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Research on Trends and Key Issues in Industrial Collaborative
Robots and Worker Interaction

Jeongho Choi*, Nakil Kim**!, Wonhyun Kim***, and SeongJeong Yoon***
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Abstract

Cooperative robots have become an essential factor in addition to industrial robots, as they are capable of
collaborating with human workers. Unlike industrial robots, cooperative robots refer to robots that collaborate with human
workers. The collaboration between workers and robots is important not only for improving work efficiency but also for
safety-related reasons. Safety compliance requirements, such as ISO/TS 15066 and EN ISO 10218, have been established
for cooperative robots. However, there are still unresolved issues regarding safety that are currently being researched.
Research on cooperative robots includes collision modeling between robots and workers, as well as the development of
safety control algorithms. Studies are also being conducted to determine the limits of pain that workers may experience
in different parts of their bodies. By examining previous research, this study aims to identify the key issues that
cooperative robots need to address and propose research focal points considering various aspects of workers. The
objective is to present these points with objectivity through expert interview and a review of existing studies. Through
these efforts, it is hoped that not only the capabilities of cooperative robot developers will improve but also that there
will be overall qualitative advancements in the manufacturing industry ecosystem through the use of cooperative robots.

Keywords
cooperative robots, ISO/TS 15066, EN ISO 10218, technology trends. safety, pain limits
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Table 1. Industrial robots vs. collaborative robots

Classification

Industrial robot

Collaborative robot

Safety

Significant accidents occur when the robot
collides

Safe operations through impact-detection
Sensors

Path planning

Complex training required for robot experts

User—friendly training for everyone

Robot manipulation

Various buttons, intricate pendant controls

Simple touch-based tablet interface

Tuming radius

Limited to 180 degrees

360-degree rotation on all axes

Average setup time

More than 1 hour

Less than 10 minutes setup time

Size and structure

Categorized as industrial, medium-sized, and
small-sized, with robust structure

Mainly medium/small-sized, with flexible
structure

Top performance metrics

Emphasis on repetitive precision and speed

Emphasis on safety performance

Layout

Fixed installation method

Flexible repositioning capability

Task type

Primarily focused on repetitive tasks

Tasks that change frequently

Work environments

On/offline programming

Onling/Offline programming and various
interaction methods adopted

Human interaction

Almost non-existent

Freguent human interaction

Presence of fences

Yes

No

Utilized processes

Mass production processes

Mix of high-volume and low-volume flexible
production processes
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Table 3. Risks factors of cooperative robots
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, _ - Hazard
%tﬂ' 76] éO] )J\ X]-%X]'E“C‘ "?_1_ ‘ﬂ‘%% il}ﬂ\_ﬁ‘ sources Factors
s £57F ol =2, o R 3ol tisiA Load, speed, force, momentum, torque, etc.
T HwA kA AAAE BEsty Yoty =71 Collaborative | ldentification of quasi-static contact in
g, e mn AN7} LA collaborative robots based on static contact
Bl gt ey de =3 o 12F bl robot * |dentification of operator positions when
2 Aol disiAe sl & HA7F o3 working in proximity with collaborative robots
oy 7|E2AFA AT Yk WEE 99 End effector, workbench
AT2018)S A Sa R e | 7LI;H . YT ZHo| *lTas{k actions/positions based on the part's
ocation
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AdAE ol AT W B S5 2ok sk » Orientatior/structures of walls/building pillars
b J8A Zsltty A o|gg oo B3 Collaborative | or structures, positioning of fixtures
. L . bot system |+ Placement of fixed structures or clamps
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Fig. 1. (Left) Industrial robots, (Right) collaborative robots
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Table 4. ISOTS15066 bio-mechanical pain limits

Static Static Dynamic | Dynamic
Body | permissible | permissible | permissible | permissible
parts | pressure force pressure force

[Nfer] N [Nfer] N
Forehead 130 130 - -
Back of |19 150 280 30
the neck
Chest 120 140 240 280
Forearm 180 180 360 360
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Table 5. Value proposition of PCT heater assembly
automation line

