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[bookmark: _Ref500467138][bookmark: _Toc32344043]Overview
[bookmark: _Toc484523815]Mariners and other users will receive different S-100-based data products, each providing one or more information layers, and will often need to view some of the information layers simultaneously on a S-100 compatible ECDIS as well as in other ship and shore-based scenarios. Other data layers such as radar overlays are also expected to be present. The smooth interoperation and harmonized user-friendly graphical presentations of these various products is therefore necessary. The rules for interoperation and harmonized graphical presentations of S-100 data products are contained in an interoperability catalogue, which is a type of meta-product that describes how specified products are to be used and displayed simultaneously.
[bookmark: _Toc484523816]This Specification describes the structure, usage, and rules for development of interoperability catalogues that can be used by systems to guide the simultaneous use and display of two or more S-100 based data products. It is an implementation of the abstract interoperability concepts described in S-100 Part 16.
This Specification defines four levels of interoperability, specified in Parts A-D of this document. The levels correspond to successively more complex interoperability rules and operations. However, Edition 1.0.0 specifies only Levels 1 and 2 in full. Levels 3 and 4 will be finalized at a later date after the implementation of Levels 1 and 2 has been tested further.
This Specification is structured as a multi-part document. The “Main” Part contains material that is common to all four levels of interoperability. Material specific to each of levels 1-4 is specified in Parts A-D respectively.
[bookmark: _Toc484523817][bookmark: _Toc32344044] Introduction
This Specification defines the interoperability functions an S-100 compatible ECDIS should implement. It also defines the format of interoperability catalogues. Functionality beyond this Specification may be provided by S-100 compatible ECDIS, including functions allowing users to specify their own interoperability rules. This Specification is intended for ECDIS and Navigational Systems, however the same ideas may be reused elsewhere, but should then be defined as a separate Specification.
[bookmark: _Hlk26657908]This version of the Specification describes interoperability for the S-100 based Product Specifications listed in Table 1-1 below. A catalogue conforming to this version of the Specification may potentially also include similar Product Specifications, such as S-123 (Marine Radio Services), but the ability to include such other Product Specifications must be evaluated on a case-by-case basis. 
[bookmark: _Ref3337149]Table 1‑1 - S-100 Product Specifications covered[footnoteRef:2] by this version of S-98 [2:  Some examples in this document may mention data products other than those listed in Table 1.1. Mentioning other products must not be construed as including them in the list of products covered by this edition of S-98, or as an intention to cover them in a future edition of S-98.] 

	Specification No.
	Title

	[bookmark: _Hlk483082100]S-101
	Electronic Navigational Chart (ENC) / Cartes électroniques de navigation

	S-102
	Bathymetric Surface / Surface bathymétrique

	S-104
	Water Level Information for Surface Navigation / Information de hauteur d’eau pour la navigation de surface

	S-111
	Surface currents / Courants de surface

	S-129
	Under Keel Clearance Management / Gestion de dégagement sous la quille


[bookmark: _Toc484523818]
[bookmark: _Toc32344045]References
IEC 61174	Maritime navigation and radiocommunication equipment and systems – Electronic chart display and information system (ECDIS) – Operational and performance requirements, methods of testing and required test results. International Electrotechnical Commission (IEC), Edition 4.0, 2015.
RFC 2141	URN Syntax. Internet Engineering Task Force (IETF), May 1997.
S-52	Specifications for Chart Content and Display Aspects of ECDIS, Edition 6.1.1, June 2015. 
S-100		IHO Universal Hydrographic Data Model, Edition 5.0.0, [TBD].
S-101		Electronic Navigational Chart (ENC) Product Specification.
S-102		Bathymetric Surface Product Specification.
S-104		Water Level Information for Surface Navigation Product Specification.
S-111		Surface Currents Product Specification.
S-122	Marine Protected Areas Product Specification. Draft 1.0.0, December 2018.
S-123	Marine Radio Services Product Specification. Draft 1.0.0, December 2018.
S-129		Under Keel Clearance Management Product Specification.
IMO MSC.1/Circ.1512 Guideline on Software Quality Assurance and Human-Centred Design for e-Navigation.
[bookmark: _Hlk31069653]IMO MSC 232(82)	Revised Performance Standards for Electronic Chart Display And Information Systems (ECDIS), IMO Resolution MSC.232(82), 2006. 
ISO 19115-1	ISO 19115-1:2014, Geographic information – Metadata – Part 1 - Fundamentals. As amended by Amendment 1, 2018.
ISO 19115-3	ISO/TS 19115-3:2016, Geographic information - Metadata - XML schema implementation for fundamental concepts.
XPath		XML Path Language (XPath) 3.1 - W3C Recommendation 21 March 2017 (World-Wide Web Consortium – W3C). URL: https://www.w3.org/TR/2017/REC-xpath-31-20170321/ (Retrieved 2017-12-08).
NOTE: Plain “S-100” in this document and its Parts, Annexes, or Appendices means S-100 Edition 5.0, any clarification.
[bookmark: _Toc484523819][bookmark: _Toc225065131][bookmark: _Toc225648274][bookmark: _Toc32344046][bookmark: _Toc225065132][bookmark: _Toc225648275]Terms, definitions and abbreviations
[bookmark: _Toc484523820][bookmark: _Toc32344047]Use of Language
Within this document: 
· “Must” indicates a mandatory requirement. 
· “Should” indicates an optional requirement, that is the recommended process to be followed, but is not mandatory. 
· “May” means “allowed to” or “could possibly” and is not mandatory. 
[bookmark: _Toc484523821][bookmark: _Toc32344048]Terms and Definitions
Alarm
A high-priority alert. Condition requiring immediate attention and action by the bridge team, to maintain the safe navigation of the ship.
Alert
Announcement of abnormal situations and conditions requiring attention. Alerts are divided in four priorities: emergency alarms, alarms, warnings, and cautions. An alert provides information about a defined state change in connection with information about how to announce this event in a defined way to the system and the operator.
Caution
Lowest priority of an alert. Awareness of a condition which does not warrant an alarm or warning condition, but still requires attention out of the ordinary consideration of the situation or of given information.
Data Coverage (feature)
A geographical area that describes the coverage and extent of spatial types. The meta feature Data Coverage encodes the area covered by data within the dataset.
Dataset
An identifiable collection of data.
NOTE: A dataset may be a smaller grouping of data which, though limited by some constraint such as spatial extent or feature type is located physically within a larger dataset. Theoretically, a dataset may be as small as a single feature contained within a larger dataset. A hardcopy map or chart may be considered a dataset.
Display Priority
Hierarchy to determine which feature is to be displayed when two features overlap. Priority 2 overwrites 1.
Electronic Chart Display and Information System (ECDIS)
A navigation information system which with adequate back-up arrangements can be accepted as complying with the up-to-date chart required by regulations V/19 and V/27 of the 1974 SOLAS Convention, as amended, by displaying selected information from a system electronic navigational chart (SENC) with positional information from navigation sensors to assist the Mariner in route planning and route monitoring, and if required display additional navigation-related information.
Electronic Chart System (ECS)
Navigation information system that electronically displays vessel position and relevant nautical chart data and information from the ECS database on a display screen, but does not meet all IMO requirements for ECDIS, and does not satisfy SOLAS Chapter V requirement to carry a navigational chart.
Electronic Navigational Chart (ENC)
The dataset, standardized as to content, structure, and format, issued for use with ECDIS by or on the authority of a Government authorized Hydrographic Office or other relevant government institution, and conform to IHO standards.  The ENC contains all the chart information necessary for safe navigation and may contain supplementary information in addition to that contained in the paper chart which may be considered necessary for safe navigation.
Feature
Abstraction of real world phenomena.
NOTE: A feature may occur as a type or an instance. The terms “feature type” or “feature instance” should be used when only one is meant.
EXAMPLE: The feature instance named “Eiffel Tower” may be classified with other phenomena into a feature type “tower.”
Geometric Primitive
Geometric object representing a single, connected, homogeneous element of geometry.
NOTE: Geometric primitives are non-decomposed objects that present information about geometric configuration. They include points, curves and surfaces.
Human-Centred Design (HCD)
An approach to system design and development that aims to make interactive systems more usable by focussing on the use of the system; applying human factors, ergonomics and usability knowledge and techniques.
Indication
Visual indication giving information about the condition of a system or equipment.
Interoperability
The capability of controlling interactions, especially of visual appearance and information content, between two or more S-100 based data products displayed simultaneously on the same screen.
Minimum Display Scale 
The smallest value of the ratio of the linear dimensions of features of a dataset presented in the display and the actual dimensions of the features represented (smallest scale) of the scale range of the dataset.
Maximum Display Scale 
The larger value of the ratio of the linear dimensions of features of a dataset presented in the display and the actual dimensions of the features represented (largest scale) of the scale range of the dataset.
Navigation System
Navigation information system that electronically displays vessel position and relevant nautical chart data and information from a database on a display screen. ECDIS and ECS are two types of Navigation System.
Opaque Fill
The background is completely filled with the colour fill. (For example, depth area.) The point and line SENC features may be overwritten. The raw radar image is a special case of opaque fill which overwrites all other features expect those with "priority over radar" (OVERRADAR).
OVERRADAR
A priority designation that instructs the display to put the object's presentation over radar information.
Pattern fill
A method of identifying areas by large, faintly coloured symbols well spaced out across the area. A pattern spacing algorithm ensures that the pattern symbols are visible without being so dense as to cause clutter. Used to ensure pattern symbols are always visible at any display scale.
RADAR
A method, system or technique of using beamed, reflected, and timed radio waves for detecting, locating, or tracking objects, and for measuring altitudes. The electronic equipment or apparatus used to generate, transmit, receive, and usually, to display radio scanning or locating waves; a radar set. The name 'radar' is derived from the words radio detecting and ranging.
Scale minimum (SCAMIN)
The smallest scale at which a feature is displayed (For example, a minor light, SCAMIN of 1:45,000, would not be displayed at a scale of 1:90,000).
System Electronic Navigational Chart (SENC)
In ECDIS means a database, in the manufacturer’s internal ECDIS format, resulting from the loss-less transformation of the entire ENC contents and its updates.  It is this database that is accessed by ECDIS for the display generation and other navigational functions, and is equivalent to an up-to-date paper chart. The SENC may also contain information added by the mariner and information from other sources.
Skin of the earth
A subset of the geographic (geo) features that must create a complete non-overlapping coverage of the area of data coverage of an ENC dataset.
Software Quality Assurance (SQA)
A set of processes that ensures software meets and complies with required quality specifications. Designated SQA processes align with a system design life cycle.
System
When used without a qualifying term, the combination of computer hardware, operating system, application software, and interfaces that constitute the platform on which S-100 and related data are processed for viewing or other use by a human end-user.
NOTE: “System” is often used with a qualifying term, for example “Electronic Chart Display and Information System”, “Electronic Charting System”, “operating system”, etc. 
[bookmark: _Toc484523822][bookmark: _Toc225065133][bookmark: _Toc225648276][bookmark: _Toc32344049]Abbreviations
ARPA	Automatic Radar Plotting Aid
AIS	Automatic Identification System
AIS ASM	AIS Application Specific Messages
CRS	Coordinate Reference System
DCEG	Data Classification and Encoding Guide
DQ	Data Quality
ECDIS	Electronic Chart Display and Information System
ECS	Electronic Chart System
ENC	Electronic Navigational Chart
EPSG	European Petroleum Survey Group
FC	Feature Catalogue
HCD	Human-Centred Design
IEC	International Electrotechnical Commission
IC	Interoperability Catalogue
IHO	International Hydrographic Organization
IMO	International Maritime Organization
ISO	International Organization for Standardization
GFM	General Feature Model
MPA	Marine Protected Area
MRN	Maritime Resource Name
OEM	Original Equipment Manufacturer
OGC	Open Geospatial Consortium
PC	Portrayal Catalogue
PDC	Pre-Defined Combination
PS	Product Specification
SENC	System Electronic Navigational Chart
SOLAS	Safety of Life at Sea (Convention)
SQA	Software Quality Assurance
UI	User Interface
URI	Uniform Resource Identifier
URL	Uniform Resource Locator
URN	Uniform Resource Name
XML	eXtensible Markup Language
XSD	XML Schema Definition (a format for formally describing the elements in an XML document)
XSL	eXtensible Stylesheet Language
XSLT	XSL Transformations
[bookmark: _Toc484523823][bookmark: _Toc225065134][bookmark: _Toc225648277][bookmark: _Toc32344050]General Data Product Description
Title:	Specification for Data Product Interoperability in S-100 Navigation Systems
Abstract: 	An interoperability catalogue is a collection of rules that control visual and other interactions between S-100 based data products conforming to different product specifications. This interoperability catalogue is intended to be used by navigation systems where datasets conforming to two or more S-100 based product specifications are used and viewed simultaneously.
Acronym:	S-98
Content: 	Catalogues conforming to this specification contain interoperability rules for S-100 based product specifications applicable to ECDIS systems, in conformance with the abstract specification of S-100 interoperability in Part 16 of S-100 5.0.x. 
Spatial Extent:	Global coverage of maritime areas.
East Bounding Longitude: 180°
West Bounding Longitude: -180°
North Bounding Latitude: 90°
South Bounding Latitude: -90°
Purpose: 	The purpose of an interoperability catalogue is to de-clutter displays; reduce information overload; resolve conflicts; and improve the overall quality and clarity of information presentation to mariners when multiple S-100 based data products are simultaneously displayed on-screen. This specification is intended to specify the format and semantics of interoperability catalogues for navigation systems, specifically ECDIS. Other applications may use the interoperability catalogue format and semantics specified in this publication.
[bookmark: _Toc484523824][bookmark: _Toc32344051]Specification Metadata
Title:	S-98 Navigation System Interoperability Catalogue
S-100 Version:	5.0.x
S-98 Version:	0.4
Date:	Xxxx 2020		
Language: 	English
Classification: 	Unclassified
Contact: 	International Hydrographic Bureau, 
	4 quai Antoine 1er,
	B.P. 445
	MC 98011 MONACO CEDEX
	Telephone: +377 93 10 81 00
	Fax: +377 93 10 81 40	
Email: info@iho.int
URL: 	www.iho.int			
Identifier: 	urn:mrn:iho:pub:spec:s98:0:4:0		(tentative)
Maintenance:	Changes to the Specification S-98 are coordinated by the IHO S-100 Working Group (S-100WG), and must be made available via the IHO web site. Maintenance of the Specification must conform to IHO Resolution 2/2007, as amended.
[bookmark: _Toc32344052][bookmark: _Toc484523825]IHO Specification Maintenance
[bookmark: _Toc32344053]Introduction
Changes to this Specification will be released by the IHO as a New Edition, revision, or clarification. This Specification will be periodically reviewed by IHO at intervals of no less than 5 years for confirmation or update. New Editions, revisions, and clarifications may be released more frequently as needed. 
[bookmark: _Toc32344054]New Edition
New Editions of the Interoperability Catalogue Specification introduce significant changes. New Editions enable new concepts, such as the ability to support new functions or Product Specifications, or the introduction of new constructs or data types. New Editions are likely to have a significant impact on either existing users or future users of the Interoperability Catalogue specification. 
[bookmark: _Toc32344055]Revisions
Revisions are defined as substantive semantic changes to the Interoperability Catalogue Specification. Typically, revisions will change the Interoperability Catalogue specification to correct factual errors; or introduce necessary changes that have become evident as a result of practical experience or changing circumstances. A revision must not be classified as a clarification. Revisions could have an impact on either existing users or future users of the Interoperability Catalogue Specification. All cumulative clarifications must be included with the release of approved revisions.
Changes in a revision are minor and ensure backward compatibility with the previous versions within the same Edition. Newer revisions, for example, introduce new feature or attribute combinations. Within the same Edition, a dataset processed with a catalogue of one version could always be processed with a later revision of the Interoperability Catalogue.
[bookmark: _Toc32344056]Clarification
Clarifications are non-substantive changes to the Interoperability Catalogue Specification. Typically, clarifications: remove ambiguity; correct grammatical and spelling errors; amend or update cross references; or insert improved graphics or improvements in spelling, punctuation and grammar. A clarification must not cause any substantive semantic change to the Interoperability Catalogue Specification. 
Changes in a clarification are minor and ensure backward compatibility with the previous versions within the same Edition.  Within the same Edition, a dataset processed with a catalogue of one clarification version could always be processed with a later clarification (or revision).
[bookmark: _Ref3346609][bookmark: _Toc32344057]Version Numbers
The associated version control numbering to identify changes (n) to this Specification must be as follows:
New Editions denoted as n.0.0
Revisions denoted as n.n.0
Clarifications denoted as n.n.n
[bookmark: _Toc32344058][bookmark: _Toc225065135][bookmark: _Toc225648278][bookmark: _Toc484523826]Implementation phases (informative)
Implementation of interoperability catalogues is envisaged to be done in two phases, with the simpler functionality implemented first and the more complex functionality postponed until further notice.
The functionality belonging to the first implementation phase is described in the Main component (this document) and Parts A and B.
The functionality belonging to the second implementation phase is described in the Main component (this document) and Parts C and D.
[bookmark: _Ref31061150][bookmark: _Toc32344059]How to read and implement this specification
This Specification describes four levels of interoperability, with increasing power and complexity. The Main component (this document) contains specifications that are common to all four interoperability levels defined in S-98. Each of Parts A–D is an independent component that complements the common portions documented in the Main component of this Specification.
[bookmark: _Hlk31058281]This Specification should be read and implemented as a combination of the Main component (this document) plus one of Parts A–D. Readers and implementors will also need to consult S-100 Part 16 for complete details about interoperability functionality, UML model, and XML schema, because S-98 is an implementation of the functionality, model, and schema described in S-100 Part 16.
Similarly, any document prescribing compliance requirements for interoperability for navigation systems should specify the “S-98 – Main” document plus exactly one of Parts A–D as normative references. 
[bookmark: _Hlk31058896]NOTE: While each successive level includes functionality and constructs of lower levels, S-98 Parts A–D are written so that implementors of higher levels do not need to consult Parts documenting lower levels. 
1 [bookmark: _Toc32344060]Specification Scope
This product specification describes four types of catalogue products, corresponding to the Interoperability Level 1 – Level 4 scopes described in Table 2-1 below. Information common to all four types is contained in the “Core” scope.
Table 2‑1 Specification scopes
	scopeIdentification
	level
	levelName
	description
	extent (EX_Extent.description)

	S98Core
	MD_ScopeCode – 13 (software)
	Core
	Root (general) scope – information common to interoperability levels 1-4.
	EX_Extent.description = “worldwide”
EX_GeographicBoundingBox = [-180, +180, -90, +90]

	S98L1 
	
	Interoperability Level 1
	Interleaving of feature types
	

	S98L2 
	
	Interoperability Level 2
	Type-based selectivity and feature class replacement; interleaving
	

	S98L3
	
	Interoperability Level 3
	Instance-based selectivity and feature hybridization; type selectivity; interleaving
	

	S98L4 
	
	Interoperability Level 4
	Spatial operations; instance and type selectivity; hybridization; interleaving
	



The scope descriptions are cumulative in that descriptions of higher levels subsume descriptions of lower levels, because S-98 is structured so that developers implementing higher levels do not need to consult a Part documenting a lower level.
The “Main” part of this Specification describes the “S98Core” scope (root scope) and applies to all interoperability catalogues conforming to this Specification. Information that pertains to particular interoperability levels is provided in Parts A–D of this Specification, corresponding to the scopes for Interoperability Levels 1–4 respectively.
[bookmark: _Toc32344061]Conformance levels
Compliance to a scope should be indicated using one or more of the following means, as appropriate to the referring context:
1) The governing documentary components of S-98 – the “S-98 Main” component and exactly one of Parts A–D (see clause 1.8).
2) The scope identification or level name of exactly one of Interoperability Levels 1–4, from Table 2-1.
3) An integer in the range 1–4, corresponding to one of Interoperability Levels 1–4.
An interoperability catalogue conforming to the S-100 interoperability XML schema (S-100 Part 16) uses the third option to indicate its conformance level.
2 [bookmark: _Toc484523832][bookmark: _Toc32344062]Interoperability Catalogue Identification
This clause describes how to identify catalogues that conform to this specification. The information identifying the interoperability catalogue product must include the following items:
[bookmark: _Hlk500867916][bookmark: _Hlk485300149][bookmark: _Ref26474082]Title: 			Level N[footnoteRef:3] S-100 Navigation System Interoperability Catalogue [3:  N must be replaced by 1, 2, 3, or 4, corresponding to the highest interoperability level used in the catalogue.] 

Alternate Title:			Level N2 ECDIS Interoperability Catalogue
Abstract: 	This S-100 Navigation System Interoperability Catalogue is created in accordance with the IHO Interoperability specification, and contains rules that govern interoperability of data where two or more S-100 based Product Specifications are used and viewed simultaneously in a navigation system.
Topic Category:			transportation			
Geographic Description:	EX_GeographicBoundingBox
			westBoundLongitude: -180
			eastBoundLongitude: 180
			southBoundLatitude: -90
			northBoundLatitude: 90
Spatial Resolution:		levelOfDetail: all scales
Purpose:	This interoperability catalogue is to be used by ECDIS or other navigational systems with interoperability function enabled, to govern the minimum means of how two or more S-100 based data products interact when viewed simultaneously.
Language: 			English (Mandatory)			
Classification: 		Unclassified
Spatial Representation Type: 	Nil
Point of Contact: 		International Hydrographic Organization, 
			4 quai Antoine 1er,
		B.P. 445
		MC 98011 MONACO CEDEX
		Telephone: +377 93 10 81 00
		Fax: +377 93 10 81 40
			Email: info@iho.int
Use Limitation: 			This interoperability catalogue is primarily designed for ECDIS, but may 			be used in other navigation systems.

