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[Abstract]

The purpose of this study is to develop technical education programs that integrate robotics and
artificial intelligence for employees in the robotics industry. To achieve this, the current status of
robotics education programs for employees at domestic robotics institutions was investigated, and a
demand survey on integrated robotics and Al education was conducted for domestic robotics companies.
Based on the results of the demand survey, a robotics and Al integration education program was
developed, and the contents of the designed curriculum and the survey results were presented. The
developed education program was applied to the actual industry, and through evaluations of participant
satisfaction and learning effectiveness, it was confirmed that the program can be effectively utilized in

the industry. Suggestions for further research were also made.
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I. Introduction
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=& 2% AYW(IFR: International Federation of
Robotics)?] “Top 5 Robot Trends 2024" H 1A oA
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(autonomous navigation)
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II. Theoretical Background

1. Trends in the Integration of Artificial
Intelligence and Robotics

APGEAL 77713891 SNS Insiderof] @2, A A7
ATAls 25 ASHEE 202340] 1439 2ol 2 FIis)
oo 2031A7HA] 1,620 3-TF Zelz YA Zlez A
B3Ik ol 2024ARE] 2031971K]9] 05712t Bt
Hat ‘3745 (CAGR: Compound Annual Growth Rate)
o] 35.6%%] GSMIE BAEL. AFAls 2E AFY 4
e FEcke QRloze 7Aieks, ARH v, Apdof
A2 & A3AE 71e2 vl HAl, Az, o', 2R
S HHRt A 2ofollM Absetel] Ot A[EA 4~ S
LA AARCz Q1789 B2t L2APE 4983 A
= 230z g g vl a87d 5o 71et A
oz FAHU10]

2



A Study on the Development of Industrial Field Technical Education

Programs Integrating Robotics and Artificial Intelligence 211

Table 1. Global Al robots market[10]

2023

$14.3
billion

2031

$162.03
billion

Year

Market
Outlook

CAGR(2024~2031)

35.6%
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2. Current Status of Education Programs on
the Integration of Robotics and Al
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Table 2. RPA developer training course[13]

Catego Key Educational Dev. Duration
gory Content Environment
. Basics of RPA, UI path
Basic Programming .
. studio, 10 hours
Theory Language (Basics Pvthon
of Python) y
Understanding of
I path
Advanced RPA Developers U pa.
. . studio, 25 hours
Practice (Case Studies), UI Pvthon
Path Studio y
Development UI path
. Projects for Robots )
Project ) . studio, 30 hours
Automation using Python
RPA Y
Field Experience in
Internship | RPA-related Robot - 96 hours
Companies

Table 32 “RBlI2% 7|dl Ajy]
wEIgro2
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hgo= At mgoln] soly Lz T2 7]%, o
Ald/E21d(Deep Learning) 2E=, ROS(Robot
Operating System) oJ5fi, 154578t P2 2% A}

5} m2AE 43 9 QY02 50| PYTCh

Table 3. Mobile robot-based service robot SI training
course[13]

gk udole] #§ ololAE 2¥sh Jlx BEe
IoT(Internet of Things) 7|¢t A& AUtETE2]9] o]},
A% 3 olo| A8 23812 2igh 232210] i 2L AR
502 Uhgo] T} oxelel BEL 0|2 UEE
sk mslsle E|2 9] w952 5 2a= ywdg 7}
=51ch XA 1S 23S QoksHH Table 59F Zch.

