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Abstract @ Currently, the maritime industry is focusing on developing technologies that promote autonomy and intelligence, such as smart ships,
autonomous ships, and eco-friendly technologies, to enhance ship operational efficiency. Many countries are conducting research on different methods to
ensure ship safety while increasing operational efficiency. This study aims to develop a real-time ship operational efficiency analysis model using data
analysis methods to address the current limitations of the present technologies in the real-time evaluation of operational efficiency. The model selected
ship operational efficiency factors and ship operational condition factors to compare the operational efficiency of the ship with present and classified
factors to determine whether the present ship operational efficiency is appropriate. The study involved selecting a target ship, collecting data,
preprocessing data, and developing classification models. The results of the research were obtained by determining the improved ship operational

efficiency based on the ship operational condition factors to support ship operators.

Key Words : Smart ship technologies, Eco-fiiendly technologies, Ship operational efficiency, Real-time ship operational efficiency analysis model, Ship

operational condition
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Fig. 1. Research workflow.
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Fig. 3. Data restricted navigation area.
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Fig. 4. Energy efficiency in RGB color.
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Table 1. Ship operational ‘Efficiency’ and ‘Condition’ features

Features Details

Ship operational
Efficiency
Feature

‘Fuel oil consumption per nautical miles
(FOC/NM)’, “Shaft power per ship’s speed
(ShaftPower/SOG)’,

Calculated mean, std, skewness, increment

Ship operational of ‘Heading’, ‘Stern speed’, ‘Wind speed’,

Condition ‘Rudder’,  ‘Draft (fwd)’,  ‘Draft (aft)’,
Feature ‘Deviation angle of relative wind
direction’

meanDepth<32.8

Good

skewStern<0.8

stdStern<0.4

Bad

Normal Bad Normal

Fig. 5. Decision tree classification model for ‘FOC/NM’.

meanDepth<32.6

Good

stdStern<0.5 Bad

Normal skewStern<0.1

Bad Good

Fig. 6. Decision tree classification model for ‘ShaftPower/SOG’.
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Fig. 7. ‘FOC/NM’ operational efficiency (Original/Proposed).
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Table 2. Overall comparison of operational efficiency

FOC/NM ShaftPower/SOG

Mean of original

operational Efficiency 0.6050

0.6250

Mean of proposed

operational Efficiency 0.5025

0.5125
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Table 3. Features identified in classifying operation efficiency

Features ~ meanDepth ~ meanWindSpeed stdStern skewStern

1 329 15.1 0.6 -0.2

2 33.7 14.9 0.6 -0.3
3 33.6 14.7 0.6 -0.5
4 33.7 14.6 0.6 -0.7
5 343 14.5 0.6 -0.8

6 347 14.3 0.5 -12

7 35.0 14.2 0.3 1.1

8 353 14.2 0.4 -0.7
9 359 14.3 0.4 -0.6
22 37.2 11.8 1.0 0.3
23 35.9 11.1 1.4 1.0
24 34.5 10.6 1.6 0.6
Mean 37.7 13.6 0.5 -0.3

_64_



3 o}
Avl g Seje] EEAsel @A AP F1re] A
A ¢%mEol A vhehd 9912 dgsEn

2, EErde 2ELT 7139 3267 328% %

Hi 45 13622 ERED] YH = 7|E 749 76
< z9sgleh 1ela, v SS9 99 =t £R/7]
9 08K F2 - 03024 A E0| BadE FE T
Zroldet. o] & A yS o, udadde S ke] Adukd-

i
—

[e)

EI R Hol 3 g So] vrololof o} Fig 7(a), Fig.
82} o] B ol FEES BT £ AFolA
Aokt A2 4 FEL Fig 7(b), Fig 8b)oll e A
7 o] axth ¥ £ A ES HITh

|

ol Alow
AQe ol S 3wA AdAde AEs S

(LINC 3.00%] A543t

4. 4 E

A AN RPREs felstel Al wEE s
A Folu, AU O% AEHOR I A%
wo] o] ol A3 gtz W, ARHQ HolEF Yo
AU EES UL o]F AAOR HUE Yol
Akl Al wgeks Qe e v

o)% 98, X AN E AL ELS dESE 54
3 oAvhegge E4S TR, A 59
Sgstel 2t MRS UE SO BF BF 2ue
BT A EREDE /1EY AR 2nFs) BAg
54 o @ A $REES AU £ P9 4
AR NABAT 2% anE wedelel AAadT, 7
$FEE At s IS Fold £RYEHE 3
A WE wE 22 ARGSS el £ g R9S
A ket k.

