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1 Introduction

S-101 is a new Product Specification for Electronic Navigational Chart data sets based on the
overarching S-100 framework. Future S-101 compliant ENCs are aimed to succeed, and finally
replace S-57 compliant ENCs as official chart data for ECDIS. The development of S-101 as
currently undertaken by the IHO Transfer Standards and Maintenance Applications
Development Working Group (TSMAD) reflects the experience and stakeholder feedback
gained over a number of years with regard to some limitations of S-57 compliant ENCs. S-101
compliant ENCs do not constitute a radical reengineering of the S-57, ept. S-101 retains
most of the features of S-57 but improves those elements of S-57a#hich can benefit from a
more flexible framework compliant with current ISO geospatia ds, emerglng spatial

implementation of e-navigation. Its full potential will
communities of the maritime domain such as aid
oceanography and meteorology, etc. adopt the Con
and services.

The intention of this roadmap is to providglam.esti i of events (Figure 1) in the
development, test and implementation of Sx104% Bhe JWities is supported by a
more detailed account of the various processes and icprare anticipated to have an
effect on the various stakeholders. The timesgales

available resources.

C e inner construction of S-101, its impact on regular production of
ENCs and thel ing aleng the chain from production via dissemination and use in an

Section 4 provides a géneral discussion about the implications and impacts for other
stakeholders who are involved with ECDIS, type approval, data production, validation and
distribution, etc. . .

Without question, one of the key enablers to the introduction of S-101 is the
identification and implementation of any changes required to the IMO Performance
Standards for ECDIS and other associated standards. The regulatory process associated
with the implementation of S-100 based products and services is currently under consideration
by HSCC as part of the elaboration of a “Master Plan for the development and implementation
of S-100.”
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Figure 1 - Detailed Timeline



2  S$-101 Roadmap

2.1  S$-101 First Draft

Projected Date Revised Expected Date

October 2013 April/May 2014

This version, to be submitted by TSMAD to HSSC5, will be the basis for an extensive testing
programme. As described in section 3 there are many new concepts which need to be proved and S-
101 will undoubtedly change throughout this period before a stable version can be published for
stakeholder evaluation. This first draft should be considered the baseline version needed for testing and
will contain the first draft of the specification and draft editions of all the various catalogues required for
testing: feature, portrayal, alerts / indications and agency codes.

Risk / Hazard Mitigating measure / Impact

Delay in development of S-100 | Postponement of the availabil
2.0.0 of S-101 First Draft

probably e draft by up to
6 months.

Draft S-101 Product Delay start of ini ' [ rmation to
Specification not completed by | Portrayal is considered beyin test prepafation —
October 2013 strategy, framework, some test
ases.

Lack of Resources to build the
next iteration of the Feature
Catalogue the building 0

atalogue builder prior to KHOA
epping in prevented the S-101
baseline feature catalogue from
being built. This also
contributed to the delay in the
official first draft of S-101

Limited availability of resource

8| draft of rules

Proceed with testbed and
incorporate changes into S-
101and testbed as resources
permit

cause additional delay

S-101 is a multi-part prdduct specification when put together will form the basis for the creation and
display of Electronic Navigational Charts. The major components of S-101 are:

S-101 Main

S-101 Data Classification and Encoding Guide
S-101 8211 Annex

S-101 Feature Catalogue

S-101 Portrayal Catalogue

S-57 to S-101 convertor

S-101 Implementation Guidance

OETMMOO®>

In order for S-101 to be at a stage for TSMAD to start testing the following components must be near or
at completion.




S-101 Main

S-101 Data Classification and Encoding Guide
S-101 8211 Annex

S-101 Feature Catalogue

S-101 Portrayal Catalogue

S-57 to S-101 convertor

mmo o w >

TSMAD maintains a risk register that assesses the status of each component of S-101. The risk
register can be found on the S-100 Test Bed Website.

2.2 Initial Test Bed [2013 — 2015]

The first test bed will be a relatively simple viewer which is capable of imp
will facilitate the ability to import new feature and portrayal catalogues
change the display based on some of the parameters which users ¢
Examples include the safety contour and depths, day / night envi
The initial intention is to seek voluntary support from the OE
be preferable if there are more than one test beds availabl articipates will
gain an early insight into the mechanisms involved.

nd portraying data. It
rovide functionality to
e which affect the display.

It is important to understand that this test beg D e of testing other product
specifications which can be either supplemen ype of GIS application.
The outcome of testing will also enable a more de escribed by IHO Resolution
2/2007 and a clearer indication given of the consé 3'and on the various stakeholders

Risk or hazard Comment

gating measure
gguire funding

Lack of voluntary support Although it is preferable to have
more than one test bed the
actual cost of producing a IHO
owned version may not be
huge. Most free ENC viewers
now available could be re-

configured to support S-101.

