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ABSTRACT: The AGVs or mobile robots are well used in today’s manufacturing 

engineering and also can be used in engineering’s education in connection with the so-called 

Industry 4.0. The motion controlling of such vehicles are a crucial question. This paper 

describes the creating of a measurement system for an AGV in order to give feedback to its 

control system. For motion controlling and simulation between two points the further elements 

are necessary: 1. path planner, 2. trajectory planner, 3. velocity-voltage converter using 

velocity gained from trajectory planner, 4. motion controlling and simulation of a motor 

dynamical model using voltage from the converter, 5. simulation of the path and 6. data 

processing. In this paper the input data for 1
st
, the feedback elements for 4

th
-5

th
 and 

supplementary element for 6
th
 block are detailed. The paper highlights the background of the 

measurement system and the measured results. 
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1 INTRODUCTION  

Today, the spread of automation and mobile 

devices has accelerated through the launch of 

Industry 4.0, and this is also true in the field of 

manufacturing engineering (He, 2020 & Liu, 2020). 

Robotics is gaining space in automation tools, both 

industrial robots (Benotsmane et al., 2020) and 

mobile robots (Wang et al., 2020). 

A prototype AGV (Automated Guided Vehicle) 

is located in the High-Tech Logistics Systems 

Laboratory of the Institute of Logistics at the 

University of Miskolc (Tamás et al., 2020). This 

AGV was no longer able to function after the 

laboratory had been moved because the motion 

control was bound to previous location with its 

CAD model (Papp et al., 2016). My last previous 

research has focused on a new path and trajectory 

planning solution that can be reused also after a 

relocation to other places. Robot control was dealt 

the robot's motors for mobile robots of different 

designs (Jia, 2020 & Mou, 2020). 

For movement control and simulation between 

the two points, the following modules are required: 

1. Path planning module 

2. Trajectory planning module 

3. Speed-to-voltage conversion module using the 

speeds obtained from the trajectory planner 

4. Motion control and simulation of motor 

dynamics model using voltages from the 

converter 

5. Path simulation 

6. Data processing 

The module 3., 5. and 6. were implemented in the 

literature (Cservenák, 2021), while module 4. was 

implemented in the literature (Cservenák, 2020-2). 

This article describes the design of a measuring 

system that implements input data for 1
st
, feedback 

for 4
th
 and 5

th
 and complements 6

th
 module. 

The Section 2 of this article describes the current 

and voltage measurement part of the measuring 

system performed on an Arduino microcontroller 

which was also used in a PhD dissertation (Rónai, 

2020). The Section 3 summarizes the receiving and 

use of voltage, current and navigation data on the 

PC. The Section 4 details the measured results 

during the forward and reverse automatic movement 

of the AGV using the data detailed in Section 2-3. 

Finally, the last section summarizes the results. 

. 

2 MEASURING SYSTEM DESIGN - 

ARDUINO PART 

This section describes the design of the 

measuring system on an Arduino Uno 

microcontroller). 

2.1 The electronic part connected to the 

Arduino Uno microcontroller 

For voltage and current measurements an 

Arduino Uno microcontroller was used with    

tolerance (ATMEL, 2009), and the system requires 

further connected electronic component. Voltage 

measurement uses a voltage divider, while current 

measurement is carried out using the ACS712 Hall-

effect based linear current sensor with limit 20A. 
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The voltage measurement is carried out on the 

series of four batteries with a nominal voltage of 

12V each. Their nominal voltage        is lined 

up to a maximum voltage of up to 57.6V, so it is 

worth converting the voltage      
     to 

     
   . A similar voltage divider had already 

been built for this driverless vehicle (Cservenák, 

2018), but then using an STM32F4 Discovery 

microcontroller, which had tolerated an input 

voltage of 3.3V. Using the formerly mentioned 

paper the equation of the theoretical secondary 

voltage is as follow: 

     
 

  

        
      

  

 
    

               
     

 

  
        (1) 

Due to the real values of the resistances, the 

secondary voltage  will not be the same. 