3 [bookmark: _Toc484523833][bookmark: _Toc225065137][bookmark: _Toc225648280][bookmark: _Ref500467556][bookmark: _Ref3345549][bookmark: _Toc32344063]Data Content and structure
3.1 [bookmark: _Toc26928071][bookmark: _Toc26929812][bookmark: _Toc26931530][bookmark: _Toc26933248][bookmark: _Toc26931146][bookmark: _Toc26932922][bookmark: _Toc26928072][bookmark: _Toc26929813][bookmark: _Toc26931531][bookmark: _Toc26933249][bookmark: _Toc26931147][bookmark: _Toc26932998][bookmark: _Toc26928073][bookmark: _Toc26929814][bookmark: _Toc26931532][bookmark: _Toc26933250][bookmark: _Toc26931148][bookmark: _Toc26932999][bookmark: _Toc26928074][bookmark: _Toc26929815][bookmark: _Toc26931533][bookmark: _Toc26933251][bookmark: _Toc26931149][bookmark: _Toc26933000][bookmark: _Toc26928075][bookmark: _Toc26929816][bookmark: _Toc26931534][bookmark: _Toc26933252][bookmark: _Toc26931150][bookmark: _Toc26935881][bookmark: _Toc26928076][bookmark: _Toc26929817][bookmark: _Toc26931535][bookmark: _Toc26933253][bookmark: _Toc26931153][bookmark: _Toc26935882][bookmark: _Toc26928077][bookmark: _Toc26929818][bookmark: _Toc26931536][bookmark: _Toc26933254][bookmark: _Toc26931154][bookmark: _Toc26935883][bookmark: _Toc26928078][bookmark: _Toc26929819][bookmark: _Toc26931537][bookmark: _Toc26933255][bookmark: _Toc26931155][bookmark: _Toc26935884][bookmark: _Toc26928079][bookmark: _Toc26929820][bookmark: _Toc26931538][bookmark: _Toc26933256][bookmark: _Toc26931156][bookmark: _Toc26935885][bookmark: _Toc26928080][bookmark: _Toc26929821][bookmark: _Toc26931539][bookmark: _Toc26933257][bookmark: _Toc26931157][bookmark: _Toc26935886][bookmark: _Toc26928081][bookmark: _Toc26929822][bookmark: _Toc26931540][bookmark: _Toc26933258][bookmark: _Toc26931158][bookmark: _Toc26935887][bookmark: _Toc26928082][bookmark: _Toc26929823][bookmark: _Toc26931541][bookmark: _Toc26933259][bookmark: _Toc26931159][bookmark: _Toc26935888][bookmark: _Toc26928083][bookmark: _Toc26929824][bookmark: _Toc26931542][bookmark: _Toc26933260][bookmark: _Toc26931160][bookmark: _Toc26935889][bookmark: _Toc26928084][bookmark: _Toc26929825][bookmark: _Toc26931543][bookmark: _Toc26933261][bookmark: _Toc26931161][bookmark: _Toc26935890][bookmark: _Toc26928085][bookmark: _Toc26929826][bookmark: _Toc26931544][bookmark: _Toc26933262][bookmark: _Toc26931162][bookmark: _Toc26935891][bookmark: _Toc26928086][bookmark: _Toc26929827][bookmark: _Toc26931545][bookmark: _Toc26933263][bookmark: _Toc26931163][bookmark: _Toc26935892][bookmark: _Toc26928087][bookmark: _Toc26929828][bookmark: _Toc26931546][bookmark: _Toc26933264][bookmark: _Toc26931164][bookmark: _Toc26935893][bookmark: _Toc26928088][bookmark: _Toc26929829][bookmark: _Toc26931547][bookmark: _Toc26933265][bookmark: _Toc26931165][bookmark: _Toc26935894][bookmark: _Toc26928089][bookmark: _Toc26929830][bookmark: _Toc26931548][bookmark: _Toc26933266][bookmark: _Toc26931166][bookmark: _Toc26935895][bookmark: _Toc26928090][bookmark: _Toc26929831][bookmark: _Toc26931549][bookmark: _Toc26933267][bookmark: _Toc26931181][bookmark: _Toc26935896][bookmark: _Toc26928091][bookmark: _Toc26929832][bookmark: _Toc26931550][bookmark: _Toc26933268][bookmark: _Toc26931182][bookmark: _Toc26935897][bookmark: _Toc26928092][bookmark: _Toc26929833][bookmark: _Toc26931551][bookmark: _Toc26933269][bookmark: _Toc26931183][bookmark: _Toc26935898][bookmark: _Toc26928093][bookmark: _Toc26929834][bookmark: _Toc26931552][bookmark: _Toc26933270][bookmark: _Toc26931184][bookmark: _Toc26935899][bookmark: _Toc225065138][bookmark: _Toc225648281][bookmark: _Toc484523836][bookmark: _Ref3345565][bookmark: _Toc32344064]Application Schema
The application schema for all scopes utilizes the ISO CT_Catalogue class defined in ISO 19139 (implemented in ISO 19115-3) as a super-type for header information.
The application schema for each level is described in the S-98 Part corresponding to that scope. The application schema for a level extends the application schema for lower levels. In other words:
· the application schema for level 2 extends the application schema for level 1;
· the application schema for level 3 extends the application schema for level 2;
· the application schema for level 4 extends the application schema for level 3.
This means that interoperability catalogues conforming to higher level application schemas include elements for lower levels. A level 3 interoperability catalogue, for example, is allowed to contain any element defined in levels 1 or 2.
[bookmark: _Toc32344065][bookmark: _Ref32420639]List of covered data products
The specifications listed in Table 1.1 are considered in scope of an Interoperability Catalogue conforming to this edition of S-98. Other similar products such as S-123 (Marine Radio Services) may also be covered in an Interoperability Catalogue conforming to this edition of S-98, but the ability to include such other Product Specifications must be evaluated on a case-by-case basis.
The data products covered by Interoperability Catalogues conforming to this edition of S-98 (see Table 1-1) are listed in a “closed dictionary” identified by the following Maritime Resource Name (MRN):
urn:mrn:iho:prod:s98:1:0:0:products
This dictionary must be distributed as a support file as defined in S-100.
The initial edition of this dictionary file will include the products listed in Table 1-1 of this document. If a future decision is made to add other data products to this list, the dictionary file must be updated and distributed as an updated support file.
3.2 [bookmark: _Toc484523837][bookmark: _Toc225648301][bookmark: _Toc225065158][bookmark: _Toc484523838][bookmark: _Toc32344066][bookmark: _Toc225648282][bookmark: _Toc225065139]Interoperability Catalogue
[bookmark: _Toc484523839][bookmark: _Toc32344067]Introduction
The Interoperability Catalogue specifies the relative display prioritization of feature types (and instances) defined in any of the data products within the scope of the Interoperability Catalogue.
An Interoperability Catalogue must be an XML document which conforms to the Interoperability Catalogue Schema defined in S-100 Part 16 which can be downloaded from the IHO website.
[bookmark: _Toc26928097][bookmark: _Toc26929838][bookmark: _Toc26931556][bookmark: _Toc26933274][bookmark: _Toc26931188][bookmark: _Toc26935903][bookmark: _Toc26928098][bookmark: _Toc26929839][bookmark: _Toc26931557][bookmark: _Toc26933275][bookmark: _Toc26931195][bookmark: _Toc26935904][bookmark: _Toc26928099][bookmark: _Toc26929840][bookmark: _Toc26931558][bookmark: _Toc26933276][bookmark: _Toc26931196][bookmark: _Toc26935907][bookmark: _Toc26928100][bookmark: _Toc26929841][bookmark: _Toc26931559][bookmark: _Toc26933277][bookmark: _Toc26931197][bookmark: _Toc26935908][bookmark: _Toc26928101][bookmark: _Toc26929842][bookmark: _Toc26931560][bookmark: _Toc26933278][bookmark: _Toc26931198][bookmark: _Toc26935909][bookmark: _Toc26928102][bookmark: _Toc26929843][bookmark: _Toc26931561][bookmark: _Toc26933279][bookmark: _Toc26931199][bookmark: _Toc26935910][bookmark: _Toc26928103][bookmark: _Toc26929844][bookmark: _Toc26931562][bookmark: _Toc26933280][bookmark: _Toc26931200][bookmark: _Toc26935911][bookmark: _Toc26928104][bookmark: _Toc26929845][bookmark: _Toc26931563][bookmark: _Toc26933281][bookmark: _Toc26931201][bookmark: _Toc26935912][bookmark: _Toc26928105][bookmark: _Toc26929846][bookmark: _Toc26931564][bookmark: _Toc26933282][bookmark: _Toc26931202][bookmark: _Toc26935913][bookmark: _Toc26928106][bookmark: _Toc26929847][bookmark: _Toc26931565][bookmark: _Toc26933283][bookmark: _Toc26931203][bookmark: _Toc26935914][bookmark: _Toc26928107][bookmark: _Toc26929848][bookmark: _Toc26931566][bookmark: _Toc26933284][bookmark: _Toc26931204][bookmark: _Toc26935915][bookmark: _Toc26928108][bookmark: _Toc26929849][bookmark: _Toc26931567][bookmark: _Toc26933285][bookmark: _Toc26931279][bookmark: _Toc26935916][bookmark: _Toc26928109][bookmark: _Toc26929850][bookmark: _Toc26931568][bookmark: _Toc26933286][bookmark: _Toc26931280][bookmark: _Toc26935917][bookmark: _Toc26928110][bookmark: _Toc26929851][bookmark: _Toc26931569][bookmark: _Toc26933287][bookmark: _Toc26931281][bookmark: _Toc26935918][bookmark: _Toc26928111][bookmark: _Toc26929852][bookmark: _Toc26931570][bookmark: _Toc26933288][bookmark: _Toc26931282][bookmark: _Toc26935919][bookmark: _Toc26928112][bookmark: _Toc26929853][bookmark: _Toc26931571][bookmark: _Toc26933289][bookmark: _Toc26931283][bookmark: _Toc26935920][bookmark: _Toc26928113][bookmark: _Toc26929854][bookmark: _Toc26931572][bookmark: _Toc26933290][bookmark: _Toc26931284][bookmark: _Toc26935935][bookmark: _Toc26928114][bookmark: _Toc26929855][bookmark: _Toc26931573][bookmark: _Toc26933291][bookmark: _Toc26931285][bookmark: _Toc26935936][bookmark: _Toc26928115][bookmark: _Toc26929856][bookmark: _Toc26931574][bookmark: _Toc26933292][bookmark: _Toc26931286][bookmark: _Toc26935937][bookmark: _Toc26928116][bookmark: _Toc26929857][bookmark: _Toc26931575][bookmark: _Toc26933293][bookmark: _Toc26931287][bookmark: _Toc26935938][bookmark: _Toc26928117][bookmark: _Toc26929858][bookmark: _Toc26931576][bookmark: _Toc26933294][bookmark: _Toc26931288][bookmark: _Toc26935939][bookmark: _Toc26928118][bookmark: _Toc26929859][bookmark: _Toc26931577][bookmark: _Toc26933295][bookmark: _Toc26931303][bookmark: _Toc26935940][bookmark: _Toc26928119][bookmark: _Toc26929860][bookmark: _Toc26931578][bookmark: _Toc26933296][bookmark: _Toc26931304][bookmark: _Toc26935941][bookmark: _Toc26928120][bookmark: _Toc26929861][bookmark: _Toc26931579][bookmark: _Toc26933297][bookmark: _Toc26931305][bookmark: _Toc26935942][bookmark: _Toc26928121][bookmark: _Toc26929862][bookmark: _Toc26931580][bookmark: _Toc26933298][bookmark: _Toc26931306][bookmark: _Toc26935949][bookmark: _Toc26928122][bookmark: _Toc26929863][bookmark: _Toc26931581][bookmark: _Toc26933299][bookmark: _Toc26931307][bookmark: _Toc26935950][bookmark: _Toc26928123][bookmark: _Toc26929864][bookmark: _Toc26931582][bookmark: _Toc26933300][bookmark: _Toc26931311][bookmark: _Toc26935951][bookmark: _Toc26928124][bookmark: _Toc26929865][bookmark: _Toc26931583][bookmark: _Toc26933301][bookmark: _Toc26931312][bookmark: _Toc26935952][bookmark: _Toc26928125][bookmark: _Toc26929866][bookmark: _Toc26931584][bookmark: _Toc26933302][bookmark: _Toc26931313][bookmark: _Toc26935953][bookmark: _Toc26928126][bookmark: _Toc26929867][bookmark: _Toc26931585][bookmark: _Toc26933303][bookmark: _Toc26931314][bookmark: _Toc26935954][bookmark: _Toc26928127][bookmark: _Toc26929868][bookmark: _Toc26931586][bookmark: _Toc26933304][bookmark: _Toc26931315][bookmark: _Toc26935955][bookmark: _Toc26928128][bookmark: _Toc26929869][bookmark: _Toc26931587][bookmark: _Toc26933305][bookmark: _Toc26931316][bookmark: _Toc26935956][bookmark: _Toc26928129][bookmark: _Toc26929870][bookmark: _Toc26931588][bookmark: _Toc26933306][bookmark: _Toc26931317][bookmark: _Toc26935957][bookmark: _Toc26928130][bookmark: _Toc26929871][bookmark: _Toc26931589][bookmark: _Toc26933307][bookmark: _Toc26931318][bookmark: _Toc26935958][bookmark: _Toc26928131][bookmark: _Toc26929872][bookmark: _Toc26931590][bookmark: _Toc26933308][bookmark: _Toc26931319][bookmark: _Toc26936033][bookmark: _Toc26928132][bookmark: _Toc26929873][bookmark: _Toc26931591][bookmark: _Toc26933309][bookmark: _Toc26931320][bookmark: _Toc26936034][bookmark: _Toc26928133][bookmark: _Toc26929874][bookmark: _Toc26931592][bookmark: _Toc26933310][bookmark: _Toc26931321][bookmark: _Toc26936035][bookmark: _Toc26928134][bookmark: _Toc26929875][bookmark: _Toc26931593][bookmark: _Toc26933311][bookmark: _Toc26931322][bookmark: _Toc26936036][bookmark: _Toc26928135][bookmark: _Toc26929876][bookmark: _Toc26931594][bookmark: _Toc26933312][bookmark: _Toc26931323][bookmark: _Toc26936037][bookmark: _Toc26928136][bookmark: _Toc26929877][bookmark: _Toc26931595][bookmark: _Toc26933313][bookmark: _Toc26931324][bookmark: _Toc26936038][bookmark: _Toc26928137][bookmark: _Toc26929878][bookmark: _Toc26931596][bookmark: _Toc26933314][bookmark: _Toc26931462][bookmark: _Toc26936039][bookmark: _Toc26928138][bookmark: _Toc26929879][bookmark: _Toc26931597][bookmark: _Toc26933315][bookmark: _Toc26931479][bookmark: _Toc26936040][bookmark: _Toc26928205][bookmark: _Toc26929946][bookmark: _Toc26931664][bookmark: _Toc26933382][bookmark: _Toc26932857][bookmark: _Toc26936277][bookmark: _Toc26928206][bookmark: _Toc26929947][bookmark: _Toc26931665][bookmark: _Toc26933383][bookmark: _Toc26932858][bookmark: _Toc26936278][bookmark: _Toc26928207][bookmark: _Toc26929948][bookmark: _Toc26931666][bookmark: _Toc26933384][bookmark: _Toc26932859][bookmark: _Toc26936279][bookmark: _Toc26928208][bookmark: _Toc26929949][bookmark: _Toc26931667][bookmark: _Toc26933385][bookmark: _Toc26932860][bookmark: _Toc26936280][bookmark: _Toc26928209][bookmark: _Toc26929950][bookmark: _Toc26931668][bookmark: _Toc26933386][bookmark: _Toc26932861][bookmark: _Toc26936281][bookmark: _Toc26928210][bookmark: _Toc26929951][bookmark: _Toc26931669][bookmark: _Toc26933387][bookmark: _Toc26932862][bookmark: _Toc26936282][bookmark: _Toc26928211][bookmark: _Toc26929952][bookmark: _Toc26931670][bookmark: _Toc26933388][bookmark: _Toc26932863][bookmark: _Toc26936283][bookmark: _Toc26928212][bookmark: _Toc26929953][bookmark: _Toc26931671][bookmark: _Toc26933389][bookmark: _Toc26932864][bookmark: _Toc26936284][bookmark: _Toc26928213][bookmark: _Toc26929954][bookmark: _Toc26931672][bookmark: _Toc26933390][bookmark: _Toc26932865][bookmark: _Toc26936285][bookmark: _Toc26928214][bookmark: _Toc26929955][bookmark: _Toc26931673][bookmark: _Toc26933391][bookmark: _Toc26932866][bookmark: _Toc26936286][bookmark: _Toc26928215][bookmark: _Toc26929956][bookmark: _Toc26931674][bookmark: _Toc26933392][bookmark: _Toc26932867][bookmark: _Toc26936287][bookmark: _Toc26928216][bookmark: _Toc26929957][bookmark: _Toc26931675][bookmark: _Toc26933393][bookmark: _Toc26932868][bookmark: _Toc26936288][bookmark: _Toc26928217][bookmark: _Toc26929958][bookmark: _Toc26931676][bookmark: _Toc26933394][bookmark: _Toc26932871][bookmark: _Toc26936289][bookmark: _Toc26928218][bookmark: _Toc26929959][bookmark: _Toc26931677][bookmark: _Toc26933395][bookmark: _Toc26932872][bookmark: _Toc26936290][bookmark: _Toc26928219][bookmark: _Toc26929960][bookmark: _Toc26931678][bookmark: _Toc26933396][bookmark: _Toc26932873][bookmark: _Toc26936291][bookmark: _Toc26928220][bookmark: _Toc26929961][bookmark: _Toc26931679][bookmark: _Toc26933397][bookmark: _Toc26932874][bookmark: _Toc26936292][bookmark: _Toc26928221][bookmark: _Toc26929962][bookmark: _Toc26931680][bookmark: _Toc26933398][bookmark: _Toc26932875][bookmark: _Toc26936293][bookmark: _Toc26928240][bookmark: _Toc26929981][bookmark: _Toc26931699][bookmark: _Toc26933417][bookmark: _Toc26932914][bookmark: _Toc26936312][bookmark: _Toc26928241][bookmark: _Toc26929982][bookmark: _Toc26931700][bookmark: _Toc26933418][bookmark: _Toc26932915][bookmark: _Toc26936313][bookmark: _Toc26928242][bookmark: _Toc26929983][bookmark: _Toc26931701][bookmark: _Toc26933419][bookmark: _Toc26932916][bookmark: _Toc26936314][bookmark: _Toc32344068][bookmark: _Toc225065140][bookmark: _Toc225648283]Use of S-100 types
Geographic feature types 
The relative prioritization for display purposes of S-100 geographic feature types is at the core of the Interoperability Catalogue Specification. For the Interoperability Catalogue, S-100 feature types can be considered as the “domain” of the Application Schema, just as feature concepts form the domain of an ordinary Product Specification.
Feature instances are not encoded in Interoperability Catalogues since an Interoperability Catalogue is a catalogue-based product that is functionally a collection of rules which adjust the display of information from feature datasets; an Interoperability Catalogue is not itself a feature-based data product.
References to feature types may appear as attribute values in Interoperability Catalogues. The reference will identify the product specification in which the feature type is defined. It may also identify the version of the Product Specification; if the version is not identified the reference is to the indicated feature type in all versions of the Product Specification. 
A reference to a feature type must be interpreted as applying to all instances of the feature type in datasets conforming to the indicated Product Specification and version. (Additional conditions limiting applicability to subsets of feature instances may be encoded in other attributes.)
Meta feature types  
[bookmark: _Toc225065141][bookmark: _Toc225648284]The suppression, interleaving, and replacement operations in the Interoperability Catalogue do not affect meta features in individual Product Specifications. Display of meta features if requested by the mariner is as specified by individual Portrayal Catalogues.  
[bookmark: _Toc484523841][bookmark: _Toc225065142][bookmark: _Toc225648285]Feature and Information associations
Feature and information associations are not directly used in an Interoperability Catalogue since an Interoperability Catalogue is a catalogue-like product.
Feature and information associations in covered products may be referenced by interoperability operations and rules.
[bookmark: _Toc26928247][bookmark: _Toc26928248][bookmark: _Toc484523842][bookmark: _Toc225065149][bookmark: _Toc225648292]Information Types
Information types are not prioritized by an Interoperability Catalogue nor are they used directly in an Interoperability Catalogue.
[bookmark: _Toc484523843]Attributes
The Interoperability Catalogue uses the following attribute types from the S-100 GFM. 
Table 4‑1 - Simple attribute types
	Type
	Definition

	Enumeration
	A fixed list of valid identifiers of named literal values.

	Integer
	A signed integer number. The representation of an integer is encapsulation and usage dependent.

	CharacterString
	An arbitrary-length sequence of characters including accents and special characters from a repertoire of one of the adopted character sets.

	Date
	A date provides values for year, month and day according to the Gregorian Calendar.  Character encoding of a date is a string which must follow the calendar date format (complete representation, basic format) for date specified by ISO 8601:1988.  
EXAMPLE      19980918 (YYYYMMDD)

	Time
	[bookmark: _Toc484523844]A time is given by an hour, minute and second. Character encoding of a time is a string that follows the local time (complete representation, basic format) format defined in ISO 8601:1988. 
EXAMPLE       183059 
If it is required to specify time with a reference to a time zone from UTC, this is done using the following format; 183059+0100; for one hour before UTC.

If it is required to specify time according to UTC, it is done using the following format; 183059Z.


	Date and Time
	A DateTime is a combination of a date and a time type. Character encoding of a DateTime must follow ISO 8601:1988.
EXAMPLE  19850412T101530

	S100_CodeList
	Open enumeration or identifier of entry in a vocabulary.

	S100_TruncatedDate
	Truncated format for date.


[bookmark: _Toc225065152][bookmark: _Toc225648295]
Table 4‑2 - Derived types
	Derived type
	Base type
	Description

	FeatureCode
	CharacterString
	Restricted to the camel case code of the feature type with optional suffixes or prefixes indicating a Product Specification and version.

	FilterExpression
	CharacterString
	Restricted to the format for filter strings described in Clause 4.3.

	URN
	CharacterString
	Restricted to the format for URN as defined by RFC 2141.



3.3 [bookmark: _Toc488009109][bookmark: _Toc488009438][bookmark: _Toc488009718][bookmark: _Toc488010231][bookmark: _Toc488265371][bookmark: _Toc488370759][bookmark: _Toc488009111][bookmark: _Toc488009440][bookmark: _Toc488009720][bookmark: _Toc488010233][bookmark: _Toc488265373][bookmark: _Toc488370761][bookmark: _Toc484523847][bookmark: _Ref519216000][bookmark: _Ref519216021][bookmark: _Toc32344069][bookmark: _Toc225065172][bookmark: _Toc225648315]Filters
Attribute-value combination filters define conditions used to select features in covered products based on the values of the specified attributes. The filters are strings of the form <attr><op><value>, where:
0. <attr> is the camel case code of the attribute;
0. <op> is one of “=”, “!=”, “in”, “notIn”, “gt”, “ge”, “lt”, “le”, “null”;
0. <value> is a decimal number, integer, numeric code, or string, or a list of values. Strings must be enclosed in double quotes: “” with embedded double-quotes or \ characters preceded by a \ character.
The <attr>, <op>, and <value> components are separated by blank or tab characters.
Sub-attributes of complex attributes can be indicated in <attr> fields using a restricted subset of relative path expressions as specified in the W3C XPath specification (§ 3.3.1 XML Path Language (XPath) 3.1). The restrictions are:
· Paths are relative to the individual feature as the context node.
· Only the “child” axis is permitted and the optional “child::” prefix is not used.
· Predicates as described in the XPath specification are not used.
The effect is to allow <attr> fields to describe sub-attributes in terms of camel case codes separated by “/” characters. (It also allows a simple attribute to be designated by its camel case code alone as described above.)
EXAMPLE 1: The filter categoryOfRadioStation = 20 selects features with categoryOfRadioStation attributes that have the value 20 (AIS Base station).
EXAMPLE 2: The filter featureName/language = “eng” selects features with featureName attributes that have a language sub-attribute having the value “eng”.
3.4 [bookmark: _Toc484523848][bookmark: _Toc32344070]Interoperability Levels
This Specification defines four levels of interoperability. Only Levels 1 and 2 are fully described in this version of the Specification. Levels 3 and 4 are described for completeness but their specifications are only “informative” in this edition of the Specification and they should not be included in production implementations of this version of the Interoperability Catalogue.
[bookmark: _Toc32344071]Level 0 – Overlays – no explicit interoperability
In “Level 0” all interoperability processing is turned off. In this case, feature data is passed through unchanged to ordinary portrayal processing. Display plane information from the Interoperability Catalogue is also passed through since it specifies the layering which must be done by the display.
Interoperability Catalogues are not used. ENC is treated as the main product on the screen, and all other products are overlays. Information layer priority continues to conform to the relevant IMO and IEC performance standards.
Data product overlays may be portrayed using transparency so as not to obscure lower layers, but transparency values are generally not adjusted using rules based on data content or feature types. They may be adjusted using context information such as the number of stacked layers or light level mode.
Level 0 interoperability is effectively equivalent to what systems do today. It is also the default fall-back if a product not listed in the Interoperability Catalogue is loaded.
NOTE (informative): There is an implicit assumption here that Portrayal Catalogues assign features to only over/under-radar display planes. If display planes are given more complex semantics and continue to be defined in portrayal catalogues, Level 0 is likely to merge into Level 1.
Since there is are no interoperability operations or rules for “Level 0”, it does not have a distinct Part in this Specification.
[bookmark: _Toc32344072]Level 1 – Interleaving
In Level 1 processing, feature types from different products, including S-101, are interleaved as specified by display plane and drawing priority information contained in the Interoperability Catalogue. The output of interoperability processing is either the original feature data (processing option 1) or drawing instructions (processing option 2), accompanied by display plane and drawing priority information, which is passed through to the portrayal processor. 
The ENC is still treated as the main product, but feature layers from other products may be interleaved with ENC feature layers to prevent ENC data from being obscured.
In other words, Level 1 interoperability allows only changes to the display planes and display orders specified in the portrayal catalogues of the covered products. There is no other interoperability-related processing of feature data at this level.
[bookmark: _Toc32344073]Level 2 – Type-based selectivity and feature class replacement
In Level 2 processing, Level 1 functionality is allowed as well as suppression of all features of a specified feature type in a specified product, with another feature type from a different product being displayed instead. Filtering by attribute values and geometry type is also possible. The output of interoperability processing is the same as Level 1 with certain feature types suppressed.
Feature types in other products may be determined to be superior to specific ENC feature types, in the sense that the features in the other product contain more details, have higher-resolution data values, etc., than the equivalent features in the ENC. In this level of interoperability, global suppression of equivalent ENC features in favour of the superior layer is allowed – all instances of the specified ENC feature type are suppressed and the superior feature layer is displayed.
Selected feature types from other products may be treated as being superior to or enhancing selected ENC feature instances. The features are selected using attribute-value combination filters (Clause 4.4) that use feature type and values of thematic attributes. The geometry of the superior feature instance must be spatially equal to that of the ENC feature instance (within specified tolerances).
The interoperability result is that the selected ENC feature instances are suppressed or replaced by the specified features from the other product. Only thematic attributes can be used in attribute-value filters.
NOTE: The criteria and process for determining what data is superior are yet to be determined.
Selection of replaced and replacement features in this level uses feature type (and data product) information. The only operation is replacement of instances as a whole, no combination of replaced and replacement information is done.
Level 2 also adds constructs allowing catalogues to partition interoperability rules and operations according to specified combinations of data products (“predefined combinations”). The rules and operations in each partition are applied only when the corresponding data products are part of the display.  
Level 2 catalogues may also include Level 1 functionality for some features where appropriate.
[bookmark: _Toc26928256][bookmark: _Toc26929990][bookmark: _Toc26931708][bookmark: _Toc26933426][bookmark: _Toc26932997][bookmark: _Toc26936321][bookmark: _Toc32344074]Level 3 – Feature hybridization
As in Level 2, the ENC is treated as one of the components of the data stack, and selected feature instances from other products may be treated as being superior to or enhancing selected ENC feature instances. The feature instances are selected using selector expressions that use feature type and values of thematic attributes. The geometry of the superior/enhancing feature instance must be spatially equal to that of the ENC feature instance (within specified tolerances).
Level 3 extends interoperability functionality of Level 2 in that the ENC feature instance is either suppressed or replaced by the other feature instance (as in Level 2) or hybridized with it – that is, their attributes are combined in some way. In Level 3, only thematic attributes can be combined for the purposes of hybridization.
Hybridization may consist of adjustments to attributes of one of the ENC/other feature instances, such as re-calculation of values of numeric attribute, addition of listed values to an enumeration attribute. Hybridization may also result in an instance of a different feature type with an enhanced set of thematic attributes, some of which may be new attributes generated from attribute values of the original instances.
The interoperability product will include a hybrid Feature Catalogue and Portrayal Catalogue defining the feature types and portrayals for new hybrid features. Their structures will be the same as regular Feature and Portrayal Catalogues.
NOTE: Support for this level is not fully elaborated in this version of the Interoperability Catalogue Specification and it should therefore not be implemented in Interoperability Catalogues created from this Specification

