
value is used as a reference for the highest value, namely 1; 
if the number is worth more than 1, then the value must  
be 1. This applies to the slab feature category; weighting 
with the reference is only performed if more than one type 
of feature is present in the model’s category of slab features. 
If only one feature is present for each feature category, then 
the weighting does not require a reference, and if the dimen-
sional value of the feature is more than 1, then it must be  
changed to 1.

The tolerance value is taken from Table 1, which indicates 
the allowable variations in relation to the level of accuracy 
and the dimensions of the features based on ISO 2768 [23].  

The level of precision is the maximum weighted value for 
tolerance. The accuracy number is the smallest value from 
Table 1, so it must be changed to the highest one. To do this, 
the number must be raised to the power of –1 (n–1), giving 
it a value like that in Table 2. To obtain the weighted value, 
the precise value of each size class can be used as a divisor 
for each of the allowed variation values, namely, the accu-
rate, medium, and rough values. Thus, a weighted value is 
obtained in Table 3.

For now, the tolerance value used in this software is mo-
derate for each class.

The method of calculating the values for the product 
complexity index uses (1)–(7). The information needed to 
calculate the feature complexity factor (Fcf) is the values 
for feature shape, feature dimensions, and tolerance, divided 
by the number of aspects, namely three (6). After obtaining  
the Fcf value of the features, we investigate Cf, feature in terms 
of the number of features in the model (5). Up to this point, 
the calculations are carried out per feature type.
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Edge = 7

Region = 3
Edge = 10

Region = 4
Edge = 11

Region = 3
Edge = 9

Region = 5
Edge = 12

Depression

Stair Notch Pocket

Reference = 
4*slot

Region = 12
Edge = 40

Reference = 
4*pocket

Region = 20
Edge = 48

Score1 =  region 
feature/ region 

reference

Score2 = edge 
feature / edge 

reference

Shape score = 
(score1 + 

score2) / 2

Score1 =  region 
feature/ region 

reference

Score2 = edge 
feature / edge 

reference

Shape score = 
(score1 + 

score2) / 2

End

Slot

Fig.	12.	Shape	Score	Algorithm
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Fig.	13.	Dimension	Score	Algorithm
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End

Slot Notch

Table	1
Permissible	Variation

Nominal Size (mm) 0.5–3 3–6 6–30 30–120 120–315 315–1,000 1,000–2,000

Permissible 
variation 

Precise ±0.05 ±0.05 ±0.1 ±0.15 ±0.2 ±0.3 ±0.5

Medium ±0.1 ±0.1 ±0.2 ±0.3 ±0.5 ±0.8 ±1.2

Rough – ±0.2 ±0.5 ±0.8 ±1.2 ±2 ±3

Table	2
Tolerance	After	the	Power	of	–1	(n–1)

Nominal Size (mm) 0.5–3 3–6 6–30 30–120 120–315 315–1,000 1,000–2,000

Permissible 
variation 

Precise 20.00 20.00 10.00 6.67 5.00 3.33 2.00

Medium 10.00 10.00 5.00 3.33 2.00 1.25 0.83

Rough – 5.00 2.00 1.25 0.83 0.50 0.33
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After obtaining Cf,feature, Cj,product can be obtained by 
adding up the values for all of the Cf,feature values for all types 
of features in the model, multiplied by the percentage of the 
number of features that appear in the model. The Hproduct 
and DR,product values are obtained using the information on N 
and n obtained at the initial weighting stage. To obtain the  
Hproduct and DR,product values, (1)–(2) are used. After obtain-
ing the Hproduct, DR,product, and Cj,product values, the value for 
CIproduct is obtained using Equation 3, which gives the sum  
of DR,product and Cj,product, multiplied by Hproduct.

5. Results of application development

5. 1. Validation
In this section, the calculation of the basic feature com-

plexity index in the product’s feature is carried out using the 
STEP method and calculations with the FRCI application.

