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Abstract— Today's face relief is very popular with people, 

both for gifts at special events or for mementos. Not everyone is 

able and able to produce or create relief carving 3-dimensional 

photos properly, so research on 3D photo carving using a CNC 

machine was made. CNC machine is a tool used to engrave and 

produce 3-dimensional photo engraving automatically. This 

research uses the Aspire application to create a G-Code type 

image. Next, connect the Arduino which in this case is used as 

the control device to enter the G-code obtained using the GRBL 

Control application. The gap in media reviews affects the time 

it takes in the manufacturing process, wherewith the same 

image design it is found that the greater the stretch of the 

reviews, the faster the time needed but the carving results are 

lined and rough. Likewise, the opposite condition, the smaller 

the gap in the review, the longer it takes, and the results obtained 

are smoother. So that in the future it can make a combination of 

choices from the stretch of reviews for engraved images. 

Keywords— estrangement reviews, engraving, 3-dimensional 

photos, CNC routers, wood media 

I. INTRODUCTION (HEADING 1) 

At this time, there are a lot of products that are given to 

someone to be a surprise or a keepsake. One that is in great 

demand is facial relief. However, not all have the expertise to 

design a person's facial relief, be it on paper, wood, acrylic, 

or other image media. With the rapid development of 

technology, problems that arise can be resolved. By utilizing 

a machine, to be able to draw or carve faces to replace 

humans. This machine can automatically produce facial relief 

carvings according to the desired design. 

A machine that is controlled using a computer by utilizing 

command data in the form of numeric codes, letters, and 

symbols which is usually referred to as a numeric language 

under ISO standards has been very widely used. This machine 

is more commonly known as a CNC (Computer Numerical 

Control) machine [1]–[5]. This CNC machine is very flexible 

and can be adjusted according to need, suitable for mass 

production, so many people use this machine for business [2], 

[5]–[8]. This is because the technology system between 

computers and mechanics is more synchronous. There are 

many types of CNC machines, one of which is the Router 

type [2], [7], [9]–[11]. This type is usually used to engrave 

and engrave objects. CNC machines have two or more 

directions of motion, namely axis motion and circular motion 

[12]–[18]. The axis movements include straight movements, 

which are generally found on the X, Y, Z axes [1], [10], [13], 

[17]. 

CNC Router Machine is a combination of CNC 

(Computer Numerical Control) technology and router, cutter 

which is capable of cutting wood sheet shapes or other soft 

materials that have complicated shapes and require precision 

in feeding [19]–[25]. This combination forms a computer-

controlled cutting machine using a router machine to cut 

various materials such as wood, composite, aluminum, mild 

steel, plastic, acrylic glass, and foam by adopting CNC 

technology [26]. The working system of CNC technology is 

more synchronous between computer and mechanics when 

compared to similar machine tools so that this CNC machine 

is more precise, more precise, and more flexible. By inserting 

a layout that has been converted into G-Code from a 

computer/laptop into the device, the tool will work itself 

automatically, forming according to the commands entered 

into the tool [22], [24], [27]–[30]. It is hoped that the design 

of this tool can help students so that student activities in 

making PCB layouts and by making a microcontroller-based 

CNC machine can help the development of small industries 

in the field of wood carving. Because it only requires operator 

skills in tool operation and design making, it can be efficient, 

easy, and fast [27]. There is also the use of a CNC milling 

machine which is a development of conventional milling 

machines. At first, the CNC milling machine consisted of 3 

axes, namely XYZ, which could make 3D products. With the 

development of technology, the axis of the CNC milling 

machine has reached 5 axes so that it can make products with 

high complexity [31]. 

In previous research, CNC Router machines used for 

engraving have also been carried out. The design focus used 

is traditional motifs for the furniture industry in Jepara. 