iy Key(I:EducationaI . _DeV- Duration Tab!e 5. Meister robotization professional training
ontent nvironment basic course[14]
Service Robot SI
Basic Cases, Basics of | ROS melodic, 56 hours Catedor Key Educational No of
Theory Programming Python gory Content Participants
(Python), ROS Big Data Understanding the )
AGV, AMR Driving Utilization for Data Utilization 20 Online
Advanced Practice, Service | mobile robot, 48 hours Meister Industry, Basics of
Practice Robot Operation JAVA Robotization Computer Vision and 10 Offline
Practice Data Acquisition Techniques, etc.
Project Mobile ROb.Ot Prgctlce 16 hours .Bflg pata Understanding Time 20 Onlin
Platform Project Equipment Utilization for . e
- - - . Series Data and Data
. Field Experience in Meister . L. .
Internship - - 80 hours S Visualization using
Robot Companies Robotization 10 Offline
) ROS, etc.
Data Analysis
Table 4. Collaborative robot SI coordinator training Understanding
13 Big Dat IoT-based Smart
course[13] . .g ) ata Manufacturing
Utilization for Factories, Concepts
Key Educational Dev. . Meister ' 40 Online
Category Content Environment Duration Robotization and .Cas.es of
Basics of Robot Basics Robotlzatlpn fo.r
Basic Programming (Python), Bython Manufacturlng Site
Introduction to Deep y ' 120 hours Meisters, etc.
Theory . Anaconda
Learning-based
Machlne V|.5|on }\ﬂ}xﬁ St 2 ¥ 93t 1o w8 =2 Jalo|c}{15]. i
Machine Learning/Deep N o o= _
Learning Modeling, Python 1_ }%Ei‘a‘%ﬁ “E]_ i% Al ‘°—ﬂ|}1‘_]}?ﬂE1Oﬂ}\1 ﬁ%ﬂ‘l]
Advanced | Image Processing, | ) o on4a |42 hours|  B4A71 ARAL B 0FAAIS weTjAroR stk A
Practice Understanding ROS, ROS . _ B
Practical Training with AR 28 2k AFQ1H0] 28 Qujdole|et 28 F
Virtual Simulator _ cjlole] e 93t BT| B3I LYstn 9ok,
Proiect Al-based Articulated Practice 30 hours i} .
olee Robot Projects | Equipment 23 omeo]EL ANl FAJAN 2ES ARA] L85
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WS gioR sttt WS a2 lgole] &8 ofo]AF  AEQl Hdaby, Butd 2% K] ¥ o]5-2 st QI
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Table 6. Robot operator/coordinator training course[15]

. Practi
Category Educational Content F?C ice
Equipment
. Basic, Advanced, Hyundai,
Industrial .
Robots Maintenance, Yaskawa,
Application Robostar
Collaborative Basic, Advanced, Doosan. UR
Robots Application !
PLC PLC-based Control LS, Mitsubishi
Systems
Software 3D CAD/CAM Utilization | Delcam Korea
Others Customlzeq .Corporate _
Training

Table 7. Industrial robot operation specialist training
course[15]

. Intro. to Robot | Robot
Basic Robot . Team
Theor Robot Operation Applicati | System Project
eory Automation P ons Control )
12 12 36 48 30 42
hours hours hours hours hours | hours

Table 8. Industrial robot operation specialist training
course[15]

EEEEs Gl Artificial Practical
Robots and Artificial . .
. Intelligence Project
Intelligence
200 hours 100 hours 560 hours
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III. The Proposed Scheme

1. Research Method

1.1 Research Procedure

2 Q7o Az Table 99 2t Alw 24 % B4
At 2% 7199 8 BAF R 24 BAIE AA s
Aelgge o g 58 e AW
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# 24 @AM E = 2R719 RS tdez =2 AR, 2R71Y ti4 FGl(Focus Group Interview)E
% USRI &Y w0 tigh U= AL SlYshe 7l AA 790N AR ke Ve B g2 RASIHL
g, s Yy 52 AeS &0 RABIIG. AZEE 2R 7I90M AAlRE B VlesS BF Fgstel 2
AR F 2FEAN = 2 2A Aut FAZ 7o R Y] ARV ]e 2ofR 2Rt IEEsilon 1 Uyl
2R 7199 £Q71 W2 7]edE 270 o] 7I8te 2 Table 133} At} 2@ RAF Aubg 7[¥to 2 Wl A&
2 A RS wEson e w8 UL P& 7159 AR 591 AR AlY 28 e A
S stk hee 2gabdel 29 gistol wad
SEEWMP|A|AELS JLE5ta A Al AE-& AA|sHe Table 10. First development of training course
QD:] _/I\"7O]—K} ?_]_'—E‘E, _aq—% —_é-—ﬂ}}\(-)] %q i}%x} %7}% }:E']. No Course Titles
Aleto] JiEE we T2 R0] §abd-g ASSIiTh 1 | Mathematics and Python for Al
2 | Understanding Al and Deep Learning
3 | TensorFlow, Deep Learning
Table 9. Research procedure 4 |Deep Learning Using Python
- - - 5 | Al Programming with Scikit-learn
Data Collection and.AnaIyS|s of Domestic and Data Processing, Design and Implementation of
. International Relevant Data 6 Machi L :
Collection S he C t Stat f Robot achine Learning
/Analysis urvey OT‘ the Curren . atus or kobo Image Data Processing, Implementing Computer Vision
Education for Domestic Employees 7 with CNN
8 Coordinate Transformation, Understanding TCP and
@ Teaching
9 | Practical Vision and Image Processing
Survey on Educational Demand among 10 | OpenCV with Python
Demand . .
Employees of Domestic Robot Companies 11 | Robot Programming with ROS
Survey/An —
alysis FGI Survey of Domestic Robot Companies 12 | ROS-based SLAM Navigation
Mobile Robot Programming with LIDAR Sensors and
13
@ ROS
14 | Education with HRI Equipment
1 Building AI Service Models with ONNX or TensorFlow
. Design of Integrated Education Programs 5 Lite
Curriculum ) o . :
; for Robotics and Artificial Intelligence Building and Operating Al Model Services with Fast
Design/Ope . . 16
. Establishment and Operation of an API
ration .
Educational System
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2. Research Results

