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1. Introduction

NOTE: When this OGC Domain Working Group (DWG) was originally proposed, the initiating organizations were calling it the "SpectrumML DWG". The OGC Planning Committee requested a more generic DWG name to make this standards effort more closely follow the OGC's usual naming procedures. After review of technical requirements, market needs and enlistment of appropriate experts, the participants in the now officially chartered OGC EM Spectrum DWG may choose to initiate a Standards Working Group to develop the standard. At that point, they may choose to call the standard "SpectrumML", in which case the Standards Working Group will be called the OGC SpectrumML Standards Working Group.
This OGC Domain Working Group charter defines the role for OGC activities of a group representing the interests of multiple communities that would benefit from having a common international standard data model and derived encoding(s) for environmental electromagnetic fields. These communities operate in various market and application domains. Members of the OGC EM Spectrum DWG will come mainly from the remote sensing, electromagnetic compatibility, and wireless communications communities, but perhaps also from other communities, such as spectrography, astrophysics and astronomy. Despite the fact that these domains are distinct markets with different user requirements, business requirements, and approaches to vendors, they all have in common: 

1) A set of Electromagnetic Field (EMF) data definitions, structure and syntax that are almost universally accepted and that are based on well-known laws of physics that pertain to the electromagnetic spectrum
2) A set of primary and derived SI units associated to those data definitions for communicating measurements of the various properties of electromagnetic fields 
3) A need to share, assess, aggregate, integrate and analyze spectral data that includes: 
a. The spatial properties and other properties of electromagnetic field sources and sensors

b. The spatial properties and other properties of material environmental features and phenomena that interact with electromagnetic fields
The OGC EM Spectrum DWG provides an open forum for the discussion and presentation of EMF data workflows, interoperability requirements, use cases and non-OGC EMF standards as well as OGC standards, best practices, pilots, testbeds and other activities and documents that may help resolve interoperability issues in communities focused on EMF. 

The initiators of the EM Spectrum DWG encourage all interested parties to contact the authors of this charter to ask questions and become involved in this important standards activity.
1.1 Working Group

Operation of the OGC EM Spectrum DWG will follow the policies and procedures of the OGC Technical Committee
.  The following definitions from the OGC Technical Policies and Procedures apply to this DWG: 

Definition of an OGC 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.

· 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.

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

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

· Provide informational presentations and discussions about the market use of adopted OGC Standards. 
A DWG does not work on RFC (Request for Comment) 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 an OGC Standards Working Group (SWG).

A DWG may determine that they wish to have public collaboration, such as in teleconference, email discussions, or a public twiki. 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 mission and purpose of the EM Spectrum DWG is to investigate requirements for an open international standard data model and encoding(s) that will benefit the many disciplines and market domains that work with environmental electromagnetic field data. We define environmental electromagnetic field data as electromagnetic field data that includes real world spatial, that is, environmental (and usually also temporal) data. This DWG's investigation will determine whether development of such a standard is feasible and worth pursuing as a means to support data sharing and data integration in those disciplines and market domains.  We anticipate that this investigation will lead to the chartering of an OGC Standards Working Group that will develop a standard EMF conceptual model and perhaps also one or more encodings based on that model. (The participants in the OGC EM Spectrum DWG may choose to call the standard "SpectrumML", in which case to the Standards Working Group will be called the SpectrumML Standards Working Group.)
This mission is aligned with the mission of the OGC in several ways:

1. The OGC's mission is to make spatial (and now, thanks to time-series work by several OGC WGs and thanks to the efforts of the OGC Temporal DWG, we can include here "temporal") data of all types an integral part of the world's information infrastructure. Electromagnetic fields are inherently spatial and temporal and are a critical resource supporting much of the world's information infrastructure.

2. The electromagnetic spectrum is an important natural resource and an important part of the natural and engineered human environment. Management of EMF often requires integrating EMF data with data about natural and built features and phenomena. It is within OGC's mission to make it possible for all categories of environmental features and phenomena to be modeled using a consistent spatial standards framework. It is also within OGC's mission to investigate interoperability issues involving spatial data of any kind that supports sustainable development and disaster management.

3. Remote sensing and the Internet of Things are both OGC "Hot Topics". The rapidly increasing phenomena of "electromagnetic smog" as interference is problematic for both of those domains.

4. OGC's longstanding Sensor Web Enablement activities began with requirements for a standard way of modeling Earth imaging sensors. The OGC electromagnetic spectrum standard would be an application and extension of that work, with likely benefits for the Earth imaging community. These benefits might extend beyond the interference issue to other topics, perhaps involving improved Earth imagery data searches, improved data integration, and/or improvements in ground truthing.

5. Wireless communication providers, regulators and stakeholders could benefit in many ways from participation in OGC because they have various spatial data applications, standards organization involvements, and market interests that overlap with those of OGC members. The EM Spectrum DWG will provide a forum in which some of their issues can be directly or indirectly addressed through networking with OGC members.

