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Paper for Consideration by [Council meeting] 

 [S-100 testbed project in 2022] 
 

Submitted by: KHOA, NOAA 
Executive Summary: By using the S-100 Testbed, this paper reports the technical details such as 

S-98/Dual Fuel concept/S-128 implementation and quantitative analysis 
results for the use of S-100 based product service. 

Related Documents: Roadmap for the S-100 Implementation Decade (2020ï2030) 
C5-07.6A INF - KHOA (ROK) & NOAA (US) Information on S-100 Testbed 
Project, Decisions and Actions C5/60 

Related Projects: S-100 Testbed project of KHOA 

Introduction / Background 
1. The 5th IHO Council meeting noted the approach proposed by the S-100 Testbed project to quantitatively 

measure the efficiency of using the S-100 based product service. The Council invited the Member States to 
join the project and suggested other qualitative measures such as safety of navigation and efficiency as 
appropriate. 

 

Analysis/Discussion 
 
S-100 Testbed plan of KHOA 
2. In consideration of the requirements for the S-100 development and Decision C5/60, KHOA tested the 

technical issues of S-100 and the usability and economic efficiency of the S-100 based product service. 
 
Technical issues of S-100 (See Annex A for details) 
3. The S-98 interoperability is essential for the integrated operation and harmonized display of S-10x data. The 

S-98 Edition 1.0.0 was released for testing in May 2022. Meanwhile, for the stable implementation of the S-
10X product specifications, a Duel Fuel governance document has been published, and a technical 
guideline for Dual Fuel mode will be prepared. 
 

4. The technical issues of S-100 are composed of the application of the S-98 interoperability catalogue, which 
is the core of the S-100 Implementation Roadmap, the Dual Fuel concept, and the up-to-dateness of 
navigation products using the S-128 Catalogue of Nautical Products. 

 
(1) S-98 Interoperability 
The S-100 Testbed successfully combined interoperability functions into S-100 ECDIS simulation system and the 
KHOA Viewer for testing according to S-98 Part A and Part B. The testbed applied interoperability catalogue from 
the ROK-USA joint project (from 2020 to 2021) and we checked S-101, S-102, S-111, S-124 and S-12X NPUB 
data overlays based on the Interoperability Catalogue.  
 

Executive test summary and recommendation 

- ROK-US joint project is improving the S-98 IC (Interoperability Catalogue) and it will be useful for OEMs 
and related stakeholders.  

- S-98 IC applied for harmonized display between S-10X data and scenario-based TDS for levels 1 and 2 
are required. Current version of the draft IC needs to be refined. 

- We recommend taking S-98 IC as a part of S-164 TDS for type approval. 

 
(2) DF-mode in S-100 testbed system 
According to the Dual Fuel governance document, items below are applied to the S-100 ECDIS simulation 
system. 

- S-101 ENC has priority over S-57 ENC 
- Display of S-57 ENC in areas without S-101 ENC 
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- When S-57 ENC is displayed on screen, it is indicated that S-57 ENC is shown 
- When S-57 ENC and S-101 ENC are displayed at the same time, the boundary between the datasets is 

displayed 
- Ensure that the symbols and colours between S-57 ENC and S-101 ENC are the same 

 
For other guidance, refer to the S-98 Annex.  
Loading both S-57 and S-101 ENC went well. However, the symbol colours and chart display scale were different. 
You can see the adjacent area of two different types of chart very clearly. Therefore, we adjusted the colour table 
and chart display scale based on the Dual Fuel governance, and the boundary of S-57 has been added as well. 
 

  
Example 1 - Simultaneous display of S-57 ENC (Left) 

and S-101 ENC (Right) 
Example 2 - Simultaneous display of S-57 ENC (Left) 

and S-101 ENC (Right) 

 
UKHO contributed their S-100 based data sets for Dual Fuel concept test. The picture below shows S-57 and S-
101 ENC at the same time.  
 

 

Simultaneous display of S-57 and S-101 ENC 

 

Executive test summary and recommendation 

- The S-98 Annex C ï Dual Fuel (DF) concept needs to be clearer to ensure that the industry can 
develop the DF mode of the S-100 navigation system consistently.  

