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Executive Summary: By using the®0 Testbed, this paper reports the technical detail
S98/Dual Fuel concefdt28 implementation and datw analysis
results for the use €f(® based product service.

Related Documents: Roadmap for thel80 Implementation Decadei(2020
C507.6A INFKHOA (ROK) & NOAA (US) Informatid@@i &tbed
ProjectDecisionand Actiori35/60

RelatedProjects: S-100 Testbed project of KHOA

Introduction / Background

1. The 5th IHO Council meeting noted the approach proposd@®y dsth&d project to quantitatively
measure the efficiency of usingtfié Based product service. The Councithieviiednber States to
join the project and suggested other qualitative measures such as safety of navigation and efficienc
appropriate.

Analysis/Discussion
S100Testbed plan of KHOA

2. In consideration of the requirements fet@Bed8velopment aretiBion C5/60, KHOA tested the
technicassueof S100and the usability and economic effifidgineyd 00based product service

Technical issues ofB)0(See Annex A for degil

3. The 8 interoperability is essential for the integrated ape taiononized displayIdSdata. The
S98 Edition 1.0.0 was released for tesfimg 2022. Meanwhile, for the stable implementatien of the S
10X product specifications, a Duel Fuel governance document has been published, and a techni
guidelineof Dual Fuel mode will be prepared.

4. The technical issues-a08 are composed of the application <f&et&operability catalogue, which
is the core of thel@0ImplementatidRoadmap, the Dual Fuel concept, and-théatgness of
navigation gaducts usirtgeS-128 Catalogue of Nautical Products.

(1) S98 Interoperability

TheS-100 Testbed successfully comhbieeaperability functions iif00SECDIS simulation systerthand
KHOA/iewer for taagaccording to@8 Part A and ParfTBetegbed applied interoperability catalogue from
theROKUSA joint project (from 2020 to 2021) and we chedk&iI(R, S111, S124 and -$2X NPUB

data overlays based onrttezoperabiliBatalogue.

Executive test summary and recommendation

- ROKUSjointprojecis improving thed8 IqInteroperabili@atalogyeandt will beiseful for OEN
and related stakeholders.

- S98 IC applied for harmonized display beti@eéde®a and scendsased TDS for les/kland 2
are required. Current veidredraft IC needs to be refined.

- We recommenditagS98 IC as a part 6164 TDS for type approval

(2) DFmode in-300 testbed system
According to the Dual Fuel governance document, items below are appBD8dBECINS Smulation
system.

- S101ENC has priorgyerS57 ENC

- Display of S7 ENC in areas withell@S ENC
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- When &7 ENC is displayed on scrageindticated thats8 ENC is shown

- When &7 ENC and®®1 ENC are displayed at the same time, the boundary between the datasets is

dispayed

- Ensure that the symbols andrsdbetweens7/ ENC andI®1 ENC are the same

For other guidance, refer to-8t& Anex

Loading both5 and 801 ENC went well. However, the symslamadicchart display scale were different

You can sethe adjacent area of two differeapfyggart very cleafliiereforaye adjusted the enltable
and chart display scale based du#tfeiel governanamdthe boundary 063 has been added as well.

oA
£
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Example 1Simultaneous display5f7N (ft
and S101 ENC (Right)

Example 2Smultaneous display -6f/FENC (Left
and S101 ENC (Right)

UKHO contributed thelO8 based data setddealFuelconcept test. The picture below sHotvarisl S

101 ENC at the same.time

Simultaneous display-b¥ and 801 ENC

Executive test summary and recommendation

- The $98 Annex C Dual FuglDF)concept needs to be clearer to ensure that the ind
develop the DF mode of thedSavigation systemsistently.

- 598 should include defined rules to display seamless portray of two different types ¢
symbol color, connection of shoreline, display of specific $eatcueviyiaed polygon

- It is important to mag&b2 PL 4.0 and191PC so that colors and symbols are dispdd

differently in thel80 navigation system

- $98 needs to provide the technical guideline fogthdidaiundaries betw&&v ENC and- ¢
101 EN@hen thegre simultaneously on the screen
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(3) Uptodatenessf S100 data usitlgeS-128 CNP

TheTestbed producélde S-128TDSand chedd the ugodatenes®f products dhe S100 navigation
systemThrough the chart manager function ef@Ben&vigation syste&mmecking and filtering products
whether tlyare ugo-dateornot can be distinguisfide figure bel@hows the process for veriftyewup
todateness using thdZB dataset andl80 data update status report inlt@ Savigation system. The
update status report was developed acodttBn®8 Annex C guidelines.

