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Abstract:  

Due to the widespread use of stepper motors, almost any industrial process that requires precision in movement 

is almost devoid of stepper motors, which made us focus on this type of motor in some detail. In this paper, the 

focus will be on the use of stepper motors in the robotic arm due to their importance in advanced industrial 

processes, three motors will be used, each perpendicular to the other, this is the simplest type of robotic arm, 

when the number of motors is three or more, we are now considered to be in the robotic arm stage. This study 

includes analysis and programming. As for the analysis process, it is determining the type of movement required 

of the arm to perform. When the number of motors is three or more, we consider the movement in space, the 

MATLAB program will be used in the calculation process. As for programming, the microcontroller will be used 

to write the programming code to control the robotic arm to obtain the movement required for the robotic arm to 

perform.  

Keywords: Stepping motor, Step Angle, Starting point, End point, Rotational Movement, Step increment, Step 

Inc. 

 الملخص 

تكاد لا تخلو من   الدقة في الحركة  تقريباً تتطلب  النطاق لمحركات الخطوة، فإن أي عملية صناعية  نظرًا للاستخدام الشائع والواسع 

التفصيل المحركات بشيء من  النوع من  نركز على هذا  الخطوة، مما جعلنا  استخدام   .محركات  التركيز على  الورقة، سيتم  في هذه 

محركات الخطوة في الذراع الآلي نظرًا لأهميتها في العمليات الصناعية المتقدمة، سيتم استخدام ثلاث محركات كل منها عمودي على  

راع الآلي. تتضمن هده الآخر هذه هي أبسط صورة للذراع الآلي، عندما يكون عدد المحركات ثلاثة او أكثر نعتبر الآن في طور الذ

 الدراسة التحليل والبرمجة أما عملية التحليل، فهي تحديد نوع الحركة المطلوبة من الذراع لأدائها، عندما يكون عدد المحركات ثلاثة أو

في العملية الحسابية. أما بالنسبة للبرمجة فسيتم استخدام المتحكم   MATLABوسيتم استخدام برنامج    أكثر، نعتبر الحركة في الفراغ

 .الدقيق لكتابة كود البرمجة للتحكم في الذراع الآلي للحصول على الحركة المطلوبة من الذراع لأدائها

 

 محرك الخطوة، زاوية الخطوة، نقطة البداية، نقطة النهاية، حركة دوارنيه، زيادة الخطوة. الكلمات المفتاحية:

Introduction 

The motors are connected according to the process required in the industrial process or according to movement 

or moving from one point to another [1]. The number of motors required in a process is determined according to 
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the type of movement required, either step motor, two or three motors [2]. Connection methods can be classified 

according to the quantity of motors used [3]. In this paper, three-stepping motors will be used when we want 

movement from point to point in a straight line, a curved line, or in the form of a circle, semi-circle, or spiral 

movement to move a specific product [4]. The required movement in this process is obtained by installing the 

three motors. Each of them is perpendicular to the other, that is, perpendicular to the direction (Х У Ζ) so that we 

can obtain movement in space [5]. 

 The type of movement required for the robotic arm to perform it is determined according to the type of 

manufacturing process, and through this, the number of motors required to carry out this process is determined, 

and Figure 1 shows the presented movement required [6]. 

 

 

Figure 1: The type of movement required of the smart arm. 

The main contribution of this study is shading the light on the programming and analyzing on the smart arm 

movements considering the microcontroller. The rest of the article is divided into 6 sections. Section 2 discusses 

the operation method of the controlling. The utilized mathematical analysis and calculation is presented in Section 

3. The implemented MATLAB code is placed and discussed in Section 4. in Section 5. Finally, the article is closed 

by the summary conclusion in Section 6 followed by recent cited references from the literature. 

The method of controlling 

The control method of the robotic shield can be divided into two types: controlling the shield by pre-programming 

to obtain a specific and repeated movement or by control keys to obtain random movement according to the user’s 

desire [7]. 

First: Controlling the shield through pre-programming. This means that the shield performs a specific industrial 

operation and repeats this same process for an unlimited number [8]. 

