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CONSTRUCTION OF A PORTABLE GAS MEASUREMENT SYSTEM 

FOR AN UNMANNED AERIAL QUADCOPTER  

 

═▐□▄▀ ╕═╚╗═╝╘ȟȟzȟ╣◊╫╪ K╞╝╚═ ╨╘╛╓╘╩ 

 

 T¿rk Alman ¦niversitesi, M¿hendisliĵi Fak¿ltesi, Mekatronik, Ķstanbul, T¿rkiye 

  Antalika, AR-GE, Ķstanbul, T¿rkiye 

ABSTRACT 

Each day the air quality monitoring is getting more important issue in recent years due to 

climate change and air pollution. There are many reasons for measuring carbon dioxide (CO). 

One of them is that CO  can decrease productivity and affect the energy efficiency, high levels 

can lead to lethargy and fatigue. And for that reason, it is significant to be able to measure the 

CO  level. Therefore, it is worthy to measure it with a device that could reach places where 

people might not be able to have a fast access and additionally, this could be time saving, and 

would not endanger personal safety. In this article, the building of a real time CO  measurement 

system for a drone, which reads the CO  level, gets the coordinate of the global positioning 

system and displays them over a website will be introduced. The system consists of CO  

sensors, position sensors, microcontrollers, GSM modules, database and websites. Before the 

selection of each component to be used in the project, market research is provided, where the 

choices will be explained in detail, besides the concept will also be explained. Additionally, the 

implementation will be described; providing the connection, the programming details and the 

test of the system will be presented to demonstrate the performance of the system. Drones are 

known to be used for racing, photography, searching and in this work the usage of the air quality 

monitoring will be discussed. 

Keywords: Carbon dioxide, Air quality monitoring, Drones, Gas system. IoT 

I. INTRODUCTION  

Drones are becoming increasingly popular. 

They are still in their infancy in terms of 

mass adoption and use, but drones have 

already broken rigid traditional barriers in 

industries. From filming and photography 

to farming and surveillance to inspections 

and other areas, the use of drones is 

increasing rapidly. In addition, drones are 

faster and could move in more different 

directions in compare with similar 

innovation technology. Therefore, a carbon 

dioxide measurement system was 

developed to be loaded via a drone because 

CO2 has been a very hot topic for a number 

of years as it is increasing in the air due to 

fossil fuel burning, climate change and also 

government policies. 

 

II. MATERIAL AND METHOD  

This project involves designing a system, 

selecting the components required for a gas 

measurement system for a drone by doing 

market research for the project, purchasing 

the required requirements, mounting the 

sensors, building the circuit, programming 

the microcontroller, as well as the design of 

the graphic user interface, which finally 

integrates the system and receives the 

incoming data from the microcontroller. 

The processes from the design and 

operation of the interface that enable the 

data to be obtained are discussed. 
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II .1 Infrastructure  Of The System 

The required hardware component is to be 

selected to obtain data on carbon dioxide in 

the air, latitude and longitude for the 

position.  The operation of the system 

requires the construction of the circuit; 

namely soldering pins, power supply, etc.  

as well as the design of the graphic user 

interface, which finally integrates the 

system and receives the incoming data from 

the microcontroller. The processes from the 

design and operation of the interface that 

enable the data to be obtained are discussed. 

I I .2. System Components 

 

Fig. 1. The component of the designed gas 

system 

Fig. 1 shows the structure of the system and 

here are the selected components: 

The components of this project include 

three sensors and a microcontroller. These 

sensors are a GPS sensor for the data of 

longitude and latitude, a gas sensor for the 

carbon dioxide detection, a GSM module to 

send the data over a server. The 

microcontroller is used to process the data 

of sensors. For the user interface, a database 

will be needed to communicate with a GSM 

module and a website will be developed and 

designed to display the data. 

  

NEO 6M GPS sensor:  

The chip can track up to 22 satellites on 50 

channels and has the highest sensitivity 

available, i. H. -161 dB tracking while 

consuming only 45 mA of supply current. 

In contrast to other GPS modules, up to 5 

location updates per second can be carried 

out with a horizontal position accuracy of 

2.5 m. The chip communicates with a 

microcontroller via UART.  

The module supports a baud rate of 4800 to 

230400 bps with a standard baud of 9600. 

And it actually works by figuring out how 

far the device is from a number of satellites. 

The receiver then calculates how far away 

each satellite is by figuring out how long it 

takes for the signal to arrive. As soon as 

information is available about how far 

away, at least three satellites are and where 

they are in space, the exact location on earth 

can be determined. 

CCS811 gas sensor 

The CCS811 Air Quality Breakout is a 

digital gas sensor solution that detects a 

wide variety of TVOCs (Total Volatile 

Organic Compounds), including equivalent 

levels of carbon dioxide (eCO2) and metal 

oxide (MOX). The CCS811 has a standard 

hot plate MOX sensor as well as a small 

microcontroller that controls the power 

supply to the plate, reads the analog voltage 

and provides an I2C interface for reading. 

This sensor measures the eCO2 

concentration (equivalent calculated carbon 

dioxide) in a range from 400 to 8192 ppm 

and the TVOC concentration (Total 

Volatile Organic Compound) in a range 

from 0 to 1187 ppm. 

SIM800L GSM / GPRS module 

It is a miniature GSM modem that can be 

integrated into a wide variety of IoT 

projects. With this module one can achieve 

almost everything that a normal mobile 

phone can. SMS text messages, making or 

receiving phone calls, connecting to the 

Internet using GPRS, TCP / IP. It supports 

quad-band: GSM850, EGSM900, 

DCS1800 and PCS1900. In addition, a 

connection to any global GSM network is 

established with any 2G SIM card. Finally, 

it is a serial AT command set. 

Arduino Mega  

The Arduino Mega 2560 is a 

microcontroller board based on the 

ATmega2560. It has 54 digital input/output 



RECENT ADVANCES IN MECHATRONICS ENGINEERING                                                             MEKON 

 

 

3 

pins (of which 15 can be used as PWM 

outputs), 16 analog inputs, 4 UARTs 

(hardware serial ports), a 16 MHz crystal 

oscillator, a USB connection, a power jack, 

an ICSP header, and a reset button. 

I I .3. Building The Circuit 

The first thing to do was to soldering the pins 

for the sensors in order to provide electrical 

connection with the corresponding pins in 

Arduino, as shown in Figure 2. 

 

Fig. 2. The soldering of the pins of the 

sensors 

The designed circuit consists of an Arduino 

Mega and a GPS NEO 6M sensor. NEO 6M 

sensors operate with voltage between 2.7 and 

3.6 and because of that it was connected to the 

3.3 V of the Arduino. For the power supply to 

the CCS811 carbon dioxide sensor, it 

operates with voltage range between 1.8 and 

3.8 so it was also connected to the 3.3 V pins.  

 

In addition, the communication protocol for 

GPS sensor is UART protocol, thus the TX 

and RX pins were used for the connection to 

Arduino. Gas sensor uses the I2C protocol, so 

for the connection, the SDA and SCL pins 

were used. Furthermore, a SIM800L GSM 

module also includes a UART protocol. The 

operating voltage of the chip is between 3.4 V 

and 4.4 V. One of the most important aspects 

for the functionality of the SIM800L module 

is the sufficient power supply. Depending on 

the state in which it is, the SIM800L can be a 

relatively power-demanding device.  

 

The maximum power consumption of the 

module corresponds to a current of 2 A during 

the transmission burst. As this is too high to 

obtain from Arduino, a direct LiPo battery 

supply was utilized. Figure 3 shows the 

circuit diagram of the system and describes 

the pins required for the communication and 

power supply.  

 

 

Fig. 3. The building of the circui 

I I .4. Gas System Software Technology 

This section shows the software technology 

of the system starting from the 

programming of the microcontroller to 

receive the data from the sensors and send 

it through the GSM module, additionally 

creating the database, integrating the system 

and finally designing the user interface. 

As shown in Figure 4, the system starts with 

opening the GPRS connection and 

establishing the HTTP connection, then the 

system enters a loop reading the data from 

the sensor and then sending it by calling the 

URL and doing it again and again. This data 

is then saved in the database and the website 

calls it continuously. 

 

 

Fig. 4. The flowchart of the software 

architecture 
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II. 4.1. Arduino programming  

For obtaining the data of latitude and 

longitude from the GPS sensor (Figure 5) 

the TinyGPS++ library were used. 

TinyGPS++ is a new Arduino library for 

parsing NMEA data streams provided by 

GPS modules. 

 

NMEA is an acronym for National Marine 

Electronics Association. All GPS 

manufacturers, including cellular module 

providers, support the standard NMEA GPS 

data format. GPS devices transmit location 

information in the NMEA standard. The 

ASCII formatted data are called sentences. 

There are many types of records, each 

containing specific information about the 

GPS data.  

 

There are 19 interpreted sentences in the 

NMEA standard, the most common are: 

$ GPRMC (Global Positioning 

Recommended Minimum Coordinates) 

indicates the time, date, latitude, longitude, 

altitude and estimated speed. 

 

The $ GPGGA record contains important 

fix data that provide 3D position and 

accuracy data. 

 

 

Fig. 5. The data from the GPS sensor 

To get TinyGPS++ to work, it has to 

repeatedly funnel the characters from the 

GPS module using the encode() method. 

Then, it should query the GPS object to see 

if any data fields have been updated, 

Getting the latitude and longitude is by 

using gps.location.lat(), and 

gps.location.lng() function, respectively, as 

shown in Figure 6. 

 
Fig. 6. The data from the GPS sensor 

 

SparkFun CCS811 Arduino Library was 

used for the gas sensor. Using this library, 

the sensor can be initialized, polled for 

available data by ccs.available(),  the data 

can be read using ccs.readData() and lastly  

the readings can be accessed with 

ccs.geteCO2(). Figure 7 shows the reading 

of CO . 

 

 
Fig. 7. The data obtained from the gas 

sensor 

AT commands are instructions used to 

control a modem, they are also supported by 

GSM. Using the AT commands the sim800l 

can send data to a web server via HTTP 

using POST/GET. To access the Internet 

with the SIM800, GRPS is required. GPRS 

(General Packet Radio Service) is a service 

on the GSM network that enables packet-

oriented data transmission. In addition, 

some configuration parameters are 

required, so the first thing to do is to open 

the GPRS connection for the SIM800l. 

Then the APN should be set, the APN 

(Access Point Name) is the access point 

(gateway) in the mobile network. The APN 

was found on the providerôs website. Then 

the carrier should be opened and defined 

and last the HTTP service was initialized. 

After these operations, the command for 
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passing the URL to be called can be used as 

shown in Figure 8. 

 

 
Fig. 8. The flowchart of the working 

principle for the GSM module SIM800L 

 

II .4.2. Database creation  

A database is an organized collection of 

data, generally stored and accessed 

electronically from a computer system.  

These model data as rows and columns in a 

series of tables, and the vast majority use 

SQL for writing and querying data. For 

creation of the database the XAMPP was 

used, as shown in Figure 9. 

XAMPP is a PHP development 

environment, free and open-source cross-

platform web server solution stack package, 

consisting mainly of the Apache HTTP 

Server. First the system was created, then a 

table with the required parameters: carbon 

dioxide, latitude, longitude and time. 

 

 
Fig. 9. The creation of the database in 

phpMyAdmin panel 

After the creation of the database over the 

locale server, the database should be 

uploaded over the cPanel of the created 

website. 

 

II .4.3 Back-end web development 

Back-end development refers to the server 

side of an application and everything that 

communicates between the database and the 

browser (Figure 10). The code for the 

communication of the database information 

to the browser was written with PHP 

language. First thing to do was to create a 

connection by the server name, user name 

and password between the website and the 

database, then to check the connection. The 

second thing was to get the data from the 

table in the database, to display it over the 

website and to produce the table of the 

parameter needed to be accessed. In 

addition to accessing the table, the coming 

data should be selected to be able to display 

at the website. 

 

 
Fig. 10. Back-end web relations 

 

II .4.4. Front-end web development 

Front-end web development is the practice 

of converting data to a graphical interface, 

through the use of HTML, CSS, and 

JavaScript, so that users can view and 

interact with that data. 

Front end development manages everything 

that users visually see first in their browser 

or application. The code that was used for 

developing the front-end web was HTML 

and CSS. Hyper Text Markup Language 

(HTML) is the backbone of any website 

development process, without which a web 

page does not exist.  

Cascading Style Sheets (CSS) controls the 

presentation aspect of the site and allows 

the site to have its own unique look. This 
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language was used to create a GUI that has 

a section showing the position on a Google 

map by using the iframe, live data for CO2 

and time, as shown in Figure 11. In addition, 

another section was created for the table to 

display all the data and the table has a plug-

in allowed to be exported to an Excel, PDF 

or CSV file, also a delete button was created 

to have the chance of deleting the data after 

exporting it. The page has an automatic 

refresh every five seconds for displaying the 

new data from the database. 

 

 
Fig. 11. The designed user interface 

 

III. RESULTS AND DISCUSSIONS 

In this section of the paper the test that 

measures the performance of the project 

will be explained to evaluate the work that 

has been done. The first test done is the 

indoor and outdoor test. The two devices 

that are required for indoor and outdoor 

signal tests are the GPS and GSM modules 

Since the GSM is an AT command based 

device, a command to test the signal was 

found and that command was "AT + CSQ", 

as shown in Figure 12. 

 

 
Fig. 12. Testing GSM Module with 

ñAT+CSQ command 

This is a command that returns the signal 

strength of the device. The test for the signal 

was done inside and outside the room and 

showed no significant difference. The 

signal that was displayed inside the room 

was the value 26 and corresponds to -61 

dBm, which as shown in Table 1 an 

excellent signal of the GSM module. 

Table 1. The meaning of the value from 

ñAT+CSQ command 

 
The signal received outside was equal to 28, 

which is almost the same as the signal 

inside. 

There is no way for the GPS to measure 

signal strength using a command like the 

GSM, as it is not a command-based device. 

However, it was able to try to determine the 

location inside and outside the room. Also, 

the maximum update rate of the navigation 

is 5 Hz and in the test, the location was 

updated in 200 ms, which is in line with the 

maximum update rate of the module, see 

Figure 13. 

 
Fig. 13. The updating of the navigation for 

the GPS sensor 

As the test shows, the signal from the 

module inside and outside the room was 

good enough and the update rate 

corresponded to the data sheet. The tests, in 

which the performance of the signal of the 

two devices GPS and GSM was measured, 

was carried out over a long period of time. 

Another test was planned, the data transfer 

rate test, which determines the frequency 

with which the data is sent to the website. 

There are two protocols available, TCP and 

HTTP. In the first test, the use of the TCP 
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was carried out. When trying to send some 

data to the website, it was found that the 

protocol was closed each time the data was 

sent and must be reopened, which made it 

slower to send the data and it was found that 

this protocol is not suitable for the system 

designed to work with a drone, see Figure 

14. 

 

 

Fig.14. Sending data with a TCP protocol 

After working with the TCP protocol, the 

HTTP protocol was also tried. One 

advantage of HTTP is that after establishing 

the http connection, this protocol does not 

have to be closed and reopened. The HTTP 

protocol 

must call the URL and then define the 

transmission method and there must be a 

delay between these commands in order to 

receive the response from the GSM module, 

and various delays from 15 seconds to 4 

seconds (Figure 15) have been tried for this, 

with more than 4 s there was a problem in 

picking up a response from the GSM 

module. By this test it was decided that the 

four seconds is the perfect data transfer rate. 

 

 

Fig.15. The designed user interface 

V. CONCLUSIONS  

In this study, a gas system was made that 

can be carried via a drone and has a user 

interface to vividly review the data. The 

functionality of the system is tested to 

collect the data from the sensors and send it 

to a website. In addition to the function test, 

the accuracy test and the indoor test are 

carried out outdoors. 

The system consisted of three sensors, the 

GPS sensor, gas sensor and a GSM  module, 

an Arduino Mega microcontroller board. 

For the user interface, a database was 

created to receive the data every 4 seconds 

and store it, and a website was developed. 

The aim of the system is to improve the use 

of the drone for air quality monitoring, 

which could be done without human going 

to the place to be monitored, thereby 

reducing the likelihood of the side effects of 

carbon dioxide and its impact is a faster way 

that saves time. 

This project is just a start for air quality 

monitoring by drones, in the future many 

improvements could be made like 

monitoring other dangerous gases, and 

through many improvements in the field of 

drones, an autonomous drone can be used in 

this system without human intervention. 
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ABSTRACT 

Rehabilitation is a laborious and costly treatment process. It is known to be very effective when 

done early after a stroke, but not all patients can have therapy during this time. In addition, 

intensified sessions and goal-oriented rehabilitation significantly increase rehabilitation 

efficiency at home. As the number of patients increases, rehabilitation requirements become 

more difficult to meet. Rehabilitation robots help the therapist treat several patients at the same 

time and reduce the workload. However, the rehabilitation robots are expensive and they are 

not mobile. Development of additive manufacturing increases the potential and costs of some 

rehabilitation robots such as exoskeletons. The use of these robotic systems in the process of 

rehabilitation is also an important technical problem. Therefore, exoskeletons for robotic 

rehabilitation should be designed to wrap the patient's limbs according to their anatomical 

structure. Furthermore, exoskeletons are intended to be used in home-based environment and 

should be easy to use and don/doff by the patient. However, there is still need for tracking 

rehabilitation progress by professionals. The concept of Internet of Things (IoT) can be 

implemented which defined as network to connect everything to the Internet, based on set 

protocols through information. The system developed in this paper supports training of arm 

through substantial innovations in the IoT hardware, sensing equipment, control algorithms, 

and mobile applications. In particular, the system integrates two important components. The 

first is an IoT device (microcontroller) running the control algorithm. The second is user 

interfaces (mobile phone applications) for physiotherapist and patients. 

Keywords:  EMG, Exoskeleton, IoT, Rehabilitation, Iterative learning control 

I. INTRODUCTION  

Stroke is the second biggest cause of adult 

disability in Turkey. Approximately, 1 out of 

every 6 people have a stroke once in their life. 

The number of stroke related deaths is 

between 35.000 and 40.000 per year. While, 

210.000 patients left with severe disability [1]. 

Stroke rehabilitation is a laborious and costly 

treatment process. It is known to be very 

effective when done early after a stroke, but 

not all patients can have therapy during this 

time. In addition, intensified therapy sessions 

and task-oriented rehabilitation increase  

 

 

motor development considerably. Physical 

rehabilitation can be effective in treating 

patients years after the stroke. As the number 

of stroke patients increases, rehabilitation 

needs become more difficult to meet.  

Rehabilitation robots will be an alternative to 

increased rehabilitation requirements 

compared to conventional treatment methods. 

Compared to conventional therapy by 

physiotherapists, robotic rehabilitation has 

considerable advantages, such as more 

intensive and longer therapy sessions and 
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better reproducibility of movements. 

Rehabilitation robots help the physiotherapist 

treat several patients at the same time and 

reduce the workload. This leads to lower 

treatment costs [2, 3].  

Robotic rehabilitation includes additional 

functions such as recording and analyzing 

patient performance information. Also, virtual 

reality, computer games etc. in robotic 

rehabilitation. with such applications, the 

active participation of the patient in the 

rehabilitation process can be increased. 

Robotic systems designed for rehabilitation 

purposes; it can be divided into several 

groups, such as therapeutic exercise robots, 

movement-assisting exoskeleton robots, 

prosthesis and walking rehabilitation robots. 

Exoskeletons for robotic rehabilitation should 

be designed to wrap the patient's limbs 

according to their anatomical structure. In this 

paper, it aims to make a prototype of an 

exoskeleton in an ergonomic structure for arm 

rehabilitation. The use of robotic systems in 

the process of physical rehabilitation is an 

important technical problem. Therefore, this 

project is intended to be used and developed 

in upper limb rehabilitation and to be involved 

in clinical testing. 

Recent development of additive 

manufacturing reduces the cost of wearable 

rehabilitation robots. This results production 

of a home-based rehabilitation robots. 

However, there is still need for tracking 

rehabilitation process by professionals. In 

order to follow patients development. The 

concept of Internet of Things (IoT) can be 

implemented which defined as network to 

connect everything to the Internet, based on 

set protocols through information [4, 5].  

The system developed in this paper supports 

training of arm through substantial 

innovations in the IoT hardware, sensing 

equipment, control algorithms, and mobile 

applications. In particular, the system 

integrates two important components. The 

first is an IoT device and a microcontroller 

running the control algorithm. The second is a 

user (physiotherapist) terminal combining a 

mobile phone application for real time patient 

training.  

II. SYSTEM OVERVIEW  

The system consists of 5 components. The 

patient places the exoskeleton in his arm for 

rehabilitation in a home setting. The EMG 

electrodes are placed on the triceps. The force 

sensor is embedded on the exoskeleton. In the 

developed design, a flexible and ergonomic 

design was implemented in order to use it in 

the rehabilitation of patients of different 

heights.  

 

A cloud-based communication method is used 

for data transfer. EMG, joint angle and force 

signals are received by the sensors and fed to 

the microcontroller. These are transferred to 

the mobile application along with error data. 

The patient performs tasks recommended by 

the physiotherapist. The patient can also 

choose different goal-oriented tasks which 

can be found from main mobile application 

screen. On the application side, the data is 

transferred to the cloud via a communication 

network and collected in the database.  

 

The physiotherapist utilises a mobile app to 

identify suitable tasks and monitor 

rehabilitation progress. System overview and 

5 different subviews are shown in Figure 16. 

They are EMG connections, mobile 

application interface, controller, exoskeleton 

and force sensor. 

 

 

Fig.16. System overview 



RECENT ADVANCES IN MECHATRONICS ENGINEERING                                                             MEKON 

 

 

11 

II.1. Task Design 

Recent pandemic affects rehabilitation 

process crucially. This is due to lack of 

mobility of patients and restrictions applied by 

governments. Therefore, home based goal 

oriented rehabilitation become more 

important. A physiotherapist can guide a 

patient to perform activities of daily living in 

a home setting. However, this is a costly 

process and there is not enough resources.  

The developed system aims to support goal 

oriented tasks consisted of 4 different types of 

movements. These are 1) ipsa lateral reach, 

2)contra lateral reach, 3)far reach, and 4) near 

reach. The exoskeleton is worn accordingly in 

the wrist and triceps area. The surface EMG 

sensors are placed in the triceps muscle. The 

microcontroller connection is established with 

the mobile app.  

The task is started by selecting the start button 

from the application. Then, the system waits 

for EMG signals to trigger the selected task or 

starts after 3 seconds. This depends on 

physiotherapistôs choice. If enough EMG 

signal is acquired from participantôs muscle 

then this button can be activated. The data is 

sent to the cloud via IoT. The physiotherapist 

examines the data from the master 

application. 

