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Abstract: This paper presents an alternative method of producing 3D calligraphy prod-
ucts that have been created using integrated modern technologies, specifically reverse
engineering and CNC machining. Traditionally, calligraphy is performed by hand on any
suitable medium, such as on a wall or even on wood, which has drawbacks, i.e., it is time
consuming and requires an original drawing or blueprint. To address these drawbacks,
this new method utilizes integrated reverse engineering and CNC machining techniques to
produce 3D calligraphy products without the need for an original drawing or blueprint,
significantly reducing time consumption.
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1. Introduction
Initially, Islamic or Arabic calligraphy began at Nil’s River in 3200 B.C. It came from

Ancient Egypt’s Hieroglyph system, which then evolved into Hieratic. In China, calligraphy
is seldom considered an art. The word “Calligraphy” is not used in China, but it is described
as being similar to Chinese handwriting. Chinese thinkers believe that calligraphy can de-
scribe one’s personality or manners, either good or bad, through the art of handwriting [1,2].
Calligraphy is an art related to writing that can be divided into two categories, i.e., classic
calligraphy and modern calligraphy. Classic calligraphy usually involves using a brush to
draw the letter on a piece of paper. Typically, classic calligraphy is readable. It was used
regularly in previous eras in China, such as the Dynasty Era. On the other hand, modern
calligraphy is designed from a fine-art perspective, where the letters created may or may
not be readable. Currently, this form of calligraphy is starting to evolve from drawn letters
to three-dimensional calligraphy that requires very skillful hand-work techniques to craft.
In Islamic countries, this form of calligraphy can be seen in mosques, where it is found most
often on walls as decoration and for communication.

Essentially, a design is used by a designer to produce products, objects, and structures
with the aid of existing tools or software that have been utilized globally. For instance, the
traditional tools that have been used to draw are pens, T-squares, drafting boards, perspec-
tive machines, rulers, French curves, templates, compasses, and drafting machines [3,4].
Today, innovation has become a significant driving force for modern technology for global
economic growth. Essentially, innovation is defined as a new way, method, or idea. It also
can be described as something that is more effective and original. In addition, innovation
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can be explained as something that makes an improvement to the existing product or
produces a new product which does not yet exist on the market and that can benefit the
community [5].

For calligraphy, the same technique is used to produce either classic calligraphy or
modern calligraphy by hand. Calligraphy education in the past involved three categories,
which include the writing method, for beautiful writing, self-purification, and calligraphy
tools [6]. Modern calligraphy has become more akin to typographic design, in that it
can be readable or non-readable. Typographic messages can be visual, auditory, or oral.
Good typography design graphics can lead to creative and understandable communication
between people [7]. New technologies that have been used by researchers include robotic
arms and UAV systems that create calligraphic characters [8–10]. Reverse engineering, also
known as backward engineering, is a technique that can be used to produce a product
without having any specific dimensions or a copy of the original product [11,12]. It is a
method that represents an important part of prototype creation in which a 3D scanner is
utilized as a machine to scan the object and transfer the scanned output of the object to
CAD/CAM software [13,14]. There are several types of digitizing devices that can be used,
such as contact, laser, optical, and destructive devices. Essentially, the method of reverse
engineering used to acquire 1D (point cloud data) or 2D (range images) is performed using
digitizing devices such as CMM and laser scanners, or by using photography devices such
as ICT, CDD cameras, and MRI [15–17].

Reverse engineering also provides many alternatives to producing molds [18]. More-
over, it is cheaper than forward engineering [19,20]. CNC machines can have better control
of tool positioning, shorter process planning phases, reduced machining times, and efficient
tool utilization, and can cut very complex shapes [21,22]. Notably, a micro lathe machine
was produced, measuring only 32 mm, where its length was reduced from 200 mm, suc-
cessfully reducing the brass wire diameter from 300 micrometers down to 10 micrometers
using diamond tools [23,24]. The performance inconsistency in the assembly of machined
parts happens due to machining dimension errors. For example, errors such as work piece
location and deflection, tool wear and deflection, and clamping can affect the quality of the
part. Other errors in CNC machine tools, such as geometrical deviations in machine tool
structure, force and stress, cutting force-induced errors, and thermal variations, can affect
the accuracy and repeatability of manufactured parts [25,26].