- S-98 should include defined rules to display seamless portray of two different types of ENCs such as 
symbol color, connection of shoreline, display of specific feature types in curve and polygon 

- It is important to match S-52 PL 4.0 and S-101 PC so that colors and symbols are displayed not 
differently in the S-100 navigation system 

- S-98 needs to provide the technical guideline for indicating the boundaries between S-57 ENC and S-
101 ENC when they are simultaneously on the screen 
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(3) Up-to-dateness of S-100 data using the S-128 CNP 
 
The Testbed produced the S-128 TDS and checked the up-to-dateness of products on the S-100 navigation 
system. Through the chart manager function of the S-100 navigation system, checking and filtering products 
whether they are up-to-date or not can be distinguished. The figure below shows the process for verifying the up-
to-dateness using the S-128 dataset and S-100 data update status report in the S-100 navigation system. The 
update status report was developed according to the S-98 Annex C guidelines.  
 

 
 

Process for verifying the up-to-dateness using S-128 S-100 data update status report 

 

Executive test summary and recommendation 

- There was no issue for the S-128 data model while verifying the up-to-dateness 
- Detailed scenarios for short interval products S-104 and S-111 should be defined 
- S-98 Annex C guideline of S-100 data update status report for S-100 navigation system needs to be 

improved for its details 
- The test bed proposes the way to produce S-128 TDS by considering different S-100 products and 

occasions (new, re-issue, update and cancel), and to apply it as the S-164 TDS. 

 
Usability test of S-100 service (See Annex B for details) 
5. On the assumption that the amount of the distributed information to a mariner is 100, we compare the 

information that the mariner uses with S-57 ECDIS and other navigation purpose materials versus S-100 
ECDIS to measure how much the usability of information increases. 
 

6. The usability test quantitatively measures the improvement effect, advantage and utility that we expect 
using the S-100 based product service from the userôs perspective. The research team evaluated the 
utility/usability using the S-100 based product service in the marine environment. 
 

 (1) Usability test background 

Å Purpose: Evaluate the usability of the newly introduced S-100 based product service compared to 
traditional hydrographic products 

Å Testing procedure: Assignment of voyage planning missions with different levels of difficulty between 

ŗBusanɥJejuŘ and ŗIncheonɥPyeongtaekŘ routes. (4 courses in total) 

Å Testing participants: 10 mariners (8 male and 2 female, average of 30 years old) with more than 3 years 
of navigation experience 

Å Measuring equipment: S-57 ECDIS, S-100 testbed system and eye tracker 

  
 

S-57 ECDIS S-100 Testbed system Eye tracker 
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Fig. 1 Usability testing procedure of S-100 based product service 

 

Å Testing scenario 

Detailed scenario BusanɥJeju IncheonɥPyeongtaek 

- Task 1. Update of nautical products 
- Task 2. Navigational warning 
- Task 3. Route planning 
- Task 4. Check the surface current of 
the arrival port 
- Task 5. Confirm route and save 

  
 

(2) Indicators  

Å Qualitative evaluation indicators: Questionnaire for subjective discomfort (visual, control, total), 7 points 
scale for visual and control discomfort (from 1 for very comfortable to 7 for very uncomfortable), 100 
scores scale for total discomfort 

Å Quantitative evaluation indicators: Utilization 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 

 
Fig. 2. Result of subjective comfort evaluation 

 
- Visual (efficiency) discomfort: 5.2 for traditional products and 2.3 for S-100 based product service, more 

comfortable in the S-100 based product service 
- Visual (intuition) discomfort: 4.4 for traditional products and 2.2 for S-100 based product service, more 

comfortable in the S-100 based product service 
- Control discomfort: 3.9 for traditional products and 2.1 for S-100 based product service more comfortable in 

the S-100 based product service 
- Total discomfort: 66.8 for traditional products and 27.7 for S-100 based product service, more comfortable in 

the S-100 based product service 
 
B. Quantitative evaluation results (eye tracker measurement) 

 
Fig. 3 Measuring results of quantitative evaluation using eye tracker equipment 

 
- Measuring value using eye tracker: Duration time, Number of Fixation, Number of Saccades 
- When comparing data by item according to equipment, a significant difference was confirmed at the 

significance level of 0.05 
- Duration time: It measures taken to perform a task, and the smaller it is, the faster the task is performed 

(task execution time: S-57 > S-100) 
- Number of Fixation: In AOI, the number of fixed gazes is smaller, meaning more efficient search/recognition 

(number of gaze fixations: S-57 > S-100) 
- Number of Saccades: It indicates the number of instantaneous gaze movement, and the smaller it is, the 

less the gaze movement (number of gaze movement: S-57 > S-100) 
 
C. Result summary 
- The subjective discomfort level of S-100 based product service was smaller compared to the traditional 

products (S-57 ENC and nautical publications) 
- The level of duration time, number of fixation and number of saccades for S-100 based product service is 

more efficient compared to the traditional products 
- The usability of S-100 based product service is excellent, and in particular, compared to the traditional 

products, it has a higher usability in nautical products update, navigation warnings, checking surface current 
in the arrival port 
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Fig. 4. Usability test  

 
7. According to the marine accident report by the Korean government, 86% of the accidents occurred in 

coastal areas (territorial sea) for the last five years. As for the cause of accidents, about 45% are collisions, 
shipwrecks, and capsizing which are considered to be human-affected. Therefore, we expect that 
digitalization and automation through the increase of machine-readability with S-100 based product services 
can reduce the probability of human errors, and this will allow us to navigate safer. 
 