     

  
  

 

  
    

    
       

 
    

                    
 

     
 

      
              (2) 

The ratio (      ) is required to the program 

written on the PC. The  Arduino  Uno 

microcontroller has a 10-bit A/D converter, and it 

can convert the analog voltage value at a resolution 

         to a digital signal. Thus, the process of  

 

conversion of the measured voltage value into the 

computer program: 

                                   
                  (3) 

In other words, the following calculation can be 

made using the value of Arduino: 

         
            

    
           (4) 

The current measurement is carried out with a 

Hall-element current sensor with two pieces of 

ACS712, measuring the current of the servomotors 

driving the left and right wheel. Since these 

electronic devices are also connected to the Arduino 

microcontroller, the real current values are 

converted to a value usable for the PC program: 

                         

                            

                          

                                  (5) 

The conversion is as follow: 

                         

 
                  

    
         (6) 

The relationships (5) and (6) are also true for the 

other current meter getting               , 

                    and                         . 

The schematic of the measurement circuit can be 

seen in the Figure 1. and the mounted circuit into 

the AGV is shown in the Figure 2. One of the 
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Fig. 1. Schematic of voltage and current meter connection to Arduino Uno microcontroller 
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current meters, shown on the left of Figure 2, is 

connected via a cable from the other side of the 

AGV, while the second current meter is located 

next to the servo motor controller on the closer side 

of the AGV. 

 

 

Fig. 2. Voltage and current meter connection installed 

in the AGV 

The program written for the Arduino 

microcontroller is responsible for receiving and 

converting the proportional voltage signal from the 

voltage divider and the voltage signals from the 

current meters in order to send it further to the PC. 

In the first part of the program, variables are 

declared, such as assigning pins to electronic 

elements and declaring additional auxiliary 

variables. In the second part of the program, the 

settings are made, such as opening the serial port, 

setting the mode of the previous most declared pins. 

There are other sub-programs before the main 

program: 

 u_average1024(): sampling voltage signal 

from the voltage divider 100 times and converting 

the averaged result to a value in the range 0-1023 

 i_left_1024(): sampling voltage signal 

received from one of the current meters 100 times 

and converting the averaged result to a value in the 

range 0-1023 

 i_right_1024(): sampling voltage signal 

received from the other current meter 100 times and 

converting the averaged result to a value in the 

range 0-1023 

Another "Serial_0000" subprogram has been  

 

scripted to send the serial port message. In itself, the 

previously written 3 subprograms return an integer 

value between a number of characters 1 and 4, 

which may become uncertain from the PC side 

during Fig. 3. Transmission of voltage and current 

meter values to PC via message monitoring. 

Therefore, it ought to forward a value with 4 fixed 

characters, i.e., between 0000 and 1023. The 

solution is to monitor the value of a variable, and if 

it is less than 10, 100, or 1000, it places 3, 2, or 1 

pieces of  character "0" before the actual value to 

the serial port, respectively. 

The main program then first writes an "s" on the 

serial port to indicate that the message is starting, 

and then the voltage signals from the voltage 

divider and current meters are displayed in a serial 

port using subprogram "Serial_0000". 

The Figure 3 shows an example for the 

operation. It can be observed that "0755" was 

created in the first row for the voltage value, and 

using the (4) equation, result                  

can be calculated. The values for two current meters 

are "0542" and "0514", generated to 

                               and 

                                using the 

equation (6). Due to the lower quality of voltage 

and current sensors  and the Arduino 

microcontroller ompared to industrial devices, 

values may vary. 

 

3 MEASURING SYSTEM DESIGN - PC 

PART 

This section describes from the PC side about 

the receiving and processing the data from the 

 

Fig. 3. Transmission of voltage and current meter values to PC via serial port 
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Arduino microcontroller and the navigation LIDAR 

sensor. 

3.1 Receiving and processing of voltage and 

current data in the PC program 

Firstly, communication with the Arduino  

microcontroller should be implemented. The 

Arduino microcontroller connects  to the PC via a 

USB port, therefore the PC must handle this port.  

In the AGV’s main control program, the 

"ttyUSB0" USB port must be opened on a Linux-

based system. 

 

 

 

After opening the port, several settings must be 

made, for instance the bitrate, and the PC only then 

receive the message. 

Due to the asynchronous communication 

between Arduino and PC, the message receiving on 

the PC may not begin with the "s" character. To do 

this, enough characters must be scanned at once to 

make sure that the "s" and the following 12 

characters have arrived even if the "s" is in 13th 

place. Therefore, a total of 25 characters must be 

handled by the PC program. 

