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Abstract 

 

As manual labor increases, a part of the world are working accordingly to their work but 

instead of getting an average salary they do get what can be considered as cheap, as AI raises we 

are going to the world most wanted thing is to decrease manual labor and make more management 

control over them, from making a smoother work flow to accurate techniques and much easier 

method to make the machine work, it’s said that ‘work smarter not harder’ and as engineers we 

solve problems and find alternative ways to implement our ideas in real life from brain storming 

to sketching an idea to implement it in real life. 

 

Our prototype of CNC Embroidery machine would make life easier for small businesses and 

seamstress production line by substituting manual labor and by increasing the production quality 

with designing a smart embroidery machine system that works based on CNC technology. The 

system will allow the user to sew any design on a piece of garment with precision, accuracy, and 

quality using GRBL Software which will be configured by Arduino. the system will be easy to use 

and will provide drawing tools for the user to create any design that he wishes for. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: CNC Embroidery Machine 
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1. Introduction 

1.1 Project Definition: 

To design a smart embroidery machine system that works based on CNC technology. The system 

will allow the user to sew any design on a piece of garment with precision, accuracy, and quality 

using GRBL Software which will be configured by Arduino. the system will be easy to use and 

will provide drawing tools for the user to create any design that he wishes for. 
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1.2 Project Objectives: 

Our project has a lot of benefits in houses and seamstress businesses because of cheap price and 

accurate results. 

 Replace manual embroidery labor in small businesses.  

 Encourage adoption of complex logos design in t-shirts garment. 

 Increase the speed of production in small seamstress businesses. 

 Allow for high quality garment production. 

 

1.3 Project Specifications and Design Constraints 

1.3.1 Project Specifications 

 

The project will involve the design and testing of different subsystems. Each subsystem will 

perform to the following target specifications: 

 

1. System power 220-240V, 60-50Hz. 

2. Doing embroidery job by configuring the simulation with the hardware. 

3. 120 x 200 millimeters sewing area.  

4. The system is portable. 

5. Sewing one color at a time. 

6. The system works with G-code file. 

 

 

1.3.2 Design Constraints and Engineering Standards 

 

1- Design Constraints: Safety: 

 

We are planning to add a sensor in front of the embroidery machine and the plan is that when the 

hand is near the needle, system will stop working immediately. We will use ultrasonic sensor for 

distance detection. The sensor will be placed near the needle of the embroidery machine to provide 

a safety feature. When someone reaches near the needle with his hand the ultrasonic sensor will 
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read the distance and stop the embroidery machine based on the distance of the hand from the 

needle. We will connect the ultrasonic sensor to Arduino and write a code based on the distance 

specification. 

 

2- Design Constraints: Engineering Standards: 

 

In our project, we followed the electrical engineering standers by installing heat sinks on the heated 

electronics, we are using motor driver which are normally get very hot during the rotation of the 

machine, so we decided to add a colling fan to provide sufficient cooling for the system. Moreover, 

we followed the standards by connecting a fuse in the power cord. The fuse will provide protection 

in case of short circuit situation. 

 

3- Design Constraints: Economic: 

 

From roaming the local market, we found two places that sells regular sewing machine with prices 

start from 480 SAR to 1500 and for the main part which is the embroidery machines with build in 

systems cost start from 12000 SAR up to 180000 SAR and our project works with custom cheap 

made part that is from strong plastic and if round up what we have paid and added the amount of 

our work it would be much more cheaper than the local market and from that small seamstress 

businesses can capture more money and ambition male/female can start creating their own brand 

in the name of  Saudi citizen and this can be helpful to the economics of Saudi Arabia where we 

can go against much more known brands. 

4- Design Constraints: Social: 

 

For social life making a machine where anyone can afford, while thinking about the unlimited 

opportunities for local business where it will affect the growth of small seamstress business also 

for their connections with people, we as students some of our having a dream making a brand all 

for himself while the bigger companies taking all the open opportunities for them this is a big 

chance for socializing with other.  

 



7 

 

1.4 Product Architecture and Components: 

The first step is to provide the drawing design in Inkscape software; Inkscape software converts 

regular drawing into vector paths then with the help of Ink stitch extension it converts the vector 

paths into embroidery format “. stitch”. Within the provided program the user could insert an image 

and convert it into the desired format or he could utilize the given tools to create the design that he 

wishes for. Then the design to be exported in G-code format to be compatible with our CNC 

embroidery machine. G-code is a language in which people tell computerized machine tools how 

to make something. G-code instructions provided to a machine controller that tells the motors 

where to move, how fast to move, and what path to follow. Next, the Arduino can read the G-code 

file and translate it and send the signal serially to the CNC shield where it controls four motor 

drivers three of the motors are considered X Y axes shaft and this moves the garment holder the 

fourth motor driver controls the Z axis shaft which represent the embroidery machine. The G-code 

file contains instructions to move the axes precisely to the specified position. Figure 1 shows the 

workflow of our project. The system does not have to be connected to a computer to transfer the 

G-code serially. Instead, it is done through the help of an SD card and another Arduino Mega to 

transfer the G-code line by line Through the serial port of the Arduino. The LCD screen provide a 

way for the user to interact with the system and chose the file that he would like to print on the 

garment. Also, the Ultra sonic sensor provides a safety feature to protect the user in case he reaches 

with his hand near the needle of the machine.  The project block diagram is shown in Figure 2. 

 

 

 

https://en.wikipedia.org/wiki/Machine_tool
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1.5 Applications: 

 In houses or apartments for small home busines purposes. 

 For beginner embroidery users who wishes to sew complex designs. 

 For regular embroidery users who want to do embroidery in an automated way.  

 In bigger factories for bigger clothing line. 

 For happiest who wishes to explore new area of embroidery. 

 

 

 

 

Figure 2: Project Architecture and Components 
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2. Literature Review 

2.1 Project background: 

In many cases people intend to use a regular needle and thread but what if the world was much 

easier with a fully automated machine that makes any type of design in a piece of garment, many 

people can make mistakes from implementing the right technique to do a good embroidery job and 

our machine will be fully automated where there is a small chance for mistakes to happen within 

the process of embroidery. 

 

2.2 Previous Work: 

We did research on previous projects similar to ours, we found about four different project but 

they don’t have the same features as ours, first project was a CNC Singer sewing machine where 

the design of the sewing machine wasn’t as new as nowadays from different types of sewing lines 

it lacks the shape of thread line for example the zigzag way or the diamond shape line where there 

is three nods to keep it as strong as possible the second one was facing a big issue which was the 

size of the sewing area and the software that is used which it doesn’t provide unlimited designs. 

The four projects are summarized down below. 

 

1-  Sketch Stitch: Interactive Embroidery for E-textiles. 

 

Sketch and stitch an interactive system for creating e-textile quickly and iteratively it enables a 

new design workflow that combines physical sketching with an embroidery machine, offers the 

user a benefit of direct making and the power of digital tools with digitization algorithm for 

converting a sketch into embroidery using electronics shielding wire crossing and integrating 

sensors directly on fabric Figure 3, Component Stickers have the same shape,  size,  and name as 

their physical counterparts. 

 

 

 

 

Figure 3 
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Using human interfering Figure 4 with the electronics and a little understanding, using a different 

kind of pens would sabotage the fabric a recommendation states using a gel pen and puffy fabric 

paint can neutralize most of the algorithms pitfalls but they are hard to undo  in reprocessing 

algorithm adjusts the gamma and increase sharpness and the exposure of the added image as for 

debugging user can debug their designs at three stages in workflow they system provides user with 

feedback to detect pitfalls such as indistinguishable colors, segment lines and merged lines. 

   

 

 

 

 

 

 

 

 

 

CNC embroidery machine minimize labor work making it fully automated system that runs with 

CNC axis it will be an integrated system that configure software to hardware to provide the user 

an easy use with the software were you would put your design and it will integrate it to stiches and 

patterns for the needle head to understand thus, a ultrasonic sensor in our project can be helpful 

using it as a detector, one of the main objective to make our machine to be fully automated without 

any human interference except for uploading a design or making a design with the given program. 

 

In our project our main goal is to replace manual labor combing an embroidery machine with a 

CNC controlled with Arduino, fully automated system that requires less work, thus, we can 

increase the production line for any user to produce more sketches into designs into a touchable 

piece, for that some people would take more money for their work based on hand made garment 

we would like to achieve a strong fabric with less handmade garment so it can be affordable. 

 

 

Figure 4 
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2- Plotting with Thread: Fabricating Delicate Punch Needle Embroidery with X-Y Plotters. 