[bookmark: _Toc32344075]Level 4 – Spatial operations
This level is the same as Level 3, but permitted spatial queries (to determine related subsets) and operations (to define the interoperation result) are explicitly defined using an adequate set of spatially-capable rules.
This means that the ENC and other-product feature(s) need not be spatially equal, they need only be related to one another by the spatial query. For hybridization, in addition to thematic attributes, feature geometry can also be combined using spatial operations.
NOTE 1: The spatial queries for determining related ENC/other-product features can be defined in terms of explicit rules such as positions within X m, or X mm at product scale for point features, 99% overlap for area features, or some other adequate explicit rule.
NOTE 2: Support for this level is not fully elaborated in this version of the Interoperability Catalogue Specification and it should therefore not be implemented in interoperability catalogues created from this specification.

[bookmark: _Toc32344076]Progression of interoperability levels
Higher levels of interoperability use progressively more of the Interoperability Catalogue model defined in S-100 Part 16. Figure 4.1 below shows the progressive use of the model from level 1 through level 4.
[image: ]
[bookmark: _Ref3346234]Figure ‎4.1. Progressive use of interoperability catalogue model

4 [bookmark: _Toc26928260][bookmark: _Toc26929994][bookmark: _Toc26931712][bookmark: _Toc26933430][bookmark: _Toc26933001][bookmark: _Toc26936325][bookmark: _Toc26928261][bookmark: _Toc26929995][bookmark: _Toc26931713][bookmark: _Toc26933431][bookmark: _Toc26933002][bookmark: _Toc26936326][bookmark: _Toc26928262][bookmark: _Toc26929996][bookmark: _Toc26931714][bookmark: _Toc26933432][bookmark: _Toc26933003][bookmark: _Toc26936327][bookmark: _Toc26928319][bookmark: _Toc26930053][bookmark: _Toc26931771][bookmark: _Toc26933489][bookmark: _Toc26933238][bookmark: _Toc26936384][bookmark: _Toc26928320][bookmark: _Toc26930054][bookmark: _Toc26931772][bookmark: _Toc26933490][bookmark: _Toc26933239][bookmark: _Toc26936385][bookmark: _Toc26928391][bookmark: _Toc26930125][bookmark: _Toc26931843][bookmark: _Toc26933561][bookmark: _Toc26934635][bookmark: _Toc26936456][bookmark: _Toc26928392][bookmark: _Toc26930126][bookmark: _Toc26931844][bookmark: _Toc26933562][bookmark: _Toc26934636][bookmark: _Toc26936457][bookmark: _Toc26928393][bookmark: _Toc26930127][bookmark: _Toc26931845][bookmark: _Toc26933563][bookmark: _Toc26934637][bookmark: _Toc26936458][bookmark: _Toc26928457][bookmark: _Toc26930191][bookmark: _Toc26931909][bookmark: _Toc26933627][bookmark: _Toc26934945][bookmark: _Toc26936522][bookmark: _Toc26928458][bookmark: _Toc26930192][bookmark: _Toc26931910][bookmark: _Toc26933628][bookmark: _Toc26934946][bookmark: _Toc26936523][bookmark: _Toc26928596][bookmark: _Toc26930330][bookmark: _Toc26932048][bookmark: _Toc26933766][bookmark: _Toc26935084][bookmark: _Toc26936661][bookmark: _Toc26928597][bookmark: _Toc26930331][bookmark: _Toc26932049][bookmark: _Toc26933767][bookmark: _Toc26935085][bookmark: _Toc26936662][bookmark: _Toc26928616][bookmark: _Toc26930350][bookmark: _Toc26932068][bookmark: _Toc26933786][bookmark: _Toc26935104][bookmark: _Toc26936681][bookmark: _Toc26928617][bookmark: _Toc26930351][bookmark: _Toc26932069][bookmark: _Toc26933787][bookmark: _Toc26935105][bookmark: _Toc26936682][bookmark: _Toc26928632][bookmark: _Toc26930366][bookmark: _Toc26932084][bookmark: _Toc26933802][bookmark: _Toc26935120][bookmark: _Toc26936697][bookmark: _Toc26928633][bookmark: _Toc26930367][bookmark: _Toc26932085][bookmark: _Toc26933803][bookmark: _Toc26935121][bookmark: _Toc26936698][bookmark: _Toc26928697][bookmark: _Toc26930431][bookmark: _Toc26932149][bookmark: _Toc26933867][bookmark: _Toc26935185][bookmark: _Toc26936762][bookmark: _Toc26928698][bookmark: _Toc26930432][bookmark: _Toc26932150][bookmark: _Toc26933868][bookmark: _Toc26935186][bookmark: _Toc26936763][bookmark: _Toc26928749][bookmark: _Toc26930483][bookmark: _Toc26932201][bookmark: _Toc26933919][bookmark: _Toc26935237][bookmark: _Toc26936814][bookmark: _Toc26928750][bookmark: _Toc26930484][bookmark: _Toc26932202][bookmark: _Toc26933920][bookmark: _Toc26935238][bookmark: _Toc26936815][bookmark: _Toc26928823][bookmark: _Toc26930557][bookmark: _Toc26932275][bookmark: _Toc26933993][bookmark: _Toc26935311][bookmark: _Toc26936888][bookmark: _Toc26928824][bookmark: _Toc26930558][bookmark: _Toc26932276][bookmark: _Toc26933994][bookmark: _Toc26935312][bookmark: _Toc26936889][bookmark: _Toc26928825][bookmark: _Toc26930559][bookmark: _Toc26932277][bookmark: _Toc26933995][bookmark: _Toc26935313][bookmark: _Toc26936890][bookmark: _Toc26928826][bookmark: _Toc26930560][bookmark: _Toc26932278][bookmark: _Toc26933996][bookmark: _Toc26935314][bookmark: _Toc26936891][bookmark: _Toc26928827][bookmark: _Toc26930561][bookmark: _Toc26932279][bookmark: _Toc26933997][bookmark: _Toc26935315][bookmark: _Toc26936892][bookmark: _Toc26928828][bookmark: _Toc26930562][bookmark: _Toc26932280][bookmark: _Toc26933998][bookmark: _Toc26935316][bookmark: _Toc26936893][bookmark: _Toc26928895][bookmark: _Toc26930629][bookmark: _Toc26932347][bookmark: _Toc26934065][bookmark: _Toc26935383][bookmark: _Toc26936960][bookmark: _Toc26928896][bookmark: _Toc26930630][bookmark: _Toc26932348][bookmark: _Toc26934066][bookmark: _Toc26935384][bookmark: _Toc26936961][bookmark: _Toc26928897][bookmark: _Toc26930631][bookmark: _Toc26932349][bookmark: _Toc26934067][bookmark: _Toc26935385][bookmark: _Toc26936962][bookmark: _Toc26928898][bookmark: _Toc26930632][bookmark: _Toc26932350][bookmark: _Toc26934068][bookmark: _Toc26935386][bookmark: _Toc26936963][bookmark: _Toc26928899][bookmark: _Toc26930633][bookmark: _Toc26932351][bookmark: _Toc26934069][bookmark: _Toc26935387][bookmark: _Toc26936964][bookmark: _Toc26928900][bookmark: _Toc26930634][bookmark: _Toc26932352][bookmark: _Toc26934070][bookmark: _Toc26935388][bookmark: _Toc26936965][bookmark: _Toc26928901][bookmark: _Toc26930635][bookmark: _Toc26932353][bookmark: _Toc26934071][bookmark: _Toc26935389][bookmark: _Toc26936966][bookmark: _Toc26928902][bookmark: _Toc26930636][bookmark: _Toc26932354][bookmark: _Toc26934072][bookmark: _Toc26935390][bookmark: _Toc26936967][bookmark: _Toc26928903][bookmark: _Toc26930637][bookmark: _Toc26932355][bookmark: _Toc26934073][bookmark: _Toc26935391][bookmark: _Toc26936968][bookmark: _Toc26928904][bookmark: _Toc26930638][bookmark: _Toc26932356][bookmark: _Toc26934074][bookmark: _Toc26935392][bookmark: _Toc26936969][bookmark: _Toc26928905][bookmark: _Toc26930639][bookmark: _Toc26932357][bookmark: _Toc26934075][bookmark: _Toc26935393][bookmark: _Toc26936970][bookmark: _Toc26928906][bookmark: _Toc26930640][bookmark: _Toc26932358][bookmark: _Toc26934076][bookmark: _Toc26935394][bookmark: _Toc26936971][bookmark: _Toc26928907][bookmark: _Toc26930641][bookmark: _Toc26932359][bookmark: _Toc26934077][bookmark: _Toc26935395][bookmark: _Toc26936972][bookmark: _Toc26928908][bookmark: _Toc26930642][bookmark: _Toc26932360][bookmark: _Toc26934078][bookmark: _Toc26935396][bookmark: _Toc26936973][bookmark: _Toc26928909][bookmark: _Toc26930643][bookmark: _Toc26932361][bookmark: _Toc26934079][bookmark: _Toc26935397][bookmark: _Toc26936974][bookmark: _Toc26928910][bookmark: _Toc26930644][bookmark: _Toc26932362][bookmark: _Toc26934080][bookmark: _Toc26935398][bookmark: _Toc26936975][bookmark: _Toc26928911][bookmark: _Toc26930645][bookmark: _Toc26932363][bookmark: _Toc26934081][bookmark: _Toc26935399][bookmark: _Toc26936976][bookmark: _Toc26928912][bookmark: _Toc26930646][bookmark: _Toc26932364][bookmark: _Toc26934082][bookmark: _Toc26935400][bookmark: _Toc26936977][bookmark: _Toc26928913][bookmark: _Toc26930647][bookmark: _Toc26932365][bookmark: _Toc26934083][bookmark: _Toc26935401][bookmark: _Toc26936978][bookmark: _Toc26928914][bookmark: _Toc26930648][bookmark: _Toc26932366][bookmark: _Toc26934084][bookmark: _Toc26935402][bookmark: _Toc26936979][bookmark: _Toc26928915][bookmark: _Toc26930649][bookmark: _Toc26932367][bookmark: _Toc26934085][bookmark: _Toc26935403][bookmark: _Toc26936980][bookmark: _Toc26928916][bookmark: _Toc26930650][bookmark: _Toc26932368][bookmark: _Toc26934086][bookmark: _Toc26935404][bookmark: _Toc26936981][bookmark: _Toc26928917][bookmark: _Toc26930651][bookmark: _Toc26932369][bookmark: _Toc26934087][bookmark: _Toc26935405][bookmark: _Toc26936982][bookmark: _Toc26928918][bookmark: _Toc26930652][bookmark: _Toc26932370][bookmark: _Toc26934088][bookmark: _Toc26935406][bookmark: _Toc26936983][bookmark: _Toc26928919][bookmark: _Toc26930653][bookmark: _Toc26932371][bookmark: _Toc26934089][bookmark: _Toc26935407][bookmark: _Toc26936984][bookmark: _Toc26928920][bookmark: _Toc26930654][bookmark: _Toc26932372][bookmark: _Toc26934090][bookmark: _Toc26935408][bookmark: _Toc26936985][bookmark: _Toc26928921][bookmark: _Toc26930655][bookmark: _Toc26932373][bookmark: _Toc26934091][bookmark: _Toc26935409][bookmark: _Toc26936986][bookmark: _Toc26928922][bookmark: _Toc26930656][bookmark: _Toc26932374][bookmark: _Toc26934092][bookmark: _Toc26935410][bookmark: _Toc26936987][bookmark: _Toc26928923][bookmark: _Toc26930657][bookmark: _Toc26932375][bookmark: _Toc26934093][bookmark: _Toc26935411][bookmark: _Toc26936988][bookmark: _Toc26928924][bookmark: _Toc26930658][bookmark: _Toc26932376][bookmark: _Toc26934094][bookmark: _Toc26935412][bookmark: _Toc26936989][bookmark: _Toc26928925][bookmark: _Toc26930659][bookmark: _Toc26932377][bookmark: _Toc26934095][bookmark: _Toc26935413][bookmark: _Toc26936990][bookmark: _Toc26928926][bookmark: _Toc26930660][bookmark: _Toc26932378][bookmark: _Toc26934096][bookmark: _Toc26935414][bookmark: _Toc26936991][bookmark: _Toc26928927][bookmark: _Toc26930661][bookmark: _Toc26932379][bookmark: _Toc26934097][bookmark: _Toc26935415][bookmark: _Toc26936992][bookmark: _Toc26928928][bookmark: _Toc26930662][bookmark: _Toc26932380][bookmark: _Toc26934098][bookmark: _Toc26935416][bookmark: _Toc26936993][bookmark: _Toc26928929][bookmark: _Toc26930663][bookmark: _Toc26932381][bookmark: _Toc26934099][bookmark: _Toc26935417][bookmark: _Toc26936994][bookmark: _Toc26928930][bookmark: _Toc26930664][bookmark: _Toc26932382][bookmark: _Toc26934100][bookmark: _Toc26935418][bookmark: _Toc26936995][bookmark: _Toc26928931][bookmark: _Toc26930665][bookmark: _Toc26932383][bookmark: _Toc26934101][bookmark: _Toc26935419][bookmark: _Toc26936996][bookmark: _Toc26928932][bookmark: _Toc26930666][bookmark: _Toc26932384][bookmark: _Toc26934102][bookmark: _Toc26935420][bookmark: _Toc26936997][bookmark: _Toc26928933][bookmark: _Toc26930667][bookmark: _Toc26932385][bookmark: _Toc26934103][bookmark: _Toc26935421][bookmark: _Toc26936998][bookmark: _Toc26928934][bookmark: _Toc26930668][bookmark: _Toc26932386][bookmark: _Toc26934104][bookmark: _Toc26935422][bookmark: _Toc26936999][bookmark: _Toc26928935][bookmark: _Toc26930669][bookmark: _Toc26932387][bookmark: _Toc26934105][bookmark: _Toc26935423][bookmark: _Toc26937000][bookmark: _Toc26928936][bookmark: _Toc26930670][bookmark: _Toc26932388][bookmark: _Toc26934106][bookmark: _Toc26935424][bookmark: _Toc26937001][bookmark: _Toc26928937][bookmark: _Toc26930671][bookmark: _Toc26932389][bookmark: _Toc26934107][bookmark: _Toc26935425][bookmark: _Toc26937002][bookmark: _Toc26928938][bookmark: _Toc26930672][bookmark: _Toc26932390][bookmark: _Toc26934108][bookmark: _Toc26935426][bookmark: _Toc26937003][bookmark: _Toc26928939][bookmark: _Toc26930673][bookmark: _Toc26932391][bookmark: _Toc26934109][bookmark: _Toc26935427][bookmark: _Toc26937004][bookmark: _Toc26928940][bookmark: _Toc26930674][bookmark: _Toc26932392][bookmark: _Toc26934110][bookmark: _Toc26935428][bookmark: _Toc26937005][bookmark: _Toc26928941][bookmark: _Toc26930675][bookmark: _Toc26932393][bookmark: _Toc26934111][bookmark: _Toc26935429][bookmark: _Toc26937006][bookmark: _Toc26928942][bookmark: _Toc26930676][bookmark: _Toc26932394][bookmark: _Toc26934112][bookmark: _Toc26935430][bookmark: _Toc26937007][bookmark: _Toc26928943][bookmark: _Toc26930677][bookmark: _Toc26932395][bookmark: _Toc26934113][bookmark: _Toc26935431][bookmark: _Toc26937008][bookmark: _Toc26928944][bookmark: _Toc26930678][bookmark: _Toc26932396][bookmark: _Toc26934114][bookmark: _Toc26935432][bookmark: _Toc26937009][bookmark: _Toc26928945][bookmark: _Toc26930679][bookmark: _Toc26932397][bookmark: _Toc26934115][bookmark: _Toc26935433][bookmark: _Toc26937010][bookmark: _Toc26928946][bookmark: _Toc26930680][bookmark: _Toc26932398][bookmark: _Toc26934116][bookmark: _Toc26935434][bookmark: _Toc26937011][bookmark: _Toc26928947][bookmark: _Toc26930681][bookmark: _Toc26932399][bookmark: _Toc26934117][bookmark: _Toc26935435][bookmark: _Toc26937012][bookmark: _Toc26928948][bookmark: _Toc26930682][bookmark: _Toc26932400][bookmark: _Toc26934118][bookmark: _Toc26935436][bookmark: _Toc26937013][bookmark: _Toc26928949][bookmark: _Toc26930683][bookmark: _Toc26932401][bookmark: _Toc26934119][bookmark: _Toc26935437][bookmark: _Toc26937014][bookmark: _Toc26928950][bookmark: _Toc26930684][bookmark: _Toc26932402][bookmark: _Toc26934120][bookmark: _Toc26935438][bookmark: _Toc26937015][bookmark: _Toc26928951][bookmark: _Toc26930685][bookmark: _Toc26932403][bookmark: _Toc26934121][bookmark: _Toc26935439][bookmark: _Toc26937016][bookmark: _Toc26928952][bookmark: _Toc26930686][bookmark: _Toc26932404][bookmark: _Toc26934122][bookmark: _Toc26935440][bookmark: _Toc26937017][bookmark: _Toc26928953][bookmark: _Toc26930687][bookmark: _Toc26932405][bookmark: _Toc26934123][bookmark: _Toc26935441][bookmark: _Toc26937018][bookmark: _Toc26928954][bookmark: _Toc26930688][bookmark: _Toc26932406][bookmark: _Toc26934124][bookmark: _Toc26935442][bookmark: _Toc26937019][bookmark: _Toc26928955][bookmark: _Toc26930689][bookmark: _Toc26932407][bookmark: _Toc26934125][bookmark: _Toc26935443][bookmark: _Toc26937020][bookmark: _Toc26928956][bookmark: _Toc26930690][bookmark: _Toc26932408][bookmark: _Toc26934126][bookmark: _Toc26935444][bookmark: _Toc26937021][bookmark: _Toc26928957][bookmark: _Toc26930691][bookmark: _Toc26932409][bookmark: _Toc26934127][bookmark: _Toc26935445][bookmark: _Toc26937022][bookmark: _Toc26928958][bookmark: _Toc26930692][bookmark: _Toc26932410][bookmark: _Toc26934128][bookmark: _Toc26935446][bookmark: _Toc26937023][bookmark: _Toc26928959][bookmark: _Toc26930693][bookmark: _Toc26932411][bookmark: _Toc26934129][bookmark: _Toc26935447][bookmark: _Toc26937024][bookmark: _Toc26928960][bookmark: _Toc26930694][bookmark: _Toc26932412][bookmark: _Toc26934130][bookmark: _Toc26935448][bookmark: _Toc26937025][bookmark: _Toc26928961][bookmark: _Toc26930695][bookmark: _Toc26932413][bookmark: _Toc26934131][bookmark: _Toc26935449][bookmark: _Toc26937026][bookmark: _Toc26928962][bookmark: _Toc26930696][bookmark: _Toc26932414][bookmark: _Toc26934132][bookmark: _Toc26935450][bookmark: _Toc26937027][bookmark: _Toc26928963][bookmark: _Toc26930697][bookmark: _Toc26932415][bookmark: _Toc26934133][bookmark: _Toc26935451][bookmark: _Toc26937028][bookmark: _Toc26928964][bookmark: _Toc26930698][bookmark: _Toc26932416][bookmark: _Toc26934134][bookmark: _Toc26935452][bookmark: _Toc26937029][bookmark: _Toc26928965][bookmark: _Toc26930699][bookmark: _Toc26932417][bookmark: _Toc26934135][bookmark: _Toc26935453][bookmark: _Toc26937030][bookmark: _Toc26928966][bookmark: _Toc26930700][bookmark: _Toc26932418][bookmark: _Toc26934136][bookmark: _Toc26935454][bookmark: _Toc26937031][bookmark: _Toc26928967][bookmark: _Toc26930701][bookmark: _Toc26932419][bookmark: _Toc26934137][bookmark: _Toc26935455][bookmark: _Toc26937032][bookmark: _Toc26928968][bookmark: _Toc26930702][bookmark: _Toc26932420][bookmark: _Toc26934138][bookmark: _Toc26935456][bookmark: _Toc26937033][bookmark: _Toc26928969][bookmark: _Toc26930703][bookmark: _Toc26932421][bookmark: _Toc26934139][bookmark: _Toc26935457][bookmark: _Toc26937034][bookmark: _Toc26928970][bookmark: _Toc26930704][bookmark: _Toc26932422][bookmark: _Toc26934140][bookmark: _Toc26935458][bookmark: _Toc26937035][bookmark: _Toc26928971][bookmark: _Toc26930705][bookmark: _Toc26932423][bookmark: _Toc26934141][bookmark: _Toc26935459][bookmark: _Toc26937036][bookmark: _Toc26928972][bookmark: _Toc26930706][bookmark: _Toc26932424][bookmark: _Toc26934142][bookmark: _Toc26935460][bookmark: _Toc26937037][bookmark: _Toc26928973][bookmark: _Toc26930707][bookmark: _Toc26932425][bookmark: _Toc26934143][bookmark: _Toc26935461][bookmark: _Toc26937038][bookmark: _Toc489033727][bookmark: _Toc489135277][bookmark: _Toc489033728][bookmark: _Toc489135278][bookmark: _Toc489033729][bookmark: _Toc489135279][bookmark: _Toc26928974][bookmark: _Toc26930708][bookmark: _Toc26932426][bookmark: _Toc26934144][bookmark: _Toc26935462][bookmark: _Toc26937039][bookmark: _Toc26928975][bookmark: _Toc26930709][bookmark: _Toc26932427][bookmark: _Toc26934145][bookmark: _Toc26935463][bookmark: _Toc26937040][bookmark: _Toc26928976][bookmark: _Toc26930710][bookmark: _Toc26932428][bookmark: _Toc26934146][bookmark: _Toc26935464][bookmark: _Toc26937041][bookmark: _Toc26928999][bookmark: _Toc26930733][bookmark: _Toc26932451][bookmark: _Toc26934169][bookmark: _Toc26935487][bookmark: _Toc26937064][bookmark: _Toc26929000][bookmark: _Toc26930734][bookmark: _Toc26932452][bookmark: _Toc26934170][bookmark: _Toc26935488][bookmark: _Toc26937065][bookmark: _Toc26929096][bookmark: _Toc26930830][bookmark: _Toc26932548][bookmark: _Toc26934266][bookmark: _Toc26935584][bookmark: _Toc26937161][bookmark: _Toc26929097][bookmark: _Toc26930831][bookmark: _Toc26932549][bookmark: _Toc26934267][bookmark: _Toc26935585][bookmark: _Toc26937162][bookmark: _Toc26929098][bookmark: _Toc26930832][bookmark: _Toc26932550][bookmark: _Toc26934268][bookmark: _Toc26935586][bookmark: _Toc26937163][bookmark: _Toc26929121][bookmark: _Toc26930855][bookmark: _Toc26932573][bookmark: _Toc26934291][bookmark: _Toc26935609][bookmark: _Toc26937186][bookmark: _Toc26929122][bookmark: _Toc26930856][bookmark: _Toc26932574][bookmark: _Toc26934292][bookmark: _Toc26935610][bookmark: _Toc26937187][bookmark: _Toc26929166][bookmark: _Toc26930900][bookmark: _Toc26932618][bookmark: _Toc26934336][bookmark: _Toc26935654][bookmark: _Toc26937231][bookmark: _Toc26929167][bookmark: _Toc26930901][bookmark: _Toc26932619][bookmark: _Toc26934337][bookmark: _Toc26935655][bookmark: _Toc26937232][bookmark: _Toc26929190][bookmark: _Toc26930924][bookmark: _Toc26932642][bookmark: _Toc26934360][bookmark: _Toc26935678][bookmark: _Toc26937255][bookmark: _Toc26929191][bookmark: _Toc26930925][bookmark: _Toc26932643][bookmark: _Toc26934361][bookmark: _Toc26935679][bookmark: _Toc26937256][bookmark: _Toc26929192][bookmark: _Toc26930926][bookmark: _Toc26932644][bookmark: _Toc26934362][bookmark: _Toc26935680][bookmark: _Toc26937257][bookmark: _Toc26929193][bookmark: _Toc26930927][bookmark: _Toc26932645][bookmark: _Toc26934363][bookmark: _Toc26935681][bookmark: _Toc26937258][bookmark: _Toc26929215][bookmark: _Toc26930949][bookmark: _Toc26932667][bookmark: _Toc26934385][bookmark: _Toc26935703][bookmark: _Toc26937280][bookmark: _Toc26929216][bookmark: _Toc26930950][bookmark: _Toc26932668][bookmark: _Toc26934386][bookmark: _Toc26935704][bookmark: _Toc26937281][bookmark: _Toc26929217][bookmark: _Toc26930951][bookmark: _Toc26932669][bookmark: _Toc26934387][bookmark: _Toc26935705][bookmark: _Toc26937282][bookmark: _Toc26929253][bookmark: _Toc26930987][bookmark: _Toc26932705][bookmark: _Toc26934423][bookmark: _Toc26935741][bookmark: _Toc26937318][bookmark: _Toc26929254][bookmark: _Toc26930988][bookmark: _Toc26932706][bookmark: _Toc26934424][bookmark: _Toc26935742][bookmark: _Toc26937319][bookmark: _Toc26929255][bookmark: _Toc26930989][bookmark: _Toc26932707][bookmark: _Toc26934425][bookmark: _Toc26935743][bookmark: _Toc26937320][bookmark: _Toc26929277][bookmark: _Toc26931011][bookmark: _Toc26932729][bookmark: _Toc26934447][bookmark: _Toc26935765][bookmark: _Toc26937342][bookmark: _Toc26929278][bookmark: _Toc26931012][bookmark: _Toc26932730][bookmark: _Toc26934448][bookmark: _Toc26935766][bookmark: _Toc26937343][bookmark: _Toc26929301][bookmark: _Toc26931035][bookmark: _Toc26932753][bookmark: _Toc26934471][bookmark: _Toc26935789][bookmark: _Toc26937366][bookmark: _Toc26929302][bookmark: _Toc26931036][bookmark: _Toc26932754][bookmark: _Toc26934472][bookmark: _Toc26935790][bookmark: _Toc26937367][bookmark: _Toc26929340][bookmark: _Toc26931074][bookmark: _Toc26932792][bookmark: _Toc26934510][bookmark: _Toc26935828][bookmark: _Toc26937405][bookmark: _Toc26929341][bookmark: _Toc26931075][bookmark: _Toc26932793][bookmark: _Toc26934511][bookmark: _Toc26935829][bookmark: _Toc26937406][bookmark: _Toc26929363][bookmark: _Toc26931097][bookmark: _Toc26932815][bookmark: _Toc26934533][bookmark: _Toc26935851][bookmark: _Toc26937428][bookmark: _Toc26929364][bookmark: _Toc26931098][bookmark: _Toc26932816][bookmark: _Toc26934534][bookmark: _Toc26935852][bookmark: _Toc26937429][bookmark: _Toc26929378][bookmark: _Toc26931112][bookmark: _Toc26932830][bookmark: _Toc26934548][bookmark: _Toc26935866][bookmark: _Toc26937443][bookmark: _Toc26929379][bookmark: _Toc26931113][bookmark: _Toc26932831][bookmark: _Toc26934549][bookmark: _Toc26935867][bookmark: _Toc26937444][bookmark: _Toc26929380][bookmark: _Toc26931114][bookmark: _Toc26932832][bookmark: _Toc26934550][bookmark: _Toc26935868][bookmark: _Toc26937445][bookmark: _Toc26929381][bookmark: _Toc26931115][bookmark: _Toc26932833][bookmark: _Toc26934551][bookmark: _Toc26935869][bookmark: _Toc26937446][bookmark: _Toc26929382][bookmark: _Toc26931116][bookmark: _Toc26932834][bookmark: _Toc26934552][bookmark: _Toc26935870][bookmark: _Toc26937447][bookmark: _Toc26929383][bookmark: _Toc26931117][bookmark: _Toc26932835][bookmark: _Toc26934553][bookmark: _Toc26935871][bookmark: _Toc26937448][bookmark: _Toc26929384][bookmark: _Toc26931118][bookmark: _Toc26932836][bookmark: _Toc26934554][bookmark: _Toc26935872][bookmark: _Toc26937449][bookmark: _Toc26929385][bookmark: _Toc26931119][bookmark: _Toc26932837][bookmark: _Toc26934555][bookmark: _Toc26935873][bookmark: _Toc26937450][bookmark: _Toc26929386][bookmark: _Toc26931120][bookmark: _Toc26932838][bookmark: _Toc26934556][bookmark: _Toc26935874][bookmark: _Toc26937451][bookmark: _Toc26929387][bookmark: _Toc26931121][bookmark: _Toc26932839][bookmark: _Toc26934557][bookmark: _Toc26935875][bookmark: _Toc26937452][bookmark: _Toc26929388][bookmark: _Toc26931122][bookmark: _Toc26932840][bookmark: _Toc26934558][bookmark: _Toc26935876][bookmark: _Toc26937453][bookmark: _Toc26929389][bookmark: _Toc26931123][bookmark: _Toc26932841][bookmark: _Toc26934559][bookmark: _Toc26935877][bookmark: _Toc26937454][bookmark: _Toc26929390][bookmark: _Toc26931124][bookmark: _Toc26932842][bookmark: _Toc26934560][bookmark: _Toc26935878][bookmark: _Toc26937455][bookmark: _Toc26929391][bookmark: _Toc26931125][bookmark: _Toc26932843][bookmark: _Toc26934561][bookmark: _Toc26935879][bookmark: _Toc26937456][bookmark: _Toc26929392][bookmark: _Toc26931126][bookmark: _Toc26932844][bookmark: _Toc26934562][bookmark: _Toc26935880][bookmark: _Toc26937457][bookmark: _Toc484523849][bookmark: _Toc32344077]Coordinate Reference Systems (CRS)
The interoperability catalogue does not have a CRS of its own, and it is therefore expected that the interoperability-ready product’s own CRS should be used by the viewing system to generate the portrayal. Product Specifications created for the primary use in ECDIS is strongly recommended to use EPSG:4326 (WGS84) for CRS.
5 [bookmark: _Toc225065184][bookmark: _Toc225648327][bookmark: _Toc32344078][bookmark: _Toc484523851]Data Quality
Data quality allows users and user systems to assess fitness for use of the provided data. Data quality measures and the associated evaluation are reported as metadata of a data product. This metadata improves interoperability with other data products and provides usage by user groups that the data product was not originally intended for. The secondary users can make assessments of the data product usefulness in their application based on the reported data quality measures.
For S-98, two aspects of data quality need to be considered: the quality of the data displayed on the navigation screen and the quality of the catalogue itself.
[bookmark: _Toc32344079]Quality of displayed data
Data quality in the individual datasets should be kept available and accessible by user selection, either portrayed in the chart pane or accessible via pick report. Amalgamating data quality between products is outside the scope of this Specification and is not addressed in Interoperability Catalogues. See also Clause 10.7 for portrayal considerations.
Poor design of certain rules and operations in interoperability catalogues may adversely affect the quality of the displayed end result. Clause 8.10 in this document describes general considerations on maintaining data quality for various types of interoperability rules and operations. Level-dependent guidelines are included in Parts A-D as appropriate.
[bookmark: _Toc32344080]Quality of interoperability catalogues
The data quality measures recommended in S-97 (Part C) which are applicable to S-98 interoperability catalogues are indicated in Table 6‑1 below. Measures not included in this table, or included but marked N/A, are not applicable.
[bookmark: _Ref30619867]Table 6‑1 - Quality elements for S-98 interoperability catalogues
	No.
	Data quality element and sub element
	Definition
	DQ measure / description
	[bookmark: _Ref30623523]Evaluation scope[footnoteRef:4] for IC [4:  For the IC evaluation scope, a “dataset” is an entire interoperability catalogue file, an “element” is an interoperability catalogue component corresponding to one of the classes in the model depicted in S-100 Part 16 Figure 16-3.] 

