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Loading Area Unloading Area Workday Start Time End Time

subsidiary Movement unknown 3R52 2016-11-17 22:01 22:07

subsidiary Movement unknown 3R43 2016-11-18 22:41 22:41

subsidiary Movement 3R43 3R5204 2016-11-19 8:25 8:26

subsidiary Movement 3R5204 3R51 2016-11-19 8:47 9:09

subsidiary Movement 3R5104 3R5204 2016-11-19 20:19 20:19

subsidiary Movement 3R5204 3R51 2016-11-21 9:20 9:22

subsidiary Movement 3R5105 3R5205 2016-11-21 22:28 22:31

subsidiary Movement 3R5204 3L17 2016-11-22 9:04 9:08

subsidiary Movement 3R15 3L08 2016-11-28 21:14 21:14

Working TimeMoving Info.
Work Scope

Introduction

▶ Current status of transporter operation in shipyard

WORKING DAY

Moving loading Moving Moving
Wait-
ing Loading Moving Un-

loading

Record

Assembly Outfitting Painting P.E.

Operation 
Planning

Request of Transporter Operation
(Worker in Process)

Transporter Operation Planning
(Foreman)

Transporter

Work Process Stage

Request Deadline (D-1)

Request
Operation

Un-
loading

Input
Loading

Input
Unloading

Input
Loading

Input 
Unloading

Moving

Operation Result Input
(Transporter Operator)

Transporter Operation
(Transporter Operator)

The total number of movements in the shipyard :
from several tens to several hundreds

Depending on the experience of the worker, selecting the transporter &
determining the sequence of movement of the block

Occurrence of inefficient movement of transporter due to 
selection of block stockyard according to worker’s experience

Impossible to analyze logistics status due to 
input error of loading / unloading information

Example of data sheets for transport operation results inputExample of moving a transporter

S

E

Transporter operation result input
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Introduction

▶ Analysis of movement of blocks based on past data & related data

: Analysis of block motion path from one process to the next process

© 2014 INTELLIGENT DESIGN AUTOMATION LAB. DEPT. OF NAVAL ARCHITECTURE & OCEAN ENGINEERING INHA UNIVERSITY

ⓢ

ⓔ

②
①

①~③

④

⑤

⑥

①

ⓢ

ⓔ

ⓢ

ⓔ

ⓔ

ⓢ

ⓢ

ⓔ

ⓔ

ⓢ

①

①

②

②

②

③
③

③

④

④

④

⑤

⑤

⑥⑥

⑦

⑦

⑧

⑧
⑨

⑨

(a)

⑦~⑨

(b) (c)

(d) (e) (f)

ⓢ : Advanced process work area
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Introduction

▶ Operator experience based transporter operation & the need for operational optimization system

Experience based operations &
Handwriting input of operation result

Work based on worker experience

• Operational planning

• Changing work plan

• Selection of transporter for working

• Block movement order &

movement position selection

Logistics estimation / cost reduction / 
technology competitiveness

The need for an operational 
optimization system

Increased importance of minimizing 
transporter operation cost

• Improved input method of transporter 

operation result

• Optimum block stockyard selection

• Establishing an optimal operation planning

In real-time

• Reduced waiting time & empty transporter

Moving time

Occurrence of operational inefficiency

• Increase movement distance of block

• Increase waiting time of transporter

• Increase movement distance

of empty transporter

▶ Major technologies and environments for optimal operation of transporters

Real-time optimal operation planning technology Automation technology to improve work environment 

Yard GIS Map
Minimum Cost 
Route Search 

Selection of 
Block Stockyard

Optimal Operation 
Planning

Real-Time 
Location Tracking

상차지 하차지 운반일 시작시간 종료시간

1 사내 생산3 TP TP 602호 SN2172 00021100 CNT 99999 프로펠라 프로펠라 0 조립OUT 2C1 3A01 2016-11-03 15:42 16:02 0 20 수동입력 황규석 2016-11-03

2 사내 생산3 TP TP 602호 SN2172 00021100 CNT 99999 기타 라다스톡 0 사외OUT 2C1 7Q01 2016-11-04 13:10 13:31 0 21 수동입력 황규석 2016-11-04

