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Project Overview

Project Name Development of technology for analysis, evaluation, and prevention of human errors by railway worker

Research Period April 2023 ~ December 2027

» Development of a railway worker human error analysis-evaluation-prevention system to reduce accidents caused by human error of railway workers

* “Factors causing human error (e.g. fatigue, time pressure)
— Human error (e.g., inadequate situation judgment/response) — Accident”

* From the beginning of the process, analyze and evaluate human factor data-to ultimately reduce accidents

Detect hazards Share risk information Take preemptive action Prevention and management
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Human Error Statistics

Continued occurrence of railway accidents due to human factors of railway workers

* Train collisions, derailments, fires, and other train accidents are caused by human errors of railway personnel such as train ope

rators, and controllers, accounting for 47%.

- Train accident factors : facility-vehicle factors 51%, human factors 47%, external factors 2%

* The incidence rate of casualties among railway
workers is more than 5 times higher than in
developed countries,
with a recent increase in worker fatalities

Employee Fatalities per 100 Million Train-Kilometers by Country

I Employee Fatalities
35t N 5-Year Average

- Number of worker fatalities per 100 million KM by
country(persons, 5-year average): South Korea 3.8,
Germany 0.9, France 0.4, United Kingdom 0

Fatalities per 1L00 Million Train-Kilometers
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Comparison of Railway Fatalities by Category (Population-Normalized)
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Accident Cases & Problem Definition

Inadequate prevention and management of human factors of railway workers

: SRT Derailment . rI?ecently, seriom:cs daLnage has occurred due to derailments and worker casualties caused by
E ACCident('22.7) uman errors or workers

- Despite the continuous occurrence of abnormal signs such as persistent track misalignment in the accident section
of the rail, maintenance measures such as rail resetting were not implemented

- When the preceding train passed through the accident section, it reported abnormal vibrations,

" Obong Station Fatali
Obong Statlon Fatality but the control center did not immediately inform the following train of the fact, causing the accident.

B Accident (Nov. '22)

- The transportation officer conducted signaling to the engineer without checking the shunting route.

- During the shunting, the engineer did not comply with the signal, resulting in a pinching accident involving

Jeongbalsan Station the shunting worker.

Fatality Accident (Oct. '22) - A track worker was involved in an accident while working outside the designated time to complete the work

"Industrial Safety and Health Act: Worker Safety Enhancement(Effective as of "20.1),
Introduction of " Serious Accident Punishment Act. (Effective as of 22.1 ) etc. Increasing social
demand for worker safety, urgent need for improvement
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Vision and Objectives of the Project

Vision Implementation of a systematic and scientific safety management focused on prevention for railway workers

Objective: Prevent accidents and failures caused by human error in railway workers by using analysis, evaluation, and prediction technologies for
Objective/Goal | human error, and strengthen the emergency response capability during unusual situations

Goal: Contribute to government policy to reduce accidents caused by human error among railway workers by 50%

Development of a system to collect and analyze Development of an integrated system for analysis, prediction, Development of a user-interactive integrated virtual training system
Key Tasks human factor data for railway workers and support oper and management of human error influence factors for for response to abnormal situations by linking with human error
ating and on-site safety railway workers based on evaluation analysis, prediction, and management systems for railway workers

Performance Human factor data collection-management system Job analysis and human error evaluation software Full Type joint virtual training for early response to unusual situations
Indicators Accident-Incident Coverage (%) Human Error Mechanism Modeling (%)

90% Achieved 90% Achieved

10+ simultaneous trainees

Real-time integrated field safety management system for track workers Cyber-Physical System (CPS) based Human Error Prediction SW Light Type joint virtual training for early response to unusual situations
Contribution to Track Worker Accident Reduction(%) Human Error Prediction Accuracy(%)

50% Achieved 50% Achieved

10+ simultaneous trainees

Field job suitability evaluation system Risk-based railway worker work management system Real-time comprehensive analysis software based on trainee’s

Measurement Accuracy(%) Management Suitability(%) ﬂ;mﬁgi:;;gzifngszl'ﬁme comprehensive analysis software for

90% Achieved 90% Achieved Diagnostic Suitability(%) 90%  Achieved
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System Overview

Railway worker human factor characteristics data collection and analysis system

Railway Worker Operation Safety Support System

Existing safety and environment data related to +

. Human Factor Characteristics Data Collection
railway workers

Data Analysis

- Camera Video Information

Risk Assessment Safety Plan
o Driving Operations - Pulse, Blood Pressure, Heart Rate |
(Key Risk Factors) and Performance V&\J/ I‘() ~ Operation Supporinereres T
orkers - Location-based status information
Training 1 S— g &
Plan/Performance) Safety Inspection “2'
- GPS + Indoor Positioning
Work Hours - - - Camera Video Information ]
Management Disaster Waming Track Workers - Multi-signal positioning information
\ Locations - Field input work information
L — ——————,,
HoainChedp || /<Edertee et |
N v ~ 9 — - Heart rate, motion and other work
Workers information -
f Environmental - Intemal sensing environment - 1
Accident-Free Management A}:cm:fant fnnd Safety A Information information .
N ~ glicaton anageme‘n *=Extemal environment DB informations#