2.1 Survey Results on Demand
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Table 11. General survey

Q1. Is your company engaged in the robotics
business?

1. Yes

2. No
. Considering entry (Field: )

. When would you like the training to be offered?
. Q1 (January to March)
. Q2 (April to June)
. Q3 (July to September)
. Q4 (October to December)

. What is your preferred day(s) for training
ssions?
. Weekdays
. Weekends
. Weekdays + Weekends
Other ( )
. What is your preferred duration for the training?
2 days or less
3 days or less
. 4 days or less
5 days or more
. What type of instructors do you prefer?
. Professional instructors
. Field experts
. University professors
. Other ( )
Q6. If training is outsourced to an association or
professional institution, what method do you think is
best?

1. Training institution visits the company for on-site
education

2. Company employees visit the training institution
3. Online education

4. Hybrid (Online + Offline) education

5. Other ( )
Q7. Please select the robot and Al training content
your company needs, considering priority (1st, 2nd, 3rd
choice):

1. Basic Robotics Education
. Deep Learning-Based Image Processing
. Autonomous Driving
. System Integration(RoS, Network Programming, etc.)
Robot Teaching
. Grasping
3D Object Recognition
. Utilization of 3D Scanners
. Voice Recognition
Q8. What are the main programming languages that
participants in the training are proficient in?

1. C/C++

2. Python

3. Java

4. PLC
Q9. What is the level of programming development
capability in a Linux environment for the participants?
1. Possesses low-level development capabilities such
as communication and threading

2. Application level of RoS, Boost, and frameworks
3. Able to modify some parts of RoS, Boost, and
frameworks

4. Basic level of installation and utilization
Q10. Please freely describe any Al-related training your
company needs:
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w b wnN —

[=}

S

wagﬂ)

=)
~

o
BN, WON =

VO NOUA WN

Y-S Ao tisiMe 47%9] 7190l 2 Qm2fel
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w0l 21%, 229l W-50] 11%, 718 Y L0 5%,
7|EF 16%2 ZAFEQI 72t 7190 £2 ARgshe L2
J24Y 91oj= C/C++0] 53%, Pythono] 37%2 ZALE ]
ot

2l g U 2oy e

S22 53%9) 9I9lo]
B4R 9 289 V1A 4F02 AN
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%S
1A} =29 16719] w512 7]holl AMAlskaL s]gst
£ 287 2 Y SIEF, B9 TR B 2
IH= Table 129} 2t}
Table 12. Training demand survey and results
Course Titles Begin Intferm Advan
ner | ediate| ced
Mathematics and Python for Al 53% | 40% 7%
Understanding Al and Deep Learning | 43% | 43% 14%
TensorFlow, Deep Learning 54% 23% 23%
Deep Learning Using Python 42% | 33% 25%
Al Programming with Scikit-learn | 50% | 30% 20%
Data ProF:e55|ng, De.5|gn and. 33% 33% 33%
Implementation of Machine Learning
Image Data Processing,
Implementing Computer Vision with| 25% | 50% 25%
CNN
Coordinate Transformation, o o o
Understanding TCP and Teaching 1% 67% 22%
Practical Vision .and Image 25% 50% 25%
Processing
OpenCV with Python 36% | 45% 18%
Robot Programming with ROS 46% | 38% 15%
ROS-based SLAM Navigation 40% | 40% 20%
Mobile Robot Programming with o o o
LIDAR Sensors and ROS 36% | 45% 18%
Education with HRI Equipment 50% 38% 13%
Building Al Service Models with o o o
ONNX or TensorFlow Lite 55% 18% 27%
Building and Operating AI Model o o o
Services with Fast API 38% | 25% 38%