The following diagram
integral piece.

ents the overarching S-100 test bed of which the testing of S-101 is an



S-100 System Overview
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5-100 Integrated

Portrayal Catalogues -
¥

Preliminary Data
Validation

A 4
A 4

Feature and Portrayal Items Registered

Full Production Tool
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5100 Simple \aging and
Portrayal Catalogue > - Data Packaging an:
Builder Overlay P Data Validation Distribution Full ECDIS
5101 Native
5-100 Integrated
5-100 Complex
Overlay
Notes:
[ catalogues ~There is a detailed activity diagram for each box in the diagram STANDARDS
- Feature and Portrayal Catalogues feed into each aspect of the system 5100
[] pata - Feature Catalogues feed into both the production and display of data 5-101
- Portrayal Catalogues feed primarily into the display of data 5-10X
[ ecois - 5-100 Integrated means that there may be a partial replacement of the underlying base 5-101 data. For example, an 5102 bathymetric dataset may replace part of | |IEC 61174
the base ENC for navigation purposes IMO
~There are potentially two types of overlays - a simple overlay that sits on top of the base data, or a more complex overlay that interacts directly with the base
dataset.
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velopment of future ECDIS

Breaking out the testing through phases allo
[ [ . At a high level the phases are

as a system by gradually expanding requireme
as follows:

portrayal catalogues, along with an S-101 dataset to validate if the dataset displays according
to what is defined in the portrayal catalogue. At this phase S-101 updates will not be tested.

Phase 4: Preliminary Production Tool. This phase deals with creating a tool that can edit and
produce S-101 data and updates. In addition, there may be a secondary tool that will have the
ability to produce S-10X data that is meant to be integrated within an S-101 dataset.

Phase 5: Preliminary Data Validation and Distribution. This phase will put in place draft data
validation rules and test data packaging and distribution models.

Phase 6: Shore-Based ECDIS. This phase deals with the creation and testing of several
shore based ECDIS.



Phase 7 - 9: Full Production Tool, Data Validation, Distribution, and Full ECDIS. These final
three phases deal with the full system testing and implementation of S-100 and S-101.

2.21 S-57 to S-101 Converter

The converter has been developed by ESRI and partly funded by NOAA and will be freely available
once it has been officially handed over to the [HO. It will be mostly open source code except where
proprietary coding algorithms have been used in which case these will be provided as DLLs. One
example is the complex process of determining the relationship between certain features and their
surrounding depth which will populate one of the new attributes.

The converter will play an important part in the testing phase to validate its capability during the
transition to a full specification S-101. Full specification S-101 datasets for testing will be created by

One important aspect of the testing will be to deterr g for converting data in the
production/validation/distribution chain. Figure gsSible options.



Producers RENCS
Production .| S-101 Data g Package
Systems 7| Exported "] S-101 Data
A 4
S-57 Data .| Convertto Convert to Package
Exported "| S-101 Data S-101 Data S-57 Data
S-100 ECDIS
\ 4
S-101 P Re-Package » Convertto |
SENC [~ S-101 Data S-101 Data |
A
Convertto |, Re-Package |,
S-101 Data | S-57 Data |
S-57 ECDIS

As can be seen from the above
converted to S-101 data thro

One key factor which ©
profile) have a definitive

ginere are many

S-57 ENC capability.

on chain. Although difficult to depict without
atether distribution paths are possible, but this diagram
Jowever this would not change the main conversion options

3" processes is to ascertain whether there will be a need for
capability. In order to simplify the process the aim must be
ong all stages of the production/validation/distribution chain an S-101

efine where conversion takes place is the update process. Updates (ER
ationship to their parent ENCs by means of record identifiers and it may be

the case, during testing, that this will only be possible to maintain at the point of production.

Risk or hazard

Mitigating measure / Impact

Comment

Update conversion capability

If testing proves an inability to
create updates, re-issuing full
cells will be the only interim
option

HOs delay a move to a full
specification S-101 production
systems

Detrimental to the end user
experience.

This particularly applies to
Information Types which were
conceived to alleviate the over
use of caution areas which
cause serious issues with the
Alerts and Indications users




have to contend with

Convertor is not updated to the | Ensure that NOAA and ESRI This endeavour has been
latest iteration of the S-101 will continue to support the funded in partnership by NOAA
feature catalogue convertor development. and ESRI.