AgHow AN Ak gasol ot ulwstele
W folvE Aolt e AZHoE HAT Ao
W, ¥ A7) Ras nwstetu, /lEnn o Audon
AU REES R 5 A How sl

References

[1] Ahn, J. K.(2022), A Study on Improvement for Greenship
Certification Scheme to Achieve Net-Zero, Journal of the
Society of Naval Architects of Korea, Vol. 59, No. 6, pp.
372-384.

[2] Choi, K. S., M. K. Park, J. H. Lee, and G. 1. Park(2007), A
Study on the Optimum Navigation Route Safety Assessment
System using Real Time Weather Forecasting, Journal of the
Korean Society of Marine Environment & Safety, Vol. 13,
No. 2, pp. 133-140.

[3] Gong, G. Y., B. G. Lee, and Y. S. Lee(2014), Korean
Institute of Navigation and Port Research, Vol. 2014, No. 1,
pp. 198-200.

[4] IMO(2020), Report of the marine environment protection
committee on its seventy-fifth session, MEPC 75/18.

[5] Jeon, M. Y., Y. J. Noh, K. H. Jeon, and S. B. Lee(2018),
Study on Prediction Methods of Fuel Consumption for Real
Ship Maritime Big Data, The Korean Society of Mechanical
Engineers, pp. 168-169.

[6] Kim, B. S., M. J. Oh, J. H. Lee, Y. H. Kim, and M. I. Roh
(2021), Study on Hull Optimization process considering
operational efficiency in waves. Processes, Vol. 9, No. 5, p. 898.

[7] Kim, K. J., S. D. Lee, C. H. Jun, K. M. Park, and S. S.
Byeon(2017), A statistical procedure of analyzing container
ship operational data for finding fuel consumption patterns,
The Korean Journal of Applied Statistics, Vol. 30, No. 5, pp.
633-645.

[8] Kim, S. H. and K. H. Jin(2020), Energy Efficient Route
Search Using Marine Data, Vol. 24, No. 1, pp. 44-49.

[9] Kim, S. K., Y. S. Lee, G. Y. Kong, J. P. Kim, and C. H.
Jung(2012), A Study on the Ship's Speed for Reducing the
Fuel Oil Consumption in Actual Ships, Journal of the Korean
Society of Marine Environment & Safety, Vol. 18, No. 1, pp.
41-47.

[10] Lee, T. H, E. S. Yu, K. M. Park, S. S. Yu, J. P. Park, and
D. H. Mun(2019), Detection of Abnormal Ship operational
using a Big Data Platform based on Hadoop and Spark,
The Korean Society of Manufacturing Process Engineers, Vol.
18, No. 6, pp. 82-90.

[11] Shin, J. H., J. Y. Shim, J. W. Park, D. H. Choi, and S. S.
Byeon(2017), A Study on the Improvement of Sailing
Efficiency Using Big Data of Ship operational, Journal of the
Korean Society of Marine Environment & Safety, Vol. 2017,

_65_



ot
k)
=)
ot
fot
x

No. 4, p. 244.

[12] Woo, S. M., H. G. Hwang, B. S. Kim, Y. T. Woo and J. S.
Lee(2018), Journal of the Korea Institute of Information and
Communication Engineering, Vol. 22, No. 3, pp. 480-490.

[13] You, Y. J. and H. R. Park(2018), Development of a
Framework to Estimate the EEOI of a Ship Considering the
Hydrodynamic Characteristics and Engine Mode, Vol. 55, No.
6, pp. 457-465.

Received : 2023. 01. 12.
Revised : 2023. 01. 31.
Accepted : 2023. 02. 24.

_66_

Mo

19



