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[Abstract]

As smart manufacturing and automation accelerate, jobs involving robot-integrated process automation

are rapidly expanding. However, within the current National Competency Standards (NCS) framework,

only units related to robot operation and maintenance exist, while duties involving the design,

integration, and optimization of newly introduced robots remain undefined. This study aims to fill this

gap by analyzing common duties required for robot introduction and proposing a standardized

NCS-based job model. Literature review, case study analysis, and expert experience were integrated

following the NCS development procedure to derive the “Robot-Integrated Process Automation” job

framework. As a result, five competency units were identified and detailed with performance criteria

and relevant knowledge, skills, and attitudes. This study expands the NCS framework by providing a

standardized job model that serves as a foundation for future education and qualification programs.

» Key words: Robot-integrated, Process Automation, National Competency Standards (NCS),

Job Standardization, Workforce Development
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I. Introduction
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II. Preliminaries

1. Current Status of NCS
1.1 The Concept and Structure of NCS
227122 3 Z(NCS, national competency standards)
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1.2 Current Status of NCS in the Robotics Field
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Table 1. Similar Jobs in the Current NCS
Major Category | Subcategory Minor Category
01.Smart Factory Design
02.Smart Factory
. 11.Smart Installation
15.Machinery Factory 03.Smart Factory
Operation &
Management
. 03.Electronic
19.Electr|f:al/ Device 08.Robot Development
Electronics
Development
17.Information 01.Information -
& 09.Smart Logistics
L Technology
Communication
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2. The Concept of Jobs in Robot-Integrated
Process Automation and the Necessity of
Proposing NCS
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3. Differences Between Existing NCS and
Proposed NCS
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gt APEAS JMAIcE ol2jt Aol Table 2

Table 2. Differences Between Existing NCS and
This Study

Category Existing NCS Direction of This Study
Operation &
. Overall process of new
Job maintenance of . .
. . . robot introduction and
Definition | installed automation .
process automation
systems
Post-installation Full cycle: Feasibility
Scope tasks (equipment analysis-Design-Install
of Work inspection, simple ation/Integration-Opti
programming) mization-Operation
Limited to specific Wide app.llcatlon to
. . SMEs in food,
Target industries such as .
. pharmaceuticals,
Industry machinery, . . )
. textiles, multi-variety
electronics .
small-lot production
Technicians and Includes managerial
Workforce " : 9
Level practitioners focusing | level from planning to
on maintenance process redesign

III. The Proposed Scheme

1. Research Methodology

H A= 23 ZAHLiterature Review)?t AH 7]gt
9] AlnA XZ(case-based practical approach)g
Wstol A LA 2otk AT MRS =AY
Fig. 13} Zt}.
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.

Analyze existing NCS

Literat AT ” g ——
|Rer? R - Review related studiés & reports
Sl * . Extract job elements.
* Analyze SMEs adopting robots
Case Study | «-Extract key phases - - - - - -
Analysis + Identify recurring duties & Knowledge,
Skills, Attitudes(KSA) elements
Appii;fatlon * Apply field expertise
. ¢.Structure job flow . . . . .
Consulting - ; !
Experience _Defme_Dupes_and T:a_sks_ th_h K_SA_
Competency + Integrate literature, case and
2 -consulting-results - - - -
Unit : ’
Derivati * Map duties to competency units
ervation | ,"perive performance criteria
* Compare with, existing NCS .
L competency units
Validation *'Check redundancy & distinctiveness
* Finalize new competency units .