In this study, an alternative innovative method of design for producing 3D calligraphy
products aims to address drawbacks due to writing calligraphy by hand in the traditional
way, which leads to greater time consumption and requires an original drawing or blueprint.
Integrated techniques are used to produce 3D calligraphy products by utilizing reverse
engineering and CNC machining, since they can provide automation and precision to mod-
ify or replicate existing products. The advantages of the integrated techniques of reverse
engineering and CNC machining can benefit manufacturers by increasing productivity,
improving new products, and optimizing production costs. Hence, modern technologies
such as reverse engineering and CNC machining are used as integrated techniques that
can be employed in producing 3D calligraphy, so that it can be sustained innovatively and
will not disappear until future generations restore it. Therefore, this study has provided
an impactful solution to reduce the time involved in producing 3D calligraphy products
without requiring an original drawing or blueprint.

2. Methodology
This study consists of two 3D calligraphy products that need to be produced. The

first product is intended to produce innovative designs for “BISMILLAH” calligraphy, and
the second product is intended to produce innovative designs for “REVERSE ENGINEER-
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ING LAB” typography. Both products used for 3D calligraphy are to be produced using
integrated reverse engineering and CNC machining techniques.

The first product is taken from existing BISMILLAH calligraphy, then the next process
involves capturing the image of BISMILLAH, going into the editing process, and finally
beginning the CNC machining process. For the second product, the REVERSE ENGINEER-
ING LAB typography uses scanning, an editing process, and finally CNC machining. In
addition, industrial clay is used for the second product, where the typographic words need
to be crafted using crafting tools and the industrial clay. Figure 1 shows the flow chart
for this study, from the start to the end of the process for the first product, BISMILLAH
calligraphy, and the second product, REVERSE ENGINEERING LAB typography.
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2.1. BISMILLAH Calligraphy Product

An image of BISMILLAH calligraphy was captured using a camera and was imported
into SolidWorks 2023 software. The software was utilized to create a product based on
the image. Once finished, the created profile was extruded with a thickness of 5 mm. A
rectangle below the word BISMILLAH was created to act as a base. Cutting was performed
on the edge of the product. In the design, the final process produced a cylindrical fea-
ture on the right-hand side of the rectangle. An aluminum plate with a dimension of
200 mm × 100 mm × 13 mm was cut and placed in the machine. The side of the aluminum
plate needed to be milled to obtain a flat surface because the machine needed to set its
location of origin. After going through this process, the aluminum plate was placed into the
CNC wire cutting machine. An NC code was automatically generated from the drawing.
The time duration of the machining process was recorded to compare the machining time
with that of hand-crafting. A comparison of the parameters was not required for this
product since it is not a critical design requirement.

2.2. REVERSE ENGINEERING LAB Typography Product

The design concept was taken from the concept of Boomerang. The words REVERSE
ENGINEERING LAB were drawn first by using drawing tools. This drawing was put on
the industrial clay and crafted onto it using crafting tools. The clay was heated up until the
core became soft. Usually, the clay becomes soft at a temperature of 60 degree Celsius or
45 degrees Celsius, depending on the type of industrial clay used. By using industrial clay,
the design process can be shortened, and it can make it easy to produce designs [27,28].
After finishing the crafting process, we proceeded with the scanning process using a 3D
scanner. Then, the scanned data went through the editing process in CATIA. An aluminum
plate with dimensions of 250 mm × 125 mm × 25 mm was cut with a 5-axis CNC milling
machine. The G-code was automatically generated from the design and was cut until
the finished product was obtained. The time duration was recorded, and a comparison
between the parameters was performed according to design requirements using Vernier
Calipers to measure the existing and produced products.

3. Results and Discussion
After undertaking this process, comparisons were conducted between the time taken

for hand-crafting and machined calligraphy, and between dimensions for the existing
product and the machined product that underwent reverse engineering. The results and
discussion also include a comparison between the design product and the machined
product, because there were three sub-parts which were supposed to look like the designed
product, but in the end, the machined product achieved different results. For example, for
the first product, BISMILLAH calligraphy, had to be produced three-dimensionally from
the design product, but when it had to undergo CNC wire cutting, it could only be cut into
a two-dimensional product.