II.2. System Software 

Internet of Things (IoT) is now a reliable 

technological standard and a heavily 

researched field. Sensors are being used 

almost everywhere, from everyday products 

to industrial monitoring systems. The use of 

IoT and sensor-based intensive health care 

systems are increasing rapidly [4]. IoT makes 

our life smarter, more efficient and easier. 

IoT, various physical and virtual objects with 

evolving mobile devices and sensor networks 

it aims to create a dynamic global network 

infrastructure by connecting it together. IoT 

initially combines, through RFID technology, 

uniquely identifiable objects and virtual 

representations of objects in an internet-like 

structure. In this paper, IoT aims to be used as 

a system that takes information from the 

patient with the help of a mobile application 

and transfers it to a server in the center, thus 

allowing the physiotherapist to learn about the 

patient's treatment status. 

The connection diagram of the internet of 

things in wearable rehabilitation devices is 

shown in Figure 17. 

 

 

Fig.17.  Internet of Things in Wearable and     

Implantable Healthcare Devices [6] 

The developed systemôs software and data 

flow is detailed in Figure 18. The controller is 

programmed in a custom made python script. 

Mobile application interfaces for patients and 

physiotherapists were developed in MIT App 

Inventor and implemented. EMG signals are 

processed with the module card. Data from the 

exoskeleton is transferred to the patient's 

mobile app via bluetooth. All the data that is 

transferred to the mobile app is collected in 

the firebase cloud environment with the help 

of IoT. Then, it can be displayed on the 

physiotherapist's mobile app. 

A similar IOT diagram of the wearable 

exoskeleton shown in Figure 17 is applied in 

Figure 3. The data from the sensors placed on 

the exoskeleton to receive different data are 

displayed in the mobile application. The data 

in the mobile application is collected in the 

cloud environment with IOT over wifi. The 

collected data is transferred to the mobile 

application of the physiotherapist as shown in 

Figure 18. 

 

 

Fig.18. Software block diagram 
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II.3. System Hardware 

This paper explains a Raspberry pi controlled 

remote monitoring system. Raspberry Pi is a 

credit card sized single board computer with 

ARM11 microprocessor. In this study, a 

system is designed to continuously monitor 

the Electrocardiogram (ECG) and other vital 

parameters. This data is stored in a cloud and 

can be displayed in a cloud that can be 

accessed only by physiotherapist. Raspberry 

pi [3] is installed with a Linux based operating 

system, Raspbian, supports all programming 

languages like C, Python etc. For easy access, 

Python programming language is used for the 

communication. 

Raspberry Pi weights only 50g. It uses power 

rating of 5V, 700mA and cost effective than 

an actual computer. The board comes in 

different models A, B and a more advanced 

version B+. The raspberry pi 3 B model has 

1024 MB RAM, runs on 64-bit 1.4GHz 

A53/ARMv8 processor and has an operating 

frequency around 700MHz. Operating 

systems like Raspbian, Pidora, and Raspbmc 

can be installed using a SD card. Different 

peripherals like mouse, keyboard,  

Wi-Fi adapter can be connected using its four 

USB2.0 ports to make it a full size computer. 

Also the board consists of an Ethernet port to 

connect to network, GPIO pins to interface 

and control switches, sensors, LEDs and other 

devices. 

All kinds of monitors like projectors, LCD 

screens, Tvs can be connected using HDMI 

port. Some additional features include the 

audio jack and the camera connector to 

interface camera. These numerous features 

enable the users to use Raspberry pi in wide 

range of applications. The controller we used 

in our study is shown in Figure 19. 

 

 

Fig.19. Raspberry pi 3b board 

EMG module receives signals from muscles 

and trigger the selected task. The processing 

of EMG signals and the choice of the most 

suitable method are important. The EMG 

module requires the voltages + 5V and -5V. 

This voltage also required to feed the servo 

motor.  Signals from electrodes are noticed 

and amplified in the IC. These signals are then 

transferred to the corresponding signals with 

the aid of a bandpass filter. Negative parts are 

eliminated with a half-wave rectifier.  

The functional basic unit of the skeletal 

muscles are motor units. As a result of the 

excitation from a single motor unit, the 

extracellular potential changes through needle 

electrodes last between 3 and 5 ms and their 

amplitude is 20-2000 mv, depending on the 

size of the motor unit. As soon as the resulting 

signals cross the controller's threshold, the 

servo triggers the motor and helps the lever 

make the desired movement. 

III. BIOMECHANICAL MODEL  

The ὼ, ώ and ᾀ definitions shown in Figure 

20 are used to describe the movements 

occurring in the shoulder region. There are 

straps in the areas from elbow to wrist (f) and 

from shoulder to elbow (u) shown in Figure 

20. The elbow angle is taken as — in one axis 

and used in the equation. 

 

 

Fig.20.  Geometry of human arm system 

Fig. 20 shows the geometry of the dual human 

arm system. Fig. 21 provides a more detailed 

description of the geometry of constrained 

human arm model that appeared in Fig. 20. 

The first link represents the upper arm, from 

the shoulder joint to the elbow, with length 

(Ὅ Ὅ . The second link represents the 

forearm, from the elbow to the thumb web, 
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with length (Ὅ Ὅ . The constraint means 

that the forearm must lie in the horizontal 

plane, and rotation is possible about the axis 

along the upper arm. The triceps has been 

selected for triggering since stroke patients 

typically experience problems with shoulder 

and elbow extension during reaching tasks.  

 

 

Fig. 21. Geometry of constrained human arm 

As setator ὠ  taht elgna eht ,sesaercni ‮ 

about the upper arm, starting from ὠ, is the 

given by 

‌‮ ÁÒÃÃÏÓ
Ȣ

ȿ ȿȢȿ ȿ
= arccos ( )            (1) 

 ὠ is a vector elongated at the elbow axis.  ὠ 

represents the vector extended along the upper 

arm and  ὠ the vectors extended along the 

forearm. 

The elbow angle (‮  is equal to 

‍‮ = ÁÒÃÃÏÓ
Ȣ

ȿ ȿȢ
= arccos(-ὧȢὧ                 (2)  

The dynamic model of the constrained arm 

can now be expressed in the form 

 
ὄ ή ή ὅ ήȟή ή Ὂ ήȟή †

ὐ ή Ὤ                                                                               (3)  

 

ὄȟή and ὐ these represent load, torque in 

the constrained dynamic model equation. 

Most of the advanced controllers require a 

well defined model. Therefore, it is necessary 

to implement a biomechanical model of the 

human arm. Its terms are:  

 

ὄ(ή)=
ὦ ὦ
ὦ ὦ

,  

ὅ(ήȟή)=
ςὅ ‮ ὅ ‮

ὅ ‮ ὅ ‮
           (4)  

The angular axes of the exoskeleton are 

shown in Figure 22 for modeling the human 

arm.  

 

Fig.22. Geometry angles of the human arm 

As seen in Figure 22, movement will occur in 

3 axes in the shoulder region and these are 

indicated by ‰ȟ ‰ȟ ‰ . In the elbow region, 

it is shown as ‰  because movement will 

occur in a single axis. 

IV. CONTROLLER DESIGN  

The error signal of the PID controller is the 

difference between the arm real-time angle 

and the target arm joint angle. The PID 

controller was established in the FE model 

with Ls-Dyna codes. It was used to calculate 

the control signal u(t), which was then 

transferred to muscle activation levels based 

on muscle activation dynamics for upper 

extremity locomotion. In each time step, the 

muscle activation level was iteratively 

adjusted by the PID controller to minimize the 

signal error e(t), namely minimize the arm 

joint angle difference between the simulation 

results and the experimental data. The formula 

for the PID controller was as follows: 

 

Ὡὸ Ὀὸ ώὸ                                                         (5) 

όὸ  Ὧ zώ ὸ Ὧᶻ᷿ ώ †Ὠ Ὧ    (6) 

Where e(t) is the arm joint angle error signal, 

ώ(t) is the real-time arm joint angle after 

neural delay, Ὧ, Ὧ and Ὧ are the 

proportional, integral, and differential gains of 

the PID controller, which were set as constant 

according to Andersson (2013) research [7]. 
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Fig.23. Iterative learning control block 

diagram 

Iterative learning control (ILC) setting for 

processes which are required to continually 

repeat the same task over a finite interval with 

resetting between trials. The salient feature of 

ILC is to use information from previous trials 

to update the current trial input so that 

performance is successively improved 

training. The unit feedback block diagram of 

the ILC is shown in Figure 23. 

V. CONCLUSIONS 

The environments in which doctors or other 

health care officials can best monitor the 

patient for chronically ongoing diseases are 

the patient's natural life. Because of this, 

various portable monitoring devices are 

needed to monitor patients in their natural 

life.These devices receive data from patients 

in the relevant health service by sending them 

to their servers, it can enable them to make 

various decisions more efficiently for that 

person and for the future in health care. 

In this study, a new approach is presented, that 

works in an automatic way, guaranteeing a 

seamless monitoring of EMG signals and 

other health parameters. Realized system can 

be a prototype for health care system to 

monitor patient's vital signals. Raspberry pi is 

used for this application because of its multi-

tasking capability and low power 

consumption. Also this system can be 

installed easily in all the home and huge data 

obtained can be stored in the database. 

Raspberry Pi, with its broad variety of features 

can be used for several purposes and have 

much scope in future. The results will be 

transferred from a mobile phone to a database 

via an app, reducing the intensity of the 

patients in hospitals. 

The study was designed for physiotherapy for 

patients with muscle dysfunction with support 

from the advanced controller. The 

exoskeleton produced with additive 

manufacturing process allowed an individual 

and adjustable size. Together with the utilized 

loadcell, it protects arm from overloads 

affecting the arm. The purpose of the servo 

motor is to make it easier to control the motor 

position for the desired arm position. The 

advantage of using a small servo motor is that 

it is lighter. The downside is that the motor 

choice is small and the moving point exceeds 

the potential deformation, this can be removed 

with a composite or other material, unlike 

other home-based devices, cross-device 

communication is via the Internet of Things ( 

IoT ) and with the designed android 

application, training data is transmitted to the 

physiotherapist via the cloud. The mobile app 

design was created with the MIT App 

Inventor. In the future, work should be 

focused on performance tests of the 

rehabilitation from home settings. Another 

future work aims to utilize big data and 

machine learning to improve autonomy of the 

system.  Implementation of advanced control 

algorithms also aimed such as Multiple Model 

Based Adaptive Control and Impedans 

Control as well as implemented Iterative 

Learning Control [6 - 8].  
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ABSTRACT 

Today the internet is very widespread in every area of research and has begun to participate in 

the lives of people in almost all around the world. In current era, a wide variety of devices can 

be connected to the Internet which is called Internet of Thing (IoT). The lack of availability of 

these technological developments in rehabilitation devices, rehabilitation centers affects the 

treatment time of patients. Furthermore, the restrictions because of pandemic also affect the 

healing processes of patients. For patients who need continuity of treatment has a great 

importance as intensity of training. Especially, patients with lower extremity problems have 

mobility problems. In this case in particular, the IoT will lead to the lower limbs rehabilitation 

being carried on in the home environment and the using frequency and pressure of lower limb 

being able to be monitored through cloud communication. In this article an active orthoses 

design was developed which can transfer data to mobile applications for the patient and the 

doctor. The system differs from other orthoses with these properties. Firstly, the system 

developed can be customized specifically for patients, and the doctor can easily monitor the 

healing process of several patients via his mobile device and give real time feedback to the 

patient about the use of the device. Second, the system immediately records the pressure the 

patient is putting in the center, and when the pressure exceeds the threshold set by the doctor, 

it sends a notification and vibration to the patient. In this way, the patient's follow-up and 

treatment processes can continue without interference. It is a device that has the potential to be 

used in many fields including sports medicine. 

Keywords: IoT, Lower-Limb, Rehabilitation, Mobile Application  

I. INTRODUCTION  

The most common injuries that occur in the 

general population as well as in athletes are 

foot and ankle. The abundance of anatomical 

structures such as bones, tendons and joints in 

this anatomical region increases the number of 

diseases and makes diagnosis difficult with 

imaging procedures. Although no injury or 

disease is specific to athletes, some diseases 

are more common in athletes, especially in 

some sports. Sports-related diseases can be 

divided into three main groups: traumatic 

problems, stress disorders and degenerative 

changes [1].  

 

 

 

 

 

While devices such as orthesis or bandages 

are used to solve the more common foot and 

ankle problems in athletes, there is no 

intelligent application and no patient status 

and treatment follow - up system. This 

rehabilitation can be performed in either 

home-based environment or clinics which is 

called supervised rehabilitation. There are 

studies showing that supervised rehabilitation 

is much better than home exercises [2]. 

However, due to the coronavirus pandemic 

that occurred in 2019 [3], conventional 

follow-up mechanism of physiotherapists is 

no longer functional.  
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The Internet of Things (IoT) technology, 

which has developed rapidly in recent years, 

can be used as a solution in this respect. In 

short, IoT has been created  

through the communication of objects / 

devices (such as sensors, microprocessors, 

microcomputers, phones and computers) that 

can be connected to the Internet via a cloud. 

This means IoT technology enables home-

based supervised rehabilitation. Therefore, 

this attracts the attention of the researchers in 

many areas of rehabilitation research [4,5,6].  

In this paper, an IoT-based design of 

intelligent active orthoses of the lower 

extremities is detailed. Chapter 2 provides the 

system overview, software and hardware of 

the system. Chapter 3 will provide conclusion 

and draw future work. 

Internet of Things in general environments 

with different technologies. Able to acquire 

knowledge, produce knowledge and smart 

objects that can exchange ideas (of objects, 

things, devices) is used. More for the Internet 

of Things there are other definitions. E.g. The 

definition according to J. Belissent is as 

follows: ñUse of information technology 

Safety, health, more efficient services like 

transportation System that can be used. 

International Telecommunication Union 

According to the definition of (ITU) 

"Everytime and everywhere It is the ability of 

all kinds of objects to connect. " 

[7,8]. 

 

 

Fig.24. Internet of things (IoT) 

The concept of the Internet of Things was first 

introduced in 1999. MIT Auto-ID Center 

employees inproposed by and using RFID 

technology Studies were carried out in 

laboratories. ITU With the report published in 

2005 by This concept has been officially 

announced. Did every five years due to 

Number of devices connected to the internet 

and per person The number of devices 

dropped is increasing exponentially. 

According to the forecasts for 2020 connected 

to the internet based on world population 

approx. 50 billion devices It is estimated at 

[8,9,10]. 

 

 

Fig.25. Internet of things(IoT) flow diagram 

IoT technology should not only be understood 

as the connection of devices such as 

computers and servers to the Internet. E.g. 

RFID Devices, Medical Devices, VoIP 

Devices, Automobiles, Cell Phones 

Telephones and devices with the 

microcontroller architecture that we are 

investigating in this study can also be used in 

the context of IoT technology. Briefly IoT 

Figure 26. 

As can be seen, it is a system of devices that 

have created an intelligent network by 

communicating with each other thanks to 

various communication protocols [11]. 

 

 

Fig.26. Internet of things (IoT) 

ecosystem[11] 
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II. SYSTEM OVERVIEW  

The system consists of 6 components as 

shown in Figure 24. The data is stored in the 

mobile application, which the patient and the 

doctor can control. The doctor can follow the 

treatment and rehabilitation processes from 

here. Adjustability has been added so that the 

developed design can be used for 

rehabilitation. It is ensured that this patient 

uses the foot muscles properly again. Data 

received from the application is sent to the 

processor. The processor, on the other hand, is 

encrypted for incoming data and sends it to 

other devices. For correct use of the device, 

returns are returned according to the 

parameters entered by the physiotherapist.  

The aim is to eliminate the effects that can 

damage the tissue, such as insufficient muscle 

development and overload, by performing 

orthotic vibration stimulation according to the 

parameter that can be determined by the 

physiotherapist during the recovery process. 

The data received from the sensor is filtered in 

the processor and the data is sent to the 

application via the module to provide and 

monitor the vibration outputs. The user can 

follow the treatment and development process 

here. With the patient application, the doctor 

application can communicate by collecting 

data with cloud communication. The 

physiotherapist can access this data 

immediately. Due to the rapid feedback to the 

patient during the treatment process, the 

rehabilitation process can be carried out more 

efficiently and quickly. 

 

 

Fig.27. System Overview: 1) dc motor, 2) 

microprocessor, 3) piezoelectric sensor, 4) bluetooth 

module, 5) orthesis, 6) smart phone for mobile 

application 

II . 1. Hardware 

The rehabilitation system described in this 

article designed for cloud communication 

with an Ardunio processor. It is made of semi-

flexible material so that it does not cause skin 

health and allergies in people who use it as an 

orthosis and have no hard effects on the joints. 

The orthosis model to use is shown in Figure 

28. 

 

Fig.28. Foot Orthesis 

The force sensor to be used in the orthosis has 

been selected to address a general human 

mass, and a DC sensor that can measure the 

force on the heel accordingly. The 

piezoelectric sensor to be used is shown in 

Figure 29. The conductivity is 4 microns, and 

the operating frequency is 3 Hz. 

 

 

Fig.29. Piezoelectric Sensor 

 A direct current vibration motor was used, 

which can stimulate the patient according to 

the threshold set by the physiotherapist during 

the recovery process. The DC motor was used 

with an operating voltage of 6-12 V shown in 

Figure 30. 
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Fig.30. DC engine 

The Ardunio card was utilised to process data 

the and to find the outputs to be done 

according to the specified parameters. An 

application based on MIT App Inventer has 

been developed in which both the patient and 

the physiotherapist can follow the process. 

The entire system was powered by a direct 

current source. The Ardunio card shown in 

Figure 31 was used in system design. The 

ATmega328 microcontroller is chosen which 

can supply an operating voltage of 3-5 volts 

with 7-12 volts input voltage. 

 

 

Fig.31. Ardunio Processor 

I I. 2. Software 

The system consists the embedded software, 

mobile application and the server software. 

The first is the code that runs in the system 

node and captures and sends pressure data if 

the threshold value is passed. The second, the 

cloud server software, consists of the database 

in which the system data is stored, the system 

website where the user can access the cloud 

server data available to him/her. Finally, it is 

the mobile application in which the registered 

users can view the application data available 

to them. 

The Internet of Things (IoT) is a technology 

that allows many objects used in daily life to 

generate different data and transfer this data to 

other objects or systems. This technology is 

involved in many different projects in a 

variety of fields such as transport, health, 

military and agriculture. The use of this 

system is increasing day by day, and the 

technologies used for its infrastructure also 

vary. Technologies that are used in particular 

in the communication phase are of great 

importance for the Internet of Things. The 

architectural structure for the Internet of 

Things depends on the characteristics of the 

technology used. 

An application for mobile devices is being 

developed on the MIT App Inventor platform. 

It will have an easy to use and understandable 

interface. The patient can only see his 

progress through this application. Through 

this application to be developed, the 

physiotherapist can see the patient's 

developmental values and change the working 

conditions of the orthosis according to the 

patient's recovery process. Thanks to these 

applications, the orthosis gains flexibility. The 

interface of the application to be developed is 

shown in Figure 32. 

 

 

Fig.32. Android User Interface 

Signal Flow Diagram 

The signal and data stream has a flow as 

shown in Figure 33. The orthosis system 

transmits the data from sensor to the 

processor. The processor gives the patient 

feedback on the correct use according to the 

specified parameters. At the same time, the 
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data is sent to the application via the module. 

The data is sent to the cloud with the Fire Base 

module for mobile applications. The data 

transferred to the cloud falls into the mobile 

application for control by physiotherapists 

and check. The physiotherapist carries out the 

rehabilitation process of the patient by 

changing the parameters according to the 

progress made from these data. The use of the 

device and the patient's recovery process take 

place in parallel with the physiotherapist.    

 

Fig.33. Signal flow diagram 

System operation 

For rehabilitation in the home environment, 

the patient places the orthosis on his foot. It 

starts using according to the threshold set for 

the patient by the physical therapist. From the 

moment the patient actively uses the foot 

orthosis, the frequency and form of use are 

transmitted to the physiotherapist's mobile 

device via the cloud communication of the 

applications thanks to the Internet of Things. 

At the same time, the patient can follow the 

course of treatment on his mobile device in 

order to show how to use the orthosis 

correctly. There is a vibration motor on the 

orthosis to prevent damage to the nerve 

muscles. The operating frequency of this 

vibration motor can vary according to the 

threshold value set for the patient by the 

physiotherapist. The patient's other 

neuromuscular system is brought under 

control so that it is not harmed during the 

treatment process.  

From the moment the patient uses the device, 

it sends the force coming from the foot to the 

processor with the sensor at the moment of 

pressing. With the program written here it 

gives the patient vibration stimulations 

according to the threshold set by the 

physiotherapist. This data and the flow are 

sent to the mobile patient application via a 

bluetooth module. The data arriving here is 

sent to the doctor's application via the cloud 

using IoT. In this way, the doctor can follow 

the treatments in the home environment 

without having to come to the treatment 

centers with the data implemented in practice. 

By changing the parameters specified in the 

application according to the patient's level of 

development, the patient's treatment process 

is advanced. 

III . CONCLUSION 

In the paper, an IoT based solution for the 

physical rehabilitation of the ankle was 

presented in order to improve the conditions 

of rehabilitation, to enable a more accurate 

diagnosis and consequently to shorten the 

recovery time. The research and development 

of this type of physiotherapy system is 

important as medical improvements lead us to 

better lower limb rehabilitation and less 

mobility after ankle injury. The most 

important effect of the system is reducing the 

workload of physiotherapist as the patient 

does not require surgery with 

physiotherapists.  With recent development in 

sensing and internet technology, IoT has 

become both a reliable structure and a 

necessity. The IoT based rehabilitation system 

developed in this paper , which measure the 

collected data, display it in real time and store 

the patient's ankle pressure data and the 

number of steps performed during a day. As 

the results show, it is important to better 

archive the patient's performance analysis and 

thus achieve improvement of the patient's 

ankle and prevent the excessive pressure 

during the rehabilitation. Another important 

finding in this research is that the system 

realizes supervised rehabilitation at the home 

environment, which reduces overcrowding 

rates in hospitals and improve the continuity 

of treatment processes. This reduces the time 

of recovery processes. The developed system 

establish a real time connection between the 

patient and the physiotherapist, the data can be 

analyzed to the supervision of the 
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physiotherapist. The patient will be able to see 

the treatment process determined by his / her 

physiotherapist through his / her application. 

The data such as the correct use of orthosis 

during the patient recovery process, frequency 

of use, and patients steps in a day and its effect 

on recovery can be safely transferred to the 

physiotherapist's application via cloud server. 

With the help of this data, the physiotherapist 

will be able to remotely give feedback the 

treatment process without disrupting and 

burdening the hospitals. There is an ongoing 

questionnaire applied to physiotherapists to 

identify the usability of the system. The 

preliminary feedback are generally positive as 

the questionnaire details the idea and system 

functionality. The initial results shows that 

most of the physiotherapists interested 

utilising the device as it has potential to reduce 

their workload. The details of questionnaire 

will be detailed in the future after it is 

completed.  

