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CONSTRUCTION OF A PORTABLE GAS MEASUREMENT SYSTEM
FOR AN UNMANNED AERIAL QUADCOPTER
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ABSTRACT

Each day the air quality monitoring is getting more important issue in recent years due to
climate changand air pollution. There araany reasons for measuriogrbon dioxide ¢ O).

One of them is that CO can decrease product
can lead to lethargy and fatigue. And for that reagas significant to be able to measure the

CO |l evel . Therefore, It i s worthy to measu!
people might not be able to have a fastess anddditionally,this could be time saving, and

would not endanggrersonal safety. In this article, the buildingpof e a |  t measeren@2
systemf or a dr one, which reads the CO l evel,
system and displays them over a website | | be introduced. The s\

sensors, pason sensors, microcontrollers, GSM modules, database and websites. Before the
selection of each componetotbe used in the projecharket researcts provided, whee 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 1
test of the system will be presented to demonstrate tifierpence of the system. Drones are —
known to be ged for racing, photographsearchingnd in this work the usagetbie air quality

monitoring will be discussed.

Keywords: Carbon dioxideAir quality monitoring,Drones Gas systemoT

[. INTRODUCTION

Drones are becoming increasingly popular. Il. MATERIAL AND METHOD

They are still in their infancy in terms of  This project involves designing a system,
massadoption and use, but drones have selecting the components required for a gas
already broken rigid traditional barriers in  measurement system for a drone by doing
industries. From filming and photography = market researcfor the project, purchasing
to farming and surveillance to inspections the required requirements, mounting the
and other areas, the use of drones is sensors, building the circuit, programming
increasing rapidly. In addition, drones are the microcontroller, as well as the design of
faster andcould move in more different the graphic user interface, which finally
directions in compare with similar integrates the system and receives the
innovation technology. Therefore, a carbon incoming data from the microcontroller.
dioxide measurement system was The processes from the design and
developed to be loaded via a drone because operation of the interface that enable the
CO2 has been a very hot topic for a number data to be obtaed are discussed.

of years as it is increasing the air due to

fossil fuel burning, climate change and also

government policies.
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II.1 Infrastructure Of The System

The requirechardware component is to be
selected to obtain data on carbon dioxide in
the air, latitudeand longitude for the
position. The operation ofthe system
requires the construction of the cirguit
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 dedan

the microcontrollerThe processes from the
design and operation of the interface that
enable the data to be obtained are discussed.

I1.2. System Components

HTTP POST

Arduino nano
GPS + CO2 Sensor

lish

Pub ings
[P o
T . o
-

Fig. 1. The component of the designed gas
system

Fig. 1 shows the structure of the system and
here are the selected components:

The omponents of this project include
three sensors and a microcontroller. These
sensors ar@a GPS sensor for the data of
longitude and latitudea gas sensor for the
carbon dioxideletectiona GSM modulé¢o
send the data over a server. The
microcontoller 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 GPSsensor:

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 barate of 4800 to
230400 bps with a standard baud of 9600.
And it actually worksby figuring out how
far the device if'rom a number of satellites.
The receiver then calculates how far away
each satellite is by figuring out how long it
takes for the signato 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.

CCS811gassensor

The CCS811 Air Quality Breakout is a
digital gas sensosolution 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 & power
supply to the plate, reads the analog voltage
and provides an 12C 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 O to 1187 ppm.

SIMB00L GSM / GPRSmodule

It is a miniature GSM modem that can be
integrated into a wide variety ofoT
projects. With this module or@an achieve
almost eventting that a normal mobile
phonecan. SMS text messages, making or
receiving phone calls, connecting to the
Internet using GPRS, TCP / IP. It supports
gquadband: GSM850, EGSM900,
DCS1800 and PCS1900. In addition, a
connection to any global GSM network is
established with any 2G SIM carféinally,

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
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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.

[1.3. Building The Circuit

The first thing to do was to soldering the pins
for the sensors in order fwovide electrical
connection with the correspondir@ns in
Arduino, as shown in Figur2

Fig. 2. The soldering of the pins of the
sensors

The designed circuit consists of an Arti
Mega and a GPS NEO 6M senddEO 6M
sensors operate with voltage between 2.7 and
3.6 and because of that it was connected to the
3.3V of the Arduino. Br the power supply to
the CCS811 carbon dioxide sensor, it
operates with voltage range between 1.8 and
3.8 so it waslso connected to the 3.3pihs.

In addition, the communication protocol for
GPS sensor is UART protogahusthe TX
and RX pins were used for the connection to
Arduino.Gas sensarsesthe 12C protocqlso

for the connectionthe SDA and SCL pins
were used. Furthermgr@ SIMBOOL GSM
modulealso includes a UART protocdrhe
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 SIM80OL module
is the sufficient power supply. Depending on
the state in which it is, the SIM80 can be a
relatively powerdemandinglevice.

The maximum power c@umption of the
modulecorresponds to a currentf during
thetransmission burst. As this is too high to
obtain fromArduino, a direct LiPo battery
supply was utilized Figure 3 shows the
circuit diagram of the system and describes

the pins required fahe communication and
power supply

Fig. 3. The building of the circui

I1.4. Gas System Software Technology

This section shows the softwaezhnology

of the system starting from the
programming © the microcontroller to
receivethe data from the sensors and send
it through theGSM module, additionally
creating the database, integrating the system
and finallydesignng the user interface.

As shown in Figurd, the system startwith
opening the GPRS connection and
establishing the HTTP connectidhen the
system enter a loop readinghe data from
the sensor and then sémglit by calling the
URL and dang it again and again. This data
is thensaved in the database and the website
callsit 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 sens(ffigure 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 datare 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.

2 Autoscrol Boh N AR

9600 baud Clear output

Fig. 5. The data from the GPS sensor

To get TinyGPS++ to work, it haso
repeaedly funnel the characteffsom 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.Ing() function, respectivelys
shown in kgure®6.

542474
942474
942474
Latitude= 41.067783 Longitude= 2B.942472
.942472
.942472
.542472
.942472

Latitude= 41.067783 Longitude= 28.
Latituda= 41.067783 Longitude= 28.
Latitude= 41.067783 Longitude= 28.

Latitude= 41.067783 Longitude= 28
Latitude= 41.067783 Longitude= 28
Latituda= 41.067783 Longitude= 28
Latitude= 41.067783 Longitude= 28

-Fi'g. 6. The data from the GPS sensor

SpakFun CCS811 Arduino Library was
usedfor the gas sensor. Usirnbis library,

the sensor can be initializegholled for
availabledata by ccs.available(), thetd
can be read using ccs.readData() and lastly
the readings can be accessed with
ccs.geteC@). Figure7 shows the reading

of CO

00ppm
27 ppm
Z2ppm
I8 ppm
Z2Tppm
L4ppm

1 7Tppm

50 0000000 0
B R BB R R R @

l4ppm
1 7Tppm

R e O A A I A A
B3 v - E T

Fig. 7. Thedata obtained from the gas
sensor

AT commands are instructions used to
control a modentheyare also supported by
GSM. Using the AT commands the sim800I
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 enablpacket
oriented data transmission. In addition,
some configuration parameters are
required, so the first thing to do is to open
the GPRS connection for the SIM800I
Then the APN should be set, the APN
(Access Point Name) is the access point
(gateway) inthe mobile network. The APN
wasfound on
the carrier should be opened and defined
and last the HTTP service was initialized
After theseoperations the command for

t hwebsierhervi der 6
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passing the URL to be called can be used
shown in Figures.

Set the
GPRS
connection

R T

Set the APN
parameter

Open &
define
network
operator

.

Establishing
HTTP service

N —

Call the URL

Fig. 8. The flowchart of the working
principle for the GSM module SIM800L

Il .4.2. Databasecreation

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. df
creation of tle database the XAMPP was
used, as shown in Figuge

XAMPP is a PHP development
environment, free and opeource cross
platform web server solution stack package,
consisting maily of the Apache HTTP
Server. kst the system wasreatedthen a
table withthe requirecpbarametes: 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 d¢base should be
uploaded overthe cPanelof the created
website.

Il .4.3 Back-end web development

Backend 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 databasdgormation

to the browser was written with PHP
language. First thing to do was to create a
connection by the server name, user name
and passwordetween the website and the
databasgthen to check the connectiorh&
second thing was to get the a&tom the
tablein the database, to display dver the
website and to produce the table of the
parameter neeckd to be accessed.nl
additionto accessing the tahlthe coming
data should be selected to be able to display

atthe website.
Page

Dynamic

Obtain
Data

PHP

Web Server
Request

Fig. 10. Back-endweb relations

Il .4.4. Front-end web development
Frontend 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 fronénd 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 geect of the site and allows
the site to have its own unique looKhis
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language wa used to create a GUI that has
a sectiorshowingthe position on a Google
map by using the iframe, live data for £0
and time as shown in Figur&l. In addition,
another section was credtfor the table to
display all the data and the table hasuay

in allowed to be exported to an Excel, PDF
or CSVfile, also a delete button waeeated

to have the chance of deleting the ddtera
exporting it. The page haan automatic
refresh every five secostbr displaying the
new data from the database

r“"ll'
_C0:: 400
’ -
mm:%@&nﬁmx
- ’
s WAl P

Fig. 11. The deéigned user interface

[ll. RESULTS AND DISCUSSIONS

In this section of the paper the test that
measurs the performance of the project
will be explaned to evaluate the work that
has been done. The first tedbne is the
indoor and outdoor testhe two devices
that are required fomdoor 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 Figuré2.

16:07:33.881 -> at+csg
15:07:33.881 -= +C50; 26,0
15:07:33.881 -=

16:07:35.881 -= Ok

Fig. 12 Testing GSM Module with
AAT+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-@d
dBm, which as shown in Table #&n
excellent signal of the GSM module

Tablel. The meaning of the value from
AAT+CSQ command

Value RSSI dBm Condition

[} -113 dBm or less not known or not detectable

1~9 109~-95 dBm

10~14 -93~-85 Ok

15~19 -83~-75 Good

20~30 -73~-53 Excellent

a9 - not known or not detectable

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 commaszhsed device.
However, it was able to try to determine the
location inside and outside the room. Also,
the maximum update rate of the navigation
iIs 5 Hz and in the test, the location was
updated in 20@ns, which is in line with the
maximum update rate of the modulsee

83 Longitude= 28.942474
15:09:43.936 ->

143,982 -> Latitu

Fig. 13. The updating of the navigation for
the GPS sensor
As the test shows, the signal from the
module inside andutside the room was
good enough and the wupdate 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 theebsite.
Thereare 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 sym
designed to work with a drone, see Figure
14.

AT+CPIN?

+CPIN: READY

oK

AT+CREG?

+CREG: 0, +CSTT="airtelgprs.com"
oK

AT+CIICR

oK

AT4CIFSR

10.86.213.130 AT+CIPSPRT=0

OK AT+CIPSTART="TCP","api.thingspeak.com"”,"80"
oK

CONNECT OKAT+CIPSEND GET
https://api.thingspeak.com/update?api_key=013A0CHYYNU21,019&fie
1d1=23.20&field2=37.00 GET
https://api.thingspeak.com/update?api_key=013A0CHYYNU2L019&0

SEND OK 10
CLOSED

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
secondgFigurel5) have been tried for this,
with morethan 4 sthere 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.

3 421 ppm 41.067856 28.942461 2021-06-30 02:28:29

2 456 ppm 41.067863 28.942459 2021-06-30 02:28:25

4 456 ppm 41.067867 28.942459 2021-06-30 02:28:21

40 436 ppm 41067871 28.942457 2021-06-30 02:28:17

39 459 ppm 41.067875 28.942457 2021-06-30 02:28:12

38 400 ppm 41,067871 28.942459 2021-06-30 02:28:08

7 400 ppm 41.067863 28.942461 2021-06-30 02:28:04

36 432 ppm 41.067863 28.942461 2021-06-30 02:28:00

35 418 ppm 41.067863 28.942463 2021-06-30 02:27:56

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 comsted of three sensors, the
GPSsensor, gas sensor and a GSM module,
an Arduino Mega microcontrolleboard.
For the user interface, a database was
createl to receive the data everyséconds
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 sidsfects of
carbon dioxide and itsripact is a faster way
that aves time.

This project is just a start for air quality
monitoring by dronesin the future many
improvements could be made like
monitoring other dngeous gases, and
through manymprovementsn the field of
dronesan autonomas drone can be used in
this systenwithout 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 andoaloriented 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 atehe sa
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 reygiBms 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 iredni be used in hor®sed 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 agtork 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 aplcations. In particular, the system integrates two important components. The
first is an loT 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

[. INTRODUCTION

Stroke is thesecondbiggest cause of adultMotor development considerably. Physical
disability in Turkey.Approximately,1 out of rehgbllltatlon can be effective in treating
every 6 people have a stroke once in their lif@ati€nts years after the stroke. As the number
The number of strokerelated deaths is ©f Stroke patients increases, rehabilitation
between 3800 and 40.000 perear While, needs become more difficult to meet.

