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Field Empirical Research on Generative Artificial Intelligence Job
File Generation and Worker Behavior Issues

Nakil Kim*', Wonhyun Kim*?, and SeongJeong Yoon**
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Abstract

In the recent manufacturing sector, there has been an expanding adoption of collaborative robots beyond industrial
robots. The primary objective is to enhance productivity and ensure the safety of workers. However, it has been
reported that generating the control code, known as the Job file, for industrial robot control still takes a minimum of
six months or more. Furthermore, while worker safety has improved, there are still unresolved issues and concerns in
the field. Therefore, through interviews with on-site managers, the aim is to propose procedures, functions, and roles for
the application of artificial intelligence elements in the automotive production process in the future. This is to address
the issues in the field effectively. Additionally, a specific investigation will be conducted to determine why automation
is needed in places where worker risk is high. Through this research, the goal is to provide guidelines for generating
artificial intelligence-based code for robot control and emphasize key management factors for ensuring worker safety.
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generative Al, industrial robots, Job Files, worker behavior, work risk
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) B Table 2. Main risk factors and risk
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e B3 okAA 3 wRokS AAIES T AFeH Risk factor Improverment Frequency|Severity| Risk
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- - unexpected intermediate
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ojd 18] 2L 14, At uid 23] gAe zu, stop function is not
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APE)E 7IFo82 AU 4 ¢ F22 collisions with workers.
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Ao gt} o2 olFe} e =4 WEYAZE Y unexpected movements.
HRS Brlsrsoh The operating pendant Before 3 o 3
is located within the
_ i i robot’'s working radius,
Z 1. Y4g8 58 HEZA and there is a collision Al 1 5 1
Table 1. Risk matrix of checklist risk when operating the er
Frequency penoant.
Severity 3 2 1 Lack of an emergency | Before 3 2 |3
stop button poses a
4 5 ] 3 collision risk. Alter 2 2 2
3 4 4 2
2 3 2 1
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Table 3. Focus group interview

Factor Explanation

1 manager, 3 supenvisors,
3 workers, 3 university professors.

2023.09.14.723.10.12

Interviewee

Interview
period

—The process of generating control code for
generative artificial intelligence identifying

Ke ) .
) Y areas in the production process where
interview : )
manual labor is most required
content

- Recognizing risk factors related to worker
safety

Interview |In—person (at production and research
method  |facilities, company H).

Manager, supervisors, workers, university
Sequence

professors.

4 AFZZMA
Table 4. Research process

1. Literature review on key issues in automobile
production processes and workers.

Pre-interviews with designers and managers for

research and planning related to the project.

l

2. Summarizing key issues
(Production processes and safety)

|

3. Selection of workers and expert advisors in the
relevant field for the university advisory committee

|

4. Interview on the preparatory stage of the production
process with the highest time consumption and
managerial safety issues

|

5. Suggesting efficiency and safety management points
in the preparatory stage of the production process
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Table 5. Procedure of control code

Number | Process[16] Explanation
) This step involves defining the requirements for the automotive production process
Requirements : ) : ) .
1 . control system. In this phase, considerations include production volume, product types,
analysis . o . .
quality standards, production line configuration, and more.
Oortral Designing the architecture of the control system involves incorporating hardware
2 . components such as PLC (Programmable Logic Controller), HMI (Human-Machine
system design
Interface), sensors, actuators, and others.
PLC Programming the PLC to control each stage of the production line involves
3 . implementing program logic to manage the functions and interactions of various
programming . e
components within the production line.
Developing an HMI (Human-Machine Interface) allows operators to monitor and
4 HMI control the production process through a graphical interface. The HMI displays
development | system status and data through visual graphics, enabling easy interaction with the
control system.
. Connecting sensors and actuators to the production line and integrating them with
Connecting . .
the PLC involves setting up the hardware components to collect data from the
5 sensors and ) ) o
aclLalors production process (sensors) and control the operations of the production line
(actuators) through the PLC’s logic and control.
Testing the developed control system in a simulation environment allows for the
System - T . L
6 ) verification of system behavior, identification of issues, and necessary modifications
testing . ) ) .
without impacting the actual production process.
. Integrating the control system into the actual production line and verifying its
Integration of O e ) .
. functionality involves confirming that the system operates as intended in a real-world
7 production ) . . o . ) .
ines setting. During this phase, stability is tested by gradually increasing production volume
to ensure the system’s reliability and performance under operational conditions.
. Once the control system is functioning properly, production can commence. During
Production . o ) L )
8 sty this phase, initial product manufacturing takes place, and quality inspections are
P carried out to ensure that the products meet the specified quality standards.
) During the ongoing production, it is essential to perform regular maintenance and
Maintenance o T .
9 and optimize the performance of the control system. This includes handling any
o malfunctions, implementing software updates, and continuously working on quality
optimization . n .
improvements to ensure smooth and efficient production processes.
The production line should be continuously monitored to promptly address system
0 Continuous errors or performance degradation. By collecting system data and analyzing the
monitoring production process, it becomes possible to identify areas for improvement and make
data—driven enhancements to the system’s overall performance.
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Table 6. Control code example