2.3 S-58 and S-64 [2014]

New draft editions of both of these standards will be developed for S-101, but there is still a need for
discussion about how they will be configured. It is conceivable that each could be split into two parts,
part 1 for S-57 and part 2 for S-101. Alternatively both could be annexes of S-101 with the possibility
that new annexes could be published independently without a change to the main S-101 version
number as is currently the case with the S-57 Annex A ‘Use of the Object Catalogue’. Currently ENCs
can be produced and distributed without any embedded tag that they have been validated. A method is

Risk or hazard

No perceived risk anticipated OnIy relatively minor changes to

the current version of S-58 and

24 S-63

Currently discussions are ¢ AD and the Data Protection Working Group
better facilitate its use by any S-100 based
Phis would be the case for S-101 and whilst

Mitigating measure Comment

DPSWG does i DPSWG focuses on providing encryption is not needed until
TSMAD the correct information. | OEM Implementation

S-100 for the proper 8
mechanism

2.5 OEM Review [2014 — 2015]

Many stakeholders acting as expert contributors have been involved in the development of S-101,
however once a relatively stable version of S-101 has been established during the testing phase this will
be distributed to the various manufacturers involved in all processes creating, delivering and using the
data. Draft new editions of S-58 and S-64, for use with S-101, will be made available during this period.
Results of this review will be fed back into the main testing process and new iterations of the draft S-101
developed. Also during this period consideration will be given to the revision of IMO Performance
Standards applicable to ECDIS and other e-navigation systems and associated IEC standards (in
particular IEC61174).




Risk or hazard

Mitigating measure / Impact

Comment

S-101 is not broadly reviewed
by the Stakeholder community

Ensure that there is a
communication/outreach plan to
gather stakeholder feedback

2.6

IHO/IEC/IMO Coordination [2014-2018]

While S-101 is moving through the test beds, IHO, IEC and the IMO need to coordinate on how
S-100 based standards and S-10X products will be incorporated into IMO performance
standards and IEC test standards.

Risk or hazard

Mitigating measure / Impact

Comment

S-100 and S-10X specifications
are not incorporated into
relevant IMO and IEC
publications

This would prevent OEMs from
implementing S-100 based

ECDIS as S-101 would not be
authorized for primary
navigation.

2.7 HO and RENC Familiarization [2015 -2

After S-101 has gone through its test bed phase stage, IHO
impact study is made. As a result of the testin
made available to stakeholders giving them

tion 2/2007 requires that a further

draft version of S-101 will be
sing the requirements for the

Risk or hazard

S-101 does not have ag
framework for

This will also be an of
the new content and strQ

ify for data producers to help test new software and become familiar with
ire of S-101 as described in section 3. Any data produced can be utilised in
the trials described in 247 and 2.9.

Risk or hazard Mitigating measure Comment
OEMs will opt to wait for a final | IHO provides assurances that
edition of S-101 the only major changes that will
happen at this point are new
versions of the catalogue
OEMs need a business case for | IHO and other standards setting | A new ENC product

implementation

organization need to provide
other S-100 based products for
S-100 to be viable

specification is not enough for
OEMs to invest in new

standards; they need other S-
100 products that work with S-
101. e.g Weather, Ice, Surface




| | Currents, Nautical Publications |

2.9 ECDIS On Shore Trials [2015 - 2016]

Based on the commitments to S-100 based technology expressed by many stakeholders, it is
anticipated that at least one and possibly more S-100 enabled ECDIS will be available for the trials. All
aspects of the process will be tested extensively including - data production, validation and distribution,
ECDIS type approval and functionality, extensive user involvement, particularly training establishments.
A dual fuel regime will test the capabilities and any issues with distributing both S-57 and S-101 ENC
datasets. Special emphasis in testing is given to new functionality and new features of S-101 ENCs
beyond the capabilities of S-57 datasets and, in particular, to the new machine readable catalogues for
Feature, Portrayal, Alerts and Indications which are for the first time inherent part of the data delivery.
Among these tests are those dedicated to proper display of the charted ¢ i combination with
operational user setting of special relevance. Test plans for systematic4€sting for each of those features
have to be developed and ideally be conducted under supervision roval authorities.

Risk or hazard Mitigating measure / Imp.

OEMs will opt to wait for a final | IHO provides assuran
edition of S-101 the only major cha

OEMs need a business case for
implementation

A new ENC product
pecification is not enough for

S-100 to beiab ards; they need other S-

0 products that work with S-
101. e.g Weather, Ice, Surface
Currents, Nautical Publications

2.10 S-101 Final Draft

During the sg - Keholder review will culminate in a paper to the HSSC

Risk or hazard Mitigating measure / Impact Comment
IHO Member States do e IHO communicates a clear
approve S-101 transition timeline and plan

211 ECDIS Sea Trials [2017]

This will be a similar process to the on shore trials, but will emulate a real time environment. Special
attention is given to update services and interoperability with data sets of other domains, equally based
on S-100 framework and assigned to future Maritime Service Portfolios of the e-navigation environment.