In the future, the goal will be to use IoT with 

machine learning algorithms for physical 

rehabilitation, to develop rehabilitation and 

patient development models based on the 

trained data during the sessions, and to 

improve the autonomy of the system. 
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ABSTRACT 

This study aims to develop and implement a remote control system for an underwater robot 

with four thrusters with the help of a human-machine interface device and embedded 

computers. In this context, an open-loop structure was created to allow the underwater robot to 

make linear movement in the surge and heave axes and angular movement in the yaw axis. The 

control signal is generated by a human-machine interface device and transferred to the surface 

station computer. Afterward, it is transferred to the embedded computer on the underwater robot 

and connected to the same network over the master/slave communication model. Master/slave 

connection on Robot Operating System (ROS) allows computer and embedded computer to be 

connected via local area network (LAN). To perform the desired maneuvering movements in 

the specified axes, it is necessary to transmit pulse width modulation (PWM) signals both 

independently and simultaneously to each thruster. For this purpose, an interface algorithm has 

been developed which transforms the operator commands into relevant signals as inputs of 

actuators. This algorithm was formed to run on a second embedded computer on the underwater 

robot. The experimental system was implemented on an open-frame observer-type underwater 

robot and experiments were carried out to observe maneuverability, energy efficiency, and 

operating time performance parameters. Besides, an embedded camera system was also added 

to the underwater robot. Real-time streaming video signals were transferred to the master 

computer successfully.  

Keywords: Remotely Operated Underwater Vehicle, Operator Controlled Mobile Robot, 

Mobile Robot Interface 

I. INTRODUCTION  

Unmanned Underwater Vehicles (UUV) can 

be classified into two main groups as cable-

controlled and wireless-autonomous. Cable-

controlled ones can be called Remote 

Operating Vehicles or ROVs whereas 

autonomous ones can be named Autonomous  

Underwater Vehicles or AUVs. ROV, in its 

most general definition, is an underwater 

robot that can be controlled remotely by an  

 

 

 

operator and performs several functions 

underwater which can be dangerous. Hence an 

ROV system; in addition to the vehicle, the 

operator controlling the vehicle consists of the 

equipment that the operator provides this 

control, the cable connecting the vehicle to the 

surface, and the crane mechanisms that enable 

the vehicle to be lowered into the water and 

retrieved [1](Table 2). 
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Researches about ROVs and AUVs are 

getting popular in recent years. Advantages 

and disadvantages of ROV systems in general 

view have been described in a recent research 

[2]. Some of the disadvantages of ROV are the 

issue with its dependency on umbilical cable 

and the difficulty to access very shallow 

waters. The method of ROV control using the 

joystick via UTP-based umbilical cable has 

been provided [3]. The joystick serves as an 

input signal platform to a microcontroller. The 

signal that has been processed by a 

microcontroller is sent to the motor driver to 

drive a direct current motor (DCM). To have 

a secure connection and infrastructure, it is 

important to provide cooperation between 

USV (unmanned surface vehicle) and UUV. 

For this subject, an OCU Manipulator and an 

Operator Console integrated underwater 

vehicle are designed [4][5]. Aiming at the 

problems of unstable motion and low tracking 

accuracy caused by complex external 

disturbance during the movement of the 

remote-operated vehicle ROV [6]. The 

longitudinal and vertical movements in calm 

water [7]. An ROV designed as a prototype 

that has research outcomes apply to the 

growing international off-shore oil and gas 

sector, and also for future deployment, the 

purpose of this study is to design a mini  ROV 

which is based on the remote control of the 

underwater robot and test its movements, 

monitoring, and maintenance of ocean energy 

devices (in particular - wave energy 

converters and tidal turbines) [8]. In order to 

improve control, a study on dynamical 

positioning (DP) has been carried out [9]. 

 

The project is predicted to contribute 

scientifically and technologically in Marine 

Science and Automated Control Theory 

Fields. In addition to this, it is believed that 

indigenous technologies to be developed in 

light of the project can reduce the dependency 

on foreign technologies, therefore, can bring 

socio-economic benefits to underwater robot 

practices. Remote controlling and integration 

of the sensors have been implemented by 

open-source software (ROS) that has libraries 

for most of the robotic hardware and thus 

enabling software and hardware to 

communicate with ease, which makes the 

project original. 

 

 

Fig.34. ROV Model 

Table 2. Applications of Underwater Robots 

Field Application 

Science ǒ Seafloor Mapping 

ǒ Rapid response to 

oceanographic and 

geothermal events 

ǒ Geological sampling 

Environme

nt 

ǒ Long term 

monitoring (e.g., 

hydrocarbon spills, 

radiation leakage, 

pollution) 

ǒ Environmental 

remediation 

ǒ Inspection of 

underwater structures 

including pipelines, 

dams, etc. 

Military  ǒ Shallow water mine 

search and disposal 

This study is conducted by the Underwater 

Robotics Research Group of ACRL with the 

aim of design and implementation of a remote 

control system for an open-frame underwater 

robot prototype which is developed for 

observation and research in shallow waters by 

the power generated via four thrusters. (Figure 

34) 
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(3) 

(1) 

(2) 

(4) 

(6) 

(7) 

(5) 

II. METHODOLOGY  

II.1. ROV mathematical modelling 

a. Kinematic model of underwater 

robot 

The kinematic model of the system was 

created to determine the ROVs control 

parameters. The movement determined 

according to the frame fixed to the ground and 

the frame fixed to the body is as in Figure 35 

[10]. 

 

Fig.35. Earth and Body Fixed Frames 

Since the frame fixed to the body is located at 

the center of gravity, linear and angular 

velocity data are defined relative to the frame 

fixed to the body. In addition, the location and 

orientation data are explained to the frame 

fixed to the ground. 

As a result, the vectors that formulate the 

motion over six axes are as follows. 

 
– –ȟ– Ƞ– ὼȟώȟᾀ Ƞ– ȟɲ—ȟ•  

‡ ‡ȟ‡ Ƞ‡ όȟὺȟύ Ƞ‡ ὴȟήȟὶ  

† †ȟ† Ƞ† ὢȟὣȟὤ Ƞ† ὑȟὓȟὔ  

The mentioned ɖ is the combination of 

position and orientation vectors defined 

relative to the frame fixed to the ground. ɡ is 

the combination of linear and angular velocity 

vectors defined with respect to the frame fixed 

to the body. Finally, Ű is the combination of 

moment and force vectors acting on the ROV. 

The Euler angles (◖, ɗ, ű) in formulas play an 

important role because of their functions of 

describing routing and defining control 

parameters. 

The linear velocity transformation with 

respect to the frame fixed to the ground is 

formulated as shown below: 

 
– ὐ– ’ 

In the above formulation, J1 (ɖ2) is the 

transformation matrix related to Euler angles. 

 
ὐ–
ὧ•ὧ—ί•ὧ—ὧ•ί—‰ί•ί‰ὧ•ὧ‰ί—
ί•ὧ—ὧ•ὧ‰ί‰ί—ί•ὧ•ί‰ί—ί•ὧ‰
ί— ὧ—ί‰ ὧ—ὧ‰

 

 

The J2 (ɖ2) transformation matrix provides the 

association of the angular velocity vector and 

the Euler vector with respect to the fixed 

frame. 

 
– ὐ– ’ 

 

The transformation matrix J2 (ɖ2) in terms of 

Euler angles can be written as: 

 

ὐ–

ρ ί‰ὸ—ὧ‰ὸ—
π ὧ‰ ί‰

π
ί‰
ὧ—

ὧ‰
ὧ—

 

b. Dynamic model of underwater robot 

 
ὓ’ ὅ’’ Ὀ’’ Ὣ– † 

– ὐ–’ 

 

Here, M is the sum of the MRB rigid body mass 

matrix and MA added mass matrix. C(v) is the 

sum of the CRB(v) rigid body Coriolis matrix 

and CA(v) added mass Coriolis matrix. 

 
ὓ ὓ ὓ  

ὅ’ ὅ ’ ὅ ’ 

 

D(v), g(ɖ), and Ű are the damping matrix, 

gravity, and lifting force vector and input 

vector, respectively. 

II. 2. Prototype Setup 

All working processes can be briefly 

explained by five steps. Firstly, when the 

operator gives an input using HMI, it will 

create a readable output between -1 and 1. 

Then output data is shared with the Raspberry 

Pi via the master-slave connection. Afterward, 

this output is passed on to Arduino Mega 

using ROS. Code in the Arduino board runs 

and makes the motor run as input is given by 

moving the joystick. Simultaneously, the 

battery powers the power distribution module, 

which then powers Raspberry Pi and the 
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ESCôs. Lastly, Raspberry Pi powers the 

Arduino Mega, while ESC controls and 

powers the DC motors. Meanwhile, sonar 

measurements are received via Arduino Mega 

and then shared with the PC again, using ROS 

(Figure 36). Master-slave configuration on 

ROS allows a connection between PC and 

Raspberry Pi over LAN. To establish this 

connection, first, both devices are connected 

to the same router. Afterward, the master 

computerôs IP address is obtained by typing 

the command óifconfigô on a terminal. This IP 

is then used to establish the connection via 

secure shell (SSH) protocol. This last 

command is run on the slave computer (in this 

case Raspberry Pi). After this configuration is 

set, ROS commands run on the master 

computer are also run on the slave computer 

(Figure 37). 

Table 3. Table of Vehicle Properties 

Vehicle Properties Values 

Maximum Velocity 1.5 m/s 

Maximum 

Endurance 

1 h 

Thruster Power 390 W 

Battery Capacity 22 V 

Maximum Depth 100 m 

  

 

Fig.36. Schema of the prototype system 

 

Fig.37. Experimental setup 

II. 3. Implementation of remote controlling  

Remote controlling is implemented through 

Human Machine Interface (HMI) . Using a 

joystick, the robotôs both direction and speed 

can be controlled. To achieve this, firstly, the 

connection between the master computer and 

the slave (Raspberry Pi) must be provided. To 

see if everything is in order, ñrostopic listò 

command can be run in the master terminal 

and a node called ñjoyò should be present in 

the current topic list. The code must be 

uploaded to the Arduino and then connected 

to the Raspberry Pi. Then, to initiate the code 

inside Arduino, on the master computer, 

ñrosrun rosserial_python serial_node.py 

/dev/tty{Port name} _baud:=57600ò must be 

typed and run. To briefly explain the process, 

speed and direction are controlled according 

to the values read from joy.axes[0], 

joy.axes[1], and joy.axes[2] which each 

represents the movements on the joystick 

analogs. These values are always between -1 

and 1. The joystick has numerous axes and in 

our case ñaxis 0ò values correspond to moving 

left analog to left and right, while axis 1 values 

correspond to moving it up and down. Lastly, 

axis number 1 corresponds to the right analog 

(Figure 38). 
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Fig.38. Motor Controls Flow Chart 

II.4. Sensors 

a. Camera 

Raspberry camera module lets the users take 

pictures and record videos. One of the aims of 

this project is to capture videos and share it in 

real time with the user PC, through a master-

slave connection. To achieve this, first camera 

module is inserted in the Raspberry Pi camera 

module port (Figure 39). To capture videos, a 

package called óôraspicamôô must be installed. 

And, to view the captured images on the 

master computer, a GUI program called 

ñrqt_image_viewò is used. 

 

 

Fig.39. Schematic of the Raspberry Camera 

Module 

b. Sonar 

Sonar is a technique that uses sound 

propagation to navigate, communicate with or 

detect objects on or under the surface of the 

water. 

The Ping sonar is a multifunctional single-

beam echosounder. It can be used as an 

altimeter for ROVs and AUVs, for 

bathymetry work aboard a USV, as an 

obstacle avoidance sonar, and other 

underwater distance measurement 

applications. Ping combines a compact form 

factor and 300 meter depth rating with an open 

source user interface and Arduino, C++, and 

Python development libraries to create a 

powerful new tool for marine robotics (Figure 

40). This project currently uses the sonar to 

seek out obstacles and scan the environment 

around the robot (Figure 41, 42 and 43). 

 

 

 

 

 

 

 

 

 

 

Fig.40. Ping Sonar 

 

Fig. 41.  Sonar Flowchart and Serial Monitor 

 

Fig.42. Schematic of the Ping Sonar 
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Fig.43. Trajectory Tracking with Sonars 

c. Inertial Measurement Unit (IMU ) 

With the purpose of acquiring forces, angular 

rates and the orientation of the AUV, The 

Sparkfun 9Dof Razor IMU which constitutes 

of an accelerometer, gyroscope and 

magnetometer has been adopted. It combines 

a SAMD21 microprocessor with an MPU-

9250 sensor. 

In the study, 5V, ground, and I2C connections 

are provided and the Arduino code has been 

run to check whether there is data flow on the 

serial screen. It is then intended to add the 

IMU Sensor as a node to Roscore, to sense the 

incoming data and display this data in the 

RVIZ (Simulation Screen). The 

instrumentation diagram of the Inertial 

Measurement Unit has been given as follows 

(Figure 44). 

 

 

Fig.44. Schematic of the IMU Sensor 

III. RESULTS AND DISCUSSION 

Test duration was initially only limited to 

around five minutes, which would be 

insufficient in underwater surveying uses. 

After reducing the motor speeds and using a 

bigger-sized battery, the final duration has 

been increased up to 30 minutes. 

Maneuvering at low speed can be 

problematic, but this issue is later solved by 

running the motor that is on the same side to 

the direction to be turned, in the reverse 

direction. Also upgrading to T200 thrusters, 

which are superior to the former thrusters, 

helped with maneuvering abilities, making the 

robot more agile. 

IV. CONCLUSIONS 

In this research, an experimental interface for 

an ROV is formed and remote operation for 

observations was tested successfully using 

real-time sonar data and real-time video 

stream taken from ROV. Besides, real-time 

velocity and 3D acceleration data from the 

IMU sensor were presented on formed HMI.   

 

During the studies, the performance of the 

underwater vehicle was observed and 

appropriate changes are made. First of all, it is 

determined that the maneuverability of the 

vehicle underwater, was not sufficient. 

Therefore, Katovega thrusters are replaced 

with superior T-200 thrusters. Another 

problem detected was, vehicle shutting itself 

down while driving, as a result of excessive 

current being drawn from the power 

distribution module. After halving the speed 

of the thrusters, the problem was solved 

successfully. Lastly, due to the limited 

cruising time, the 12 V battery in the 

underwater robot was replaced with 22 V. In 

the end, the vehicle could provide a better 

drive underwater while lasting about an hour. 

Another important subject regarding the 

performance of the vehicle was sealing. In the 

first prototype, leakage was observed in cable 

entries, due to the use of cold silicone. After 

the removal of cold silicon and implementing 

epoxy adhesive to the leaking parts of the 

robot, no leakage was ever observed again. 
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After two sonars being used on the vehicle, it 

has been determined that the Arduino Mega 

board is insufficient as it can't hold all the 

thrusters and sonars at the same time. To solve 

this issue, a separate Arduino board just for 

the sonars was used. 

Last but not least, as a result of the connection 

failures during underwater tests, the Master-

slave connection would need to be done again 

by opening the tube inside the vehicle, and it 

was not time-efficient or safe to re-establish 

the connection. To prevent this, remote access 

is provided between the master (PC) and slave 

(Raspberry Pi) devices. 

As future work, our goals for the development 

of this prototype in the upcoming working 

period are increasing the maneuverability of 

the underwater robot by implementing more 

professional thrusters to the system, 

increasing the range capacity of the 

underwater robot using higher capacity 

batteries, and providing autonomous features 

to the experimental underwater robot. 
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ABSTRACT 

There are various strategies and technologies that may be used to improve the safety of 

autonomous vehicles. The braking system is one of the most significant technologies, as it 

influences driving safety and comfort. Another issue that self-driving vehicles are currently 

confronting is the loss of control on bad roads. For better handling on these roads, advanced 

braking is necessary, which can be done by combining electronics into standard brakes. 

Traction control and anti-lock braking are two examples of recent developments in braking 

system automation. In this paper, the safety braking distance has been evaluated and compared 

in order to use for forward collision warning and avoidance systems. The two alternative 

mathematical methods have been discussed. These methods are the basic method based on the 

vehicle's velocity and friction and the complex method based on the vehicle dynamics. The 

well-known two-wheeled bicycle vehicle model is considered in this study. The simulation was 

held in the PreScan vehicle simulation environment to calculate the vehicle's braking distance 

and compare it to the findings obtained using the other two methods. These simulation findings 

are compared to two methodologies. The findings demonstrate that braking distance is reduced 

in simulations at lower speeds, while simulation results are between these two methods at higher 

velocity. 

Keywords: safety braking distance, braking distance, safety of autonomous vehicle, PreScan 

I. INTRODUCTION  

The new methods are developed to increase 

the safety of passengers in automobiles; 

however, pedestrian safety, as important as it 

is, remains a neglected issue. According to the 

official estimate [1], around 400,000 

pedestrians die each year in road accidents 

around the world. This illustrates the critical 

need for vehicles to have better and more 

effective pedestrian collision avoidance 

systems, cruise-control systems, and similar 

technologies, which are based on the safe 

braking distance. 

In recent years, the number of research papers 

devoted to the development of a collision-

avoidance system has increased because it's a  

hot topic that aims to reduce the frequency of 

deadly accidents. When it comes to safety, 

various changes have been made in recent  

 

 

 

years that have had a positive impact on 

lowering road fatalities. 

Sometimes, drivers get too near to the vehicle 

in front of them. Many drivers assume that if 

the vehicle in front of them begins to brake, 

they will be able to respond, brake, and come 

to a complete stop while keeping a safe gap 

between the two vehicles. When the braking 

is applied to the vehicle, the distance it takes 

the vehicle to come to a complete stop at 

various speeds is referred to as braking 

distance. In the case of an accident or other 

sudden braking, the safe following distance 

between automobiles should be as far as the 

vehicle can stop without colliding. Driving 

fluency and safety are aided by an appropriate 

safe following distance, but local weather and 

road conditions must also be taken into 
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account. Vehicle manufacturers have created 

several devices to warn drivers when the 

distance between vehicles is too close. Other 

systems automatically maintain a safe 

distance between automobiles and stop if 

necessary. These technologies are known as 

autonomous or adaptive cruise control [2]. 

None of these options, however, are likely to 

take current traffic and weather conditions 

into account [3]. 

 

The slipperiness of the road surface 

substantially impacts the length of braking 

distances. The braking distance may be many 

times longer when the road surface is ice than 

when it is dry. Furthermore, speed has a major 

influence on braking distances; doubling the 

speed increases the braking distance by four 

times. 

 

The research [4] presents a novel technique 

for determining vehicle safety braking 

distance for collision avoidance. The system 

calculates the distance between the driver's 

automobile and the vehicle (obstacle) ahead of 

it and utilizes it to calculate the speed. The 

vehicle speed, weight, and other factors are 

used to compute safety braking. Another 

research [5] presented by the same author for 

the forward-collision warning system. A 

unique algorithm is described that considers 

both time-to-collision (TTC) and safe braking 

distance to notify and help a driver in 

maintaining safe braking distance to avoid a 

collision accident on the highway. 

Mathematical relationships between traffic 

risk and speed on a piece of road, the research 

[6] should be considered. The author 

mentioned that there are two laws specified 

for this purpose which are power and 

exponential laws. According to the results 

provided in this paper, it shows that power law 

is used for low speed only while exponential 

law is used as a general formula. In [7], a 

mathematical model for analytical 

examinations of the braking process was 

established in order to discover the link 

between a car's stopping and braking distances 

and pedestrian vision in dark winter 

circumstances when headlights are 

compromised with anti-icing substances. The 

findings reveal that the mathematical model 

can determine stopping and braking lengths 

for winter roads with an inaccuracy of no 

more than 3 to 5%. On winter roads, it may 

examine the braking process of a vehicle 

equipped with ABS. The results of the 

calculations allow us to discover patterns in 

the effects of the beginning braking speed on 

the stopping and braking lengths of an ABS-

equipped automobile on low-grip winter 

roads. Because of the headlight contamination 

with chemical anti-icing agents, the results 

allow for determining a safe vehicle speed rate 

when pedestrian sight is reduced. According 

to [8], an automated braking algorithm is 

described based on the predicted stopping 

distance. The reaction speed of the brake 

actuator is taken into consideration since the 

delay of the brake actuator is a critical 

component in the accuracy of the predicted 

stopping distance. The planned deceleration is 

also taken into account since autonomous 

brake control might be severe or mild based 

on the driver's decision. Experiments with a 

test vehicle were carried out to evaluate the 

performance of the proposed autonomous 

braking system, and the results show that the 

recommended system satisfies the stopping 

performance with a virtual stationary object. 

The Euro NCAP (2013) City AEB 

(Autonomous Emergency Braking) 

component may easily be implemented to this 

technology. The recommended autonomous 

braking system has been tested in autonomous 

car testing, indicating that the subject vehicle 

can efficiently prevent a collision. The study 

[9] establishes a new safety distance model 

based on an examination of the existing 

security model. Because of the consideration 

of the changing process of deceleration, the 

new model takes into account the speed 

connection between the leading and trailing 

vehicle and more closely reflects the true 

situation. Finally, utilizing MATLAB and the 

crossroads simulation system as a software 

platform, some simulations were run under 

identical conditions. The new model fits 

actual road outcomes of the cars better than 

the previous model, according to simulation 
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data. Two vehicle speeds and the road 

environment are discussed in the paper [10] 

on the safe distance for anti-collision systems. 

This article creates the road surface 

characteristics and distinct longitudinal 

motion states of the vehicle's safety distance 

model, as well as an examination of the link 

between the parameters of their impact on a 

safe distance. It gives the system the capacity 

to learn and correct by bringing the fuzzy 

inference forecast closer to the driver in the 

process of real behavior value. An experiment 

was conducted to verify the viability of the 

optimization approach in order to create an 

early warning system that can reflect the 

driver behavior characteristics. 

 

This paper evaluates the braking distance 

calculation methods. The basic method and 

vehicle dynamics-based complex method has 

been used, and PreScan simulation has been 

performed to compare simulation results with 

these two methods. The paper is organized as 

follows: Section II contains the who-wheeled 

bicycle model for the simulation, Section III 

describes the basic and vehicle-dynamics-

based complex braking distance calculation 

methods. Section IV shows the simulation-

based braking distance calculation by using 

PreScan software. The comparison of 

methods and simulations is discussed in 

Section IV. Finally, conclusions are listed in 

Section V. 

 

II. THE VEHICLE MODEL FOR 

SIMULATION  

 

The longitudinal and lateral dynamics of the 

vehicle are needed to be formulated in order 

to simulate the evaluation of the different 

safety braking methods. In this study, the two-

wheeled bicycle model is used for vehicle 

modeling, see Figure 45. The motion 

equations of longitudinal and lateral dynamics 

are given as Equation (1) [11]. 