3.1. Producing BISMILLAH Calligraphy Product

This first product underwent CNC wire cutting due to its specific dimensions being
quite small. The smallest distance between profiles in this product was 0.57 mm. CNC
wire cutting can only cut two-dimensional products. But the advantage of using this
machine is that it can cut the smallest distance with the wire. Other than that, it can also
produce a better surface finish. Since BISMILLAH calligraphy has to be produced as a
three-dimensional product, another plate of the same size was produced and joined using
epoxy, as shown in Figure 2a. This was also done for an aluminum rod, which was joined
using epoxy, as shown in Figure 2b. The aluminum rod was used to replace the cylindrical
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feature. Since the material used for the rod was coated aluminum, it could not undergo
welding due to the high temperature of the welding process and the possibility that the
aluminum rod could melt. There are also three different sub-parts between the designing
product and the machining product, as shown in Table 1.
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Table 1. Comparison between designed product and machined product for BISMILLAH calligraphy.

Designed Product Machined Product Description
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The design of the
cylindrical feature is not
the same because the
dimension of the
cylindrical feature is too
small and was replaced
with an aluminum rod.

Eng. Proc. 2025, 84, 40  5  of  10 
 

 

the first product, BISMILLAH calligraphy, had to be produced three‐dimensionally from 

the design product, but when it had to undergo CNC wire cutting, it could only be cut 

into a two‐dimensional product. 

3.1. Producing BISMILLAH Calligraphy Product 

This first product underwent CNC wire cutting due to its specific dimensions being 

quite small. The smallest distance between profiles  in  this product was 0.57 mm. CNC 

wire cutting can only cut two‐dimensional products. But the advantage of using this ma‐

chine  is  that  it can cut  the smallest distance with  the wire. Other  than  that,  it can also 

produce a better surface  finish. Since BISMILLAH calligraphy has  to be produced as a 

three‐dimensional product, another plate of the same size was produced and joined using 

epoxy, as shown in Figure 2a. This was also done for an aluminum rod, which was joined 

using epoxy, as shown in Figure 2b. The aluminum rod was used to replace the cylindrical 

feature. Since the material used for the rod was coated aluminum, it could not undergo 

welding due to the high temperature of the welding process and the possibility that the 

aluminum rod could melt. There are also three different sub‐parts between the designing 

product and the machining product, as shown in Table 1. 

   
(a)  (b) 

Figure 2. BISMILLAH calligraphy. (a) Another plate was joined using epoxy; (b) an aluminum rod 

was joined using epoxy. 

Table 1. Comparison between designed product and machined product for BISMILLAH calligra‐

phy. 

Designed Product  Machined Product  Description 

  

The design of the cylindrical 

feature is not the same 

because the dimension of 

the cylindrical feature is too 

small and was replaced 

with an aluminum rod. 

  

The designed product has a 

curved surface, which 

cannot be produced using a 

CNC wire cutting machine. 

Thus, the plate was 

combined with the 

machined product. 

Eng. Proc. 2025, 84, 40  5  of  10 
 

 

the first product, BISMILLAH calligraphy, had to be produced three‐dimensionally from 

the design product, but when it had to undergo CNC wire cutting, it could only be cut 

into a two‐dimensional product. 

3.1. Producing BISMILLAH Calligraphy Product 

This first product underwent CNC wire cutting due to its specific dimensions being 

quite small. The smallest distance between profiles  in  this product was 0.57 mm. CNC 

wire cutting can only cut two‐dimensional products. But the advantage of using this ma‐

chine  is  that  it can cut  the smallest distance with  the wire. Other  than  that,  it can also 

produce a better surface  finish. Since BISMILLAH calligraphy has  to be produced as a 

three‐dimensional product, another plate of the same size was produced and joined using 

epoxy, as shown in Figure 2a. This was also done for an aluminum rod, which was joined 

using epoxy, as shown in Figure 2b. The aluminum rod was used to replace the cylindrical 

feature. Since the material used for the rod was coated aluminum, it could not undergo 

welding due to the high temperature of the welding process and the possibility that the 

aluminum rod could melt. There are also three different sub‐parts between the designing 

product and the machining product, as shown in Table 1. 

   
(a)  (b) 

Figure 2. BISMILLAH calligraphy. (a) Another plate was joined using epoxy; (b) an aluminum rod 

was joined using epoxy. 

Table 1. Comparison between designed product and machined product for BISMILLAH calligra‐

phy. 

