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1. Introduction

The volume of spatial data collected keeps increasing rapidly with ever more powerful and more detailed ways for observing and simulating our environment and the human behaviour. Continuously available Spatial Data Infrastructures (SDIs) are required to create usable information from the vast amount of data by effectively querying and using it from a site possibly located on the other side of the world. A good SDI makes it possible to discover, filter, acquire and interact with spatial data required for a particular use case in a reliable, efficient and easy-to-use manner. A good example of this is the Infrastructure for Spatial Information in the European Community (INSPIRE), which legally mandates the EU member states to ensure that the spatial data services and data sets they provide are interoperable within the European Community. The technical guidance for the member states to reach interoperability are largely based on the OGC standards. 

Large scale Global and national SDIs are not the only technical environments, where up-to-date spatial data needs to be reliably available at all times. Spatial information is also an essential part of room, household, vehicle or office scale sensor and control networks form an essential part of the Internet of Things (IoT). Quality of Service and Quality of Experience are very important in this kind of networking environments, where hardware and software components manufactured by different vendors need to establish ad hoc connections, discover the capabilities of each other and communicate mostly in an automatic fashion. 

The technical standards aiming at increased interoperability of spatial data, services, and applications created and maintained by the Open Geospatial Consortium form a solid base for well-functioning Spatial Data Infrastructures. However, the technical capabilities of the particular software and hardware components alone is not enough to guarantee a fully functional and reliable distributed spatial data infrastructure. Even the most interoperable and advanced SDI components can be configured and connected sub-optimally, making their use difficult, inefficient and unreliable as parts of an SDI. As with any computer system, the SDI components and the networks connecting them also occasionally suffer from technical failures, which temporarily renders them unusable or unreachable for all or some of the users. The closely related fields of Quality of Service and Quality of Experience deal with estimating, reporting and improving the experienced quality of communication between the components of distributed systems to inform users leveraging their capabilities to solve real-world problems. 

To establish a reliable spatial data infrastructure, measuring, improving and communicating information about Quality of Service criteria is one of the key success factors. These criteria include availability, performance and capacity of the individual SDI components. Mature tools for measuring analysing the QoS of these do exist, but there is little to no support for a standardised way of communicating the expected QoS level of the services to the end users and various analysing tools. 

This Domain Working Group charter defines the OGC activities concerning evaluating and improving the Quality of Service and the Quality of Experience of the Spatial Data Services, data sets and applications implementing and leveraging OGC standards. The Domain Working Group provides an open forum for the discussion and presentation of interoperability requirements, use cases, pilots, and implementations of OGC standards in this domain. This Charter is to be presented to the OGC’s Technical and Planning committees for consideration.

1.1 Terms

· Quality of Service (QoS): Technical reliability and performance of a network service. Typically measured using metrics like error rates, throughput, availability and delay or request response time. 

· Quality of (User) Experience (QoE): A holistic, qualitative measure of the customers' experience of the application or service. It encompasses both the user experience and the customer support experience of the evaluated applications and/or services. 

· Spatial Data Service (SDS): a standardised technical communication interface containing operations to be invoked by a computer application to view, extract and spatial-temporally query a collection or stream of geospatial information and it's metadata, to append new information or metadata to such a collection or stream, or to process geospatial information in such collection or stream. An SDS may be a Web Service operating over a request-response protocol such as HTTP, or it may be operating in some other paradigm and protocol, such as an event or publish-subscribe based model. An SDS may be exposed to its client applications or other services over the Internet, a closed IP-based network or some other networking protocol. 

· OGC Spatial Data Service: A Spatial Data Service implementing one or more OGC Standards defining it's operations and service description. 

1.2 Working Group

Operation of this OGC Domain Working Group follows the policies and procedures of the Technical Committee. The following definitions from the Technical Policies and Procedures apply to this DWG Charter. 

Definition of a Domain Working Group: A group (organizationally, a subgroup of the TC) of individuals composed of members of the TC and invited guests, with the specific intent of solving some particular interoperability problem or problems in a particular technology domain for recommendation to the Technical Committee. 