 

Fig.45. Two-wheeled bicycle model. 

ὐ‪ ὧὰ ‏ ‍ ὧὰ ‍ ὓ   

ά‚‪ ‍ ὧ ‏ ‍ ὧ ‍    (1)  

ά‚ Ὂ Ὂ 

ώ ‚‪ ‍ 

Where ὐ is yaw-inertia of the vehicle, ά is the 

mass, ὧ and ὧ are cornering stiffness, which 

are identified, ὰ and ὰ are geometric 

parameters. While the side-slip angle is 

expressed with ‍, ‪ is yaw of the vehicle, ώ 

and ‚ are lateral and longitudinal acceleration. 

The break yaw moment (ὓ ), front steering 

angle (‏) and longitudinal force (Ὂ) are inputs 

of the system. The calculated lateral position 

of the vehicle in the coordinate systems are ώ 

and ώ . The rotation of vehicle in road 

geometry calculation is found as ώȟ
ÓÉÎ‪ὼ ȟ ÃÏÓ‪ώ ȟ, where ώ ȟ and 

ὼ ȟ are the lateral and longitudinal 

coordinates of the road geometry in the world 

coordinate system, ώȟ is the lateral position 

of the reference road geometry in the 

coordinate system of the vehicle.  

 

Fig.46. The simulation vehicle model. 
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Figure 46 shows the structure of the vehicle 

model in Simulink. The necessary data, such 

as velocity, roll and pitch angle, etc., are 

calculated in the bicycle model and sent to the 

PreScan vehicle. The trajectory tracking 

controller of PreScan simulation software has 

been integrate for the simulation of this study 

with the two-wheeled bicycle model.  

III. THE METHODS OF BRAKING 

DISTANCE CALCULATION  

There are several methods to calculate the 

braking distance of the vehicle in the 

literature. These methods are based on vehicle 

dynamics, environmental conditions, etc. 

Basic and complex methods are used in this 

study, where these methods are described in 

this section. 

 

Vehicle speed, the roadway (gradient and 

conditions), the amount of weight, and the 

brake system are all factors that impact 

braking distance (condition, braking 

technology, and how many wheels are 

braking). Accurate braking distance 

estimations are difficult to obtain due to the 

wide range of road conditions and tire grip. 

For example, if there is ice on the road, the 

braking distance will be ten times greater. The 

road condition in this study is dry asphalt; 

hence the road condition in our instance will 

be constant (‘ πȢψ).  
 

The first method is the basic method, where 

just velocity and friction are considered in 

order to calculate the braking distance. 

Equation (2) is used considering that good 

tires and brakes are applied [12]: 

Ὀ
ὠ

ςυπ&
 

 

         (2) 

where, ὠ is velocity of the vehicle and Ὂ is the 

friction coefficient, which is approximately 

0.8 on dry asphalt and 0.1 on ice, 250 is a 

constant number that is often used. 

 

Figure 47 (a). shows the results of this basic 

method in different velocities and road 

conditions. This figure is made with the data 

obtained by inserting the velocity and road 

condition into Equation (2) previously 

indicated. The complex method is based on 

vehicle dynamics, road conditions, and 

external variables, as shown in Figure 47(b). 

According to [4] the Equation (3) is used to 

calculate the braking distance. The system 

senses the distance between the vehicle and 

the static/dynamic obstacle ahead and utilizes 

the vehicle speed, weight, and other 

characteristics to determine safety braking 

distance and alert/assist the autonomous 

vehicle to maintain the distance. 

 

It is shown that the greatest braking distance 

occurs when traveling at 180 km/h on a road 

condition of 0.1 due to the incorporated 

velocity and friction; the braking distance of 

the basic equation becomes 1300 m. This 

distance is roughly 284 m in complex 

equations that take vehicle dynamics into 

account. 

 

 

 
(a) 

 
(b) 

Fig.47. Results of (a) basic (b) complex 

calculation. 

 

Ὀ ÌÎρ             (3)  
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Where, ‎ is equivalent mass factor, ὡis 

vehicle weight, Ὣ is gravity speed, ὅ  is 

parameter and calculated as 
ᶻ ᶻ

,  ”  

expresses as density of the air, ὃ  is 

characteristic area of the vehicle, ὅ  is 

coefficient of aerodynamic resistance, –= 

Brake efficiency, ‘ and Ὢ are road adhesion 

and rolling resistance coefficient, — is angle 

of the road slope with the horizontal, Ñ is 

described as positive sign for vehicle moving 

uphill, negative sign for vehicle moving 

downhill grade. Please note that the road 

model is straight highway road, thus the angle 

of the road slope is zero. 

 

The brake efficiency metric is affected by the 

braking system, tire condition, and other 

factors. Brake efficiency is usually measured 

in percentages ranging from 80 to 100 percent. 

The rolling resistance coefficient is influenced 

by the road surface and tire rotation speed, and 

it ranges from 0.007 to 0.015. The 

corresponding mass factor for passenger cars 

and light trucks is between 1.03 and 1.05. 

Here, the parameter, road adhesion 

coefficient, is affected by weather, road 

conditions, and other things. In this study, we 

call road adhesion coefficient as road 

condition. 

 

The data obtained by inserting the velocity 

and road condition into Equation (3) 

previously described is shown in Figure 47. 

The vehicle parameters, which are listed in 

Table 4. were considered in Equation (2) and 

Equation (3). 

 

It's important to note that the stopping 

distance used in adaptive cruise control 

calculations is the entire braking and reaction 

distance. It takes an average of 1.6 seconds for 

a human driver to engage the brakes when a 

child runs into the road. The reaction time of 

autonomous vehicles equipped with radar or 

lidar sensors and a camera system is 0.5 

seconds. [13]. As a result, the reaction 

distance calculation in autonomous vehicles 

remains constant. [12] 

IV. SIMULATION AND RESULTS  

In this research, PreScan software was 

employed, which is a simulation tool that 

includes a scenario preprocessor with a 

graphical user interface as well as a run-time 

environment for scenario execution. The 

simulation's architecture is seen in Figure 48. 

The PreScan includes a road and vehicle 

model, with Matlab/Simulink controlling the 

vehicle.  

 

The engineer's major interfaces for designing 

and assessing algorithms are MATLAB and 

Simulink. PreScan enables you to do real-time 

tests using software-in-the-loop (SIL) and 

hardware-in-the-loop (HIL) devices using 

model-based controller architecture (MIL). 

PreScan works in both open and closed loops 

and can be used both offline and online.  

 

Intelligent Vehicle Systems can benefit from 

PreScan's flexible production and testing 

environment. The vehicle's output and states 

have been sent to Matlab/Simulink, which 

contains the braking function. The following 

are the four key phases in prescan project 

design: Make a realistic scenario, set up the 

appropriate control systems, model the sensor 

system, and perform the experiment.  

 

PreScan has been used in the design or 

optimization process of some of the ADAS 

systems, including Navigational aids Cruise 

Control with Adaptive Settings, Collision 

Warning (LDW) Lane Departure Warning 

(LDW) (CW), Intelligent Adaptation of Speed 

C2C (car-to-car), and C2I (car-to-

infrastructure) communications [14]. Due to 

these features, the PreScan software has been 

chosen in order to demonstrate the safety 

braking distance methods. 

 

Citroen C3 Hatchback  vehicle model has 

been used with parameters, which are shown 

in Table 4. 
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Table 4. Parameters required for the 

simulation of the vehicle Citroen C3 

Hatchback.[15] 

Parameter  value 

‎ 1.04 

ά 1103 kg 

Ὣ 9.81 άȢί  

” 1.29  ὯὫȢά  

ὃ  2.657664 ά  

ὅ  0.307 

ὅ  0.526257337 

– 0.9 

‘ 0.8 

Ὢ 0.011άȢί  

 

The simulation road is dry asphalt straight 

road with two lanes, where the width of the 

lane is 3.5m and the length of the road is 

300m. Several simulations have been run with 

different velocities. These results are shown in 

Table 4. The data for Figure 49. is acquired 

after executing the PreScan scenario, which 

includes a car traveling at a constant speed of 

80ὯάȾὬ., and connecting it to the MATLAB  

program that calculates the braking distance. 

The relationship between velocity and 

distance traveled after braking at one speed 

(80ὯάȾὬ) is shown in Figure 49. The braking 

distance is calculated as the difference 

between the position of where the vehicle 

starts the deceleration(braking position) and 

the position where the vehicle velocity is zero. 

 

 

Fig.48. Architecture of the simulation. 

The results of the two methods and simulation 

are shown in Table 5 and Figure 49 for 80 

ὯάȾὬ. The maximum velocity is chosen as 

180 ὯάȾὬ due to the speed limit of the road. 

The minimum velocity of the simulation is 10 

km/h as an average acceleration velocity. The 

braking distance values derived using the 

basic equation are always bigger than those 

produced from the other two approaches, as 

demonstrated in Figure 50. and Table 5. For 

velocities less than 100 km/h, however, the 

simulation results of the braking system are 

smaller than others. Nevertheless, for velocity 

larger than 120 km/h, the last braking distance 

is nearly identical for simulation and complex 

techniques. For speeds larger than 120 km/h, 

the braking distance starts to grow over the 

complex approach. 

 

 

Fig. 49. Simulation result for 80km/h. 

 

 

Fig.50. Braking distance results. 
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Table 5. Braking distance 

 

V 

(km/h) 

Braking distance [m] 

Basic 

method 

Complex 

method 

Simulation 

result 

10 0.50 0.55 0.31 

20 2.00 2.22 1.42 

30 4.50 4.93 3.28 

40 8.00 8.62 6.5 

50 12.50 13.19 10.06 

60 18.00 18.53 15.15 

70 24.50 24.53 21.08 

80 32.00 31.08 28.4 

90 40.50 38.05 35.54 

100 50.00 45.37 43.9 

110 60.50 52.92 52.37 

120 72.00 60.65 61.01 

130 84.50 68.49 71.5 

140 98.00 76.37 82.37 

150 112.50 84.25 93.62 

160 128.00 92.10 105.23 

170 144.50 99.90 117.22 

180 162.00 107.60 131.78 

 

V. CONCLUSIONS 

The approaches for braking distance 

calculation are evaluated and simulated in this 

study. There are two alternative methods, 

which are a basic method based on velocity 

and friction, a complex method based on 

vehicle dynamics. The primary goal of this 

paper is to propose a method for autonomous 

vehicles to continually map the road profile 

and calculate the braking distance based on 

the roughness of the road. The Citroen C3 

Hatchback was chosen as the simulation 

vehicle with a weight of 1103 kg. At the same 

time, a simulation was set upped in the 

PreScan vehicle simulation environment to 

determine the braking distance for the vehicle 

under consideration. The well-known two-

wheeled bicycle model is used in order to 

model the vehicle in Simulink. The trajectory 

tracking controller of PreScan is used with the 

vehicle model. The braking distance 

simulation result was discovered by looking at 

the graphs produc Table 5: Braking distanced 

after running PreScan and MATLAB for each 

velocity separately. The braking distance of 

two mathematical methods has been 

calculated for each velocity and road 

condition. The simulation findings are 

compared to the two mathematical 

methodologies. The findings demonstrate that 

braking distance is reduced in simulations at 

lower speeds, while simulation results are 

between these two methods at higher velocity. 

The selection of the braking distance for 

different velocities, road conditions, and road 

curvature would be determined in future 

research. Future research also should be 

devoted to the development of novel forward 

collision warning, avoidance, and cruise 

control systems by considering the evaluated 

and simulated safety braking distance method. 

The safety braking distance calculation based 

on the multiple stochastic simulations will be 

used in future research in order to ensure the 

safety and comfort of autonomous driving in 

forward collision warning, avoidance, and 

cruise control systems. 
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DESIGN OF A DIGITAL FARMING SYSTEM USING HIVE MIND 

INTELLIGENCE  
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 Yēldēz Technical University, Mechanical Engineering Department, Mechatronics 

Engineering, Istanbul, Turkey 

ABSTRACT 

In traditional agriculture, planting and harvesting works with the cumulative knowledge of the 

farmer. Realization of land recognition, approval and control processes with long-term 

observation measurements of agricultural engineers and the gradual decrease in the number of 

employees in the agricultural sector is a very important and critical problem that needs to be 

worked on. In this study, a digital farming system is proposed, which will use limited resources 

in the most effective way by combining sensor technologies with communication and artificial 

intelligence algorithms, aiming to provide an autonomous agricultural cycle with robot workers 

who aim at the safety of workers and food. It will provide vitally needed projections in real time 

by reporting product maturity, expected harvest, quality, total water used, fertilizer and 

pesticide using Artificial intelligence algorithms, and these results will be conveyed to the 

farmers in the form of meaningful suggestions with the help of the user interface. 

Keywords: Digital Farming, Autonomous Systems, Unmanned Human Vehicles, Sensor 

Fusion, Artificial Intelligence, Database 

I. INTRODUCTION  

According to the 2019 data of the Turkish 

Statistical Institute, the annual population 

growth in Turkey is 13.9 per thousand. This 

increase in the population of Turkey shows 

that production of an average of 523 tons of 

extra food every year, and traditional 

agriculture is insufficient to meet this 

increase. In traditional agriculture, where 

planting and harvesting works with 

cumulative knowledge, the realization of land 

recognition, approval and control processes 

with long-term observations and 

measurements by agricultural engineers 

shows that traditional agriculture is a great 

opportunity to leave a mark on the digitalized 

world.[1] 

Processing the instant data that can be 

obtained with sensor fusion and observation 

technology in the robotics sector while 

making sense of this data in an intelligent way 

necessitates the design of a mechatronics 

system that can meet the increasing 

production needs in agriculture. This system 

can minimize the waste of resources and 

combine the most effective cultivation 

methods in agriculture with Industry 4.0. The 

design criteria of this system will be specified 

in the method section. The system is aimed to 

take measurements with sensors and collect 

images via a camera, to transmit this data to 

an embedded software with a communication 

protocol, to combine artificial intelligence and 

optimization algorithms of this embedded 

software with database processing methods 

and to make autonomous decisions that will 

increase efficiency.[2] 

 

The outputs of these autonomous decisions to 

be taken by the system is expected to return to 

the farmer as various improvement proposals 

in irrigation, fertilization, harvesting and 

similar areas. The system proposed offers a 

modular and innovative solution replacing 
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cumulatively advanced knowledge and 

repetitive work of traditional agriculture.[3] 

II. MATERIAL AND METHOD  

Honey bee colonies are one of the more 

intriguing swarms across nature. Honeybee 

colonies include visual memory, navigation 

systems, decision-making processes for 

deciding where to nest next, and task-sharing 

systems for obtaining food, indicating that 

their unique characteristics are based on 

intelligent behavior models and 

communication protocols.[1] Therefore, 

having a deeper understanding of how they 

interact with each other and modelling 

dynamic behavior of honey bee colonies can 

be a crucial step towards technological 

developments. 

II.1. Hive Mind Hierarchy  

For this study, a novel hierarchy has been 

created inspired by bee colony behavior. The 

data collected by the observer ground robots 

and unmanned aerial vehicles using sensors 

and actuators is sent to the "hive," which is the 

queen bee's ground station, for processing and 

interpretation. This hierarchy then provides 

information to the farmer about his cultivation 

habits, how he may modify them, and when 

his goods will be ready for harvest by going 

through the steps that will be later addressed. 

Hive Mind Colony members are given by 

their authorities and primary missions in 

Table 6. 

Table 6. Hive Mind Hierarchy 

Colony 

Member 

Authorit

y 
Mission 

Ground 

Station 

Queen 

Bee 

Artificial Intelligence 

Algorithms and 

Database Management 

Drone 

(UAV)  
Drone 

Taking parcel photos 

by patrolling the land 

Observer 

Ground 

Robots 

Worker 

Bee 

Taking pH, humidity 

and temperature 

measurements 

 

II.2. Ground Station  

As processors in the ground station, Nvidia 

Jetson and Raspberry Pi integration were 

utilized, which handles the population 

members, mainly drone and mobile robots, 

and performs robot-mission matching and 

robot job priority judgments. The first 

operation performed at the ground station was 

the identification of leaf disease. 

The photograph specified in the first 

hierarchical image processing model is in the 

shape of a 3x3 matrix as [5120,3840,3]. This 

shows that the picture consists of 3 different 

expressions in the color space, 5120 on the x-

axis, 3840 on the y-axis. At the bottom right 

of the picture, the positions of the pixels on the 

cursor and the values of the color space array 

is shown using plot graphing. In the Blue 

Green Red color space, [178,229,185] 

represents green and it is corresponds to 

numerical expressions. When the picture is 

transformed into black and white, the pixel 

value, which takes three values, is reduced to 

a single value. 

 

Fig. 51. Landscape Images 

Although color distortion is an appropriate 

color space for color transitions, because 

project was implemented in an open place, the 

reflection of the light led the color detection 

and pixel values to exhibit deceptive 

expressions. As a result, Hue (color essence), 

Saturation (color saturation), and Value 

(Brightness) characteristics were required. 

Figure 52 demonstrates the model created to 

overcome this issue. 
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Fig. 52. Working Principle of Image 

Processing Algorithm 

In order to observe the color deformation on 

the plants, Hue Sue Value(HSV) color codes 

limitations and Blue Green Red (BGR)color 

codes for operations such as validation 

filtering were used as shown in Figure 53. 

 

Fig. 53. Detection of Color Distortion with 

Image Processing in the Hobby Garden 

When possible unhealthy plant locations by 

using the color difference at the general level 

was detected, it was necessary to determine 

the leaves and fruits on the close-up image to 

be taken from the land vehicle. At this point, 

object detection methods with Haar Cascade 

and artificial neural networks were used. In 

order to train the models peppers, tomatoes, 

beans, lettuce, potatoes pictures from the 

hobby garden were taken. The pictures were 

taken 3 times a day for over 2 months.  

Cucumber seedling detection over real-time 

video using Haar Cascade were performed. 

The color deformation on the seedlings using 

the HSV and BGR color codes were 

examined. Data annonation, which is the most 

challenging part of artificial intelligence 

training, was performed. 

 

Fig. 54. Detection of Cucumber Seedling 

After performing the leaf detection, it was 

necessary to take a closer and more sensitive 

photograph of the area that is estimated to be 

unhealthy and confirm that there is an 

unhealthy situation in the area. As a result of 

the researches, 2 types of plant diseases were 

chosen. The first of these is vegetative wounds 

caused by parasites, pests and physical 

impacts; and the second is plant rust, which 

expresses the changes in color as a result of 

taking food, water and sunlight in an 

unbalanced way. 

 

 

Fig.55. a - plant rust, b - vegetal wound, 

c - healthy plant 

After determining which parameters to 

classify healthy and unhealthy plants, the 

training of the designed convolutional 

artificial neural network algorithm was 

carried out. The sample output given when the 

trained network is used for testing is shown in 

the figure below. A photo of a healthy leaf was 

given  as input to the network, and the trained 

mesh was able to detect that the leaf was 

healthy with 99.972% accuracy. 
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Fig. 56. Leaf Health Detection 

In addition, a photo of a unhealthy leaf was 

given  as input to the network, and the trained 

mesh was able to detect that the leaf was 

unhealthy with 100% accuracy. 

 

 

Fig. 57. Leaf Health Detection 

The performance graphs of the developed 

configurational neural network are as shown 

below. The artificial neural network model 

achieved the desired success after the 18th 

training. 

 

 

Fig. 58. Performance Graphics 

For harvest prediction , Faster R-CNN 

ResNET152 V1 1024X1024 artificial network 

was developed with the concepts of true 

positive and false positive and true negative 

and false negative. 

 

 

Fig. 59. Harvest Prediction 

The results of the harvest prediction has been 

shown in Figure 60. 

 

 

Fig. 60. Harvest Prediction 

If the plant is labeled as unhealthy by the 

network after these processes have taken 

place, mobile land vehicle will be directed to 

the area to take precise moisture, pH and 

temperature measurements from the soil area 

where the plant is located. The sensor data 

sent by the mobile vehicle is interpreted by 

another network based on logistic regression. 

 

The data used in training the logistic 

regression-based network were produced as a 

result of the researches. In general, it is known 

that the pH value of the soil where a healthy 

plant is located is between 5.5-7.5, the 

humidity is between 60%-80% and the 

temperature is at about room temperature. At 

the same time, it is assumed that the plants 

used in agricultural activities cannot grow in a 

healthy way in cases where the pH value is 

greater than 10 and less than 4, the 

temperature is less than 8 degrees, greater than 

40 degrees, and the soil moisture content is 

less than 20%. The database used in the 

training of the artificial neural network model, 

which classifies plants as healthy or unhealthy 
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according to the sensor data coming from the 

mobile robot, was created in line with this 

information. [4] 

 

 

Fig. 61. Dataset in 3-Dimension 

 

Fig. 62. Dataset Reducted in 2-Dimension 

 

The artificial neural network was trained with 

a learning rate of 0.01 in 2000 epochs. The 

data set target output that the network needs to 

reach and their actual output are shown in the 

figure below. As a result of the training, the 

performance value of the network is 

0.000160961. 

 

 

Fig. 63. a- Logistic Regression Model b-

Dataset Clustering Training Results 

With the interpretation of the data collected at 

the end of all these processes it is aimed to 

inform the user through the interface ; such as 

the general condition of the plant, care 

recommendations, harvest time estimation, 

harvest amount estimation and possible 

epidemics. At the same time, measurements 

made for possible statistical approaches will 

be recorded in the database by the ground 

station. In Figure 63, the dictionary of the 

respective database is given. 

 

Fig. 64. Database Scheme 

II.3. Drone   

The drone used in our Digital Agriculture 

System is the 3DR Solo Drone. Within the 

scope of test flights, live positioning, path 

tracking, image transfer, speed and altitude 

determination and control processes were 

carried out. Ardupilot based Mission Planner 

application was used. 

 

Fig. 65. (a) Drone Test Flights (b)Ardupilot 

Mission Planner 
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II.4. Observer Ground Robots 

Observer Ground Robot can perform pH, 

humidity and temperature measurements with 

a single sensor designed the necessary 

measurements from the field were taken.[5] 

 

Fig. 66. Observer Ground Robot Design 

In order for the designed sampling mechanism 

to work, the necessary motor driver circuit and 

electronic card have been designed. 

 

Fig. 67. Motor Driver Circuit Electronic Card 

II.5. User Interface  

End users can select the relevant land among 

the defined lands, access to live data about 

which plant is cultivated in what percentage of 

the land and the health status of these 

cultivated plants as a result of fused sensor 

measurements. Screenshots are shown in 

Figure 68. The land given in the example is 

the concept realized on a 34 ά   hobby garden 

in Sakarya. 