2R7]90] asittl k= Vs v ol O
§ 24} Aste ot 2o}

BE Fgsted 2R3 A5l 89 Vlede B
QAR 7B BT B AISH Ve
stol & Y 7le 2ofz ARt A" 97
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HMI(Human Machine Interface), Tx]/ZAt, 28 A2
A7 7le, A&%c8(Navigation), FHAI2], A A
Q14], FojE7Jet QA7 olct. RAFE 23 7|lo) 20
Tesa AEH YN 7le 2of E2 2/t mAISHH
Table 13z} Ztt.
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Table 13. Robotics company demand analysis

Table 14. Curriculum structure

Category Technology Demand in Robotics Companies
Process Analysis, Process Design,
. Production Process Analysis and Design,
Automation . .
Automated Design of Inspection
Process .
Measurement Equipment, Conveyor
Construction/Design
Network/PLC/SCADA Programming, IoT
System . . .
. Integration, Network Configuration and
Integration/ . L
) Security Technology, Application of ROS
Operation
Platform
Human Machine Interfaces, Kiosk-type
Content Development, VR/AR/MR
HMI . ) . .
Configuration, Digital Twin Development,
Automation Process Simulation
Grasping/ GrlpPer Design, PIC.k & P!ace Work Design,
. ; Sorting Process, Jig Design, Assembly
Manipulation .
Process Design
Robot Path Path Teachl.ng, Path Optlmlzat.lon, VR-based
Plannin Manufacturing Process Solutions, Path
9 Planning for Industrial/Cooperative Robots
Mobile Robot Design, Charging and Docking
Navigation Technology, Drive Unit Design and Control,
9 Obstacle Avoidance, 3D Map Building, Path
Planning and Optimization
2D Image Recognition, Character
Image e .
Processin Recognition, Deep Learning-based Image
9 Processing, User/Object Tracking
3D Image Processing/Recognition,
3D Object | Object/Worker Recognition, Use of 3D
Recognition | Scanners, 3D Object Position Tracking,
Inspection Process Design
Data-driven Dgta Collectlon/Proces§|ng/Managgmgnt,
. Big Data-based Analysis and Application,
Recognition e L .
Technolo Utilization and Application of Deep Learning
W Models, Fault Diagnosis/Prediction

2.2 Introduction of Developed Educational Programs
7199] "a 714 ARolE “HlolE] s)ut o1y )&
wofo] WA S5go] 18.2%2 71 7| FAlE|gon]
2 Q] “AH&-Fsf(Navigation)”, “A|AEl 8/ “A}
591 3 *”Eom 802 SN, B4 Ed
3t 20 2} AnRE 9 £ %
H]gol 28.3%= 7}” %L;— 1] iﬂ}ﬂ(}ig‘ﬂ -1
ROS 18 93 AFg%3 23 Aol
2 2ol gt 28 B ZAEIC 2 SY 5
e faze “geld TN ABAls 5@% e
“olulx] Aa}g 93t AR 02 £
5 2o et ZAF Ao cheat 2k 1 A el
£ RYRA Bolo] 649%2 71 7| EAlEglon] A
ARt R @8 71 APl 39E 1 Maste Aoz
Uehdth 3R %4F TS SPelel 215 & 9
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Process automation based on .
. Beginner
collaborative robots
Cooperative | Robot manipulator inspection line | Intermedi
Robots | automation using image processing ate
Design of inspection processes for
) Advanced
robots based on deep learning
Robot navigation using ROS Beginner
Service development using Intermedi
Navigation autonomous mobile robots ate
Navigation development practice for
. Advanced
autonomous mobile robots
Digital twin and virtual environment | Intermedi
using 3D simulation ate
Applied/Int | 3D object processing using RGBD | Intermedi
egrated sensors ate
Smart factory using mobile
.y 9 Advanced
manipulators
Fundamentals of Al for intelligent .
Deep Beginner
Learnin robot development
Basicsg Fundamentals of Al for image Intermedi
processing ate
Deep . . Intermedi
. Advanced Al for image processing
Learning ate
Advanced | Al for natural language processing | Advanced

=

2ol WSS AstwSyt  PBL(Project Based
Learning) 27§ 0.2 /J&0{ 20AI7F o]Ake] upoz L
gt WSag FYAS Qo5 Table 159 2t

Table 15. Curriculum operation method

Online Education Offline Education
Category | Pre-Educa Basic Advanced | PJT-based
tion Education | Education | Education
the theory- advanced :dulfi:s:lflz
Main robotics focused | education, PP
. . . to
Content industry basic practical
. - real-world
and Al education | training .
industry
Teaching Online, . Practical
Methods Mobile Online Training PJT-based
Duration
of More than 10 hours | More than 20 hours
Education

2.3 Educational Content and Features of Major
Programs
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Table 16. Process automation based on collaborative
robots

Course Thrgugh educat.ic.)n on cobot operations,

Overview cultivate the ability to understand and
design automated processes

JerEE Emplc?yees who. lack pr.ogramming .