Secondly: The shield is controlled using a set of control keys to obtain movement according to the operator’s 

desire. 

In this paper, the first type will be studied and analyzed according to the figure shown above. 

Analysis and calculation. 

According to the previous figure, three stepper motors will be used [9], each perpendicular to the other to obtain 

movement in space, that is, perpendicular to the direction (Х У Ζ). Each motor will be named according to the 

axis installed in it to facilitate the analysis and calculation process [10]. 

First: moving from point A to point B: 

Each movement is discussed individually and then the signal is designed for each motor . 

First movement: The distance traveled is 3 cm. Motor-Х moves forward while motor-У and motor-Ζ stop. 

Second movement: The distance traveled is 2 cm. The motor-Х moves forward, as do the motor-У and the motor-

Ζ, and the same signal is generated in the case of motors with the same specifications. 

Third movement: The distance traveled is 3 cm. The motor-Х and the motor-Ζ stop while the motor-У moves 

forward. 

Second: Moving from point B to point A: 

Fourth movement: The distance traveled is 5 cm. The motor-Х, the Y-motor and the motor-У move backwards. 
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The total distance is 13 cm, the signal is designed for the four movements of the highest distance, even if one of 

the movements is a smaller movement distance. 

If the motors are of the same specifications, i.e. step angle = 1.8 degrees, and during the calibration process it is 

found that motor traveled a longitudinal distance of 1.2 mm. 

Number of steps in a cycle = 360/step angle  

Number of steps in a cycle = 360/1.8 = 200 steps 

By calibrating the motor, it was found that it travels a linear distance of 1.2 mm per cycle . 

Data size: Total number of steps to cover the distance  

 Data size = 200 * 13 cm / mm1.2 = 21666 steps 

step Inc: longitudinal distance in one step  

step Inc = 13cm/21666 = 0.006 mm 

First movement: data size = 3 cm/0.006mm =5000 

Second movement:  data size = 2 cm/0.006mm =3333 

Third movement: data size = 3 cm/0.006mm =5000  

Fourth movement to move from point B to point A: 

Data size = 5 cm/0.006mm = 8333  

This is expressed mathematically by the following relationship: 

 

          A(n) = (
n < 𝐴𝑟𝑟𝑎𝑦 𝑆𝑖𝑧𝑒/2 ∑    Step Inc

𝑛=Array Size/2
𝑘=1

n > 𝐴𝑟𝑟𝑎𝑦 𝑆𝑖𝑧𝑒/2 ∑ −Step Inc
𝑛=Array Size
𝑘=Array Size/2

) 

MATLAB Code 

To ensure the accuracy of the calculation process, the MATLAB program is used to observe the shape of the 

produced signal, which represents the type of movement sent to the motors, in addition to the number of 

transmitted possibilities and the absence of loss in the signal [11]  . 

Signal Array = 0; 

Time = 0; 

Array Size = 13333; 

Sum Data1=0; Sum Data2=0;  Sum Data3=0; 

Step Inc = 0.006; 

For loop Counter =1 to 5000 

Time = Time + 0.001 

Sum Data1 = Sum Data1 + Step Inc; 

Sum Data2 = Sum Data2 + 0; 

Sum Data3 = Sum Data3 + 0; 

A(Counter) = Sum Data; 

Plot (Time, Sum Data1); 

Plot (Time, Sum Data2); 

Plot (Time, Sum Data3); 

End  
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For loop Counter =1 to 3333 

Time = Time + 0.001 

Sum Data1 = Sum Data1 + Step Inc; 

Sum Data2 = Sum Data2 + Step Inc; 

Sum Data3 = Sum Data3 + Step Inc; 

A(Counter) = Sum Data; 

Plot (Time, Sum Data1); 

Plot (Time, Sum Data2); 

Plot (Time, Sum Data3); 

End 

 

For loop Counter =1 to 5000; 

Time = Time + 0.001 

Sum Data1 = Sum Data1 + 0; 

Sum Data2 = Sum Data2 + Step Inc; 

Sum Data3 = Sum Data3 + 0; 

A(Counter) = Sum Data; 

Plot (Time, Sum Data1); 

Plot (Time, Sum Data2); 

Plot (Time, Sum Data3); 

End 

For loop Counter = 1 To 8333 

Time = Time + 0.001 

Sum Data = Sum Data1 – Step Inc 

Sum Data = Sum Data 2 – Step Inc 

Sum Data = Sum Data 3 – Step Inc 

Plot (Time, Sum Data1) 

Plot (Time, Sum Data2) 

Plot (Time, Sum Data3) 

End. 