Application software using 3D studio Max [32]. Besides 

being used for engraving, CNC routers are also used for 

making balls crews. The software used in making the balls 

crew is AutoCAD and Mastercam. Both of these applications 

function to produce the NC Code data for the desired design 

image [10]. From the two previous studies, the software used 

is relatively difficult to operate, and not everyone has the 

skills to be able to operate the software. So that in this study 

utilizing the Aspire software to use because it is simpler and 

easier to operate. 
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In the electronic world, this CNC Router machine is 

also used for PCB (Printed Circuit Board) drilling machines. 

This research functioned to minimize drilling errors that were 

done manually. The CNC working system used has automatic 

movement on the X, Y, and Z axes [11]. Besides being used 

by PCB drilling machines, this CNC machine is also used for 

PCB layout making. The results obtained from the use of 

CNC machines are time and energy efficiency in making 

PCB layouts. However, there are obstacles faced, namely the 

drill bit is rarely sold in the market and the work is not yet 

done for Double Layer PC [12].  

So that in this study the development of the use of a CNC 

Router machine to carve faces in 3 dimensions with wood 

carving media, and the depth of the carving used is 5mm, with 

dimensions of measuring media length 90 mm, width 90 mm, 

thickness 17 mm. In this study, we will make a comparison 

of the influence of the size of the stretch of review on the 

carving results obtained. 

II. RESEARCH METHOD 

The methodology in this research consists of 5 stages, 

namely, literature study, mechanical design, hardware 

design, software design, prototype design. 

At this mechanical design stage, what is done is to make 

a skeleton design from the 3 mechanical axes used, namely 

the frame for the X-axis, the Y-axis, and the Z-axis. The X-

axis is used for back and forth movement, the Y-axis for 

movement left and right. and the axis. Z is used for movement 

up and down. The framework material used is aluminum. For 

X-axis frames, the size is 2x2 cm with a length of 50 cm. 

While the rail wheel uses a bearing size of 8 mm with type 

608, on the X-axis it has 2 poles, namely the right pole and 

the left pole, each pole has a height of 40 cm, each pole uses 

4 bearings (2 top and 2 pieces the bottom) as the wheels. For 

the Y-axis here it also uses 2x2 cm aluminum profiles as the 

frame as well as the rails, for the rail wheels, 4 bearings still 

use 608 pieces. The Y-axis consists of two aluminum profile 

bars (one profile aluminum bar for the top rail and one profile 

aluminum bar for the bottom rail). The two aluminum profile 

bars are 50 cm long with a top and bottom distance of 6.5 cm. 

While the distance from the bottom profile aluminum rod to 

the base of the X-axis is 15.8 cm. And the last is the Z-axis 

where the Z-axis is here as the tool, the movement of the Z-

axis is up and down which is driven by a stepper motor. 

Where the length of the Z-axis rail is 25 cm, the distance 

between the right rail and the left rail is 6 cm, and the distance 

between the rail and the X-axis base is 6.3 cm. The form of 

the X-axis mechanical design can be seen in Figure 1 (a), the 

Y-axis design in Figure 1 (b), and the Z-axis design in Figure 

1 (c). 

    

                    (a) X-axis                     (b) Y-axis 

 

(c) Z-axis 

Fig. 1. (a) X axis, (b) Y axis, (c) Z axis 

The hardware design used in this study is shown in Figure 

2. 

 

Fig. 2. Hardware Design 

The main component of the tool made is the Arduino Uno 

which functions to read the G code uploaded from a laptop / 

PC and process it, Arduino gives commands/instructions to 

the stepper motor to work/rotate. From Arduino, it is not 

directly connected to the stepper motor but through the CNC 

shield module which is equipped with the driver module, 

where the driver module is here as an amplifier to drive the 

stepper motor. The stepper motor itself will rotate to move 

the 8 mm threaded bolt which will then move the X, Y, and 

Z axes. The limit switch in Figure 3 is a barrier for each axis 

so that when the machine works it does not exceed the work 

area. While the power supply is used to supply the CNC 

shield module.  