Automobile production control code”(PLC ladder logic)

PLC Ladder Logic
- Start/Stop button
StartButton := Input1;
StopButton = Input2;

- Status of motor and sensor
Motor = Output1;

Sensor! = Input3;

Sensor? = Input4;

- Control logic
If StartButton = 1 Then
- When the start button is pressed
Motor == 1; —— Motor operation start

- Product manufacturing process
If Sensort = 1 Then
- When Sensor 1 detects
- Performing a specific task
End If;
If Sensor2 = 1 Then
- When Sensor 1 detects
- Performing the following task
End If;

Else
- When the start button is not pressed
Motor = 0; — Motor stop

End If;

- When the stop button is pressed,

the motor stops immediately.

If StopButton = 1 Then
Motor = 0;

End If;
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Table 7. Worker perception of hazards
Risk factor ) )
Number [17)-120] Explanation Raking Reasons
In the process of working with
Workers on the automobile production line collaborative robots, they sometimes
i are exposed to mechanical hazards, which operate excessively due to poor
Mechanical . : o i’ ;
1 entail the risk of injuries due to contact 3 recognition of my (the worker's)
hazards ) : }
with moving parts, robotic arms, conveyor force, or they can be overly
belts, and the like sensitive, and at times, they operate
too slowly
In processes such as automobile - .
. . ; The painting process is done by
Chemical assembly and painting, chemicals need to . . .
2 . ) 7 industrial robots, which is not a
exposure be handled, which can potentially expose o
major issue
workers to hazardous substances.
. In h|gh|y autqmat.ed productllon lines, . There might be noise, which is
Loud noise mechanical vibrations and high-level noise o .
3 L : ) 4 inevitable. However, it seems that
and vibrations | can occur, exposing workers to noise and ) .
- . stress cannot be entirely avoided.
vibration-related issues
In hinge assembly processes, many
When a comfortable working environment tasks are often performed manually
Workin is not provided for the workers, it can by individuals using physical
4 ) g lead to increased discomfort and stress, 6 strength, and it seems that there
environments ) : ) . .
potentially negatively impacting the health are frequent challenges in
and safety of the workers recognizing human body size, work
posture, and positioning accurately.
) . While most tools are connected with
. Automobile parts or tools can potentially
Falling . ) ! safety tethers, heavy components
5 . fall from high places, which can result in 5 o
objects I rely on robots, and it is not always
injuries to workers o ;
clear if it is entirely safe.
) Continuous work and excessive workload There are many repetitive tasks, and
Fatigue and . ) Y . .
6 siress can lead to increased levels of fatigue 1 it is true that there is a high level
and stress among workers. of fatigue.
In automobile production facilities, there
Fire and may be a risk of fire and explosion due You are in compliance with our own
7 explosion to the interaction between workers and 8 safety regulations, and fire faciliies
hazards” hazardous substances such as fuel, and equipment are in place
lubricants, and electrical systems.
. ) Worker errors can lead to serious
Worker errors can lead to serious issues . . )
. : . issues in automobile assembly and
in automobile assembly and quality o i .
8 Worker errors 2 quality inspection stages, posing

inspection stages, posing risks associated
with worker mistakes or lack of attention.

risks associated with worker
mistakes or lack of attention.
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