210000 patients left with severe disabili}. Rehabilitation robots will be an alternative to
Stroke ehabilitation is a laborious and costlyincreased rehabilitation requirements
treatment procesdt is known to be very compared to conventional treatment methods.
effective when done early after a stroke, butompared to conventional therapy by
not all patients can have therapy during thishysiotherapists, robotic rehabilitation has
time. In addition, intensified therapy sessiongonsiderable advantages, such as more
and taskoriented rehabilitation increase intensive and longer therapy sessions and
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better reproducibility of movements.mobile phone application for real time patient
Rehabilitation robots help the physiotherapigdtaining.
treat several patients at tlsame time and

reduce the workload. This leads to lower
treatment costg, 3]. II. SYSTEM OVERVIEW

Robotic rehabilitation includes additionalThe system consists of 5 components. The
functions such as recording and analyzingatient plgces. the exoskeleto.n in his arm for
patient performance information. Alsgrtual  fehabilitation in a home setting. The EMG
reality, computer games etc. in roboti@lectrcdes are placed on the triceps. The force
rehabilitation. with such applications, thesensor iembeddean the exoskeleton. In the
active participation of the patient in thedeveloped design, a flexible and ergonomic
rehabilitation process can be increased€sign was implemented in order to use it in
Robotic systems designed for rehabilitatiof€ rehabilitation of patients of different
purposes; it can be divided into veeal heights.

groups, such as therapeutic exercise robots, o )
movementassisting  exoskeleton robotsA cloud-based communication method is used

prosthesis and walking rehabilitation root for data transfer. EMG, joint angle and force
signals are received by the sensors and fed to

Exoskeletons for robotic rehabilitation shouldne micracontroller. These are transferred to

be designed to wrap the patient's limbge mopile applicatiomlongwith error data.
according to their anatomical structure. In thigp,q patient performs tasks recommended by

paper, it aims to make a prototype Of aghe physiotherapist. The patient can also
exoskeleton in an ergonomic structure for arg,gose” different goariented tasks which
rehabilitation. The use of robot_syst_ems_ iN" can be found from main mobile application

the process of physical rehabilitation is agcreen. On the application side, the data is
important technical problem. Therefore, thigansferred to the clouda a communication 10

project is intended to be used and develop%twork and collected ithe database. -
in upper limb rehabilitation and to be involved

in clinical testing. The physiotherapisttilises a mobile app to
Recent development of additiveidentify  suitable tasks and monitor
manufacturing reduces the cost of wearabl€habilitationprogressSystem overview and
rehabilitation robots. This results productior® different subviews are shown in Figuiré

of a homebased rehabilitation robots.They are EMG connections, mobile
However, there is still need for trackingapplication interface, controller, exoskeleton
rehabilitation process by professionals. and force sensor.

order to bllow patients development. The

concept of Internet of Things (loT) can be
implemented which defined as network to

connect everything to the Internet, based on —

set protocols through informatiga, 5]. & L\ | | E

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 anloT device and a microcontroller
running the control algorithm. The second is a
user (physiotherapist) terminal combining a

Fig.16. System overview
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I.1. Task Design allowing thephysiotherapist to learn about the

Recent pandemic affects rehabilitatiofpatient's treatment status.

process crucially. This is due to lack offhe connection diagram of the internet of
mobility of patients and restrictions applied byhings in wearable rehabilitation devices is
governments. Therefore, home based goshown in Figurel7.

oriented rehabilitation = become  more
important. A physiotherapist can guide a
patient © 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 goa
oriented tasks consisted of 4 different types of
movements. These are 1) ipsa lateral reach
2)contra lateral reach, 3)far reach, and 4) nea
reach. The exoskeleton is worn accordingly inFijg 17, Internet of Things in Wearable and

the wrist and triceps are@he surface EMG Implantable HealthcarBevices [6]

sensors are placed in the triceps muscle. The R
microcontroller connection is established witd "€ d e v el o p eftdaresagdsdata mo s
the mobile app. flow is detalle.dn Figurel8. The controller Is

The task is started by selecting the start butt@fogrammed in a custom made python script.
from the application. Then, the system Waitgﬂobl]e appllqatlon interfaces for patients and

for EMG signals to trigger the selected task giysiotherapists were developed in MIT App
starts after 3 seconds. This depends dpventor and. implemented. EMG signals are
physiotherapistos c Rrecesgedwiththe module gagdyQatg frontthes
signal is acquired from participat 6 s  m&xeSkeletgn istransferred to the patient's

then this button can be activated. The data f8°bile app via bluetootiAll the datathat is

sent to the cloud via loT. The physiotherapidfansferred to the mobile app is collected in
examines the data from the mastdhe firebase cloud environment with the help

application. of 10T. Then, it can be displayed on the
physiotherapist's mobile app.
I1.2. System Software A similar 10T diagram of the wearable

Internet of Things (IoT) is now a reliable€X0skeleton shown in Figute is applied in
technological standard and a heavilfrigure 3. The data from the sensors placed on

researched field. Sensors are being uséfbe exoskeleton to receive different data are

amost everywherefrom everyday products plisplayed in the mpbilc_a application. Th_e data
to industrial monitoring systems. The use dff the mobile application is collected in the
loT and sensebased intensive health carefloud environment with 10T over wifi. The
systems are increasing rapid#]. 10T makes coIIe_cteq datais transf_erred to the moblle_
our life smarter, more efficient and easier. application of the physiotherapist as shown in
loT, various physical and virtual objects wit'gure18.
evolving mobile devices and sensor networks

it aims to create a dynamic global network

infrastructure by connecting it together. 10T - @
initially combines, through RFID technology,
uniquely identifiable objects na virtual
representations of objects in an interhle
structure. In this paper, Toaims to be used as f—
a system that takes information from the — e
patient with the help of a mobile application
and transfers it to a server in the center, thus

Fig.18. Software block diagram

S
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1.3. System Hardware EMG module receives signals from muscles

This paper explains a Raspberry pi controlle@nd trigger the selected task. The processing
remote monitoring system. Raspberry Pi is @ EMG signals and the choice of the most
credit card sized single board computer witBuitable method are important. The EMG
ARM11 microprocessor. In this study, amodule requires the voltages + 5V aiy.
system is designed to continuously monitofFhis voltage also required to feed the servo
the Electrocardiogram (ECG) and othéak motor. Signals from electrodes are noticed
parameters. This data is stored in a cloud ag@d amplified in the IC. These signals are then
can be displayed in a cloud that can b&ansferred to the corresponding signals with
accessed only by physiotherapist. Raspbertje aid of a bandpass filter. Negative parts are
pi [3] is installed with a Linux based operatingeliminated with a hatfvave rectifier.

system, Raspbian, supports all programminBWG functional basic unit of the skeletal
languages like C, Python efeor easy access,muscles are motor units. As a result of the
Python programming language is used for tHexcitation from a single motor unit, the
communication. extracellular potential changes through needle
Raspberry Pi weigts only 50g. It uses power €lectrodes last between 3 and 5 ms and their
rating of 5V, 700mA and cost effective tharamplitude is 2€2000 mv, depending othe

an actual computer. The board comes igize of the motor unit. As soon as the resulting
different models A, B and a more advancegignals cross the controller's threshold, the
version B+. The raspberry pi 3 B model haservo triggers the motor and helps the lever
1024 MB RAM, runs on 6&it 1.4GHz make the desired movement.

A53/ARMvVS8 processor and has operating

frequency around 700MHz. Operatin

sys?temssllike Raspbian, Pidora, and IORaspb L BIOMECHANICAL MODEL

can be installed using a SD card. DiffererThew, & andd definitions shown in Figure
peripherals like mouse, keyboard, 20 are used to describe the movements
Wi-Fi adapter can be connected using its fowiccurring in the shoulder region. There are
USB2.0 ports to make it a full size computerstraps in the areas from elbow to wrist (f) and
Also the board consists of an Ethernet port toom shoulder to elbow (u) shown in Figure
connect to network, GPIO pins to interfacg0. The elbow angle is taken asin one axis
and control switches, sensors, LEDs and othgid used in the equation.

devices.

All kinds of monitors like projectors, LCD
screens, Tvs can be connected using HDM !
port. Some additional features include the
audio jack and the camera connector to':
interface camera. These numerous feature
enable the users to use Raspberry pi in widt
range of applicationsThe controller we used
in our study is shown in Figude®.

12

——— shoulder joint

— r
-

Fig.20. Geometry of human arm system

Fig. 20 shows the geometry of the dual human
arm system. Fig21 provides a more detailed
description of the geometry of constrained
human arm model that appeared in.F0.
The first link represents the upper arm, from
the shoulder joint to the elbow, with length
(O O . The second link represents the
forearm, from the elbow to the thumb web,

Fig.19. Raspberry pi 3b board
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with length (O "O . The constraint meansThe angular axes fothe exoskeleton are
that the forearm must lie in the horizontashown in kgure 22 for modeling the human
plane, and rotation is possible about the ax&m.

along the upper arm. The triceps has been L

selected for triggering since stroke patients \, i T2

typically experience problems with shoulder

and elbowextension during reaching tasks.

Ps

A

Fig.22. Geometry angles of the human arm

As seen in Figur@2, movement will occur in
3 axes in the shoulder region and these are
indicated by%o;%0;%0. In the elbow region,
it is shown as% because movement will

_ _ occur in a single axis.
Fig. 21. Geometry of constrained human arm

As T increases, the anglle th@ rgtates IV. CONTROLLER DESIGN
about the upper arm, starting fram is the
given by

| i AOA ,5%4;—% = arccos (——) (1)

The error signal of the PID controller is the
difference between the arm rdahe angle
and the target arm joint angle. The PID
w is a vector elongated at the elbow axds. controller was established in the FE model
represents the vector extended along the uppeith Ls-Dyna codes. It was used to calculate
arm and w the vectors extended along theéhe control signal u(t), which was then
forearm. transferred to muscle activation levels based
The elbow angl§ is equal to on muscle activation dynamics for upper
extremity locomotion. In each time step, the

PN w ox o Ba v o
TT =AOAATSS =arccos(wa @ muscle ~activation level was iteratively
The dynamic model of the constrained arradjusted by the PID controller to minimize the
can now be expressed in the form signal error e(t), namely minimize éharm

joint angle difference between the simulation

6n R 6AnAMmn onm t results and the experimental data. The formula
0 'Q (3) for the PID controller was as follows:
6 M and 0 these represent load, torque 20 06 ®oO (5)

the constrained dynamic model equatiorb. o
Most of the advanced controllers require a
well defined model. Thereford,is necessary Where e(t) is the arm joint angle error signal,
to implement abiomechanical model of the ¢ (1) is the reatime arm joint angle after
human arm. Its terms are:

Qzop o Qz, @ tQ Q— (6)

neural delay, Q, Q@ and Q are the

B proportional, integral, and differential gains of
6 ()= g the PID controller, which were set as constant
Qo T accordingto Andersson (2013) researia.

& (1 M )= 6 ¢ 6 ¢ (4)

O caga

13
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via an app, reducing the intensity of the

ILC —— patientsin hospitals.
: The studywas designed for physiotherapy for
4 patients with muscle dysfunctiavith support
c —10—”» 6 = from the advanced controller. The
exoskeleton produced with  additive

manufacturingorocessallowedan individual
and adjustable size. Together with thiized
loadcell it protects arm from overloads
affecting the arm. fAie purpose of the servo
motor is to make it easier to control the motor
position for the desired arm position. The
lterative learning control (ILC) setting for advantage of using a small servo motor is that
processes which are required to continually js lighter. The downside is that the motor
repeat the same task over a finite interval witthoice is small and the moving point exceeds
resetting between trials. The salient feature @he potential deformation, this can be removed
ILC is to use information from previous trialswith a composite or other materiainlike

to update the current trial input so thapther homebased devices, cros®vice
performance is successlye improved commurication is via the Internet of Things (
training. The unit feedback block diagram ofioT ) and with the designed android
the ILC is shown in Figurg3. application, training data is transmitted to the
physiotherapist via the cloud. The mobile app
design was created with the MIT App
V. CONCLUSIONS Inventor. In the future, work should be
The environments in which doctors or othefocused on performance tests of the
health care officials can best monitor theehabilitation from homesettings Another
patient for chronically ongoing diseases arkiture work aims to utilize big data and
the patient's natural life. Because of thignachine learning to improve autonomy of the
various portable monitoring devices aresystem.Implementation of advanced control
needed to monitor patients in their malu algorithms also aimed such as Multiple Model
life. These devices receive data from patienBased Adaptie Control and Impedans
in the relevant health service by sending the@ontrol as well as implemented Iterative
to their servers, it can enable them to makesarning Control[6 - 8].

various decisions more efficiently for that

person and for the future in health care.