Functions of a Domain Working Group: 

· Provide a forum for discussion and documentation of interoperability requirements for a given information or user community; 

· Provide a forum to discuss and recommend document actions related to Interoperability Program Reports. 

· Develop Change Requests Proposals (CRPs) for existing OGC Standards. 

· Develop engineering reports with the intent seeking approval by the TC for release of these documents as OGC White Papers, Discussion Papers or Best Practices Papers. 

· Informational presentations and discussions about the market use of adopted OGC Standards. 

· Have a formal approved charter that defines the DWGs Scope of Work and estimated timeline for completion of the work. 

· have all-member voting policies (unless otherwise stated). 

· Have missions and goals defined by the TC. 

A DWG Does Not work on RFC submissions, candidate standards, or revisions to existing OGC Standards. However, a DWG can develop change requests as document interoperability requirements that can then be submitted as work items to a SWG. The DWG can also foster and encourage technical standardisation activities within the OGC SWGs related to its scope, when the group sees such activities furthering its mission. 

A DWG may determine that they wish to have public collaboration, such as in teleconference, email discussions, or a public wiki. In this case, the DWG shall make a motion to the TC to approve public participation in the DWG. Voting in DWGs is by simple majority of OGC Members present at the WG meeting, not just Voting TC Members, with the caveat that no OGC Member organization may cast more than one vote in a WG vote.

2. Purpose of Working Group

The issues faced in evaluating and improving the Quality of Service of SDIs leveraging OGC Standards are typically not related to implementing a single OGC standard or a particular software product. Harmonisation of the QoS measurement and presentation of SDI components implementing different Spatial Data Service standards makes it easier to get a complete picture of the Quality of Service of the entire Spatial Data Infrastructure, and more effectively maintain high Quality of Experience for its end users. On the other hand, the technical means of ensuring the Quality of Service of Spatial Data Service implementations cannot be completely independent from the particular specification details, such as the provided operations and service metadata. The OGC Quality of Service and Experience DWG (QoSE DWG) provides a forum for discussing the evaluation of the Quality of Service of an SDI as whole, and, when appropriate, proposing corrections and enhancements to the existing OGC Standards or externally governed standards or guidance to make it easier to improve the QoS of the Spatial Data Services. 

Besides following and furthering the technical aspects of the Quality of Service of the Spatial Data Services, the purpose of the QoSE DWG is to provide a forum for presenting, discussing and sharing knowledge about evaluating and improving the Quality of Experience of Spatial Data Services and applications relying on these services for delivering timely and accurate spatial information to the end users. One of the major factors for bad user experience for Spatial Data Services is insufficient quality of the provided data for a particular use case. Even the highest level of provided service or user friendliness is not able to compensate for problems caused by data that is inaccurate, self-contradictory, incomplete or otherwise unsuitable for a particular need. For this reason, the group may also include evaluating and declaring the quality of spatial data and its fitness for purpose in its scope.

3. Problem Statement

The information community of the QoSE DWG consist of 

· spatial data providers leveraging Spatial Data Service Standards in their data provision, 

· software and hardware vendors implementing Spatial Data Service Standards, including IoT related technologies, interested in providing QoS and QoE capabilities of their products, 

· IT systems management organisations and people responsible for SDI component monitoring and management, 

· research facilities and communities focusing on QoS and QoE matters of Spatial Data Services, 

· national or international SDI and spatial data governance and standardisation bodies, and 

· software and service vendors providing SDI management and monitoring hardware and software tools. 

Based on the use cases presented by the group members, the following problem statements have been identified: 

· Quality of Service: 

· It's unnecessarily complicated for the data/service providers' to enable service level monitoring of their Spatial Data Services in monitoring software: declared service level criteria should only have to configured once for each service, and communicated in a machine readable, standardised format to any external client applications. 

· It's very difficult for SDI level monitoring tools, situation maps or health dashboard to automatically identify if the monitored services are behaving as expected, because different services and operations may have very different response times in a normal situation. 