 

This paper is done by Shiqing He and Eytan Adar from the university of Michigan. The project is 

based on fabricating X-Y plotter to do punch needle embroidery. The normal X-Y. 

 

 

 

plotter is as shown in Figure 5. The full project is shown in figure 6. The full project consists of 1) 

an Axidraw plotter, 2) a customized punch needle tool, 3) a gripper frame, 4) a frame holder, 5) a 

threading station, and 6) a thread separator. Punch needle embroidery is a traditional embroidery 

method where loops of threads are punched into backing fabrics using a tubular needle (Figure 6).  

punch needle can be used for decoration and textile art. This embroidery methods are usually used 

with very thick threads; therefore, it is not fit for complex and accurate designs. In the punch needle 

embroidery technique, there is no need to make a knot in each stitch instead the thread remains 

loss in the other side of the garment as demonstrated in figure 7. The applications of the punch 

needle embroidery methods range from rug crafting up to making decorative items like small 

garment drawing, the method is not fit for wearable garments. 

 

Figure 5: X-Y Plotter 
Figure 6: Full Project 
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 The Project Setup: 

The main component of the project is the X-Y plotter, which is made up of CNC machine guiding 

a plotting tool such as pen. The plotter consists of two axis X axis and Y axis with a small Z axis 

movement to lift the pen from the plotting surface. The plotting surface is 11 X 17 inches in this 

project. The second part is the fabric stretcher. This part is critical in the project because the punch 

needle method does not make a knot and therefor utilizes the tension of the fabric to secure the 

thread in place. 

 

The third part is a thread feeder, it is necessary because the punch needle method requires no 

tension in the thread to work; any small tension could lead to the thread being pulled out of the 

fabric. The last physical component of the project is the punch needle. This component is made up 

using plastic pens, syringes and coins (for weight). The addition of coins is needed to increase the 

downward force along the Z axis. The purpose of the coins weight adjustment is that different 

fabric material requires different downward force for the needle to punch through the fabric. 

 Software Control 

To control the physical setup, they have developed ThreadPlotter, a Python-based API that 

supports the design of X-Y plotter compatible embroidery patterns. The API primarily helps end-

users to specify the locations of the punch points along a vector path. ThreadPlotter preform this 

task by processing path information and translating continuous paths into a set of punch point 

locations. Additionally, Thread-Plotter will determine effective settings for the depth and speed of 

the punch. The software produces two kind of output files; SVG files (modified using Inkscape 

environments) or Python scripts (directly excited using Axidraw).  

 

Figure 7: Punch Needle Embroidery 
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3-  SINGER CNC SEWING & EMBROIDERY MACHINE 

 

This paper presents the adaptation of a classic foot pedal operated Singer sewing machine to a 

computerized numerical control (CNC) sewing and embroidery machine. This machine is 

composed of a Singer sewing machine and a two-degrees-of-freedom X-Y stage designed 

specifically for this application. The whole system is controlled from a PC using adequate CNC 

control software. 

 

 

 

 

 

 

 

 

 

Figure 8: Pipeline for Converting Vector Paths into Plotter Compatible Punch Needle Patterns 

 Figure 9: Singer Sewing Machine 
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The frame has two compartments: one for the PC and one for the CNC command system 

(Figure10). On top of the frame, we have mounted two stepper motor driven linear translation 

stages (Figure 11). The linear stage consists of two induction hardened precision steel shafts with 

a diameter of 16mm mounted in shaft supports. The X stage contains two linear ball bearing slides, 

while the Y stage contains only one linear ball bearing slide on each shaft. Both stages are driven 

by a TR12x3 lead screw. 

 

 

 

 

 

 

 

 

 

The linear translation stages, which are driven by stepper motors, move the embroidery hoop in 

which we have placed the fabric. The main purpose of the linear stage is the synchronization of 

the embroidery hoop’s movement with the movement of the needle. The fabric can be moved only 

when the needle is in the up position; this ensures that the needle will not break using the 57H76-

2008B. Also, the motor use for camshaft of the sewing machine. The motor is a 1.8 degrees/step 

stepper and provides a holding torque of 1.9Nm in bipolar parallel wiring. The stepper motor that 

drives the camshaft is connected to the shaft using a synchronous timing belt transmission 

(Figure12). 

 

 

 

 

 

 

 

 

Figure 10: The Frame of The Sewing Machine Figure 11: The Linear Translation Stages 

Figure 12:The Timing Belt Transmission 
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Figure 13: Sophie Sew Program Interface Figure 14: Mach3 Program Interface 

 Stepper Motor Driver: 

The stepper motors are driven by a stepper motor driver. The stepper motor driver is an electronic 

equipment which provides an interface between a step pulse generator and the stepper motors. The 

CNC4X35A is a 4-axis stepper motor control board which is capable of controlling up to 4 

different stepper motors. The driver can control a wide variety of stepper motors (5-30V and 0.7- 

3A). The driver requires a minimum of 15V DC and accepts a maximum of 32V DC. the X-Y stage 

stepper motors we used a current of 2. 25A.The X-Y stage stepper motors we used a current of 

2.25A. 

 

 Control Software:  

To create different embroidery models the Sophie Sew software was used. The embroidery models 

were designed (Figure 13) by the software and saved in Tajima format (DST). The DST file was 

opened with the Embroidery G-code Generator program which translated the file into a G-code 

file format. Then a G-code interpreter program, in this case Mach3, was used to read the file and 

to sew or embroider the design (Figure 14). 

 

 

 

     

 

 

 

 

 

The goal of this project is to prove that it is possible to create a CNC sewing machine, and that it 

is also possible to extend the capabilities of the classical sewing machine to an embroidery 

machine. 
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4-  Data Embroidery: Exploring Alternative Mediums for Personal Physicalization: 

 

The personal physicalization give a special chance to implant a person’s data into any personal 

artifacts, where Physicalizations are physical artifacts that contains geometry and material 

properties encode data such as weight, temperature, and texture. Because, creating sensible objects 

by hand can be a reason on wasting time, error occurs, and tedious so recently in invention spaces 

explore mediums where the invention process can be computer-numerically controlled have the 

access to CNC embroidery machines, which can create ornamental designs on fabric with needle 

and thread. CNC embroidery can be described as a seamless approach for implant data such as in 

creating household artifacts like tablecloths, clothing, and blankets. where in (Figure 15) it shows 

the testing process in how to explore embroidery a medium for physicalizations. 

 

 

 

 

 

 

 

 

 

 

Moreover, looking in many researchers in physicalization, visualization, and related work it shows 

that there are many of challenges are appeared also, many benefits of data representations in 

different types to can utilize and combine many of these data attributes. In example of some 

researches founded in how embroidery be as a medium that uniquely can utilize to show and 

represent key attributes Tanahahi et al said, “found that less-conventional visualizations encourage 

users to explore their personal data more, and as a result are more successful at prompting personal 

insights”. Also, Stustak found that “generating modular personal artifacts encouraged people to 

achieve their goals” so embroidery is unusual formed or way for data to accommodate to be an 

ambient physicalization in the home and can be created modularly. On the other hand, by focusing 

on the benefits over the CNC embroidery visualization and physicalization media and how to 

Figure 15: Sophie Sew Program Interface 
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improve the contributions by finding a way of generating data-driven embroidery patterns and 

initial examples of these techniques in use. 

 

The embroidery machines were explored and used since the 80's where authoring tools are costly 

also, hand embroidery techniques include a plethora of knots and stitches, machine embroidery is 

limited to a single stitch type, known as the interlocking stitch. In addition, there are several 

collections of textures that can be reached different of stitching techniques, such as straight stitch, 

satin stitch, and fill stitch (Figure 16).  

 

 

 

 

 

 

while looking on CNC embroidery to helped in Stitch code to can use these techniques of stitching 

by some implantation that provided by some inventers to give their aimed the chance in balancing 

the simplicity of listing Cartesian coordinates with the complexities of customization for the 

features that facing while embroidery such as, density, width, penetration distance, and slope. also, 

the additional of having the ability to indicate color change and embroider text with most fonts. 

Beside these improvements it is giving the opportunity to reduce the scripting time for new designs 

and allow texture to be easily encoded. Moreover, to test the data physicalization workflow and 

begin exploring the multi-sensory design space and creating an embroidered blanket using text 

message data it goes into three important considers looking through: first the data, setting the 

blanket data as a text message where each text message data point its contents its metadata which 

they are date, time, and sender. Also, each individual message will run through IBM Watson’s4 

that returned a percentage certainty for each of the following attributes: anger, disgust, fear, joy, 

and sadness. Second, the visual Mapping where the single text message is represented one bar in 

the blanket and each bar means it will show the length of the message and the color of the line is 

the percentage of emotional analysis. Last, the design rationale where it keeps the final touches of 

the embroidery unique and smooth. 