In this study, a new approach is presented, tht- REFERENCES

works in an automatic way, guaranteeing @] Turkish Ministry of Health. Health
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Fig.23. Iterative learning control block
diagram
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DEVELOPMENT OF ACTIVE ORTHESIS AND IOT APPLICATION
FOR THE LOWER LIMB
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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 Ttol). 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 patientor 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 10T will lead to the lower limbs rehabilitation
beingcarried 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 itve pat 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 devidegawe 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 viliran to the patient. In this way, the patient's folaw 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: 10T, LowerLimb, Rehabilitation, Mobile Application

[. INTRODUCTION

The most common injuries that occur in th&Vhile devices such as orthesis or bandages
general population as well as in athletes agFe used to solve the more common foot and
foot and ankle. The abundance of anatomicankle problems in athletes, there is no
structures such as bones, tendons and jointditelligent application and no patient status
this anatomical region increases the number@fd treatment follow- up system. This
diseases and makes diagnadifficult with rehabilitation can be performed in either
imaging procedures_ Aithough no injury orhorrebased environment or clinics which is
disease is specific to athletes, some diseag@dled supervised rehabilitation. There are
are more common in athletes, especially iptudies showing that supervised rehabilitation
some sports. Sportelated diseases can bds much better than home exercises [2].
divided into three main groups: traumatidiowever, due to the coronavirus pandemic

problems, stress disters and degenerativethat occurred in 2019 [3], conventional
changes [1]. follow-up mechanism of physiotherapists is

no longer functional.
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The Internet of Things (loT) technology,2005 by This concept has been officially
which has developed rapidly in recent yeargnnounced. Did every five years due to
can be used as a solution in this respect. Number of devices connected to the internet
short, 10T has been created and per person The number of devices
through the communication of objects Hdropped is increasing exponentially.

devices (such as sensors, microprocessofs;cording to the forecasts for 2020 connected
microcomputers, phones and computers) thed the intenet based on world population

can be connected to the Internet via a cloudpprox. 50 bilon devices It is estimated at

This means IoT technology enables hemg8,9,10].

based supervised rehabilitation. Therefore,

this attracts the attention of the researchers i s p— o e s 4 s

many areas of rehabilitation research [4,5,6] m——-——-

In this paper, an lobased design of
intelligent active orthoses of the lower %/
extremities is detailed. Chaptep®vides the

system overview, software and hardware o
the system. Chapt&will provide conclusion
and draw future work.

Internet of Things in general environments The ntermetof Thingsfroman embedded systerns polnt of vew

with different technologies. Able to acquire _ _ .
knowledge, produce knowledge and smart19-25. Internet of things(loT) flow diagram
objects that can exchange ideas gbfects, |oT technology should not only be understood
things, devices) is used. More for the Internefs the connection of devices such as
of Things there are other definitions. E.g. Theomputers and servers to the Internet. E.g.
definition according to J. Belissent is aRFID Devices, Medical Devices, VoIP
foll ows: NnUse of I Dévices, m aAutbntobiles, t eCellh nRhbnesy y
Safety, health, more efficient services likerelephones and devices with  the
transportation Systemhat can be used.microcontroller architecturethat we are
International ~ Telecommunication  Unioninvestigating in this study can also be used in

According to the definition of (ITU) the context of IoT technology. Briefly loT
"Everytime and everywhere It is the ability ofFigure26.

(O seeti (3 e o

Business Data Analysis
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all kinds of objects to connect. " As can be seen, it is a system of devices that
[7.,8]. have created an intelligent network by
communicating with each other thanks to
N es el | | e e various communication protocols [11].
137 WL AW e
e=p = .
% e ..
Saghis b ! [ teymecen ApplicationpC  Smart Mobile Devices | i SmartPhone  Tablet
w = .. - _ 3 Notwa N ] “_: e “%): - n A " Eos"" Vehicie
- Notwork ™ 1P Telephone
S R I | T e B ... h@ ' &
AGIN 3 B, 2B LR
....... 1 Cadustr [ = :’ £ Wis1 Router @ »j‘i’fﬁ’i/ A e
G al 7’_& Oy e
r‘Q'; s 4 o . S | e i =g
4 5 - a“ ¢ ?? . i Haaltheare
Fig.24. Internet of things (IoT) T ﬂ 25 I \ 4
zak K ke RAD Resder € Wireless Sensors Nodes
The concept of the Internet of Things was first _ _
introduced in 1999. MIT AutdD Center Fig.26. Internet of things (loT)

employees inproposed by and using RFID ecosystem[11]
technology Studies were carried out in
laboratories. ITU With the report published in
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II. SYSTEM OVERVIEW II'. 1. Hardware

The system consists of 6 componems The rehabilitation system descritban this

shown in Figure24. Thedata is stored in the article designedfor cloud communication
mobile application, which the patient and th&/ith an Ardunio processor. Itis made of semi
doctor can control. The doctor can follow thdl€xible material so that it does not cause skin
treatment and rehabilitation processes frofs€alth and allergies in people who use it as an

here. Adjustability has been added so that tf9gthosis and have no hard effects on the joints.
developed design can be used fofhe orthasis model to use is shown in Figure

rehabilitation. Itis ensured that this patient28'
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 Fig.28. Foot Orthesis

parameter that can be determined by the _ _
physiotherapist during the recovepyocess. The force sensor to be used in the orthosis has

The data received from the sensor is filtered REEN Selected to address a general human

the processor and the data is sent to tffe@ss, and a DC sensor that can measure the
application via the module to provide andorceé on the heel accordingly. The 18
monitor the vibration outputs. The user caRi€Z0€lectric sensor to be used is shown in

follow the treatment and development proced29ure29. The conductivity is 4 microns, and

here. With the patient afication, the doctor (h€ operating frequency is 3 Hz.

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 bergad out more
efficiently and quickly.

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 proces$heDC motor was used
with an operating voltage of82 V shown in
Fig.27. System Overview: 1) dc motor, 2) Figure30.
microprocessor, 3) piezoelectric sensor, 4) bluetooth
module, 5)orthesis, 6) smart phone for mobile
application
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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 ansport, 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
Fig.30. DC engine in the communication phase are of great
: . importance for the Inteet of Things. The
;Lze ga(éunt'g ﬁ%rg V\t’ﬁztmjft%ﬁspr?gezz dgganarqhitectural structure for the Intgrnet of
. o erhlngs depends on the characteristics of the
according to the specified parameters. A{%chnology used
application based on MIT App Inventer has '
been developed in which both the patient anin application for mobile devices is being
the physiotherapist can follow the processleveloped on the MIT App Inventor platform.
The entire system was powdrdy a direct It will have an easy to use and understandable
current source. The Ardunio card shown iinterface. The patient can only see his
Figure 31 was used insystemdesign. Tle progress through this application. Through
ATmega328 microcontroller ishoserwhich this application to be developed, the
can supply an operating voltage 663/0lts physiotherapist can see the patient's
with 7-12 volts input voltage. 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 loeveloped is
shown in Figure32.

Fig.31. Ardunio Processor |
[1. 2. Software
The system consistshe embedded software, “ U
mobile applicationand the server software. 4 -

The first is the code that runs in the system
node and captures and semisssure data if
the threshold value is passddhe second, the
cloud server software, consists of the database
in which the system data is stored, the systefignal Flow Diagram

website where the user can accessctbad The signal and data stream has a flow as
serverdata available to hither. Finally, it is shown in Figure33. The orthgis system
the mobile application in which the registere@ansmits the datafrom sensor to the

users can view thapplicationdata available processor. The processor gives the patient
to them. feedback on the correct use according to the

specified parameters. At the same time, the

HNon-visible components

Fig.32. Android User Interface

19
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data is sent to the application via the modul@hysiotherapist. This data and the flow are
The data is sent to the cloud with the Fire Basent to the mobile patient application via a
module for mobile applications. The datdluetooth module. The data arriving here is
transferred to the cloud falls into the mobilesent to the doctor's application via the cloud
application for control by physiotherapistausing loT. In this way, the doctor can follow
and check. The physiotherapcarries out the the treatments in the home v@nment
rehabilitation process of the patient bywithout having to come to the treatment
changing the parameters according to thmenters with the data implemented in practice.
progress made from these data. The use of tAg changing the parameters specified in the
device and the patient's recovery process takpplication according to the patient's level of
place in parallel with the physiotherapist.  development, the patient's treatment process
is advanced.

[l . CONCLUSION

MIT App Inventor In the paper, an loT based solution for the
iRgRIEEEpE) physical rehabilitation of the ankle was
presented in order to improve the conditions
.2 AT DR taritar of rehabilitation, to enable a more accurate
(User) (User) diagnosis and consequently to shorten the
Fig.33. Signal flow diagram recovery time. The research and deveiept .
of this type of physiotherapy system is

System op_e_:ra'gion _ _ important as medical improvements lead us to
For rehabilitation in the home environmentpetter lower limb rehabilitation and less

the patient places the orthosis on his foot. fobility after ankle injury. The most
starts using according to the threshold set fgfportant effect of the system is reducing the 20
the patient by the physical therapist. From thggorkload of physiotherapist as the i
moment the patient actively uses the foQjges not require surgery with
orthosis, the frequency drform of use are physjotherapists. With recent development in
transmitted to the physiotherapist's mobilgensing and internet technologieT has
device via the cloud communication of thyecome both a reliable structure and a
applications thanks to the Internet of ThingsecessityThe IoT based rehabilitation system
At the same time, the patient can follow thgeveloped in this paper , which measure the
course of treatment on his mobile device igo|lected data, display it in real time and store
order to show hw to use the orthosisthe patient's ankle pressure data and the
correctly. There is a vibration motor on the,ymber of steps performed during a day. As
orthosis to prevent damage to the nerv@e results show, it is important to test
muscles. The operating frequency of thigrchive the patient's performance analysis and
vibration motor can vary according 10 thghys achieve improvement of the igat's
threshold value set for the patient by th@nkle and prevent the excessive pressure
physiotherapist. ~ The  pent's  other quring the rehabilitationAnother important
neuromuscular  system is brought undefnding in this research is that the system
control so that it is not harmed during theeglizes supervisedthabilitationat the home
treatment process. _ _environment, which redu@s overcrowding
From the moment the patient uses the devicgytes in hospitals anichprovethe continuity

it sends the force coming from the foot to thef treatment processeshis reduceshetime
processor with the sensor at the moment gf recovery processe¥he developed system
pressing. With the program written here igstablish areal timeconnection between the
gives the patient vibration stimulationsyatient and thphysiotherapisthe data can be
according to the threshold set by thenalyzed to the supervision of the
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physiotherapistThe patient will be able to see
the treatment process determined by his / her
physiotherapisthrough his / heapplication.
The data such as the correct use of orthosis
during the patient recovery process, frequency

December). 10T based model of healthcare
for physiotherapy. In 2019 13th

International Conference on Sensing
Technology (ICST) (pp.-6). IEEE.

of use, and patients steps in a day and its eff¢§6} Muneer, A., Fati, S. M., & Fuddah, S.

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 an{b]
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 resut shows that
most of the physiotherapists interested
utilising the device as it has potential to redu
their workload. The details of questionnair ]
will be detailed in the future after it is
completed.

In the future, the goal will be to use 10T with
machine learning algorithms for physical
rehabilitation, to develop rehabilitation and
patient development models based on the
trained data during the sessions, and {8l
improve the autonomy of the system.
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ABSTRACT

This study ains to develop and implement a rematentrol system for an underwater robot

with four thrusters with the help of a humamachine interfacedevice and embedded
computers. In this context, an opop 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 hurraachine interfag 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 masterfgiavrunication model. Master/slave
connection on Robot Operating SystéRO©S)allows computerandembeddedomputerto be
connected vidocal area networkL{AN). To perform the desired maneuvering movements in S
the specified axes, it is necessary to trangulse width modulation (PWMsignals both
independently and simultaneously to each thruster. For this purpasteréacealgorithm has

been developedhich transformsthe operator commands into relevasignals as inputs of
actuatorsThis algorithm wa$ormedto run on a second embedded computetheminderwater

robot. Theexperimentakystem wasmplementedn an opefirame observetype underwater

robot andexperimentswere carried out to observeaneuverability, energy efficiencgand
operating timgerformance parameteBesidesan embedded camera system was also added

to the underwaterrobot. Reattime streaming videsignals wereransferred to the master
computersuccessfully.