· There is no standardised format or method for declaring the operating hours and scheduled maintenance or other expected downtime for an OGC Web Service instance. While 24/7/365 operation should be the goal in most cases, communicating the limitations for a service in this sense to the end users would improve the user experience. 

· There is no standardised format or method for retrieving the operational status of a particular OGC Web Service instance. Declaring a service as "operational", "test", "experimental" etc. would clarify the general user expectation about the service (as long as these terms are well-defined and understandable). 

· Crawlers, search engines, geoportals etc. interested in providing QoS information of the catalogued OGC Web Services may create biased availability results or unwanted strain to the monitored services by automatically enabling service availability monitoring for these services using operations and/or request parameters which are not typical for the service. It should be possible for the service to provide a list of operations and boundary conditions for request parameters used for creating representative requests for the particular service. 

· The current INSPIRE QoS declaring method for Spatial Data Services within the ISO 19119/19139 service metadata as currently required by the European INSPIRE Directive is unnecessarily complicated and stretches the meaning of the DQ_ConceptualConsistency element: there should be a more straight-forward solution to provide this data. 

· There should be a set of commonly agreed and well-defined metrics for measuring the quality of service or service level of Spatial Data Services to enable comparisons both for the same service instance over time and between different service instances. Different testing tools should be able to to calculate similar, if not identical results for these metrics. 

· Quality of Experience: 

· Metadata of the OGC Web Services, such as titles and keywords, are not always written in clear and understandable language considering the end users, or they do not describe the provided services and data sets in necessary detail. This makes it more difficult for the users to fully take advantage of the provided service and it's datasets. There should be better guidance and check list for the data and service providers for declaring the human-readable metadata. 

· The ancillary information, such as legends for Web Map Services, as not always clear and human-readable. Missing or ambiguous legend information may easily lead into misinterpretation of the presented data. There should be better guidance for the data providers on specifying good and readable legends. 

· There is a lack of methods and best practice on evaluating and improving the user experience and human interaction of the processes involving discovery, initial evaluation of the fitness-for-purpose of Spatial Data Services, as well as content access changes to these services during their lifetime. 

· There is a need for more accurate understanding of how Spatial Data Services are used and perceived in the larger web service end-user community. 

· Evaluating, comparing and improving the QoE of the Spatial Data Services is difficult without commonly agreed and well-defined metrics for measuring the Quality of Experience. 

4. Charter 

The charter of this Working Group is to address conceptual, technical and human-computer interaction challenges in providing Spatial Data Services and spatial data applications with high Quality of Service and Quality of Experience, to interface with other OGC working groups which address technical areas that are affected by the QoS and QoE problems, and to engage in outreach and communication about the importance of systematic QoS and QoE measurement and improvement in the communities dealing with spatial data provisioning.
4.1 Charter Members. 

The QoSE DWG is an open forum targeted to any OGC members interested in evaluating and improving the Quality of Service and the Quality of Experience of Spatial Data Services and related applications. The group seeks to bring together experts approaching the QoS and QoE fields from the perspectives of data and service providers, Spatial Data Service and monitoring software developers, and academic research. 
The initial membership of the QoSE DWG will consist of the following members and individuals with extensive education and experience in Quality of Service and Quality of Experience issues of Spatial Data Services, namely: 

	Name 
	Affiliation 

	Ilkka Rinne 
	Spatineo Inc. 

	Tom Kralidis 
	Meteorological Service of Canada 

	Emmanuel Mondon 
	AdviceGeo 

	Michael Gordon 
	Ordnance Survey 

	Cindy Mitchell 
	Natural Resources Canada 

	Michelle Anthony 
	SGT (USGS/FGDC) 

	Joseph Abhayaratna 
	PSMA Australia 

	Jason Smith 
	Harris Corporation 


4.2 Key Activities. 

To fulfill its charter, the QoSE DWG will engage in the following key activities: 

1. Share information and experiences about tools and methods for measuring and improving QoS and QoE, and suggest improvements to them. 