 

Figure 16: Collections of Textures 
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2.3 Comparative Study: 

Table 1 shows the compression between our project and the previous project done in the same 

focus area of our project. 

 

Table 1 

Projects 1 2 3 4 Our Project 

Fully automated   √ √ √ √ 

Unlimited designs √   √  √ 

Fast production  √   √ 

Accuracy √   √ √ 

portability   √  √ 

Sewing area M S S M M 

*Note: S = 10 X 10 cm, M = 20 X 20 cm, L = 30 X 30 cm and above. 

3. System Design 

3.1 Design Methodology: 

 Garment Holder (X -Y Axes): 

The parts that are used to build the X and Y axis are 3D printed parts, the parts are designed to hold 

a steel bar of 6mm dimeter which will be a railing way for the moving parts. For the movement of 

the axes, we will install a Ball Bearing (LM8UU) to allow for smooth movement along the steal 

bar. The motors will be connected to the moving parts via a pitched belt to provide a precise and 

accurate positioning. Both X and Y axes represent the garment holder which will move the garment 

during the embroidery.   
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 Embroidery Machine (Z Axis): 

The Z axis controls the movement of the embroidery machine. Because of the size of the 

embroidery machine, it will have to fixed in place in the middle of the CNC axes to allow for 

largest possible sewing area. The motor that controls the embroidery machine will be considered 

as third axis (Z). with the precise synchronization between the garment holder (X-Y axes) and the 

embroidery machine (Z axis), the system will allow for the possibility of sewing complex drawing 

designs with high accuracy and precision.     

 LCD Screen and Safety Sensor: 

In the subsystem 3 we connected an Arduino MEGA to The CNC shield through the serial port of 

the Arduino together and we connected an LSD and SD card reader. As a user you can upload the 

files to the SD card and from the three buttons (up down ok) you can roam the LSD monitor and 

choose your specified file. 

For the safety sensor it is connected at the front of the project where if any object comes close to 

the needle it will stop and show a message through the LSD monitor says that to abort the process 

or continuo the design.  

 Processing and Communication: 

The microprocessor Arduino will be connected to a CNC shield. to control the movement and 

positions of X, Y and Z axes. The drawing must be exported into G-code file format before inserting 

into the system. After providing the file in the correct format the microprocessor will precisely 

control the movement of each stepper motor to implement the given design.  

 

3.2 Product Subsystems and Components 

3.2.1 Product Subsystem 1: CNC Axes: 

The subsystem is made up of three steeper motors which will be connected to Arduino Uno and 

CNC shield. The three steeper motors control the movement of the garment platform. The axis 

holders and the garment platform are made from 3D printed objects. The block diagram of 

subsystem one is shown in Figure17. 
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 3D Printed Parts: 

 

During our work in the 3D printer, we faced an issue in the strength of the plastic pieces. So, we 

had to configure the infill percentage in the 3D printing settings. The infill is the air vs plastic 

percentage. We found that the best percentage for our application would be 40% for plastic and 

60% for air. Also, we considered two types of printing filament ABS and PLA, the white color 

parts we have printed using ABS filament and blue color parts we used PLA filament. The 

difference between these filaments is that the ABS is much stronger than PLA but it takes more 

printing time. the PLA filament is softer but it does the job, we adjust the infill percentage. finally, 

the colors we choose blue and white based on our preference as shown in Figure 18. 

 

 

 

 

 

 

 

 

 

Figure 17: Subsystem 1 CNC Axes 

Figure 18: 3D Printed Parts 
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 Steeper Motors and CNC Shield: 

 

During our search of the available components for our project we found different types of CNC 

shields. We selected the CNC shield V3 (shown in Figure 19) because it fits our specifications, it 

designed to drive four steeper motors and that we needed in our project. For the stepper motors we 

went with NEMA17(shown in Figure 20) since it provides enough torque to drive the CNC axes. 

Also, NEMA17 stepper motor is widely used in CNC machines because it has low accuracy error.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Rest of Subsystem 1 Components: 

 

 

 

 

 

 

Figure 20: NEMA17 Stepper Motor Figure 19: CNC Shield 

Figure 21: Linear Slide Figure 22: Screws & Nuts Figure 23: Linear Bearings 
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3.2.2 Product Subsystem 2: Embroidery Machine: 

Subsystem 2 represent the embroidery machine. The subsystem is made up of embroidery machine 

that is connected to a precise steeper motor which will be driven by the CNC shield. to synchronize 

the movement of the embroidery machine we connected it in Z axis port to be controlled based on 

the given G-code. The block diagram of the subsystem is shown in Figure 27. 

 

At beginning we planned to build the embroidery machine starting from nothing. However, we 

found out that it will require so much time and effort to design and create all of the little tiny gears 

inside of the machine. So, we decided to buy an embroidery machine from the market and 

disassemble it to understand how it works. We were able to modify the embroidery machine to fit 

for our project specification. Figure 28 shows the modified embroidery machine.  

Figure 24: Belt & Pulley Figure 25: Motor Driver Figure 26: Arduino Uno 

Figure 27: Subsystem 2 Embroidery Machine 
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 Components of Subsystem 2: 

For the embroidery machine stepper motor, we went with NEMA 23 because it provides enough 

torque for the machine and it has low error percentage compared to other stepper motors. For the 

motor holder we could not find it on the local market, so we designed it using AutoCAD software 

and then we 3D printed the design.   

 

 

 

 

 

 

 

 

 

 

 

Figure 28: Modified Embroidery Machine 

Figure 29: NEMA 23 Stepper Motor Figure 30: 3D Printed Motor Holder 
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3.2.3 Product Subsystem 3: Communication and Control 

The new subsystem will be an Arduino mega connected to an LCD screen and an SD card slot. 

The user will be able to load his design file in G-code format into an SD card then insert the SD 

card on the CNC machine. Then the user will be asked to choose the file that he would like to sew 

through the LCD screen. After he chooses the file that he wants, the Arduino mega will send the 

G-code to the CNC shield serially line by line by the serial port on the Arduino. Also, the user will 

be able to interact with the machine via pushbuttons and LCD screen. 

 

 The addition of this subsystem has made the system portable and allowed it to be fully functional 

without it being connected to a computer. Moreover, we decided to add an ultrasonic sensor to the 

Arduino Mega, where we read the distance of an object to the needle, the sensor will provide a 

safety feature and send a signal to stop the system in case an object get close to the needle. The 

block diagram of the subsystem is shown in Figure 33.   

Figure 31: NEMA23 Motor Driver Figure 32: Custom Made Pulley 
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 Components of Subsystem 3: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 33: Subsystem 3 Communication and Control 

Figure 34: LCD Screen 

Figure 36: Ultrasonic Sensor 

Figure 35: Arduino Mega 
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3.3 Implementation: 

3.3.1 Subsystem 1 CNC Axes: 

After collecting all of the components needed for subsystem 1, we started by sanding the 3D 

printed parts to remove the printing residue; during the 3D printing the 3D printer prints support 

for overhang which will then must be removed manually by hand or by a sand paper. Also, we had 

to sand out the holes that are designed to hold the linear slides because they got a little bit smaller 

Than we installed the 3D printed parts with linear slides and linear bearings to create the foundation 

of the axes. During the installation process one of the 3D printed part broke so we had to apply a 

glue to hold it together (the part is shown in Figure 38). Figure 39 shows the installation of the 

parts.      

 

 

Figure 37: Push Buttons and SD Card Slot 
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After we installed the 3D printed parts and the linear slides, we then focused in adjusting parts 

position to get a smoother movement. As Figure 39 demonstrate, some of the 3D printed parts 

moves along the linear slides, therefore, we had to make sure that the movement is very smooth 

before proceeding to install the belt. Then we started installing the belt in X and Y axis, during the 

installation of the belt we cut it a little bit longer to fix and adjust to any installation error. One end 

of the belt is connected to the stepper motor and the other end is connected to the piece shown in 

Figure 40. The piece contains two Ball Bearing to allow the belt to move freely on the other end.    