Key value propositions Keywords
Prevention of human damage in high
) . Safety
voltage/high current operations
Prevention of contamination and foreign | Automation,

object inclusion through unmanned quality

automation of critical processes improvement
Efficient space utilization by deploying Workspace
collaborative robots in human workflows efficiency
24/7 automation with robots leading to reduced L;%%thgﬁt
labor costs and decreased defect rates )
compared to traditional human labor utilization quality
enhancement

E 6. DAF EO{ER S8M =54 8%, CiHE =Y
Table 6. Ultrasonic welding and deburrlng operations for D

company's door trim soundproofing materials

Key value propositions Keywords
Door trim soundproofing material ultrasonic Quality

welding improvement
Dashboard embedded area burr removal Enhanqu
productivity

P& 25 GA AT 719e 22 AREL
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2, 74 RHY2 8 AW)A 22 d7]dEol



glor] Yelug TuEs

AqEo] P ZHS

FANE B 2Rl YA BYRE

7] #d AA 71eg #

go| "olA 7hAo] wisth F27]49] ATTHAE

Journal of KIIT. Vol. 21, No. 8, pp. 61-78, Aug. 31, 2023. pISSN 1598-8619, eISSN 2093-7571 67

£ 78 A=

%2 W7 5 ke ) o gH 7N st EAlsta Aokl TR

Marsta 23 Folth FQ o o} =3 5o AUy ARfEE FdAsia
z 7r& Jom, tiwte] A$ HIZE(TechMan Robot)

nzog FIAE 714 A4 1100mm7HA A6, EP%:J% 640}04 X}

Aelsh 5 73) gol AN AU B AE S 96 FRESL AR A olad
9 ¥F ZEY F9 EdE= IS o = Rethink Robotics$} =Wl & #W7l7} A=sta Qo
ojaL lom FAHOE FE HWI 2 B¢ 24kg
E 7. 349 HE 2R MSIRI(V|=6E)
Table 7. Value proposition of providing international/ domestic collaborative robots(Technology trends)
Cﬂgr%%gﬁmr@?d Value proposition Keywords
Uni | URB, UR5, UR10, and UR16 models released with payload capacities of 3kg, Skg, 10kg, and 16kg Safety,
%‘k’)%fs’a respectively. Addtionally, the e-series, which indludes URe, URBe, UR10e, and UR16e models operational
(Denmark) equipped with forog/torque sensors on the robot's end-effector, is also introduced. Payload capacity e‘rhClenlcy,
refers 1o the maximum weight that a machine can safely support or carry during operation. productivity
The LBR iiwa series of 7-degree-of-freedom collaborative robots has been introduced with payload
KUKA  |capacities of 7kg and 14kg. Equipped with joint torque sensors on all joints, these robots are highly Saf
(Germany) |sensitive to collision detection, ensuring a high level of system safety. However, they are considered afety
high-cost and are used for specialized purposes only, facing limitations in widespread adoption.
Rethink Infroduced the dual-arm robot named Baxter, equipped with two 7-degree-of-freedom robotic arms. Suitable fi
ro%totlirc]s While the precision of industrial robots was compromised, there were advantages in utilizing Eeltggaerchor
(USA) compliance in certain applications at each joint. It was more suitable as a research platform rather platform
than for production environments.
Overseas ABB Introduced Yumi, a dual-arm collaborative robot featuring its own camera and gripper. Developed Collaboration
(Korea) for assembly of small components, it's commonly used for collaborative tasks right alongside productivity
workers. Yumi was acquired by the German company Gomtec in 2015
TM5-700: Payload 6kg, Working Radius 700mm
M TM5-900: Payload 4kg, Working Radius 900mm
Ter ta” TM12: Payload 12kg, Working Radius 1,300mm Production
(Tgwgn) TM14: Payload 14kg, Working Radius 1,100mm, 6 degrees of freedom flexibility
In addition to existing collaborative robots, these models are equipped with an integrated intelligent
vision system, enabling various functions.
Building on the technology from existing industrial robots, the CR series was introduced, including
FANUC |models like CR-4iA, CR-7IA, CR-14iA, CR-15/A, and CR-35iA: Production
(Japon)  |CR-35iA boasts a payload capacity of 35kg and a working radius of 1,813mm. While relatively larger | flexibility
compared to other collaborative robots in the market, it has a substantial self-weight of 990kg.
In 2017, four models of collaborative robots with payload capacities of 6kg, 10kg, and 15kg were
Doosan released: MOB09, MO617, M1013, and M1509. Unlike other products, they featured built-in joint Production
robotics torque sensors for highly sensitive collision detection. They were capable of performing various tasks flexioilty
and had a maximum capacity of 20,000 units per year. In 2021, the H series with payload
capacities of 20kg and 25kg was launched, featuring built-in gravity compensation devices.
In 2017, the HCR-5 collaborative robot was introduced, featuring a payload capacity of 5kg, a
Hanwha/ |working radius of 915mm, and a repeatability of 0.1mm. This robot had 6 degrees of freedom and Ease of use
machinery |a vertical single-joint design. It was characterized by a user-friendly design, easy programming,
direct teaching capabilities, and intuitive operation.
Domestic In 2016, the research platform Indy-RP was introduced. In 2017, Indy 3, Indy 5, and Indy 10 were
Neuro |announced. In September of the same year, the independent platform Indy 7 with a payload Safety
mecha |capacity of 7kg and a weight of 24kg was unveiled. This contributed to the active growth of the
mid-How-cost collaborative robot market.
Rainbow Fognded on humanoid robot technology, the company initiated its .venture. Starting |n 2019, the RB
robotics series of collaborative robots (RB3, RB5, RB10) were launched, with payload capadities of 3kg, 5kg, Safety
and 10kg. The RB series incorporated integrated motors, encoders, and brakes
Robotics |"An enterprise specializing in financial and operational automation, introduced the Symphony-15 in
blue  |2021, a 6-degree-of-freedom collaborative robot with a high payload of 15kg and a working radius Safety
technology |of 1,300mm. The robot featured built-in joints.
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Table 8-1. Keyword-centric collaborative robots-worker research trend ana