3 사내 생산3 TP TP 309호 SN2172 00021100 CNT 99999 기타 W820C 0 T/O장OUT 7Q01 PS302 2016-11-04 14:04 14:12 0 8 수동입력 조재현 2016-11-04

4 사내 생산3 TP TP 151호 SN2172 00021100 CNT 99999 소조 W720P/S 0 선행도장이동 2C501 PB05 2016-11-11 14:20 14:30 0 10 수동입력 진창희 2016-11-11

5 사내 생산3 TP TP 312호 SN2172 00021100 CNT 99999 소조
W720,730,740
P/S

0 선행도장이동 2C7 2C7 2016-11-17 09:10 09:15 0 5 수동입력 양정모 2016-11-17

6 사내 생산3 TP TP 312호 SN2172 00021100 CNT 99999 소조 W720,30,40P/S 0 선행도장이동 2C732 2C722 2016-11-21 10:59 11:07 0 8 수동입력 황규석 2016-11-21

7 사내 생산3 TP TP 151호 SN2172 00021100 CNT 99999 소조
w720.w730.w74
0.p/s

0 선행도장이동 2C7 2B736 2016-11-22 09:10 09:20 0 10 수동입력 이용섭 2016-11-22

8 사내 생산3 TP TP 312호 SN2172 00021100 CNT 99999 RUDDER RUDDER스톡 0 사외IN 4Q01 PT4 2016-11-25 20:40 20:46 0 6 수동입력 황영택 2016-11-25

9 사내 생산3 TP TP 312호 SN2172 00021100 CNT 99999 RUDDER RUDDER 0 사외IN 4Q01 PT4 2016-11-25 20:50 20:58 0 8 수동입력 황영택 2016-11-25

10 사내 생산3 TP TP 602호 SN2172 00021100 CNT 99999 RUDDER RUDDER 0 선행도장이동 PT401 PB05 2016-11-29 14:00 14:11 0 11 수동입력 황규석 2016-11-29

11 사내 생산3 TP TP 602호 SN2172 00021100 CNT 99999 기타 라다스톡 0 선행도장이동 PT401 PB05 2016-11-29 14:16 14:29 0 13 수동입력 황규석 2016-11-29

12 사내 생산3 TP TP 309호 SN2172 00021100 CNT 99999 소조
W720,730,740P
/S

0 부수이동 2B746 RD90 2016-11-29 20:30 20:40 0 10 수동입력 진창희 2016-11-29

13 사내 생산3 TP TP 602호 SN2172 00021100 CNT 99999 기타 스톡 0 선행도장이동 PB05 2C721 2016-11-30 09:56 10:07 0 11 수동입력 황규석 2016-11-30

14 사내 생산3 TP TP 312호 SN2172 00021100 CNT 99999 RUDDER RUDDER 0 선행도장IN PB05 2C7 2016-11-30 10:30 10:36 0 6 수동입력 황영택 2016-11-30

15 사내 생산3 TP TP 602호 SN2172 00021100 CNT 99999 RUDDER RUDDER 0 선행도장이동 2C731 PB05 2016-11-30 11:35 11:44 0 9 수동입력 황규석 2016-11-30

16 사내 생산3 TP TP 312호 SN2172 00021100 CNT 99999 RUDDER RUDDER 0 선행도장이동 PB05 2C7 2016-11-30 15:20 15:26 0 6 수동입력 황영택 2016-11-30

17 사외 생산3 TP TP 602호 SN2173 00021100 CNT 99999 소조 S14A( P,S) 0 부수이동 S7 S7 2016-11-30 09:10 09:15 0 5 수동입력 양정모 2016-11-30

18 사외 생산3 TP TP 602호 SN2173 00021100 CNT 99999 소조 S14A(P,S) 0 사외IN S7 S7 2016-11-30 10:40 10:45 0 5 수동입력 양정모 2016-11-30

19 사내 생산2 TP 조정 2 SN2170 00020000 CNTH A121P
18.10*12.40*4.8
0

0 부수이동 53BAY 53BAY 2016-11-19 15:12 15:13 0 1 모바일 여대권 2016-11-19

20 사내 생산2 TP 조정 2 SN2170 00020000 CNTH A12AP 12.60*3*2.60 0 부수이동 PS222 PS222 2016-11-14 09:48 09:48 0 모바일 여대권 2016-11-14