From the 25-character variable, the program 

must step from character to character to search for 

the "s" character and record the character's serial 

number, which can be between 1 and 13. 

Then, by stepping the characters four by four, 

the characters must be converted to an integer value 

for which the ASCII table was used. After 

converting into integer values, the equations (4) and 

(6) can be used for further processing. 

The bottom part of the Figure 4 shows the results 

of the above written process, where the "s" 

character is arrived at the 13
th
 character. The 

following 3 lines are the from the voltage and 

current meters spreading between 0-1023 and their 

modified versions. The lines continue with 

navigation data and mode of operation, which will 

be 

relev

ant 

in 

the 

Secti

on 

3.3. 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Selecting automatic mode 

It is ought to design not only one automatic 

mode, but also creating the possibility for choosing 

from more modes. To solve it, a monitoring system 

has been developed determining the mode, the 

velocity, and the direction, from which the AGV 

should start. 

The monitoring system includes 1x black and 1x 

green push button and a 4-way joystick in the 

middle of the AGV’s control panel, as seen in the 

Figure 5. 

To start an automatic mode, the two buttons 

must be pressed simultaneously within 5 seconds 

and the joystick must be tilted in the correct number 

and direction, as written in the Table 1. The 

 

Fig. 4. Processing of voltage, current and navigation values on PC 

Table. 1. Automatic modes 

Mode Feature Start condition 

0 Non-automatic - 

1 Moving back and forth between two obstacles Joystick 1x UP 

2 To a specific point, move forward at a lower speed Joystick 2x UP 

3 To a specific point, move forward at a higher speed Joystick 3x UP 

4 Move back to a specific point Joystick 1x UP 
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direction and number of tilting of the joystick in the 

program is done within a 5s time interval by 

examining the rising edge signals from the joystick 

directions, as the values “reJoyUp” and 

“reJoyDown” can be seen in the bottom part of the 

Figure 4. 

 

 

Fig. 5. Control panel of the AGV 

 

3.3 AGV’s navigation data processing 

For automated movement of the AGV is 

necessary to determine its position and orientation. 

To determine these data, the AGV uses the Sick 

NAV350 LIDAR sensor unit, whose measurement 

frequency is     and measurement accuracy is 

        . The literature (Cservenák, 2020-1) 

has already described the data produced by the 

AGV’s navigation while standing and moving. It 

can be determined that the value varies between to 

the factory-prescribed limits. For this reason, if data 

had to be handled with    precision, the AGV 

would operate with uncertainty, as illustrated in the 

Figure 6 (Cservenák, 2020-1). 

 
Fig. 6. Measured X and Y positions - forklift stands in 

one place (Cservenák, 2020-1) 

On the reason of the above, it can be concluded 

that navigation should be used as rare as possible. 

During the programming, it was tended to make a 

measurement only before the automated movement 

and during motion not. To perform it, however, 

relatively accurate path and trajectory planning is 

needed, but this planning solution has been a topic 

of my last previous research. 

Automatic pre-start sampling is based not only 

on one measurement data, but on a continuous test 

for 5 seconds, after which approximately 40 data 

are averaged, thereby reducing the discrepancies. 

The sampled and actual navigation data can be seen 

in the bottom part of the Figure 4. 

4 MEASUREMENT RESULTS 

This section describes the results from 

measuring voltage, current and navigational data in 

diagrams when the AGV is moving to a desired 

specific point. 

Each piece of navigation data from the AGV 

LIDAR sensor should be converted to the center 

between the wheels, thereby making the trajectory 

generated by the path planner comparable to that 

actually achieved: 

                                              (7) 

                                              (8) 

                     (9) 

4.1 Measurement results in forward motion 

When designing the forward movement, the 

AGV's track and trajectory planning is based on two 

segments: 

1. Starts from the measured position to the 1
st
 

position       
      

            and the 

orientation      
    

2. From the end of 1
st
 segment to the 2

nd
 position 

      
      

          and the orientation 

     
    

At the beginning of recording the measurement, 

the AGV started from the position 

        
        

                  and the 

orientation      
         . 