 

 

   

 

 

 

 

 

 

 

Figure 38: Broken Part Figure 39: Installation of the 3D Printed Parts 

Figure 40 
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After installing the 3D printed parts together, we decided to install them all on piece of wood to 

be fixed in place. Then we connected the two stepper motors on the X axis shaft and one motor on 

the Y axis shaft as shown in Figure 41 During the installation on the piece of wood we had to adjust 

the screws of each end individually to test for the smoothest movement. We found out the pieces 

must be installed precisely to have a smoother and accurate movement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the implementation of the processor, we started downloading GRBL library on the Arduino to 

allow the system to understand G-code format. Then we installed the motor drives in the CNC 

shield and cloned two motor drivers to represent the X axis. The motor driver currant needed to be 

adjusted to fit the maximum currant specification of our motor which is 1 ampere (Figure 42). The 

CNC shield is designed to be installed on Arduino uno and it takes almost all of the available pins. 

However, the CNC shield requires a DC voltage of 24 volts to drive the motors, so we connected 

a separate power supply to power up the shield. the CNC shield allows for different micro stepping 

configuration as indicated in Figure 41, we wanted to have maximum movement accuracy and we 

can afford to lose some of the motor torque so we went with option of 1/32 steps. 

Figure 41: Installation of Axes Motors 
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After we have configured all of the software and connected all of the wire, we are done with 

subsystem one. Figure 43 demonstrate subsystem 1 CNC axis. 

 

 

 

 

 

 

 

 

 

 

 

Figure 42: Driver Currant Adjustment 

Figure 41: Micro Stepping Configuration 

Figure 43: Subsystem 1 CNC Axes 
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 Calculation of Steeper Motors Parameters: 

To configure the software with the hardware we had to calculate the steps per millimeter for the 

three steeper motors that make the CNC axes. The following calculation are for the NEMA 17 

steeper motors which we have used to control the CNC axes. 

 

𝑠𝑡𝑝𝑠

𝑚𝑚
=

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑒𝑝𝑠 ∗  𝑚𝑖𝑐𝑟𝑜𝑠𝑡𝑒𝑝𝑖𝑛𝑔

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ ∗ 𝑏𝑒𝑙𝑡 𝑝𝑖𝑡𝑐ℎ 
=

200 ∗ 32

20 ∗ 2
= 160 

 

𝑇𝑜𝑡𝑎𝑙 𝑆𝑡𝑒𝑝𝑠 𝑝𝑒𝑟 𝑟𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛 = 𝑆𝑡𝑒𝑝𝑠 𝑝𝑒𝑟 𝑅𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑋 𝑀𝑖𝑐𝑟𝑜 𝑠𝑡𝑒𝑝𝑝𝑖𝑛𝑔 = 200 𝑋 32 = 6400 

 

Table 2 

NEMA 17 Without Belt 

Description Value Unite 

Step angle 1.8 degree 

Steps per revolution 200   

Driver micro stepping 32   

Total steps per revolution 6400   

 

 

Table 3 

NEMA 17 With Belt 

Description Value Unite 

Belt pitch 2 mm 

Pulley teeth 20  

Steps/mm 160 S/mm 

 

 

More steps per revolution means the motor moves in smaller increments which leads to precise 

positioning. But higher number of steps will lead to slower speed and provide less torque. we must 

consider both speed and torque. 
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3.3.2 Subsystem 2 Embroidery machine: 

To implement subsystem 2, we started by disassembling embroidery machine to understand how 

it works and how it could be modified to fit our specifications. After we have disassembled more 

than one embroidery machine, we finally understood how it could be modified to fit our project. 

We put together parts from the embroidery machine that we have disassembled and we custom 

designed the missing parts to build the embroidery machine shown previously in Figure 28. the 

most important specification was to have an embroidery machine that supports free garment 

motion, so that we can change the position of the garment without it being pulled by the embroidery 

machine foot. To achieve this specification, we used an embroidery machine foot that we got by 

disassembling other embroidery machine. The foot is shown in Figure 45. 

 

 

 

 

 

 

 

Figure 45: Embroidery Machine Foot Figure 44: Embroidery Machine Motor Installation 
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Then we designed a motor pully using Fusion 360 software to get the same spacing between the 

teeth as the embroidery machine gear. The belt of the embroidery machine has 3mm pitch, so we 

had to custom design the pully to the same pitch to get maximum movement accuracy. Then we 

installed the stepper motor using the holder that we 3D printed. We are not done working on 

subsystem 2 we still have to do more modification to get more accuracy and precision. We are 

planting to add ultrasonic sensor above the needle to provide a safety feature. When someone 

reaches with his hand near the needle, the sensor will send a signal to shut down the system. Figure 

46 demonstrate our project status at the time of this report. 

 

 

  

 

 

 

 

Figure 46: Project Status 
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 Calculation of Steeper Motors Parameters for Embroidery Machine: 

 

Below are calculations for subsystem 2 motor which is NEMA23. 

 

Table 4 

 

 

 

 

 

 

 

 

*For subsystem 2 motor we will need to calculate based on the embroidery machine gear.  

 

Steps Per Revolution =  Motor Steps x micro − step resolution = 200 x 32 = 6400 

 

mm Per Revolution = Tooth Pitch x number of teeth (Motor Gear) = 3 x 14 = 42mm 

 

𝑚𝑚 𝑝𝑒𝑟 𝑅𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛 = 𝑇𝑜𝑜𝑡ℎ 𝑃𝑖𝑡𝑐ℎ 𝑥 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ (𝑀𝑜𝑡𝑜𝑟 𝐺𝑒𝑎𝑟) = 3 𝑥 14 = 42𝑚𝑚 

 

𝑆𝑡𝑒𝑝𝑠 𝑝𝑒𝑟 𝑚𝑚(𝑀𝑜𝑡𝑜𝑟 𝑔𝑒𝑎𝑟) =
𝑆𝑡𝑒𝑝𝑠 𝑝𝑒𝑟 𝑅𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛

𝑚𝑚 𝑝𝑒𝑟 𝑅𝐸𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛
=

6400

42
= 152.3809524 

 

Gear Ratio =
number of teeth of Large

number of teeth of Motor Gear
=

83

13
= 5.928571429 

 

𝐹𝑖𝑛𝑎𝑙 𝑆𝑡𝑒𝑝𝑠 𝑝𝑒𝑟 𝑚𝑚 = 𝑆𝑡𝑒𝑝𝑠 𝑝𝑒𝑟 𝑚𝑚(𝑀𝑜𝑡𝑜𝑟 𝐺𝑒𝑎𝑟)𝑥 𝐺𝑒𝑎𝑟 𝑅𝑎𝑡𝑖𝑜 

= 152.381 𝑥 5.9286 = 903.40105 

 

NEMA 23 Without Belt 

Description Value Unite 

Step angle 1.8 degree 

Steps per revolution 200   

Driver micro stepping 32   

Total steps per revolution 6400   
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Table 5 

NEMA 23 With Belt 

Description Value Unite 

Belt pitch 3 mm 

Pulley teeth 14  

Steps/mm 152.3809 s/mm 

large gear teeth 83  

Final Steps per mm 903.40105 s/mm 

 

With this final step per mm, we can do one revolution on the embroidery machine by incrementing 

the Z axis by 42mm. The problem is that the generation of G-code in ink stitch could only 

increment the Z axis by 1 up to 10. to solve this problem, we can multiply the steps per mm by 10 

to get the full revolution with 4.2 increment in Z axis. 

 

𝒄𝒐𝒏𝒇𝒊𝒈𝒓𝒂𝒕𝒊𝒐𝒏 𝒇𝒐𝒓 𝒊𝒏𝒌𝒔𝒕𝒊𝒕𝒄𝒉 = 𝒇𝒊𝒏𝒂𝒍 𝒔𝒕𝒆𝒑𝒔 𝒑𝒆𝒓 𝒎𝒎 𝒙 𝟏𝟎 = 𝟗𝟎𝟑. 𝟒𝟎𝟏𝟎𝟓 = 𝟗𝟎𝟑𝟒. 𝟎𝟏𝟎𝟓 

With this number we can do one revolution with 4.2mm increment in Z axis. 

 

3.3.3 Subsystem 3: Communication and Control 

 

We did a group meeting and discussed how we can make the CNC machine operate without it 

being connected to a computer. We did brain storming and arrived to the idea of adding another 

subsystem that will read the G-code file from an SD card and send it serially to the CNC shield. 

we choose to use an Arduino mega since it has more than one serial port and it has memory space 

to support our code. We started the implantation by connecting the micro-SD card module and the 

LCD screen to the Arduino. We used three pushbuttons (up ok down) to allow the user to navigate 

through the LCD to the file that he would like to print. The main purpose of this subsystem is to 

take an advantage of the available serial port on the CNC shield. we connected the Arduino mega 

to the CNC shield through the serial port pins (TX and RX). by this connection we have established 

a communication route where we could send G-code to the CNC shield and receive back the 

confirmation from the CNC shield.  
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When the system start the LCD will display Figure 47 message. After that it will display the file 

inside the SD card to allow the user to choose the file that he would like to print. After he chooses 

the file, the machine will immediately start to sew the design on a piece of garment. Also, when 

the sewing job ends the LCD screen will display the welcome message again. 