EerTelans exp.erlence for. integrating robots with
peripheral devices

* Basic knowledge of robot manipulator
movements and path teaching

e Understanding of sensors around

Learning conveyor lines and cases of device
Objectives integration

* Acquire the specific characteristics of
robot process automation and develop
robot process design skills

Category Educational Content (hours)

¢ Understanding robots and peripheral
Ztri‘;nEd“C devices(2h) _ _
(Online, 5 ¢ Movement .and rotation functions of
hours)' rgbot manlpulator“h)

* Simulation-based robot programming(2h)

Basic e Case studigs on robot gripper design(2h)

Education * Understanding process de.5|gn t.hrough

@ilne rgbot p.rocess layout conﬂguratlon(Ah)

10 hou'rs) ¢ Simulation-based robot process design
programming(4h)

* Robot system configuration and setup
practice(2h)

¢ Training on using teaching pendant(2h)

* Robot operation practice through
teaching(2h)

Advanced . Pract.ice of stop, start., and repeat

Education .functlon.s through peripheral sensor

(Offline integration(2h) .

Practic.::ll e Practice of g.rlpplng. and transportation

e lnng p.rocesses .usmg grlpp.er(2.h) .

20 hour's) e Virtual perlph.eral device integration
based on digital twin(2h)

* Case study practice of alignment
process using sensors and virtual
techniques(4h)

e Teaching design for robot positioning
and path, simulation integration(4h)

PBL * Product transfer and encasing

(Offline process(3h) . .

Practic.::ll . Optlmlzatlon of.grlpper path teaching

Trefning fc?r different gripper types(&‘.h). .

10 hour's) * Pick and place process optimization for
conveyor line(4h)
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Table 17. Robot manipulator inspection line automation
using image processing

Table 18. Navigation development practice for

autonomous mobile robots

Learning positioning and alignment

Course ) ; .
. processes required for robotic automation
Overview ) . .
using image processing
Lack of basic knowledge in robot
VBT inspection, transfer, and alignment
Participants P ! ' 9

processes using image processing

¢ Designing automation processes that
can be integrated with robots using
image processing technology

Learning ¢ Object recognition technology for

Objectives automated lines using imaging
¢ Developing the ability to design system
configurations using robots and image
processing
Category Educational Content (hours)
Pre-Educa . . .
tion ¢ Overview of image processing(2h)

. ¢ Introduction to vision sensors(1h)
(G, & * Application cases of object recognition(2h)
hours) 9

* Pattern recognition and machine

. learning(2h
Basic . ol .) .

. * Basics of image processing
Education .

. programming(4h)

(Orlfinc, * Advanced image processin
10 hours) ge p 9

programming(2h)
¢ Vision machine tending(2h)
Advanced ¢ 3D vision image recognition(éh)
Education e Programming of inspection and

(Offline, measurement vision using 3D vision(6h)
Practical * Programming of machine tending robots
Training, using 2.5D vision for non-aligned
19 hours) setups(7h)
¢ Setting up machine vision inspection
PBL .
(Offline and measurement lines(3h)
L * Configuring unaligned material
Practical . .
. measurement and machine tending(3h)
UGEHIeE ¢ Optimizing robot programming based on
11 hours)

image processing(5h)

APS 3 722 2291 15ARTe2 FIsYs T
Algt W8t PBLI-S-S 30A|7te] @majolo g RIsiwct,
AR RS 7|2 NS M e Aofg Fus Yst =24 =
2fiQ] o] w8 RGBD AAZ 0|83t 38} K| =AM
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Bl izt 24 5 Zolal ojdol WA Ahe R Aul
2 13 &F&3IT} Table 182 AFE23) 2%

o yiEAeld i A5 W AR 4 3 HEs |

(o]

Course Advanced course in developing
Overview technologies for autonomous navigation
Target Employees needing development skills in
Participants | navigation

¢ Understanding and practicing local

planner for obstacle avoidance

* Expanding navigation functions using

Learning deep learning and RGBD sensors

Objectives |  Training on key performance
enhancement technologies for
autonomous mobile robots, including
local path planning