3. Problem Statement

3.1 Use cases

The OGC Electromagnetic Spectrum DWG is intended to serve multiple application domain communities within the EMF technology domain. In each of the application domain communities there are various data users, data providers, and service and technology providers.  Below are some of these communities' problems that could be addressed more comprehensively and efficiently if the communities had a common EMF data model and derived encodings:
1. Remote sensing: Both public and private producers of Earth imaging data sometimes encounter problems resulting from wireless communication signals: 

a. Terrestrial wireless communications signals sometimes interfere with communications between satellites and ground stations.
 This is mainly a spectrum allocation issue for negotiation between countries and international organizations that may allocate spectrum in slightly different ways. International spectrum allocation agreements are in place and periodically reviewed, but there are some inconsistencies that become apparent to satellite operators whose operations are impacted by lack of total worldwide consistency in certain bands.

b. Some active remote sensing operations operate in frequency bands that are close to bands used for wireless communication. This can cause errors in images, which sometimes, for example, appear as "fog".4
c. Certain wavelengths of electromagnetic radiation are emitted or reflected by the earth’s surface and atmosphere and the atmosphere's various constituents, such as water vapor, pollutants, dust or volcanic ash. These are observed by ‘passive’ remote sensing, usually from space, but also using other platforms such as balloons. It is important that these ‘windows’ into the earth system are not polluted by man-made emissions so that the state of the earth system can continue to be monitored.
d. Near field remote sensing is emerging as an important capability for smart cars, indoor navigation, surveillance, and industrial and UAS/UAV applications. As these systems proliferate and come into closer proximity, they will likely be susceptible to interference problems similar to the Earth imaging interference problems described above.
e. Earth imaging systems and other remote sensing systems may not record in a consistent way all the properties of observed radiation (in both active and passive sensing) and emitted radiation (in active mode sensing) that might be useful in functions such as classification, search, analysis, aggregation etc. The proposed standard might help organizations – producers and users -- normalize their records to maximize their ability to support such functions in distributed environments
In remote sensing of all kinds that use electromagnetic fields, having a standard way of modeling and characterizing interference would support development and implementation of technical and organizational interference mitigation strategies. Having a universal standard way of modeling all types of radiometric observation that is consistent with the OGC baseline might also lead to new approaches to publishing, discovering, assessing, accessing and analyzing data
2. Electromagnetic Compatibility (EMC) becomes increasingly important, representing a growth market
 for shielding and for EMC labs and test equipment. This is the branch of electrical engineering concerned with mitigating electromagnetic interference (EMI) and physical damage caused by electromagnetic fields. Indoor and outdoor spatial environmental data is important in this work because the diverse physical properties of environmental features and phenomena determine their diverse interactions with electromagnetic fields. A growing need
 for EMC and EMI engineering, monitoring and analysis accompanies the rapid roll-out of distributed generation and storage of electricity, which brings with it inverters, mechanical generators and other equipment that causes electromagnetic noise and pulses that can affect sensitive electronics. Aeronautical EMI is a longstanding and evolving problem.
 The proposed standard would be useful in monitoring, modelling and mitigating problems involving problematic environmental electromagnetic fields. (See next bullet: Internet of Things.) The seriousness of the EMC problem for the wireless industry is underscored by the recent FCC Technological Advisory Council's "Public Notice for a Noise Floor Technical Inquiry
. 
In the electromagnetic compatibility (EMC) engineering world, proliferation of internet-connected devices makes possible extraordinary growth in the volume of data useful for anticipating, preventing, detecting and correcting EMC difficulties. With an open standard, it will be much easier to collect, aggregate, monitor and manage such data. This will be useful, for example, in both centralized and distributed electric power facilities, manufacturing facilities and buildings' energy and communications infrastructures.
3. "Electronic Noise Is Drowning Out the Internet of Things"
. The risks to the IoT are EMC risks, but the IoT deserves its own paragraph because it poses special EMC challenges. The IoT has special needs for circuitry-safe EMF environments and for "clean electricity" that isn't excessively contaminated with noise and/or surges induced in conductors by EMF emissions. The specialness of the IoT derives from the continuing miniaturization (and thus EMF susceptibility), mobility and proliferation of sensors and embedded electronics, including devices that themselves emit signals and/or produce radiation or static fields for remote (including very near field) sensing. 
The locations of transmitters, antennas or receivers would likely be encoded using an encoding based on the point profile of the OGC Geography Markup Language (GML)
, but they could also be encoded using an encoding of the OGC IndoorGML Standard
 and/or the OGC CityGML Standard
. This would enable the modeling, for example, of building walls made of specific materials with electromagnetically relevant parameters such as permeability, permittivity, conductivity or field attenuation (see Figure 38 in IndoorGML Standard
). Such work would benefit from OGC's collaboration with buildingSMART International, whose IFC standards
 would provide greater structural element detail. This might also be important for modelling car-to-infrastructure or car-to-car communication inside a tunnel or underground garage, and for modelling implementations of wireless power transmission technologies.