 

 

 

 

 

 

 

When an object come close to the needle the, the system will immediately stop and the LCD screen 

will display the message in Figure 48. And aske the user if he would like to resume or abort the 

sewing job. 

 

 

 

 

 

 

Figure 49 shows the connection of the subsystem communication control. 

 

 

 

 

 

 

 

 

 

 

 

Figure 47: Welcome Message 

 
Figure 48: Safety Stop Message 

 Figure 49: Subsystem 3 Connection 
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We have managed to take advantage of the available command that the GRBL software 

understands on Table 6.  To allow a complete communication between the Arduino Mega and the 

CNC shield. 

 

Table 6 

GRBL Command Discerption 

“$#” View G-code Parameters 

“$I” View build info 

“$X” Kill alarm lock 

“$H” Run homing cycle 

“$SLP” Enable sleep mode 

0x18 Soft reset 

~ Resume 

! Feed hold 

 

Also, along with the available communication commands, we have utilized the available pins on 

the CNC shield to install manual switches. We have installed four buttons for Hold, Resume, Abort 

and Reset, to make it easier and more covenant for the user to operate. the full subsystem is shown 

in Figure 50. 

. 

 

 

 

 

 

 

 

 

 

Figure 50: Subsystem 3: Communication and Control 
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3.3.4 Covers and Packaging. 
 

At the end of the semester, we found some free time to design a cover and packaging for the CNC 

Embroidery Machine, we have managed to install a tablet that could be closed and opened to the 

convenient of the user, and we also installed boxes to cover up components of the system to make 

it look pretty. Also, we designed 3D printed parts to cover up the embroidery machine. 

 

Embroidery Machine Cover: 

To Designed the cover of the machine we used the 3D modeling software called Fusain 360. Then 

we 3D printed the models in ABS plastic. Below are the cover models that we made. 

Figure 51: Back Figure 53: Left up Figure 52: Right near the back 

Figure 56: Right Figure 55: Front Figure 3: Top 
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Figure 61 Shows subsystem 2 embroidery machine before the cover, and Figure 62 and 63 shows 

after we installed the cover. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 58: Left down Figure 57: Right down 

Figure 59: Right up 

Figure 60: Embroider Machine Before Cover 
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Figure 61: Embroider Machine After Cover 

Figure 62:  Embroider Machine After Cover 
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Table Design: 

 

For the table we designed a table to reach our demands with wood for more stability as shown in 

Figure 64 so from the local market we couldn’t find one so we had to make it custom-made. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We decided to make the table opens and close to achieve maximum potability for our project. Then 

we painted it black to match the other colors in our project. Figure 64 shows the complete table.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 63: Table Design 

Figure 64: Completed Table 
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Components Boxes: 

 

We decide to add boxes for the components of the system to make the project more presentable 

and to make it covenant for the user to interact with the system. We made two boxes from wood. 

One box we used for the power components of the system and the other box for the rest of the 

components the that user could interact with like the LCD and bottoms.  The design of the box’s 

layout is shown in Figures 65 & 66. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 65: Subsystem 3 Box Design 

Figure 66: Box Layout 
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Figures 67 and 68 shows the finished boxes. 

 

 

 

Figure 67: Main Control Box 

Figure 68: Power Box 
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The System After the Cover and Packaging: 

 

 

 

 

 

Figure 69: System After Installing the Cover and Packaging 
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4. System Testing and Analysis 

 

4.1 Subsystem Testing 

4.1.1 Steeper Motors Testing: 

To test the steeper motors, we configured the steps per mm in GRBL panel to the values that we 

calculated, then we moved the motors to the specified distance to check if the motor makes a full 

revolution. We used a wire tape to see if the motor makes a complete revolution. The testing is 

shown in Figure 70 &71 and Figure 72 shows GRBL control panel (the software that we used to 

configure the CNC). 

 

𝑁𝐸𝑀𝐴17 𝑓𝑢𝑙𝑙 𝑟𝑒𝑣𝑙𝑢𝑡𝑖𝑜𝑛 =
𝑡𝑜𝑡𝑙𝑎𝑡 𝑠𝑡𝑒𝑝𝑠 𝑝𝑒𝑟 𝑟𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛

𝑠𝑡𝑒𝑝𝑠
𝑚𝑚  𝑖𝑛 𝐺𝑅𝐵𝐿 𝑠𝑒𝑡𝑡𝑖𝑛𝑔𝑠

=
6400

160
= 40𝑚𝑚 

Figure 70: Motors Testing Figure 71: Motors Testing 
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Figure 72: GRBL Control Panel 
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4.1.2 Testing Subsystem 1: 

To test all of subsystem 1, we made a drawing in Inkscape to fit the dimensions of our axes. The 

configuration of our dimensions is shown in Figure 73 then we made a simple drawing as shown 

in Figure 74 After that we exported the drawing in G-code format and we run the code to test 

subsystem 1 movement. In this test we ignored the Z axis so it was disconnected from the system.  

Figure 73: Dimension Setup in Inkscape 
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Figure 74: Test Design 
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4.1.3 Testing Subsystem 2: 

To do testing on subsystem 2, we created two simple designs in Inkscape software and exported 

them with the G-code format. Below is the result of three tests that we have done. We are still 

working to solve all of the issues that we are facing. 

 

First test, the thread breaks in the middle of the sewing. 

 

 

 

 

 

 

 

 

 

 

 

Second test, there are missing stitches and there’s a huge shift in the sewing because of the error 

in the X axis. Third test, huge inaccuracy and shifts in the design. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 75: First Test 

Figure 76: Second Test Figure 77: Third Test 
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4.1.4 Testing Subsystem 3: 

To test subsystem 3, we connected all the components to gather and rut the code to check if this 

runs as intended.  Then we made a function for the ultrasonic sensor to read the distance from an 

object. As shown in Figure 78. 

 

The function will return the distance in centimeter. During the testing we worked to calibrate the 

code to the perfect distance, so the that the sensor won’t be instigated from normal machine 

movement. Instead, it will only be initiated if an object gets too close to the needle. We run into 

an issue during the calibration, where the normal garment holder will initiate the senor and machine 

will stop without any object being close to the needle. To solve this, we lower the value of the 

distance that will initiate the sensor. 

 

After the completion of the =safety sensor we moved on to test the communication. We found out 

that we when we push the Abort button. The CNC shield buffer holds G-code command from the 

aborted print, and it execute the remaining code on the beginning of the next print. This issue 

caused the system to be nonfunctional. We found a way around this issue by clearing the CNC 

buffer at the beginning of each print by Writing the following “Serial1.write(0x18)” to the serial 

port. We also found that the CNC shield won’t respond to the communication port without a signal 

to wake up the system. The signal is “Serial1.print("\r\n\r\n")”. 

 

We managed to solve all the communication issue by utilizing the available commands that GRBL 

software understand. 

 

Figure 78: Function to Read the Distance. 
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4.1.5 Testing the Whole System: Overall Results: 

After we are done with celebration and troubleshooting the issues that we faced, we were able to 

get almost perfect results in the final testing. Below is the result of testing the whole system. We 

achieved maximum accuracy by calibrating the axes and ensuring perfect alignment. 

 

Figure 79: Overall Testing Results 
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4.2 Progress Analysis: 

 Completed work: 

 

Table 7 

 

 

Figure 80: Overall Testing Results 
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For the completed work we are done for all of the tasks on our project plan. We could not follow 

the project plane as intended because the components shipment got a little bit late due to situation 

with the COVID-19. However, we have managed to complete the prototype of the CNC 

Embroidery Machine by the end of the semester. Moreover, at the end of the semester we had 

some free time after the testing so we decided to add another subsystem to make the CNC machine 

portable and work with it being connected to a computer. along with addition of subsystem 3 we 

have added a table that could be opened and closed to increase the portability of the system. We 

also found time to design boxes for the components of the system and to design 3D printed parts 

to cover up subsystem 2 Embroidery Machine. 

 

5. Project Management 

5.1  Project Plan 

 

Table 8 
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5.2 Contribution of Team Members: 

 

 

 

 

 

 

 

 

 

 

 

 

Each part was fairly distributed with everyone strengths and weakness so we can all be in one page 

and know exactly how to distribute each task to the right person form searching, designing, testing, 

writing reports and configuring the software to the hardware.  