	Evaluation scope for result[footnoteRef:5]  [5:  “Result” means the result of applying interoperability operations to covered data. “Resultant feature” means the apparent feature as it appears on the display after application of interoperability. “Resultant dataset” means the collection of resultant features. A “modified feature” is the feature or drawing instruction resulting from the application of an operation or rule which affects spatial or thematic attributes or their values, including combining or suppressing attributes or generating an instance of a feature defined in the HYBRID feature catalogue in Level 3 or 4. A “superseding feature” is a feature which suppresses a feature (instance or type) from another dataset, or whose priority is increased above that of a feature which would otherwise overlie it. A “superseded feature” is one that is suppressed or overlaid by a superseding feature. ] 


	M1
	Completeness / Commission
	Excess data present in a dataset, as described by the scope.
	numberOfExcessItems / This data quality measure indicates the number of items in the dataset, that should not have been present in the dataset.
	dataset
	dataset


	M2
	Completeness / Commission
	Excess data present in a dataset, as described by the scope.
	numberOfDuplicateFeatureInstances / This data quality measure indicates the total number of exact duplications of feature instances within the data.
	dataset
	dataset

	M3
	Completeness / Omission
	Data absent from the dataset, as described by the scope.
	numberOfMissingItems / This data quality measure is an indicator that shows that a specific item is missing in the data.
	dataset / element
	dataset / feature

	M4
	Logical Consistency / Conceptual Consistency
	Adherence to the rules of a conceptual schema.
	numberOfInvalidSurfaceOverlaps / This data quality measure is a count of the total number of erroneous overlaps within the data. Which surfaces may overlap and which must not is application dependent. Not all overlapping surfaces are necessarily erroneous.
	N/A
	Superseding skin of the earth features with surface geometry.

	M5
	Logical Consistency / Format Consistency
	Degree to which data is stored in accordance with the physical structure of the data set, as described by the scope
	physicalStructureConflictsNumber / This data quality measure is a count of all items in the dataset that are stored in conflict with the physical structure of the dataset.
	dataset
	N/A

	M6
	Logical Consistency / Topological Consistency
	Correctness of the explicitly encoded topological characteristics of the dataset, as described by the scope.
	numberOfMissingConnectionsUndershoots / This data quality measure is a count of items in the dataset within the parameter tolerance that are mismatched due to undershoots.
	N/A
	Depth or safety contours generated from S-102 (+S-104) data.

	M7
	Logical Consistency / Topological Consistency
	Correctness of the explicitly encoded topological characteristics of the dataset, as described by the scope.
	numberOfMissingConnectionsOvershoots / This data quality measure is a count of items in the dataset within the parameter tolerance that are mismatched due to overshoots.
	N/A
	Depth or safety contours generated from S-102 (+S-104) data.

	M8
	Logical Consistency / Topological Consistency
	Correctness of the explicitly encoded topological characteristics of the dataset, as described by the scope.
	numberOfInvalidSlivers / This data quality measure is a count of all items in the dataset that are invalid sliver surfaces. A sliver is an unintended area that occurs when adjacent surfaces are not digitized properly. The borders of the adjacent surfaces may unintentionally gap or overlap to cause a topological error.
	N/A
	Superseding skin of the earth features with surface geometry.

	M9
	Logical Consistency / Topological Consistency
	Correctness of the explicitly encoded topological characteristics of the dataset, as described by the scope.
	numberOfInvalidSelfIntersects / This data quality measure is a count of all items in the dataset that illegally intersect with themselves.
	N/A
	Depth or safety contours generated from S-102 (+S-104) data.

	M10
	Temporal Quality / Temporal Consistency
	Consistency with time.
	temporalConsistencyStatement  / Correctness of ordered events or sequences, if reported.
	N/A
	Superseding or modified features with time intervals, fixed/periodic date ranges, schedules, or other attributes of (or derived from) type Time, DateTime, or S100_TruncatedDate.

	M11
	Aggregation Measures / AggregationMeasures
	In a data product specification, several requirements are set up for a product to conform to the specification.
	DataProductSpecificationPassed / This data quality measure is a boolean indicating that all requirements in the referred data product specification are fulfilled.
	dataset
	N/A

	M12
	Aggregation Measures / AggregationMeasures
	In a data product specification, several requirements are set up for a product to conform to the specification.
	DataProductSpecificationFailRate / This data quality measure is a number indicating the number of data product specification requirements that are not fulfilled by the current product/dataset in relation to the total number of data product specification requirements.
	dataset
	N/A