— of Week 2
Step4

" 5-57/5-10X Product | ==
Management system Step1

Update Number
Issue Date

Arbitrary change

Process for verifying thiowlateness usingl38 S-100 data update status report

Executive test summary and recommendation

- There was nssudorthe S128 data modehile verifyitige upo-dateness

- Detailel scenarider short internyabducts-304 and 911 should be defined

- S98 Annex C guidelin&s@D0 data update status report¥00 Savigation system needs
improvetbr its details

- The test bed propsghe wayo poduce 828 TDDy considéng differen5-100products an
occasion@ew, réssue, update and cancel)t@agply és the 964 TDS.

Usabilitytest of S100 servicéSee Annex B for defil

5. On the assumption that the amount of the distidibotatioim to a mariner is 100, we compare the
information that the mariner uses-witlESDIS and other navigation purpose materialsl@€rsus S
ECDIS to measure how much the usability of information increases.

6. The usability test quantitatively medlarémprovement effect, advantage and utility that we expect
using the -$00based product service om t he wuserds perspective. T
utility/usability using tH©@based product seniitéhe marine environment.

(2) Usabiity tesbackground

A PurposeEvaluate the usability of the newly introdl@8thaSed product servizempared to
traditional hydrographic products

A TestingprocedureAssignment of voyage planning missions with different levels of difficulty between
rBusany JejiRandrincheoy Pyeongta&koutes( courses in total)

A Testing participants: 10 mai@ensle and 2 femaigerage of 30 years old) with more than 3 years
of navigation experience

A Measuring equipme®E7 ECDIS -8)0 testbed system and reyier

S57 ECDIS S-100Testbed system Eye tracker
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1) Education of testing purpose 3) Wear eye tracker equipment
and scenarios system and focus adjustment

4) Task using traditional products 5) Task using S—100 data service 6) Conduct questionnaire evaluation
and interview after route planning

Fig. 1 Usability testing procedus£08b8sed product service

A Testing scenario

Detailed scenario Busang Jeju Incheoy Pyeongtaek

- Task 1Update of nautical produ i Incheon
- Task 2Navigational warning
- Task 3Route planning

- Task 4Check the surface curodi
thearrival port

- Task 5Confirm route and save

Jeju

(2) Indicators

A Qualitative evaluation indicators: Questionnaire for subjectivevidisateofdrolfotal), Poins
scale for visual and control discoinoiortl( foverycomfortable 7 for very uncomfortaldép
scors scale for totasdomfort

A Quantitative evaluation indicattifization of eye tracking data to track eye movements during
conducting each task by participants.

3) Test results
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A.Qualitative evaluation results
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Fg. 2 Result ofubjectiveomfort evaluation

- Msual(efficiency) discomfort: 5.2 for traditional products andlQ(bémed product seryicmre

comfortable theS-100based product service
- Msual(intuition) discomfort: 4.4 for traditionattpradd 2.2 forl80based product seryicwre

comfortable the 900based product service
Control discomfort: 3.9 for traditional products andlRbfmed product servicere comfortalimhe

the S100based product service
Total discomfoi6.8 for traditional products and 27-I0f@eSed product seryinere comfortalihe

the S100based product service

B.Quantitative evaluation resylest(acker measurement)
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Fig.3 Measuring results of quantigtalaation using eye tracker equipment

Measuring value using eye traukeatiotime Number dfixationNumber ddaccades

When comparing data by item according to equipment, a significant difference was confirmed at
significance level of 0.05

Duration timét measuretaken to perform a task, and the smaller it is, the faster the task is performed
(task execution timé&7S> S100)

Number of FixatitmAOI, the number of fixed gazes is smaller, meaning more efficient search/recognitiol
(numbr of gaze fixationd57S> SL00)

Number of Saccadiéndicateshe number of instantaneous gaze movement, and the smaller it is, the
less the gaze movement (number of gaze movemeg ()

C.Result summary

The subjective discomfort lev8l{l6Dbased product serweas smal compared to the traditional
products (57 ENC and nautical publications)

The level of duration time, number of fixation and number of sad@ithesdor Boduct senice
moreefficient compared to theiwaditproducts

The usability of1®0based product servieeexcellent, and in particular, compared to the traditional
products, it has a higher usability in nautical productavgdéten warnings, checking surface current
in the arrival port
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S-57 + Nautical publications

S-100 Testbed System
Fg.4. Usability test

7. According to the marine accident report by the Korean government, 86% of the accidents occurrec
coastal areas (territorial sea) for the last five years. As for the cause of accidents, abmits45% are coll
shipwrecks, and capsizing which are considered to {adfelotedanTherefore, we expect that
digitalization and automation through the increase etadatbilitg witARl®0 based product services
can reduce the probability of human ewidrss avill allow us to navigate safer.