Arduino is a microcontroller that has become a unit on 

one board that only connects to the voltage source and Input 

/ Output. Arduino requires a voltage of 5 volts DC for 

operation but in bord Arduino a jack for 12 volts DC is 

facilitated, where at 12 volts it will be lowered by the power 

supply circuit on the Arduino board to 5 volts DC. Arduino 

is a control that is easy to use and apply. Besides Arduino, an 

influential electronic component is the stepper motor. Where 

the stepper motor is one type of electromechanical drive that 

can move by converting electronic pulses into discrete 

mechanical movements. The movement of the stepper motor 

is based on the sequence of pulses given to the input, 

therefore if you want to move a stepper motor you must use 

a stepper motor controller that can generate periodic pulses. 

The system on a 3-axis CNC router machine works with 

commands/instructions from a PC / laptop in the form of a G-
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Code code, to get the G-Code code the first step is to prepare 

a photo file with the format ".jpg or. with the aspire 

application and generate toolpaths in the form of G code or 

G-Code. The file with the G-Code format will be 

read/executed by the GRBL Controller application, the file 

will be displayed on the visualizer of the GRBL Controller 

application.  

III. RESULT AND ANALYSIS 

The results of this study include the conversion of photo 

files to G-code format, connecting the GRBL Controller 

application to a PC / laptop, working area parameters of a 

CNC machine, testing the movement of a 3-axis CNC router 

machine, and engraving 3-dimensional photos. 

A. Testing Converting Photos to G-Code Format 

In the process of this research, photo files that can be 

executed with CNC router hardware are photos with G-Code 

format files. To get the G-Code format of the image you want 

to engrave with a CNC router, this research uses the Aspire 

application. Some of the steps taken to get the G-Code format 

file with the aspire application are as follows: 

a. Open the aspire application and select the "Create a new 

file" menu to start a new project sheet. 

b. After that, options will appear to set the work area, set the 

work area as needed. 

c. The next step is to take the photo that will be converted 

by pressing the "Import Bitmap - for tracing" icon and 

select the photo file to be converted then press open. 

d. After that, select the Modeling menu and press the icon 

"Create a component from selected or imported bitmap" 

to make the image into 3 dimensions as shown in Figure 

3. 

 

Fig. 3. 3 Dimensional Image Display 

e. Press the icon "Change the properties of the selected 

components, including scale, tilt & fade" to adjust the 

depth of the engraving that will be made and adjust it as 

needed. 

f. Once set into engraving then go to creating toolpaths by 

pressing the "Switch to Toolpath commands" icon to 

display the toolpaths menu. Before that create a square 

area around the image. 

g. For the initial step of making a face sketch carving is to 

create toolpaths with the 3D Roughing Toolpath, then the 

3D Finishing Toolpath. To create a 3D Roughing 

Toolpath press the icon on the toolpaths menu. 

The final step is to save the file by pressing the “Save 

Toolpath” icon and here set the Post Processor with the option 

“GRBL (mm) (*. Gcode) then press the Save Toolpath (s) 

button and select the folder where the file will be saved. 

B. Work Area Parameters Of CNC Machine 

Parameters that have been measured on the X-axis of this 

3-axis CNC router machine have a length of 375 mm. While 

the parameters that have been measured on the Y-axis of this 

3-axis CNC router machine have a length of 335 mm. And 

the parameters measured on the Z-axis of this 3-axis CNC 

router machine have a length/height of 135 mm.  

Meanwhile, the overall dimensions of the CNC machine 

are 720 mm long, 650 mm wide, and 600 mm high. This 

machine has two power supplies, the first power supply has 

an output voltage value of 12 volts DC with a current of 14 A 

which is used to supply the control module, while the second 

power supply has an output voltage value between 0-110 

volts DC which can be adjusted by a potentiometer and is 

used for supply the spindle motor. For more details, see 

Figure 4.  