Google scholar : Thesis title and source(Within the past 3 years : 202172023) Research field Keywords
i . . . Vechine Leaming, Makov gae,
COACH: cooperative robot teaching(conference on robot learning. PMLR)[15] | 2304 Learing teedtingHeaig
Table-balancing cooperative robot based on deep reinforcement leaming[16] | 23.05 Deaﬁe??ﬂgm m\’g{m“fga“’e
Decentralized social navigation with non-cooperative robots via bi-level %B06 Non-Cooperative Mirirrum Daviaticn
optimization[17] : Robats, Decertralization | Cdlison, Pah Flamming
Non—convex distributed feedback optimization for aggregative cooperative " MUti-Rdoct
robotics{ 18] 2302 | Dontueo Fetak | gnere Sereo
Inter-subjective dynamics in cooperative robots19] % 205 WMgﬂm Nugg?ﬁt (Reoc)
Vision-based localization for cooperative robot-CNC hybrid manufacturing[20] % 2302 %’me G Lafffﬁ' Wre
Teams of robots in additive manufacturing: a review(21] % 2804 | Addtive Manufacturing Sﬁ'\é‘i}mgi?m?
Multi-robot syst d fi bject t rt icati } an
ulti-robot systems and cooperative object transport: communications, 3 : Coordiretion; Task
platforms, and challenges[22] 1 2301 | Mit-Febot Systers Alonajca,ameirrma
om
New short scale to measure workers™ attitudes toward the implementation of Worker Sertiment and Saf-efficary,
cooperative robots in industrial work settings: instrument development and 2304 | Beravior After Inirodong | Supoortive Arrostere,
exploration of attitude structurel23] Cooperative Robots Job Creradteristics
. Aviicel N
Calibration of multi-robot cooperative systems using deep neural networks[24] | 23.04 Robat Calibration Nawork, Mester-Save
Cooperative Rt
Intelligent control of the gripping force of an object by two computer %308 Robat Menipulator Dyramic | Neuro-Rlizzy Inference
ocontrolled cooperative robots[29] ' Arelysis Sdem
: : : : Reinforceent
Deep reinforcement learning for cooperative robots based on adaptive %806 Dﬁ";ﬂ Deep QrNawark
' : ng through -
sentiment feedback(26] | HurenRoont Meraion | ETotrel Feeckeck
] . . ! 9OCF Ar MouseBessd
Research on gesture guidance and teaching of cooperative robot based on | . ,
nine-axis air-mouse(27] | 2304 | Fmem ot ecton wm&g&
Adaptive control of cooperative robots in the presence of disturbances and i %305 Cooperative Robot Unoertairty,
uncertainties: a bermnstein - chlodowsky approachl28] L Adaptive Cortral Imegularity
Carrying the uncarriable: a deformation-agnostic and human-cooperative e MLt-Pobot Sree-egosic
framework for unwieldy objects using multiple robots29] P Transportation Research | Cooperddive Sygtem
It takes two: leaming to plan for human-robot cooperative carryingl30] | 2807 N(?HW %?Bm
. ! . ! ’ : . Red-Tie Distribuied
RLSS: real-time, decentralized, cooperative, networkless multi-robot trajectory Red-Tirme Linear . .
planning using linear spatial separations(31][32] 205 Spefiel Seperation Traeg%anrg
Sustainability of human-robot cooperative configurations: findings from a case %308 Cooperdtive sustairability mm
stuoy{33] ' suy te/Sodial
. ' Norlinear Mood! '
A dual-arm robot cooperation framework based on a nonlinear model : ; Dua-Am Cdllabaration
predictive cooperative control[34][35] 2304 Predmwve Framenok
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Table 8-2. Analysis of overseas research trends in keyword-centric collaborative robot-worker studies