Risk or hazard Mitigating measure / Impact Comment

OEMs need a business case for | IHO and other standards setting | A new ENC product

implementation organization need to provide specification is not enough for
other S-100 based products for | OEMs to invest in new




S-100 to be viable standards, they need other S-

100 products that work with S-
101. e.g Weather, Ice, Surface
Currents, Nautical Publications

212 S-101 Released for full implementation [2018]

At this point S-101 will be launched for full use. Those OEMs who have not started to develop systems
facilitating S-100 based technology should consider doing so. It is difficult to judge when there will be full
uptake of S-101 in every vessel mandated to carry ECDIS unless IMO strengthen the requirement for
owners to upgrade to the latest standard. Alternatively this could be as a consequence of the cessation
of S-57 ENC production.

Risk or hazard Mitigating measure / Impact

[HO MS do not move to full S- [HO will need to establish a
101 ENCs sunset on S-57

3 S-101 ENC - New Content

Workshops attended by a variety of interes
navigation. Many of the new concepts which af
improved by the discussions held during the w@
draft of S-101, but may be subject to change a

detailed account of the followiagsplease refer to the
It is important to recg rovisional content described in this section will undergo
rigorous testing both fra also taking into consideration the

catalogue are
e AFeature C i nique to the individual product specification. Currently the S-57

e S-100 based feat alogues are the equivalent to an application schema. Therefore all features
are pre-bound to the

e The S-101 feature catalogue will contain other constraints such as feature types, geometric
primitives and mandatory status of attributes.

Impact on data production systems - This will make it easier to develop S-100 based production
systems which can produce and maintain different products. Machine readable feature catalogues
which are updateable will provide manufacturers with the opportunity to create “plug and play” systems.

Impact on data producers - This is an important change in practical terms as it will make encoding
easier, reduce training needs and reduce errors. The ‘Data Encoding and Classification Guide (DECG)’,
comparable to the existing ‘Use of object catalogue’ for S-57 ENCs, will standardise the use of features
for S-101 compliant encoding.



Impact on validating S-57 converted data - None, where there is not a direct mapping to S-101,
validation tools will still find any errors.

The majority of features and attributes in S-101 have been inherited from the S-57 ENC object and
attributes catalogues and remain unchanged; however the following are some examples demonstrating
either improved functionality and or the end user experience.

3.1.1 Complex Attributes

These are described first because they have a significant influence on the restructuring of some of the
features that will change in S-101. Complex attributes are a significant improvement to enhance S-101
applicability. It provides the ability to either replace multiple attributes or break down attributes into new
sub-attributes.

nsist of character strings
e a sub-attribute. One of
jagram demonstrates a

For example we currently use structured text for certain attributes whi
constrained to set formats. In S-101 each element of the formatted
the more complicated formats is that of tidal stream information, t
more logical and efficient structure.

«FeatureTypes
Tidal stream panel data

1.7
«ComplexAttributes aenumerations
Tidal stream - panel values referenceTide
+ referenceTide: enumeration highWWater
+ stationName: char lowifater
+ streamDepth: real [0..1]
+ stationNumber: char [0..1]
s Pt
{ordered}
«ComplexAttributes xenumerations
Tidal StreamVyalue tideRangeType
+ timeRelativeToTide: real Altributes
+ tideRangeType: enumeration + =prings
+  currentVelocity: real + neaps
+ orientation: real e

Impact on data production systems — Changes to software will be required to implement the new
structure.

Impact on data producers - Minimal, the actual information remains the same it will just be entered in
a different way. It should also reduce the likelihood of formatting errors. Fundamentally most if not all
current production systems, whether data base or file based, do not hold data being prepared in the S-
57 format. It is at the export stage when it is converted to ISO/IEC 8211 encoded data. Therefore a
production system could be configured to export either the S-57 or S-101 version of ISO/IEC 8211 data.



Impact on validating S-57 converted data — None, there is a direct mapping to S-101.

3.2 Lights Features

There will be a separate feature type for the five main categories of lights — All Round, Sector, Fog
Detector, Directional and Air Obstruction. This will actually simplify both the encoding and portrayal of
lights. For example a light with 2 or more sectors is currently encoded as one feature per light sector. In
S-101 the single light feature will have sectors encoded as complex attributes.