[bookmark: _Toc32344081]Test methods
Test methods consist of executing the relevant tests from Annex B (Validation Checks) corresponding to the quality elements in Table 6‑1 and counting the number of instances in the dataset which fail the checks for that quality element.
Note that in some cases “executing the relevant test” may involve comparing the result to the source material by visual means. For tests requiring visual comparison of encoded data to source material, sampling methods may be used (or test datasets developed for S-98) since the volume of data and number of datasets preclude checking all relevant data objects.
Accuracy computations
The recommendations in the respective product specifications for covered data products apply to the evaluation of positional accuracy for quality measures. In the absence of a recommendation in the appropriate specification, the recommendations in S-97 Part C apply.
For spatial primitives resulting from applying spatial operations to feature geometry in input products, the appropriate principles of error propagation should be applied. Since this need arises only for Level 4 interoperability catalogues, the relevant principles will be outlined in Part D of S-98.
[bookmark: _Toc32344082]Data quality testing and reporting
S-98 catalogues must be tested with the S-98 specific validation checks prior to release. Interoperability catalogue developers must review the check results and address any issues to ensure sufficient quality of the data products. The checks are listed in Annex B.
Production and certification processes for S-98 interoperability catalogues should include a standalone quality report which provides full information on the original results (with evaluation procedures and measures applied).
Quality reports accompanying S-98 exchange sets which are distributed to end users need include only the Data Quality Measure Aggregation results to indicate if the interoperability catalogue has passed the quality checks defined in this Product Specification. The format must be the standard quality report format defined in S-97 Part C.
6 [bookmark: _Toc32344083]Performance Standards for ECDIS
The IMO Performance Standard for ECDIS, including alerts and indications functionality, is unaffected. ECDIS that implement this specification will still be subject to the rules and limitations put in place by all applicable performance standards.
7 [bookmark: _Toc488010243][bookmark: _Ref3345526][bookmark: _Ref30544943][bookmark: _Toc32344084][bookmark: _Toc484523852]How to Make Product Specifications Interoperable
This clause provides guidelines for how to identify concepts that need to be factored into an Interoperability Catalogue, and suggestions for how to design rules to implement interoperability. Moreover, these guidelines can be useful in the development of Product Specifications that will be included in an Interoperability Catalogue destined for ECDIS.
The guidance in this clause can be used in all four levels of interoperability catalogues. Level-specific guidance, if any, is provided in the relevant Parts of this specification.
For portrayal considerations, see Clause 10.
7.1 [bookmark: _Ref30546174][bookmark: _Toc32344085]Duplicated features
Perhaps the most significant issue to deal with when considering interoperability is how to deconflict duplicated features between layers. The following paragraphs deal with major categories of duplicate features.
NOTE: Level 1 and Level 2 interoperability modes only permit the creation of rules which apply to all instances of a feature class, or a subset of that feature class as determined by filter expressions. Suppressing or promotion of single feature instances requires interoperability Level 3 or 4  catalogues.
[bookmark: _Toc32344086]Duplicated features same model
[bookmark: _Hlk488134728]Where there are equivalent models with same feature concept and attribute bindings, there still may be different attribute values due to issues with maintaining the same update sequence between different products. When considering this for the Interoperability Catalogue, priority should be given to the product that is most likely to be up to date with the latest information. 
Developers of Product Specifications that are expected to be used in an ECDIS in interoperability mode should consider if the features within the specification are likely to be more frequently updated than those of the ENC or other products that may serve as a base layer or base layer combination for the product being developed. These considerations should be factored in when describing the production of the product and envisioned future use of the product.
[bookmark: _Toc32344087]Duplicated features, different models
Where the feature concept, attribute bindings, and values of selected attributes are mostly the same but there are minor differences in the different products, such as extra attribute bindings, the Interoperability Catalogue should consider which version of the feature is the higher value for the end user, and give that version priority. There may be different answers depending on the operational situation that the predefined combination tries to support, and this must be considered as part of constructing the Interoperability Catalogue.
EXAMPLE: Interoperability Catalogue developers compare the specifications and data samples of Pilot Boarding Place features from a “Piloting Information” data product and the Pilot Boarding Place features in S-101 and decide that features from the “Piloting Information” datasets have more value in approach and harbour entry scenarios.
Giving a version priority can be implemented in Level 1 (by adjusting display planes and display order) or in Level 2 (by suppressing a feature layer). As mentioned earlier, the answer may depend on the operational situation for which the interoperability catalogue is defined.
Developers of Product Specifications should consider how their data model is similar and/or different from other related Product Specifications and the justification for this; and make recommendations to the developers of the Interoperability Catalogue for how to best select between their version of the feature and related features.
[bookmark: _Toc32344088]Duplicate feature domains
Where feature concepts are different, but the information content is equivalent, considerations should include the update cycle of the information and when creating the Interoperability Catalogue priority should be given to the concept that is most likely to be updated most frequently. Other considerations should include any relations that the concept has to other feature concepts, and consequences of breaking these must be considered when choosing which concept to give the priority and which concept to suppress.
EXAMPLE: Developers investigate the update cycles of real-time current data products and discover that they are updated more frequently than S-101 Current – Non-Gravitational and Tidal stream – Flood/Ebb features, and features from the real-time current datasets are therefore preferred replacements for S-101 current features. Note that the question is decided not by comparing dates encoded in features, but on the basis of real-time data that is available on an ongoing basis vs. historical information gathered at a past date.
Product Specification developers should strive to maintain a data model that is as harmonized with related data models as possible. Due considerations should be taken before developing a concept that is different but functionally equal to similar concepts in other product specifications.
7.2 [bookmark: _Toc519268864][bookmark: _Toc519804912][bookmark: _Ref30546176][bookmark: _Toc32344089]Geometry
The geometry of a feature is a significant element that must be considered when developing the Interoperability Catalogue. Similar to other feature attributes, decisions may have to be made to address issues such as selection of one feature over another, for example where types in one product is affected by small scale, while another by large scale, or if merging the two is a better approach.
Issues caused by spatial discrepancies between different products can stem from different causes. The possible solutions to geometry problems depend on the level of interoperability.
If one data product is considered more reliable, or more suitable in a display scale range, the solution may be to give preference to one product or another by either setting the display order (Level 1 – Part A of this specification) or suppressing a feature layer in one product (Level 2 – Part B of this specification. Adjustments to geometry are possible only in Interoperability Levels 3 and 4 (Parts C and D of this specification).
The following paragraphs give more details about options for deconflicting geometry between products with the help of an Interoperability Catalogue and provide pointers to the appropriate interoperability level for resolving conflicts. Level-specific guidance, if any, is addressed in the relevant Part of this specification.
[bookmark: _Ref517458140][bookmark: _Toc32344090]Combined geometry
Where there is a feature in one dataset that effectively augments the geometry of a conceptually different feature in another dataset, Interoperability Catalogue developers need to specify a hybrid feature with portrayal that can correctly portray the combined information. This is possible only in interoperability Levels 3 and 4. Further guidance on addressing this problem in an Interoperability Catalogue is therefore provided in Parts C and D of this Specification. 
[bookmark: _Hlk27346589][bookmark: _Hlk27347369]EXAMPLE: A dredged area augmented with high definition bathymetry from survey of recent dredging operations giving more water and wider area than dredged area in ENC, combine to give a bigger (new boundary) dredged area than present in ENC.
Developers of Product Specifications that may result in hybrid features when interacting with specific other products, should cooperate with the developers of the related Product Specifications to correctly define the conditions for appropriate use of hybrid features, and communicate these specifications to the Interoperability Catalogue developers.
[bookmark: _Toc32344091]Spatial discrepancy, unrelated to scaled or cartographic smoothing
If the same feature instances in different data products are expected to have discrepant geometries, Interoperability Catalogue developers should establish the cause of the discrepancy. The cause will probably affect the solution implemented in the Interoperability Catalogue. For example, if one of the data products has more detailed information due to differences in the scopes of the Product Specifications, the Interoperability Catalogue developers should consider suppressing the feature class in the less-detailed product and preferring the same feature class in the product with greater detail. On the other hand, if the discrepancy is found to occur irregularly, it may be more appropriate to suppress the less-detailed instances and prefer the more-detailed instances, independently of the data products to which they belong.
EXAMPLE: ENC has Restricted Area features, while MPA has Marine Protected Area features which show greater details and several sub areas with sub categories.
Resolving this type of discrepancy may require interoperability level 2 or higher, since level 1 only allows changing of display plan and priority, which may cause “ghosting” in displays due to different geometry for nominally co-located features from different data products.
Developers of Product Specifications should examine the specification scope and consider if it is likely that resulting data products include information that will be better or worse than the same information in other products. For example, if information is only for contextual purposes, it is likely that better information is available in another product and in an interoperability ready ECDIS these contextual features should be supressed in the presence of more accurate information. Such expectations should be communicated with the Interoperability Catalogue developers who can then add appropriate rules to the Interoperability Catalogue.
[bookmark: _Toc32344092]Spatial discrepancies, related to scale or cartographic smoothing
Where there is the expectation of differences of geometry for same feature instance in different products it is important to establish the cause, as this will likely impact the solution implemented in the Interoperability Catalogue. If the cause is related to scale or cartographic smoothing in one product over another due to issues such as different scopes (intended use) of the Specifications, the Interoperability Catalogue developers should consider supressing the lesser detailed product and promoting the product with greater detail. If it is irregular occurrences of spatial discrepancies, it may be appropriate to supress the instances where there are less detail and promote the more detailed instances.
EXAMPLE: ENC has approximate surface current instances using climatic data; Surface current gridded data has greater details and is daily updated.
Resolving this type of discrepancy may require interoperability level 2 or higher, since level 1 only allows changing of display plan and priority, which may cause “ghosting” in displays due to different spatial types, cartographic smoothing, or different coordinates at different scales for nominally co-located features from different data products.
Developers of Product Specifications should examine the Specification scope and consider if it is likely that resulting data products include information that will be better or worse than the same information in other products. For example, if information is only for contextual purposes or is reduced in detail due to scale, it may be that better information is available in another product and in an interoperability ready ECDIS these lesser detailed features should be supressed in the presence of more accurate information. Such expectations should be communicated with the Interoperability Catalogue developers who can then add appropriate rules to the Interoperability Catalogue.
7.3 [bookmark: _Toc488010244][bookmark: _Toc32344093]Display of text
For details about display of text, including placement, display selection and management of long text, see Clause 10.8. The Interoperability Catalogue does not address these issues in general terms.
Developers of Product Specifications should be aware that the instructions they place within the Product Specification generally carry through even when the product is used in ECDIS in interoperability mode. Moreover, text placement issues in interoperability mode are expected to occur at the border between two products which may result in text being partially obscured due to priority issues. OEMs have long experience with solving such issues from S-57 ECDIS; and advice should be sought with them in how to mitigate such issues. Additionally, Clause 10.8 invites OEMs to provide functionality that seek to address most of the issues that cause text to be partially obscured.
7.4 [bookmark: _Toc488010245][bookmark: _Ref517377054][bookmark: _Ref30546180][bookmark: _Toc32344094]Skin-of-the-earth feature operations
Special care is needed when specifying interoperability for skin-of-the-earth features, to ensure that the result still qualifies as skin-of-the-earth. Consideration should also be given to the effect on alarms and indications.
[bookmark: _Toc32344095]Skin-of-the-earth feature replacement
As with other operations involving combining geometries, skin-of-the earth feature replacement is possible only in interoperability Levels 3 and 4. Further guidance on addressing this problem in an Interoperability Catalogue is therefore provided in Parts C and D of this Specification.
NOTE: This clause does not preclude Level 1 or 2 operations on skin-of-the-earth features, if necessary for specific, well-defined, application domains, e.g., berthing operations.
[bookmark: _Toc32344096]Skin-of-the-earth feature adjusting
In interoperability mode, skin-of-the-earth feature adjustment is a specialization of combined geometry, see Clause 8.2.1 for details. Also see Clauses 10.9 and 10.9.1 for portrayal considerations.
Additional considerations should be given to the attributes of the resulting skin-of-the-earth feature, as a combined feature may have altered geographical representation, attribute combinations or attribute values.
EXAMPLE: Shoaling in a channel in an ENC may be indicated by high definition bathymetry, and a shallower channel hybrid feature replaces the ENC feature, which also has an amended shape. Depth areas adjacent grow due to the shoaling. 
[bookmark: _Toc32344097]Blended feature concepts
Blended feature concepts or blended portrayals can be produced by using transparency between related features; or creating a temporary blended feature; or blended portrayal (rule and/or symbol) of specific combinations of features from different products. See Clause 10.10 for portrayal considerations and example of use case. Blended features or blended portrayal are only possible in interoperability Levels 3 and 4. Such blended concepts will typically be created by using S100_IC_PredefinedCombination which link to a hybrid Portrayal Catalogue that includes the features to be combined and a suppression rule, for example by using S100_IC_SuppressedFeatureLayer, for the features that are to be replaced.
Developers of Product Specifications that are likely to be used in blended feature concepts by ECDIS in interoperability mode should communicate their intentions with developers of related Specifications so that awareness is created about the inter-dependencies of these types of relationships. Such communication is especially important when revisions to these Specifications are considered. Doing so will help manage risks to breaking the relationships as the related Product Specifications transition through their life cycle.
7.5 [bookmark: _Toc488010246][bookmark: _Toc32344098]Hierarchy of data
In this context, hierarchy of data means the stacking of data products (layers) within a predefined combination.
[bookmark: _Hlk27426880]In Level 1 interoperability, stacking of data is determined by the interoperability rules which specify the interleaving of display planes, display order and drawing order. Stacking of data products is limited to what can be achieved by interleaving display planes.
In Levels 2, 3, and 4, more control over stacking is possible due to the allowability of feature layer and feature suppression operations, as well as predefined combinations.
7.6 [bookmark: _Toc488010247][bookmark: _Toc32344099]New datasets
[bookmark: _Hlk488391235]New datasets that that are added to an ECDIS with interoperability mode will be managed by any existing interoperability catalogue if the relevant data product is listed in it. Data producers should therefore perform sufficient tests to ensure new datasets perform as envisioned. 
See Clause 8.8 for additional information about new data products.
[bookmark: _Toc32344100]New datasets - coverages
[bookmark: _Hlk488392048]New datasets may alter the available coverages of particular data that is used for interoperability views; and therefore any new dataset should be sufficiently tested to ensure performance is as envisioned.
[bookmark: _Toc32344101]New datasets - maximum and minimum display scales
New datasets may alter the available data in particular scales and/or scale bands, for example, by adding or removing data coverage. Considerations should therefore be given to harmonization of maximum and minimum display scales when a new dataset is provided.
[bookmark: _Toc32344102]New datasets - feature geometry
New datasets may alter the available feature geometry of available data that is used for interoperability views. Changes include extending or reducing size of areas, changing geometry type from area to point, point to area, area to line or line to area. Therefore, any new dataset should be sufficiently tested to ensure performance is as envisioned.
[bookmark: _Toc32344103]New datasets - types and attributes
[bookmark: _Toc488010248]New datasets may change type and attributes of instances in the ECDIS, for example a platform may be removed and an obstruction remain. These changes may impact the situational view created by the Interoperability Catalogue as changes to feature classes and attribute combinations may mean objects are no longer covered by conditions specific to a predefined combination, or new objects are new covered. Therefore, any new dataset should be sufficiently tested to ensure performance is as envisioned.
7.7 [bookmark: _Toc32344104]Dataset scales, loading and unloading
Developers of Product Specifications and producers of data should make every effort to harmonize effects of maximum and minimum display scales at loading/unloading time between related products to control over-scale indicators and datasets, in order to avoid situations where one overlay is in scale but not another. 
[bookmark: _Toc32344105]Metadata
This edition of the Specification does not provide for comparing information that is not encoded as attributes of feature (or information type) instances. This means that metadata cannot be used in interleaving, filters, or rules unless it is encoded in feature attributes (for example “horizontal position uncertainty” attributes) or meta-features (for example Quality of Bathymetric Data). If Product Specification authors envisage a need to use metadata in interoperability, the Application Schema should be designed so as to make the relevant metadata available as feature attributes or meta-features.
[bookmark: _Toc32344106]Meta-features
Using information from meta-features in interoperability operations may involve spatial operations and thus require an Interoperability Catalogue to implement Level 3. If spatial operations are not required, meta-features can be treated like ordinary features (see however Clause 10.7 on portrayal of meta-features).
Note that product specifications may or may not define portrayal rules for meta-features.
[bookmark: _Toc488794125][bookmark: _Toc488794254][bookmark: _Toc488794134][bookmark: _Toc488794263][bookmark: _Toc488794135][bookmark: _Toc488794264][bookmark: _Toc488794137][bookmark: _Toc488794266][bookmark: _Toc488794138][bookmark: _Toc488794267][bookmark: _Toc488794141][bookmark: _Toc488794270][bookmark: _Toc488794149][bookmark: _Toc488794278][bookmark: _Toc488794161][bookmark: _Toc488794290][bookmark: _Ref30545884][bookmark: _Toc32344107][bookmark: _Toc484523871][bookmark: _Toc225065208][bookmark: _Toc225648351][bookmark: _Ref518318955]Quality considerations
In choosing to prefer any data product, feature type, or feature instance to another (especially in the context of Clauses 8.1, 8.2, and 8.4), developers of interoperability catalogues must consider the effects on the quality of the result. The general rule of thumb should be to avoid replacing a higher-quality product (or feature) with a lower-quality product (or feature). Interoperability catalogue developers should note that this decision should be made after assessing various factors affecting quality, including encoded uncertainty values as well as the age of data, rate of data degradation over time, and potentially also local knowledge.   
8 [bookmark: _Toc32344108]Maintenance
This clause describes the potential sources for change to an Interoperability Catalogue, together with the processes that should be considered when implementing a change to the Interoperability Catalogue.
8.1 [bookmark: _Toc484523872][bookmark: _Toc32344109]Maintenance and Update Frequency
[bookmark: _Toc484523874]Changes to this specification will be released by the IHO as a New Edition, revision or clarification. Details of what constitute a New Edition, revision or clarification are found in Clause 1.5.1. This Specification will be periodically reviewed by the IHO at intervals of no less than 5 years for confirmation or update. New Editions, revisions and clarifications may be released more frequently as needed. 
8.2 [bookmark: _Toc32344110]Typical Sources of Change
Due to the nature of Interoperability Catalogues as a set of rules describing how a limited list of products are to interoperate within an ECDIS, the majority of all data sources for change will be from the listed supported products. Exceptions to this general practice will be when a new Product Specification is added to the list of supported products; along with changes to any relevant ECDIS related standards from IMO, IEC and IHO that could be a source for change to an Interoperability Catalogue.
8.3 [bookmark: _Toc484523875][bookmark: _Toc32344111]Production Process
Interoperability Catalogues are created in an XML editor environment. It is generally expected that any off-the-shelf XML Editor can perform this task. The creation process of any new versions may benefit from starting from the previous version. Another alternative is to develop a dedicated Interoperability Catalogue Editor that can create and maintain the Interoperability Catalogue with dedicated functions for creating the various components, such as display planes and predefined combinations.
[bookmark: _Hlk487534527]Due to the interconnected nature of the Product Specifications that are under the interoperability schema, a form of overarching change management is a necessity. Any revision or New Edition required in a Product Specification should be announced well in advance, giving the whole stakeholder community ample time to review the impact before it goes into effect. Any revisions and New Editions to a supported Product Specification may require a new version of the Interoperability Catalogue and the IHO body responsible for the maintenance of the Interoperability Catalogue needs to be informed and involved to assess any impacts. This includes updates to dataset metadata, as metadata changes such as Product Specification references may impact the link between the dataset and the Interoperability Catalogue.
8.4 [bookmark: _Toc484523876][bookmark: _Toc32344112]Management of Feature Catalogue and Portrayal Catalogue updates
Changes to a supported Product Specification may have impacts on the Interoperability Catalogue. Revisions to the Feature Catalogue or Portrayal Catalogue are the most likely to require a revision of the Interoperability Catalogue in order to support the change. These types of changes will generally require a new version (n.n.0) of the Interoperability Catalogue to ensure support. It should be noted that revisions to a supported Feature Catalogue or Portrayal Catalogue may be ignored by previous versions of the Interoperability Catalogue and it is therefore necessary to consider this as part of the change management process, especially if the change is a matter of navigational safety. Major changes to Product Specifications, such as adding functionality or adding new Product Specifications to the supported list will result in a new edition (n.0.0) of an Interoperability Catalogue. 
In cases of navigational safety, it may be necessary to issue a new edition of the Interoperability Catalogue in order to cancel previous versions and ensure all stakeholders and users are utilizing the most recent version.

Versions of the Interoperability Catalogue within the same edition are considered a compatible group. When a New Edition is issued, this compatibility is broken; and efforts should be undertaken to update all impacted systems as soon as possible.

[image: ]
Figure 9.1 - Examples of how Feature Catalogue change may impact Interoperability Catalogue lifecycle
Several types of changes to supported Product Specifications may impact the Interoperability Catalogue in such a way that a new version is needed to maintain full support. These include:
· New feature added to a supported Product Specification that requires a new feature combination to be added to the Interoperability Catalogue;
· New attribute added to a feature in a supported Product Specification that requires a new attribute combination to be added to the Interoperability Catalogue;
· New Product Specification is added to the list of supported Product Specifications in the Interoperability Catalogue. This could also require new feature and attribute combinations to be added;
· Removal of feature or attribute from a supported Product Specification that are present in a feature or attribute combination within the Interoperability Catalogue;
· A correction to a supported Product Specification that triggers a version increment (n.n.0), which may break the link from the Interoperability Catalogue to the supported Product Specification;
· Matters of navigational safety as they arise.
New functions in either a supported Product Specification or the Interoperability Specification may require a new version of the Interoperability Catalogue.
8.5 [bookmark: _Toc484523877][bookmark: _Toc32344113]Product Specification updates other than FC/PC
Updates to dataset metadata, such as Product Specification references, may impact the link between the dataset and the Interoperability Catalogue and therefore require a revision to the Interoperability Catalogue (n.n.0). Some changes to an interoperability-ready Product Specification may not require any changes to the Interoperability Specification or the Interoperability Catalogue. This includes amendments to the definitions of features, attributes or attribute values. It also includes minor changes to Product Specifications, such as clarifying language. Other changes may only require an update to the metadata of the Interoperability Specification and/or the Interoperability Catalogue, such as in case of supported Product Specification version references. Such minor changes to the Interoperability Specification and/or the Interoperability Catalogue may be collected and be applied at a later time when a more substantial revision is required.
8.6 [bookmark: _Toc484523878][bookmark: _Toc32344114]Unpredictable Product Specification updates
Unpredictable changes to an interoperability-ready Product Specification, or its Feature Catalogues and Portrayal Catalogues, should be avoided. Great care should be taken in coordinating changes among all stakeholders to avoid any unforeseen consequences.  Product Specifications that are under the ECDIS interoperability umbrella are interconnected and the responsible groups should therefore coordinate changes with other groups that issue interoperability-ready Product Specifications. Such coordination can be done, for example, by having an agreed fixed period between releases in which all pending changes are collected, implemented and issued in a coordinated fashion.
[bookmark: _Toc484523879][bookmark: _Ref517639740]NOTE: If a situation arises where a product is not compatible with the Interoperability Catalogue, this product will only be available in interoperability mode Level 0. This means it may be displayed as an overlay that may obscure any data below the incompatible product, and the overlay may be obscured by any data with higher priority.
8.7 [bookmark: _Toc32344115]New data products
When a new product is added to an existing Interoperability Catalogue, a new version of the Interoperability Catalogue will be required. During the development of the new version, the Interoperability Catalogue developers should review existing predefined combinations for impact in addition to developing the new predefined combinations to manage the situational views that the new product is intended for.
An Interoperability Catalogue can be extended to include products not yet defined in the S-100 milieu, provided they comply with the same S-100 Edition as the other products in the Catalogue. As for any other new data product, such scenarios will require a New Edition of the Interoperability Catalogue.
8.8 [bookmark: _Toc484523880][bookmark: _Toc32344116]Backward compatibility
Different versions of data products may be simultaneously active; the Interoperability Catalogue design allows for backward-compatible updates if and when the Interoperability Catalogue has to be updated, within the same major Edition. Figure 9.2 below shows an example of how the Interoperability Catalogue may evolve with change over time.
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Figure 9.2 - Example life cycle of Interoperability Catalogue

9 [bookmark: _Toc484523881][bookmark: _Ref517418214][bookmark: _Toc32344117]Portrayal
This clause gives guidelines and instruction to portrayal considerations related to the use of the Interoperability Catalogue in an ECDIS. The Interoperability Catalogue must apply to the specific Product Specifications listed in the Interoperability Catalogue metadata, interoperabilityCatalogueProducts attribute under S100_IC_CatalogueMetadata.
There may be additional data products present in the S-100 ECDIS that are external to the Interoperability Catalogue; in such cases the Interoperability Catalogue should continue to function in presence of product not defined in the Catalogue. Data products that are outside of the interoperability scope must be treated in Interoperability Level 0 (see Clause 9.6).
9.1 [bookmark: _Toc484523882][bookmark: _Toc32344118]Display of significant features
Significant features in a display plane should have the highest displayPriority value within the S100_IC_DisplayPlane. Care should also be given to assigning significant features with high drawing order values within the relevant S100_IC_Feature and S100_IC_DrawingInstruction. This ensures that less significant features in one data product are not displayed more prominently than more significant features in another product.
9.2 [bookmark: _Toc484523883][bookmark: _Toc32344119]Display of significant features - switching to original
Users must be provided means to easily switch on and off the interoperability functionality and display only the ENC data.  
9.3 [bookmark: _Toc484523884][bookmark: _Toc32344120]Portrayal distinguishability - colour set-asides
Special consideration must be made when creating portrayal rules related to colour choices for a Product Specification that is on the list of ECDIS relevant Product Specifications. S-101 ENC portrayal follows the rules laid out in S-4, where it is stated that certain colours have specific meaning. For example, S-4 gives indications for magenta line meaning something non-physical, while black colour implies a physical item. See IHO S-4, Clauses B-141 to B-145 for additional details. 
On ENC the light sectors marking intricate inshore channels in, for example, Scandinavian waters are shown in red, green, and yellow.
S-98 conforms to the principles for the use of colour set-asides as described in S-100 Part 16. 
9.4 [bookmark: _Toc26929433][bookmark: _Toc26931167][bookmark: _Toc26932885][bookmark: _Toc26934603][bookmark: _Toc26935921][bookmark: _Toc26937498][bookmark: _Toc26929434][bookmark: _Toc26931168][bookmark: _Toc26932886][bookmark: _Toc26934604][bookmark: _Toc26935922][bookmark: _Toc26937499][bookmark: _Toc26929435][bookmark: _Toc26931169][bookmark: _Toc26932887][bookmark: _Toc26934605][bookmark: _Toc26935923][bookmark: _Toc26937500][bookmark: _Toc26929436][bookmark: _Toc26931170][bookmark: _Toc26932888][bookmark: _Toc26934606][bookmark: _Toc26935924][bookmark: _Toc26937501][bookmark: _Toc26929437][bookmark: _Toc26931171][bookmark: _Toc26932889][bookmark: _Toc26934607][bookmark: _Toc26935925][bookmark: _Toc26937502][bookmark: _Toc26929438][bookmark: _Toc26931172][bookmark: _Toc26932890][bookmark: _Toc26934608][bookmark: _Toc26935926][bookmark: _Toc26937503][bookmark: _Toc26929439][bookmark: _Toc26931173][bookmark: _Toc26932891][bookmark: _Toc26934609][bookmark: _Toc26935927][bookmark: _Toc26937504][bookmark: _Toc26929440][bookmark: _Toc26931174][bookmark: _Toc26932892][bookmark: _Toc26934610][bookmark: _Toc26935928][bookmark: _Toc26937505][bookmark: _Toc26929441][bookmark: _Toc26931175][bookmark: _Toc26932893][bookmark: _Toc26934611][bookmark: _Toc26935929][bookmark: _Toc26937506][bookmark: _Toc26929442][bookmark: _Toc26931176][bookmark: _Toc26932894][bookmark: _Toc26934612][bookmark: _Toc26935930][bookmark: _Toc26937507][bookmark: _Toc26929443][bookmark: _Toc26931177][bookmark: _Toc26932895][bookmark: _Toc26934613][bookmark: _Toc26935931][bookmark: _Toc26937508][bookmark: _Toc26929444][bookmark: _Toc26931178][bookmark: _Toc26932896][bookmark: _Toc26934614][bookmark: _Toc26935932][bookmark: _Toc26937509][bookmark: _Toc26929445][bookmark: _Toc26931179][bookmark: _Toc26932897][bookmark: _Toc26934615][bookmark: _Toc26935933][bookmark: _Toc26937510][bookmark: _Toc26929446][bookmark: _Toc26931180][bookmark: _Toc26932898][bookmark: _Toc26934616][bookmark: _Toc26935934][bookmark: _Toc26937511][bookmark: _Toc484523885][bookmark: _Toc32344121]Day/night/dusk modes
It is required that every Product Specification that is included in the supported list has colours specified for day, dusk, and night modes. The system must utilize these colours depending on the mode the viewing system is set to.
9.5 [bookmark: _Toc484523886][bookmark: _Toc32344122]Impacts on viewing groups
The viewing group is a concept to control the content of the display. It works as an on/off switch for any drawing instruction assigned to the corresponding viewing group. The concept can be seen as a filter on the list of drawing instructions [S-100 Part 9, Clause 9-11.1.3]. 
Interoperability Catalogue viewing groups take precedence over the applicable viewing groups for those feature instances in a supported Product Specification, and that are included in a S100_IC_DrawingInstruction or S100_IC_Feature instance.
9.6 [bookmark: _Toc484523887][bookmark: _Toc32344123]Impacts on Portrayal Catalogues
Viewing systems must manage the visibility and display priority of data products, especially relative to radar/ARPA or AIS display. Moreover, systems must ensure significant features with over radar flag, in all products are distinguishable in the presence of radar/ARPA and AIS. Tracks and vessel position information are high priority but AIS ASM (application specific messages) may carry lower-priority information, including data described by an S-100 based Product Specification (for example meteorological and hydrographic information as described in S-104).
9.7 [bookmark: _Ref517417687][bookmark: _Toc32344124][bookmark: _Toc484523888]Meta-features
In general, the viewing system should allow display of meta features for only one product at a time. This is in order to minimize display clutter, user confusion, and the possibility of interpreting meta-features for one product as applying to a different product.
This means, for example, that data quality meta features for different on-screen products should not be displayed simultaneously, and that only the top most product data quality should be shown at any given time. This also applies in areas of the screen where the topmost product does not cover.
[bookmark: _Toc32344125]Data quality for individual products
This clause applies to the case where multiple products are on-screen and quality meta-features are enabled. Only one set of quality features should be displayed at any given time to avoid clutter and misreading the meaning of the quality metadata.
Interoperability Catalogues do not specify means of distinguishing data quality portrayals for individual products. Product Specifications must provide rules for display of data quality metadata (including data quality meta-feature information), which the ECDIS will used to portray data quality. 
Means of distinguishing data quality portrayals for individual products is left to the Product Specification authors (in particular, Portrayal Catalogue authors) and OEMs, and can be handled by distinguishing portrayal rules or symbology for different products’ data quality meta-features, such as colour coding or special line symbol. There should also be a clear on-screen message saying what data quality features are displayed in order to give users a firm indication of the layer to which the currently displayed quality metadata applies.
[bookmark: _Toc32344126]Portrayal of data quality for combinations
Interoperability Catalogues do not include combining data quality portrayals. The recommendation in Clause 10.7 about displaying only one set of meta-features is strengthened for data quality in particular. This specification recommends against simultaneous portrayal of data quality from different products.
Since ENC data is expected to be the base layer in most, if not all, combinations, the ENC data quality may not be shown if only top layer data quality is displayed. This would force users to turn off all other layers in order to see ENC data quality features on the graphic display. It is therefore recommended that OEMs include functions to let the user select which product’s data quality should be displayed. 
9.8 [bookmark: _Toc484523889][bookmark: _Ref517456642][bookmark: _Ref517456662][bookmark: _Toc32344127]Display of text
Text is typically the last item drawn, before own ship. In general, rules for placement, display selection, and management of long text are defined in the individual product specification. The Interoperability Catalogue would, in general, only govern when a feature that text is generated from is displayed. 
If the centre of the text bounding box falls outside of the dataset area, then it must not be drawn.
[bookmark: _Toc484523890][bookmark: _Ref517458200][bookmark: _Ref517458283]NOTE: OEMs may add functions for enhanced automatic text placement.
9.9 [bookmark: _Toc32344128]Skin-of-the-earth operations and portrayal
[bookmark: _Hlk487712751][bookmark: _Toc484523891][bookmark: _Ref517458225][bookmark: _Ref517458304]Skin-of-the-earth interoperability functionality depends on the interoperability level. Common among all the levels is that anything that replaces S-101 skin-of-the-earth features, will overwrite it by having a higher priority; that is, drawn later. Parts A-D describe the portrayal considerations related to skin-of-the-earth interoperability in levels 1-4.
9.10 [bookmark: _Toc26929455][bookmark: _Toc26931189][bookmark: _Toc26932907][bookmark: _Toc26934625][bookmark: _Toc26935943][bookmark: _Toc26937520][bookmark: _Toc26929456][bookmark: _Toc26931190][bookmark: _Toc26932908][bookmark: _Toc26934626][bookmark: _Toc26935944][bookmark: _Toc26937521][bookmark: _Toc26929457][bookmark: _Toc26931191][bookmark: _Toc26932909][bookmark: _Toc26934627][bookmark: _Toc26935945][bookmark: _Toc26937522][bookmark: _Toc26929458][bookmark: _Toc26931192][bookmark: _Toc26932910][bookmark: _Toc26934628][bookmark: _Toc26935946][bookmark: _Toc26937523][bookmark: _Toc26929459][bookmark: _Toc26931193][bookmark: _Toc26932911][bookmark: _Toc26934629][bookmark: _Toc26935947][bookmark: _Toc26937524][bookmark: _Toc26929460][bookmark: _Toc26931194][bookmark: _Toc26932912][bookmark: _Toc26934630][bookmark: _Toc26935948][bookmark: _Toc26937525][bookmark: _Toc488010260][bookmark: _Toc32344129][bookmark: _Toc484523893]Blended portrayals
When combining various layers, that may be of different compilation scale and coverage, it is likely that symbols and area patterns will end up at borders, or conflict with symbols and area patterns in other layers. It is important that symbols remain legible, and that OEMs use appropriate methods to avoid displaying partial symbols, or “grafting” part of lower-layer symbols onto symbols in upper layers.
For area fills the symbols of a pattern fill must be closer together for a small or narrow area, to ensure enough symbols are seen, and farther apart for a large area, to avoid clutter. An area pattern may be substituted by a single centred symbol if sufficient space is not available for a pattern to be shown.
9.11 [bookmark: _Toc488010261][bookmark: _Toc32344130]Hierarchy of data
Hierarchy between different Product Specifications can be influenced by several factors such as intended use and navigational operation. It may not be possible to prescribe a fixed hierarchy list as a universal standard, and the Interoperability Catalogue model therefore offers a flexible approach. Within the Interoperability Catalogue the hierarchy of data between different S-100 based Product Specifications is determined using predefined combinations (which are allowed only in Level 2 and higher). The DisplayPlanes referenced within a PreDefinedCombination give the order of feature layers.
[bookmark: _Toc484523899][bookmark: _Toc32344131][bookmark: _Toc484523896]Interacting gridded information
If two or more gridded data types are to interact, the hierarchy between them should be established using predefined combinations as with other data types. Particular care has to be taken depending on how the presentation of the data is to be done when deciding which gridded data type has the highest priority, considering items such as will one gridded data type obscure the other. 
For example, gridded bathymetry will likely obscure gridded surface currents and therefore the gridded surface currents should be given the highest priority between the two if they are to be displayed simultaneously.
9.12 [bookmark: _Toc32344132]Pick reports
[bookmark: _Hlk27442340][NOTE: The pick report functionality specification in S-98 is still under development, and the content of this section will change as this functionality is defined.]
Pick reports may be defined in the individual Product Specifications. The Interoperability Catalogue permits reuse of these specifications as it does not specify pick report design for the individual supported Product Specification. This Specification rather outlines the general principles that apply to pick reports when a system is used in interoperability mode. Future editions of S-98 should define either behaviour that works the same for every product, or some form of machine readable filters or styling rules to present content which can be customized by products and remain consistent with the pick report guidelines in S-52 or its applicable successor standard for S-100-based products. 
[bookmark: _Toc484523897][bookmark: _Toc32344133]Combined pick reports
In interoperability mode, pick reports should be combined into one pick report that contains information from all visible underlying products. Data should be organized to facilitate navigation through complex reports. Structures such as expandable tree controls, tabs or other GUI implementations could be used to help the user navigate the structure of report based on layers and features included. For example, a tree structure could be presented to the user, where the top most layer is the open branch, and the lower layers are closed branches, by default, but can be expanded by the user as required. Each branch should support the particulars of the product specification that is represented by that branch.
Means must be provided to distinguish which product a feature comes from, for example the product can be used as a “namespace prefix” for attributes or objects.
S-101: RestrictedAreaNavigational:…
S-122: RestrictedAreaNavigational:…
Pick reports may create a display that combines attributes from features from different products, and it should then be possible to distinguish where the attribute is from. For example, the method below may be used.
RestrictedAreaNavigational
S-101: restriction:…
S-122: restriction:…
NOTE 1: OEMs may include a common pick report style for all the visible data layers, but must provide means for easy access to Product Specification defined reporting styles.
NOTE 2: The scope of this recommendation and the definition of defaults and reporting styles are under development in S-98 Edition 1.0.0.