5.3 Project Execution Monitoring: 

In this section we are covering the various lists of activities: 

 Meetings With the Advisors: 

Within the 16 weeks in the semester, we have meet with the instructor 5 times with discussing the 

project specs and where are we at the moment with sharing the troubleshooting that happened. 

 

 Team Meetings: 

A lot of meeting happened when needed to rehearsal the presentation or doing the reports ahead 

of time in case of any issue later on because we don’t know what will happen tomorrow all of this 

was planned firstly via WhatsApp so we can all be in one page and no one misses the meeting. 

 

 

 

Table 9 
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5.4 Challenges and Decision Making: 

From day one until this day, we didn’t face any problem with the members We have divided the 

project tasks equally for each group member. All of the group member attended all of the previous 

meeting on time and without any latency. We are working together as a team to finish the tasks on 

time, up until now we submitted all the tasks required on the course without any delay.  

 Problems or Delays in Purchasing Required Parts/Components/Tools: 

In the beginning we faced a problem with one shipment that has been delayed so we had to work 

with that issue and we reached to the decision to find the missing components within the local 

market place.   

We faced a challenge in how to find a place that sells the last components we needed to finish all 

the components required to this project and we didn’t find, so as engineers we had to find a new 

way of making the last pulley so we did a demo on the last pulley and found a place to make the 

last piece as shown in Figure 81 with the help of Fusion 360 software, eventually we took the 

reading and made the last pulley and we made total of 3 pulleys for future if a mistake happened 

with assembling the pulley to the motor.   

 

 

 

 

 

 

 

 
Figure 81: Pulley Design 
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 Problems Faced in Building and Testing the Project: 

We face the first issue with the 3D printed part where some of diameters was wrong and needed 

sanding them with external force and cleaning the 3D parts and placing them in the right place in 

the wooden plank. 

We faced a problem in the X axis movement where one stepper motor will move to a position 

different than the other X axis motor. This issue in the X axis contributed to very large inaccuracy 

in sewing. We tracked down the issue and found out it happens because of currant adjustment in 

the motor driver, the problem was that we setup the motor driver currant limit to the Absolut 

maximum currant that the motor could stand. Therefore, we lowered the maximum currant from 1 

ampere to 8.5 ampere and that has solved the issue.  

At the beginning of subsystem 2 testing, we faced a problem with embroidery machine. The 

problem was that when rotate the gear of the machine it works fine and when connected to the 

motor, the thread gets jammed and it does not work. We found out that the gear of the embroidery 

machine must rotate clockwise (looking from needle direction) or otherwise the thread will get 

jammed in the bobbin and it won’t sew correctly. We solved this issue by changing the rotation 

direction of the Z axis in the motor driver pins. In the beginning both direction pins were high, 

what we did is change the (Dir+) to ground and leave (Dir-) to high. 

Also, during the testing of subsystem 2 we faced an issue where the thread keeps breaking in the 

middle of the embroidery job. After carful tracking, we found out that a thread we are using is 

weak and that what causing it to fail. However, after changing the thread we still experience the 

same problem but less frequently, we are working now to troubleshoot the problem and find an 

appropriate solution. 
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Moreover, we faced an issue, with the speed of the machine, the problem is that it takes so much 

time to print which makes it inefficient. We tried to find a way around this issue by increasing the 

federate of the embroidery machine motor. However, by increasing the speed we lose so much 

accuracy in the sewing. We did brain storming a decided to leave it at slower speed when doing 

complex design to achieve maximum accuracy and reliability, but in simple design we do not need 

the accuracy as much so we could increase the speed of the motor. There is a way to solve this 

issue by changing the motion of the CNC axis from Linear beam slides and linear bearings to 

another mechanism that has more accuracy in motion. However, we could not implement and test 

this solution due to the limited time that we got.  

 Issue with Broken Material: 

We faced a challenge where one of the parts got broken when we were testing the system so we 

had to work outside our time and pay more attention to the last parts we have also in the testing 

phase we got to use the project at it max so we can know what is the weakest spot in it and we got 

the issue with some of the material was weak by build. 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Broken embroidery machine foot 
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 Meeting Requirements: 

We have conducted about 5 meetings where each meeting we told our progress and discussed 

about the issues and planning methods and how to work in parallel, when the delayed has been 

done we said that we can work on the proposal, progress reports and progress planning sheets and 

from PMU competences the teamwork was great and communication was smooth but due to 

COVID-19 we were able to conduct virtual meetings via Discord application, and the professional 

way of understanding each one problems, critical thinking when we found alternative solutions 

and leadership when we all agreed to have one leader where he will be responsible for anything 

that happens with submissions and making meetings with the advisor.  

 

5.5 Project Bill of Materials and Budget: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 10 

Item Note Quantity  Price Total

Nema17   Nema17 59Ncm 2A 1.8 ° 4-lead 48mm Stepper Motor 3 SAR 48.60 SAR 145.80

Nema23 stepper 1 This drives sewing, bigger is better 1 SAR 108.40 SAR 108.40

Stepper driver TB6600 --- 3 SAR 10.67 SAR 32.01

Arduino Mega --- 1 SAR 65.00 SAR 65.00

Arduino uno --- 2 SAR 62.50 SAR 62.50

CNC shield --- 1 SAR 14.76 SAR 14.76

DRV8825 --- 3 SAR 39.67 SAR 39.67

Ultrasonic Sensor --- 1 SAR 29.00 SAR 29.00

LCD 4*20 --- 1 SAR 30.00 SAR 30.00

Breadboard --- 1 SAR 20.00 SAR 20.00

Micro SD Card --- 1 SAR 22.00 SAR 22.00

Jumpers --- -- SAR 69.43 SAR 69.43

Limit switches --- 3 SAR 7.60 SAR 23.00

8mm linear slide 8mm linear slide 400mm 4 SAR 18.54 SAR 74.16

Bearings --- -- SAR 44.60 SAR 44.60

Pulley & GT2 belt 3m Or 3x 800mm &8mm 5mm -- SAR 172.75 SAR 172.75

Converer 24v To 9v 1 SAR 25.00 SAR 25.00

Power supply 220 to '24V 2.8A 1 SAR 77.00 SAR 77.00

Screws & nuts --- -- SAR 47.82 SAR 47.82

3D printed parts --- -- SAR 40.00 SAR 40.00

Momentary buttons DC 5V 19mm 4 Pin 3 SAR 8.93 SAR 55.54

Embroidery machine parts --- - SAR 950.00 SAR 950.00

 Relay --- 3 SAR 5.00 SAR 15.00

Fan --- 2 SAR 18.63 SAR 37.25

On/on lever switch --- 3 SAR 6.73 SAR 20.19

Table & Box W 52 cm,  L72cm, H75cm -- SAR 400.00 SAR 400.00

Total SAR 2,620.88

Bill of Materials
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Where half of the equipment were found in the local market but the majority was shipped from 

china with precise measurement and the budget estimate was around 3000 SAR this was our plan 

and thank god, we did it. Thus, we are left with around 350 SAR this amount will be added to the 

pullup brochure and banner with making a custom-made table to make the system portable and 

moveable to allow the user to move it anywhere he wishes for. 

 

6. Project Analysis 

6.1 Life-long Learning: 

With every new day passes we learn more about creative thinking and making decisions in a 

different way. 

 Learning more about the Inkscape program and how to use it for its max levels. 

 New hardware such as the stepper motors and configuring software to hardware.  

 Management skills, where we made a deadline for each submission before the actual deadline.  

 We gained knowledge in G-code programing, and how to move the CNC axis to a precise 

position that is measured in millimeters. 

 We got more familiar with how computerized CNC machine works.  

 We learned more in how the mechanism of embroidery machine works. 

 

6.2 Impact of Engineering Solutions: 

In the near future we expect that manual labor will be decreased and substituted with automated 

systems fully functional with itself and the software offers a new way of implementing designs 

and drawings to a touchable garments or T-shirts. Automated CNC machine allows beginner 

embroidery user to implement advanced embroidery design without the need of much experience. 

Our project could help small seamstress businesses to increase their production lines without losing 

much money in manual labor.    
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6.3  Contemporary Issues Addressed: 

These days, where human error may produce faulty equipment or fail customer’s trust, it is 

imperative to minimize; or better yet, eliminate any room for error. As a strong busines you need 

an accurate and precise machine that never fails on you, we as engineers we are meant to solve 

problems with creative and stunning results with less hard work as we mentioned above work 

smarter not harder. The problem with doing embroidery by hand is that quality of production 

depends entirely on the human operator experience. However, with the advancement of fully 

automated CNC machine the error percentage has decreased and the quality of production has 

increased.    