Keywords: Remotely OperatedUnderwaterVehicle, Operair Controlled Mobile Robqt
Mobile Robotlinterface

[. INTRODUCTION

UnmannedUnderwaterVehicles (UUV)can oOperator and performsseveral functions

be classifiedinto two main groups asable underwater whiclean be dangerous. Hence a
controlled andwirelessautonomous. Cable ROV system;in addition to the vehicle, the
controlled ones can becalled Remote operator controlling the vehicle consists of the
Operating Vehicle or ROVs whereas equipment that the operator provides this
autonomousnes can be nameéditonomous control, the cable connecting the vehicle to the
Underwater Vehicle or AUVs ROV, in its surfaceand the crane mechanisms that enable
most general definition, is an underwatethe vehicle to be lowered into the water and
robot that can be controlled remotely by an retrieved[1](Table2).
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for most of the robotic hardwa and thus
Researches about ROVs and AUVs arenabling software and hardware to
getting popular in recent yearddvantages communicate with ease, which makes the
and disadvantages of ROV systems in geneyaioject original.
view have beedescribedn a recent research
[2]. Some of the disadvantages of ROV are the
issue with its dependen@n umbilical cable
and the difficulty to access very shallow
waters.The method of ROV control using the
joystick via UTRbased umbilical cable has
been provided3]. The joystick serves as an
input signal platform to a microcontroller. The
signal that has been processed by a
microcontrolleris sent to the motor driver to
drive adirect currenimotor (DCM). To have
a secure connectioand infrastructure, it is
important to provide cooperation between
USV (unmanned surface vehiclapd UUV. Fig.34. ROV Model
For this subject, an OCManipulator and an
Operator Consoleintegrated underwater

Table2. Applications of Underwater Robots

vehicle are designed[4][5]. Aiming at the Field Application
problems of unstable motion and low tracking
accuracy caused by complex externalscience o Seafloor Mapping
disturbance during the movement of the d Rapid response
remoteoperated vehicle ROV[6]. The oceanographic  an
longitudinal and vertical movements in caln geothermal events E
water [7]. An ROV designed as a prototype & Geological sampling
that has research outcomegply to the
growing international ofthore oil and gas | Environme 0 Long term
sector, and also for future deploymetite | nt monitoring (e.q.]
purpose of this study is to design a mROV hydrocarbon  spills
which is based orthe remote controbf the radiation leakage
underwater robot and test its movements, pollution)
monitoring, and maintenance of ocean energy 0 Environmental
devices (in particular - wave energy remediation
converters and tidal turbinefg]. In order to 0 Inspection of
improve control, a study on dynamica underwater structure
positioning (DP) has been carried ¢Rit including pipelines
dams, etc.
The project is predicted to contributg
scientifically and technologically in Marine| Military 0 Shallow water ming
Science and Automated Control Theory search and disposal
Fields. In addition to this, it is believed thatrhjs study is conducted bihe Underwater

indigenous technologies to be developed iRobotics Research Group of ACRith the
light of the project can reduce the deper@e 4im of design and implementation of a remote
on foreign teChI’IOlOgieS, therefore, can bringontr0| System for an Opdmme underwater
sociceconomic benefits to underwater robogohot prototype which is developed for
practices. Remote controlling and integratiogpservation and research in shallow waters by

of the sensors have been implemented Rie power generated via four thrustéFsgure
opensource software (ROS) that has Ilbrar|e§4)
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. METHODOLOGY In the above formulation, 1J( £ is the

transformation matrix related to Euler angles.
[I.1. ROV mathematical moddling

a. Kinematic model of underwater 0 -

robot Qe O— * Q-0 | —%os | Y 50%0(63;6
: , e Q@ Q% %l —i Qe i %o —i « (3%
The kinematic model of the system was — O—i % & %

created to determine the ROVs control

parameters. The movement determinegs 3 g transformation matrix provides the

according to the frame fixed to the ground angsqciation of thangular velocity vector and
the frame fixed to the body is as in Fig8® o Eyler vector with respect to the fixed

[10]. frame.

Xo Surge(u) _ l') _ (4)
Roll(p)

The transformation matrixod 4] in terms of
Euler angles can be written as:

Yo
Sway(v)

Heave (w)

X P i ~%0(:.) —€) %00 —
o Tt W %o i %o
7 v [ % % ()
ST - a—
Fig.35. Earth and Body Fixed Frames b. Dynamicmodel of underwater robot
Since the frame fixed to the body is located at
the center of gravity, linear and angular 6G' 6’ 0"’ 0- f (6)
velocity data are defined relative to tiheme - U=
fixed to the body. In addition, the location and 24

orientation data are explained to the framg€re, Mis the sum of the Adrigid body mass —
fixed to the ground. matrix and M\ added mass matrix. C(v) is the

As a result, the vectors that formulate th&um of the @s(v) rigid body Coriolis matrix
motion over six axes are as follows. and Gi(v) added mas€oriolis matrix.

f fR o o nr AmA (1)
t OtR o oI Nf o D( v) , ang\ale)the damping matrix,

The menti oned d I s gratwtp{, eand };_ftwgn[)oricen Ve?(ftolr 8"}9' mp(%ltf
position and orientation vectors defined ectog respectively.

relative to thg framg fixed ttheg r o u n d 1.2 Igroto{yp% Setup

thecombination of linear and angular velocity I K be brief
vectors defined with respect to the framefixeé WOrking - processes - can e brielly

to the body. Finall prla'rl(Jad _l?ysflvet_she%s. Fér%“)ﬁthylpaﬂeat i on
moment and force vectors acting on the Ro\pperator gives an input using i will

The Euler angles ( ¢« ’cre%‘te a rgaglabllt_a RUtthé)b?t arbdsl' P |l ay
important role because of their functions Ol_he_n butput tata is share W'.th he Raspberry
describing routing and defining control i via the masteslave connection. Afterward,

this output is passed on to Arduino Mega
parameters. ) : :
The linear velocity transformation with using ROS. Code in the Ardum_o b_oard runs
respect to the frame fixed to the ground ignd _makes th_e motor run Bput is given by
formulated as shown below: moving the joystick. S_lmqltaneously, the
battery powers thpower distribution module
_ o - ) which then powers Raspberry Pi and the
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Monitoring t h e

Screen

ESCO6s. Lastl vy, Rasplt
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 s
(Figure 36). Masterslave 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

c o mp ut add@esss obt&ned by typing

the command oOi f cToiwnlP i ¢

Is thenused to establiskhe connection via

secure shell (SSH) protocolThis last
command is run on the slave computer (in this
case Raspberry Pi). After this configuration is

set, ROS commands run on the master
computerare also run on the slave computer; 3. jmplementation of remotecontrolling

(Figure37). Remote controlling is implemented through
Table3. Table of Vehicle Properties Human Machine InterfacéHMI). Using a

Operator
Console

Embedded
Computers
(Arduino Mega,
Raspberry Pi)

g ROUTET

| 0ystick

Fig.37. Experimental setup

- - joystick, the robotds bo
Vehicle Properties Values can be controlled. To achieve this, firstly, the
Maximum Velocity 1.5 m/s connection between the mastemputerand

the slave (Raspberry Pi) must be provided. To

Maximum 1h see if everything is i35

command can be run in the master terminal —

Endurance and a node called fAjoyo

the current topic list. The code must be
Thruster Power 390 W uploaded to the Arduino andeh connected
: to the Raspberry Pi. Then, to initiate the code
Battery Capacity 22V inside Arduino, on the master computer,
. Air os r userial_pyttios  serial_node.py
Maximum Depth 100 m /devitty{Port name} _baud:=57600nust be

typed and run. To briefly explain the process,
speed and directioare controlled according
to the values read from joy.axes[0],
joy.axes[1l] and joy.axes[2] which each
represents the movements on the joystick
| analogs. These values are always betwéen
and 1.The jystick has numerous axes and in
ourcaseiaxis ®values correspond to moving
left analog to left and right, while axis 1 values
- T correspondo moving it up and down. Lastly,

Fig.36. Schema of thprototype system ?éilsur;g;né))er 1 corresponds to the right analog
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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 30@neter depth rating with an open
source user interface and Arduino, C++, and
Python development libraries to create a
powerful new tool for marine roboti¢sigure

40). This project currently uses the sonar to
seek out obstacles and scan the environment
around the robot (Figurl, 42 and43).

[Th ruster 1: Furward]

+Heave
Thruster 3: Forward
Thruster 2: Ferward

Thruster 1: Stop
Thruster 4: Forward Thruster 2: Forward

- Surge - Heave - Yaw
Thruster 1: Reverse Thruster 3: Reverse Thruster 1: Forward
Thruster 2: Reverse Thruster 4: Reverse Thruster 2: Stop

Fig.38. Motor Controls Flow Chart

I1.4. 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 Fig.40. Ping Sonar
real time with the user PC, through a master
slave connection. To achieve this, first camera .,
module is inserted ithe Raspberry Pi camera
module port (Figur&9). To capture videos, a
package called 0606rasp
And, to view the captured images on the
master computer, a GUI program called

~

Arqt 1 mage_viewo is u

initiate sonar| | €@ comis

get update

display ._ tance: 1297% Cont
distance S

Raspberry
Pi 3B+

Fig. 41. Sonar Flowchart and Serial Monitor

(%]
&
El
2
o
o
g
=
5
2
£
&

Raspberry
Pi3B+

Ethernet [€ *  Router

Fig.39. Schematic of th®aspberry Camera
Module

Ping
Sonar

b. Sonar
Sonar is a technique that usesound
propagation tmavigate communicate with or
detect objects on or under the surface of the Fig.42. Schematic of the Ping Sonar
water.
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> [ll. 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
biggersized battery, the final duration has
been increased up to 30 minutes.
Maneuvering at low speed can be
problematic, but thisssue 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,
il helped with maneuvering abilities, making the
robot mae agile.

Fig.43. Trajectory Tracking with Sonars

c. Inertial Measurement Unit (IMU ) V. CONCLUSIONS
With the purpose of acquiring forces, anguldh this research, an experimental interface for
rates and the orientation of the AUV, Theén ROV is formed andemoteoperation for
Sparkfun 9Dof Razor IMU which constitutesobservations was tested successfully using
of an accelerometer, gyroscope antfattime sonar data and re@ne video
magnetometer has been adoptedolnbines stream taken from ROV. Besides, réaie
a SAMD21 microprocessor with an MPU velocity and3D accelerationdata from the
9250 sensor. IMU sensomwere presented on formed HMI.
In the study, 5V, ground, and 12C connections
are provided and the Arduino code has bedduring the studies, the performance of the
run to check whether there is data flow on thenderwater vehicle was observed and
serial screen. It is then intended to add thRppropriate changes are made. First of all, it is
IMU Sensor as a node to Roscoresénsahe determined that the maneuverability of the
incoming data and display this data in the¥ehicle underwater, was not sufficient.
RVIZ (Simulation Screen). The Therefore Katovega thrusters are replaced
instrumentation diagram of the Inertiawith superior F200 thrusters. Another

MeasuremenUnit has been given as followsproblem detected was, vehicle shutting itself
(Figure44). down while driving, as a result of excessive

current being drawn from the power
distribution module. After halving the speed
of the thrustrs, the problem was solved

oo o B successfully. Lastly, due to the limited

2 [romoomoacencs cruising time, the 12 V battery in the
| underwater robot was replaced with 22 V. In

IMU RUNNING the end, the vehicle could provide a better

CODE

l

drive undewater 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 leakingarts of the
robot, no leakage was ever observed again.

Fig.44. Schematic of the IMU Sensor
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After two sonas being used on the vehicle, it
has been determined that the Arduino Megg]
board is insufficient as it can't hold all th
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 Maste4)
slave connection would need to be done again
by opening the tube inside the vehicle, and it
was not timeefficient or safe to restablish
the connection. To pvent this, remote access
is provided between the mas(BC) and slave [5]
(Raspberry Pi) devices.

As future work, our goalfor the development

of this prototype in the upcoming working
period are incre&sg the maneuverability of
the underwater robot bynplementingmore
professional thruster to the system, 5
increagng the range capacity of the[ ]
underwater robot using higher capacity
batteries and providing autonomous features

to theexperimentalinderwater robot.

[7]
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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 #aditdriving 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 antock brakingare 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 methodskie 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 twewheeled bicycle vehicle model is considered in this study. The simulation was
heldin 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 thatgodétiance 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
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[. INTRODUCTION

The new methods are developed to increa¥gars that have had a positive impact on
the safety of passengers in automobilefwering road fatalities.

however, pedestrian safety, iagortant as it Sometimes, drivers get too near to the vehicle
is, remains a neglected issue. According to tti front of them. Many drivers assume that if
official estimate [1]1 around 400,000the vehicle in front of them begins to brake,
pedestrians die each year in road acciderifey will be able to respond, brake, and come
around the world. This illustrates the criticafo & complete stop while keeping a safe gap
need for vehicles to have better and moretween the two vehicles. W the braking
effective pedestrian collision avoidance is applied to the vehicle, the distance it takes
systems, cruiseontrol systems, and similarthe vehicle to come to a complete stop at
technologies, which are based on the saf@rious speeds is referred to as braking
braking distance. distance. In the case of an accident or other
In recent years, the number of research papé&tgdden braking, the safe following distance
devoted tothe development of a collision between automobiteshould be as far as the
avoidance system has increased because it'¥eficle can stop without colliding. Driving
hot topic that aims to reduce the frequency duency and safety are aided by an appropriate
deadly accidents. When it comes to safetgafe following distance, but local weather and
various Changes have been made in recent road conditions must also be taken into
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account. Vehicle manufacturers have createdmpromised with aniicing substances. The
several devices to warn drivers when théndings reveal that the mathematical model
distance between vehicles is too close. Othean determine stopping and braking lengths
systems automatically maintain a saféor winter roads with an inaccuracy of no
distance between automobiles and stop mhore than 3 to 5%. On winter roads, it may
necessary. These technologies are known esamine the braking process of a vehicle
aubnomous or adaptive cruise control [2]equipp&l with ABS. The results of the
None of these options, however, are likely toalculations allow us to discover patterns in
take current traffic andveather conditions the effects of the beginning braking speed on
into accoung3]. the stopping and braking lengths of an ABS
equipped automobile on legrip winter
The slipperiness of the road surfaceoads. Because of the headlight contamination
substantially impacts the length of brakingvith chemical anticing agents, the results
distances. The braking distance may be mamajlow for determining a safe vehicle speed rate
times longer when the road surface is ice thavhen pedestrian sight is reduced. According
when it is dry. Furthermore, speed has a majty [8], an automated braking algorithm is
influence on braking distances; dowgl the described based on the predicted stopping
speed increases the braking distance by fodistance. The reaction speed of the brak
times. actuator is taken into consideration since the
delay of the brake actuator is a critical
The research [4] presents a novel techniquemponent in the accuracy of the predicted
for determining vehicle safety brakingstopping distance. The planned deceleration is
distance for collision avoidance. The systeralso taken into account since autonomous
calculates the distance between the drivetsake control might be severe oildnbased
automobile and the vehicle (obstacle) ahead oh the driver's decision. Experiments with a
it and utilizes it to calculate thgpeed. The test vehicle were carried out to evaluate the
vehicle speed, weight, and other factors aperformance of the proposed autonomous
used to compute safety braking. Anothebpraking system, and the results show that the
research [5] presented by the same author fmcommended system satisfies the stopping
the forwardcollision warning system. A performance with a virtualtationary object.
unique algorithm is described that considerBhe Euro NCAP (2013) City AEB
both timeto-collision (TTC)and safe braking (Autonomous Emergency Braking)
distance to notify and help a driver incomponent may easily be implemented to this
maintaining safe braking distance to avoid technology. The recommended autonomous
collision accident on the highway.braking system has been tested in autonomous
Mathematical relationships between trafficar testing, indicating that the subject vehicle
risk and speed on a piece of road, the reseaidn efficiently prevent a collision. The study
[6] should be considered. @&h author [9] establishes a new safety distance model
mentioned that there are two laws specifiebdased on an examination of the existing
for this purpose which are power andecurity model. Because of the consideration
exponential laws. According to the result®f the changing process of deceleration, the
provided in this paper, it shows that power lamew model takes into account theeed
is used for low speed only while exponentiatonnection between the leading and trailing
law is used as a general forl@auln [7], a vehicle and more closely reflects the true
mathematical model for analyticalsituation. Finally, utilizing MATLAB and the
examinations of the braking process wasrossroads simulation system as a software
established in order to discover the linlplatform, some simulations were run under
between a car's stopping and braking distanceentical conditions. The new moddits
and pedestrian vision in dark winteractual road outcomes of the cars better than
circumstances  when  headlights  aréhe previous model, according to simulation
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data. Two vehicle speeds and the road . Yu
environment are discussed in the paper [10] “‘.,
on the safe distance for aibllision systems. '
This article creates the road surface
characteristics and distinct longitudinal
motion states of the vehicle's safety dist&anc
model, as well as an examination of the link T
between the parameters of their impact on a | ¢
safe distance. It gives the system the capacity 5
to learn and correct by bringing the fuzzy
inference forecast closer to the driver in the
process of real behaviorlua. An experiment