[bookmark: _Toc484523898][bookmark: _Toc32344134]Prioritized pick reports
Pick report content should by default be prioritized in a manner consistent with how the layers are presented, with the highest priority content presented in precedence to lower priority content (“precedence” meaning before, etc., depending on the user interface structure and user expectations). OEMs may provide additional sorting methods as long as the user can easily link the information in the pick report to the respective layers.
[bookmark: _Toc484523900][bookmark: _Toc32344135]Full information availability
Complete data from all products visible on the screen must be available to the ECDIS user, irrespective of all these products being in the scope of the Interoperability Catalogue or not.
Features that have been visually suppressed must not be included in the pick report.
9.13 [bookmark: _Toc484523901][bookmark: _Toc32344136]User control over loaded set
Users must always have the option to load an additional product, or turn off one or more of the data products in a predefined combination. Portrayal must adjust to the loaded set as appropriate, for example if an additional product is loaded, it should be interleaved with layers from data products in the predefined combination according to the drawing priorities and drawing order in its Portrayal Catalogue.
The user interaction aspect of user control over loaded data products are discussed in Clause 15.3.
9.14 [bookmark: _Toc484523902][bookmark: _Toc32344137]User control over interoperation level
Users must always have the option to select the interoperability levels they wish to use. Only predefined combinations that correspond to the levels chosen should then be available to the user. Alternatively, the user should be warned if picking a predefined combination that is not among the interoperability levels already selected.
The user interface aspects of user control over interoperation level are addressed in Clause 15.4.
10 [bookmark: _Toc484523903][bookmark: _Toc32344138][bookmark: _Ref32420657]Data Product Format (Encoding) 
The format for S-98 interoperability catalogues conforms to the rules in S-100 Part 16.
Format Name:	XML
Version:	1.0.0-YYYYMMDD
Character Set:	UTF-8
Specification:	S-100 5.0.x Part 16
The data format version is of the form <edition>.<revision>-<build> (or <edition>.<revision>.<clarification>-<build>). The <edition>.<revision> sequence will be the same as the corresponding components of the Interoperability Specification version. (The <clarification> component is optional, but if present will be the same as the clarification component.) The YYYYMMDD component is a build date for the XSD files which constitute the machine-readable data format description. This format allows harmonization of the version numbering of the XSD files and this Specification. (Clarifications to the specification will generally not require changes to the XSD files, but if they do, a new set with <clarification> and new <build> date will be issued.)
[bookmark: _Hlk27061802]The dictionary for the list of data products covered by S-98 is provided in a file named “098CCCCDICTIONARY.XML” (where CCCC is the producer code – see Clause 12.3.1) whose contents conform to the ISO 19115-3 format for “codelist” files. This file accompanies the S-98 XSD distribution.
EXAMPLE: For an Interoperability Catalogue issued by IHO, the dictionary file is named using the IHO producer code “AA00” in place of “CCCC”. The dictionary file is therefore named: 098AA00DICTIONARY.XML
The dictionary file must be included in every S-98 base exchange set as a support file, and documented in exchange set metadata as a support file. The recommended location for this file in an S-98 exchange set prepared by IHO is in a “resources” folder within the exchange set. Distributors are permitted to use alternate locations since the location of support files within exchange sets is discoverable from the discovery metadata for support files.
[bookmark: _Hlk32420182]XML schemas and samples of interoperability catalogues for different levels are available from the IHO schema/sample distribution site (currently the S-100 GitHub page <https://github.com/IHO-S100WG/S100-Schemas>). The S-98 specific constraints on the S-100 generic schemas for interoperability catalogues are checked by means of Schematron rules, also available at the aforementioned IHO schema distribution site. The IHO dictionary file for S-98 products (clauses 4.1.1, 11, 12.3) is also available at the same site.
11 [bookmark: _Toc26929471][bookmark: _Toc26931205][bookmark: _Toc26932923][bookmark: _Toc26934641][bookmark: _Toc26935959][bookmark: _Toc26937536][bookmark: _Toc26929472][bookmark: _Toc26931206][bookmark: _Toc26932924][bookmark: _Toc26934642][bookmark: _Toc26935960][bookmark: _Toc26937537][bookmark: _Toc26929473][bookmark: _Toc26931207][bookmark: _Toc26932925][bookmark: _Toc26934643][bookmark: _Toc26935961][bookmark: _Toc26937538][bookmark: _Toc26929474][bookmark: _Toc26931208][bookmark: _Toc26932926][bookmark: _Toc26934644][bookmark: _Toc26935962][bookmark: _Toc26937539][bookmark: _Toc26929475][bookmark: _Toc26931209][bookmark: _Toc26932927][bookmark: _Toc26934645][bookmark: _Toc26935963][bookmark: _Toc26937540][bookmark: _Toc26929476][bookmark: _Toc26931210][bookmark: _Toc26932928][bookmark: _Toc26934646][bookmark: _Toc26935964][bookmark: _Toc26937541][bookmark: _Toc26929477][bookmark: _Toc26931211][bookmark: _Toc26932929][bookmark: _Toc26934647][bookmark: _Toc26935965][bookmark: _Toc26937542][bookmark: _Toc26929478][bookmark: _Toc26931212][bookmark: _Toc26932930][bookmark: _Toc26934648][bookmark: _Toc26935966][bookmark: _Toc26937543][bookmark: _Toc26929484][bookmark: _Toc26931218][bookmark: _Toc26932936][bookmark: _Toc26934654][bookmark: _Toc26935972][bookmark: _Toc26937549][bookmark: _Toc26929485][bookmark: _Toc26931219][bookmark: _Toc26932937][bookmark: _Toc26934655][bookmark: _Toc26935973][bookmark: _Toc26937550][bookmark: _Toc26929486][bookmark: _Toc26931220][bookmark: _Toc26932938][bookmark: _Toc26934656][bookmark: _Toc26935974][bookmark: _Toc26937551][bookmark: _Toc26929487][bookmark: _Toc26931221][bookmark: _Toc26932939][bookmark: _Toc26934657][bookmark: _Toc26935975][bookmark: _Toc26937552][bookmark: _Toc26929488][bookmark: _Toc26931222][bookmark: _Toc26932940][bookmark: _Toc26934658][bookmark: _Toc26935976][bookmark: _Toc26937553][bookmark: _Toc26929489][bookmark: _Toc26931223][bookmark: _Toc26932941][bookmark: _Toc26934659][bookmark: _Toc26935977][bookmark: _Toc26937554][bookmark: _Toc26929490][bookmark: _Toc26931224][bookmark: _Toc26932942][bookmark: _Toc26934660][bookmark: _Toc26935978][bookmark: _Toc26937555][bookmark: _Toc26929491][bookmark: _Toc26931225][bookmark: _Toc26932943][bookmark: _Toc26934661][bookmark: _Toc26935979][bookmark: _Toc26937556][bookmark: _Toc26929492][bookmark: _Toc26931226][bookmark: _Toc26932944][bookmark: _Toc26934662][bookmark: _Toc26935980][bookmark: _Toc26937557][bookmark: _Toc26929493][bookmark: _Toc26931227][bookmark: _Toc26932945][bookmark: _Toc26934663][bookmark: _Toc26935981][bookmark: _Toc26937558][bookmark: _Toc26929494][bookmark: _Toc26931228][bookmark: _Toc26932946][bookmark: _Toc26934664][bookmark: _Toc26935982][bookmark: _Toc26937559][bookmark: _Toc26929495][bookmark: _Toc26931229][bookmark: _Toc26932947][bookmark: _Toc26934665][bookmark: _Toc26935983][bookmark: _Toc26937560][bookmark: _Toc26929496][bookmark: _Toc26931230][bookmark: _Toc26932948][bookmark: _Toc26934666][bookmark: _Toc26935984][bookmark: _Toc26937561][bookmark: _Toc26929497][bookmark: _Toc26931231][bookmark: _Toc26932949][bookmark: _Toc26934667][bookmark: _Toc26935985][bookmark: _Toc26937562][bookmark: _Toc26929498][bookmark: _Toc26931232][bookmark: _Toc26932950][bookmark: _Toc26934668][bookmark: _Toc26935986][bookmark: _Toc26937563][bookmark: _Toc26929499][bookmark: _Toc26931233][bookmark: _Toc26932951][bookmark: _Toc26934669][bookmark: _Toc26935987][bookmark: _Toc26937564][bookmark: _Toc26929505][bookmark: _Toc26931239][bookmark: _Toc26932957][bookmark: _Toc26934675][bookmark: _Toc26935993][bookmark: _Toc26937570][bookmark: _Toc26929506][bookmark: _Toc26931240][bookmark: _Toc26932958][bookmark: _Toc26934676][bookmark: _Toc26935994][bookmark: _Toc26937571][bookmark: _Toc26929507][bookmark: _Toc26931241][bookmark: _Toc26932959][bookmark: _Toc26934677][bookmark: _Toc26935995][bookmark: _Toc26937572][bookmark: _Toc26929508][bookmark: _Toc26931242][bookmark: _Toc26932960][bookmark: _Toc26934678][bookmark: _Toc26935996][bookmark: _Toc26937573][bookmark: _Toc26929509][bookmark: _Toc26931243][bookmark: _Toc26932961][bookmark: _Toc26934679][bookmark: _Toc26935997][bookmark: _Toc26937574][bookmark: _Toc26929510][bookmark: _Toc26931244][bookmark: _Toc26932962][bookmark: _Toc26934680][bookmark: _Toc26935998][bookmark: _Toc26937575][bookmark: _Toc26929511][bookmark: _Toc26931245][bookmark: _Toc26932963][bookmark: _Toc26934681][bookmark: _Toc26935999][bookmark: _Toc26937576][bookmark: _Toc26929512][bookmark: _Toc26931246][bookmark: _Toc26932964][bookmark: _Toc26934682][bookmark: _Toc26936000][bookmark: _Toc26937577][bookmark: _Toc26929513][bookmark: _Toc26931247][bookmark: _Toc26932965][bookmark: _Toc26934683][bookmark: _Toc26936001][bookmark: _Toc26937578][bookmark: _Toc26929514][bookmark: _Toc26931248][bookmark: _Toc26932966][bookmark: _Toc26934684][bookmark: _Toc26936002][bookmark: _Toc26937579][bookmark: _Toc26929515][bookmark: _Toc26931249][bookmark: _Toc26932967][bookmark: _Toc26934685][bookmark: _Toc26936003][bookmark: _Toc26937580][bookmark: _Toc26929516][bookmark: _Toc26931250][bookmark: _Toc26932968][bookmark: _Toc26934686][bookmark: _Toc26936004][bookmark: _Toc26937581][bookmark: _Toc26929517][bookmark: _Toc26931251][bookmark: _Toc26932969][bookmark: _Toc26934687][bookmark: _Toc26936005][bookmark: _Toc26937582][bookmark: _Toc26929518][bookmark: _Toc26931252][bookmark: _Toc26932970][bookmark: _Toc26934688][bookmark: _Toc26936006][bookmark: _Toc26937583][bookmark: _Toc26929519][bookmark: _Toc26931253][bookmark: _Toc26932971][bookmark: _Toc26934689][bookmark: _Toc26936007][bookmark: _Toc26937584][bookmark: _Toc26929520][bookmark: _Toc26931254][bookmark: _Toc26932972][bookmark: _Toc26934690][bookmark: _Toc26936008][bookmark: _Toc26937585][bookmark: _Toc26929521][bookmark: _Toc26931255][bookmark: _Toc26932973][bookmark: _Toc26934691][bookmark: _Toc26936009][bookmark: _Toc26937586][bookmark: _Toc26929522][bookmark: _Toc26931256][bookmark: _Toc26932974][bookmark: _Toc26934692][bookmark: _Toc26936010][bookmark: _Toc26937587][bookmark: _Toc26929523][bookmark: _Toc26931257][bookmark: _Toc26932975][bookmark: _Toc26934693][bookmark: _Toc26936011][bookmark: _Toc26937588][bookmark: _Toc26929524][bookmark: _Toc26931258][bookmark: _Toc26932976][bookmark: _Toc26934694][bookmark: _Toc26936012][bookmark: _Toc26937589][bookmark: _Toc26929525][bookmark: _Toc26931259][bookmark: _Toc26932977][bookmark: _Toc26934695][bookmark: _Toc26936013][bookmark: _Toc26937590][bookmark: _Toc26929526][bookmark: _Toc26931260][bookmark: _Toc26932978][bookmark: _Toc26934696][bookmark: _Toc26936014][bookmark: _Toc26937591][bookmark: _Toc26929542][bookmark: _Toc26931276][bookmark: _Toc26932994][bookmark: _Toc26934712][bookmark: _Toc26936030][bookmark: _Toc26937607][bookmark: _Toc26929543][bookmark: _Toc26931277][bookmark: _Toc26932995][bookmark: _Toc26934713][bookmark: _Toc26936031][bookmark: _Toc26937608][bookmark: _Toc26929544][bookmark: _Toc26931278][bookmark: _Toc26932996][bookmark: _Toc26934714][bookmark: _Toc26936032][bookmark: _Toc26937609][bookmark: _Toc225648364][bookmark: _Toc225065221][bookmark: _Toc484523906][bookmark: _Toc32344139][bookmark: _Toc225648340][bookmark: _Toc225065197]Data Product Delivery
11.1 [bookmark: _Toc484523907][bookmark: _Toc32344140]Introduction
This clause specifies the encoding and delivery mechanisms for an Interoperability Catalogue.  Data which conforms to this Specification must be delivered by means of an exchange set as specified in S-100 Part 4a. 
[image: ] 
Figure 12.1 - Exchange Set structure for base catalogue set
[image: ]
Figure 12.2 - Exchange Set structure for update catalogue set

Units of Delivery:	Exchange set			
Transfer Size:	Unlimited			
Medium Name:	Digital data delivery		
Other Delivery Information:	
The Interoperability Catalogue exchange set has a single exchange catalogue which contains the discovery metadata for the Interoperability Catalogue and any associated support files. 
A base set must have an Interoperability Catalogue present, while an update set must have at least one of an Interoperability Catalogue, a hybrid Feature Catalogue or a hybrid Portrayal Catalogue.
A base set must also include a support file in dictionary format listing the covered products. Clause 11 describes this file. Inclusion of this file in update sets is required if and only if it is being updated. 
An exchange set may be encapsulated into a form suitable for transmission by a mapping called a transmission encoding. An encoding translates each of the elements of the exchange set into a logical form suitable for writing to media and for transmission online. An encoding may also define other elements in addition to the exchange set contents (that is, media identification, data extents etc…) and also may define commercial constructs such as encryption and compression methods.
If the data is transformed (for example for encryption or compression purposes) its content must not be changed.
[bookmark: _Toc484523908][bookmark: _Toc32344141]Interoperability Catalogue in different formats
The Interoperability Catalogue may be substituted by equivalent catalogues or presentations developed by manufacturers or service providers, provided the minimum functions are maintained and the producer of the replacement Interoperability Catalogue can prove this through testing.
[bookmark: _Toc484523909][bookmark: _Toc32344142]Extending the Interoperability Catalogue
The Interoperability Catalogue will be extensible with equivalent rules or presentations developed by manufacturers or service providers, provided the minimum functions are maintained and the producer of the augmented Interoperability Catalogue can prove this through testing.
[bookmark: _Toc484523910][bookmark: _Toc32344143]Customization - OEM/integrator
OEM or service providers can provide their own versions in addition to the IHO catalogue, to facilitate custom product interoperations. These additional versions must not degrade or interfere with the functions of the official IHO Interoperability Catalogue.
11.2 [bookmark: _Toc32344144]Interoperability Catalogue product
Each Interoperability Catalogue product is by itself a whole unit. New versions – either clarification, correction, or New Edition – are updated by replacement with a newer version.
[bookmark: _Toc32344145]Interoperability Catalogue size
There is no size limit for Interoperability Catalogue products, however, compression is used to reduce the exchange set size.
[bookmark: _Toc32344146]Interoperability Catalogue exchange set compression
An Interoperability Catalogue exchange set must be compressed into a single archive using the ZIP algorithm with the DEFLATE compression method as specified in S-100 Part 15.
[bookmark: _Toc484523913][bookmark: _Toc225065200][bookmark: _Toc225648343][bookmark: _Toc32344147]Interoperability Catalogue file naming 
Interoperability Catalogues must follow the naming convention below, where the main part forms an identifier where:

098CCCCXXXXXX.XML 
· The first three characters must be 098 – for S-98 Interoperability Catalogues.
· The next four characters must be the producer code according to the IHO Producer Code Register – for example, AA00 for the International Hydrographic Organization as the issuing organization.
· The eighth to thirteenth characters are for the version number to ensure the file name is globally unique. Version 1 would be 010000 [01.00.00].
The extension must always be .XML.
11.3 [bookmark: _Toc484523914][bookmark: _Toc32344148][bookmark: _Ref32420669]Support files
Interoperability catalogues at all levels require a “dictionary” file containing a list of the “standard” data products covered by the catalogue.
Interoperability Levels 3 and 4 may require support files in the form of hybrid Feature Catalogues and hybrid Portrayal Catalogues. Methods for managing these in Parts C and D.
[bookmark: _Toc32344149]Support file naming
098CCCCFFXXXXXXXX.XML
Support file names must follow the naming convention below:
· The first three characters must be 098 – for S-98 Interoperability Catalogue support files.
· The next four characters must be the producer code according to the IHO Producer Code Register – for example, AA00 for the International Hydrographic Organization as the issuing organization.
· The eighth and ninth characters must be FC for Feature Catalogue or PC for Portrayal Catalogue. Other support files must not use “FC” or “PC” for these characters but may use any other two-character combination.
· The segment from the tenth to seventeenth characters is for a globally unique alpha numeric code.  The following characters are allowed in the support file name, A to Z, 0 to 9 and the special character _ (underscore). Fewer than eight characters may be used in this segment.
The extension must always be .XML.
[bookmark: _Toc32344150]Support file management
When a support file is created or a subsequent version is issued it must carry its own issue date and be supported with a digital signature which authenticates it against the IHO’s public key included in the exchange set metadata.

The type of support file is indicated in the “purpose” field of the discovery metadata.  Support files carrying the “deletion” flag may be removed from the ECDIS.   

