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Abstract—This article presents the results of GRBL firmware 

integration for controlling an industrial welding robot arm with 

programed trajectories. The mathematical model of the 3DOF robot 

arm is built to determine the working space and solve the kinematics 

problem. The inverse kinematics problem is analyzed analytically 

and its results are used as input for the control problem. GRBL 

firmware is described and analyzed with connection, signal 

transmission and robot arm control features. The robot motion 

planning problem is considered with two basic trajectories including 

a straight line and a circular arc. A robot arm concept model is built 

in reality with full mechanical and control components to test 

integration with GRBL firmware. The integration results show the 

ability of the robot arm to respond effectively to previously planned 

trajectories. 

 

Keywords—Robot arm, firmware GRBL, control, trajectory 

planning, integration. 

I. INTRODUCTION  

In recent years, robots are playing an increasingly important 

role in production, especially in the manufacturing industry. 

Most of them are used in welding processing [1]. Therefore, 

the role of robots is becoming increasingly important and not 

only limited to large enterprises but also gradually expanding 

to small and medium enterprises in Industry 4.0. 

A welding robot is a pre-programmed robot that helps 

people fully automate the mechanical welding process by 

performing welds and processing details. The control system 

plays an important role in controlling the welding robot, and it 

is considered the "brain" of the robot. There are many 

different types of welding robots such as arc welding robots, 

spot welding, laser welding, plasma welding... [2]. Welding 

robots have important advantages such as increased 

productivity, high repeat accuracy, high weld quality and 

reduced processing costs. In the shipbuilding industry [3-5], 

gantry welding robot systems are strongly applied in 

combination with image sensors used to position workpieces 

and monitor welds. An improved RRT algorithm [3], [6] is 

proposed to program the weld path to avoid collisions with 

obstacles, as well as reduce time [7], [8] in finding the optimal 

trajectory. during welding. A new method is proposed in [9] 

for programming and optimizing robot machining paths in 

machining large and complex parts with small machining 

costs such as aircraft [10], turbine blades [ 11]. 

GRBL [12] is a completely free and open source control 

system that allows using Arduino to control motion and 

operate small CNC machine models [13]. It is written in C 

programming language for high performance and uses all the 

smart features of the AVR microcontroller for precise timing 

response. GRBL can maintain stable control pulses up to 

30kHz and uses an integrated G-code interpreter according to 

the RS274D standard. In addition, GRBL is capable of 

controlling machines that use stepper motors and is often used 

in equipment such as milling machines, lathes, 3D printers, 

plotters, engravers and SCARA robots [14]. After installation, 

GRBL can receive G-code commands from computer software 

such as Universal G-code Sender (UGS) through the USB port 

of the Arduino chip. GRBL supports all standard G-codes and 

works well with UGS. The system can be connected to a 

laptop via a graphical user interface (GUI). System commands 

and functions can be controlled through the GUI, helping 

users perform tasks such as starting programs, controlling in 

different modes. 

As is known, the robot's movement task is determined by 

determining a path along which the robot must move. The 

robot needs to follow the laws of motion while moving with 

the actuators generating force or torque and it does not violate 

the workspace limits along with meeting other factors such as 

vibration reduction or not. Vibration excitation of mechanical 

structures. Trajectory programming algorithms are developed 

to create a moving trajectory suitable for the robot arm. 

Accordingly, programming the welding robot's trajectory 

plays an important role in the welding process, especially 

when there are many welds that need to be performed. A 

properly programmed weld trajectory can help shorten overall 

time, increase production efficiency and reduce costs. The 

development of intelligent algorithms brings many effective 

methods to solve the problem of programming the trajectory 

of welding robots [15], [16], [17]. 

Accordingly, this article presents the results of welding 

trajectory programming for a 3DOF robot arm with the use of 

GRBL firmware to control the system. Two basic welding 

trajectories are considered to evaluate the feasibility of GRBL 

firmware integration problem. 

II. RESEARCH CONTENT 

A. Kinematics modeling of industrial robot arm models 
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Consider the industrial robot arm model depicted in Fig. 1. 

 
Fig. 1. 2D model of 3DOF robot arm 

 

The robot consists of 3 joints corresponding to 3 degrees 

of freedom (3DOF). Joint 1 is rotating joint , joint 2 is 

rotating joint , joint 3 is rotating joint . Point E is the end-

effector point. The fixed coordinate system is . 

Coordinate system  is mounted at origin . 

Coordinate system  is mounted at origin . 

Coordinate system  is mounted at origin . 

Coordinate system  is mounted at the original 

position . The structure of the robot arm is shown in Fig. 2. 

 

 
Fig. 2. 3D model of 3DOF Robot arm 

 

Based on D-H modeling theory [18], D-H parameters are 

set for the robot and are described in Tab. 1. 

 
TABLE I.  D-H PARAMETERS 

Link   d a   

Link 1 1  
1 1d L=  0 

2


 

Link 2 2  0 2 2a L=  0 

Link 3 3  0 3 3a L=  0 

 

Accordingly, the coordinates of the end-effector point 

location are determined as follows 
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Table 2 shows the geometric parameters and working 

limits of the joints. 