 

 

Fig. 68.  User Interface 

II.6. Hive Mind Communication Architecture  

All elements of the swarm can be accessed 

remotely through the API implemented on 

Raspberry Pi. In addition, data is protected 

because the network developed is designed in 

accordance with security protocols. 

 

Fig. 69. Communication Architecture 

III. RESULTS AND DISCUSSIONS 

The designed Digital Agriculture System, 

enables  farmers to access instant drone bird's-

eye views of the lands they define, observe the 

health status of the vegetables and fruits they 

plant in this land, the time remaining to 

harvest, and have information about the 

reason why the unhealthy plants decrease in 

yield. 

This Digital Agriculture System, which 

continues to work autonomously, will also act 

as the eye of the agricultural engineer or 

farmer when they are not near the land. 
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Thanks to the artificial intelligence algorithms 

implemented, unhealthy zone detection on the 

land, leaf and fruit detection in the plant, 

damage detection in unhealthy areas can be 

made. 

 

Due to the fact that farming landscapes are 

harder terrains that contain real-life 

threatening conditions, for the sake of this 

project, optimal conditions has been accepted 

as ground rules. However, with the necessary 

future work- such as having battery life for 

drones and making ground observer robot 

more resistant ï can enable further 

improvements.  

 

The harvest prediction phase offers an unique 

point to end-users, which is to be able to reach 

out to prospective customers before even 

harvesting begins. Thus, an integration with  

Digital Farming Market, developing by T.C 

Ministry of Agriculture and Forestry (2021) is 

prospectively expected. [6] 

IV. CONCLUSIONS 

In this study, a bio-inspired digital farming 

system combined the natureôs beauties with 

todayôs technologies has been designed.  
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MEKATRONIK M¦HENDISLIĴI ĶSTIHDAM ARAķTIRMASI 

 

 

Rabia DOĴAN YILDIRIM 

 

Marmara ¦niversitesi, Fen Bilimleri Entit¿s¿, Mekatronik M¿hendisliĵi Anabilim Dalē, 

Ķstanbul, T¿rkiye 

¥ZET  

Mekatronik, mekanik ve elektronik kelimelerinin uygun bir ĸekilde birleĸtirilmesinden 

oluĸmuĸtur ve ilk kez 1969 yēlēnda Japon Yasukawa Elektrik ķirketinden bir m¿hendis makine 

ve elektronik m¿hendisliĵi alanlarēnēn birleĸmesi anlamēnda "mekatronik" kelimesini 

kullanmēĸtēr. Mekatronik M¿hendisliĵi ise makine, elektronik, yazēlēm ve kontrol 

teknolojilerini bir arada barēndēran, sistem, makine veya ¿r¿n¿n b¿t¿nleĸmesini saĵlayan bir 

m¿hendislik dalē olarak tanēmlanabilir. T¿rkiyeôde mekatronik alanēnda kurumsal d¿zeyde ilk 

­alēĸmalar 1990ôlē yēllarda Orta Doĵu Teknik ¦niversitesi, Makine M¿hendisliĵi Bºl¿m¿ 

b¿nyesinde baĸlatēlmēĸtēr. Ancak mekatronik m¿hendisliĵi bºl¿m¿ adē altēnda eĵitim ilk olarak 

Kocaeli ve Atēlēm ¦niversitesinde verilmeye baĸlanmēĸtēr. Bu ­alēĸmada, 2020 yēlēnda yapēlan 

ve ¿lkemizdeki mekatronik m¿hendisliĵi bºl¿m¿ mezunu m¿hendislerin, mezuniyet sonrasē 

istihdam durumunu ve s¿regelen s¿re­te sektºrdeki durumu ºl­meyi ama­layan, Mekatronik 

M¿hendisliĵi Ķstihdam Anketi sonu­larē paylaĸēlacaktēr. Anket ­alēĸmasēna mekatronik 

m¿hendisliĵi bºl¿m¿nden mezun olmuĸ 513 m¿hendis katēlmēĸtēr.  

Anahtar Kelimeler:  Mekatronik M¿hedisliĵi, M¿hendislik Fak¿ltesi, Teknoloji Fak¿ltesi, 

Mezun ºĵrenci araĸtērmasē, Mekatronik M¿hendisliĵi Ķstihdam Anketi, Uygulamalē Eĵitim, Ķĸ 

yeri eĵitimi, 7+1 eĵitim modeli, MTOK mezunu m¿hendis araĸtērmasē

I.  GĶRĶķ 

Mekatronik sistemler ºzellikle son 

yēllardaki teknolojik geliĸmelerin 

doĵurduĵu en ºnemli sonu­lardan biridir. 

En genel anlamda mekanik, elektronik, 

kontrol ve yazēlēm bileĸenlerinden oluĸan; 

denetim deĵiĸkeni olarak se­ilen fiziksel 

b¿y¿kl¿ĵe iliĸkin verileri uygun ĸekilde 

se­ilmiĸ algēlayēcēlarē aracēlēĵēyla toplayan, 

bu verileri kontrolc¿leri ve hafēzasēndaki 

yazēlēmlar marifetiyle yorumlayan ve 

gerekli kararlarē alabilen, ayrēca tahrik 

elemanlarē (eyleticileri) ile de gerekli 

tepkileri veren t¿m makine, cihaz ve 

sistemler ñmekatronik sistemlerò olarak 

adlandērēlmaktadēr.  

Algēlayabilen, ºl­ebilen, karar verebilen ve 

bu karar yºn¿nde hareket edebilen otomatik 

makineler; yani mekatronik sistemler, 

savunma sanayi, g¿venlik sistemleri,  

 

 

 

makine sanayi, end¿striyel otomasyon 

sistemleri, tēp, tarēm, bankacēlēk ve 

madencilik gibi ­eĸitli alanlarda 

uygulanmakta olup, kullanēm alanlarē her 

ge­en g¿n geniĸlemektedir [2]. 

Mekatroniĵin bir bilim dalē olarak geliĸimi 

temelde robot sistemleriyle birlikte 

baĸlamēĸsa da g¿n¿m¿zde pek ­ok alanda 

mekatronik uygulamalarēna rastlanmaktadēr 

[3]. 

Mekatronik, ­ok disiplinli ve disiplinler 

arasē konularē kapsayan bir m¿hendislik 

felsefesi ve m¿hendislik uygulamalarēna 

t¿mleĸik bir yaklaĸēmdēr. M¿hendislik, 

genel olarak, kuramsal olarak doĵruluĵu 

kanētlanmēĸ kavramlarēn uygulamaya 

aktarēlmasēndaki g¿­l¿kleri ve sorunlarē 

aĸma etkinliĵi olarak tanēmlanēr. 

Mekatronik m¿hendisliĵi ise m¿hendislik 
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ilkeleri i­inde, makina m¿hendisliĵi, 

elektrik/elektronik m¿hendisliĵi ve 

bilgisayar teknolojisinin eĸ ama­lē t¿mleĸik 

bir yapēda ger­ekleĸtirilmesi ve 

uygulamasēdēr. Bu tanēmlara uygun olarak 

mekatronik m¿hendisleri ilgili disiplinlerde 

uzmanlēk kazanan, t¿m tasarēmē ve her 

d¿zeyde tasarēm s¿recini denetleyebilen, 

yºnlendirebilen ve katkēda bulunan 

kiĸilerdir. Mekatronik m¿hendisleri ilgili 

disiplinlerdeki uzmanlarla iletiĸim 

kurabilen, bu uzmanlēk konularēndaki 

bilgilere eriĸebilen, bu bilgileri 

yorumlayabilen ve bu bilgileri ekonomik, 

yenilik­i ve m¿ĸteriyi ¿st d¿zeyde tatmin 

eden bir ¿r¿ne dºn¿ĸt¿rmek amacē ile 

kullanabilen uzmanlardēr [2,4]. Mekatronik 

m¿hendisliĵi bºl¿m¿ ¿lkemizde, 

m¿hendislik fak¿ltesi ve teknoloji fak¿ltesi 

b¿nyesinde yer almaktadēr. M¿hendislik 

fak¿ltesi eĵitimi teorik aĵērlēklē iken 

teknoloji fak¿ltesi eĵitimi uygulamaya 

yºnelik ve pratik eĵitim aĵērlēklēdēr. 

¥zellikle teknoloji fak¿ltelerinin 

uyguladēĵē 7+1 eĵitim modeli ile iĸ yeri 

eĵitimi baĸlēĵē altēnda yapēlan uzun dºnem 

staj ile ºĵrenciler mezun olmadan ºnce 

deneyim elde etmekte ve tecr¿be sahibi 

olmaktadēr. ¦lkemizde halen 

yaygēnlaĸmaya devam eden bir m¿hendislik 

dalē olan mekatronik m¿hendisliĵi i­in 

yapēlmēĸ olan istihdam anketi hakkēnda 

verilerin bulunduĵu bu ­alēĸmada; 

mekatronik m¿hendisliĵi bºl¿m¿n¿ tercih 

ederken veya mezun olurken soru iĸareti 

olabilecek hususlara cevaplar bulunacaktēr. 

 

II. ANKET KATILIMCI BĶLGĶLERĶ 

 

 

Fig. 70. Katēlēmcēlarēn Yaĸ Daĵēlēmē 

Mekatronik M¿hendisliĵi ¿lkemizde 

1990ôlē yēllarda var olmaya baĸlamēĸtēr 

ancak 2000 yēllarēnēn baĸēnda resmi olarak 

bir bºl¿m olmuĸ ve mekatronik m¿hendisi 

mezunu vermek ¿zere bºl¿mler a­ēlmaya 

baĸlanmēĸtēr. Yanētlara bakēldēĵēnda da 

mekatronik m¿hendisliĵi bºl¿m¿n¿n gen­ 

bir alan olmasē sebebiyle mekatronik 

m¿hendisi kitlesinin gen­ ve dinamik bir 

yapēya sahip olduĵu gºr¿lmektedir. 

 

T¿rkiyeôdeki mekatronik m¿hendislerinin 

%38.4 ¿ 25 yaĸēndan k¿­¿k, %43,7 si 25-30 

yaĸ aralēĵēnda ve geriye kalan %17,9 u da 

30 yaĸ ¿st¿d¿r (Fig. 70). 

 

 

Fig. 71. Katēlēmcē Cinsiyet Bilgisi 

Cinsiyete dayalē mesleki katmanlaĸma, 

herhangi bir iĸyerinin en belirgin ve inat­ē 

karakterlerinden biri olarak kabul edilebilir. 

D¿nyanēn neresine giderseniz gidin, 

kadēnlarēn ve erkeklerin farklē sektºrlerde 

ve farklē mesleklerde yoĵunlaĸtēĵēnē 

gºr¿rs¿n¿z; bu durum genellikle ñkadēn iĸiò 

ve ñerkek iĸiò ayrēmē ile ifade edilmektedir. 

Kadēnlar; hemĸirelik, ºĵretmenlik, 

diyetisyenlik, sekreterlik vb. ñkadēn iĸiò 

olarak adlandērēlan iĸlerde ­alēĸērken; 

erkekler ise, m¿hendislik, bilgisayar 

programcēlēĵē, pilotluk vb. gibi teknik veya 

entelekt¿el a­ēdan daha ñdonanēmlēò olarak 

kabul edilen mesleklerde ­alēĸērlar.  

Ķĸ g¿c¿ piyasasēndaki bu yatay profesyonel 

tabakalaĸmaya ek olarak, erkeklerin dikey 

tabakalaĸma a­ēsēndan da ¿st d¿zey 

yºnetim pozisyonlarēnēn y¿ksek bir 

y¿zdesini iĸgal ettikleri bilinmektedir. 

Erkeklerin yoĵunlukla var olduĵu 

m¿hendislikte, kadēnlarēn y¿zdesi son 20 

yēlda artmēĸ olsa da ­oĵu m¿hendislik 
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dalēnda kadēn ºĵrenci oranē h©l© ­ok 

d¿ĸ¿kt¿r [5]. Nitekim anket sonu­larēna 

bakēldēĵēnda da m¿hendislerin %10,1 lik 

kēsmēnē kadēn m¿hendisler oluĸturmaktadēr 

(Fig. 71). M¿hendislik dallarēnda kadēnlarēn 

tercih ederken yaĸadēĵē tedirginliĵin 

mekatronik alanēnda da var olduĵu 

gºr¿lmektedir.  

 

 

Fig. 72. Katēlēmcēlarēn Ķkamet Daĵēlēmē 

M¿hendislerin %39 oranē ile Ķstanbulôda 

ikamet ettiĵini gºrmekteyiz. Ķstanbulôu 

%11 lik oran ile Kocaeli, %10 luk oran ile 

Ankara takip etmektedir (Fig. 72). Burada 

sanayi yoĵunluĵunun ºzellikle Marmara 

Bºlgesinde fazla olmasē sonucu 

katēlēmcēlarēn y¿zde atmēĸ oranē ile 

Marmara Bºlgesi illerinde ­alēĸtēĵē 

gºr¿lmektedir.  

 

 

Fig. 73. Katēlēmcēlarēn mezun olduklarē 

¿niversite 

Anket kapsamēnda ve sonu­larēn 

deĵerlendirilmesinde ºnemli rol oynayacak 

sorulardan bir tanesi, mezun olan ve ankete 

katēlan mekatronik m¿henedislerinin hangi 

¿niversiteden mezun olduklarē sorusudur. 

Halen ¿lkemizde 30 kadar ¿niversitede 

mekatronik m¿hendisliĵi eĵitimi verilmeye 

devam edilmektedir. Bu soruya cevaplar ĸu 

ĸekildedir. %22,8 lik oran ile 117 kiĸi 

Marmara ¦niversitesi, %10,9 luk oran ile 

56 kiĸi Kocaeli ¦niversitesi, %9,9 luk oran 

ile 51 kiĸi Karab¿k ¦niversitesi, %9,7 lik 

oran ile 50 kiĸi Fērat ¦niversitesi, %8 lik 

oran ile 41 kiĸi Sakarya ¦niversitesi, 

takiben Erciyes ¦niversitesi, Atēlēm 

¦niversitesi, Yēldēz Teknik ¦niversitesi, 

Necmettin Erbakan ¦niversitesi, Ķstanbul 

Gedik ¦niversitesi, ve diĵer ¿niversiteler 

gelmektedir (Fig. 73).  

 

 

Fig. 74. Katēlēmcēlarēn ¢alēĸma S¿releri 

Anket sonu­larēnē yorumlamada etkin rol 

oynayacak bir diĵer soru ise katēlēmcēlarēn 

­alēĸma s¿releridir. Katēlēmcēlarēn %54,2 

oranē ile 278 m¿hendis 2 yēl ve daha az 

tecr¿beye sahiptir. %22,8 lik kesim 2-5 yēl, 

%8,4 l¿k kesim 5-8 yēl ve %10,3 l¿k kesim 

ise 8 yēl ve daha ¿st¿ tecr¿beye sahip 

m¿hendislerdir. Bununla birlikte %4,3 l¿k 

kesim halen uygun bir iĸ fērsatē 

yakalayamamēĸ veya farklē bir sektºrde 

­alēĸmaya devam eden m¿hendislerden 

oluĸmaktadēr (Fig. 74). 

¦lkemizde mekatronik m¿hendisliĵinin yer 

edinmesi ile yeni nesillerde tercih edilme 

oranēnēn arttēĵē bu soru ile net bir ĸekilde 

gºr¿lmektedir. 
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III.  KATILIMCILARIN TEMEL 

EĴĶTĶM BĶLGĶLERĶ 

 

 

Fig. 75. Katēlēmcēlarēn Temel Eĵitim 

Bilgileri (a) Katēlēmcēlarēn mezun olduklarē 

lise (b) Meslek lisesi mezunu katēlēmcēlarēn 

meslek lisesi bilgilerini kullanma oranlarē 

¦lkemizde 2010 senesinden itibaren 

a­ēlmaya baĸlayan teknoloji fak¿lteleri ile 

birlikte teknik liselerde okuyan ºĵrencilerin 

m¿hendislik yolunda ºnleri a­ēlmēĸ olup; 

teknoloji fak¿ltelerinde uygulamalē eĵitim 

almēĸ, saĵlam temellere sahip m¿hendisler 

yetiĸtirilmektedir.  

 

Bu baĵlamda anketimizde teknik liseden 

mezun olup lisedeki bilgilerin iĸ hayatēnda 

ne derece kullanēldēĵē sorusunun cevabēnē 

aradēk. Ankete katēlan 513 m¿hendisten 

%43,1ôlik oran ile 221ôi meslek lisesi 

mezunu olup bunlardan %35ôi 0-5 

aralēĵēndaki puanlandērmada 5 puan 

kullanmēĸtēr. %23,6 sē 4 puan, %18,1ôi 3 ve 

%12,6ôsē da 2 ve 1 puan kullanarak meslek 

lisesindeki bilgileri deĵiĸen oranlarda 

kullandēklarēnē belirtmiĸlerdir. %10ôluk 

gibi az bir kesim ise meslek lisesindeki 

bilgilerden faydalanmadēklarēnē 

belirtmiĸlerdir (Fig. 75-b). Diĵer yandan 

katēlēmcēlarēn %38,8 inin Anadolu lisesi ve 

%3,9 unun fen lisesi mezunu olduĵunu 

gºrmekteyiz (Fig. 75-a). 

 

 

Fig. 76. Katēlēmcēlarēn ilgi duyduklarē 

alanlar 

 

Mekatronik M¿hendisliĵi farklē disiplinleri 

barēndēran bir bºl¿m olmasē sebebi ile lisans 

programlarēnda farklē alanlarda dersler 

mevcuttur. Ankette 3 gruba ayērdēĵēmēz, 

ñMekanik ve Ķmalatò, ñElektronik, Kontrol 

ve Programlamaò ve ñRobotikò ana 

baĸlēklarē altēnda katēlēmcēlarēn hangi alana 

ilgi duyduĵunu sorduk. Katēlēmcēlardan 

gelen cevaplarda %70,4ôl¿k oran ile en ­ok 

ilginin ñElektronik, Kontrol ve 

Programlamaò alanēnda olduĵu 

gºr¿lmektedir. %49,5ôlik oranla ñRobotikò 

alanēndaki ilgi ve %35,7ôlik oran ile de 

ñMekanik ve Ķmalatò alanēndaki ilgi 

gºr¿lmektedir (Fig. 76). 

 

Bu alanlar altēnda verilen bir­ok ders 

mevcuttur. Biz bu derslerin meslek 

hayatēnda ne kadar faydalē olduĵunu 

ºĵrenmek adēna yºnelttiĵimiz soru 

sonucunda en faydalē dersin PLC 

programlama olduĵunu gºrm¿ĸ olduk. 

Takiben Mekatronik Sistem Tasarēmē, 

Bilgisayar Destekli Tasarēm, Robotik, 

Bilgisayar Programlama, Makine 

Ķmalatlarē, Ķmalat, Resim ve Konstr¿ksiyon 

ve diĵer dersler yer almaktadēr. 
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IV.  Ķķ HAYATINA GĶRĶķTE VE 

¢ALIķMA S¦RESĶNCE YABANCI 

DĶLĶN ETKĶNLĶĴĶ 

 

T¿m d¿nyada kabul gºren bilim dilinin 

Ķngilizce olduĵu kabul edilmektedir. Aynē 

zamanda d¿nyada bilgisayarlarda saklanan 

bilgilerin % 80ôine yakēn kēsmēnēn Ķngilizce 

olduĵu da belirtilmektedir [6,7]. Kiĸilerin 

uluslararasē iletiĸim kurabilme, ­ok sayēda 

kaynak inceleyebilme ve ¿rettiĵimiz 

bilginin daha ­ok kiĸiye ulaĸabilmesi gibi 

temel etmenler dolayēsēyla baĸta Ķngilizce 

olmak ¿zere yabancē dil ihtiyacē vardēr. 

M¿hendislikte ve iĸ hayatēnda da yabancē 

dil yetkinliĵi aranmaktadēr. ¢alēĸmanēn bu 

kēsmēnda mekatronik m¿hendislerinin 

yabancē dil bilgileri incelenmiĸtir. 

 

 

Fig. 77. Katēlēmcēlarēn yabancē dil eksikliĵi 

Katēlēmcēlara ºncelikle ñĶĸe giriĸ s¿recinde 

veya ­alēĸma hayatēnda yabancē dil eksikliĵi 

hissettiniz mi?ò sorusu yºneltilmiĸtir ve 

%62,8 oranē ile evet cevabē alēnmēĸtēr (Fig. 

77). Bunun ¿zerine sorulan bir diĵer soruya 

gºre yabancē dil eĵitimi i­in mekatronik 

m¿hendislerinin %51,5ôinin T¿rkiyeôde dil 

kursu tercih ettiĵi gºr¿lmektedir. %6,2ôlik 

kesim ise yurtdēĸē dil okullarēnda dil eĵitimi 

almēĸtēr. %10,9ôluk kesim online eĵitimi 

tercih ederken %39,8ôlik kesim ise hi­bir 

kurs desteĵi almamēĸtēr.  

 

 

Fig. 78. Katēlēmcēlarēn yabancē dil 

yetkinliĵi puanlamasē 

Mekatronik m¿hendislerine yabancē dil 

seviyelerini 0-5 arasēnda puanlamalarēnē 

istediĵimizde; en yaygēn kullanēlan 

Ķngilizce dili i­in %34,7ôlik kesimin 3 puan, 

%26,5ôlik kesimin 4 puan, %21,8ôlik 

kesimin 2 puan, %8,2ôlik kesimin ise 5 puan 

verdiĵini gºrmekteyiz. %0,8 gibi bir oran 

ile 4 kiĸi hi­bir bilgisi olmadēĵēnē 

belirtmiĸtir (Fig. 78).  

Ķĸ hayatēnda aktif rolleri olan m¿hendislerin 

genel itibari ile orta veya y¿ksek derecede 

Ķngilizce dil yetkinliĵi olduĵunu 

gºrmekteyiz.  

 

Buna istinaden iĸ yerlerinde yabancē dil 

kullanēm etkinliĵi %64,5 oran ile orta 

derecede, %14,4 ile ileri derecede ve %21,1 

oranēnda ­ok az veya hi­ olduĵu 

gºr¿lmektedir. 

V.  Ķķ HAYATINA GĶRĶķ VE 

ADAPTASYON  

 

Fig. 79. Katēlēmcēlarēn mezuniyet sonrasē iĸ 

arama s¿resi 
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Yeni mezun m¿hendislerin ilk iĸ deneyimi 

elde edebilmek i­in uygun iĸ yeri bulma 

arayēĸē bazen uzun s¿reler alabilmektedir. 

Bunu iĸ arayan ve iĸ veren tarafēndan iki 

taraflē ge­erli sebepleri olabilmektedir. 