2. Conceive, design, coordinate, and implement demonstration, pilot, and production projects, within the OGC Testbed initiatives and otherwise, that demonstrate technical approaches to solving the QoS issues using the existing mechanisms and extension capabilities in the Spatial Data Service Standards. 

3. Collect QoS and QoE related issues, successful technical solutions and best practices and, if considered appropriate, present them to the appropriate OGC TC or it's Standards Working Groups for further actions. 

4. Collect best practices on building and configuring SDI components for reaching optimal user experience. 

5. Actively engage with its information community, and seek to make the demands of different stake holders considering QoS and QoE meet. 

6. Develop and promote best practices for qualitative measurement and improvement of QoE, such as rating or ranking services based on well-defined Quality of Experience criteria. 

7. Manage a mailing list for discussion of domain-relevant issues within OGC. 

8. Engage other QoS and QoE related expert groups and communities, such as the ones under W3C, for sharing information and technical solutions for measuring and improving QoS and QoE of Spatial Data Services and connected applications. 

4.3  Business Case

Commonly agreed technical requirements manifested as OGC Standards, and implemented as different software products and data sets, provides a well-defined basis for defining generic mechanisms for measuring the Quality of Service. However, these standards are lacking agreed mechanisms for declaring the expected service level and providing the results of the Quality of Service measurements in a harmonised and comparable way. This lack of harmonisation leads into two main obstacles related to Quality of Service of the OGC Spatial Data Services: 

· Lack of machine readable QoS declarations harmonised across different software products and OGC Spatial Data Service Standards makes it difficult and expensive to create software products and services for testing and monitoring the QoS of SDIs composed of different components. 

· Lack of QoS declarations, QoS measurement tools and results for many OGC Spatial Data Service instances or endpoints makes if unnecessary difficult for the service users to evaluate the reliability and performance of these services. 

In the European INSPIRE context the need for the Quality of Service metadata has been acknowledged and is part of the legal requirements for the INSPIRE service providers. However, most of the data providers are still expecting further guidance for providing this information. 

In many cases organisations providing Spatial Data Services focus almost entirely in the user experience of the web applications build on top of them for previewing and downloading the provided data, and neglect the description capabilities of the service metadata. This lack of consideration for service metadata is not easily noticed when building web applications as these applications are often tightly coupled to particular Spatial Data Service instances or endpoints for providing the data. Lack of good service metadata descriptions makes it more difficult to discover and interpret the otherwise perfectly useful data, especially in cases where the data users do not have deep knowledge of the scientific or technical field the data belongs to. 

In addition, a reasonable Quality of Experience for users of Spatial Data Services is not assured due to a lack of best practices and guidance available to data and service providers. Achieving a positive interaction between the end users, the services and the data they represent, will require an ongoing effort to identify and understand problems that contribute to a poor user experience when using Spatial Data Services. OGC should propose solutions and guidance to resolve these problems when these issues are related to the use of OGC Standards. 

5. Organizational Approach and Scope of Work

5.1 Quality of Service and Experience DWG Business Goals

The primary business goals for QoSE DWG are the following: 

· Coordinate solving technical QoS related problems within the OGC Working Groups and OGC Testbed initiatives. 

· Foster creating clear guidance and, if appropriate, agreements on how to communicate QoS levels of the OGC Spatial Data Services, and thus encourage the software providers implement a consistent way to enable machine-readable QoS declarations. 

· Collect best practice, create and promote guidance on evaluating and self-assessing the Quality of Experience of Spatial Data Services, and practical means for improving the user experience of these services. 

· Cultivate technical solutions which support interoperable concepts, data definitions, formats and services for measuring and communicating the QoS and QoE of Spatial Data Services and connected applications. 

· Identify gaps in the existing standards and guidance related to QoS and QoE of Spatial Data Services, and as appropriate, suggest new standardisation activities within OGC to fill those gaps. 