The workspace of robot is calculated and shown in Fig. 3. 

 

TABLE II.  GEOMETRIC PARAMETERS AND JOINTS WORKING LIMIT 
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Fig. 3. Robot arm workspace 

 

Based on the review of the results of building the 

kinematic equation and calculating the working space, the 

inverse kinematics problem is analyzed and solved by 

analytical methods. The calculation model is described in Fig. 

4. Below are the steps to calculate the joint angles   
1 2 3
, ,  A 

of the 3DOF robot system in workspace with 

= = =; ;
E x E y E z

x P y P z P   being the given coordinates and the 

value of the rotation angles must be converted from The 

arctan 2  function ensures that the rotation angle values are 

accurate and unique. 

 
Fig. 4. Inverse kinematics calculation model 

 

Joint 
1  is defined as follows 

( ) =
1
  2 ,  

y x
arctan P P   () 

Accordingly, joint 
2  is calculated as follows 


+ − − − −
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2 2 2 2 2

2 3 1

3
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Through geometric transformation steps, joint 
3  is finally 

determined as follows 
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( ) ( )( )  =
3 3 3
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Joint 
2  is determined through the intermediate angle    

and   as follows 
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B. Firmware GRBL 

GRBL is an open source CNC machine control software 

for Arduino boards. GRBL can be used in various industries 

such as manufacturing, manufacturing and construction. It is 

composed of main components including Arduino board, user 

interface, G-code protocol and expansion modules. GRBL 

firmware features include support for G-code protocols, 

support for expansion modules and it is open source for easy 

integration with different systems. The basic GRBL interface 

is shown in Fig. 5.  

 

 
Fig. 5. User interface and some basic Gcode commands 

C. Trajectory planning for a robot arm 

The trajectory planning problem is considered with two 

basic trajectories including straight lines and circular arcs. 

The straight line trajectory is considered in space and is 

described in Fig. 6 with point A as the starting point and point 

B as the ending point. 

 
Fig. 6. Movement trajectory of E point in the workspace 

The position vectors of points A and B are described as 

follows 
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Based on the inverse kinematics problem, the values of the 

joints corresponding to the positions of A and B are expressed 

as follows 
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Because the inverse kinematics problem is solved by 

analytical methods, it is necessary to convention the direction 

of motion of the joints. Specifically described as follows 
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In case stepper motors are used to drive joints, the pulse 

signal that needs to be transmitted to the motors is calculated 

as follows 


=

* *
i

i

MicrosStep T ST
X

StepSize
  () 

In particular, the rotation angle of the joints to move from 

position A to B is  =( 1, 2, 3)
i

i . The control mode of the 

motor is MicrosStep . The transmission ratio between the 

motor gear and the gear of the joint is TST . The step size 

used to Speed control is StepSize . Straight trajectory 

according to control code in GRBL is described in Tab. 3. 

 
TABLE III.  STRAIGHT TRAJECTORY CONTROL COMMAND USING G CODE. 

Move to A position Move to B position 

G00 XA YA ZA F100 G01 XB YB ZB F100 

G00: The interpolation 

command moves straight from 

the initial position to point A 

G01: command to interpolate 

linear motion from A to B 

F100: Moving speed is 100 mm/min 

 

The circular trajectory is considered with the starting point 

being A, the ending point being B, and the coordinates of the 

arc center being C. The relative distance from the center of C 

to A along the X axis is I, along the Y axis is J. The arc 

illustration can be considered as shown in Fig. 7. 

 
Fig. 7. Circular trajectory in the workspace 
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The coordinate vectors of points A and B and the center of 

arc C are expressed as follows 

     
     

= = =     
     
     

; ; .

A B C

A B CA B C

A B C

x x x

y y y

z z z

X X X  () 

The circular trajectory according to the control code in 

GRBL is described in Tab. 4. 

 
TABLE IV.   ARC CONTROL COMMANDS USING G CODE. 

Move to A position Move to B position 

G00 X5 Y12 Z20 F100 G02 X5 Y-5 Z0 I0 J-5 F100 

G02: Circular interpolation clockwise 

X5 Y12 Z20: arc starting position; X5 Y-5 Z0: Arc ending position; 

I0 J-5: Relative distance from the center of the arc to point A; F100: 
Moving speed (mm/min) 

D. Integrated GRBL Firmware for robot arm 

1. Connection steps 

To connect GRBL to the 3DOF robot model, the steps are 

as follows: 

Step 1: Prepare the necessary components including 3DOF 

robot model, Arduino Uno circuit, Stepper motor transformer 

and jumper wires. 

Step 2: Connect the components 

Connect Arduino Uno to computer via USB port; Connect 

the stepper motor to the Stepper transformer; Connect Stepper 

transformer to Arduino Uno; Connect the jumper wires 

between the Arduino Uno and the 3DOF robot model. 

Step 3: Install GRBL firmware for Arduino Uno. 