Economicfficiency of S.00based product servié€ee Annex C for detailed report)

8. The efficiency test is a quantitative evaluation of the economic feasibitityOtfassthgrSduct
service in a shippeating environment. By applying dynamic aratyiimyeproducts, the optimal
scenario to understand the economics of operation will be derived, and economic efficiency will
measured through a ship handling simulator or simulation operationchongghtXldesasets.

(D Possible factors to measure the ship navigation efficiency

Fronthe perspective of the ship operatoaytbation pldocuses on the safety optmsage of the ship,

and the indicators related to the operation efficibecgrganized into the navigation distance, the time
required according to the speed, fuel consumption, and the op@&hatiooutanglanning targets how to

reach to the destination safely and economically. Major considerations includepgetgisibnaanital

products, Rgo area zones, margins of safety distance, and marine navigation facilities such as Aton ar
entry/exit port information.
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Hg. 5Example of route planning

(2)Economics analysisffitiatoues for coastal passenger ships
The westn coast of Koredngheon) is a region vetifongtides, and twofficialroutes are operated
depending on high tide and low tide for passenger ship operations betinectigistertalsow shows the

normaéndroundaboubutes o& passenger shialled Sambuperating between Ogpdumun Wharf in
IncheonThe ferry operagsunda day and 2,180unds year
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Num Jumun Departure Oepo Departure

1 07:00 08:50

2 11:00 12:50

3 14:30 16:20

Passenger ship schedule

A normal route i®aeused at high tide, amdofficialoundaboubute is @aneused at low tide. In case of
using S00based product serv(i&l02bathy+ S104water levglit would be possible to ideaify
alternative route with a shorter distance while being safenftalibebute used at low tide.

WithS-100based product seryiwe could seareliternative routesiich is shorter and still safe than the
official roundabout route operatedtaddo Travidine and distance were calculated.

Shallow contour(m) 23 + Tide(3.0m)
3.0 + Tide(3.0m)

Deep contour(m)

Ship draft(m)

& Depth of navigation area (m) 28
esL (20% safety margin of ship draft)

Roundabout and alternative route Distance difference between normal, roundabc
alternative route

The officialroundabouvas 4,157m whilee alternative route using thé0®ased product serweas
calculated to be 2,306m. Since the passenger ship, Sambfficisésuhdaboatverage 1,196 times per
year. We conclude that usib@0ased product can help tocsav@bout2&« USD(45.5%savingsper
year.

Assuming that the fuel consumption per hour is 1,000 liters and the fuel cost per litepis2éettvailated as
formula farconomianalysis of operation efficiency can be applied as follows

(Route distancey (numbersof roundabouwdternative route navigationgegsél speed 12kn)X (fuel
consumption per hoUffuel cost per liter)
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In addition, thodficiatoute change of coastal passenger ships was also used for econdmtbeiBp/sis.
S100 test bed operatimnthe quantitative evaluation of the economic feasibilij00btse® product
service alternative routes for coastal passenger ships were searched diczdreintetdeyeind
operational efficiencgrammic feasibility analysis was conduidagsumedhat there will be an effect on
surface currestich agidal currents and oceameciis during ledigtance voyages between international
navigatia) and it is necessary to aadhe economeakibility of ship operation in tesudaife current

Please refer to Annex A, Annex B and Annex C for detailed testafggbl@®6 s  2-10Q t8stb&d

Conclusions

KHOA improved thd @ testbed system to check the technical aspects0ff §FR8SDFEonceptS128

uptodatemss) In addition, KHOA designed a quantitative analysis procedure for the usability and econorr
efficiencyof S100based product servared summarized the reseahcloording to the test result, we
conclude usingl8 based product servies bring highesabilitgompared to the traditional products in

terms of updating nautical products and integrating required information. Economic efficiency can be impi
by exploring a safer and shorter route than tgeagistynusing dynamic prodit@A would like to invite
interested Member States to participate in the technical test and the evaluation of the usability and efficien
S-100based product sergiaad any kind of feedbacks to improve the test bed.

Action Required oCouncil meeting]
The Council meetihig invited to:

a. note the results of thE0B test baatojectonducted by KHOA in 2022.
b. invite Member States to participate #hQB€eSbed



