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Introduction to Hyungju
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• PhD: Department of Mechanical and Industrial Engineering, NTNU (2016)

(Maritime Safety - An analysis of accident causation and measures for reducing risk at sea)

• Naval Architect: SAMSUNG Heavy Industries, South Korea (2004 – 2012)

(Cruise & Ferry Design Team + Sea Trial Department)

• Master & Bachelor: Naval Architecture and Ocean Engineering

(Seoul National University, South Korea)

Educational Background and Work Experience
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Main Research Area

• Risk analysis for zero-emission vessels and autonomous ships

Human Factor for Autonomous FerryReal-time Risk Model for Autonomous ShipBarrier Analysis for Autonomous Ferry QRA for Ammonia Fuelled Ship

0: Normal State
1: Primary Pipe Fault + Secondary Pipe OK + Detector/Fan OK
2: Primary Pipe OK + Secondary Pipe Fault + Detector/Fan OK
3: Primary Pipe OK + Secondary Pipe OK + Detector/Fan Fault
4: Primary Pipe Fault + Secondary Pipe Fault + Detector/Fan OK
5: Primary Pipe OK + Secondary Pipe Fault + Detector/Fan Fault
6: Primary Pipe Fault + Secondary OK + Detector/Fan Fault
7: Primary Pipe Fault + Secondary Pipe Fault + Detector/Fan Fault

0

1

2

3

4

5

6

7
λDV

λPP

β : Beta factor of Common Cause Failure
λPP: Failure rate of Primary (Carrier) Pipe
λSP: Failure rate of Secondary Pipe
λDV: Failure rate of Leak Detector and Ventilation Fan in Annular Space
λDP: Failure rate of Double Wall Pipe (Primary + Secondary)
μPP: Recovery rate of Primary Pipe
μSP: Recovery rate of Secondary Pipe
μDV: Recovery rate of Leak Detector and Ventilation Fan in Annular Space
μDP: Recovery rate of Double Wall Pipe (Primary + Secondary)
* Assumption: μPP > μSP > μDV
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About KASS Project
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KASS Project

https://www.youtube.com/watch?v=ug-FzWj8ljQ

https://www.youtube.com/watch?v=ug-FzWj8ljQ
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Development of Autonomous Ship Technology Outline

1) Development of core technology for autonomous ships

2) Establishment of basis for commercialization through step-by-step demonstration

3) Core technology for autonomous ships: ① Intelligent Navigation System

② Machinery Autonomation System

③ Performance Demonstration Center and Demonstration technology

④ Operational Technology and Standardization

4) Based on Commercialization: International navigable medium-sized autonomous ships 

(ocean IMO level 3, coastal IMO level 2)

Development of Autonomous Ship Technology

Project

Ministry of Oceans and Fisheries & Ministry of Trade, Industry and Energy (joint promotion)

Host Ministry

2020~2025 (6 years: Technology development in year 1~4 and demonstration/operation in year 5~6)

Business Period

Total 1,603.16 Billion KRW
(Governments 1,196.64 Billion, Local Governments 45 Billion, Private Capital 361.52 Billion)

Operating Costs

Purpose

* 2 general tasks, 4 core technologies, 13 detailed tasks (51 participating organizations)
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Consortium
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Vision of KASS Project
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Four Core Technologies
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KASS System

Situation Awareness 
System(KRISO)

- Navigating and identifying obstacles
- Derive the risk of collision
- RADAR, LIDAR, CAMERA

Navigation Equipment
- Navigation Information Data
- Anemometer, Echo Sounder, ECDIS, RADAR,

AIS, DGPS, Rudder, Gyro Compass

Digital Bridge
(Marine works)

- Data linkage
- Ship control data transmission/reception(engine

speed, percussion)Autonomous Navigation 
System
(KRISO)

- Derivation of the optimal route for using        
situational awareness data and charts

- Transmit and receive real-time engine   
speed and percussion for collision avoidance

BMS, Autopilot
- Engine speed and percussion control command received
- Engine and percussion control  
- Transmit and receive engine and percussion information 

Communication 
System(KR)

- VSAT, LTE, VDES Utilized land data transmission 
and reception

Cyber Security(KR)
- AI-based cyber threat monitoring

CBM: Condition Based 
Maintenance (KR)

- Monitor the condition of engines, 
generators, piping, etc

- Transmit and receive real-time engine 
speed and percussion for collision avoidance 

Energy Saving 
System(LabO21)

- Monitoring and predicting fuel consumption  
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For More Information about KASS Project

https://kassproject.org/en/main.php

https://kassproject.org/en/main.php
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Real-Time Risk Analysis
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Dynamic / Online / Real-Time Risk

Dynamic Risk Analysis
update risk according to changing 

contexts

Online Risk Analysis
update risk via input from online sensors

Real-Time Risk Analysis
update risk according continuously without 

(or minimized) time lag



16

Average Risk

Time

Port

Canal

Acceptable Risk

Average Risk vs. Real-Time Risk

Storm

Calm open sea

Actual Risk
Risk
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Average Risk vs. Real-Time Risk

Average Risk Real-Time Risk

Average Risk (per year)



18

Average Risk vs. Real-Time Risk

When?

Input

Outcome

Real-Time RiskAverage Risk

Before operation
(in design stage)

Continuously during 
operation

Historical data and/or 
expert judgement 

Historical data and/or 
expert judgement 

+
Real time condition

Static and average risk Risk at a specific time
(average in a short period of time)
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Real-Time Risk for Autonomous Ships
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Real-Time Risk Modelling and Software
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Case 1

Real-Time Risk Case Example

Case 2



22

Input for Real-Time Risk Model

HAZID & FTA & ETA by Korea Register Literatures Expert Opinion
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Real-Time Risk Modelling using Bayesian Network 

Collision Risk

Traffic Condition Ship Condition
Environmental

Condition

• Distance (CPA)
• Change of Distance
• Traffic Density

.

.

.
10 High-Level RIFs

• Navigation System
• Propulsion System
• Communication Sys.

.

.

.
16 High-Level RIFs

• Wave Height
• Wind Speed
• Visibility Condition

.

.

.
8 High-Level RIFs
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Development of Real-Time Risk Software

Autonomous Ship Database Remote Operator

Real-Time Risk Software
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Web Application
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Development of Autonomous Ship Technology Outline
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Development of Autonomous Ship Technology Outline
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Concluding Remarks
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