Support files should be stored in a separate folder within the exchange set.
11.4 [bookmark: _Toc26929555][bookmark: _Toc26931289][bookmark: _Toc26933007][bookmark: _Toc26934725][bookmark: _Toc26936043][bookmark: _Toc26937620][bookmark: _Toc26929556][bookmark: _Toc26931290][bookmark: _Toc26933008][bookmark: _Toc26934726][bookmark: _Toc26936044][bookmark: _Toc26937621][bookmark: _Toc26929557][bookmark: _Toc26931291][bookmark: _Toc26933009][bookmark: _Toc26934727][bookmark: _Toc26936045][bookmark: _Toc26937622][bookmark: _Toc26929558][bookmark: _Toc26931292][bookmark: _Toc26933010][bookmark: _Toc26934728][bookmark: _Toc26936046][bookmark: _Toc26937623][bookmark: _Toc26929559][bookmark: _Toc26931293][bookmark: _Toc26933011][bookmark: _Toc26934729][bookmark: _Toc26936047][bookmark: _Toc26937624][bookmark: _Toc26929560][bookmark: _Toc26931294][bookmark: _Toc26933012][bookmark: _Toc26934730][bookmark: _Toc26936048][bookmark: _Toc26937625][bookmark: _Toc26929561][bookmark: _Toc26931295][bookmark: _Toc26933013][bookmark: _Toc26934731][bookmark: _Toc26936049][bookmark: _Toc26937626][bookmark: _Toc26929562][bookmark: _Toc26931296][bookmark: _Toc26933014][bookmark: _Toc26934732][bookmark: _Toc26936050][bookmark: _Toc26937627][bookmark: _Toc26929563][bookmark: _Toc26931297][bookmark: _Toc26933015][bookmark: _Toc26934733][bookmark: _Toc26936051][bookmark: _Toc26937628][bookmark: _Toc26929564][bookmark: _Toc26931298][bookmark: _Toc26933016][bookmark: _Toc26934734][bookmark: _Toc26936052][bookmark: _Toc26937629][bookmark: _Toc26929565][bookmark: _Toc26931299][bookmark: _Toc26933017][bookmark: _Toc26934735][bookmark: _Toc26936053][bookmark: _Toc26937630][bookmark: _Toc26929566][bookmark: _Toc26931300][bookmark: _Toc26933018][bookmark: _Toc26934736][bookmark: _Toc26936054][bookmark: _Toc26937631][bookmark: _Toc26929567][bookmark: _Toc26931301][bookmark: _Toc26933019][bookmark: _Toc26934737][bookmark: _Toc26936055][bookmark: _Toc26937632][bookmark: _Toc26929568][bookmark: _Toc26931302][bookmark: _Toc26933020][bookmark: _Toc26934738][bookmark: _Toc26936056][bookmark: _Toc26937633][bookmark: _Toc484523916][bookmark: _Toc32344151]Exchange Catalogue
The exchange catalogue acts as the table of contents for the exchange set. The catalogue file of the exchange set must be named CATALOG.XML. No other file in the exchange set may be named CATALOG.XML.  The contents of the exchange catalogue are described in Clause 13 (Metadata).
The exchange catalogue format is described by an XSD file that extends the S-100 exchange catalogue schema. The exchange catalogue XSD file is available at the IHO schema distribution location (currently https://github.com/IHO-S100WG).
11.5 [bookmark: _Toc484523917][bookmark: _Toc32344152]Encryption and authentication
[bookmark: _Toc32344153]Encryption method
Data Encryption is not mandatory, however if it is required then it must comply with the mechanisms provided in S-100 Part 15. Part 15 also allows dataset files to be compressed using the zip algorithm (see Clause 12.2.2) prior to encryption. Details are provided in S-100 Part 15.
[bookmark: _Toc32344154]Digital signature
S-98 Interoperability catalogues must be signed. The signature method, format, and location in the exchange set must conform to the method, format, and location described in S-100 Parts 15 and 4a.
IHO being the scheme administrator for authentication of S-100 products, an Interoperability Catalogue issued by IHO is therefore self-signed.
[bookmark: _Toc32344155]Authentication and integrity checks
To ensure the Interoperability Catalogue has been issued by the purported producer, and has not changed during transmission/delivery, authentication and integrity checks are performed as described in S-100 Part 15.
11.6 [bookmark: _Toc26929574][bookmark: _Toc26931308][bookmark: _Toc26933026][bookmark: _Toc26934744][bookmark: _Toc26936062][bookmark: _Toc26937639][bookmark: _Toc26929575][bookmark: _Toc26931309][bookmark: _Toc26933027][bookmark: _Toc26934745][bookmark: _Toc26936063][bookmark: _Toc26937640][bookmark: _Toc26929576][bookmark: _Toc26931310][bookmark: _Toc26933028][bookmark: _Toc26934746][bookmark: _Toc26936064][bookmark: _Toc26937641][bookmark: _Toc32344156]Updating the Interoperability Catalogue
Several versions of the Interoperability Catalogues may be active at a given time due to backward compatibility within each major edition. This compatibility is likely to be broken when a New Edition is released. See Clause 9 for more details on Interoperability Catalogue maintenance.
[bookmark: _Toc32344157]Updating the Interoperability Catalogue 
Interoperability Catalogues may remain active after a new version has been issued. Systems receiving new versions within the same major edition should retain all versions. Store these in separate folders to avoid any issues, such as when the same support files have been reused between versions.
Due to issues with broken backwards compatibility, all previous versions of the Interoperability Catalogue should be cancelled when a New Edition is issued. 
[bookmark: _Toc32344158]Cancelling a version of the Interoperability Catalogue
In order to cancel a version of the Interoperability Catalogue, a cancellation catalogue file is created for which the edition number must be set to 0. Interoperability Catalogue edition number is a field in exchange set metadata, class S100_IC_CatalogueMetadata (see Clause 13 on Metadata classes). The cancellation catalogue file may contain no data objects and any data objects present in it are ignored. The cancellation catalogue file may be part of an exchange set which contains a new version of the Interoperability Catalogue. This method is only used to cancel an Interoperability Catalogue.  When a version of the Interoperability Catalogue is cancelled it must be removed from the system.
A cancellation applies only to Interoperability Catalogues meeting the following conditions:
· The issue date and time of the Interoperability Catalogue being cancelled precede the issue date and time of the cancellation itself. Issue date and time are fields in S100_IC_CatalogueMetadata (see Clause 13.3.2).
· The version date of the interoperability catalogue being cancelled precedes or coincides with the version date of the cancellation interoperability catalogue. Version date is a field in the interoperability catalogue header (see S-100 Part 16 Clause 16-4.4.2.1).
NOTE 1: The issue date in metadata may or may not be the same as the version date in the catalogue header.
NOTE 2: Verification and management of authority relationships is out of the scope of this Specification, and may have to be an external process (for example verification of signatures and verification that issuer and canceller are the same or successor organizations, or belong to the same or successor organizations).
[bookmark: _Toc32344159]Updating the Interoperability Catalogue support files
Support files are updated using the method detailed in Clause 12.3.2.
If changes occur to the support files of a version of the Interoperability Catalogue, then the updateApplicationDate in S100_IC_CatalogueMetadata must carry the date of the change.
New Edition of the support files
New Editions of the support files introduce significant changes. New Editions enable new concepts, such as the ability to support new functions, or the introduction of new constructs. New Editions are likely to have a significant impact on either existing users or future users of the Interoperability Catalogue Specification. 
EXAMPLE: A new product is added to Interoperability Catalogue, and all support files should be updated to support the new product. This would require a New Edition of the support files.
Revisions to the support files
Revisions are defined as substantive semantic changes to the support files. Typically, revisions will change the support file to correct factual errors; introduce necessary changes that have become evident as a result of practical experience or changing circumstances. A revision must not be classified as a clarification. Revisions could have an impact on either existing users or future users of the Interoperability Catalogue Specification. All cumulative clarifications must be included with the release of approved revisions.
Changes in a revision are minor and ensure backward compatibility with the previous versions within the same Edition. Newer revisions, for example, introduce new feature or attribute combinations. Within the same Edition, a support file created for an Interoperability Catalogue of one version could always be processed with a later revision of the Interoperability Catalogue.
EXAMPLE: Adding a new hybrid feature will require a revision increment to the support file.
Clarification to the support files
Clarifications are non-substantive changes to the support file. Typically, clarifications: remove ambiguity; correct grammatical and spelling errors; amend or update cross references; insert improved graphics in spelling, punctuation and grammar. A clarification must not cause any substantive semantic change to the Interoperability Catalogue Specification. 
Changes in a clarification are minor and ensure backward compatibility with the previous versions within the same Edition.  Within the same Edition, a support file created for an Interoperability Catalogue of one version could always be processed with a later clarification (or revision) of the Interoperability Catalogue.
EXAMPLE: Correcting a spelling error in a definition will require a clarification increment to the support file.
Version Numbers
The associated version control numbering in the support file headers must follow the same structure as the Specification itself, see Clause 1.6.5. Support files need not follow the version number of the Interoperability Catalogue they belong to, as support files may be updated numerous times between versions of the Interoperability Catalogue.
Version numbers of support files may have a suffix that indicates a “build number” or date of creation or issue of the support file.
12 [bookmark: _Toc225065168][bookmark: _Toc225648311][bookmark: _Toc484523918][bookmark: _Ref3346533][bookmark: _Ref3346539][bookmark: _Toc32344160]Metadata
12.1 [bookmark: _Toc484523919][bookmark: _Toc32344161]Introduction
Discovery metadata for Interoperability Catalogues must be provided in XML format conforming to S-100 dataset discovery as specified in S-100 Part 4a, with the extensions described in this clause.
12.2 [bookmark: _Toc484523920][bookmark: _Toc225065171][bookmark: _Toc225648314][bookmark: _Toc32344162]Language 
Interoperability Catalogue metadata must be provided in the English language.
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12.3 [bookmark: _Toc484523921][bookmark: _Toc403560564][bookmark: _Toc32344163]Interoperability Catalogue Metadata elements
Each exchange set has a single CATALOG.XML file which contains meta information for the data and support files in the exchange set.
The exchange catalogue model is shown in Figure ‎13.1 and its contents are documented in the following sub-clauses.
 [image: ]
[bookmark: _Ref29408297]Figure ‎13.1 - S-98 Metadata classes, attributes, and relationships
[bookmark: _Toc32344164]S100_ExchangeCatalogue
	Role Name
	Name
	Description
	Mult
	Type
	Remarks

	Class
	S100_ExchangeCatalogue
	An exchange catalogue contains the discovery metadata about the exchange datasets and support files
	-
	-
	-

	Attribute
	identifier
	Uniquely identifies this exchange catalogue
	1
	S100_CatalogueIdentifier
	

	Attribute
	contact
	Details about the issuer of this exchange catalogue
	1
	S100_CataloguePointOfContact
	

	Attribute
	productSpecification
	Details about the product specifications used for the datasets contained in the exchange catalogue
	0..1
	S100_ProductSpecification
	Conditional on all the datasets using the same product specification

	Attribute
	metadataLanguage
	Details about the Language
	1
	CharacterString
	

	Attribute
	exchangeCatalogueName
	Catalogue filename
	1
	CharacterString
	CATALOG.XML

	Attribute
	exchangeCatalogueDescription
	Description of what the exchange catalogue contains

	1
	CharacterString
	

	Attribute
	exchangeCatalogueComment
	Any additional Information

	0..1
	CharacterString
	

	Attribute
	compressionFlag
	Is the data compressed
	0..1
	Boolean
	Yes or No

	Attribute
	sourceMedia
	Distribution media
	0..1
	CharacterString
	

	Attribute
	replacedData
	If a data file is cancelled is it replaced by another data file
	0..1
	Boolean
	

	Attribute
	dataReplacement
	Cell name
	0..1
	CharacterString
	

	Role
	datasetDiscoveryMetadata
	Exchange catalogues may include or reference discovery metadata for the datasets in the exchange set
	0..*
	Aggregation S100_DatasetDiscoveryMetadata
	

	Role
	--
	Metadata for catalogue
	0..*
	Aggregation S100_CatalogueMetadata
	Metadata for the feature, portrayal, and interoperability catalogues, if any

	Role
	supportFileDiscoveryMetadata
	Exchange catalogues may include or reference discovery metadata for the support files in the exchange set
	0..*
	Aggregation S100_SupportFileDiscoveryMetadata
	Mandatory for base datasets, since the covered products dictionary is mandatory in base datasets.



S100_CatalogueIdentifier
	Role Name
	Name
	Description
	Mult
	Type
	Remarks

	Class
	S100_CatalogueIdentifier
	An exchange catalogue contains the discovery metadata about the exchange datasets and support files
	-
	-
	-

	Attribute
	identifier
	Uniquely identifies this exchange catalogue
	1
	CharacterString
	

	Attribute
	editionNumber
	The edition number of this exchange catalogue
	1
	CharacterString
	

	Attribute
	date
	Creation date of the exchange catalogue
	1
	Date
	



S100_CataloguePointofContact
	Role Name
	Name
	Description
	Mult
	Type
	Remarks

	Class
	S100_CataloguePointOfContact
	Contact details of the issuer of this exchange catalogue
	-
	-
	-

	Attribute
	organization
	The organization distributing this exchange catalogue
	1
	CharacterString
	This could be an individual producer, value added reseller, etc

	Attribute
	phone
	The phone number of the organization
	0..1
	CI_Telephone
	

	Attribute
	address
	The address of the organization
	0..1
	CI_Address
	



[bookmark: _Toc32344165]S98_IC_CatalogueMetadata
	Role Name
	Name
	Description
	Mult
	Type
	Remarks

	Class
	S98_IC_CatalogueMetadata
	Catalogue metadata class for interoperability catalogues
	-
	-
	Extension of S100_DatasetDiscoveryMetadata

	Attribute
	[bookmark: _Hlk489140439]interoperabilityCatalogueProducts
	List of supported product specifications
	2..*
	<sequence>S100_ProductSpecification
	

	Super class
	S100_DatasetDiscoveryMetadata
	Metadata about the individual datasets in the exchange catalogue
	-
	Class
	[bookmark: _Hlk487054143]Super class of S100_IC_CatalogueMetadata. The attributes verticalDatum and soundingDatum, optimalDisplayScale, minimumDisplayScale, maximumDisplayScale, and layerID are not used

	Attribute
	fileName
	Dataset file name
	1
	CharacterString
	

	Attribute
	filePath
	Full path from the exchange set root directory
	1
	CharacterString
	Path relative to the root directory of the exchange set.  The location of the file after the exchange set is unpacked into directory <EXCH_ROOT> will be <EXCH_ROOT>/<filePath>/<filename>

	Attribute
	description
	Short description giving the area or location covered by the dataset
	1
	CharacterString
	For example a harbour or port name, between two named locations etc

	Attribute
	dataProtection
	Indicates if the data is encrypted
	0..1
	Boolean
	0 indicates an unencrypted dataset
1 indicates an encrypted dataset

	Attribute
	protectionScheme
	Specification or method used for data protection
	0..1
	S100_ProtectionScheme
	

	Attribute
	digitalSignatureReference
	Digital Signature of the file
	1
	S100_DigitalSignature
	Specifies the algorithm used to compute digitalSignatureValue

	Attribute
	digitalSignatureValue
	Value derived from the digital signature
	1
	S100_DigitalSignatureValue
	The value resulting from application of digitalSignatureReference
Implemented as the digital signature format specified in S-100 Part 15

	Attribute
	copyright
	Indicates if the dataset is copyrighted
	0..1
	MD_LegalConstraints ->MD_RestrictionCode <copyright> (ISO 19115-1)
	

	Attribute
	classification
	Indicates the security classification of the dataset
	0..1
	Class MD_SecurityConstraints>MD_ClassificationCode (codelist)
	1. unclassified
2. restricted
3. confidential
4. secret
5. top secret
6. sensitive but unclassified
7. for official use only
8. protected
9. limited distribution

	Attribute
	purpose
	The purpose for which the dataset has been issued 
	0..1
	MD_Identification>purpose
CharacterString
	For example new, new edition, update etc

	Attribute
	specificUsage
	The use for which the dataset is intended
	0..1
	MD_USAGE>specificUsage> (character string)
MD_USAGE>userContactInfo (CI_ResponsibleParty)
	specificUsage = “Interoperability Catalogue for ECDIS”

	Attribute
	editionNumber
	The edition number of the dataset
	0..1
	CharacterString
	When a data set is initially created, the edition number 1 is assigned to it. The edition number is increased by 1 at each New Edition.

	Attribute
	issueDate
	Date on which the data was made available by the data producer
	1
	Date
	

	Attribute
	issueTime
	Time of day at which the data was made available by the data producer
	0..1
	Time
	The S-100 datatype Time

	Attribute
	updateNumber
	Update number assigned to the dataset and increased by one for each subsequent update. Update number 0 is assigned to a new dataset.
	0..1
	
	Required if and only if this metadata is for an update to an interoperability catalogue.

	Attribute
	updateApplicationDate
	This date is only used for the base cell files (i.e. new data sets, re-issue and new edition), not update cell files. All updates dated on or before this date must have been applied by the producer.
	0..1
	
	Required if and only if this metadata is for a base interoperability catalogue (i.e., new, re-issue, or new edition).

	Attribute
	productSpecification
	The Product Specification used to create this dataset
	1
	S100_ProductSpecification
	

	Attribute
	producingAgency
	Agency responsible for producing the data
	1
	CI_Responsibility>CI_Organisation or
CI_Responsibility>CI_Individual
	

	Attribute
	dataType
	The encoding format of the dataset
	1
	S100_DataFormat
	Must be “undefined”. See Clause 13.3.2.2

	Attribute
	dataTypeVersion
	The version number of the dataType.
	1
	CharacterString
	

	Attribute
	dataCoverage
	Provides information about data coverages within the dataset
	0..*
	S100_DataCoverage
	Interoperability Catalogues coverage is global

	Attribute
	comment
	Any additional information
	0..1
	CharacterString
	

	Attribute
	defaultLocale
	Default language and character set used in the exchange catalogue
	1
	PT_Locale
	

	Attribute
	otherLocale
	Other languages and character sets used in the exchange catalogue
	0..*
	PT_Locale
	

	Attribute
	metadataFileIdentifier
	Identifier for metadata file
	1
	CharacterString
	For example, for ISO 19115-3 metadata file

	Attribute
	metadataPointOfContact
	Point of contact for metadata
	1
	CI_Responsibility>CI_Individual or
CI_Responsibility>CI_Organisation
	

	Attribute
	metadataDateStamp
	Date stamp for metadata
	1
	Date
	May or may not be the issue date

	Attribute
	metadataLanguage
	Language(s) in which the metadata is provided
	1..*
	CharacterString
	

	Role
	--
	Containment of, or reference to, discovery metadata for the support files referenced in the dataset
	0..*
	Aggregation S100_SupportFileDiscoveryMetadata
	



S100_DataCoverage
	Role Name
	Name
	Description
	Mult
	Type
	Remarks

	Class
	S100_DataCoverage
	
	-
	-
	Attributes for maximum, minimum, and optimum display scales are not used

	Attribute
	ID
	Uniquely identifies the coverage
	1
	Integer
	-

	Attribute
	boundingBox
	The extent of the dataset limits
	1
	EX_GeographicBoundingBox
	Set to global coverage for the initial implementation of Interoperability Catalogues

	Attribute
	boundingPolygon
	A polygon which defines the actual data limit
	1..*
	EX_BoundingPolygon
	Set to global coverage for the initial implementation of Interoperability Catalogues



S100_DataFormat
	Role Name
	Name
	Description
	Code
	Remarks

	Enumeration
	S100_DataFormat
	The encoding format
	-
	Only the “undefined” format is permitted

	Value
	undefined
	The encoding is defined in the Product Specification
	-
	Use this for Interoperability Catalogues



S100_ProductSpecification
	Role Name
	Name
	Description
	Mult
	Type
	Remarks

	Class
	S100_ProductSpecification
	The Product Specification contains the information needed to build the specified product
	-
	-
	-

	Attribute
	name
	The name of the Product Specification used to create the datasets
	1
	CharacterString
	S-98

	Attribute
	version
	The version number of the Product Specification
	1
	CharacterString
	

	Attribute
	date
	The version date of the Product Specification
	1
	Date
	

	Attribute
	number
	The number (registry index) used to lookup the product in the Product Specification Register of the IHO GI Registry
	1
	Integer
	From the Product Specification Register, in the IHO Geospatial Information (GI) Registry



[bookmark: _Toc32344166]S100_SupportFileDiscoveryMetadata
	Role Name
	Name
	Description
	Mult
	Type
	Remarks

	Class
	S100_SupportFileDiscoveryMetadata
	Metadata about the individual support files in the exchange catalogue
	-
	-
	-

	Attribute
	fileName
	Name of the support file
	1
	CharacterString
	

	Attribute
	fileLocation
	Full location from the exchange set root directory
	1
	CharacterString
	Path relative to the root directory of the exchange set.  The location of the file after the exchange set is unpacked into directory <EXCH_ROOT> will be <EXCH_ROOT>/<fileLocation>/<filename>

	Attribute
	purpose
	The purpose for which the dataset has been issued 
	1
	S100_SupportFilePurpose
	For example new, re-issue, new edition, update etc

	Attribute
	editionNumber
	The edition number of the dataset
	1
	CharacterString
	When a data set is initially created, the edition number 1 is assigned to it. The edition number is increased by 1 at each new edition

	Attribute
	issueDate
	Date on which the data was made available by the data producer
	1
	Date
	

	Attribute
	supportFileSpecification
	The specification used to create this file
	1
	S100_SupportFileSpecification
	

	Attribute
	dataType
	The format of the support file
	1
	S100_SupportFileFormat
	

	Attribute
	otherDataTypeDescription
	Support file format other than those listed
	0..1
	CharacterString
	

	Attribute
	dataTypeVersion
	The version number of the dataType.
	1
	CharacterString
	

	Attribute
	comment
	
	0..1
	CharacterString
	

	Attribute
	digitalSignatureReference
	Digital Signature of the file
	0..1
	CharacterString
	Reference to the appropriate digital signature algorithm

	Attribute
	digitalSignatureValue
	Value derived from the digital signature
	0..1
	S100_DigitalSignatureValue
	The value resulting from application of digitalSignatureReference.
Implemented as the digital signature format specified in Part 15

	Attribute
	defaultLocale
	Default language and character set used in the exchange catalogue
	0..1
	PT_Locale
	A support file is expected to use only one locale, because other files can be created for other languages



S100_SupportFileFormat
	Role Name
	Name
	Description
	Code
	Remarks

	Enumeration
	S100_SupportFileFormat
	The format used in the support file
	-
	S-100 support file formats other than those listed here are not allowed

	Value
	XML
	
	-
	Feature Catalogue and Portrayal Catalogue are in XML

	Value
	XSLT
	
	-
	For example filters, rules

	Value
	LUA
	A Lua script file
	-
	

	Value
	other
	
	-
	For example symbols, etc.