¢alēĸmada ankete katēlan mekatronik 

m¿hendislerine ºncelikle ñĶĸ bulmakta 

zorlandēnēz mē?ò sorusu yºneltilmiĸtir ve 

%53ôl¿k kesim mezuniyetten sonra iĸ 

bulmakta zorluk ­ekmediĵini belirtmiĸtir. Ķĸ 

arama s¿recinde ise en y¿ksek oran olan 

%34,7ôlik kesimin 1-3 ay arasēnda ilk iĸ 

tecr¿belerini edinmeye baĸladēklarē 

gºr¿lmektedir.  

Burada ºnemli bir nokta ise uygulamalē 

eĵitimlerde iĸ yeri stajēnēn ºnemini 

gºstermekte olup, mezunlarēn %19,3ôl¿k 

kesimi staj yaptēĵē yerde ­alēĸmaya 

baĸlamēĸtēr (Fig. 79). 

 

 

Fig. 80. Katēlēmcēlarēn gºrev aldēklarē 

departmanlar 

Mekatronik m¿hendisliĵi komplike bir 

bºl¿md¿r. Yapēsē gereĵi lisans eĵitiminde 

­eĸitli temel alanlarēn temel dersleri 

mevcuttur. Makine m¿hendisliĵinden temel 

dersler olan statik, dinamik, mekanizma 

tekniĵi, teknik resim, 3D tasarēm, makine 

elemanlarē vb. derslerin; elektrik-elektronik 

m¿hendisliĵinden, elektrik-elektronik 

devreler, PCB kart tasarēmē, PLC eĵitimi 

vb. derslerin; bilgisayar m¿hendisliĵinden, 

­eĸitli yazēlēm dilleri ile kodlama eĵitimi, 

gºrsel programlama vb. derslerin eĵitimleri 

verilmektedir. Bunun sonucunda ­oĵu 

zaman mezun m¿hendislerin ilgi alanlarēna 

gºre bir alan se­ip, o alanda uzmanlaĸma 

hedefleri olmaktadēr. Bu sebeple 

mekatronik m¿hendisleri birden fazla 

alanda yer edinmektedir. Bununla birlikte 

mekatronik m¿hendisliĵi kavramēnē tam 

anlamēyla kullanarak, t¿m yetkinlikler ile 

var olan departmanlarda ­alēĸma alanē da 

elde edilmektedir. 

¢alēĸmaya katēlan m¿hendislerin %18,1ôlik 

kesimi PLC Otomasyon Yazēlēmē, %17ôlik 

kesim Sahada ¦retim-Ķmalat, %13,5 

Mekanik Tasarēm departmanlarēnda gºrev 

almaktadēr. Bununla birlikte %7,6 Eĵitim-

Akademik ¢alēĸma, %7 Satēĸ, %6,4 

Bilgisayar Programlama, %4,5 Robotik 

Kodlama ve %4,5 Elektronik Tasarēm, 

%1,2 Satēn Alma Departmanēnda 

­alēĸmaktadēr. Burada en b¿y¿k paya 

(%20,3) sahip olan T¿m Mekatronik Dallarē 

cevabēdēr.  

T¿m Mekatronik Dallarē cevabē ile lisans 

eĵitiminin ­ēktēsē olarak, mekatronik 

m¿hendislerinin iĸ hayatēnda alanlarē ile 

birebir konumda ­alēĸma imkanē elde 

edebildiĵi gºr¿lmektedir (Fig. 80). 

 

 

Fig. 81. Katēlēmcēlarēn ­alēĸtēklarē sektºrler 

Mekatronik m¿hendislerinin ­eĸitli 

departmanlarda yer edinmesi gibi ­eĸitli 

sektºrlerde yer edinmesi de komplike bir 

bºl¿m olmasē sonucunda ortaya 

­ēkmaktadēr. ¢alēĸmaya katēlan 

m¿hendislerin ­alēĸtēĵē firma sektºrleri; 

%18,7ôlik oran ile Makine Otomasyon, 

%12,3 Otomotiv, %12,3 Mekatronik 

Projeler, %9,9 Savunma ve Havacēlēk, %9,2 

Robotik Teknolojiler, %8,2 Metal Sanayi, 

%3,9 Biliĸim Sistemleri ve takiben 

Danēĸmanlēk, Eĵitim gibi sektºrlerdir (Fig. 

81). 
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Fig 82. Katēlēmcēlarēn firmadaki pozisyonu 

M¿hendislerin firmalardaki gºrev 

daĵēlēmēna bakēldēĵēnda ise %57,5 ofis 

­alēĸanē, %14,6 saha ­alēĸanē, %8,2 orta ve 

¿st d¿zey yºnetici, %5,1 yºnetici ve %2,5 

firma sahibi olduklarē gºr¿lmektedir (Fig. 

82). 

Fig. 83. Katēlēmcēlarēn firmadaki 

pozisyonu 

Son olarak mekatronik m¿hendislerine 

ñMesleĵinizden memnun musunuz?ò 

sorusunu yºnelttik ve %71,3ôl¿k oran ile 

366 m¿hendisten evet cevabēnē aldēk (Fig. 

83). 

 

VI. SONU¢LAR 

Mekatronik m¿hendisliĵi bºl¿m¿ mezunu 

513 m¿hendis ile yapēlan bu anket ile 

gºr¿lmektedir ki mekatronik m¿hendisliĵi 

mezunu kiĸilerin istihdamēnda ­oĵunlukla 

baĸarē saĵlanmaktadēr. ¢alēĸanlarēn iĸ 

bulmakta zorlanmadēĵē, zorlanan 

m¿hendislerin ise 8-10 ay i­inde uygun bir 

iĸ bulduĵu gºr¿lmektedir. Bununla birlikte 

7+1 eĵitim modeli (iĸ yeri eĵitimi) ile 

saĵlanan staj imkanē sayesinde ºĵrenciyken 

staj yapēlan firmada, mezuniyet sonrasē iĸe 

baĸlama oranē da yadsēnamayacak kadar 

y¿ksektir. Meslek lisesi ºĵrencilerinin 

m¿hendisliĵe ge­iĸi ve uygulamalē eĵitim 

sayesinde m¿hendisler hen¿z ­alēĸmaya 

baĸlamadan pratik bilgiye de sahip 

olduklarē i­in iĸ bulma s¿recinde bir adēm 

ºnde olmaktadērlar. Komplike bir bºl¿m 

olan mekatronik m¿hendisliĵi mezunu 

m¿hendisler bir­ok sektºrde ­eĸitli 

alanlarda ­alēĸma imkanē elde etmektedir. 

Farklē departmanlarda katma deĵeri y¿ksek 

baĸarēlar elde eden mekatronik 

m¿hendislerinin, mesleklerinden memnun 

olduĵu da gºr¿lmektedir. 
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ROS TABANLI MOBĶL OTONOM ROBOT (AMR) GELĶķTĶRME  

 

 

╜▄■░▐ ╚╞╡╚╜═╩ᶻ , d◑◑▄◄ ╕╪◄░▐ ¤╔╝╣­╡╚,  

 

 Bursa Teknik ¦niversitesi, Lisans¿st¿ Eĵitim Enstit¿s¿, Akēllē Sistemler M¿hendisliĵi, 
Bursa, T¿rkiye 

 Bursa Teknik ¦niversitesi, M¿hendislik ve Doĵa Bilimleri Fak¿ltesi, Bilgisayar 
M¿hendisliĵi, Bursa, T¿rkiye 

¥ZET 

ROS (Robot Operating System) oluĸturduĵu standartta robotlarē kontrol etmeyi saĵlayan, 

robotu ­evresel bileĸenlerle haberleĸtiren publish-subscribe mesajlaĸma modeline sahip a­ēk 

kaynak kodlu bir iĸletim sahibidir. G¿n ge­tik­e desteklediĵi ¿r¿n, paket ve proje sayēsē artan 

ROS, sim¿lasyon ara­larē ile dilden baĵēmsēz ve mod¿ler bir yapēya sahip olduĵundan robot 

d¿nyasēnda standart konumunu almaktadēr. Bu ­alēĸmada ROS tabanlē AMR (Autonomous 

Mobile Robot) kullanēlarak sim¿lasyon ortamēnda SLAM (Simultaneous Localization and 

Mapping) ve navigasyon fonksiyonlarē ger­ekleĸtirilmiĸtir. Sim¿lasyon ara­larē olarak ROSôun 

saĵlamēĸ olduĵu Gazebo, Rviz ve rqt kullanēlmēĸtēr. Lidar sensºr¿, tekerleklerin odometri verisi 

ve SLAM fonksiyonu sayesinde konumlama ve haritalama iĸlemi yapēlmēĸtēr. ¢ēkartēlan harita 

ile ­alēĸtērēlan navigasyon fonksiyonu sayesinde AMR olduĵu konumdan verilen hedefe 

dinamik, g¿venli ve maliyeti d¿ĸ¿k yol planlamasē yaparak hareket eder. Ayrēca geliĸtirilecek 

aray¿z ile AMRôler manuel olarak kullanēlabileceĵi gibi konumlar istasyon ĸeklinde 

kaydedilerek, re­ete oluĸturulup hēzlē bir ĸekilde AMRôler s¿re­lere eklenebilir. Doĵal 

navigasyon, d¿ĸ¿k maliyet, hēzlē kurulum, merkezi yºnetim sistemi ile ­oklu robot kontrol 

imkanlarē dolayēsēyla AMRôler tercih edilir. 

Anahtar Kelimeler:  ROS, AMR, SLAM, Navigasyon 

I. GĶRĶķ 

Mobil robotlarēn kullanēmē, baĸta 

end¿striyel alanlar olmak ¿zere hizmet, 

saĵlēk, savunma vb. sektºrlerde giderek 

daha da yaygēnlaĸmaktadēr [1] [2] [3]. Son 

zamanlarda yapay zekanēn geliĸmesiyle 

mobil robotlarēn otonom ĸekilde hareket 

edebilmesini saĵlayan sistemler ¿zerine 

odaklanēlmēĸtēr [4]. Mobil otonom robotlar 

(Autonomous Mobile Robot - AMR) 

ortamda hi­bir belirte­ olmadan konumunu 

ve engelleri algēlayēp dinamik olarak 

hedefine gitmesini saĵlayan doĵal 

navigasyonu sayesinde dinamik, g¿venli ve  

maliyeti d¿ĸ¿k yol planlamasēna ve otonom 

s¿r¿ĸe sahiptir. Bu ­alēĸmada ºnce sistemde  

kullanēlan ara­lar olarak ROS, Robot ve 

Lidar sensºr¿nden bahsedilmiĸtir. SLAM  

 

 

 

ve navigasyon fonksiyonlarēndan 

bahsedilerek sim¿lasyon ortamēnda testler 

yapēlmēĸtēr. Gazeboda tasarlanan d¿nya ile 

birlikte sim¿le edilen robot kullanēlarak 

harita ­ēkartēlmēĸtēr. ¢ēkartēlan harita ile 

navigasyon fonksiyonu ­alēĸtērēlmēĸ olup 

robotun verilen hedefe ­evresindeki sabit ve 

deĵiĸken engelleri de dikkate alarak yol 

planlamasē yapēp hedefe dinamik olarak 

vardēĵē gºzlemlenmiĸtir. Daha sonra ROS 

ve AMRônin geleceĵinden bahsedilmiĸtir. 

 

II. ARA¢LAR 

II.1. ROS 

ROS robotik platformlar i­in BSD 

(Berkeley Yazēlēm Daĵētēmē) lisanslē ve 
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a­ēk kaynaklē bir yazēlēmdēr. Ticari ve 

araĸtērma ama­lē kullanēm i­in ¿cretsizdir. 

ROS ilk olarak 2007 yēlēnda Stanford 

Yapay Zeka Laboratuvarē (SAIL) 

tarafēndan Stanford AI Robot projesinin 

desteĵiyle geliĸtirildi. 2008ôden itibaren 

20'den fazla kurumun iĸ birliĵi yaptēĵē bir 

robotik araĸtērma enstit¿s¿ olan Willow 

Garage'da geliĸtirmesi devam etmektedir. 

Bir­ok araĸtērma kurumu ve firma donanēm 

ekleyerek ve kod ºrneklerini paylaĸarak 

ROSôta projeler geliĸtirmeye baĸladēlar. Bu 

­er­evede her ge­en g¿n i­erdiĵi proje 

sayēsē ve desteklediĵi cihaz sayēsē 

artmaktadēr [5]. 

ROS Ubuntu Linux iĸletim sisteminde 

­alēĸmakta ve dil olarak Python, C++ ve 

Java desteklemektedir. ROSôun Melodic ve 

Noetic gibi g¿ncel s¿r¿mleri mevcuttur [6]. 

Fig. 84ôde gºsterildiĵi gibi gibi ROS sistem 

olarak publish-subscribe (yayēnlama-

abone) mesajlaĸma modelini kullanarak 

birbirleri ile iletiĸim kuran d¿ĵ¿mlerin 

(node) meydana getirdiĵi bir mimaridir. 

Mod¿ler bir yapēda olduĵundan paketlerin 

ve hatalarēn yºnetilmesinde kolaylēk saĵlar.  

 

 

Fig. 84. ROS Mesajlaĸma Modeli 

ROSôun gºrselleĸtirme ve yºnetim i­in 

saĵlamēĸ olduĵu ara­lardan ilki Gazebo, 

robotun ve ­evresel objelerin koyulabildiĵi 

sanal d¿nya saĵlamaktadēr. Rviz ise robotun 

giriĸ ve ­ēkēĸlarēnēn (robot modeli, robot 

konumu, sensºr verileri, harita, sabit ve 

dinamik engeller, rota) sim¿le edildiĵi 

platformdur. Yºnetim aracē olan Rqt ise 

parametrelerin deĵiĸtirilmesi, mesajlarēn 

okunmasē ve yayēnlanmasē, verilerin 

grafikte ­izdirilmesi ve kaydedilmesini 

saĵlar [7]. 

 

 

Fig. 85. Gazebo ve Rviz 

Fig. 85ôde soldaki gºrselde Gazeboôda 

oluĸturulan d¿nya ve robot gºsterilmiĸtir. 

Saĵdaki gºrselde ise Rvizôdeki robotun 

­ēktēlarē olarak robot model, kamera ve 

sensºr verileri gºsterilmiĸtir. 

II.2. Robot 

Kobuki firmasē tarafēndan ¿retilmiĸ olan 

Turtlebot mobil robotu kullanēlarak 

sim¿lasyon ortamēnda testler yapēlmēĸtēr. 

S¿r¿ĸ yºntemi olarak kullanēlan 

diferansiyel s¿r¿ĸ yºnteminde Fig. 86ôda 

gºsterildiĵi gibi tekerleklerin hēz farkēndan 

robotun s¿r¿ĸ¿, yºn farkēndan ise kendi 

etrafēnda dºnmesi saĵlanēr [8]. Fig. 87ôde 

gºsterildiĵi gibi odometri verisi zamana 

baĵēmlē olarak robotun hareketini 

karakterize eden veridir.  

 

 

Fig. 86. Diferansiyel S¿r¿ĸ Yºntemi [9] 

 

Fig. 87. Odometri Verisi [10] 

Lidar verisinin zamana gºre deĵiĸiminden 

hesaplanan robotun pozisyon verisi ve 

tekerlek odometri verisinin filtrasyonu 
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sonucu slam ve navigasyonda kullanēlmak 

¿zere odom transformu oluĸturulur. 

Robotun haritaya gºre x, y ekseninde 

konumunu, yaw a­ēsēnē ve hēz deĵerlerini 

verir.  

Robotun tasarēmē 3 boyutlu tasarēm 

programē olan Solidworks ile yapēldēktan 

sonra ROSôun sw_urdf_exporter paketi [11] 

ile URDF (Unified Robot Description 

Format) dosyasēna ­evrilir. Ayrēca robot 

model i­in 3 boyutlu dosya formatē (stl) 

olarak mesh dosyalarē alēnēr. URDF 

dosyasēnda robotun t¿m kinematiĵi 

mevcuttur ve ROSôta bu transform (tf) 

olarak belirtilmektedir.  

 

 

Fig. 88. Joint ve Link Gºsterimi (tf) [12] 

 

Fig. 89. ROS tf Eksenleri [12] 

Fig. 88ôde gºsterildiĵi gibi URDF 

dosyasēndaki tf deĵerleri robotun t¿m sabit 

ve hareketli eksenlerini, eksenlerin 

arasēndaki uzaklēk ve a­ē deĵerlerini, 

hareketli eksenlerin nasēl hareket edeceĵini 

ve hareketi ile ilgili deĵerleri, hangi 

eksenlerin birbirine baĵlē hareket edeceĵi 

gibi bir­ok bilgiyi i­erir. Tfôlerin x y z 

eksenleri saĵ el kuralēna gºre Fig. 89ôda 

gºsterildiĵi gibidir. Otonom s¿r¿ĸ 

esnasēnda hēz deĵerleri ve sensºr verileri tf 

deĵerlerine gºre hesaplanacaĵēndan bu 

deĵerlerin hassas olmasē ºnem arz 

etmektedir [12].  Robota ait b¿t¿n tfôler Fig. 

89ôda Tf aĵacē olarak gºsterilmiĸtir. 

II.3. Lidar Sensºr¿ 

Robotun ­evreyi algēlamasēnda ēĸēk 

algēlama ve ºl­me sensºr¿ (LIDAR-Laser 

Imaging Detection and Ranging) ï Laser 

Distance Sensor (LDS) - kullanēlmēĸtēr. 

Lidar, ­evresindeki nesnelerin konumlarēnē 

algēlamak i­in kullanēlan radar benzeri bir 

sensºrd¿r. Lidar sensºrleri y¿ksek 

performans ve hēzla ger­ek zamanlē veri 

toplama avantajēna sahiptir, bu nedenle 

mesafe ºl­¿m¿ ile ilgili geniĸ bir uygulama 

yelpazesine sahiptir. Lidar sensºr¿, 

nesnelerin ve insanlarēn algēlanmasē i­in 

robotik alanēnda, SLAM algoritmalarēnda 

ve ger­ek zamanlē veri topladēĵē i­in 

insansēz ara­larda yaygēn olarak 

kullanēlmaktadēr. 

Lidar sensºr¿n¿n temelinde lazer, yansētēcē 

bir ayna ve motor mevcuttur. Fig. 90ôda 

solda lidar sensºr¿ ve i­indeki ayna 

gºsterilmektedir. Motor aynayē dºnd¿r¿r, 

sensºr lazerin dºn¿ĸ s¿resini dalga 

boyundaki fark ile ºl­er. Ortadaki ĸekilde 

gºsterildiĵi gibi lidar etrafēnē yatay bir 

d¿zlemde tarar. Saĵ ĸekilde de gºsterildiĵi 

gibi uzaklēk arttēk­a hassasiyet 

azalmaktadēr. Cam, plastik ĸiĸe gibi 

malzemeler lazer ēĸēĵēnē daĵēttēĵēndan 

saĵlēklē veri elde edilememektedir. Sadece 

yatay bir d¿zlemi taradēĵēndan 2D veri 

olduĵu unutulmamalēdēr [13].  

 

Fig. 90. Lidar Sensºr¿ ile Mesafe ¥l­¿m¿ 

[13] 

Fig 91ôde LaserScan mesaj t¿r¿ndeki lidar 

verisi gºsterilmiĸtir. LaserScan verisi 

sensºr¿n hangi tfôte olduĵu (frame_id), ka­ 

derece tarama yaptēĵē 

(angle_min/angle_max), min ve max 

tarama mesafesi (range_min/range_max), 

tarama frekansē ve ­ºz¿n¿rl¿ĵ¿ ile birlikte 

her noktanēn uzaklēĵēnē metre cinsinden 

i­eren diziyi i­ermektedir. 
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Fig. 91. Lidar (LaserScan) Verisi 

III. SLAM  

SLAM (Simultaneous Localization and 

Mapping), robotun ¿zerindeki sensºrler ile 

robotun pozisyonunu tahmin ederken 

bilinmeyen bir ­evreyi keĸfetmek ve 

haritalamak anlamēna gelir. SLAM 

algoritmasē olasēlēk terminolojisinde 

Denklem 1ôdeki gibi tanēmlanēr. Fig. 92ôde 

gºsterildiĵi gibi zamana baĵēmlē olarak 

ardēĸēk iĸlem yaparak harita verisini ­ēkarēr 

[14]. 

ὸȡᾀὥάὥὲ 

ὼȡὸ ὥὲ ὲὨὥὯὭ ὶέὦέὸόὲ Ὧέὲόάό 

όȡὸ ὥὲ ὲὨὥὯὭ έὨέάὩὸὶὭ ὺὩὶὭίὭ 

ᾀȡὸ ὥὲ ὲὨὥὯὭ ὰὭὨὥὶ ίὩὲίĘὶİὲὨὩὲ 

 ĘὰëİὰὩὲ ὨὩøὩὶ 
άȡὬὥὶὭὸὥ 

ὴὼȟάȿᾀ ȟό                                                          (1) 

 

 

Fig. 92. SLAM Grafiksel Model [14] 

Robot Gazebo ortamēna eklendikten sonra, 

Gazeboônun bize saĵlamēĸ olduĵu 

odometri, lidar ve tf verileri ile haritalama 

iĸlemini ger­ekleĸtiren gmapping [15] 

algoritmasē ­alēĸtērēlēr. Ķlk ­alēĸtēĵēnda Fig. 

93ôdeki gibi lidar sensºr¿n¿n ilk gºrd¿ĵ¿ 

yerlerin haritasēnē ­ēkarēr. Robotu ideal bir 

hēzda s¿rerek Fig. 94ôdeki gibi adēm adēm 

harita geniĸletilir. Buradaki en ºnemli ºl­¿t 

lidar sensºr¿n¿n ºl­¿m mesafesidir.  

 

 

Fig. 93. Harita ¢ēkarmanēn Baĸlangēcē 

 

Fig. 94. Haritanēn ¢ēkartēlmasēnēn 

Adēmlarē 

Daha sonra ­ēkartēlan harita navigasyonda 

kullanēlmak ¿zere uygun formatta 

kaydedilir. Fig. 95ôdeki pgm formatēndaki 

haritanēn gºrseli ve haritayē y¿klemesi i­in 

ROS tarafēndan kullanēlacak olan YAML 

(YAML Ainôt Markup Language) formatē 

gºsterilmiĸtir. Fig. 96ôda ise SLAM 

fonksiyonu ­alēĸtēĵēnda hangi nodeôlarēn 

hangi mesajlarē dinleyip yayēnladēĵēnē 

belirten NodeGraphôi verilmiĸtir. 

 

 

Fig. 95. Harita Gºrseli ve Parametre 

Dosyasē 
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Fig 96. SLAM Fonksiyonu (NodeGraph) 

IV. NAVĶGASYON 

Navigasyon fonksiyonu daha ºnceden 

­ēkartēlan haritanēn y¿klenmesi ve lidar 

verisinin kullanēlmasēyla konumlama 

iĸlemini yaparak otonom bir ĸekilde hedef 

noktaya dinamik olarak gitmesidir. 