5. 1. 1. Complexity Index Calculations Using the STEP 
Method

The calculation of the complexity index using the STEP 
method is conducted for one of the slab features, shown  
in Fig. 14. The calculations performed using this method are 
divided into three stages, namely (1) information gathering 
for weighting, (2) phase weighting, and (3) calculating the 
value of the product complexity index [10].

 
Fig.	14.	Pocket	Feature

The information required to obtain the product comple-
xity index value is the model’s surface, edge, and dimensions. 
This information can be obtained by opening the STEP file 
and observing the number of advance faces and edge curves 
in the model. For data retrieval from the STEP file, the 
number of advance faces to be calculated must be reduced 
by 6 advance faces, and the number of edge curves must be 
reduced by 12. This is because a cube exhibits 6 sides and  
12 edges, a fact that is used to calculate the complexity value 
of a model using only its features.

The dimensions of the model can also be obtained from 
the coordinate point information on the edge curve. However,  

no final determination can be made because the information 
on the points is arranged arbitrarily and arranged by number 
coding in the STEP file. Therefore, the dimensions can be 
taken directly from the CAD software, although the dimen-
sional information can be obtained from the STEP file. The 
information obtained is presented in Table 4.

Table	4
Information	on	Pocket	Feature

Information Number

Advance face 5

Edge curve 12

Dimension Value (mm)

Length 20

Width 20

Depth 20

Table 5 shows the information that is obtained in the 
initial stage of the calculation for the STEP method. The 
information obtained is used for the values of N (number) 
and n (diversity).

Table	5
Number	(N)	and	Diversity	(n)	Values

Description Number Diversity

Length 1 1

Tolerance 2 2

Width 1 1

Tolerance 2 2

Depth 1 1

Tolerance 2 2

Feature 1 1

Tolerance 2 2

X values 1 1

Y values 1 1

Z values 1 1

Sum 15 15

The weighting for the form value, dimensional value, and 
tolerance value is performed after receiving the information 
obtained in the first step. Weighted-shape values are ob-
tained using advance face and edge curve information from 
the calculated features and compared using references in 
relation to their feature categories. In this case, the compari-
son reference uses four pockets according to the reference for 
the slab feature. The weighting for the form values is given 
in Table 6.

Table	3
Weighting	Tolerance	

Nominal Size (mm) 0.5–3 3–6 6–30 30–120 120–315 315–1,000 1,000–2,000

Permissible 
variation 

Precise 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Medium 0.50 0.50 0.50 0.50 0.40 0.38 0.42

Rough – 0.25 0.20 0.19 0.17 0.15 0.17
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Table	6
Weightings	of	the	Form	Values

Description Pocket 4 pockets

Surface 5 20

Score 0.25 1

Edge 12 48

Score 0.25 1

Shape Score 0.25 1

The information used to calculate the weighted dimen-
sion value includes L and D of the features under study. For 
the weighted comparison of this feature’s dimensions using 
dimensions from other features, other features are obtained 
within the same model. If no other features are present in the 
same category in the model, then the weighted value is D/L. 
The weighting of the dimensional value exhibits a maximum 
value of 1. If the calculation result exhibits a value of more 
than 1, then it must be adjusted to 1 because the maximum 
value for this weighting is 1. The weighting of the dimensio-
nal values of this model can be seen in Table 7.

Table	7
Weightings	of	the	Dimensional	Values

Description Pocket

Length 20

Width 20

Depth 20

Score 1

Geometry Score 1

The value of tolerance as shown in Table 8 is taken to be 
at a moderate level, so the weighted value is 0.50. The next 
step is to find the values for FCF, Cf,feature, Cj,product, Hproduct, 
DR,product, and CIproduct. The results for each component are 
given in Tables 9–11 using (1)–(7).

Table 11 shows that the value of the model’s product 
complexity index with a pocket feature is 6.333.