7. Conclusions and Future Recommendations 

7.1 Conclusions: 

In conclusion our prototype is now completed, from the challenges we face we know that we can 

find alternative way to make it work as planned. We have used some creative ways to get the 

components we need for our project. During the troubleshooting phase we almost found solution 

to every problem and issue that we faced. We have built and tested subsystem 1 and also, we have 

configured the software with hardware. We did the necessary calculation for the steeper motors’ 

parameters. We are done with synchronizing all subsystems into one fully functional system. The 

result of testing the overall system are highly accurate with minimal errors and mistakes.  The team 

members are working flawlessly and meeting deadlines without any latency. We found some free 

time so we added new communication and control subsystem to make the prototype portable and 

fully functional without being connected to a computer. along with addition of the covers and 

packaging. 
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 7.2 Future Recommendations: 

 adding bigger garment holder. 

 adding a fourth axis to change the thread color. 

 wider the length between the CNC axes for bigger results.  

 Print the position of the axes in the LCD screen during the sewing. 

 Add five pushbuttons to manually move the axes. 

 Use different movement mechanism to increase the speed of the machine without losing as 

much accuracy. 

 Add a mechanism to cutoff the thread after the sewing has ended. 

 Add a sensor to stop the CNC machine of the thread runout. 

 Add an LED to indicate that the machine is in safety stop. 
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Appendix A: Progress Reports 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 11 

Table 12 
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Table 13 

Table 14 
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Table 15 

Table 16 
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Appendix B: Bill of Materials 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Item Note Quantity  Price Total

Nema17   Nema17 59Ncm 2A 1.8 ° 4-lead 48mm Stepper Motor 3 SAR 48.60 SAR 145.80

Nema23 stepper 1 This drives sewing, bigger is better 1 SAR 108.40 SAR 108.40

Stepper driver TB6600 --- 3 SAR 10.67 SAR 32.01

Arduino Mega --- 1 SAR 65.00 SAR 65.00

Arduino uno --- 2 SAR 62.50 SAR 62.50

CNC shield --- 1 SAR 14.76 SAR 14.76

DRV8825 --- 3 SAR 39.67 SAR 39.67

Ultrasonic Sensor --- 1 SAR 29.00 SAR 29.00

LCD 4*20 --- 1 SAR 30.00 SAR 30.00

Breadboard --- 1 SAR 20.00 SAR 20.00

Micro SD Card --- 1 SAR 22.00 SAR 22.00

Jumpers --- -- SAR 69.43 SAR 69.43

Limit switches --- 3 SAR 7.60 SAR 23.00

8mm linear slide 8mm linear slide 400mm 4 SAR 18.54 SAR 74.16

Bearings --- -- SAR 44.60 SAR 44.60

Pulley & GT2 belt 3m Or 3x 800mm &8mm 5mm -- SAR 172.75 SAR 172.75

Converer 24v To 9v 1 SAR 25.00 SAR 25.00

Power supply 220 to '24V 2.8A 1 SAR 77.00 SAR 77.00

Screws & nuts --- -- SAR 47.82 SAR 47.82

3D printed parts --- -- SAR 40.00 SAR 40.00

Momentary buttons DC 5V 19mm 4 Pin 3 SAR 8.93 SAR 55.54

Embroidery machine parts --- - SAR 950.00 SAR 950.00

 Relay --- 3 SAR 5.00 SAR 15.00

Fan --- 2 SAR 18.63 SAR 37.25

On/on lever switch --- 3 SAR 6.73 SAR 20.19

Table & Box W 52 cm,  L72cm, H75cm -- SAR 400.00 SAR 400.00

Total SAR 2,620.88

Bill of Materials

Table 17 
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Appendix C: Datasheets 
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Appendix D: Program Codes 
 

/*This code is used to  

  open a G-code file from SD card reader connected to an Arduino Mega and display the files  

  on LCD screen for the user to select the file that he wants, 

  and stream code via Serial to another Arduino which is running GRBL. 

  The Arduino running this program must have several Serial ports. 

 

  in our case, Arduino uno run GRBL and Mega run this program 

  

  Serial1 on pins 19 (RX) and 18 (TX) on Arduino Maga, 

   

  The 2 Arduino must be connected between them as this: 

  RX (uno) to TX(Mega) and TX(Uno) to RX(Mega) and GND to GND. 

 

  The interaction with the program is from LCD screen and push buttons. 

  You can replace the serial monitor interface by any 

  LCD touchscreen interface and then you almost have a CNC without any computer. */ 

 

#include <SD.h> 

#include <Wire.h> 

#include <LiquidCrystal_I2C.h> 

#include <SPI.h> 

LiquidCrystal_I2C lcd(0x27, 20, 4); 

 

File myFile;          //object of type file 

boolean restart = true; 

#define path "/" 

#define CSPin 53 

#define TRG {22} 

#define ECO {23} 

 

 

int upButton = 42; 

int downButton = 41; 

int selectButton = 40; 

int menu = 0; 

int subMenu = 1; 

 

String *FilesList; 

File dir; 

int nFiles = 0; 

 

String abort_resume_arr[] = {"Abort", "Resume"};  //for displaying on LCD   

int abort_resume_arr_length = 2;    // Array length 
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long get_distance() {     //the following code is for the function get distance 

  digitalWrite(TRG, LOW); 

  delayMicroseconds(2); 

  digitalWrite(TRG, HIGH); 

  delayMicroseconds(5); 

  int duration = pulseIn(ECO, HIGH); 

  long cm = duration / 58; 

  return cm;      //returning the distance in centimeter 

} 

 

void updateMenu(int &innerMenu, String *FilesList, int nFiles, int startingLine = 0, boolean 

shouldClear = true) {     // function to update the menu in LCD screen 

  int maxFilesPerPage = 4; 

//  int nFiles = sizeof(FilesList); 

  if(shouldClear) 

    lcd.clear(); 

 

  int i = 0; 

  if( innerMenu < 0 ){ 

            // Show Files From the end of the array 

      innerMenu = nFiles - 1;       

  } 

  else if ( innerMenu > ( nFiles - 1 ) ){ 

        // We are at the last element of the array, go back to first page 

    innerMenu = 0; 

  }  

 

  if ( innerMenu % 4 == 0 ){ 

          // New page 

      i = innerMenu; 

  } 

 

  int loopCounter = 0; 

  for (i; i < nFiles; i++) { 

     

     

    menuSlector(i + startingLine, innerMenu + startingLine, FilesList, i); 

 

     

    if( loopCounter == ( maxFilesPerPage - 1 ) ) break; 

 

    loopCounter++; 

  } 

} 
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void menuSlector(int index, int selectedIndex, String *FilesList, int arrIndex){  

// function to change the position of ">" we the user press the pushbuttons 

  int cursorPos = 0; 

  if( selectedIndex == index ){ 

    lcd.setCursor(0, selectedIndex); 

    lcd.println(">"); 

    cursorPos = 1; 

  } 

   lcd.setCursor(cursorPos, index); 

   lcd.print(FilesList[arrIndex]); 

} 

 

void emptySerialBuf(int serialNum) { 

   

  //Empty Serial buffer for clean communication 

  if (serialNum == 0) { 

    while (Serial.available()) 

      Serial.read(); 

  } 

  else if (serialNum == 1) { 

    while (Serial1.available()) 

      Serial1.read(); 

  } 

} 

 

void waitSerial(int serialNum) { 

 

  // Wait for data on Serial 

  //Argument serialNum for Serial number 

 

  boolean serialAv = false; 

 

  if (serialNum == 0) { 

    while (!serialAv) { 

      if (Serial.available()) 

        serialAv = true; 

    } 

  } 

  else if (serialNum == 1) { 

    while (!serialAv) { 

      if (Serial1.available()) 

        serialAv = true; 

    } 

  } 

} 
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String getSerial(int serialNum) { 

 

  //Return String from serial line reading 

  //Argument serialNum for Serial number 

 

  String inLine = ""; 

  waitSerial(serialNum); 

 

  if (serialNum == 0) { 

    while (Serial.available()) { 

      inLine += (char)Serial.read(); 

      delay(2); 

    } 

    return inLine;   //returning the line 

  } 

  else if (serialNum == 1) { 

    while (Serial1.available()) { 

      inLine += (char)Serial1.read(); 

      delay(2); 

    } 

    return inLine; 

  } 

} 

 

String readLine(File f) { 

 