Navigasyon fonksiyonu olarak ROSôun 

ķekil 97ôdeki grafiksel modele sahip 

move_base paketi kullanēlmēĸtēr. 

Konumlama iĸlemini lidar verisi ve 

haritadaki sabit deĵerleri (map_server) 

kullanarak AMCL (Adaptive Monte Carlo 

Localization) algoritmasē yapar. Sabit ve 

hareketli engelleri sim¿le eden 2 adet 

maliyet haritasē (costmap) mevcuttur. 

Global costmap global yol planlamasē i­in 

kullanēlēr. Global yol planlamasē harita 

¿zerindeki hedefe uzun vadeli yol planēnē 

yapar. Local costmap ise robotu merkezine 

alēp onunla hareket eden k¿­¿k bir haritadēr 

ve local yol planlamasē i­in kullanēlēr. 

Robotun hēz deĵerleri local costmapteki 

engellere gºre ve local yol planlamasēndaki 

pozisyonlara gºre ­ēkar. Engelleri 

algēlamada 2D olarak lidar verisi, 3D olarak 

nokta yēĵēnlarēndan oluĸan point cloud (pcl) 

verisi kullanēlabilir [16]. 

 

 

Fig. 97. ROS Navigation Grafiksel Model 

[16] 

 

Fig. 98ôde navigasyon fonksiyonunun 

­alēĸtērēlmēĸ hali mevcuttur. Robot gri ok ile 

gºsterilmiĸ hedefe sabit ve hareketli 

engelleri dikkate alarak otonom bir ĸekilde 

gitmektedir. Haritada pembe ile local 

costmap, turkuaz ile global costmap, 

kērmēzē ile local path gºsterilmiĸtir. Local 

pathôin takip ettiĵi global path ise mavi renk 

ile gºsterilmiĸtir. 

 

 

Fig. 98. Robotun Navigasyonda Hedefe 

Gitmesi 

Fig 100ôde AMCLôin yayēnladēĵē map tfôi 

gºr¿lmektedir. Fig. 101ôde Navigasyon 

fonksiyonunun NodeGraphôi verilmiĸtir.  

 

AMRôleri AGV (Automated Guided 

Vehicle) lerden ayēran en ºnemli farklar 

Fig. 99ôda gºsterildiĵi gibi ortamda 

herhangi bir belirte­ olmadan otonom 

s¿r¿ĸe sahip olmasē ve engel ile 

karĸēlaĸtēĵēnda yolunu dinamik olarak 

deĵiĸtirip hedefe gidebilmesidir. 

 

 

Fig. 99. AMR ve AGV Farkē [17] 
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Fig. 100. Tf Tree 

 

Fig. 101. Navigasyon Fonksiyonu (NodeGraph) 

V. ROS ve AMRônin GELECEĴĶ 

 

Fig. 102. ROS Market Payē (2017-2024) 

[18] 

 

 

 

2019 Aĵustosôunda yayēnlanan Market 

Araĸtērma Raporuôna gºre Fig. 102ôde 

gºsterildiĵi gibi 2019ôda 312 milyon dolar 

olan ROS pazarēnēn 2024ôte 467 milyon 

dolara y¿kseleceĵi ºngºr¿lm¿ĸt¿r. ROS  

pazarēnēn b¿y¿mesini saĵlayan etkenlere 

ºrnek olarak end¿stri otomasyonu i­in artan 

Ar-Ge fonlarē, iĸbirliĵine dayalē mod¿ler  

robotlarēn uygulamalarēnēn artmasē, hizmet 

olarak robotik modeline artan talep ve 

d¿ĸ¿k maliyetli end¿striyel robotlarēn tercih 

edilmesi verilebilir. En y¿ksek b¿y¿me 

oranēna sahip bºlgenin ¢in, Japonya, 

G¿ney Koreôden dolayē Asya Pasifik 

(APAC) olacaĵē tahmin edilmektedir [18]. 
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Fig. 103. AMR Market Payē (2016-2027) 

[19] 

2021 Ocak ayēnda yayēnlanan Market 

Analiz Raporuôna gºre Fig. 103ôde 

gºsterildiĵi gibi Asya Pasifikte AMR pazarē 

2019ôda 1.9 milyar dolar ve 2020ôde 2.36 

milyar dolar olup, 2027ô de ise 8.29 milyar 

dolara ulaĸacaĵē tahmin edilmektedir. 

AMRôler, tesis i­inde hammadde ve mamul 

mallarēn taĸēnmasē gibi ­eĸitli iĸlemleri 

ger­ekleĸtirmek i­in depo yºnetim 

yazēlēmlarē ile entegre edilmiĸ kamera, 

sensºr ve tesis haritalarēndan yararlanēr. 

AMRôler ¿r¿n hasarēnē ºnleme, iĸcilik 

maliyetlerini d¿ĸ¿rme, ¿retkenliĵi arttērma 

ve s¿re­leri otomatikleĸtirme gibi sayēsēz 

faydasē nedeniyle olduk­a tercih 

edilmektedir [19]. 

 

VI. SONU¢LAR 

ROS platformu hēzla geliĸmekte olup ve 

desteklediĵi marka ve proje sayēsē giderek 

artmaktadēr. ROSôta robot ve d¿nyanēn 

sim¿le edildiĵi Gazebo, ­ēktēlarēnēn sim¿le 

edildiĵi Rviz ortamē kullanēlēr. SLAM 

algoritmalarē sayesinde istenilen her 

ortamda hēzlēca harita ­ēkartēlabilir. Ek 

olarak ­ēkartēlan harita robota baĵēmlē 

olmadēĵēndan istenilen her robotta 

kullanēlabilme esnekliĵini saĵlar. 

 

¢ēkartēlan harita kullanēlarak navigasyon 

fonksiyonu ­alēĸtērēldēĵēnda doĵal 

navigasyon sayesinde ortamda hi­bir 

belirte­ olmadan robot konumlama iĸlemini 

yapabilmektedir. Hareketli engelleri de 

dikkate alarak dinamik, maliyeti en d¿ĸ¿k 

yol planlamasēnē ­ēkartēp hedefe ulaĸmasē 

AMRôleri ºn plana ­ēkarmaktadēr. 

 

Sim¿lasyondan ger­ek d¿nyaya ge­ince 

koridor gibi lidar verisinin ­ok deĵiĸmediĵi 

veya lidarēn tarama alanēnēn dēĸēnda 

nesnelerin bulunduĵu ortamlarda 

konumlama iĸleminde sapmalar 

olabilmektedir. Sapmalarē en aza indirmek 

amacēyla lidar verisinin konumlama 

algoritmasēna ek olarak tekerleklerin 

enkoderlerinden hesaplanan odometri verisi 

filtrasyon ile kullanēlmaktadēr. 

 

Robotun fiziksel ºzelliklerine, kullanēlan 

sensºrlerine, bulunduĵu ortama gºre 

yazēlēmda ve ilgili parametrelerde 

deĵiĸiklik yapēlarak daha ideal ­alēĸma 

durumu saĵlanabilir. Geliĸtirilebilecek 

aray¿zl¿ merkezi yºnetim sistemi ile birden 

fazla robot gºrev mantēĵēnda devreye 

alēnabilir.   
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SPOKE TĶPĶ ON KUTUPLU FIR¢ASIZ DOĴRU AKIM MOTORUNUN 

TASARIMI VE ANALĶZĶ 
 

 

Muhammed Mahbub ĶBĶķ, Ahmet FENERCĶOĴLU 

 

Tokat Gaziosmanpaĸa ¦niversitesi, M¿hendislik ve Mimarlēk Fak¿ltesi, Mekatronik 

M¿hendisliĵi Bºl¿m¿, Tokat, T¿rkiye 

¥ZET 

G¿n¿m¿zde y¿ksek tork uygulamalarē i­in araĸtērmacēlar tarafēndan yoĵun bir ĸekilde araĸtērma 

yapēlan fēr­asēz doĵru akēm motorlarē olduk­a fazla ilgi gºrmektedir. Yapēlan bu ­alēĸmada 

radyal akēllē spoke tipi olarak anēlan i­ten rotorlu on kutuplu bir fēr­asēz doĵru akēm motoru 

tasarēmē yapēlarak sonlu elemanlar metodu ile analizleri ger­ekleĸtirilmiĸtir. N35SH mēknatēs 

kullanēlarak ºngºr¿len tasarēm parametrelerine gºre istenen hēz ve tork elde edilmiĸtir. Yapēlan 

­alēĸma sonucunda on kutuplu neodyum mēknatēslē spoke tip fēr­asēz doĵru akēm motorunun 

verim ve performans a­ēsēndan tork gerektiren uygulamalarda yeterli olduĵu gºr¿lm¿ĸt¿r.  

Anahtar Kelimeler:  Fēr­asēz doĵru akēm motoru, spoke tip, sonlu elemanlar

 

I. GĶRĶķ 

Fēr­asēz doĵru akēm motorlarē (FDAM), 

y¿ksek tork ve y¿ksek verimlilik gibi bir­ok 

avantajē nedeniyle yaygēn olarak 

kullanēlmaktadēr. ¥zellikle, kalēcē 

mēknatēslardan akēyē konsantre edebilen 

spoke tipi FDAM, y¿ksek rel¿ktans 

torkundan kaynaklanan birim hacim baĸēna 

y¿ksek tork yoĵunluĵuna ve daimi 

mēknatēstan gelen akēyē konsantre etme 

yapēsēna sahiptir. Spoke tipi FDAM bu 

nedenle y¿ksek tork uygulamalarē i­in 

araĸtērmacēlar tarafēndan yoĵun bir ĸekilde 

araĸtērēlmaktadēr [1]. Spoke tipi FDAM 

adēna yapēlmēĸ olan bilimsel bir araĸtērmada 

2D sonlu elemanlar metodu kullanēlarak 

motor tasarēmēnda tork dalgalanmasē ve 

harmoniklerin azaltēlmasē ile ilgili 

­alēĸmalara yer verilmiĸtir. Bu ­alēĸmada 

ºnerilen spoke tipi rotor tasarēmē ile 

harmoniklerin azaltēlmasē 

ama­lanmaktadēr. Bahsi ge­en rotor tipi ile 

stator diĸleri ve mēknatēs arasēndaki hava 

boĸluĵu adēna yeni bir tasarēm ºnerilerek 

kayēplarēn azaltēlmasēyla birlikte manyetik 

akēnēn artmasē saĵlanmēĸtēr.  

 

2D sonlu elemanlar metodu ile yapēlan 

analiz ­alēĸmalarē doĵrultusunda prototip 

model analiz sonu­larē ile 

karĸēlaĸtērēldēĵēnda tork dalgalanmasē ve 

ortalama tork deĵerlerinin olumlu yºnde 

sonu­lara sahip olduĵu izlenmiĸtir [1].   

Bir baĸka ­alēĸmada ise spoke tip rotor 

yapēsē ile y¿zey mēknatēslē rotor tipine sahip 

FDAMôlarē karĸēlaĸtērēlmēĸtēr. 

Karĸēlaĸtērmada ana kriter tork 

karakteristiĵi olarak belirlenmiĸtir. Sonlu 

elemanlar yºntemi ile spoke tip motorlarēn 

akēm ve tork karakteristiĵi incelenmiĸtir. 

Analizler ve incelemeler doĵrultusunda 

spoke tipi FDAMônun y¿zey mēknatēslē 

rotor yapēsēna sahip motora gºre tork 

karakteristiĵinin daha iyi olduĵu sonucuna 

varēlarak bu konu vurgulanmēĸtēr. Daha 

sonra spoke tipi rotor yapēsēnda bulunan akē 

bariyerleri adēna optimizasyon ­alēĸmalarē 

ile tork dalgalanmalarē minimum seviyeye 

getirilmesi ama­lanarak farklē tasarēmlara 

sahip spoke tipi rotor yapēlarē ºnerilmiĸtir 

[2]. 
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Fig. 104. Spoke tipi motorun geometrik 

yapēsē[2] 

Spoke tipi kalēcē mēknatēslē rotorlar, 

manyetik olmayan bir ĸaft / gºbek 

­evresinde radyal olarak d¿zenlenmiĸ iki 

bitiĸik kalēcē mēknatēs setinin varlēĵē 

nedeniyle doĵal bir akē konsantrasyon 

kapasitesine sahiptir. Fig. 104ôde verilen 

geometrik yapē, her bir kalēcē mēknatēsēn akē 

yoĵunluĵuna kēyasla hava aralēĵēnda daha 

y¿ksek akē yoĵunluklarēna yol a­abilir. Bu 

tasarēm ºzelliĵi, prensip olarak, neodyum 

(NdFeB) gibi nadir toprak mēknatēs 

malzemelerinin, daha ucuz ve yaygēn olarak 

bulunabilen ferritlerle deĵiĸtirilmesine izin 

vermektedir [3]. 

Farklē rotor tiplerinin incelenmesi ve 

kēyaslanmasē adēna yapēlan bir ­alēĸmada 

ise spoke tipi 12 oluklu ï 8 kutuplu ve 12 

oluklu -10 kutuplu iki farklē tasarēm ile 

birlikte neodyum ve ferrit mēknatēslar 

kullanēlarak yapēlmēĸ olan daimi mēknatēslē 

elektrik motoru tasarēmlarē 

karĸēlaĸtērēlmēĸtēr. Sonlu elemanlar metodu 

kullanēlarak motor tasarēmēnda 

optimizasyon ­alēĸmalarē yapēlmēĸ olup bu 

­alēĸmalar analiz edilmiĸtir. 

Ger­ekleĸtirilen analiz doĵrultusunda 

optimizasyon amacē olarak malzeme 

maliyeti, tork dalgalanmasē ve g¿­ kayēplarē 

belirlenmiĸtir. Karĸēlaĸtērmalarēn detaylē bir 

ĸekilde anlaĸēlmasē baĵlamēnda farklē spoke 

tip rotor tasarēmlarē i­in ele alēnan ama­lar 

adēna tablolar oluĸturulmuĸtur. Analizi 

ger­ekleĸtirilen 6 farklē tasarēm 

incelemesine sahip ­alēĸmanēn sonucunda 

aynē oluk ve kutup oranēna sahip spoke tip 

motorlardan ferrit mēknatēslē tipin neodyum 

mēknatēslē tipe gºre %40 d¿ĸ¿k maliyetli ve 

daha verimli olduĵu gºr¿lm¿ĸt¿r. Daha 

sonra 12 oluklu 8 kutuplu tasarēmēn diĵer 

tipe gºre daha maliyetli ve y¿ksek tork 

dalgalanmasē gibi dezavantajlara sahip 

olmasēna raĵmen yapēlan incelemeler ve 

detaylē tablolar ile birlikte kayēplarēn daha 

da d¿ĸ¿r¿lmesi adēna optimum tasarēmlar 

yapēlabileceĵi sonucuna varēlmēĸtēr [3]. 

Dºrt kutuplu daimi mēknatēslē bir motor i­in 

farklē rotor geometrik yapēlarē gºze alēnarak 

incelenen bir bilimsel ­alēĸmada maksimum 

tork aralēĵēnēn bulunmasē adēna minimum 

miktarda mēknatēs kullanēlarak ­eĸitli 

analizler yapēlmēĸtēr. Yapēlan analizler 

doĵrultusunda farklē rotor geometrilerinin 

pozitif ve negatif taraflarē deĵerlendirilerek 

manyetik akē oranlarē, tork miktarē ve 

yoĵunluĵu kēyaslanmēĸtēr. Bilimsel 

­alēĸmanēn amacēna sadēk kalēnmasē i­in 

yapēlan her geometrik tasarēmda statorun 6 

oluklu ve rotorun 4 kutuplu yapēya sahip 

olmasēna ºzen gºsterilmiĸtir. Bu 

incelemeler doĵrultusunda daimi mēknatēslē 

motorlarda hacim ve maliyet d¿ĸ¿rmek i­in 

i­ten rotorlu motorlar incelenerek y¿zey 

mēknatēslē rotor yapēsēna sahip motorlara 

gºre spoke tip rotor yapēsēnēn y¿ksek akē ve 

y¿ksek tork saĵladēĵē sonucuna varēlmēĸtēr 

[4].   

2020 yēlēnda yayēnlanan bir makalede 

verimliliĵi y¿ksek elektrik motorlarēnēn 

maliyetini d¿ĸ¿rmek i­in, ferrit ve nadir 

toprak mēknatēslarēnēn bir arada 

kullanēlmasē ile farklē rotor geometrik 

yapēlarē ºnerilmiĸtir. ¢alēĸmada 

ger­ekleĸtirilen incelemelerde farklē 

uzunluklardaki mēknatēslara sahip spoke 

tipi rotor tipinin, diĵer rotor yapēlarēna gºre 

tork deĵerlerinin, dolar baĸēna kēyaslamasē 

yapēlmēĸtēr. Sonu­ olarak ­alēĸmada 

ºnerilen spoke tipi motor yapēsēnēn motor 

maliyetini d¿ĸ¿r¿rken verim kaybē 

olmamasē yapēlan analizler ile 

doĵrulanmēĸtēr [5]. 

Bu bildiride ise 12 oluklu ï 10 kutuplu 

spoke tipi neodyum mēknatēslē fēr­asēz 

doĵru akēm motoru tasarēmē yapēlmēĸ olup 

sonlu elemanlar yºntemi ile analiz edilerek 

sonu­lar tartēĸēlmēĸtēr. 

II. MATERYAL VE Y¥NTEM 

Tasarēmē ger­ekleĸtirilen on kutuplu spoke 

tipi fēr­asēz doĵru akēm motorunun tasarēm 
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ve analiz aĸamalarē adēna ANSYS RMxprt 

ve ANSYS Maxwell yazēlēmē 

kullanēlmēĸtēr. Bu aĸamalarēn detaylarē ise 

alt baĸlēklarda anlatēlmēĸtēr. 

II.1. Spoke Tipi FDAMônun 

Parametrelerinin Belirlenmesi 

420W g¿c¿nde 1000 rpm devire sahip 

spoke tipi motor tasarēmē i­in Tablo 7ôde 

ºngºr¿len tasarēm girdilerine gºre yapēlan 

analizler doĵrultusunda uygun ve 

doĵruluĵu kesinleĸtirilen parametreler 

se­ilmiĸtir. 

Tablo 7. ¥n gºr¿len spoke tipi motor 

parametreleri 

ķebeke 
220-230V AC 50 

Hz 

Stator Ķletken Cu tel 

Motor Gºvde Malzemesi Al  

Maksimum Ortam Sēcaklēĵē 40oC 

Rotor Mēknatēsē NdFeB 

N¿ve Malzemesi M400-50 Silisli Sac 

Belirlenen parametrelere gºre tasarlanan 

motorun geometrik ºl­¿leri ise Tablo 8ôda 

gºsterilmiĸtir. 

Tablo 8. FDAM geometrik ºl­¿leri 

Stator Dēĸ ¢ap(mm) 88 

Stator Ķ­ ¢ap(mm) 50.5 

Rotor Dēĸ ¢ap(mm) 49.5 

Rotor Ķ­ ¢ap(mm) 25 

Paket Uzunluĵu(mm) 50 

Stator Oluk Sayēsē 12 

Kutup Sayēsē 10 

Belirlenen geometrik ºl­¿lere istinaden 

FDAMônun sonlu elemanlar analizine 

ge­meden ºnce ­alēĸma mantēĵēnēn daha iyi 

anlaĸēlmasē i­in elektromanyetik modelinin 

de anlaĸēlmasē gerekir.  

II.2. FDAMônun Elektromanyetik Modeli 

 

 

Fig. 105. FDAM elektromanyetik modeli 

[4] 

FDAMônda hava boĸluĵu ve manyetik 

rel¿ktans y¿ksek olduĵu i­in ­ekirdek 

rel¿ktans ihmal edilmiĸtir. Bu durumda, 

Fig. 105ôde yer alan bir FDAMônun 

manyetik devresindeki hava boĸluĵu 

rel¿ktans (Rg) ve kalēcē mēknatēs rel¿ktans 

(Rm), Denklem 1 kullanēlarak 

hesaplanmēĸtēr. Burada lg hava boĸluĵu 

mesafesi ve lm mēknatēs uzunluĵu, A ise 

stator kutbunun etkin y¿zey alanēdēr [6]. 

 

 Ὑ       Ὑ                                     (1) 

Mēknatēs ge­irgenliĵi (ɛm) ve boĸluĵun 

ge­irgenliĵinin (ɛ0) eĸit olduĵu varsayēlērsa 

(ɛm = ɛ0), manyetik devrenin toplam 

rel¿ktans Denklem 2'de gºsterildiĵi gibi 

ifade edilir. 

 

Ὑ Ὑ Ὑ                   (2) 

 

Manyetik permeans (ɟo) ise Denklem 3 ile 

hesaplanēr: 

 

”                                   (3) 

Fig. 105ôde gºsterilen manyetik devrede 

toplam manyetik akē (‰). Mēknatēs (Bm) ve 

hava aralēĵē (Bg) manyetik akē yoĵunluklarē 

olduĵu zaman; Am ve Ag sērasēyla mēknatēs 

ve hava aralēĵēnēn enine kesit alanlarēdēr. 

Hg, hava aralēĵēndaki manyetik alan 

ĸiddetidir. 

 

‰ ὄὃ ὄὃ  ‘Ὄὃ              (4) 

 

ɛr baĵēl ge­irgenlik ve Hm mēknatēstaki 

manyetik alan ĸiddeti olduĵu zaman 

manyetik akē yoĵunluĵu (Bm) Denklem 5 

kullanēlarak bulunur 

 

ὄ  ‘‘Ὄ                                          (5) 

 

Denklem 6 ise Denklem 4 ve Denklem 5 

kullanēlarak t¿retilmiĸtir: 

‰ ‘‘Ὄ ὃ                                                  (6) 
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Magneto motor kuvveti (F) Denklem 7 

kullanēlarak bulunur: 

 

Ὂ ‰Ὑ ὔὍ  ὰὌ ὰὌ                      (7) 

 

Denklem 7'de t¿retilen sipir sayēsē (N) ile 

stator bobinlerinden ge­en akēm (I), 

Denklem 8 ile hesaplanēr. 

 

Ὅ                                                                 (8) 

 

ķebekeden saĵlanan g¿­ (P) Denklem 9 

kullanēlarak bulunur. Motora uygulanan 

anma gerilimi 200 V DC'dir. 

  

ὖ ὟὍ                                                                 (9) 

Temel olarak mekanik g¿­ Denklem 10 ile 

hesaplanēr: 

 

ὖ Ὕ(10)                                                             ‫ 

Verimlilik ise mekanik ­ēkēĸ g¿c¿n¿n (Pm) 

elektriksel giriĸ g¿c¿ne (Pi) oranēdēr. 