21 사내 생산2 TP TP 402호 SN2170 00020000 CNTH A12AP 12.60*3*2.60 0 부수이동 PS222 3J06 2016-11-21 20:23 20:29 0 6 모바일 김준형 2016-11-21

22 사내 생산2 TP TP 306호 SN2170 00020000 CNTH A12AS 12.60*3*2.60 0 부수이동 RD100 RD100 2016-11-08 22:43 22:44 0 1 모바일 윤민철 2016-11-08

23 사내 생산2 TP 조정 2 SN2170 00020000 CNTH A12AS 12.60*3*2.60 0 부수이동 RD100 PS208 2016-11-14 11:06 11:06 0 모바일 여대권 2016-11-14

24 사내 생산2 TP TP 306호 SN2170 00020000 CNTH A12AS 12.60*3*2.60 0 부수이동 PS208 PS205 2016-11-15 20:53 20:54 0 1 모바일 최영화 2016-11-15

실적
중량
(T)

순번 구분 부문
장비
분류

장비 프로젝트 선형 선종 블록 기타블록 제원(M) 실적구분 등록자 등록일물류작업구분
이동위치

비고
운반시간 이동

여부

소요
시간
(분)

Environment 
Analysis

Work Information 
Visualization
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Overview : Transporter Optimal Operation System

Transporter Operation Plan
(Block Movement Information)
Transporter Movement Path

Transporter Operation Status
Transporter Operation Result

Shipyard 
Geographic 
Information

GPS Coordinates

Camera Image

Transporter Optimal Operation PlatformTransporter Optimal Operation Platform AR based Operation Support Module AR based Operation Support Module 

Optimal Operational 
Planning

Inquiry Dispatch 
Request Status

&
Select Block 
Stockyard

Status of Operation

Inquiry
Result of Operation 
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Search Module
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▶ Features and Configuration of Transporter Optimal Operation System 
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Platform Design for Optimal Operating of Transporter (1/3)
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▶ Configuration of Transporter Optimal Operation Platform

Shipyard 
In-House System

IoT Equipment
(Camera + Internet)

for acquiring environmental
information in shipyard

AR based Operation 
Supporting Module 

Equipment installed in the 
transporter to visualize 

information and to obtain 
transporter location
& status information

Transporter Optimal 
Operation Platform

A system for establishing an optimal 
transporter operation plan through 

analysis of the data required for operations

Schedule Shipyard 
Geographic 
Information

Shipyard 
Environmental 

Data

Operation Result
& Pattern Data

Optimal operation plan

Expected cost of operation 
(hours)

Transporter assigned 
block transport 

Request Data
(Loading Area,
Un-loading Area,
Time and etc.)

Operable transporters
information

Current location

Current speed

Current video
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Platform Design for Optimal Operating of Transporter (2/3)
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▶ Definitions of I / O and Control Data (Level : IDEF0)

Transporter Optimal Operation Platform

Operable transporters information

Current location information of transporters

Current speed of transporters

Current video

Current state of transporters

Shipyard environmental data

Shipyard geographic information

Scheduling

Request information

Data of past operating result / pattern

Transporter assigned block transport 

Optimal operation plan

Expected cost of operation (hours)

Input : Current information of transporters

Output : Work plan of transporters

Control : Shipyard environmental data & Block production data
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Platform Design for Optimal Operating of Transporter (3/3)
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▶ Functional Component

Shipyard 
In-House System

IoT Equipment
(Camera + Internet)

Operation Supporting 
Module 

Standard
Interface

Shipyard Status
Manager

Transporter Status
Manager

External Data 
Processing

Real-time operational 
planning module

Database 
for managing transporter 
operation performance

Database 
for managing shipyard data

Big Data Analysis 
Module

Schedule

Shipyard
Environment
Data

Transporter
Information

Shipyard Geographic Information

Transporter Optimal Operation Platform
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Development of Core Modules (1/5)