Category Educational Content (hours)
Pre-Educa | * Theoretical training on local planners for
tion obstacle avoidance(2h)

(Online, ¢ 3D map building technology using RGBD
5 hours) sensors(3h)

Basic ¢ Path planning methods using local and
Education global maps(4h)

(Online, ¢ Design and testing of a local planner

10 hours) using ultrasonic sensors(6h)

Practical training on 3D map creation

using RGBD sensors(3h)

* Obstacle avoidance training based on
local planners(3h)

¢ Practice on docking methods using QR

Advanced code recognition(3h)

Education | ¢ Practice on docking methods based on

(Offline, 3D object recognition(3h)

Practical e Simulation-based map creation and

Training, localization practice using Python

20 hours) simulators(3h)

* Development of administrative programs
and practice on synchronization between
ROS modules and driving(3h)

* Practice on error analysis and response

in navigation(2h)

Improving navigation performance in

PBL various scenarios such as crowded

(Offline, pedestrian areas, railings, stainless
Practical steel/glass walls, narrow passages, and
Training, wide spaces(5h)

10 hours) | * Comparative analysis of navigation

characteristics indoors and outdoors(5h)

Ugj, “ROS &S
ROS(Robot Operating System)S 7]§to g2 7jghe A}
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oz Ju|g H8olo AgSSY Mgyt mRAlES 35290 WSE fEOIH. WS S8 QY 3529 A
43jotul ROS T2 9F PO THow ok CE A% USE WP 927, dY Y8E BIL 883
Table 19 ROS &8-2 E5F Alg58) 248 w80 Al Ho=2 RAEQIC) Table 202 £8 w5 o] tfgh
7elay 7492 Yepdck % UEEet 9 Fgwo gt FAF Aot
Table 19. Robot navigation using ROS Table 20. Main curriculum operation results
¢ Development of programs b.ased on Satisfaction Pra.ctic.al
Course Ubun.tL.J 20.04.1 / ROSZ Galactic . o Course Name with the aP_P“CBtIOH
Overview * Acquiring S!(I”S .|n autonomous mobile COUTSE in the
robot functionality and SLAM technology workplace
using Turtlebot4 Cooperative Robot-based
Target . Emplgyee§ who want tg learn about the 1 Automat.io.n Process 100 92
TR functionality and operation of autonomous Training(1)
mobile robots based on ROS Cooperative Robot-based
¢ Cultivate ROS proficiency to the extent of 2 Automation Process 98 82
being able to develop and apply Training(2)
Lol programs for autonomous mobile robots Cooperative Robot-based
O fres developed based on ROS. 3 Automation Process 98 95
e Learn the key features of the Training(3)
autonomous mobile robot Turtlebot4 and Automation of
develop applications 4 Inspection Line 96 98
Category Educational Content (hours) using Image Processing(1)
* Definition of basics and essential Automation of
functions of autonomous mobile 5 Inspection Line 88 100
robots(1h) using Image Processing(2)
e Setup for learning(1h) Practical Development of
Basic . BasiCS_ and application of python, data 6 | Navigation for Autonomous 80 72
B onalvsistih) _ Mobile Robots(1)
(Online, * ROS file system, ROS computation Practical Development of
10 hours) graph(1h) _ 7 | Navigation for Autonomous 94 84
* ROS packages, topics, nodes, launch(2h) Mobile Robots(2)
* URDF, Rviz visualization, Xacro, 7-DOF Autonomous Mobile Robot
robot manipulator(2h) 8 Development 96 88
* Control of multi-DOF robots based on using ROS(1)
physics engine(2h) Autonomous Mobile Robot
* Introduction to Turtlebot4 features and 9 Development 96 86
specifications, operation practice(3h) using ROS(2)
Advanced. | * Turtlebot4 network, joystick, keyboard Autonomous Mobile Robot
PBL ' control(3h) ) 10 Development 96 88
Education | ° Turtlebot4 common, robot, simulator, using ROS(3)
(Offline, de.slftop(éh) ) Autonomous Mobile Robot
Practical | ° Drlv.lng,. node creation (C++, python), 1 Development 92 80
Training, naV|gat.|on(6h) . L . using ROS(4)
W [ours) * Execution of varlc?us missions using Autonomous Mobile Robot
autonomous mobile rol?ot.s(1)(6h). 12 Development 94 96
¢ Execution of various missions using using ROS(5)
autonomous mobile robots(1)(éh)

2.4 Operational Results of Programs
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