Fig. 1. Research Procedure
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2. Research Results

2.1 Job Definition
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“| « Analyze problems in the existing process

pfémjr',g - Analyze the requirements for process automation
d

and — | - Assess the feasibility of robot introduction
. Analysis |
" /| - Redesign the workflow of the target process
v » Select the specifications of the robot system
Design | - Design the layout of the target process
///
N\ //
. " /| «Install the robot and develop robot programs
|nst5“ét';on = Install safety devices and comply with safety regulations
and - Integrate the process and perform testing

Operation

/
/

" /| - Diagnose and resolve errors occurring in the process
= Manage software and hardware updates

« Conduct periodic inspections and maintenance

Maintenan
ce

& Analyze operational data to improve process efficiency
D 4 = Enhance productivity through process optimization
Op';ciﬁei!;;ti » Develop standardized process documents and training
on materials

Fig. 2. Job Flow for Robot-Integrated Process Automation
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Table 5. Key Duties and Tasks

Duty Tasks
Process * Analyze problems in the existing process
Requirements | * Analyze the requirements for robot automation

Analysis ¢ Conduct technical analysis of robot applicability
Feasibilit . .
. Vol Analyze the costs of robot introduction
Evaluation . .
¢ Analyze the investment effects of robot adoption
of Robot . o . .
. ¢ Review the suitability of robot implementation
Introduction
Process .
. e Design the layout of the target process
Design for L
Robot ¢ Select specifications for the robot system

i Desi ideri ker safet
Introduction esign considering worker safety

Install the robot system

Robot * Program and test robot operations
Installation | Comply with safety regulations and install
safety devices
Process e Test the linkage between robot operations
Integration and processes
and ¢ Build a real-time process monitoring system
Commissioning | * Inspect the system through commissioning
Process * Diagnose and recover system errorsimprove
Operation and | performance through operational data analysis
Improvement | » Collect and analyze productivity-related data

Establish periodic inspection and maintenance

Maintenance | plans

Management | * Perform hardware and software updates
¢ Carry out preventive maintenance activities
¢ Derive improvements through performance

analysis

Performance : . Lo

. e Identify cost reduction and quality improvement

Analysis and

T results

Optimization . .

* Prepare reports on issues and improvement
measures
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2.2. Job Classification
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' Integrated y
Process 1
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5- aneb ‘

Existing NCS Classification
Sl
‘\ ,l Newly Proposed NCS Classification
Fig. 3. Position of the Newly Proposed Job within the
Existing NCS Classification
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Table 6. Comparison between Existing NCS and
Proposed Competency Units

Proposed
Competency Units
1. Process Analysis
and Planning for
Robot introduction

2. Design of
Robot-Integrated
Process Automation

Distinctiveness

Extends scope to process diagnosis
and feasibility evaluation beyond
basic equipment operation
Focuses on robot system design,
integration, and safety beyond
general equipment design
Covers full cycle of installation,
tuning, and verification, not just
maintenance
Expands to preventive maintenance,
monitoring, and fault response
beyond simple upkeep
Newly proposed unit covering
productivity optimization, documentation,
and training material development

3. Robot Installation
and Commissioning

4. Operation and
Maintenance

5. Process
Optimization and
Standardization

2 AR AR AP 71E NCSS AP e 2
© BN, S A4S BY 18-EW BES 27 4
ot 22 987 LT U U] FAolA, B
A7 "R MA| 9 AR SUuelet At} Al
©802RE B Te) AIAILAI AN w ey
o4 AZ 2 shssict. olaiat AAe Az Fold
A8} 7)E At AAste] MR LEEUAAR S
49 4 9032 Jojaitt

E59 STk B 45 Aol 22 A5 S
4 RRlep AHEIER 29U HRTL 1F 63 S

E 0lyA, §AIu
& 4% 104 o)’}
uQAZ YL Ko wow Avks chga gk
"9 B4 Y 28 59 7|8 B9 RO PELE AR
A U st F47IU0ME AE tsE Bastd
A2t Bastchs o7do] gloltt. "2 A 3 AleF

7to] Rlot 2| Al A7 E&} mgAE
J

4
)
OFEZAF AAM
c)

Seieelo) @A BYoIA: £7] A ] orHels
A S PRI} Ak 97A0] ot 29 o
QAluA W SEURE AR 842 TAs|of 3
Che oz, "3 AMet L BEN Tl AR
ol masto} I 29L At HY AES T &

L a
ik, che, Bt Rl 2452 9l ¥ dife HeE
A 52 F3 34 AL WRSITE AT AL,

2.4 Derivation of Competency Unit Elements and
Performance Criteria
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Table 7. Competency Unit Specification