Step 4: Open GRBL Console software on the computer. 

Step 5: Configure GRBL parameters. 

Step 6: Test connection. 

2. Set parameters of GRBL and transmit control signals 

After installing the GRBL firmware, the GRBL Console 

software is used to configure the GRBL parameters to suit the 

3DOF robot model. Parameters to configure include: step 

speed (this is the speed at which the stepper motor will move); 

Acceleration and deceleration levels (these are the levels at 

which the stepper motor will speed up or decelerate) and 

linearity coefficient (this is the ratio between the motor steps 

and the distance moved by the end of the robot arm). 

Regarding control signal transmission, the Universal 

Asynchronous Receive/Transmit communication standard or 

UART for short is used. This is an asynchronous data 

transmission and reception standard and is a popular 

communication standard, so it is often used in communication 

between microcontrollers with each other or with other 

devices. In GRBL, the UART communication standard is used 

to transmit G-code commands from the computer to the 

Arduino microcontroller. The Arduino microcontroller will 

process the G-code commands and send electrical pulses to the 

stepper motors to move them to the desired position. These 

electrical pulses are generated by STEP/DIR controllers. 

The steps for transmitting control signals in GRBL are 

performed as follows 

Step 1: The computer sends G-code commands to the 

Arduino Uno microcontroller via USB port. 

 
Fig. 8. UART basics 

 

Step 2: Arduino Uno receives the G-code command and 

calculates the steps required to move the stepper motors. 

Step 3: Arduino Uno sends electrical pulses to the stepper 

motors to move them to the desired position. 

Step 4: The stepper motors move to the desired position and 

perform the movements specified by the G-code command. 

Data transfer speed via USB port is an important factor to 

keep in mind when transmitting control signals in GRBL. The 

data transmission speed must be fast enough to transmit G-

code commands without delay. The accuracy of the electrical 

pulses generated by the STEP/DIR controller is also an 

important factor to note. The electrical pulses must be highly 

precise to ensure that the stepper motors move to the desired 

position accurately. 

3. Control system components 

The Arduino Uno R3 microchip is used in this case. This is 

the block that has the function of receiving gcode control 

commands, processing and calculating inverse kinematics for 

the robot arm. 

The Gcode command transmission and reception block is 

performed through the use of GcodeSender software. 

Universal Gcode Sender is software built in Java language, 

supporting users to control milling machines by sending G-

code commands and instructions to CNC machines. Universal 

Gcode Sender software runs on Windows, OS X, Linux and 

Raspbian operating system platforms, etc. 

 
Fig. 9. Arduino Uno R3 pinout 

 

 
Fig. 10. CNC Shield V3 Board pinout 

 

The motor's signal conversion block is performed using the 

Aruino CNC Shield V3 Board. This block has the function of 
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converting control signals into stepper motor control signals. 

Components of the block include CNC shield v3 and driver 

A4988 stepper motor. 

Drive A4988 is an extremely small DMOS controller with 

converter and overcurrent protection. The A4988 can control 

bipolar stepper motors with current up to 2A per coil. 

 
Fig. 11. Pin diagram of the A4988 driver controlling the stepper motor 

 

After designing the principle diagram for each block and 

putting the parts together, the entire circuit diagram is 

described as follows. 

 

 
Fig. 12. Wiring diagram of the entire system 

 

After assembling the 3D printed parts, stepper motors, 

servo motors, limit switches, the finished product is shown as 

shown in Fig. 13. 

 

  

Fig. 13. Complete robot arm 

 

Fig. 14 depicts the results of connecting the motor phase 

wire, power cord and endstop system to the CNC shield 

according to the principle diagram. 

 
Fig. 14. Connecting the stepper motor and position sensor to the CNC Shield 

 

 
Fig. 15. Straight trajectory on GRBL 

 

  

Fig. 16. Drawing a realistic straight trajectory 
 

 
Fig. 17. Arc trajectory on GRBL 

 

  
Fig. 18. Drawing the actual arc trajectory 
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III. CONCLUSIONS 

In summary, the article has presented the results of 

integrating GRBL firmware with a 3DOF robot arm to control 

the robot's movements according to programmed trajectories. 

Specifically, the robot kinematics problem is investigated and 

calculated accurately; The control system receives data and 

ensures the required movements; The robot arm receives 

control gcode commands and moves accurately to the desired 

position in 3-dimensional space; The endstop system with 

travel function works well, correctly determining the original 

working position of the arm; Furthermore, the gcode sender 

software effectively controls the robot arm model in modes 

such as: pressing button control (manual) or reading 

commands via gcode file (automatic). 

However, some limitations that need to be considered 

include: poor load-bearing hardware, so it cannot integrate 

heavy applications for manipulation; The operating range of 

the robot arm is limited; Software that is completely 

synchronized with the system needs to be developed to avoid 

having to use open source alternative software.  

Accordingly, the next development direction is determined 

to overcome the above limitations and expand applications for 

final operations such as adding 3D printing heads, laser 

engraving heads, CNC drilling heads, pick-and-drop clamps. 
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