Google scholar : Thesis title and source(Within the past 3 years

- 2001~2003) Research field Keywords
The expanding role of artificial intelligence in collaborative robots i %501 artiﬂoialﬁgﬁagrqtge?rom Future research Al
for industrial applications : a systematic review of recent works(36] T g
i 2018 to 202
i Control system
Control system design and methods for collaborative robots: review(37] 1 22.12 | design and methodology | Control model and method
i for collaborative robots
. , , . o i Qperation in ;
Collaborative and cooperative robotics applications using visual | Environmental changes,
perception(38] | 20 unsiructured sensor, algorithms
environments ’
Optimized cooperative control of error port-controlled hamiltonian and B0 multi—gr%%rgjgl’[e%o?;gjsﬁal Synchronous motor,
adaptive back stepping sliding mode for a multi-joint industrial robot[39] : 10b0tS optimization, port control
An integrated design method of robot intelligent joints based on artificial | 3 Al-based integrated Modular joint, modeling,
intelligencel40] ] joint design HW design, accuracy
Production system, additive
g ) ) . .. . : manufacturing, agent behavior,
ml_cl)L(er(Te]li?]ng [58?01 interactions in manufacturing: a survery of human behavior P12 rl;ggggntt;eﬁgiwor human congnition, doud
robotics, collaborative markov
decision making
Designing human-robot collaboration(HRC) workspaces in industrial L 20 Hurman-robot Task complexity,
settings: A systematic literature review(42)] L workspace design interaction
A high-fidelity simulation platform for industrial manufacturing by E D07 Robot kinematics Simulation,
incorporating robotic dynamics into an industrial simulation tool[43] L simulation platform behavior pattern
| Multi-robot
Multi-robot multi-station cooperative spot welding task allocation based | 201 multi-station collaborative | Multi-station, multi-robot, task
on stepwise optimization: an industrial case studyl44] [ spot welding task allocation
i allocation
Structural rigidity theory applied to the scaffold-free (dis)-assembly of i 2909 Robot assembly and Triangular spatial frame
space frames using cooperative robotics45] [ disassembly fixiures structure
i Real-time muscle ' '
Development of an integrated virtual reality system with wearable sensors 20 activity analysis with rr?ﬁg?gg;%’s
for ergonomic evaluation of human - robot cooperative workplaces[46] ) wearable sensors and immersive virual eSrlwvirbnment
immersive virtual worlds
Standardized universal
Industrial collaborative robot digital twin integration and control using robot PP solution, Advanced extended reality
operating system[47] . interconnection (XR) interface
between machines
Decomposition of
Human-robot collaboration in industrial environments: A literature review D human-robot Human-robot interface,
on non-destructive disassembly48] ) collaboration in robot | callaborative disassembly tasks
control strategies
! ZigBee warehouse
Design of warehouse cooperative robot system based on ZigBee[49] 12111 | cooperative robot system STM32 microcontroller
i design
Cooperative robotics and machine learning for smart manufacturing: i Definition of collaborative . ;
platform design and trends within the context of industrial internet of 1 21.07 | robotics and machine ML, algonrt]r;nh}\,lo?&chnecture,
things[50] | leaming technologies
A support-design framework for cooperative robots systems in i 2110 Labor-intensive process Exoskeleton,
labor-intensive manufacturing processes[51] L support framework biomechanical, simulation
- o , , i i Human position and Sensor, perception,
Human-robot perception in industrial environments: a surveyl52] : 2102 intention peroeption statinary/mobile manipulator
: e : i Robot parameter Parameter calibration, accuracy
An overview of calibration technology of Industrial robots[53] | 21.08 identification enhancement
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Table 9. Domestic collaborative robots—worker research trend analysis