 The conditions The shape 

1 The motor is off  

2 The motor is moves forward  
 

3 The motor is moves reverse   

Figure 2: The conditions and shapes status of the smart arm. 
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Figure 3: The signal sent to the motor -X 

 

 

Figure 4: The signal sent to the motor -У 

 

 

Figure 5: The signal sent to the motor –Z 

Notice from the drawing above that the three motors reached point B at the same time after sending 13,333 steps 

for each motor and returned to the origin point A at the same time after sending 8,333 steps, i.e. the total number 

of possibilities or steps equals 21,666 steps. 

Programming commands. 

After completing the calculation and analysis process, we will begin writing the programming commands for the 

microcontroller using the (Micro C for PIC) program. 

int  seq1 [8] ={0x02,0x06,0x04,0x0c,0x08,0x09,0x01,0x03}; 

int  seq2 [8] ={0x20,0x60,0x40,0xc0,0x80,0x90,0x10,0x30}; 

int j=0 ; 

int n=0; 

int i=0; 

void main  ) ( { 

trisb=0 ; 

portb=0 ; 

trisc=0 ; 

portc=0 ; 
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do{ 

portb=seq1 [ i ]; 

delay_ms(5); 

i=i+1; 

if ( i == 8 ){ i=0 ;} 

n=n+1 ; 

} while ( n < 5000); 

 

n=0 ; 

delay_ms(100); 

 

do { 

i= i +1; 

portb=seq1 [ i ]; 

delay_ms(5); 

portb=seq2 [ i ]; 

delay_ms(5); 

portc=seq1 [ i ]; 

delay_ms(5); 

if ( i == 7){ i=-1 ;} 

n=n+1; 

} while ( n < 3333); 

n=0 ; 

delay_ms(100); 

 

do { 

i= i +1; 

delay_ms(5); 

portb=seq2 [ i ]; 

delay_ms(5); 

if ( i == 7){ i=-1 ;} 

n=n+1; 

} while ( n < 5000); 

 

n=0 ; 

delay_ms(100); 

 

do { 

i= i - 1; 

portb=seq1 [ i ]; 

delay_ms(5); 

portb=seq2 [ i ]; 

delay_ms(5); 

portb=seq1 [ i ]; 

delay_ms(5); 

if ( i == 0){ i=8 ;} 

n=n+1; 

} while ( n < 8333); 

} 

After completing the program writing process, the validity of the program data is tested by designing a circuit 

using the proteus program to simulate the practical circuit to ensure the correctness of the program and the method 

of connecting parts or operate the circuit in the correct manner and obtain the desired movement. The following 

figure shows the shape of the circuit designed with the proteus program. 
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Figure 6: Simulated circuit. 

 

 

Figure 7: The shape of the signal sent to the motor. 

The figure above shows the shape of the digital signal sent to one of the motors. 

Conclusions 

  In this research, the type of control of the robotic arm was classified into two types. The first type is the pre-

programmed robotic arm, meaning that the arm performs the pre-programmed movement and repeats that 

movement. 

As for the second type, the movement is controlled by the user through the control keys, so the movement is 

according to the user’s desire. 
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In addition to that, knowing how to analyze the calculation and movement required for the robotic arm to perform 

and how to write the programming code for the microcontroller to obtain that movement, and through simulation 

programs and tracking the movement of the motors, we obtain the best results for the robotic arm to perform a 

specific operation in a vacuum and return to the starting point without loss. Any data, through the use of three 

stepper motors. 
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