Designed Product  Machined Product  Description 

  

The design of the cylindrical 

feature is not the same 

because the dimension of 

the cylindrical feature is too 

small and was replaced 

with an aluminum rod. 

  

The designed product has a 

curved surface, which 

cannot be produced using a 

CNC wire cutting machine. 

Thus, the plate was 

combined with the 

machined product. 

The designed product has
a curved surface, which
cannot be produced using
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3.2. Producing REVERSE ENGINEERING LAB Typography Product

For the second product, the machining process was performed using a CNC 5-axis
milling machine. Even though the CNC 5-axis milling machine can produce 3D products,
there are also some limitations that the machine cannot overcome, i.e., the machining
process involves a small distance in between the materials that the cutting tool cannot move
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through. A comparison was made to see the difference between the designed product and
the machined product as shown in Table 2.

Table 2. Comparison of the designed product and machined product of REVERSE ENGINEERING
LAB typography.

Designed Product Machined Product Description
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3.3. Comparing Time Consumption

An interview session with a feedback form was conducted with the person who had
created the calligraphy by hand. This session intended to record the time taken for the
human to craft the calligraphy using the crafting tools compared with the machining
process. The time taken to produce the BISMILLAH calligraphy was then compared with
this. The result of this session showed that the time taken to produce the same BISMILLAH
calligraphy was about three days, from acquiring the metal plate to the end of producing
the art. Moreover, this product is usually produced in small numbers.

For the machining process, the time taken for CNC wire cutting to cut the BISMILLAH
calligraphy was only 2 h 35 min and 44 s. Meanwhile, the time taken to produce the
REVERSE ENGINEERING LAB typography using the CNC 5-axis milling machine was 22 h,
finishing the entire cutting process based on the simulation time. Therefore, this shows that
this alternative method is successful in reducing the time taken compared to hand crafting.
In addition, such products can be produced in large numbers without wasting a lot of time.

3.4. Comparing the Parameters

Based on the process of the reverse engineering technique, the parameters of the ma-
chined product were essentially different to that of the existing product. In this comparison,
creating the second product was involved the scanning process. Therefore, the product was
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compared by measuring six distances according to the design requirement, as shown in
Figure 3.
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Figure 3. Distances (number 1 to 6) were measured for the comparison.

The distances within the machined product were compared to the crafted clay. Table 3
shows the comparison between six distances, including the differences and the percentage
differences, respectively. For the comparison of the parameters, Distance 6 has the highest
percentage difference of 25.21%. It is followed by Distance 3, with 14.20%, Distance 5, with
8.50%, Distance 1, with 3.43%, Distance 4, with 0.81%, and Distance 2, with 0.18%.

Table 3. Distance comparison between machined product and crafted clay.

Distance Machined
Product (mm)

Crafted Clay
(mm)

Difference
(mm)

Percentage
Difference (%)

1 147.05 142 5.05 3.43

2 83.30 83.15 0.15 0.18

3 31.70 27.20 4.5 14.20

4 123.10 122.10 1 0.81

5 10 9.15 0.85 8.50

6 11.90 8.90 3 25.21

4. Conclusions
This study has presented an alternative innovative design method for producing 3D

calligraphy products rapidly, and provided an impactful solution by utilizing the integrated
techniques of reverse engineering and CNC machining. The integrated reverse engineering
and CNC machining techniques successfully addressed the relevant drawbacks by reducing
the time consumed, and did not require an original drawing or blueprint to produce 3D
calligraphy products, namely, BISMILLAH calligraphy and REVERSE ENGINEERING LAB
typography. The time taken to produce the BISMILLAH calligraphy product was less than
three hours. Meanwhile, the time taken to produce the REVERSE ENGINEERING LAB
typography product was less than one day. Both 3D calligraphy products were successfully
produced faster than the traditional hand crafting technique. A comparison between the
parameters was performed for the second product only, due to the design requirement that
compares the machined product and the crafted clay. This shows that, when the second
product undergoes the process of reverse engineering, the parameters vary compared to the
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existing product and within an acceptable range. Therefore, a lot of 3D calligraphy products
can be created rapidly for mass production by using the integrated reverse engineering and
CNC machining techniques without requiring original drawings or blueprints, so that it
can be sustained and will not disappear until restored by future generations.
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