Fig.45. Two-wheeled bicycle model.

was conducted to verify the viability of thetd @& 1 [ — @& 1 — 0§
optimization approach in order to create an
early warning system that can reflect thg  + 54 1+ — & 1 — @

driver behavior characteristics.

This paper evaluates the braking distance
calculation methods. The basic method an(gl
vehicle dynamicdased complex method has
been used, and PreScan simulation has b%
performed to compare simulation results Witlﬁ_'
these two methods. The paper is organed
follows: Section Il contains the whaheeled
bicycle model for the simulatiorgection Il
describes the basic and vehidignamics

erelis yawinertia of the vehicleq is the

assm and are cornering stiffness, which

are identified, @ and & are geometric
parameters. While the siddip angle is
expressed with,[ is yaw of the vehiclep 31

based complex braking distance calculatioﬂnd’ are lateral and Iongitudinal accelergtion. —
methods. SectionVl shows the simulation |Ne break yaw momenb ( ), front steering

based braking distance calculation by usin@9!€X)and longitudinal forceQ) are inputs
PreScan software. The comparison f the systemThe calculated lateral position

methods and simulations is discussed #f the vehicle in the coordinate systemscare
SectionlV. Finally, conclusions are listed in@d @ . The rotation of vehicle in road

Section V. geometry calculation is found a&jy
OBlwy ATr@oy, where @ ; and

II. THE VEHICLE MODEL FOR Wi are the lateral and longitudinal

SIMULATION coordinates of the road geometry in the world

coordinate systeny, is the lateral position

The |0ngitUdinal and lateral dynamiCS of th%f the reference road geometry in the
vehicle are needed to be formulated in ordepordinate system of the vehicle.

to simulate the evaluation of the different
safety braking methods. In this study, thetwo = - - F— ; =

wheeled bicycle model is used for vehicle = : =
modeling, see Figure45. The motion e - ‘
equations of longitudinal and lateral dynamics = vy | H
are given as Equation (1) [11]. e 1 | =5 - J

{

i a?

Fig.46. The simulation vehicle model.
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Figure 46 shows the structure of the vehicleobtained by inserting the velocity and road
model in Simulink. The necessary data, suatondition into Equation (2) previously
as velocity, roll and pitch angle, etc., aréendicated.The complex method is based on
calculated in the bicycle model and sent to theehicle dynamics, road conditions, and
PreScan vehicle.The trajectory tracking external variables, as shown in Figur&b).
controller of PreScan simulation software ha8ccording to ] the Equation (3) is used to
been integrate for the simulation of this studgalculate the braking distance. The system
with the twewheeled bicycle model senses the distance between the vehicle and
the static/dynamic obstacle ahead atitizes
the vehicle speed, weight, and other
Ill. THE METHODS OF BRAKING characteristics to determine safety braking
DISTANCE CALCULATION distance and alert/assist the autonomous

There are several methods to calculate ti&hicle to maintain the distance.

braking distance of the vehicle in the

literature. These methods are based on vehidlds shown that the greatest braking distance
dynamics, environmental conditions, etcoccurs when traveling at 180 km/h on a road
Basic and complex methods are used in thggndition of 0.1 due tothe incorporated

study, where these methods are describedVlocity and friction; the braking distance of
this section. the basic equation becomes 1300 m. This

distance is roughly 284 m in complex

Vehicle speed, the roadway (gradient ang@quations that take vehicle dynamics into
conditions), the amount of weight, and th@ccount.

brake system are all factors that impact

braking distance (condition, braking

technology, and how many wheels ar - 32
braking).  Accurate  braking  distance 1s00- _
estimations are diffidt to obtain due to the £ 40,
wide range of road conditions and tire grip2 500
For example, if there is ice on the road, th 2 <
braking distance will be ten times greater. Thg | ==
road condition in thisstudy is dry asphalt; ® il
hence the road condition in our instance Wi Rread condition s 0 Velocity (km/h)

be constant’'( T®&). €))

"~ 200

The first method is the basic method, wherE
just velocity and friction are considered ir &

order to calculate the braking distanceg >
Equation (2) is used considering that goo g, 1%
tires and brakes are appliet®]: <

-0

cum o 0 0
Road condition Velocity (km/h)
where,wis velocity of the vehicle an@is the (b)
friction coefficient, which is approximately  Fig.47. Results of (a) basic (b) complex
0.8 on dry asphalt and 0.1 on ice, 250 is a calculation.

constant number that is often used.

Figure 47 (a). shows the results of this basi® —1 Tp (3)
method in different velocities and road
conditions. This figures made with the data
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Where, | is equivalent mass factorpis V. SIMULATION AND RESULTS

vehicle weight,"Qis gravity speedo 'S" In this research, PreScan software was
parameter and calculated as—, " employed, which is a simulation tool that
expresses as density of the ai, is includes a scenario preprocessor with a
characteristic area of the vehicl® is graphical user interface as well as a-tume
coefficient of aerodynamic resistance,= environment for scenario execution. The
Brake efficiency, and’Qare road adhesion simulation's architecture is seen in Figdg:
and rolling resistance coefficient-is angle The PreScan includes a road and vehicle
of the road sl ope wnodeh with Matlab/gigulink gogtrpling the
described as positive sign for vehicle moviny€hicle.

uphill, negative sign for vehicle moving

downhill grade. Please note that the roalihe engineer's major interfaces for designing

model is straight highway road, thus the angnd assessing algorithms are MATLAB and
of the road slope is zero. Simulink. PreScan enables you to do 1t&ake

tests using softwarm-thelloop (SIL) and

The brake efficiency metric is affected by th&ardwarein-theloop (HIL) devices using
braking system, tire condition, and othemodetbased controller architecture (MLL
factors. Brake efficiency is usually measurefreScan works in both open and closed loops
in percentages rangirigpm 80 to 100 percent. and can be used both offline and online.

The rolling resistance coefficient is influenced

by the road surface and tire rotation speed, alifelligent Vehicle Systems can benefit from
it ranges from 0.007 to 0.015. ThePreScan's flexible production and testing
corresponding mass factor for passenger ca&gvironment. The vehicle's output and states
and light trucks is between 1.03 and 1.0%1ave been sent to Matlab/Simulink, which
Here, the arameter, road adhesioncontains the braking function. The foIIowing
coefficient, is affected by weather, roadre the four key phases in prescanjgub
conditions, and other things. In this study, welesign: Make a realistic scenario, set up the

call road adhesion coefficient as roadppropriate control systems, model the sensor
condition. system, and perform the experiment.

The data obtained by inserting the velocitfreScan has been used in the design or

and road condition into Equation (3)optimization process of some of the ADAS

previously described is shown in Figué@& systems, including Navigational aids Cruise

The vehicle parameters, which are listed iFontrol with Adaptive Settings, Collision

Table4. were considered in Equation (2) andVarning (LDW) Lane Departure Warning

Equation (3). (LDW) (CW), Intelligent Adaptation of Speed
C2C (carto-car), and C2I (cato-

It's important to note that the stoppingnfrastructure) communications [14]. Due to

distance used in adaptive cruise contrdhese features, the PreScan software has been

calculations is the entideraking and reaction chosen in order to demonstrate the safety

distance. It takes an average of 1.6 seconds faking distance methods.

a human driver to engage the brakes when a

child runs into the road. The reaction time ofitroen C3 Hatchback vehicle model has

autonomous vehicles equipped with radar d¥een used with parameters, which are shown

lidar sensors and a camera system is 0% Table4.

seconds. J3]. As a result, the reaction

distance calculation in autonomous vehicles

remains constant1p]
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Table4. Parameters required for the
simulation of the vehicle Citroen C3

The results of the two methods and simulation
are shown in Tabl®& and Figure49 for 80

Hatchback.[15] "QErQ The maximum velocity is chosen as
Parameter value 180TQ¢(T_Qdue to thg speed Iimit of t_he _road.
The minimum velocity of the simulation is 10
[ 1.04 km/h as an average acceleration velocity. The
a 1103 kg braking distance values derived using the
Q 0814 d basic equation are always bigger than those
— produced from the other two approaches, as
1.29 08 demonstrated in Figurg0. and Tables. For
0 2.6576644 velocities less than 100 km/h, however, the
3 0.307 simulation results of the braking system are
- smaller than others. Nevertheless, for velocity
© 0.526257337 larger than 120 km/h, the last braking distance
- 0.9 Is nearly identical for snulation and complex
08 techniques. For speeds larger than 120 km/h,
5 OLG the braking distance starts to grow over the
complex approach.

The simulation road is dry asphalt straight 80
road with two lanes, where the width of the _
lane is 3.5m and the length of the road isS 60
300m. Several simulations have been run witrx
different velocities. These results are shown ir% 40
Table 4. The data for Figurd9. is acquired 9
after executing the PreScan scenario, whicls 20
includes a car traveling at a constant speed ¢
80°QEr'Q, and connecting it to tHAATLAB %
program that calculates the braking distance.

10 20 30 40 50 60
Distance(m)

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

=

——basic equation
—— complex equation
simulation result

The relationship beteen velocity and
distance traved after braking at one speed
(80°QAT'Q is shown in Figurd9. The baking
distance is calculated ashe difference
betweenthe position of wherethe vehicle
stars the deceleratiotbraking position) and 2150
the position where the vehicle velocity is zeroE
=100

r]

=
5]
°
o 50
’ ( CitroenC3 >
Hatchback

Road Model

braking pressure [ba

0 50 100 150
Braking Distance(m)

velocity[km/h]

[

MATLAB 4\
SIMULINK

Vehicle Model

AP

position[m]

Fig.50. Braking distance results.