 
Fig. 7. Measured X and Y positions – AGV’s 

automatic forward movement 
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Fig. 8. Measured voltage – AGV’s automatic 

forward movement 

 

In case of forward motion, the planned and 

implemented path of the AGV in the form of an X-

Y diagram, the measured voltage and the current 

values produced by the two servo motors is 

illustrated in the Figure 7, the Figure 8, and the 

Figure 9, respectively. 

 
Fig. 9. Measured currents – AGV’s automatic 

forward movement 

4.2 Measurement result in backward motion 

When designing reversing motion, the forklift's 

track and trajectory design is based on two 

segments: 

1. Starts from the measured to the 1
st
 position 

      
      

            position and the 

orientation      
    

2. From the end of 1
st
 segment to the 2

nd
 position 

      
      

          and the 2
nd

 

orientation      
    

 
Fig. 10. Measured X and Y positions – AGV’s 

automatic backward movement 

At the beginning of recording the measurement, 

the AGV started from the position 

        
        

                   and the 

orientation      
         . 

 
Fig. 11. Measured voltage – AGV’s automatic 

forward movement 

In case of backward motion, the planned and 

implemented path of the AGV in the form of an X-

Y diagram, the measured voltage and the current 

values produced by the two servo motors is 

illustrated in the Figure 10, the Figure 11, and the 

Figure 12, respectively. 
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Fig. 12. Measured currents – AGV’s automatic 

backward movement 

5 CONCLUDING REMARKS 

This article presented the sampling system of 

voltage, current and navigation data needed to 

control a driverless vehicle, the data transmission 

from an Arduino Uno microcontroller to a PC via 

serial port, then the processing of the received data 

on the PC along with navigation data and last but 

not least the measured results. 

The first part introduced the electronic circuit 

connected to the Arduino microcontroller, which 

includes a voltage divider measuring the voltage of 

a 4-fold battery, as well as two ACS712 current 

meters that measure the current consumption of the 

servo motors responsible for the motion of the 

AGV. The section then discussed the structure of 

the program written for the Arduino 

microcontroller, which samples the input voltage 

signal of the three units and transmits it to the PC in 

an appropriate format. 

The second part of this paper detailed the 

structure of the program written for the PC. First, 

this section described the creation of 

communication with the Arduino microcontroller, 

the receiving, separation, and production of a 

characters from asynchronous data from Arduino, 

and then described how the characters is converted 

into data that can be used by the control program 

through different equations. This section also 

covered the way in which automatic modes are 

selected and the use of navigation data. 

The third part presents the measurement results 

obtained by the measurement system established in 

the preceding sections using previous parts. 

It can be concluded that the measurement system 

works well, and useful for the feedback part for the 

control system of the AGV.  

In the future, further measurements will be 

performed in different scenarios testing and 

ensuring the reliability of the system. 
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8 NOTATION 

The following symbols are used in this paper: 

     
: maximal voltage to voltage divider 

     
: converted voltage from voltage divider 

using theoretical resistances 

     

 : converted voltage from voltage divider 

using real resistances 

        : theoretical resistances used for 

voltage divider 

  
    

    
 : real resistances used for voltage 

divider 

        : measured voltage by Arduino 

microcontroller 

              : measured voltage value in 

Arduino program 

        : measured voltage value in PC 

program 

             : measured current of left motor by 

Arduino microcontroller 

                  : measured current value of left 

motor in Arduino program 

                       : measured current value 

of left motor in PC program 

              : measured current of right motor 

by Arduino microcontroller 

                   : measured current value of 

right motor in Arduino program 

                        : measured current value 

of right motor in PC program 

         : the position value   measured by the 

LIDAR sensor of the AGV 

         : the position value   measured by the 

LIDAR sensor of the AGV 

         : the orientation value   measured by 

the LIDAR sensor of the AGV 

          : the position value   transformed the 

center points between the wheels of the AGV 

          : the position value   transformed the 

center points between the wheels of the AGV 

          : the orientation value   transformed 

the center points between the wheels of the 

AGV 

               : the distance between the 

LIDAR sensor and the center points between 

the wheels. 

notation 

The following symbols are used in this paper: 

Acc = area of core concrete; 

At = total area

 