II.3. FDAMônun S¿rme Devresi 

  

Fig. 106ôda ANSYS programē ile 

oluĸturulan s¿rme devresinin ºrneĵi 

gºr¿lmektedir. Motora uygulanan anma 

gerilimi 200 VDCôdir. Sonlu elemanlar 

yºnteminin doĵruluĵunu kanētlamak adēna 

ge­ici durum analizleri ile belirlenen zaman 

aralēklarēnda motor ger­ek zamanlē 

durumdaymēĸ gibi analiz edilir. S¿rme 

devresi ile beraber 0 ve 200ms aralēĵēnda 

­alēĸtērēlarak motorun manyetik akē 

yoĵunluĵu, faz akēmlarē, kayēplar gibi 

parametreler grafiksel olarak gºsterimi 

m¿mk¿n hale gelir. 

 

 

Fig. 106. FDAM S¿rme Devresi 

III. SONLU ELEMANLAR Y¥NTEMĶ 

ĶLE ANALĶZ 

Belirlenen parametrelere gºre tasarēmē 

yapēlan motorun FEM tabanlē analizleri i­in 

ANSYS RMxprt ve ANSYS Maxwell 

yazēlēmlarē kullanēlmēĸ, ardēndan elde 

edilen analitik veriler i­in FEM analizler 

Maxwell 2D ile yapēlmēĸtēr. 

Ayrēca Fig. 107ôde ise ANSYS Maxwell 2D 

geometrisi bulunan 10 kutuplu 12 slotlu 

spoke tipi FDAM gºr¿lmektedir.  

Motor tasarēmē yapēlērken i­ten rotorlu 

yapēya uyan spoke tipi rotor yapēsē se­ilmiĸ 

ve y¿ksek tork istendiĵi i­in NdFeB 

mēknatēs tercih edilmiĸtir.  Tablo 9ôda ise 

ayrēntēlē bir ĸekilde motor tasarēm 

parametreleri gºr¿lmektedir.    

 

 

 
 

Fig. 107. FDAM geometrisi 

Tablo 9. Motor Tasarēm Parametreleri 

Tasarēm Parametreleri Motor ¥zellikleri 

ķaft G¿c¿ 420W 

ķaft Hēzē 1083rpm 

Voltaj 200 VDC 

Verimlilik  ~%82,6 

Kutup Sayēsē 10 

Tork 3,70 Nm 

Rotor Malzemesi M470-50A 

Stator Dēĸ ¢ap(mm) 88 

Stator Ķ­ ¢ap(mm) 50.5 

Rotor Dēĸ ¢ap(mm) 49.5 

Rotor Ķ­ ¢ap(mm) 25 

Paket Uzunluĵu(mm) 50 

Hava Aralēĵē (mm) 0.5 

Stator Oluk Sayēsē 12 

¢alēĸma Tipi Yēldēz 

Magnet Tipi N35SH 

 

Sargēlar 

Stator Rotor 
 

Mēknatēslar 
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Fig. 108ôde motor tasarēmēnda kullanēlan 

N35SH mēknatēsēn BH eĵrisi 

gºsterilmektedir. Ķdeal kalēcē mēknatēslarda, 

BH eĵrisinin dikdºrtgene yakēn olmasē 

beklenir. Bºylelikle histerezis eĵrisinin 

saĵladēĵē alanēn ­ok geniĸ olmasē saĵlanēr. 

Ayrēca BLDC motorun ­alēĸma koĸullarē da 

dikkate alēndēĵēnda, sēcaklēk parametresi de 

mēknatēs se­iminde ºnemli bir faktºrd¿r. 

N35SH tipi mēknatēslarēn akē deĵerleri, 

400C ­alēĸma sēcaklēklarēnda 1,2 T 

civarēndadēr. Ayrēca N35SH mēknatēslar 

1800C sēcaklēk deĵerinden sonra manyetize 

olmaya baĸlar. 

 

 

Fig. 108. N35SH mēknatēsēn BH eĵrisi 

 

Fig. 109. M470-50A BH eĵrisi 

Ayrēca Fig. 109ôda ise motor tasarēmēnda 

kullanēlan M470-50A silisli sacēn BH eĵrisi 

gºr¿lmektedir. 

 

IV. ANALĶZ SONU¢LARI 

ANSOFT Maxwell RMxprt ile t¿m 

boyutlandērma ve optimizasyon 

­alēĸmalarēnēn sonunda verim ve diĵer ­ēkēĸ 

parametrelerinin istenilen seviyelerde 

kalmasēnē saĵlamak i­in parametrik 

­ºz¿mler yapēlarak 420 W motor modeli 

­ēkarēlmēĸtēr. Fig. 110ôda motor hēzēndaki 

deĵiĸime baĵlē olarak Maxwell RMxprt 

programē ile elde edilen motor akēmēndaki 

deĵiĸim grafiĵi gºsterilmektedir. 

 

 

Fig. 110. Motor hēzēna gºre motor akēmēn 

deĵiĸimi 

Fig. 111ôde ise motor hēzēndaki deĵiĸime 

baĵlē olarak Maxwell RMxprt programē ile 

elde edilen verim grafiĵi gºsterilmektedir. 

Spoke tipi motorun nominal 1083 rpm hēzda 

%82.21 verime sahip olduĵu gºr¿lmektedir.  

 

 

Fig. 111. Motor hēzēna gºre verimlilik 

deĵiĸimi 

FDAMôna sonlu elemanlar yºntemi 

kullanēlarak analizlerin tamamlanmasē i­in 

Maxwell RMxprt ve Maxwell 2D yazēlēmē 

arasēnda transfer iĸlemi ger­ekleĸtirilmesi 

ile beraber tork, hēz, akēm ve dc bara akēmē 

grafikleri incelenmiĸtir. 

 

 

Fig. 112. Elektromanyetik tork ve mil y¿k 

torku 

 

Fig. 113. Maxwell 2D ile motor hēz grafiĵi 
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Fig. 112ôde gºsterilen grafiĵe gºre 

elektromanyetik tork 3.68 Nm, ĸaftta yararlē 

mekanik iĸler yapmak i­in mil y¿k torku ise 

3.36 Nmôdir. Fig. 113ôde ise motor hēzē ise 

1190.72 rpm olarak gºr¿lmektedir.  

 

 

Fig 114. Motor faz akēmlarē 

 

Fig. 115. DC bara akēmē 

Fig. 114ôde gºsterilen grafikte ise her bir 

faz ¿zerinde yer alan faz akēmlarē 

gºr¿lmektedir. Yaklaĸēk olarak her bir 

fazdaki ortalama akēm deĵeri 2,54 

amperdir. Bir FDAM belirtilen voltaj 

deĵerinde ­alēĸtērēldēĵēnda motorun 

­ekeceĵi akēm y¿ke baĵlēdēr. Y¿k artēk­a 

motorun ­ektiĵi akēmda artar. Mevcut 

grafiĵe gºre 420W motorun sabit y¿kte 

­ektiĵi ortalama akēm deĵeri gºr¿lmektedir.  

Fig. 115ôde yer alan grafikte 70ms ve 

120ms arasēnda gºr¿len DC bara akēmē ise 

2,64 amperdir. 

Yapēlan analizler sonucunda ise Fig. 116ôda 

n¿ve kayēplarē ve bakēr kayēplarē 

gºr¿lmektedir. N¿ve kayēplarē grafiĵe gºre 

16.05W, bakēr kayēplarē ise 67W olarak 

alēndēĵēnda toplam kayēplar yaklaĸēk 

5Wôlēk s¿rt¿nme kaybē d©hil 88.05W olarak 

bulunmuĸtur. Buna gºre motor verimi 

~%82,6 olarak hesaplanmēĸtēr. 

 

 
 

 

Fig. 116. Kayēplarēn grafik ile gºsterimi 

Spoke tipi fēr­asēz doĵru akēm motorunun 

manyetik akē analizi sonucunda Fig. 117ôde 

farklē noktalardan ºl­¿m sonu­larēna 

bakēlarak doyum noktalarē Tablo 10ôda 

incelenmiĸtir. 

Tablo 10. FDAMônun farklē noktalardan 

manyetik akē yoĵunluklarē 

Nokta B(Tesla) 

m1  0,925 

m2 0,270 

m3 1,582 

m4 1,737 

m5 0,697 

m6 1,611 

m7 1,787 

m8 1,554 

m9 1,436 

m10 1,960 

 

 

Fig. 117. Spoke tipi FDAMônun farklē 

noktalardan manyetik akē yoĵunluklarēnēn 

incelenmesi 



RECENT ADVANCES IN MECHATRONICS ENGINEERING                                                             MEKON 

 

 

65 65 

Fig. 117ôdeki gºrsellere gºre oluk diĸ 

u­larēnda 1.9 T olarak manyetik doyum 

oluĸmuĸtur. Oluk diĸlerinde, boyundurukta 

ve rotordaki akē yoĵunluĵu daĵēlēmlarēna 

gºre doyum oluĸmamēĸtēr. Modelin 

manyetik alan ­izgileri Fig. 118ôde akēm 

yoĵunluklarē Fig. 119ôda gºr¿lmektedir.  

 

 

Fig. 118. Spoke tipi FDAMônun manyetik 

alan ­izgileri 

 

Fig. 119. Spoke tipi FDAMônun manyetik 

akēm yoĵunluĵu 

Manyetik alan ­izgileri 10 kutup 

oluĸumunu gºstermektedir. Sargēlardaki 

maksimum akēm yoĵunluĵu ise 7 

A/mm2ôdir. Bu akēm yoĵunluĵuna gºre 

motor S1 modda ­alēĸabilir. Fakat 

uygulama kapsamēnda S3 modda 

­alēĸacaktēr.  420W 1000rpm olarak ºn 

gºr¿len motor tasarēmē FEM analizi ile 

doĵrulanarak 10 kutuplu bir spoke tipi 

FDAMônun neodyum mēknatēs ile ~%82,6 

verim ile ­alēĸabileceĵi izlenmiĸtir. 

V. SONU¢ 

Tasarēmē yapēlan FDAMônun parametreleri 

analitik hesaplamalar ile tahmin edilmiĸ ve 

tam y¿kte FEM analizi ile doĵrulanmēĸtēr. 

Tasarlanan FDAMônun etiket deĵerleri ise 

220V, 420 W, 1000 rpm, 2.5 A, 4 Nm ve 

verimlilik %83ôt¿r. Motor etiket deĵerleri 

ve analiz sonu­larēna gºre tork istenen 

end¿striyel uygulamalarda tasarlanmēĸ olan 

FDAMônun kullanēlabileceĵi a­ēk­a 

gºr¿lmektedir. 
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D-TĶPĶ PĶLLERĶ TAķIMA/DĶZĶLĶM Ķ¢ĶN ĶKĶ ¢ENELĶ ROBOTĶK 

TUTUCU SĶSTEM TASARIMI, YAPISAL ANALĶZĶ, PROTOTĶP 

¦RETĶMĶ VE KOLABORATĶF ROBOTA ENTEGRASYONU 
 

M. Burak YILMAZ, Arca A. KE¢ECĶ, Murat KISA, Kubilay G¥¢ER, Savaĸ 

DĶLĶBAL 

 

Ķstanbul Gedik ¦niversitesi, M¿hendislik Fak¿ltesi, Mekatronik M¿hendisliĵi, Ķstanbul, 

T¿rkiye 

¥ZET 

Robotik sistemler, ge­tiĵimiz 20 yēl i­erisinde tekrarlanabilir, seri ve kaliteli ¿r¿n elde etmek 

amacēyla baĸta ¿retim ve montaj hatlarē olmak ¿zere end¿strinin her alanēnda aktif olarak yer 

almaya baĸlamēĸtēr. End¿striyel robot manip¿latºrlerin farklē iĸ ortamlarēnda gºrevlerini yerine 

getirebilmesi i­in uygulamaya uygun robotik tutucular tasarlanmaktadēr. Bu ­alēĸmada D-tipi 

pilleri taĸēma maksatlē geliĸtirilmiĸ iki ­eneli robotik tutucunun tasarēmē, yapēsal analizi, 

prototip ¿retimi ve kolaboratif robota entegrasyonu saĵlanmēĸtēr. D-tipi pil taĸēma i­in 

kullanēlacak robotik tutucunun temel iĸlevi, silindirik yapēda olan D-tipi pilleri ¿retim 

bandēndan aldēktan sonra belirlenmiĸ nihai istasyondaki kutu i­ine dizerek imalat akēĸēnēn 

devam etmesini saĵlamaktēr. Robotik tutucunun ­eneleri geleneksel ĸekilde kullanēlan 

­enelerden farklē olarak, tutulacak D-tipi pillerin geometrisine gºre spesifik olarak 

tasarlanmēĸtēr. Eyleyici tahrik sistemi olarak elektropnºmatik tahrikli eyleyici sistemi 

kullanēlmēĸtēr. Elektropnºmatik tahrikli eyleyici mekanizmasē ileri geri hareket ile robotik 

tutucu pili kavrayēp bērakabilmektedir. Robotik tutucunun ana yapēsē 6000 serisi al¿minyum 

kullanēlarak CNC tezg©hēnda ¿retilmiĸtir. Robotik tutucunun ­ene kēsmē ¿­ boyutlu baskē 

teknolojisi kullanēlarak ¿retilmiĸtir. Projenin tasarēmēnda Autodesk Fusion360, yapēsal analiz 

kēsmēnda Ansys programlarē kullanēlmēĸtēr. Robotik tutucunun testleri kolaboratif robot 

manip¿latºr¿ olan Fanuc CRX-10iA ¿zerinde ger­ekleĸtirilmiĸtir. Robotik tutucunun konumu 

ve yºnelimi bu manip¿latºr ile kontrol edilerek saĵlanmēĸtēr. Kavrama iĸleminden sonra son 

konum ekseni ¿zerine dizilimi ger­ekleĸtirilerek iĸlem sonlandērmēĸtēr. Robotun ­alēĸacaĵē 

ortam ve emniyet katsayēlarē gºz ºn¿nde bulundurarak gerekli tutma kuvveti belirlenmiĸ ve 

robotun verimli ­alēĸmasē i­in temel ĸartlar saĵlanmēĸtēr. Roboguide sim¿lasyon programēnda 

geliĸtirilen senaryo, sistem entegrasyonu sonunda ger­ek ortamda kollaboratif robot, tutucu 

sistemi ve D-tipi piller ile test edilmiĸtir. Ķlerleyen ­alēĸmalarda, gºr¿nt¿ iĸleme ile konveyºr 

bandē ¿zerinden D-tipi pillerin alēnmasē ve uygulama yapēlacak end¿striyel sistem ¿zerinde 

kullanēlmasē araĸtērēlacaktēr. 

Anahtar Kelimeler:  Robotik Tutucu, Pnºmatik Eyleyici, Kolaboratif Robot, Robotik Tutucu 

Tasarēmē

 

I. GĶRĶķ 
End¿striyel robot, sanayinin bir­ok 

alanēnda tercih edilen sabit veya taĸēnabilir, 

¿­ veya daha fazla programlanabilir eksene 

sahip, kendi kendine kontrol edilebilen, 

yeniden programlanabilir ­ok ama­lē 

manip¿latºr olarak tanēmlanabilir. Robot 

sistemleri i­erisinde robotik tutucular, farklē 

end¿striyel uygulamalar i­in tasarēm  

 

­eĸitliliĵi bulunan fonksiyonel alt 

birimlerdir [2]. Uygulamaya baĵlē olarak 

kolaboratif/ end¿striyel robotlar bir­ok 

farklē tutucu sistemiyle birlikte 

kullanēlabilirler [3-7].  G¿venli insan-robot 

iĸ birliĵi maksadēyla hazērlanan ISO/TS 

15066 standardēna gºre, iĸ birliĵine dayalē 

uygulamalar i­in kolaboratif robotlar 4 ana 

g¿venlik metodu ile ­alēĸtērēlabilir.
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Bunlar;  

a) Emniyetli izlemeli duruĸ,  

b) Elle yºnlendirme,  

c) Hēz ve mesafe izleme,  

d) G¿­ ve kuvvet sēnērlama olarak 

listelenebilir. 

Emniyetli izlemeli duruĸ metodunda 

operatºr, robot ile etkileĸime girmek i­in ve 

herhangi bir gºrevi ger­ekleĸtirmek i­in 

kolaboratif ­alēĸma alanēna girmeden ºnce 

robotun hareketleri emniyetli izlemeli duruĸ 

ºzelliĵi ile durdurulur. Eĵer operatºr 

­alēĸma alanēnda yoksa robot kolaboratif 

olmayan modda ­alēĸabilir. Operatºr¿n 

alana giriĸi ancak robot emniyetli ĸekilde 

hareketsizken olabilir. 

 

 

Fig. 120. Emniyetli izlemeli duruĸ ve hēz 

grafiĵi [8] 

Elle yºnlendirme metodunda, operatºr 

hareket komutlarēnē robota aktarmak i­in 

elle kumanda edilen bir cihaz kullanēr. 

Operatºr¿n kolaboratif ­alēĸma alanēna 

girmesi i­in robotun emniyetli izlemeli 

duruĸa ge­miĸ olmasē gerekmektedir. Ķĸlem 

manuel ĸekilde, robotun u­ etkileyici 

birimine yakēn bir noktaya yerleĸtirilmiĸ 

olan yºnlendirme cihazēnēn hareket 

ettirilmesiyle yapēlēr. Operatºr s¿rekli 

emniyetli sēnērlanmēĸ hēz (SLS: Safely 

Limited Speed) fonksiyonu ile koruma 

altēndadēr. Ayarlanmēĸ emniyetli hēzēn 

¿zerine ­ēkēldēĵēnda, robot, STO yaparak 

duruĸa ge­er. 

 

 

Fig. 121. Elle yºnlendirme gºsterimi [8] 

Hēz ve mesafe izleme metodunda, robot 

sistemi ve operatºr aynē anda kolaboratif 

­alēĸma alanēnda hareket halindedir. Risk 

azaltēmē, ­alēĸmanēn her anēnda, bu ikili 

arasēnda asgari bir koruyucu ayrēm 

mesafesi bērakēlarak saĵlanēr. Bu ayrēmēn 

algēlanabilmesi i­in, robot ekipmanēna ek 

olarak algēlayēcē emniyet ekipmanlarē 

kullanēlēr. ¢alēĸan, kolaboratif ­alēĸma 

alanēna yaklaĸtēĵēnda, azalmēĸ olan 

mesafenin emniyetli ayrēm mesafesi 

olabilmesi i­in robot hēzēnē azaltēr. 

 

Fig. 122. Hēz ve mesafe izleme gºsterimi 

[8] 

Buraya kadarki ¿­ metotta, robot hareket 

halindeyken ­alēĸanēn robota belli bir 

mesafeden fazla yaklaĸmasē m¿mk¿n 

olmamaktadēr. Dolayēsēyla, ­alēĸma ĸekli 

gereĵi robot ve insan temas veya ­arpēĸmasē 

m¿mk¿n deĵildir. G¿­ ve kuvvet sēnērlama 

metodunda, ­alēĸanla robot aynē anda aynē 

alanda birbirlerine yakēn mesafelerde 

hareket halinde ­alēĸabilirler. Bu nedenle 

artēk tehlikeli olabilecek temas ve ­arpēĸma 

gibi ihtimallerden bahsetmek m¿mk¿nd¿r. 

Bu sebeple, diĵer ¿­ uygulamada 

konvansiyonel robot donanēmē 

kullanēlabilirken, dºrd¿nc¿ metotta olasē bir 

­arpēĸmanēn etkisini azaltmak i­in, fiziksel 

dēĸ yapēsē ºzel olarak tasarlanmēĸ ve kuvvet 

algēlama sensºrleri bulunan, kolaboratif 

robot donanēmē kullanēlmaktadēr.  

 

Fig. 123. G¿­ ve kuvvet sēnērlama 

gºsterimi [8] 
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Robotik tutucu se­imi yapēlacak iĸe gºre 

belirlenir. Robotik tutucunun karakteristiĵi 

tutulacak nesnenin ºzelliklerine gºre 

deĵiĸiklik gºsterir. ¥rneĵin tutulacak 

nesnenin; ĸekli, tutucunun y¿zeyini; 

b¿y¿kl¿ĵ¿, tutucunun kavrama aralēĵēnē; 

k¿tlesi, kavrama i­in gerekli kuvveti; 

pozisyonu ve kavrama eksenini etkiler. 

Tutucu ekipmanēna baĵlē etkenler; a­ēsal 

ivmeler, pozisyon doĵruluĵu, baĵlantē 

noktalarēdēr. ¢evreye baĵlē etkenler; 

besleme ve sºn¿mleme ĸartlarē, nem ve 

s¿rt¿nmelerdir. 

Fig. 124. Tutucu alt elemanlarē [9] 

II. MALZEME VE Y¥NTEM 

Kolaboratif robot tarafēndan tutulmasē 

istenen par­a D-tipi pil olarak 

belirlenmiĸtir. Nesnenin geometrik ĸekli ve 

yapēsal ºzellikleri gºz ºn¿nde 

bulundurularak tutucu se­iminde pnºmatik 

eyleyici ile ­alēĸan iki ­eneli mekanik 

tutucunun uygun olduĵu kararlaĸtērēlmēĸtēr.  

II.1 Robot Manip¿latºr¿ Se­imi 

Bu ­alēĸmada, tasarlanan robotik tutucunun 

kolaboratif ­alēĸma alanlarēndaki testi, 

FANUC tarafēndan ¿retilen CRX-10iA 

kolaboratif robot manip¿latºr¿d¿r. CRX-

10iA robot manip¿latºr¿ 40 kg aĵērlēĵa 

sahiptir ve 200-240Vôluk g¿­ kaynaĵē ile 

beslenir. ¢evre birimine bir eklenti 

yazēlēmēyla aray¿z kurularak baĵlanēr. 

ISO/TS15066 standartlarēna uyumlu ve 

ISO10218-1 sertifikasēna sahiptir. S¿r¿kle 

ve bērak programlama se­eneĵiyle robotik 

uygulamalar kolayca hazērlanēr. 

 

Fig. 125. Fanuc CRX-10iA robot 

manip¿latºr¿ [10] 

Fig. 126. Kolaboratif hareket ­eĸitleri [10] 

II.2 Robotik tutucu tasarēmē 

 

 

Fig. 127. Robotik tutucunun bilgisayar 

destekli tasarēmē 

 

Robot, ¿­ eklem 

noktasēndan da 

itilebilir.  

 

 

 

 

Hafif temaslarda 

g¿venlik 

i­in durur.  

(10 N-20 N) 

 

 

 

Robot aĵēr 

objelerle 

karĸēlaĸtēĵēnda 

tutma kuvvetini 

anēnda  

minimize ederek 

­ekilir. 

 

 