[bookmark: _Toc403560575]
S100_SupportFilePurpose
	Role Name
	Name
	Description
	Code
	Remarks

	Enumeration
	S100_SupportFilePurpose
	The reason for inclusion of the support file in this exchange set
	-
	-

	Value
	new
	A file which is new
	-
	Signifies a new file

	Value
	replacement
	A file which replaces an existing file
	-
	Signifies a replacement for a file of the same name

	Value
	deletion
	Deletes an existing file
	-
	Signifies deletion of a file of that name



S100_SupportFileSpecification
	Role Name
	Name
	Description
	Mult
	Type
	Remarks

	Class
	S100_SupportFileSpecification
	The Standard or Specification to which a support file conforms
	-
	-
	-

	Attribute
	name
	The name of the Specification used to create the support file
	1
	CharacterString
	

	Attribute
	version
	The version number of the Specification
	0..1
	CharacterString
	

	Attribute
	date
	The version date of the Specification
	0..1
	Date
	



[bookmark: _Toc32344167]S100_CatalogueMetadata
	Role Name
	Name
	Description
	Mult
	Type
	Remarks

	Class
	S100_Catalogue
	Class for S-100 catalogue metadata.
	-
	-
	-

	Attribute
	filename
	The name for the catalogue
	1..*
	CharacterString
	

	Attribute
	fileLocation
	Full location from the exchange set root director
	1..*
	CharacterString
	Path relative to the root directory of the exchange set.  The location of the file after the exchange set is unpacked into directory <EXCH_ROOT> will be <EXCH_ROOT>/<fileLocation>/<filename>

	Attribute
	scope
	Subject domain of the catalogue
	1..*
	S100_CatalogueScope
	

	Attribute
	versionNumber
	The version number of the Product Specification
	1..*
	CharacterString
	

	Attribute
	issueDate
	The version date of the Product Specification
	1..*
	Date
	

	Attribute
	productSpecification
	The Product Specification used to create this file
	1..*
	S100_ProductSpecification
	

	Attribute
	digitalSignatureReference
	Digital signature of the file
	1
	S100_DigitalSignature
	Reference to the appropriate digital signature algorithm

	Attribute
	digitalSignatureValue
	Value derived from the digital signature
	1
	S100_DigitalSignatureValue
	The value resulting from application of digitalSignatureReference.
Implemented as the digital signature format specified in Part 15

	Attribute
	defaultLocale
	Default language and character set used in the exchange catalogue
	1
	PT_Locale
	

	Attribute
	otherLocale
	Other languages and character sets used in the exchange catalogue
	0..*
	PT_Locale
	



S100_CatalogueScope
	Role Name
	Name
	Description
	Code
	Remarks

	Enumeration
	S100_CatalogueScope
	The scope of the catalogue
	-
	-

	Value
	featureCatalogue
	S-100 Feature Catalogue
	-
	Only Interoperability Catalogues implementing Level 3 or 4 may be accompanied by a Feature Catalogue

	Value
	portrayalCatalogue
	S-100 Portrayal Catalogue
	-
	

	Value
	interoperabilityCatalogue
	S-100 interoperability information
	-
	Use this for Interoperability Catalogues



S100_DigitalSignature
	Role Name
	Name
	Description
	Code
	Remarks

	Enumeration
	S100_DigitalSignature
	Algorithm used to compute the digital signature
	-
	-

	Value
	dsa
	Digital Signature Algorithm
	-
	See S-100 Part 15



S100_DigitalSignatureValue
	Role Name
	Name
	Description
	Mult
	Type
	Remarks

	Class
	S100_DigitalSignatureValue
	Signed Public Key plus the digital signature
	-
	-
	Data type for digital signature value



PT_Locale
	Role Name
	Name
	Description
	Mult
	Type
	Remarks

	Class
	PT_Locale
	Description of a locale
	-
	-
	From ISO 19115-1

	Attribute
	language
	Designation of the locale language
	1
	LanguageCode
	ISO 639-2 3-letter language codes

	Attribute
	country
	Designation of the specific country of the locale language
	0..1
	CountryCode
	ISO 3166-2 2-letter country codes

	Attribute
	characterEncoding
	Designation of the character set to be used to encode the textual value of the locale
	1
	MD_CharacterSetCode
	Use (the “Name” from the) IANA Character Set register: http://www.iana.org/assignments/character-sets. (ISO 19115-1 B.3.14)
For example UTF-8
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13 [bookmark: _Toc484523934][bookmark: _Ref3345964][bookmark: _Ref3345970][bookmark: _Toc32344168]Processing Model
13.1 [bookmark: _Toc32344169]Overview of processing
Interoperability processing can either precede or follow portrayal processing (except rendering, which converts feature data into graphics and is necessarily the step just before actual display). A mixed processing model, where interoperability processing is done both before and after portrayal processing, is also possible.
· Option 1 - Interoperability before regular portrayal processing: Feature data from S-101 and other S-100-based datasets is an input to the interoperability processor, along with the Interoperability Catalogue and context parameters. The interoperability processor filters and interleaves feature data according to the Interoperability Catalogue and interoperability level selected by the user and passes the resultant feature data to the portrayal processor, which uses the Portrayal Catalogue for individual products to generate drawing instructions for the display processor.
· Option 2- Interoperability after regular portrayal processing: Feature data from S-101 and other S-100-based datasets flows to the portrayal processor. The portrayal processor transforms them into drawing instructions. The drawing instructions flow to the interoperability processor. The interoperability processor filters and interleaves the drawing instructions according to the Interoperability Catalogue and interoperability level selected by the user and passes the resultant drawing instructions to the display processor.
Both processing options are shown in Figure 14.1 below. This figure extends S-100 Figures 9-2 (Part 9) and 9a-1 (Part 9a) with interoperability concepts. Details of the processing model depend on the interoperability level and are provided in Parts A-D.
[image: ]
[bookmark: _Ref3345772]Figure 14.1 – Overview of  interoperability processing
In all levels of processing except Level 0 (interoperability off), and Level 1 (which does not include predefined combinations) data products to be loaded are selected by the system according to the list in the predefined combination selected by the mariner selection from among those listed in the catalogue. (In level 1 they are selected by the mariner.) The mariner may also select additional data products from the optional load set.
Feature data from products not listed in the Interoperability Catalogue are passed through to portrayal processing as described in S-100 Part 9/9a (stage Portrayal Processing) without any intermediate stages in interoperability processing, and displayed by ordinary S-100 portrayal processing according to their individual Portrayal Catalogues.
Details of the processing model for each level are discussed in the relevant Part of this Specification.
14 [bookmark: _Toc26929607][bookmark: _Toc26931325][bookmark: _Toc26933043][bookmark: _Toc26934761][bookmark: _Toc26936079][bookmark: _Toc26937656][bookmark: _Toc26929608][bookmark: _Toc26931326][bookmark: _Toc26933044][bookmark: _Toc26934762][bookmark: _Toc26936080][bookmark: _Toc26937657][bookmark: _Toc26929609][bookmark: _Toc26931327][bookmark: _Toc26933045][bookmark: _Toc26934763][bookmark: _Toc26936081][bookmark: _Toc26937658][bookmark: _Toc26929610][bookmark: _Toc26931328][bookmark: _Toc26933046][bookmark: _Toc26934764][bookmark: _Toc26936082][bookmark: _Toc26937659][bookmark: _Toc26929611][bookmark: _Toc26931329][bookmark: _Toc26933047][bookmark: _Toc26934765][bookmark: _Toc26936083][bookmark: _Toc26937660][bookmark: _Toc26929612][bookmark: _Toc26931330][bookmark: _Toc26933048][bookmark: _Toc26934766][bookmark: _Toc26936084][bookmark: _Toc26937661][bookmark: _Toc26929613][bookmark: _Toc26931331][bookmark: _Toc26933049][bookmark: _Toc26934767][bookmark: _Toc26936085][bookmark: _Toc26937662][bookmark: _Toc26929614][bookmark: _Toc26931332][bookmark: _Toc26933050][bookmark: _Toc26934768][bookmark: _Toc26936086][bookmark: _Toc26937663][bookmark: _Toc26929615][bookmark: _Toc26931333][bookmark: _Toc26933051][bookmark: _Toc26934769][bookmark: _Toc26936087][bookmark: _Toc26937664][bookmark: _Toc26929616][bookmark: _Toc26931334][bookmark: _Toc26933052][bookmark: _Toc26934770][bookmark: _Toc26936088][bookmark: _Toc26937665][bookmark: _Toc26929617][bookmark: _Toc26931335][bookmark: _Toc26933053][bookmark: _Toc26934771][bookmark: _Toc26936089][bookmark: _Toc26937666][bookmark: _Toc26929618][bookmark: _Toc26931336][bookmark: _Toc26933054][bookmark: _Toc26934772][bookmark: _Toc26936090][bookmark: _Toc26937667][bookmark: _Toc26929619][bookmark: _Toc26931337][bookmark: _Toc26933055][bookmark: _Toc26934773][bookmark: _Toc26936091][bookmark: _Toc26937668][bookmark: _Toc26929620][bookmark: _Toc26931338][bookmark: _Toc26933056][bookmark: _Toc26934774][bookmark: _Toc26936092][bookmark: _Toc26937669][bookmark: _Toc26929663][bookmark: _Toc26931381][bookmark: _Toc26933099][bookmark: _Toc26934817][bookmark: _Toc26936135][bookmark: _Toc26937712][bookmark: _Toc26929664][bookmark: _Toc26931382][bookmark: _Toc26933100][bookmark: _Toc26934818][bookmark: _Toc26936136][bookmark: _Toc26937713][bookmark: _Toc26929665][bookmark: _Toc26931383][bookmark: _Toc26933101][bookmark: _Toc26934819][bookmark: _Toc26936137][bookmark: _Toc26937714][bookmark: _Toc26929666][bookmark: _Toc26931384][bookmark: _Toc26933102][bookmark: _Toc26934820][bookmark: _Toc26936138][bookmark: _Toc26937715][bookmark: _Toc26929667][bookmark: _Toc26931385][bookmark: _Toc26933103][bookmark: _Toc26934821][bookmark: _Toc26936139][bookmark: _Toc26937716][bookmark: _Toc26929668][bookmark: _Toc26931386][bookmark: _Toc26933104][bookmark: _Toc26934822][bookmark: _Toc26936140][bookmark: _Toc26937717][bookmark: _Toc26929669][bookmark: _Toc26931387][bookmark: _Toc26933105][bookmark: _Toc26934823][bookmark: _Toc26936141][bookmark: _Toc26937718][bookmark: _Toc26929670][bookmark: _Toc26931388][bookmark: _Toc26933106][bookmark: _Toc26934824][bookmark: _Toc26936142][bookmark: _Toc26937719][bookmark: _Toc26929671][bookmark: _Toc26931389][bookmark: _Toc26933107][bookmark: _Toc26934825][bookmark: _Toc26936143][bookmark: _Toc26937720][bookmark: _Toc26929672][bookmark: _Toc26931390][bookmark: _Toc26933108][bookmark: _Toc26934826][bookmark: _Toc26936144][bookmark: _Toc26937721][bookmark: _Toc26929673][bookmark: _Toc26931391][bookmark: _Toc26933109][bookmark: _Toc26934827][bookmark: _Toc26936145][bookmark: _Toc26937722][bookmark: _Toc484523935][bookmark: _Toc32344170]User Interaction Constraints and Expectations
14.1 [bookmark: _Toc26929745][bookmark: _Toc26931463][bookmark: _Toc26933181][bookmark: _Toc26934899][bookmark: _Toc26936217][bookmark: _Toc26937794][bookmark: _Toc26929746][bookmark: _Toc26931464][bookmark: _Toc26933182][bookmark: _Toc26934900][bookmark: _Toc26936218][bookmark: _Toc26937795][bookmark: _Toc26929747][bookmark: _Toc26931465][bookmark: _Toc26933183][bookmark: _Toc26934901][bookmark: _Toc26936219][bookmark: _Toc26937796][bookmark: _Toc26929748][bookmark: _Toc26931466][bookmark: _Toc26933184][bookmark: _Toc26934902][bookmark: _Toc26936220][bookmark: _Toc26937797][bookmark: _Toc26929749][bookmark: _Toc26931467][bookmark: _Toc26933185][bookmark: _Toc26934903][bookmark: _Toc26936221][bookmark: _Toc26937798][bookmark: _Toc26929750][bookmark: _Toc26931468][bookmark: _Toc26933186][bookmark: _Toc26934904][bookmark: _Toc26936222][bookmark: _Toc26937799][bookmark: _Toc26929751][bookmark: _Toc26931469][bookmark: _Toc26933187][bookmark: _Toc26934905][bookmark: _Toc26936223][bookmark: _Toc26937800][bookmark: _Toc26929752][bookmark: _Toc26931470][bookmark: _Toc26933188][bookmark: _Toc26934906][bookmark: _Toc26936224][bookmark: _Toc26937801][bookmark: _Toc26929753][bookmark: _Toc26931471][bookmark: _Toc26933189][bookmark: _Toc26934907][bookmark: _Toc26936225][bookmark: _Toc26937802][bookmark: _Toc26929754][bookmark: _Toc26931472][bookmark: _Toc26933190][bookmark: _Toc26934908][bookmark: _Toc26936226][bookmark: _Toc26937803][bookmark: _Toc26929755][bookmark: _Toc26931473][bookmark: _Toc26933191][bookmark: _Toc26934909][bookmark: _Toc26936227][bookmark: _Toc26937804][bookmark: _Toc26929756][bookmark: _Toc26931474][bookmark: _Toc26933192][bookmark: _Toc26934910][bookmark: _Toc26936228][bookmark: _Toc26937805][bookmark: _Toc26929757][bookmark: _Toc26931475][bookmark: _Toc26933193][bookmark: _Toc26934911][bookmark: _Toc26936229][bookmark: _Toc26937806][bookmark: _Toc26929758][bookmark: _Toc26931476][bookmark: _Toc26933194][bookmark: _Toc26934912][bookmark: _Toc26936230][bookmark: _Toc26937807][bookmark: _Toc26929759][bookmark: _Toc26931477][bookmark: _Toc26933195][bookmark: _Toc26934913][bookmark: _Toc26936231][bookmark: _Toc26937808][bookmark: _Toc26929760][bookmark: _Toc26931478][bookmark: _Toc26933196][bookmark: _Toc26934914][bookmark: _Toc26936232][bookmark: _Toc26937809][bookmark: _Toc488370819][bookmark: _Toc32344171][bookmark: _Toc484523938]Interoperation requirements for Product Specifications
Responsible parties for Product Specifications that are included in the Interoperability Catalogue should consider the impact on the Interoperability Catalogue and associated Product Specifications throughout the lifecycle of the Product Specification. The general principles of Software Quality Assurance (SQA) as found in section 4 of the Annex to MSC.1/Circ.1512 should be applied.
[image: ]
[bookmark: _Ref3345599]Figure 15.2 - Generic life cycle (from MSC.1/Circ.1512)
Figure 15.2 shows a typical generic life cycle with the stages recommended as a minimum for the management of the development of Product Specifications that are used with the Interoperability Catalogue:
· Analysis of operational system feedback;
· Stage 1: Concept development;
· Stage 2: Planning and analysis;
· Stage 3: Design;
· Stage 4: Integration and testing;
· Stage 5: Operation; and
· Disposal.
14.2 [bookmark: _Toc484523940][bookmark: _Toc32344172]Support different levels of interoperation
The S-98 Interoperability Catalogue provides support for a fixed set of levels of interoperation, as defined in this document. The progression of levels is from lower to higher levels of implementation complexity and visual integration of products.
14.3 [bookmark: _Toc484523941][bookmark: _Toc32344173]User control over loaded set
Users may load an additional product, or turn off one or more of the data products in a predefined combination.
Data from such additional products which are not mentioned in the Interoperability Catalogue are treated by the ECDIS according to the priorities and viewing groups encoded in the product’s own Portrayal Catalogue (for example interleaved with layers from products controlled by the Interoperability Catalogue according to their relative drawing orders and display priorities).
Turning off a data product is treated as if the relevant datasets are not available on the system at all. For example, interoperability rules that are made inapplicable due to one of the data products in their conditions being turned off are ignored. Conversely, loading a dataset covered by an interoperability catalogue (with interoperability turned on) should apply the interoperability catalogue to the combination of the newly loaded dataset and datasets which are already loaded.
14.4 [bookmark: _Toc484523942][bookmark: _Toc32344174]User control over interoperation level
The system should allow the user to change the interoperation level and/or pick a predefined combination by means of simple operations. Any options offered to the user must be valid in context; for example, if the user interface offers the user a choice of predefined combinations at an interoperability level, the listed combinations should be only those defined at that level in the Interoperability Catalogue.
The system should minimise demands for user interaction when changing interoperability level or predefined combinations, subject to constraints imposed by the platform and interface. Some implications of this guidance are:
1) When the interoperability level alone is changed and the Interoperability Catalogue contains a predefined combination of the new level that lists the currently displayed product set, the system should apply the rules of the new level to the product set immediately. Alternative predefined combinations for the level may be offered in an unobtrusive way.
EXAMPLE: S-125 and S-101 data are both on-screen when Level 1 is changed to Level 2, and the catalogue includes a “Level 2 S125+S201” predefined combination. Interleaving of S-101 and S-125 features (Level 1) immediately changes to suppression of S-101 navigation aids by S-125 navigation aid features (Level 2). Optionally, a panel on the side of the graphic may display the predefined combinations defined at the new level in the Interoperability Catalogue.
2) When the predefined combination alone is changed and the Interoperability Catalogue contains the new predefined combination at the current level, the system should apply the rules of the current level to the new predefined combination.
EXAMPLE: The system is in Level 2 and the S125+S101 predefined combination is changed to S125+S101+S122. The system suppresses S-101 Restricted Area features of type “nature reserve” in favour of Marine Protected Areas from S-122 (assuming the Interoperability Catalogue contains such a rule).
3) When the Interoperability Catalogue does not contain a predefined combination at the new level, the user interface should provide an indication of this to the user (though not necessarily by disabling the choice or blocking the transition). Strategies for dealing with this situation are left to interface designers. For example, systems may offer to use the closest fit in the Interoperability Catalogue with any residual on-screen products as ordinary overlays.
14.5 [bookmark: _Toc32344175]Priority overrides for user-specified settings
Where user action amends a setting, which then conflicts with a system setting, the user setting should override the system setting.
EXAMPLE: Feature display priority set by a user should override display priority set in the Interoperability Catalogue or Portrayal Catalogue.
15 [bookmark: _Toc484523943][bookmark: _Toc32344176]Data Encoding Guide
The data encoding guidance for S-98 Interoperability Catalogues conforms to the guidance in S-100 Part 16.
16 [bookmark: _Toc484523947][bookmark: _Ref30544569][bookmark: _Toc32344177]Normative Implementation Guidance
16.1 [bookmark: _Toc484523948][bookmark: _Toc32344178]Reduce demand on user attention - display adjustment
Provide for the use of decluttering techniques by implementations, such as minimizing overlaps of both symbols and text, minimization of the number of colours on the display. 
16.2 [bookmark: _Toc484523949][bookmark: _Toc32344179]Reduce demands on user attention - avoid text overload
Provide for text to be shown separately from graphic display. Provide for limiting the amount of text shown both in-graphic, over-graphic, and in a separate auxiliary display.
Generally, in-line text is shorter than text from a support file, though some specifications (for example S-101) allow as many as 300 characters.
Generally speaking Interoperability Catalogue developers should review what individual Data Classification and Encoding Guides say and what Portrayal Catalogues do with text attributes, since the Product Specification developers can be expected to know which attributes can be expected to contain long text and which contain short text. 
16.3 [bookmark: _Toc484523950][bookmark: _Toc32344180]Support for novice users
Allow implementations to have "novice" modes or user interface controls, which provide shortcuts for inexperienced users.
16.4 [bookmark: _Toc484523951][bookmark: _Toc32344181]Reduce demands on user attention - planning and monitoring modes
Planning mode can be allowed to provide more powerful information search or processing functionality at the expense of more user attention.
Route monitoring mode must support the ECDIS showing the information required for monitoring while allowing bridge officers to focus on other tasks.
16.5 [bookmark: _Toc32344182][bookmark: _Toc484523952]Interoperability and data coverage
The interoperability rules and interleaving operations described in an Interoperability Catalogue apply only in areas where the products referenced in the rule or interleaving operation have data coverage at the current display scale on the navigation system.
If data coverage for some of the products covered by an interoperability catalogue is absent in an area, the rules and interleaving operations referring to products which do have data coverage in the area in question will continue to apply in that area. Rules and interleaving operations referring to products which do not have data coverage in the area will not apply in the area in question.
Implementations should be capable of indicating parts of the display screen where (a) interoperability is partially applicable because some of the data products in a predefined combination do not have data coverage while others do have coverage; (b) interoperability is not applicable at all because the data products in the selected predefined combination do not have coverage (or the only coverage is that of the base S-101 layer).
NOTE (informative): Depiction and symbols for such distinguished parts of the screen is a matter for ECDIS Performance Standards but an off-graphic message on the ECDIS, or an adaptation of overscale warning symbology may be suitable.
16.6 [bookmark: _Toc32344183]Other significant information
The inclusion in Interoperability Catalogues of data products whose interoperability has not been discussed with the relevant Product Specification development team is recommended against.
There should be a dialogue between interoperability teams and Product Specification teams, so that new changes to Product Specifications are ensured to be covered by Interoperability Catalogues.
Feature Catalogue and Portrayal Catalogue development teams are stakeholders for hybrid catalogues.
Product Specifications that are in scope of the Interoperability Catalogue should have at least ten display priority steps between display groups, in order to allow more flexibility in interleaving with other products.
[bookmark: _Toc32344184]Alarm and indication functionality
The rules and requirements in the applicable IMO and IEC performance standards for navigation systems (MSC 232(82) and IEC 61174), as amended, continue to apply when interoperability is active on the screen. Examples of these rules and requirements are:
· requirements for which features should trigger alarms, and under what circumstances;
· the requirement to use the largest scale data available for alarms or indications of crossing the ship’s safety contour, entering a prohibited area, or other alarms or indications described in the standards.
When S-98 interoperability is active, conditions which cause alarms and indications should be treated as follows:
1) Conditions from a feature that is not displayed due to reduction in its drawing priority by interoperability should continue to function as specified by the relevant performance standards for off-screen features or features hidden by overlays[footnoteRef:6]. [6:  This means alarms or indications should be generated, displayed, etc., as the standards prescribe for a feature of that type which is currently off-screen or hidden. For example, MSC 232(82) (Annex) § 11.4.2 prescribes that automatic route monitoring functions should continue when the ship is not on the display.] 

2) [bookmark: _Hlk30893333]Conditions from a feature that is not displayed because the feature type or instance is suppressed by an interoperability rule or operation should continue to be generated and processed according to the applicable performance standards, but their display should be tagged with an indicator that it was generated from a suppressed feature.
3) A feature that is generated by a hybridization rule in the interoperability catalogue should be treated according to the highest level treatment prescribed for the input features. For example, if one of the input products to the rule triggers an alarm and the other does not, the result should be an alarm on the resultant hybrid feature. 
4) Conditions from a hybrid feature (item (3) above) should be treated as if they were from a normal data product and the relevant feature types from the input product(s) treated as suppressed feature types as described in item (2).
5) The system should combine “spatially stacked” trigger conditions from the same or different products while processing the condition, so that multiple alarms are not unnecessarily generated[footnoteRef:7]. [7:  The combined effect of items 3, 4, and 5 is that an alarm on a hybrid feature in Level 3 interoperability will be accompanied by a tagged alarm on at least one of its input features.] 

6) The system should provide for user action to show or hide the alarm or indication from a suppressed feature or feature with lower drawing priority, both collectively and individually (that is, for all instances of a feature type and for particular feature instances).
7) Conditions from a safety contour generated from S-102 data (with or without S-104 data) should be treated as conditions from a hybrid feature, with the contour from the S-101 data treated as a suppressed feature.
8) The system should provide for user action to highlight the geometry of a suppressed feature, feature of lower drawing priority, or input feature to a hybrid feature, via user action. The user action should preferably be on the user interface element displaying the individual alarm or indication.
Conditions in areas outside the coverage of interoperating data products should continue to be generated and treated as specified by the governing standards.
16.7 [bookmark: _Toc32344185][bookmark: _Ref500467501]Interoperability in the presence of legacy data formats
The interoperability aspects of dealing with cases where S-57 and S-101 + S-1xx data are both on the navigation screen are not addressed in this draft, pending determination of the path forward with respect to dual-fuel ECDIS. The same applies to interoperability with raster ENCs.
[bookmark: _Toc32344186]Interoperability with partial data coverage
The interoperability aspects, if any, of dealing with cases where S-1xx and S-101 coverages are different are not addressed in this draft.  
16.8 [bookmark: _Toc32344187]Phased implementation
Implementation of interoperability is planned in two phases. 
1. Phase 1: Levels 1 and 2 constructs.
2. Phase 2: Levels 3 and 4 constructs.
For this version of the Specification, only implementation of Phase 1 is envisaged. Implementation of Phase 2 is placed on hold until further notice.
17 [bookmark: _Toc32344188]Interoperability Catalogue Schema Documentation 
Detailed documentation for the XML schema is provided in S-100 Part 16 Appendix 16-A.
18 [bookmark: _Toc454280016][bookmark: _Toc484523953][bookmark: _Toc32344189]Feature Catalogue
Levels 1 and 2 do not define feature catalogues. Levels 3 and 4 use an S-98 hybrid Feature Catalogue, which must be specified by developers of Level 3 or 4 catalogues which generate hybrid features (see Parts C and D).
19 [bookmark: _Toc32344190][bookmark: _Toc484523954]Portrayal Catalogue
Levels 1 and 2 do not define portrayal catalogues. Levels 3 and 4 use an S-98 hybrid Portrayal Catalogue, which must be specified by developers of Level 3 or 4 catalogues which generate hybrid features (see Parts C and D).
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