Fig.48. Architecture of the simulation.
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Table5. Braking distance tracking controller of PreScan is used with the
vehicle model. The braking distance
v : : : simulation result was discovered by looking at
(km/h) rl?ii;wcod EZ?}%'SX rSe:;nuLljtlatlon the graphs produtable 5: Braking distaned
after running PreScan and MATLAB for each
10 0.50 0.55 0.31 velocity separately. The braking diste of
20 2.00 2.2 1.42 two mathematical methods has been
30 4.50 4.93 3.28 calculated for each velocity and road
condition. The simulation findings are

Braking distance [m]

40 8.00 8.62 6.5 compared to the two mathematical
50 1250 | 13.19 10.06 methodologies. The findings demonstrate that
60 18.00 18.53 15.15 braking distance is reduced in simulations at
lower speedswhile simulation results are
70 24.50 24.53 21.08 between these two methods at higher velocity.
80 32.00 31.08 28.4 The selection of the braking distance for
90 40.50 38.05 35.54 different velocities, road conditions, and road
100 50.00 45.37 43.9 curvature would be determined in future

research. Future research also should be
110 60.50 52.92 52.37 devoted ¢ the development of novel forward
120 72.00 60.65 61.01 collision warning, avoidance, and cruise
130 84.50 68.49 715 control systems by considering the evaluated
and simulated safety braking distance method.
140 98.00 76.37 8237 The safety braking distance calculation based
150 111250 |84.25 | 93.62 on the multiple stochastic simulations Wik
160 128.00 |92.10 105.23 used in future research in order to ensure the
170 14450 | 99.90 117.22 safety and comfort of autonomous driving in
forward collision warning, avoidance, and
180 162.00 | 107.60 |131.78 cruise control systems.
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DESIGN OF A DIGITAL FARMING SYSTEM USING HIVE MIND
INTELLIGENCE
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Y é | dcarucal Unaversity Mechanical Engineering DepartmeiMechatronics

Engineering Istanbul, Tirkey

ABSTRACT

In traditional agriculture, planting and harvesting works with the cumulative knowledge of the
farmer. Realization of land recognition, approval and control processes withtéong

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 #u# teebe
worked onln this studya 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 art@nomous 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 Afficial 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
necessitates the design of a mechatsonic
system that can meetthe increasing
l. INTRODUCTION production needs in agricultur€his system

According to the 2019 data of the Turkistfan minimize the waste of resources and
Statistical Institute, the annual populatioffombine the most effective cultivation
growth in Turkeyis 13.9 per thousand. Thismethods in agriculture with Industry 4.0. The
increase in the population durkey shows design criteria of this system will be specified

that production ofan average of 523 tons ofin the method sectiofThe system iaimedto
extra food every year, and traditionafake measurements with sensors and collect

agriculture is insufficient to meet thisimages via a camera, to transmit this data to
increase. In traditional agriculture, wheréin embedded software with a communication
planting and harvesting works withprotocol, to combine artificial intelligence and

cumulative knowledge, the realization of lan@ptimization algorithms of this embedded
recognition, approval andontrol processes Software with database procegsimethods
with long-term observations andand to make autonomous decisions that will
measurements by agricultural engineer§crease efficienci]

shows that traditional agriculture is a great

opportunity to leave a mark dghedigitalized The outputs of these autonomous decisions to
world 1] be taken by the system is expected to return to
Processing the instant data that can HBBe farmer as various improvement proposals
obtained with sensor fusion and observatiofi irrigation, fertilization, harvesting and
technology in the robotics sectowhile Similar areas. Tésystem propasd offers a
making sense of this data in an intelligenywamodular and innovative solutioreplacing

37



RECENT ADVANCES IN MECHATRONICS ENGINEERING MEKON

cumulatively advaced knowledge and I1.2. Ground Station

repetitive workof traditional agricultur¢3]  As processors in the ground station, Nvidia
Jetson and Raspberry Pi integration were
utilized, which handles thepopulation

Il. MATERIAL AND METHOD members, mainly drone and mobile robots,
Honey bee colonies are one of the mor@nd performs robemission matching and
intriguing swarms across nature. Honeybe®bot job priority judgments. The first
colonies include visual memory, navigatioroperation performed at the ground station was
systems, decisiemaking processes forthe identification of leaf disease.

deciding where to nest next, and ta$laring The photograph specified in the first

systems for obtaining .fO.Od’ indicating thahierarchical image processing model is in the
thar unique characteristics are based og'hape of 3x3 matrix as§120,3840,R This
mtelhgen.t . behavior models andshows that the picture consists of 3 different
communication - protocols.[1] Therefore, o, ressions in theolor space5120 on the x
having a deeper understanding of how thegxis, 3840 on the-gxis. At the bottom right

interact with each other and modellingytyhe hicture, the positions of the pixels on the
dynamic behawor of honelyee colonies €8N cyrsor and the values of the color space array
be a crucial step towds technological is shown using plot graphindn the Blue
developments. Green Red color space, [178,229,185]
I1.1. Hive Mind Hierarchy represents green _anicﬂ IS corresppnds_ to
numerical expressions. Wh the pictureis

d insoired by b lobwhavior Th "transformed intoblack and white, the pixel
created inspired by bee colobghavior The .o \vhich takes three values, is reduced to
data collected by the observer ground rObOFfsingle value.

and unmanned aerial vehicles using sensors 38
and actuators is sent to the "hive," which is the —
queen bee's ground station, for processing and
interpretation. This hierarchy then provides
information tothefarmer abouhis cultivation
habits, howhe 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 argiven by
their authorities and primary missions in
Table6.

ey Fa=B

|
Table6. Hive Mind Hierarchy Fig. 51 Landscape Images

Colony | Authorit . Although color distortion is an appropriate
Member y Mission color space for color transitiondecause
Ground Queen Artificial Intelligence project was implemented in an open place, the

: Algorithms and reflection of the light led the color detection
Station Bee . o .

Database Manageme| and pixel values to exhibit deceptive

Drone Drone | 1aking parcel photos |  expressions. As a result, Hue (color essence),
(VAV) by patrolling the land |  gatyration (color saturation), and Value
Observer| \\, o | TAKINg pH, humidity | (Brightness) characteristicsvere required.
Ground Bee | and temperature Figure 52 demonstrates the model created to
Robots measurements

overcome this issue.
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Lt ~ B = challenging part of artificial intelligence
training,was performed.

Fig. 54. Detection of Cucumber Seedling
After performing the leaf detection, was

e +al] — necessary to take a closer and more sensitive
Fig. 52. Working Principle of Image photograph of the area that is estimated to be
Processing Algorithm unhealthy and confirm that there is an

nhealthy situation in the area. As a result of

e researches, 2 types of plant diseasze
chosenThe first of these is vegetative wounds
ﬁaused 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.

In order to observe the color deformation o
the plants, e Sue Value(HSV)color codes
limitations and Bue GreenRed (BGR)color
codes for operations such as validatio
filtering were used as shown in Figlr@

39

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 determineFi9-55. a- plant rust, b vegetal wound,
the leaves and fruits on the clage image to c - healthy plant

be taken from the land vehicle. At this point, . :

object detection methods thiHaar Cascade After_ determining which parameters  to
and artificial neural networks were used. Ir(fIaSSIfy healthy and unhealthy plants, the

order to train the models peppers, tomatoes@iNing of the designed convolutional

beans, lettuce, potatoes pictures from tf%’t'f'c'al neural network algorithm  was

hobby garden were taken. The pictures Wepéar_ried out. The _sample output .9“"?” when the
taken 3 times a day for over 2 months trained network is used for testing is shown in

the figure below. A photo of a healthy leaf was
Cucumber seedling detection over r#ale given as input to the network, and the trained
video using Haar Cascade were performeghesh was able to detect that the leaf was
The color deformation on the seedlings usingealthy wth 99.972% accuracy.

the HSV and BGR color codes were

examined. Datannonationwhich is the most

b ¢
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Fig. 56. Leaf Health Detection

In addition, a photo of a unhealthy leaf wa

given as input to the network, and the trained

mesh was able to detect that the leaf was

unhealthy with 100% accuracy. The results of the harvest prediction has been
shown in Figures0.

Fig. 59. Harvest Prediction

R Fig. 60. Harvest Prediction
Fig. 57. Leaf HealthDetection If the plant is labeled as unhealthy by the

The performance araphs of the developed twork after these processes have taken
_perto grap PSlace, mobile land vehicle will be directed to
configurational neural network are as show

below. The artificial neural network model € area to take precise moisture, pH and
o . mperature measurements from the soil area
achieved the desired success after th8 1

trainin here the plant is located. The sensor data
9 sent by the mobile vehicle is interpreted by
another network based on logistic regression.

The data used in training the logistic
regressiorbased 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/%, the
_ _ humidity is between 60980% and the
Fig. 58. Performance Graphics temperature is at about room temperature. At
For harvest prediction ,Faster RCNN the same time, it is assumed that the plants
ResNET152 V1 1024X1024 artificial networkused in agricultural activities cannot grow in a
was developed with the concepts of truBealthy way in cases where the pH value is
positive and false positive and true negativ@reater than 10 and less than 4, the
and false negative. temperature is less than 8 degreesatgr than
40 degrees, and the soil moisture content is
less than 20%. The database used in the
training oftheartificial neural network model,
which classifies plants as healthy or unhealthy

40
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according to the sensor data coming from th&ith the interpretation of the data collected at
mobile robot, was created in line with thighe end of all these processes it is aimed to
information.[4] inform the user through the interfacguch 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 theugm
station. In Figure63, the dictionary of the
respective database is given.

Sensor Measurements

sensors plant
plantid < plantid
moisture descriglinn
temperature f\elf]ld
PH hea\thsl‘tuamn
healthrate locationx
Fig. 61. Dataset in @imension e
robots farmer fieldinfo
= pH-Tempe " &
Ea = = farmerid 1€ farmerid farmerid
E rob}ollsblld first&lastname filedid &
“E=i definition gender fieldarea
= startdate birthdate
charge

H

location

32

locationid

farmerid

15 20 25 30 a5 40 fieldid
Temperature(C) city

district

Moisture(%)

&

-l sture Persective

Moisture(%}

41
Fig. 64. Database Scheme —

Fig. 62. Dataset Reducted inRimension  !I-3- Drone
The drone usk in our Digital Agriculture

_ : . System is the 3DR Solo Drone. Within the
Theartificial neural networkvas trainedvith scope of test flights, live positioning, path

a leaming rate of 0.01 in 2000 epochs. Tht?acking, image transfer, speed and altitude
data setargeto_utputthatthenetwork nee.ds 0 jetermination and control processes were
r_each and themctualoutput are sh_oyvn in the carried out. Ardupilot based Mission Planner
figure below. As a result dahe training, the application was used

performance value ofthe network is '

0.000160961.

10

08

06
~— data 1, auc=0.743011937557392
04

02

= Fig. 65. (a) Dro_ne_ Test Flights (b)Ardupilot
00 02 04 06 08 10 Mission Planner

Fig. 63. & Logistic Regression Modekb
Dataset Clustering Training Results
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[1.4. Observer Ground Robots

Observer Ground Robot can perform pH,
humidity and temperature measurements with | EE_———-—
a single sensor designed the necessary
measurements from the fieltere taker5]

Home Daily progress

Fig. 68. User Interface

11.6. Hive Mind Communication Architecture
Fig. 66. Observer Ground Robot Design All elements of the swarman be accessed

In order for the designed sampling mechanisfMotely through the APl implemented on

to work, the necessary motor driver circuit anEaspberry Pi. In addition, data is protected
electronic card have been designed. ecause the network developed is designed in

accordance with security protocols.

RaspberrPi internet

42

3DR Solo Kablosuz Ag Husairan
Controller (RaspberryPi tarafindan saglaniyor) ROSBot 2.0

£
£
B
8
=

T
< B .0 oS L -5 1 -5 . ’
2{ ™o e & - I'h‘J—.O o W o3 mo 5—,"-9 6— e 3DR Solo Drone
2 =21 Nvidia Jetson
5" | l i

e S etom St meTm Ao

Nano

Fig. 67. Motor Driver Circuit Electronic Card Fig. 69. Communication Architecture

I1.5. User Interface lIl. RESULTS AND DISCUSSIONS
End users can select the relevant land among

the defined lands, access to live data abolibe designed Digital Agriculture System,
which plant is cultivated in what percentage o¢nables farmers to access instant drone bird's
the land and the health status of thesye views of the lands they define, observe the
cultivated plants as a result of fused sensBfalth status of the vegetables and fruits they
measurements. Screenshots arewsh in Pplant in this land, the time remaining to
Figure 68. The land given in the example isharvest, and have informatioabout the
the concept realized on a 84 hobby garden reason why the unhealthy plants decrease in

in Sakarya 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 algorithmsv.

implemented, unhealthy zone detection on t
land, leaf and fruit detection in the plant,

damage detection in unhealthy areas can be

made.

Due to the fact that farming landscapes a
harder terrains that contain rdié

threatening conditions, for the sake of this
project, optimal conditions has been accepted

as ground rules. However, with the necessary mobiler o b o t :

future work such as having batteryfd for
drones and making ground observer robot
more resistant i
improvements.

The harvest prediction phase offers an unique
point to endusers, 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 expecteds]

IV. CONCLUSIONS

In this study,a bioinspired digital farming
system combined the
t oday 0s thasthben debignedi e s

[5] Sanathi, P. V., Kapileswar N., Chenchela,

6] T. C Tar ém

r[5] Dur mH k,

can enable further [3] Ibani, D

REFERENCES

tf[?] Karaboga, D., & Akay, B. (2009). A

survey: algorithms simulating bee swarm
intelligence.  Atrtificial Intelligence
Review pp.31(1-4), 61.

Gg.ne@., , M.
B. B. | (301.5). nThe dlesign of
general purpose autonomous agricultural
AAGROBOTO
International Conference on Agio
Geoinformatics|stanbul, pp. 4%53.

Kérc

., 1Jsselmuiden, .J Haken, R,
Trianni, V. (2017) Monitoring and
Mapping with Robot Swarms for
Agricultural Applications. IEEE AVSS
ConferenceIntelligent Technologies for
Environmental Monitoring Workshapp.
1i6

[4] Lippmann R. P. (1987) An Introduction

to Computing with Neural Nwetorks.