  //return line from file reading 

 

  char inChar; 

  String line = ""; 

 

  do { 

    inChar = (char)f.read(); 

    line += inChar; 

  } while (inChar != '\n'); 

 

  return line; 

} 

 

void showSaftyStopLine() { 

      lcd.clear(); 

      lcd.setCursor(0, 0); 

      lcd.print("Safety Stop");      

} 

 

void fileError() { 
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       // For file open or read error 

 

  Serial.println("\n"); 

  Serial.println("File Error !"); 

} 

 

void sendGcode() { 

 

  //READING GCODE FILE AND SEND ON SERIAL PORT TO GRBL 

 

  //START GCODE SENDING PROTOCOL ON SERIAL 1 

 

  String line = ""; 

  String serialVal = ""; 

  int dist = get_distance(); 

 

  Serial1.print("\r\n\r\n");        //Wake up GRBL 

  Serial1.write(0x18);              // clean GRBL buffer 

  Serial1.print("$X");              // Rest axes position and break alarm lock 

  delay(2); 

  emptySerialBuf(1); 

  if (myFile) { 

    while (myFile.available()) {   //until the file's end 

      line = readLine(myFile);    //read line in G-code file 

      Serial.print(line);     //send to serials 

      Serial1.print(line); 

       

      serialVal = getSerial(1); 

      Serial.print(serialVal);   //print GRBL return on serial 

      //if (getSerial(1)=="ALARM:3"){  

       

       

      serialVal.replace(" ", ""); 

      //if (serialVal.equals("ALARM:3") ){ 

        if(serialVal.indexOf("ALARM:3") > 0){  

// Alarm 3 is set we the abort button has been pushed 

          Serial.print("alarm worked"); 

          myFile.close();    //force stop 

        }   

      if(serialVal.indexOf("error:9") > 0){   

 // error 9 is sent when the CNC shield is locked 

        Serial.print("error condition worked"); 

        myFile.close();     //force stop 

      } 

      dist = get_distance();      // for safety sensor 
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      if (dist < 5 ){ 

        Serial1.print("!");     // command to hold the feed rate 

        Serial.println("Safety Stop"); 

        showSaftyStopLine(); 

        updateMenu(subMenu, abort_resume_arr, abort_resume_arr_length, 2, false); 

        boolean ali = 0;      // loop variable 

        while (!ali) {       // selection loop 

          if (digitalRead(downButton)) { 

            subMenu++; 

            updateMenu(subMenu, abort_resume_arr, abort_resume_arr_length, 2, false); 

            delay(100); 

            while (digitalRead(downButton)); 

          } 

          if (digitalRead(upButton)) { 

            subMenu--; 

            updateMenu(subMenu, abort_resume_arr, abort_resume_arr_length, 2, false); 

            delay(100); 

            while (digitalRead(upButton)); 

          } 

          if (digitalRead(selectButton)) { 

            ali = 1;       // break out of the selection loop 

            if (subMenu == 1){ 

              Serial1.print("~"); 

              lcd.clear(); 

              lcd.setCursor(0, 0); 

              lcd.print("Resuming...."); 

            } 

            else{ 

              lcd.clear(); 

              lcd.print("Aborting...."); 

              delay(2000); 

              //Serial1.print("~"); 

              Serial1.write(0x18);   //clean GRBL buffer 

              myFile.close(); 

              Serial.println("Aborting due to choice"); 

            } 

            delay(100); 

            while (digitalRead(selectButton)); 

          } 

        } 

      } 

    } 

  } 

  else 

    fileError(); 

 



75 

 

  myFile.close();    //end the reading form the SD card 

  Serial.println("Finish!!\n"); 

  delay(2000); 

} 

 

void openFileSD() { 

 

  String fileName = ""; 

  char fileNameChar[100] = {0};        // char array for SD functions arguments 

 

  lcd.clear(); 

  lcd.setCursor(0, 0); 

  lcd.print("Welcome to CNC"); 

  lcd.setCursor(0, 1); 

  lcd.print("Embroidery Machine"); 

  lcd.setCursor(0, 3); 

  lcd.print(">Press Ok..."); 

  Serial.println(">Press Ok..."); 

  boolean ammar = 0;     //loop variable 

  while (!ammar) { 

    if (digitalRead(selectButton)) { 

      ammar = 1; 

      delay(100); 

      while (digitalRead(selectButton)); 

    } 

  } 

 

  //emptySerialBuf(0); 

  //fileName=getSerial(0); 

 

  updateMenu(menu,FilesList, nFiles); 

  boolean ahmed = 0; 

  while (!ahmed) 

  { 

    if (digitalRead(downButton)) { 

      menu++; 

      updateMenu(menu,FilesList, nFiles); 

      delay(100); 

      while (digitalRead(downButton)); 

    } 

    if (digitalRead(upButton)) { 

      menu--; 

      updateMenu(menu,FilesList, nFiles); 

      delay(100); 

      while (digitalRead(upButton)); 

    } 
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    if (digitalRead(selectButton)) { 

      ahmed = 1; 

      delay(100); 

      while (digitalRead(selectButton)); 

    } 

  } 

 

  myFile = SD.open(FilesList[menu], FILE_READ);    //create a new file 

  Serial.print("-- "); 

  Serial.print("File : "); 

  Serial.print(fileNameChar); 

  Serial.print(" opened!"); 

  Serial.println(" --\n"); 

 

} 

 

void checkSD() { 

 

  // Check if SD card is OK 

 

  // Note that even if it's not used as the CS pin, the hardware SS pin 

  // (10 on most Arduino boards, 53 on the Mega) must be left as an output 

  // or the SD library functions will not work. 

 

  while (!SD.begin(53)) { 

        //lcd.print("Please insert SD card...\n"); 

    Serial.println("Please insert SD card...\n"); 

    delay(1000); 

  } 

      // lcd.print("SD card OK...\n"); 

  Serial.println("SD card OK...\n"); 

  delay(1000); 

} 

 

void listFiles(File folder) { 

      // listing the files on the SD card 

  nFiles = 0; 

 

  while (true) { 

    File entry = folder.openNextFile(); 

    if (!entry) { 

      folder.rewindDirectory(); 

      break; 

    } else { 

      nFiles++; 

    } 
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    entry.close(); 

  } 

 

  Serial.print("Songs found:"); 

  Serial.println(nFiles); 

 

  FilesList = new String[nFiles];   // array for the files 

 

  Serial.println("Files List:"); 

 

  for (int i = 0; i < nFiles; i++) {    //looping through the files 

    File entry = folder.openNextFile(); 

    FilesList[i] = entry.name(); 

    entry.close(); 

    Serial.println(FilesList[i]); 

  } 

} 

 

void setup() { 

 

  Serial.begin(115200); 

  Serial1.begin(115200); 

  pinMode(upButton, INPUT_PULLUP); 

  pinMode(downButton, INPUT_PULLUP); 

  pinMode(selectButton, INPUT_PULLUP); 

  pinMode(TRG, OUTPUT); 

  pinMode(ECO, INPUT); 

 

  lcd.init(); 

  lcd.backlight(); 

  while (!Serial) { 

  } 

 

  Serial.println("Program started"); 

  if (!SD.begin(CSPin)) { 

    Serial.println("SD initialization failed!"); 

    while (1); 

  } 

  Serial.println("SD initialization done."); 

  dir = SD.open(path); 

  listFiles(dir); 

} 

 

void loop() { 

 

  updateMenu(menu,FilesList,nFiles); 
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  checkSD(); 

  while (restart) { 

    openFileSD(); 

    sendGcode(); 

  } 

} 

 

 

Appendix E: Manual 

 

 

Step 1: set up the design in Inkscape. 

Step 2: export the file to G-code format. 

Step 3: use the GRBL converter.  

Step 4: upload the file in the SD card. 

Step 5: insert the SD card to the slot.   

Step 6: place the garment on the garment holder. 

Step 7: Rotate the embroidery machine gear to bring the needle to the highest 

position. 

Step 8: thread the machine and adjust the thread tension to the desired value.  

Step 9: lower the sewing foot on the middle of the garment holder. 

Step 10: start the CNC Embroidery machine by pressing the ON button.    

Step 11: navigate your way through the LCD to the desired file.  

Step 12: press OK button to start sewing. 

Step 13: you can use the hold button if you want to stop the machine. 

Step 14: you can use the resume button to resume the work. 

Step 15: you can use the abort button to cancel the sewing run. 

Step 16: cut off the loose thread after the machine make few stitches. 

Step 17: when the machine finish wait till it stops and cut off the thread to take the 

garment. 