Impact on data production systems — Changes to software will be required to implement the new
structure.

Impact on data producers - Minimal, in fact it will reduce the complexity ding of all lights and in
particular sector lights.

Impact on validating S$-57 converted data — None, there is a di

3.3 Update Feature

Currently one of the biggest problems users have is asce
an update has been applied to the data. The ECDIS just does
depict or highlight what are commonly impdgtant changes.

changes have be€n made after
ave enough information to properly

Impact on data productio i anges to saftware will be required to implement the new
feature.

will enable update information held in production systems
feature will probably incur more work for encoders, but the

Impact on validating onverted data - As this is a new feature it will only be available in full
specification S-101 data”However there may be a possibility during the transition period to include this
in the S-57 data being converted.

Impact on users - Significant, currently the methodology for highlighting changes is at best
questionable in that it is very difficult to pin point the exact change because it is mostly based on
geometry. A system should now be capable of allowing queries to find any updates.

3.4 Cartographic Text Feature

This new feature and its attributes provides the means to control the positioning of text in order to
reduce text clutter one the most often issues raised by users. Initially it is thought to be only appropriate
for point and possibly line features, the use and limitations of this new feature will become clearer during
testing.



Impact on data production systems — Changes to software will be required to implement the new
feature. Consideration should be given to utilizing information stored in multi-product databases.

Impact on data producers - Unless, as suggested above, existing information is re-used then
encoding this feature will require extra effort which cannot be automated. However the impact on the
end user will be considerable and achieving less cluttered displays should be a high priority.

Impact on validating S-57 converted data — These features can only encoded in the full spec. S-101
and therefore cannot be converted.

Impact on users - Significant, in conjunction with the use of SCAMIN it will significantly improve the
user display.

3.5 DataLoading and Unloading

A new methodology based on producer defined display scales (o and maximum) has
been introduced. This will simplify the process for ECDIS, givi rules on how and

Impact on users - SignifiCe ' isn’ dardized formula for loading data which has
led to inconsistent.a [ .

There has bee e on the pros and cons of introducing this revolutionary concept and
varied levels of e Member States’ attendees at TSMAD. Although the balance was more
in favour of it being neficial to both producers and end users a decision was made by

members at TSMAD26 othball the concept for the time being. It was considered that the transition
to S-101 should be kept/@s simple as possible and that the other benefits and advantages of moving to
S-101 were already significant enough to warrant this decision.

3.7 Data Encoding and Classification Guide (DECG)

The DCEG is the S-101 equivalent of the S-57 Appendix B.1 Annex A ‘Use of the Object catalogue,
(Feature Object and Feature Attribute Catalogues combined)’, and will mean that encoders have all the
necessary information in one place. The DECG will undoubtedly evolve throughout the testing phases
as the new features and constructs are put into practice.

4 Impact on other Stakeholders

4.1 ECDIS and e-navigation equipment OEMs



Compared to other equipment used in support of S-101, the ECDIS will require the most change.
However the overall benefits will be significant in that it will overcome the current difficulties with
promulgating change and improve the user’s experience. Future ECDIS will not just be capable of
handling S-101 data but should be thought of as S-100 enabled and capable of handling products
interoperable to S-101 within an e-navigation environment.

The following items are some of the more major changes introduced.
411 Machine readable catalogues

Currently the intention is to provide 4 catalogues — Feature, Portrayal, Alerts and Indications and
Producer Codes, although there is a possibility that Alerts and Indications could be included with
portrayal. The ECDIS must be capable of importing the catalogues and up the system, ideally not
limited to S-101 ENCs but for all S-100 based data products as componefts of an” e-navigation
environment. In addition to the benefit of being able to deliver chan asily, there is potential to
reduce type approval requirements to a one off test of the proces

41.2 ISO/IEC 8211

After consultation with OEMs it has been agreed th [ ding in a
modified form which conforms to S-100.

41.3 Least Depth Attribute
This new attribute could equally have been de ave considerably more

impact in ECDIS. Currently, during the SENC b
relationship between features su

eir underlying depth area. This
ENC in an attribute in the data

hardware where appropriate. Testing of processes will also be
porting test catalogues, test data and providing a default portrayal list
concept of “plug and play”.

4.3 Service Provide

One of the main issues during the transition from S-57 to S-101 ENCs will be the need for a delivery
process for both types of data sets. The provision of a more robust and better structured version of S-58
will increase the efficiency of the process and provide better quality control. Currently discussions are
ongoing between TSMAD and DPSWG to include a revised content model of S-63 in S-100 making it
more consistently available to all S-100 based products.