KCl thesis title and source(Within the past 5 years : 201972023)

Research field

|

Keywords

Mixed reality based contact-free collaborative robot manipulation system (JKIICE, Journal of

Non—contact manipulation

the Korea Institute of Information and Communication Engineering) 206 mixed reality manipulation
Analysis of emotional computing technology for human-cobot collaboration and interaction in 30 Analysis of affective Collaboration,
industrial sites (Joumal of Korea multimedia society) “~~| computing technologies interaction
Application of digital twin technology to introduce the innovative manufacturing process for 012 Digital twin ro,\o/lggsmﬁmor%cgﬁon
SMEs: collaborative robot case (Korean journal of computational design and engineering) : collaborative robots | P applicabilty ’
. i ; i i ; Image processing, | Control education
Medium to improve worker safety and work convenience using image processing and maching < ; I
learning-based hand signal recognition (JPEE, Journal of Practical Engineering Education) 212 MLrggggﬂ“glrgnal mﬁ:ggnrh;g\o/grse
) ' ) . ' Sensing model
Performance evaluation technique of learning model based on feature cluster in sensing data ’ ’ :
of collaborative robots (JOK, Joumal of KIISE) 210 Ieaé\r)gga%%del Data analysis
Globalization of SMEs through the establishment of a business ecosystem: Focusing on the 209 Business ecosystem, Global value
universal robots case (Korean acadeny of intemational business management) ' globalization chaing
A study of product liability act on application for industrial Al robot o Defect, smart
(Journal of Korea information law) 204) Product lizbilty law factory
Inverse kinematic analysis of a 6-DOF collaborative robot with offset wrist Joint degrees of .
(Journal of the korean society of industry convergence) 2112 freedom Offse, realtime
Comparative analysis of machine learning algorithms for healthy management of collaborative . Machine learmning
robots (KSMS, Journal of Korea Safety Management & Science) 21.12) Integrity management algorithms
- , - Gender preference
Evaluation of materials related to gender—preferences for the application A _— ; ’
of cooperative robot skin (Journal of appropriate technology) 21.06| Rabot skin applicafion O%%ftc;geat%}é
Friction model of a robot joint considering torque and moment loads 2101 Robot joint friction Torque and
(Transactions of the KSME, A) : model moment load
Parameter estimation of PMSM for collaborative robot manipulator control ' : :
(Journal of institute of control, robotics and systems (J. inst. contr. robot syst.) 20.12) - Joint drive contro Control variables
DMP accuracy improvement to facilitate learning from demonstration for industrial cooperative 2012 Direct teaching Direct teachin
robots (Journal of institute of control, robotics and systems (J. inst. contr. robot syst.) '“| DMP control precision g
Modular link fastening mechanism for various robot arm joint configurations (Transactions of . ; -
the KSVE, A 20.11 Robot arm(joint) Linkage mechanism
A design methodology of task safety scenario for the application of collaborative robots (The 20,08 Workplace safety Seenario
journal of korea robotics society (J. Korea robot. soc.) ' scenario
Emerging
Improvement for the safety on the automobile—parts assembly process using collaborative robot Assembly process | technology risk, risk
through risk assessment : Disk snap ring assembly process mainly (JKAIS, Joumal of Korea [20.08| stability, snap ring assessment,
Academia-Industrial cooperation Society) assembly process automated
components
The technique of human tracking using ultrasonic sensor for human tracking of cooperation 2006 User behavior Targﬁ;gacgory,
robot based mobile platform (Journal of IKEEE) : tracking transalucer
A study on the development of differentiated collaborative robot shape design (Focusing on Behavioral desian
the applica)k))ility of morphological analysis) (The journal of korea robotics society (J. Korea 20.05 developmentg Behavioral analysis
robot. soc.
i : ; Aesthetic features
A research on the convergence characteristics of collaborative robot design — focused on : ’
formative elements —(KSAF, The Korean Society of Science & Art) 20.03| Design convergence robot/(()j%r;\ilgrr]genoe
Design and implementation of OPC UA-based collaborative robot guard system using sensor Sensor/ camera vision | Guard system
and camera vision . o 1912 ™ ard system ONN, OPC, UA
(The Joumnal of The Institute of Intemet, Broadcasting and Communication (JIBC))
orh ' . - ' : ' Impedance control,
ogonal space direct teaching for intuitive programming of sensorless collaborative robots 19.11 Sensorless direct hurman-robot
(The journal of Korea robotics society (J. Korea robot. soc.) : teaching interaction