· Actively promote the importance of measuring and improving the QoS and QoE of the Spatial Data Services. 

· Identify and work with a select set of partners in this arena, and initiate demonstration projects to develop and publicise guidance documents in this area. 

5.2 Quality of Service and Experience DWG: Mission and Role

The QoSE DWG will concern itself with technology and technology policy issues related to service level and user experience of spatial data provisioning, and the means by which those issues are appropriately factored into the OGC standards development process. The mission of QoSE DWG is to identify and clearly communicate criticality of the QoS and QoE issues for creating reliable and fully functioning Spatial Data Infrastructures, and establish a set of basic QoS indicators as acknowledged key performance indicators of Spatial Data Service instances or endpoints. 

The working group will act as facilitator of the Quality of Service and Quality of Experience related discussion and standardization activities, identifying commonalities and possibilities for shared data models in the technical solutions for implementing QoS measurement and declaration capabilities for the OGC Spatial Data Service standards. QoSE DWG will also actively work with communities building wide-scale Spatial Data Infrastructures such as the EU INSPIRE helping in communicating the their needs to the OGC membership and on the other hand, the possibilities the OGC compliant technologies can offer in this kind of projects for reaching high Quality of Service and good user experience. 

The goal of the QoSE DWG is not to create or encourage standardization activities that would overlap the missions of the existing OGC Domain or Standards Working Groups or those of the expert groups or standardisation bodies external to the OGC. Particular care is taken to involve the appropriate OGC SWGs when considering technical solutions and user guidance for providing Quality of Service information in the context of OGC Spatial Data Service standards, such as Web Map Service (WMS), Web Feature Service (WFS), Web Coverage Service (WCS, Sensor Observation Service (SOS) and Sensor Things API. The group will also complement and work with the OGC Data Quality DWG to make it easier to evaluate and communicate the Data Quality of the data provisioned using Spatial Data Services. 

The QoSE DWG also seeks to engage other related expert groups and communities, such as the ones in W3C for sharing information and technical solutions for measuring and improving QoS and QoE of Spatial Data Services and connected applications. The group intends to adopt and, if necessary, append the established terms and concepts in the field of QoS and QoE, such as the ones from ITIL, ISO/IEC 20000, and the W3C Data and Spatial Data on the Web Best Practices.
5.3 Activities planned for Quality of Service and Experience DWG
The group will maintain a rolling work programme for its current and planned activities in a publicly available wiki or similar online resource. The work programme will be revisited at least once a year based on the members' requests, and it will be aligned with the activities of the OGC Standards, Interoperability, Compliance and Communications and Outreach Programmes.
6. References

OGC Standard and WG references: 

· OWS Common: http://www.opengeospatial.org/standards/common 

· Web Map Service (WMS): http://www.opengeospatial.org/standards/wms 

· Web Map Tile Service (WMTS): http://www.opengeospatial.org/standards/wmts 

· Web Feature Service (WFS): http://www.opengeospatial.org/standards/wfs 

· Web Coverage Service (WCS): http://www.opengeospatial.org/standards/wcs 

· Web Processing Service (WPS): http://www.opengeospatial.org/standards/wps 

· SWE Service Model Implementation Standard: http://www.opengeospatial.org/standards/swes 

· Sensor Observation Service (SOS): http://www.opengeospatial.org/standards/sos 

· SensorThings API: http://www.opengeospatial.org/standards/sensorthings 

· Geospatial User Feedback Conceptual Model and XML encoding (GUF): http://www.opengeospatial.org/projects/groups/gufswg 

· OGC Data Quality DWG: http://www.opengeospatial.org/projects/groups/dqdwg 

External related specifications and activities: 

· W3C Data on the Web Best Practices: https://www.w3.org/TR/dwbp/ 

· W3C Spatial Data on the Web Working Group: https://www.w3.org/2015/spatial/wiki/Main_Page 

· ISO/IEC 20000 Information technology - Service management 

· W3C Evaluation and Report Language (EARL): https://www.w3.org/TR/EARL10-Guide/ 
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