© 2014 INTELLIGENT DESIGN AUTOMATION LAB. DEPT. OF NAVAL ARCHITECTURE & OCEAN ENGINEERING INHA UNIVERSITY

▶ Selection of Block Stockyard

Data involved in 
block movement
Data involved in 
block movement

Past�&�Dispatch Data

Block�production�planning

Stockyards�around�the�
Workshops

- Project No.
- Block No.
- Loading Area
- Unloading Area
- Date of Transport Request
- Production work schedule
- Production work location
- Remaining work to date
- Work priority

프로젝트 블록 상차지 하차지 운행 요청일 공정 작업 수행일 공정 작업장 위치 남은 일자 우선 순위

SN2172 A121P 2C1 3A01 2016-11-03 2016-11-08 55A 5 MIDDLE

SN2172 A12AP 2C1 7Q01 2016-11-04 2016-11-04 53D 0 FAST

SN2172 A12AP 7Q01 PS302 2016-11-04 2016-11-16 53C 12 SLOW

SN2172 A12AS 2C501 PB05 2016-11-11 2016-11-14 53D 3 FAST

SN2172 A12AS 2C7 2C7 2016-11-17 2016-11-25 53A 8 MIDDLE

SN2172 A12AS 2C732 2C722 2016-11-21 2016-11-21 55A 0 FAST

SN2172 A12AS 2C7 2B736 2016-11-22 2016-11-27 55A 5 MIDDLE

SN2172 A12AS 4Q01 PT4 2016-11-25 2016-12-02 55A 7 MIDDLE

SN2172 A12AS 4Q01 PT4 2016-11-25 2016-12-07 55A 12 SLOW

SN2172 A12BP PT401 PB05 2016-11-29 2016-12-02 53A 3 FAST

SN2172 A12BP PT401 PB05 2016-11-29 2016-12-07 51B 8 MIDDLE

SN2172 A12BP 2B746 RD90 2016-11-29 2016-12-06 51A 7 MIDDLE

SN2172 A12BS PB05 2C721 2016-11-30 2016-12-05 55A 5 MIDDLE

SN2172 A12BS PB05 2C7 2016-11-30 2016-11-30 55A 0 FAST

SN2172 A12BS 2C731 PB05 2016-11-30 2016-12-13 3P1 13 SLOW

SN2172 A12CP PB05 2C7 2016-11-30 2016-12-03 3P1 3 FAST

SN2173 A12CP S7 S7 2016-11-30 2016-12-08 3P1 8 MIDDLE

SN2173 A12CP S7 S7 2016-11-30 2016-11-30 3P1 0 FAST

SN2170 A12CP 53BAY 53BAY 2016-11-19 2016-11-23 53D 4 MIDDLE

SN2170 A12CS PS222 PS222 2016-11-14 2016-11-14 53C 0 FAST

SN2170 A12CS PS222 3J06 2016-11-21 2016-12-01 53D 10 SLOW

SN2170 A12CS RD100 RD100 2016-11-08 2016-11-11 SK1 3 FAST

SN2170 A12CS RD100 PS208 2016-11-14 2016-11-22 SK1 8 MIDDLE

SN2170 A12DP PS208 PS205 2016-11-15 2016-11-16 SK1 1 FAST

SN2170 A12DP PS205 PS211 2016-11-15 2016-11-20 53D 5 MIDDLE

SN2170 A12DP PS210 3N02 2016-11-24 2016-11-26 51A 2 FAST

SN2170 A12DS 3N02 3R81 2016-11-24 2016-12-05 51B 11 SLOW

SN2170 A12DS 3R81 RD100 2016-11-15 2016-11-18 51A 3 FAST

SN2170 A12DS RD100 RPS101 2016-11-17 2016-11-25 3P1 8 MIDDLE

SN2170 A12DS RPS101 3J07 2016-11-22 2016-11-23 SK1 1 FAST

SN2170 A312P RPS103 RPS103 2016-11-16 2016-11-21 53D 5 MIDDLE

SN2170 A312S RPS103 RPS104 2016-11-23 2016-11-23 51A 0 FAST

Request
Data

Stockyard

Core�Data

Data analysis and 
classification

Data analysis and 
classification

Data LearningData Learning

The�result�of�learning�with�
decision�tree�(C5.0)