Table	8
Weightings	of	the	Tolerance	Values

Nominal Size (mm) 6–30

Permissible 
Variation

Precise 1.00

Moderate 0.50

Rough 0.20

Table	9
Calculation	of	FCF

De-
scrip-
tion

Features J = 3

Sum D D/JNum-
ber

Diversity

Shape Geometry Tolerances

Pocket 1 0.25 1 0.5 1.75 0.583

Sum 1

Table	10
Calculation	of	Cf feature	and	Cj product

Feature % Feature D/J C.Feature C.Relative

Pocket 1 0.58333 0.58333 0.58333

Sum 1 0.58333

Table	11
Calculation	of	CIproduct

Description

n 15

N 15

D. Product 1

H. Product 4

C. Index 6.333

5. 1. 2. Complexity Index Calculations Using a Hybrid 
Feature Recognition Method

The calculation of the product complexity index value in 
this section is done with FRCI software. This software is very 
simple and can provide complete information for calculating 
the product complexity index value of the computed STL 
file. FRCI software is also very easy to operate. The operating 
steps are as follows:

– press the Open STL button;
– select the STL file to calculate its complexity index value;
– FRCI directly calculates the complexity index value of 

its products;
– the dimensions and feature weighting can be viewed by 

pressing the detail button for each feature type; 
– to view a 3D image from an STL file, press the render 

button.
An overview of the FRCI software can be seen in Fig. 15.
The calculation of the product complexity index using  

a hybrid FR method is achieved in the same way as the calcu-
lation using the STEP method. The difference here lies in the 
reference value for the weighting value for the pocket. In this 
method, the calculation used four reference-weighting va lues, 
namely, the pocket reference value at 4 pockets, 8 pockets,  
12 pockets, and 16 pockets. Table 12 and Fig. 16 provide an 
overview of the results of the calculation of the product com-
plexity index values using different reference values.

The data above indicate that the difference value of the 
product complexity index between each pocket reference 
at 4–8 pockets is 0.167, at 8–12 pockets, it is 0.055, and at 
12–16 pockets, it is 0.028. The difference in the complexity 
index value at 4–8 pockets is the largest, and the differences 
in the value between other pockets are not significant. Thus, 
the value of the four reference pockets is less appropriate for 
use as a reference because it has a much higher delta value for 
the product complexity index than others. As a benchmark, 
it is more appropriate to use 8 pockets or 12 pockets, as these 
exhibit a much smaller delta for the value of the product 
complexity index between them.

The results of calculation validation are shown in Fig. 17 
that the software performs a valid calculation for the value 
of the product complexity index on the pocket feature, with 
a product complexity index value of 6.333 that exhibits the 
same value as the calculation results obtained using the 
STEP method in Table 11. 
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Table	12

Results	for	Each	Reference	Value

Reference Product Complexity Index Values

4 Pockets 6.333

8 Pockets 6.166

12 Pockets 6.111

16 Pockets 6.083

6.333

6.166
6.111 6.083

5.9

6

6.1

6.2

6.3

6.4

4 Pocket 8 Pocket 12 Pocket 16 Pocket
Complexity Index Product Values

Fig.	16.	Values	of	the	Product	Complexity	
Index	for	Each	Reference

5. 2. Implementation of FRCI on various features
The model used for validation adopts a combined features 

model, as shown in Fig. 18.
FRCI software is used for this validation, with a refe-

rence of eight slots and eight pockets for the weighting value 
benchmark of shape features.

The two pockets as shown in Fig. 18 are detected by the 
software, and it is shown that they share a dimension.

Fig. 19 shows the calculated product complexity index of 
combined features from the STL file, and Fig. 20 shows the 
render of the STL model. In Fig. 19, it is shown that N (num-
ber) and n (diversity) exhibit different values. This is because 
certain types of features exhibit a number of more than 1 and 
exhibit the same dimensions.

Details on the dimensions can be seen in Fig. 21, 22.