Competency | 1. Process Analysis and Planning for Robot
Unit Name Introduction
Competency | * Diagnosis of existing processes
Unit ¢ Review of automation feasibility
Elements ¢ Investment and ROI analysis
e Able to analyze existing process flows
and bottlenecks to identify problems
* Able to evaluate the technical and
Performance economic feasibility of robot introduction
Criteria * Able to calculate introduction costs and
payback periods
* Able to prepare a report that justifies the
feasibility of robot introduction
. Process flow and bottleneck analysis
Required L
el meth.ods, robot application methods, ROI
and investment-effect analysis methods
Required Process data analysis, application of robots,
Skills economic feasibility analysis
Required Analytical thinking, willingness to solve
Attitudes problems, financial responsibility
Competency | 2. Robot-Integrated Process Automation
Unit Name Design
Competency | * Robot/equipment selection
Unit e Process layout design
Elements » Safety design
» Able to select suitable robots and peripheral
equipment for automation purposes
e Able to design the layout of automated
Performance processes
Criteria * Able to incorporate controllers, sensors,
and safety devices into the design
* Able to validate the design through
simulation
. Robot specifications, CAD design, sensor
Required . . e
o e and peripheral equipment s.pecmcatlons,
safety management regulations
Required Process layout design, design simulation,
Skills system integration, safety evaluation
Required Compliance with safety regulations, flexibility
Attitudes in problem solving, collaborative attitude
Competency 3. Robot Installation and Commissioning
Unit Name
Competency | * Robot system installation
Unit e Commissioning and tuning
Elements e Performance and quality verification
* Able to install robot systems and check
system functions
¢ Able to perform commissioning and initial
Performance tuning
Criteria * Able to measure performance and quality
to verify suitability
* Able to prepare a commissioning result
report
. Robot installation procedures, robot
Required . o . ;
Knowledge operating principles, system inspection
methods, safety management standards
Required System installation and configuration,
Skills functional inspection, performance tuning
Required Compliance with safety, attention to detail
Attitudes in inspections, prompt problem response
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Competency 4. Operation and Maintenance
Unit Name
e Establishment of preventive maintenance
Competency plans
Unit e Monitoring of operational status
Elements * Failure response and performance
maintenance
e Able to establish preventive maintenance
and inspection plans
* Able to monitor process operation status
Performance in real time
Criteria » Able to analyze causes and take corrective
action in case of failures
¢ Able to analyze equipment logs and predict
potential failures
Required Maintenance procedures, performance
Knowledge monitoring techniques, failure diagnosis methods
Required Performing preventive maintenance, failure
Skills response, problem solving, maintenance planning
. Proactive problem-solving mindset,
Required o ;
Attitudes resp.on5|b|I|t.y for process opera.tlon,
continuous improvement commitment
Competency 5. Process Optimization and Standardization
Unit Name
¢ Productivity improvement
Competency ) .
Unit * Preparation of standardized process
documents
Elements . .
* Development of training materials
* Able to analyze process data to optimize
productivity and quality
Performance * Able to prepare standardized process
Criteria documents . .
* Able to develop training materials for workers
e Able to quantitatively evaluate the effects
of process improvements
. Process optimization techniques, performance
Required L . .
e |nd|cat.or analysis methods., pr.oductlwty
analysis methods, standardization methods
Required Data analysis, standardization procedures,
Skills process improvement
Required Critical thinking, systematic documentation
Attitudes attitude, innovative problem-solving attitude

Planning and Analysis

[Competency Unit] Process Analysis and Planning

for Robot Introduction

Design

[Competency Unit] Robot-Integrated Process

Automation Design

Installation and Operation

[Competency Unit] Robot Installation and

Commissioning

Maintenance

[Competency Unit] Operation and Maintenance

Process Optimization

[Competency Unit] Process Optimization and

Standardization

Fig. 4. Job Flow and Competency Unit Mapping

IV. Conclusions
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