Development of risk assessment method for cobot workplace and regulation response (The
journal of korea robotics society (J. Korea robot. soc.)

Development of risk
assessment methods/
regulatory compliance

Collaborative robot
workspace, risk
assessment, safety

Design and Implementation of 3DoF Manipulator with Cable-Hydraulic Driven Actuation for
Cooperative Robot with High Output and Low Inertia (The joumal of Korea robotics society (J.
Korea robot. soc.))

1908

Cable-hydraulic driven
manipulator design

Collaborative robot,
cable-hydraulic
driven,
accommodation,
workspace
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Domain

Main research keywords

Areas for improvement

P— K o | Cognition Human-robot path variation, direct teaching, user behavior tracking
¢ & SYWOres In Machine learning, deep reinforcement learning, safety, accessibility,
% previous Judgments flexbility
Collaborative ’ \ studies — . — ,
robots b ool |__Control | | Robot calibration, joint actuation, multi-station collaboration
i In the cognitive and control domains of collaborative robots, there is a considerable amount of research
' Areas for improvement | focused on numerical analysis and technical solutions. However, there is a lack of comprehensive studies
i that callect, transform, and Uutilize data for artificial intelligence elements through leaming processes
. ) - . Keywords in Robot kinematics simulation platform for collaborative robots aimed
 Smuaton, dglal Wn | previous studes | at manfacturing innovation with digital twin
Virtualization | While there is a substantial amount of research on the mechanical dynamics, control, degrees of
5 Aregas for improvement freedom, and payload capacity of domestic and international collaborative robots, studies on
{ virtualization are notably scarce.
A Study on ensuring .
safety between workers rg\imgrgtsu (lj?es Work safety scenarios, product liability law
Foovary 200 colaborative ropots | PR STEeS
- In december 2021, the ministry of industry, trade, and resources established collision prevention
regulations ; X ) :
Areas for improvement standards that allQW for the use of collaboratlve robots without safety fences (.barrlers).. Ongoing
efforts are being made to continuously improve the relevant regulations, with the aim of
implementing them on-site in the future.
Study on work behavior Keywords in pPrevious Human-robot interaction, actions or behaviors within the workspace,
Worker | ______ and behavior | studies | perception of worker's positior/intent
behavivor Unlike research focused on classifying worker behaviors (actions) based on the classification
dynamics Areas for improvement similar to Figure 2, this study prioritizes safety regulations. It does not emphasize supporting
worker behaviors
On-site Cases applied in . ) ' Case studies of applying digital twins in smart factories and small
application production processes Keywords in previous studies and medium enterprises (SMEs)
studies . There is a lack of research on success and failure cases of applying collaborative robots, as well
(Validation) Areas for improvement as studies on guidelines necessary for their implementation.
Study on the effects . . . '
. . There is no study available, (however, the introduction of
Productivity | before and after the Keywords in collaborative robots is not yet at a stage where outcomes can be
and infroduction of Previous Studies measured in the field)
economic collaborative robots )
studies There is a lack of research on the economic impact through increased efficiency in tasks and

production after the implementation of collaborative robots.