IEEE ASSP Magyol. 4, no. 2, pp. #22 43

V. K. R. (2017) Sensor and Vision based |
NaRtbrdrhofis® %GIR’*I)B‘Eﬂa Urdy | §0\f/ingw' th
Seeds. International Conference on

Energy, Communication, Data Analytics

and Soft Computing (ICECD®)p. 242

245

ve Orman Bak:
Dijital T.aRe@ieued ez ar é
https://ditap.gov.tt/



https://ditap.gov.tr/

RECENT ADVANCES IN MECHATRONICS ENGINEERING MEKON

MEKATRONI K M! HENDI SLI ARAKBTRMA3M

Rabia DOJAN YILDIRIM

Mar mara | niversitesi, Fen Bilimleri Entit ¢ s
Kstanbul, T¢rkiye

¥ZET

el ektronik kel i mel e
apon Yasukawa EIl ektri
[0 g al anl arénén bir

Mekatroni k, mekani k vV e
ol uUKkmuktulIoewe yélkékea J
vV e el ektronik m¢hendi s

kull anméxkt ér . Mekatroni k M¢hendi sl i g I se
teknolojilerinibiraa da bar éndér an, si stem, maki ne veya
m¢hendisli k dal éeé ol arak tanéemlanabilir. T(,rk
-al exmal ar 199061 & vyéellarda Orta Doju Tekni
b¢e¢nyeei bakl at él méxkt ér Ancak mekatroni k m¢he
Kocaeli ve Ateélém | niverbBu t-easliénkdma dvae,r i 4 0rely ey
ve ¢l kemi zdeki mekatroni k m¢ghendi sl i Ji bol ¢t
i stihdam durumunu ve s¢regelen s¢gre-te sekt?®
M¢hendi sl ijJi Ksti hdamc aAkntkéert .i Amokeait- | amé é pmays
m¢hendi sl i Ji bel ¢m¢nden mezun ol muk 513 m(;h42
Anahtar Kelimeler: Mekatr oni k M¢hedi sl iji, M¢hendi s | T}
Mezun °Jrenci arakter masé, Mekatroni k M¢hend
yeri ejitimi, 7+1 ejitim modsel i, MTOK mezunu
. GKRKKk

Mekatronik sistemlemakepel |S&nayi .sogndeistr
yéellardaki teknol ojsiiktemderiikmelt &Pin taren
dojurduju en ©°nemli ®dheangialridlan Wi bidir-exi:t
En genel anlamda mekanik, elektronik, Uy gul anmakta ol up, kull

kontrol ve yazéelém b9€eRBnleddmderdedRlyk &mek
denetim dejikkeni ol Mela&t rsoenijjlienn bfiirzibddd|m

beyekl ¢je il ikkin vetemelde rrpbot y sistemlariylex ebilikte d e
se-il mik algélayéecel drak | @amexs|ae jdeay | daé Nt éoMpél Zadyea
bu verileri kontrolcpelkatr one khanYéJzJésaénrﬁd@l{ler
yzél eml ar marifetiyll@ yorumlayan

ger ekl i kararl ar é aINbekklalterrpn"ﬁ,yre@és ﬂhﬁipki
el emanl aré (eyleticia@fedas§g Kkioneul @reé gkearpeskayian
tepkil eri veren t¢emf alakgfhesi  cviehame hendi sl
sistemler fAmekatronikéiémijektikml Br b sRrEt akKeéemd,
adl andérél maktadér. 9genel olarak, kuramsal
Al gél ayabilen, ©°1 -ebiklagmft llaadirmerk v ek avbri g nelpa rvée
bu karar y°n¢gnde har edkketta reédl enpdls| &godd egitiio m@ e r ks o r

makineler; yani mekatronik sistemler, @ K ma et kinlifi ol aral
savunma sanayi, g¢vemMeki@atgijont minghendi sl ifJi
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Il kel er i i -1 nde, mahke knaat r anyihke nd Mg hehphdj sl i ]
elektrik/elektronik m¢ hendi ¥d | J 01990061 € yeéellarda var o]
bil gisayar teknol oj i sainrciark e2k0 Oa0Omay-éllél atr¢séemml éenk i bk
bir yapéda ger -ekbexkt ibril lgme il muw eve meka
uygul amaséder . Bu taméemiuawuva vey gmek glzemrak b°l
mekatroni k m¢ghendi sl ébraik | ialngniélkit édi.si Fhnat bada
uzmanl ek kazanan, t ¢me ktad s @ameé gei myp d mpdmegsnl¢in g
d¢zeyde tasarém sg¢relciirni aldametolenyaeshé | srebebi
y°nl endiwveebiHl e&tnkéeda nbsuhl eunndains i kitlesinin ge
ki kilerdir Mekatroniyhkpéngad emnah isg ealid uijlugigl®ir ¢
di siplinlerdeki uzmanl arl a il eti kim
kurabil en, bu uzmanT &kki gkedbdbehkr & mk&klait r oni k
bil gilere erikebil ew38. 4by 25biylagiélna3@in k¢ - ¢
yorumlaydilen ve bu bilgileri ekonomik, yak aral éejénda veaageriy
yeni l i k- ve m¢igKteri 80 yak Fgs@eeddre (t at mi n
eden bir créne do°n¢gkKt ¢r mek amaceé il e
kull anabi |l en Mekamenk| ar
m¢hendi sli ] bol ¢ mg¢
me¢hendi sl i k fake¢gltesi kel tesi
b¢e¢nyesinde yer al makt mKadgi k
fake¢gl t esi ej i ti mi t e sErkek | 1 ken
teknol oj i fake¢glt esi ay a
y°nel ik v e pratik e der
¥zell i kkreol ojtie fakygl
uyguladéjé 7+1 ejitinm mooerT rT e T K _yer.i 45
ej i ti mi bakl ej e alténd 1ap 5?5'Ié‘r7né'é' @fﬁ]seim
staji e °Jrenciler me z un %Y a%an °nce ye
deneyim elde etmekteCinsiyete dayalé ,mesl e
ol makt adélrkemi zde herhangi bir ikyerinin
yaygeéenl akmaya devam ekarakterlerinden biri olarak kabul edilebifirk
dal & olan mekatronitbenyaneén neresine n gi de
yapeél méck ol an i sti hckadénl arén ve erkekl eri
verilerin bulundujuVve farkl e mesl|l ekl er de
mekatroni k m¢ghendisl g°ré¢eséebyg durum gemel |k
ederken veya mezun ove fNerkek ikxio ayrgmeé il
olabilc ek hususl ara cevaKadeéenl ar; hemkirelik,
diyetisyenl ik, sekreter
|1 . ANKET KATI LI MCl ol arak adl andér el an i K
erkekl er i se, me¢ hendi s
pr ogr amctlakve. pi@ teknlb veyao
entel ekt ¢el a-édan daha
H20-24 kabul edilen mesl ekl er de
E25.- 209 Kge¢ce piyasaséendaki bu
tabakal akmaya ek ol ar ak
“30+ Y tabakal akma a-éséndan
y°netim pozisyonl ar énér
yézdesini I kgal et ti kil
_ L ) ~ Erkekl erin yojunl ukl a
Fig.70. Kateéel emceélareénm, hendislikteesisma2énl ar
yéel da art mecx ol sa da -
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dal eénda kadéen ©OFPPoln®Aink eotr an&aphsaménda Ve
dekekt i t ¢l m anket dsegjneur-lleanrdéinrai | mesi nde © ne
bakél déjénda da m¢ h esodlardah laritanesi, mézuroolarive dnkete
késméné kadén m¢hendikalted aml umetkuart makti &kd émré h e |
(Fig.7) . M¢ihendi sl i k dalglnarvéeenmrasa tkeaddeenn |l mazZznn ol d
tercih eder ken y a K aHdaéd jeén tlekle mgz aé i j3iI0n kad
mekatroni Kk al anénda makat vamisd oihgbhegegdit i mi v
gor ¢l mektedir devam éeiime k't edi r . Bu soruya
Kekil dedir. %22, 8 i k [
EKstar Mar mara | niversitesi, %
m Kocaeli 56 kiki Kocaeli | niversi
il e 51 kiki Karabg¢gk | ni
@ Ankara oran ile 50 kdrksi tFeésria,t
WKz mir or an il e 41 Ki Ki Sakat
taki ben Erciyes pniver
HBursa 'niversitesi, Yeldez Te
®Konya Necmettin Erbakan | nive
. Gedi k | niversitesi, vV e
4 Kayseri gelmektedir Fig. 73).
EDi J er
M Sakarya
HMNTUH
HH TP
Fig.72 Kat él émcél ar én Mp Ty
M¢hendi sl erin %39 or mynvmn0da 4_6
i kamet ettijini geor VA b |l 6u
%11 lik oran ile Kocaeli, %10 luk oran ile
Ankara takip etmektedirF{g. 72). Burada M5A €S
sanayi yojunl ujunun a
Belgesinde  fazla h&% i aren cal
kat el eémcél ar én yézde n e i|l7e
Mar mar a Bel gesi il @area@age yorum
go°r ¢l mektedir. r dijer sor
el eridir. Ka
EMar mar a 78 m¢hendi s
EKocael i b hi pt5iry.el %22,
Karab¢k | i meb5 %10, 3 [
WFérat | y e daha ¢st¢ ot
@aSakarya m¢hendi sl erdir. Bununl a
R iEr ciyes kesim hal en uygun bir
WAt &1 ém yakal ayamameék veya fark
uYéel de z -al ékmaya devam eden n
MNecmett ol UKman'(ig_7aﬂ)dél’ (
UK. Gedi il kemi zde mekatroni k mg¢t
uDi j er edinnesi ile yeni nesillerde tercih edilme
oranenén arttejeée bu sor
Fig. 73. Kat el émceéel arén grezzunmeHd tdaikil rar é
chiversite
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lll. KATILIMCILARIN TEMEL gibi az bir kesim ise meslek lisesindeki
EJKTKM BKLGKLERKODbilgilerden faydal a
bd i rt miRgl &b)dDir] e(r yandar
i Meslerk kat el émcéel arén %38, 8 ini
Lisesi %3, 9 unun f en | i sesi m
# Anadolu g °r me kRigerga).z (
Lisesi
D¢z L
 Fen Lisesi aSityAl ﬁl'ﬂﬂ
] Elektronik, Kontrol 361
ve Programlama
100
90
i Robotik ﬁ 183
70 '
60 0 200 400
50 _ _
40 Fig. 76. Katéel émcél arén il ¢
30 alanlar
20 -
10 - Mekatroni k M¢cghendi sl ifJi
0 - baréndéeran bir b°l ¢m ol n
programlar énda farkl é& 47
mevcuttur. Ankette 3 T4
Fig.75. Kat el emceéel ar én iMekaini Kj iviei ff m&onad o, A EI
Bilgileri (a) Katéelemeéel Rrogra®ramadl duekl aifR
ise(pMesl ek |l isesi mezbrK!l ikt @lr@madIt£madm kat él
mesl ek |lisesi bilgiléeldhi deUYIdIUaTnUrrﬂaU opanhHdake
'l kemi zde 2010 senegs'e”‘:eavaé"afda%@“o Oe{r}a”ni'k'e
a-él maya bakl ayan te‘gp%l‘ I(Ijl%rkéltelaqu -’Id%
blrllkteteknlkIls,eIeOrdI eutdaalkrérﬁg,a{SF R4
m¢hendisli k yolunda aIn éhdaak qd@%rﬁuﬂg H P35
tleknoloji Ifakg,ltel;arr~1 aHéﬂu Kemdaeljaltto' ma’|
al méxk, sajl am t eme endi s
y e tiriimektedir. % P f'g% EPFP
B bat l q Keti Bu a{al [‘( altéﬁi\da ver
u aj llamda anketimi g, &N HuN gelsibrin © etk _
mezun olup | isedeki %Ia@%lt%%l’dlan 4 & kkaayd t[engg)
ne derece kullanél déj un = vabeneg
ar adeéek. Anket e katélsaﬁw:]fgfjﬁlff éégﬁ{fl§5 aflgét
%43, i k or an il e 221 esrﬁe 1 es|-
BPog"}a [“a*ma ol c?djunu
mezunu olup bunlardan %85 0-5 Takibe Mekatroni k Si s
aral ejéendaki puanlanBﬁz% Erlnacpﬁeslg PUanrt carem
kull anméexkt ér . %@ Bve 6 SRRais rpuﬁrggra%as'lMaine
%1265 €& da 2 ve 1 puan . Léé}lqaagqaarr K rR’qnsalleFE Resi
l i sesindeki bilgiler\’)e ieTjéI}(edﬁérgr%p 9Epaalr
kull andékl aréenée duekel irtmixklerdir %1 0
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hissettiniz mi?0 sorusu YaspApgAdybN mi ktir ‘ve '
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bul makta zorl uk - ek meadinjaikrBia dbgenlliar tbmirkltiikrt.e K%
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ROS TABANLI MOBKL OTONOM ROBOT ( AMR)
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¥ZET
ROS (Robot Operating System) ol ukturduju st
robotu -evresel bil essaeblserli dehamkesrl ¢ akimae Mmo|
kaynak kodlu bir i kletim sahibipnoje Ggay geét
ROS, sim¢glasyon ara-lareée ile dilden baj émseé:
d¢nyasénda standart konumunu al maktadeér. Bu
Mobil e Robot) kull anél arak si m¢bcalizajioomandor t am
Mapping) ve navigasyon fonksiyonl areé ger - ekl
sajl amek ol duju Gazebo, Rviz ve rqgt kull anel
ve SLAM fonksiyonu sayesinde konumlama ve laatita ma i Kkl emi yapél mékt é
ile -aleéktérélan navigasyon fonksiyonu saye
dinami k, g¢venli ve maliyeti d¢kek yol plagll
araye¢z il e AMROI! el | amaénluaebli | et af ak gkbi k on-u
kaydedil er ek, re-ete olukturulup heéezlée Dbir
navigasyon, d¢kek maliyet, hezl e kurul um, m
I mkanl ar & dolterghedile.yl a AMROI er
Anahtar Kelimeler: ROS, AMR, SLAM, Navigasgn
| . GKRKK
Mobi I robotl arén kW€ | anEanei, gasypPdt a fonksi
end¢striyel alanl ar ahpaekdi } 26k Hi mmeasyon
sajl ek, savunma vb. Yadldmékdede Ghrdaebeda t.
daha da yaygéenl akmakthdddd kit 2] s[iam¢l[ez]edislogn

zamanl arda vyapay zekKa@addrd agelk@améeil et er .