 

Fig. 4. Overall View of 3-Axis CNC Router Machine 

C. 3 Dimensional Photo Measurement Results 

This research focuses on the influence or percentage of 

stretch used in the roughing and finishing processes. The 

process of roughing is the initial process in forming the basic 

pattern of an image, while finishing is the final process in 

sharpening the details of the image. In this study, three 

differences in the percentage of stretch were used both for the 

roughing and finishing stages. The stretch test is carried out 

to determine the results of the resulting engraved images and 

the completion time of one image engraving. The test is 

carried out in three stages, where the first test is the use of 

40% roughing stretch and 15% finishing looseness which can 

be seen in Table 1.Testing using the same 40% percentage of 

roughing and finishing stretches can be seen in Table 2. And 

the last test uses The percentage of roughing and finishing 

stretches is the same as 15% can be seen in Table 3. The 

media used is from three different types of wood, namely, 

Dutch teak, ordinary teak, and mahogany. From each type of 

wood used, in this study the size of the wood media used was 

90mm x 90mm. With the drill bit used in the roughing 

process, the size is 3mm, and the tool in the finishing process 

uses the size of 1.5 mm, with the resulting image thickness is 

5 mm. 
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Table 1.The results of the engraving process with 40% 

stretching and 15% finishing 

No. 
Wood 

Type 

                         

Roughing Stage 

                       

Finishing Stage 

Results 
Tim

e 
Results 

Tim

e 

1. 
Dutch 

Teak 

 

34 

min

ute 

 

56 

min

ute 

2. 
Ordinary 

Teak 

 

34 

min

ute 

 

56 

min

ute 

3. 
Mahoga

ny 

 

34 

min

ute 

 

56 

min

ute 

 

Table 2.The results of the engraving process with 40% 

stretching and 40% finishing 

No. 
Wood 

Type 

                         

Roughing Stage 

                       

Finishing Stage 

Results 
Tim

e 
Results Time 

1. 
Dutch 

Teak 

 

34 

min

ute 

 

23 

min

ute 

2. 
Ordinary 

Teak 

 

34 

min

ute 

 

23 

min

ute 

3. 
Mahoga

ny 

 

34 

min

ute 

 

23 

min

ute 

 

Table 3.Results of the Engraving Process with 15% 

Roughing and 15% Finishing 

No. 
Wood 

Type 

                         

Roughing Stage 

                       

Finishing Stage 

Results 
Tim

e 
Results Time 

1. 
Dutch 

Teak 

 

31 

min

ute 

 

56 

min

ute 

2. 
Ordinar

y Teak 

 

31 

min

ute 

 

56 

min

ute 

3. 
Mahoga

ny 

 

31 

min

ute 

 

56 

min

ute 

 

From the three studies that have been done, it can be seen 

that the percentage of stretch affects the carving results. In the 

roughing stage, the greater the percentage level of the gap in 

the given review, then the results are obtained for the 

formation of the basic pattern or initial pattern of the resulting 

review line more visible. The resulting image in the roughing 

process looks coarser for a large percentage of stretching. But 

the smaller the percentage level of roughing stretch that is 

given, the resulting image will look smoother lines. For the 

finishing process, it is a step taken to smooth the pattern that 

has been formed in the roughing process. In the finishing 

process by giving a 40% stretch percentage, the result is that 

the final image fibers are not smooth, more visible rough lines 

are still visible. Meanwhile, for giving a 15% gap in the 

finishing process, the final result is that the carving pattern 

looks smooth without the appearance of rough lines. The 

percentage gap also affects the time it takes for the system to 

complete an engraved design. The greater the gap given, the 

faster the time required for completion but the results 

obtained are not optimal. Likewise, the opposite condition, 

where the level of the gap given is small, then the required 

completion time is longer but the carvings are very fine 

without visible rough line fibers. With a long time 

consumption, this system still has shortcomings, in terms of 

the efficiency of energy consumption used 

IV. CONCLUSION 

From the research that has been done, the results show 

that: 

a) To get an image file in the form of G-Code format, the 

image conversion must be done using the Aspire 

application first. 
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b) The results of the 3-dimensional facial photo engraving in 

the roughing stage have a striped image construction, 

while the finishing stage has a smooth image construction 

with a longer time lag compared to the roughing stage. 

c) The use of a percentage of stretch in the roughing and 

finishing process has an impact on the smoothness of the 

carving, the sharpness of the image, the length of time to 

finish the carving, and the power consumption. 
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