Railway Worker Human Error Evaluation/Prediction Integrated Management System (SW)

Human Error Evaluation Stage Human Error Prediction Stage

Safe/Unsafe Job Analysis SW
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Safety-Critical Job Performance Influencing Factor
Scale Analysis and Quantification SW

s

Human Error Evaluation SW

Human Error Management Stage

Cyber-Physical System (CPS) Based Human Error
Prediction System

Big Data, Al Utilization
Risk-based Work Management SW

Big Data

Human Error Characteristics DB
Human Performance Prediction
= Human Factor Analysis
0=

Risk Management
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Real-time integrated on-site safety management system
for railway workers
Safety Management System

Standard Operation Line Track Worker

Al-Based Railway Worker
Smart Safety Integrated Protective Equipment

Field Job Suitability Evaluation SW

Real-time comprehensive analysis of training effects based on
trainee bio-signals
Real-time Comprehensive Analysis SW

Railway accident/disability training
scenario creation and automatic generation software

Virtual
Training

SW

Early Response to Unusual Situations
Joint/Individual Virtual Training Full System

Early Response to Unusual Situations
Joint/Individual Virtual Training Light System

Virtual
Trainin
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Evaluation items per traiing device [(:119] Training Diagnosis
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R&D Framework

Basic Performance Indicators and Research Plan Establishment

» To ensure that research outcomes can be applied in real-world settings, establish research plans for prototype development and certification, and field application.

 Establish research plans with basic 3 stages (DDevelopment Specifications and Detailed Design, @Core Function Implementation and Prototype

Production Certification, 3®Pilot Operation) and detailed 7 stages of performance indicators, and conduct research by establishing additional performance
indicators if necessary

Stage 1 ('23~'24): Development Specification Stage 2 ('25~'26): Core Function Implementation and Prototype Stage 3 ('27) Pilot Operation
and Detailed Design Production Certification

System Function Definition Suitability Prototype Suitability PN o5 [FTEl (Ol Isifeialy

Detailed Design Suitability Prototype Official Quality Certification Test Report

Result Report Suitability

2024 - 2025

2023- 2024 : : 2025- 2026 . 2026 - 2027
Development of analysis, evaluation, and . : e s o
Development of core element e : Development of products and service systems % Verification and stabilization
prediction technologies
Data collection and management system for human factors in railway workers Human factors item data analysis integration system for railway workers Field-adaptive safety device and system for railway workers Testbed on-site installation and field performance test Verification of
Mechanism modeling and analysis/evaluation technology for more than 90% of railway Big data analysis of railway worker human factors, human factor prediction loT-based railway worker direct task risk assessment system for train operation railway worker human factor monitoring and train operation safety support technology
worker human error Al-based abnormal situation and emergency scenario auto-generation and virtual management system technology safety support Risk assessment system using big data and Al, scenario-based risk Verification of human factor assessment and prediction technology for railway workers

and real-time diagnostic technology based on human factor characteristics response system utilizing 4th industrial revolution technology, wearable devices, loT, etc. using Al and big data Verification of user-interactive virtual reality training technology

Scientific evaluation of railway worker task performance and safety management
competency and development of systemized evaluation methods

» Transportation Safety Authority, KORAIL, Korea Rail Network Authority, and Busan Transportation Corporation, planning and conducting research to
appropriately reflect policies,
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Railway Personnel Human Factors Data Collection-Analysis System

Railway Worker Human Factor Characteristics Data Collection and Analysis System

Integrated collection/analysis/management of human factor characteristic data, such as precursor
factors for human error among railway workers, and background factors, and securing human

error pre-detection technology.

G
Railway Worker - Development of Standard Data Items and

. Analysis of Human Errors O 0 Human Collection Cycle/Scale Considering Railway Personnel

in Railway Workers: Factors Risk Factors and Human Factor Characteristics
Inadequate Human Factors Data Collection and - Development of Railway Personnel Human Factor
Characteristics Data Management Characteristics Data Collection, Measurement, and

Collection-Management System Development Management System

- Development of a device to collect and measure

Real-time Data real-time human factor characteristic data of
. Lack of technology that can Collection rallwa.y workgrs . . o
detect human errors in and Measurement (location, voice, video, biometric signals, etc.)
advance by detecting O———>0 Device
abnormal _ Development - Development of devices for collecting and measuring
conditions-incorrect habits, for Railway Workers' real-time human factor characteristics data (location,
etc. of railway workers H . . ..
uman Factors voice, video, biosignals, etc.) of track workers on
Characteristics operating lines (including train formation workers)

- Development of a device for collecting and measuring
on-site job suitability data for railway workers
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