mobil robotlarén ot ohdM gk@eSkiolnd ef omaKrse kyeoth u -
edebil mesi 8i stserll eary afighptenverjen hedefe -evresi
odakl anél méktéer [4]. dedbikikedt cennodne I rl ebdt | he C

(Autonomous Mobile Robot- AMR) planlamasé yapép hedefe
ortamda hi-bir belirtver dfll fa dda’nz | keo™ eniumhi ik t i 1
ve engell eri algélayépANtRiﬁrﬂairﬁiIQe|oqCa&Taiknden
hedefine gitmesini sajl ay doj al

navi gasyonu sayeS|nde||d|rﬁd?rﬁ\lq:kLARgc,venll Ve
mal i yeti d¢kegk on planlamasena ve otonom
s¢ré¢ke sahiptir. ML R@ mada °nce sistemde
kull anél an ara-lar oR@% akr oR®@g,i kRopbat ver mla
Lidar sens°r¢ésgnden b a H Beed iklerhiewt | ¥Yaz &lLéam Daj &t
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arakteéerma ama-1¢é& kul zdir
ROS I ¢ ol ar ak 2007 ]

Yapay Zeka Laboratuvaré ,‘
taraféndan Stanford l'n
destejiyle gel i ktiri ig’)aren

fazlbarkujumym

roboti k arakteér ma en ‘oW

n
[
Garage' da geliktirmesi d ktedir.
Bir-ok araktérma Kkur umu \fegS%EaFe%p Y6naneéem
e
a
v

ekl eyerek ve kod °©°r rrig.k85cerd clidagkay!| g¢kras elkde
ROSOt projeler gel i wtliurkmeaiyreau | aank I dagdnéylaa rve Buo
-er-evede herrdgetempiSeajeaki-e g°rsel de I se R
sayéseée vV e dest ekl ediéjkit @élcairhfazol srayglkseobot
artmaktadér [5]. sens®r veriler:i gesteril
ROS Ubunt u Li nux i Kl etim sisteminde
-al ékmakta ve dil ollk2rRghet Pyt hon, C++ ve
Java destekl emektedi rKobR&SO ufni rMedoai tavafeénd
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ROS Node karakterize eden veridir.
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2 B BN b
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girik ve -ékexklareéneér

konumu, sens?®°r ver il

dinam k engell er, rot a

pl atformdur . Y°netim

parametrel erin dej i K1 q

okunmaseé vV e yayéenl anmmase; veri+terit
grafikte -izdiril mesi frig 87. Qdapetria/erisi [Lohe s i n i
sajlar [7]. Lidar verisinin zamana

hesaplanan robotun pozisyon verisi ve
tekerlek odometri verisinin filtrasyonu
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harita genikletilir. Bur
|l idar sens®°r¢é¢neéegn °1 - ¢om oo
3131104 1. 4170000))3131104 1.409999966621399, 1. 4049999713‘\97705 "
Fig. 91 Lidar (LaserScan) Verisi
. SLAM
SLAM (_Slmultaneous Localization anc! r manp an
Mapping), robotun ¢(zer [
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Af Fig. 98ae navigasyon fonksiyonunun
ﬂ|"- -alexktérel méek hali mevect
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120ms araseéenda g°r ¢l ep®C bjara jagge me |i se
2,64 amperdir.
Yapél an anal i Bid.H6das on u e
ne¢ve kayéepl ar é vV e b (W= Née
g°r ¢l mektedir N¢ve ka = ge°re
16. 05W, bakeér kayépl ar = rak
al éndej éenda topl am K é k
5Wol ek s¢rtegnme kaybe « ar ak
bul unmuxktur . Buna ge°r
~%82, 6 ol arrvatkérh.esapl an
Fig.1177 Spoke tipi FDAMOGnN
noktal ardan manyeti k ak

incelenmesi
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Fig. 1170 &k | g°rsellere R20V,e420 W] 1000 rpnd, 2.% A, 4 Nm ve

u-larénda 1.9 T ol arveekr i manyeki K880y ym. Mo t
ol uKkmuktur . Ol uk di klIlver ianrdeel,i zbogandul akénaa |
ve rotordaki ake yojamdaugtur idyaejlée lugynglud raémad ar
gore doyum ol ukmam&EDAMO.nunModkedlilnaneéel abi |l e

manyeti k aFip a8 diez gaiklegit t ¢ mekt edi r .
yoj] unlFigKl19%dag@ r ¢ | mekt edi r .

>
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DTKPK PKLLERK TAkI MA/ DKZKLKM K¢KN KK
TUTUCU SKSTEM TASARI MI, YAPI SAL ANAL
| RETKMK VE KOLABORATKF ROBOTA ENTEG

M. Burak YILMAZ, ArcaA. KE¢CECK, Murat KI SA, Kubil ay G
DKLKBAL

Kstanbul Gedi k |

¥ZET

Roboti k sistemler, e-tijimiz 20 yel i -eri si
amacéeyla bakta ¢retim ve mont aj hatl ar é& ol ma
al maya bakl améexktér. Endyg¢ storrityaer| arroebnadta ngePrriepvy
getirebil mesi I -in uygul amaya uygun +#impboti k
pill eri takéma maksatl é gelixktirilmik iki -
prototip ¢retimia veentlglralsyoattiifpaj éopaioimetcd k€& n
ull anél acak roboti k tutucununtitpemegi lilwlrevi
andéndan aldéektan sonra belirlenmik nihai

evam et mesti@n. sR{batmalk tutucunun -enel eri
enel erden farkl et i pl arpaikl,] et unhulgaecoanket Di si ne
asarl an er . Eyl eyi ci tahrik Si st emi ol
ul ane otpénr°. maEli &« tahri kl: i eyl eyi ci me k an
cu p kavrayép béerakabil mektedir. R ®&® c
an k CNC tezg®©hénda ¢retilmiktir. R
j i s kull anélarak ¢retilmixktir. Projeni
a Ansys programlar é kull anél mékteéer.

ator ¢ -oliakh Faearuicn dCRXg er - e kunwnkanimu i | mi K
[ i mi bu manipg¢later il e kontrol edi | ¢
ekseni czerine dizil i mi ger -ekl exktiri
ve emniyet kat sayél atret ngel zk wwvgentdie bbeulli
ver i mli -al ékmasé i-in temel Kartl ar
irilen senaryo, Sistem entegrasyonu S
Bt i pi pil |l err .i |Kel etrelsety eendi-lamiékktmal ar da, g
d czterpindpnl Derin alénmasé ve uygul ama

|l anél masé arakteéerél acakteér.
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Anahtar Kelimeler: Roboti k Tutucu, Pn°mati k Eyleyici,
Tasar eéme

—eki t i Lifgi bul unan f
| GKR.KK birimlerdir 4'2]' Uygul a
Endestriyel —robot, ,$3Rg%iakh/ BidiPket riye
alanenda tercih edilq:narska\béit }a/dg \PchaKgéqiath'lm
¢- veya daha fazla pnQqqnamlzgnuadifidm ¢GobiP£n
sahip, kendi kendine kontroédilebilen, i K birlidili maksadéyl a |
yeni den programlanablSIOGr S t0 n?zilrm(?érk gor e
mani p¢l ator ol ar ak t@)}]gédq af"rﬂa?la{r'r Rokbolt bér
sisteml er |-er|S|ndeg voebnolti'kk b el t udcunl I af(,:{;llE
end¢suydguwyledmal ar i -1in Ctasarém
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Bunlar; Hez ve mesafe i1 zI|l eme me
a) Emniyet]l. izl emel isidurenxi, ve operat®°r ayn
b) Ell e y°nlendirme, -al é&kma alanénda hareke
c) Hez ve mesafe i z| emeal t € meée, -al ékmanén he
d) G¢ - vV e kuvvet sa& mésrélnadnaa aoslgaarraik b r Kk
listelenebilir. mesafesi berakel arak sa
Emni yet] i izl emel i adl ugréul ka niarteimomdersodbao t e ki pr
operat®°r, robot il e eotlkairlaekki mé gail ramelk €i - emnv
her hangi bir g°revi kadrl-aenkéll eékrt.i r mak é K an,n k
kol aboratif -alékma alamema giynké dan é{ eod a,
robotun hareketl eri emensiayfeetnliin i zelnenmeyleit Idiur uaky
o zel lifjJi il e durdurolabllrrEe]seir i oiperaobBot h
-al exlmanénda yoksa 1 ol '
ol mayan modda -al exal 3 wx.l ¢ n
alana giriki ancak ro ¢ ekil de
hareketsizken olabilir. u}j’ o

)22 Fig.1222 Héz ve mesafe izle

[8]

U Buraya kadar ki é - met ot

- halindeyken -al ékanén
Fig.220. Emniyetli izl emeelsiafdeudeunk vezHeaz yakl ak

grafiiji [ 8] ol mamaktader . Dolayes%

El'le y°nlendir me ﬁ]ggnﬁhﬂ rao?o?p}ledr\i/a?tolr%sda}nvtee
hareket _kom_ut_larene J[ng)tbé)gﬁtnafaﬁﬁ(l,taa_rk,j{rlbak.ik@(t|-alynné '
elle kumanda edilen bir cihak ul | an NEN-anda birbirlerine y a
Operat®°r¢n kolaboratﬁgre-k%ltéKhr%qIﬁl(lj(?ne} réKab
gi rmesi i -1in robotunar?gnalyg || eilzi emed i | e
duruka ge-mi kK ol mase eor|ek|”hetk|t Jl(ilr'rd'-{;'(nl e s
manu el Kekilde, rob i.lunseubeplegk'?&iy"' IJ )
birimine yakeén kookntvaaynaSI){/%rnl’e?KtiHridﬂndtif‘
ol an y°n|endirme cikd?laazne_nleanbima}relﬁ]et d°rden.
ettirimes y | e yapel ér . Op(,celrr té‘:<li,n s-créreelﬁﬁ ||’Sini a7
emni yetl i sénérlanmégéK %Zangi °'ze$(afoeilayrak t
Limited Speed) fonksiyonu ile koruma - o

) _ al géel ama s,ens°rl er_i bul
a.tlte.ndader_. ] Ay_aAr_I anmred(lgqﬁTabXSﬂﬂJénhé“[k%%Ff'bnélr
czerine -éekeldeéejénda, Aﬂarak
duruka ge-er. A e

= 0
I~ & 1
, '\‘ v
| -
Yo

Fig.123. G¢- ve kuvvet seé
Fig.12. El l e y°nlendirme g©°st0°rsSitngir ijngi] [ 8]
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Roboti k tutucu se-1i mi
belirl enir. Roboti k tut
tutul acak nesnenin ° z
dej i ki kIl ik gosterir.
nesneni n; KeklIl i, tutu
be¢eyekl ¢ ¢, tutucunun k
k¢tl esi, i -kianvr gma ek | i

pozisyonu ve kavrama eksenini etkiler.
Tutucu ekipmanéna ba
I vmel er , pozisyon do
noktal arédeér . tevreye
besl eme v

s¢rteéenmel erdior .

—

e s°n¢ml eme =

5 ' FEnLECRX101A&dPot Vv €

Kontrol
sistemi Mekanik tasiyict Sensorler

I Robot , é

mani p¢gl atore¢g [ 10]
noktaseéi “ J
itilebilir. bl R

Carpisma Sirtci K
inematik sistem
Degigtirici | sistem Nt

koruma
sistemi | - > >

Kavrama

Fig.24Tutucu alt el emanl @1(5,@20[4)9]

Hafif temaslarda
g iven I

n dut

1. MALZEME VE Y¥NTEM

Robot d Geri

€

Kol aboratif robot tarafosjeﬂedean;et,tuY]Lu'Lmase

i stenen -fpe r pila olardk kar kél al

belirl enmi ktir. Nesneritmmag(ug/\n;tmietrUk Ke k[l i vV e
yapésal czell ikl eri gdrénd8nénde !
bulundurul arak tutucu | simizerederede pP™° mait|i k
eyl eyi ci il e -al exkan i kKiek-idnle mhnik
tutucunun uy @Kt éaléedwnjek tkear.ar |

Il RobotMa ni p¢ lSat i mi Fig.126. Kol aboratif hareke
Bu -al eékmada, tasarqua ﬁ&&Ot' byhg&unun
kol aboratif -al ékma ar ‘(

FANUC tarafenda—lOiA(;re*'

o n

kol aboratif robot- man

10IAr obot mani p¢l at or ¢
sahiptir ve 202 4 0 VO Il uk gg¢ - k

©

DY

.

besl enir. cCevr e biri
yazél éméey araye¢z k s
0

eyl a
| SO/ TS15066 standartl

ISO102181 serti fi kaséna @I‘j

ve béerak progyawml amaoee% E K

R X

uygul amal ar kol ayca h d#8-d37 Rabgti utucunun bilgisayar

dest ekl

i tasar @éme