In Fig. 22, it can be seen that two pockets are detected 
on the model, each of which exhibits the same dimensions. 
This is what distinguishes N and n, and this will then affect  
DR,product and Hproduct, so that the value of the product com-
plexity index of the model with combined features beco-
mes 8.081. Thus, the software can calculate and detect 
features of the model with combined features. 

 
Fig.	18.	Combined	Feature

 
Fig.	15.	FRCI	Software	Display

 
Fig.	17.	Results	of	the	Calculation	Using	the	Four	Pockets	Reference
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Fig.	19.	Calculation	of	Product	Complexity	Index	of	the	Combined	Feature	Using	FRCI	Software	for	the	Reference		

of	Eight	Slots	and	Eight	Pockets

Fig.	20.	Render	of	the	Combined	Feature	STL	Model

Fig.	21.	Information	and	Calculation	of	Cf	feature	in	Prismatic	Feature
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6. Discussion of the research results  
of application development

In section 5. 1, it is proven that the FRCI application is 
valid for calculating the complexity index of the basic fea-
tures, which in this research was tested on the pocket feature. 
The results show that FRCI is proven to be valid as calcu-
lated using the STEP method. From section 5. 2, we tried to 
calculate the complexity index for a design that has various 
features. The result of this implementation is that FRCI has 
the ability to correctly calculate the complexity index of the 
existing designs without any errors.

This method is applicable to CAD applications and can 
give developers the flexibility to develop CAD products. 
It can be used as a plug-in or add-in to a CAD application. 
As a plug-in, it is very useful for designers; it will respond 
to CAD programs when used. When a user creates a model 
running this plug-in, the model created by this user is pro-
vided with a complexity index value. When the user chan-
ges the model, the complexity index of the created model  
also changes.

This idea exhibits promise for the manufacturing world; 
if the product complexity index value is known as early as 
possible, the estimated production cost can be known sooner. 
Design is the most likely place for reductions in production 
cost; therefore, knowing the value for product complexity 
early is important in the design stage.

With the existing limitations, this study is focused only 
on discussing the efforts to create automatic feature recog-
nition software using STL files. This method is to get infor-
mation from the CAD model that has been made.

Therefore, the considerations in making this software pay 
attention to:

1) the software can only detect prismatic features and 
slab features;

2) the software can only read models with a flat surface, 
the curved surface cannot be read by this software;

3) the software can only read STL files from CATIA 
CAD programs;

4) the software does not calculate the value for the com-
plexity of the material;

5) the software can only identify features with a 90° angle.
The first disadvantage experienced during this research is 

related to programming problems, what platforms are avail-
able and which ones are most often used so that 3rd party 
applications can be integrated into add-on applications for 
CAD applications that are often used in the industry. 

The second disadvantage is the curved surface. In this 
research, the shape must be 90° (not free degree) to recog-
nize surface 1 and other surfaces. To recognize a surface, the 
base rule is from grouping triangles with the same normal 
directional force. That is why curved surface is quite diffi-
cult because the normal force direction from triangulation  
for 1 curved surface is different. This can be overcome by 
developing a rule if the difference is on a certain degree from 
the other triangles, the group of triangles are still considered 
the same surface.

For future research, the development of an application 
that can detect the complexity of curved surfaces is highly 
recommended considering that the surface of industrial pro-
ducts is increasingly varied. 

7. Conclusions 

1. The validation results show that the complexity in-
dex value generated by the FRCI application has the same 
value as the STEP method. This study indicates that the 
FRCI application can calculate the value of the product 
complexity index based on the features that exist in the pro- 
duct model. 

2. The software can detect and identify features existing in 
the design, namely, the slab feature and the prismatic feature.  
The shape of a feature reflects the level of complexity and 

Fig.	22.	Information	and	Calculation	of	Cf	feature	in	Slab	Feature
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machining time that will be used to create the feature. The 
more complex a feature, the longer the machining time.  
The longer the machining time, the higher the cost. There-
fore, the complexity index can be associated with cost.
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