Economic efficiency of S-100 based product service (See Annex C for detailed report) 
8. The efficiency test is a quantitative evaluation of the economic feasibility of using S-100 based product 

services in a ship operating environment. By applying dynamic and time-varying products, the optimal 
scenario to understand the economics of operation will be derived, and economic efficiency will be 
measured through a ship handling simulator or simulation operation program based on S-10X datasets. 
 

(1) Possible factors to measure the ship navigation efficiency 
From the perspective of the ship operator, the navigation plan focuses on the safety of the passage of the ship, 
and the indicators related to the operation efficiency can be organized into the navigation distance, the time 
required according to the speed, fuel consumption, and the operation time. The route planning targets how to 
reach to the destination safely and economically. Major considerations include provision and update of nautical 
products, no-go area zones, margins of safety distance, and marine navigation facilities such as Aton and 
entry/exit port information. 
 

 

 

Fig. 5 Example of route planning 
 
(2) Economics analysis of official routes for coastal passenger ships 
The western coast of Korea (Incheon) is a region with strong tides, and two official routes are operated 
depending on high tide and low tide for passenger ship operations between islands. The figure below shows the 

normal and roundabout routes of a passenger ship called Sambo operating between Oepo ɥ Jumun Wharf in 

Incheon. The ferry operates 6 rounds a day and 2,190 rounds a year. 
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Official routes (Normal and roundabout routes) Passenger ship schedule 

 
A normal route is a one used at high tide, and an official roundabout route is a one used at low tide. In case of 
using S-100 based product service (S-102 bathy + S-104 water level), it would be possible to identify an 
alternative route with a shorter distance while being safe for the roundabout route used at low tide. 
 
With S-100 based product service, we could search alternative routes which is shorter and still safe than the 
official roundabout route operated at low tide. Travel time and distance were calculated. 
 

  

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

 
The official roundabout was 4,157m while the alternative route using the S-100 based product service was 
calculated to be 2,306m. Since the passenger ship, Sambo uses the official roundabout average 1,196 times per 
year. We conclude that using S-100 based product can help to save cost about 124k USD (45.5% savings) per 
year.  
 
Assuming that the fuel consumption per hour is 1,000 liters and the fuel cost per liter is calculated as $1.25, the 
formula for economic analysis of operation efficiency can be applied as follows 
 
(Route distance) X (numbers of roundabout/alternative route navigation) / (vessel speed ï 12kn) X (fuel 
consumption per hour) X (fuel cost per liter) 
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In addition, the official route change of coastal passenger ships was also used for economic analysis. In the 2022 
S-100 test bed operation, for the quantitative evaluation of the economic feasibility of the S-100 based product 
service, alternative routes for coastal passenger ships were searched according to tidal water level, and 
operational efficiency economic feasibility analysis was conducted. It is assumed that there will be an effect on 
surface current such as tidal currents and ocean currents during long-distance voyages between international 
navigations, and it is necessary to analyse the economic feasibility of ship operation in terms of surface current. 
 
Please refer to Annex A, Annex B and Annex C for detailed test reports of KHOAõs 2022 S-100 testbed  

Conclusions 
KHOA improved the S-100 testbed system to check the technical aspects of the S-100 (S-98, DF concept, S-128 
up-to-dateness). In addition, KHOA designed a quantitative analysis procedure for the usability and economic 
efficiency of S-100 based product service and summarized the research. According to the test result, we 
conclude using S-100 based product service can bring higher usability compared to the traditional products in 
terms of updating nautical products and integrating required information. Economic efficiency can be improved 
by exploring a safer and shorter route than the existing one by using dynamic products KHOA would like to invite 
interested Member States to participate in the technical test and the evaluation of the usability and efficiency of 
S-100 based product services and any kind of feedbacks to improve the test bed. 
 

Action Required of [Council meeting]  
The [Council meeting] is invited to: 

a. note the results of the S-100 test bed project conducted by KHOA in 2022. 

b. invite Member States to participate in the S-100 Testbed 