Collaborative

Camera, sensor, cable,

Keywords in

"Vision, components and systems, image processing systems

Areas for improvement

robot joint body, system previous studies
peripheral ] There is a lack of research on applying diverse and high—quality new products due to the
device Areas for improvement dependency of peripheral devices for collaborative robots on specific manufacturers.
Innovative Sg%iggﬁﬁgﬁ;seiaﬁhsown Keywords in There is no research available, (howeyer, the focus is more on
technology | and HW of collaborative previous studies hardware aspects such astr%enrcggg\?vr;, ré;]dgment, and control rather
integration robots .
research In addition to hardware technology development research, there is a need for research in software,

operation, management platforms, artificial intelligence, big data, and digital twin development.
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Table 11. Collaborative robot on-site implementation strategy priorities
Questions Results
1. Before using collaborative robots, which part of your body experienced the most pain during work? 2
(1) Forehead (5%) (2) Back of the neck (80%) (3) Chest (3%) (4) Forearm (between wrist and elbow) (12%) 80%
2. Before using collaborative robots, what was the most common mistake you made during work? 9
(1) Slipping (lack of attention) (3%) (2) Forgetting (memory failure) (2%) 90
(3) Errors (difficulty recalling rules/knowledge) (90%) (4) Improper use (difficulty using correctly) (5%) °
3. When introducing collaborative robots, what assistance is most needed by workers?
(1) It is necessary to have a wide range of assistance and freedom (3%).
(2) A solution to handle heavy parts is needed (2%). @
Worker (3) A collaborative robot that ensures safety is needed (2%). (7%
(n252e) (4) An automated perception, judgment, and control collaborative robot that reduces setup time for various product °
production is needed (87%).
(5) Shortening the production process through the introduction of collaborative robots is needed(6%).
Interview: reasons for choosing improvement areas
Collaborative robots are helpful in processes involving physical distances and moving or assembling heavy parts, but improvements
are still needed for assembly processes that require lifting.
While mechanical assistance like preventing slipping or dropping is provided, there is a need for movements based on data—driven
knowledge required in the manufacturing process.
Collaborative robots, apart from applying safety functions from industrial robots, currently do not have the capability o autonomously
perceive their working environment.
At y : (A) Urgency | (B) Importance
Administrator (n=8) survey questions (Average) (Average) Results
Urgency/Importance scale: (A
Not at all. 2. Not really. 3. Neutral. 4. Yes. 5. Very much so. TRPBAPT2E145 +B) Rank
Robot Collaborative robots require automated cognitive/judgment/control capabilities. ® ® 8| 3
Virtualization Digital twin simulations are necessary before applying them in the field. ® ® 91 2
Laws related to the implementation of collaborative robots are needed rather
Laws than laws that workers need to follow ® ® 6|53
Worker behavior Collaboratlve robots should be able to recognize worker errors&repetitive ® @l 9| 2
behaviors.
Field Guidelines and case studies that can be applied in the field need to be ® ® sl 3
application provided.
Effectiveness and| Measuring practical effects such as production volume and work fatigue ® ® sl 3
outcomes resulting from the introduction of collaborative robots is essential.
Peripheral Surrounding devices with improved quality should be replaceable at any ® ® A
devices time.
Integrrgﬁn of New technologies such as digital twin, artificial intelligence, and big data ® ®| 10| 1
fechnologies need to be developed and integrated for use in collaborative robots.
Interview: reasons for choosing improvement areas
To apply collaborative robots in the field, it's necessary to create a simulated environment where robots can be tested before actual
deployment. However, this requires significant costs and time investment. Additionally, creating conditions to test various manufacturing
processes might be challenging. Therefore, research on collaborative robots in the form of digital twins that can test various manufacturing
processes in a virtual environment is highly necessary.
Without prior research on worker behavior, collaborative robots” perception, judgment, and control capabilities would be similar to advanced
industrial robots.
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