Stockyard�selection�logic

Block�production�planning

Dispatch�inquiry�and
Stockyard�selection

Block Stockyard 
Selection

Block Stockyard 
Selection

Transporter 
Optimal Operation Platform
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Development of Core Modules (2/5)

© 2014 INTELLIGENT DESIGN AUTOMATION LAB. DEPT. OF NAVAL ARCHITECTURE & OCEAN ENGINEERING INHA UNIVERSITY

▶ Minimum Cost Route Search

Dijkstra AlgorithmDijkstra Algorithm Minimum Cost Route SearchMinimum Cost Route Search

Rotation vs. straight lineRotation vs. straight line

Rotation section application penaltyRotation section application penalty

Intersection PenaltyIntersection Penalty

* Dijkstra algorithm
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Development of Core Modules (3/5)
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▶ Optimal Operation Planning

Distance considering the actual travel time when the transporter 

k moves to the block i position after carrying the block h.

speed of transporter k

When the transporter k carries block i after carrying block h 

Transporter k does not carry block i after carrying block h 

Weight of block i

Load weight that transporter k can carry

Planned transportable time of block i

Start time at which transporter k carries block i

Time when transporter k completed transporting block i

Planned completion time of block i

Transport start time of block i with higher priority

Transport start time of block i with lower priority

Total number of blocks to carry

Total number of available transporters

weight factor
(A virtual block for carrying the first block of each transporter)

 =  








Block weight  ≤  Transportable weight

Planned block transport time 
≤ Actual T / P transportation start time

Actual T / P transportation end time
≤ end time of planned block

The start time of the block with low priority
≤ High-priority block transport start time
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Development of Core Modules (4/5)

© 2014 INTELLIGENT DESIGN AUTOMATION LAB. DEPT. OF NAVAL ARCHITECTURE & OCEAN ENGINEERING INHA UNIVERSITY

▶ AR based Operation Support

Optimal Operation Planning

Optimal Route

Shipyard Numerical Map

Transporter Optimal 
Operation Platform
Transporter Optimal 
Operation Platform

Moving vehicle detection Worker movement detection

Obstacle detectionObstacle detection

Image analysis moduleImage analysis module

Built-in GPS deviceBuilt-in GPS device

AR based Operation Support ModuleAR based Operation Support Module
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Development of Core Modules (5/5)

© 2014 INTELLIGENT DESIGN AUTOMATION LAB. DEPT. OF NAVAL ARCHITECTURE & OCEAN ENGINEERING INHA UNIVERSITY

▶ Shipyard Numerical Map

Creating shipyard numerical map layer and defining layer columnsCreating shipyard numerical map layer and defining layer columns Shipyard numerical mapShipyard numerical map

* DotSpatial 1.9
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Implementation of Prototype

© 2014 INTELLIGENT DESIGN AUTOMATION LAB. DEPT. OF NAVAL ARCHITECTURE & OCEAN ENGINEERING INHA UNIVERSITY

▶ Transporter Optimal Operation Platform ▶ AR based Operation Support Module 

Operation Schedule
- List of blocks to be transported
- Listed in order of transport

Current Information
- Display information of the block currently being carried
- Start and end buttons for the operation record

Mini Map
- Displays the current movement

Safety Guideline & 3D Movement Direction
- Safety Guidelines for the movement of the transporter

(Red – Block, Yellow – Transporter)
- 3D movement direction display

1. Set the date & inquiry dispatch request

Display the dispatch request

2. Selection of block stockyard

Display the dispatch request with block stockyard

3. Planning for optimal operating of transporter

Display operating plan

4. Send to transporter operating support module for plan

Display operating plan
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Test Results
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Conclusions & Future Study

• We have studied and developed a system that supports optimal operation of transporter to 
reduce human errors and logistics costs.

• We designed and developed an optimal operation platform for operators to establish and 
manage operational plans.

• We designed and developed an augmented reality-based operational support module that 
allows the driver to reduce the dependency of the flagger and determine the surrounding 
situation of transporter.

• Through testing, we have demonstrated the necessity and importance of the developed 
system.

• Improvement of configuration technology and module performance
- Intelligence of block stockyard selection module
- Development of environmental recognition module around transporter
- Development of environment recognition module in shipyard(identify operational status of 

stockyard)

• We will be commercialized for domestic and overseas shipyards.
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