 

As the IOT advances, not only the number of emitters will increase in buildings, but also the number of receiving actuators or equipment such as remote controlled sliders, lights, gas burners, valves, dampers, pumps, fans etc. They must be protected against electromagnetic disturbances to avoid malfunctions. With SpectrumML based analysis, the worst case estimated disturbance levels at a location could be calculated. The results would enable the identification of sufficiently electromagnetic “quiet” zones for safe deployment of radio-controlled actuators.

 
4. There will be use cases in the wireless communications industry. The proposed standard would, for example, be useful in cell tower siting and small cell network deployment. The 2G, 3G, 4G, 5G progress is partly an evolution toward use of more radio-frequency (RF) frequencies and higher frequencies. At the same time and perhaps more significantly for potential applications of the proposed standard, it is an evolution toward use of ever more complex ways of simultaneously modulating and shifting frequency, amplitude and polarity, sometimes in 2 or more frequency bands, to transfer more bits using limited spectrum. 
Software Defined Radio (SDR), for example, is a radio communication system in which radio components normally implemented in hardware are instead implemented in software. Cognitive Radio refers to radio systems that detect details of the current electromagnetic environment and use that data to adapt their transmissions. They might, for example, detect unused milliseconds of nearby bands and reconfigure to make use of those unused milliseconds. The proposed electromagnetic spectrum standard would be useful for communicating specific software configurations and environmental RF profiles. In experimental research by the licensed amateur radio community and others, SDR apps run on small devices such as a RaspberryPI connected to a modified USB TV-stick, enabling experimentation using very low cost technology. Industry is developing SDR solutions for commercial implementation. Such systems might eventually become widely implemented as a way to adapt transmissions to physical and electromagnetic environments, either to enhance communication or remote sensing or to protect features of the environment that may be sensitive to particular EMF characteristics.
Conceivably, for both operators and regulators it would be useful to have a standard way of modeling and monitoring the actual use of spectrum within the regions in which spectrum is allocated to particular uses and users. 
5. The proposed standard would likely find uses in ELINT (Electronic Intelligence) and SIGINT (Signals Intelligence), spectrometry, telescopy and microscropy, astrophysics and other domains focused on electromagnetic fields. In each of these domains, there are needs to share electromagnetic spectrum data collected in controlled or uncontrolled EMF environments. In each of these domains, there are data stores, data feeds and analytics that use the same SI units but do not use precisely the same data model. In all of these fields, it is often the case that the data that is collected and stored is incomplete from the point of view of some who would re-use it. If the data were collected and stored using a common data model, or if interfaces based on the standard model could transform and encode the data to conform to a standard encoding, communication and integration of the data would be easier and more useful.
It is the barriers, problems and opportunities described above (and below in Section 4 – Business Case) that will ultimately shape the OGC’s role and level of involvement. Review of these barriers is expected to lead to a set of processes, activities and organizational approaches whereby EMF-using domain communities can, through OGC, come together to develop a common means for digitally representing and sharing domain related spatially and temporally referenced EMF data, and means to support processing interoperability within mainstream information system environments.

3.2 What is out of scope

Things that are out of scope for the EM Spectrum DWG:

1. What is proposed is NOT a mathematical model. The behavior of electrical fields, magnetic fields and electromagnetic fields is already described by Maxwell's equations and other equations derived from Maxwell's equations. Basic measurement methods, too, are well documented (See, for example, EPRI's Electrical and Magnetic Field Management Reference Book)
 and widely used. However, there is no standard data model or digital encoding for sharing and communicating data produced by those measurements, including sensor properties. Nor is there a data model that includes a standard model, based on the OGC baseline, for Earth-referenced spatial properties and other properties of EMF sensors and sources of EMF.

2. What is proposed is NOT a wireless communication protocol like GSM, CDMA, WiMAX or Bluetooth. The proposed electromagnetic spectrum standard might, however, be useful as a common model that could be used to model all such protocols. 
3. What is proposed is NOT a regulatory standard, nor an exposure limitation recommendation or electromagnetic compatibility recommendation. The proposed standard would, however, enable clear and detailed definition of electromagnetic field properties (including spatial and temporal properties) in such recommendations or related regulations.
4. Charter 

The OGC EM Spectrum DWG is a formal group organized within the OGC to discuss developing a standard way of communicating data about environmental electrical fields, magnetic fields and radio frequency (also perhaps optical frequency) electromagnetic fields as measured in the environment or as provided by emitting devices. That is, what is proposed is a conceptual data model and one or more digital encodings derived from that data model, for the sharing, communication and exploitation of a particular kind of environmental data. 
In that regard, the proposed standard is envisioned as a standard similar to OGC’s WaterML 2.0
 standard for hydrological data or the GeoSciML
 standard (developed by the IUGS Commission for the Management and Application of GeoScience Information) for geological data. In the EMF domain, as in the hydrology domain and geology domain, sharing and integration of data within the domain is easier and more effective if players in the domain model their data using the same data model. Also, data system interfaces based on standard data models can enable best-possible aggregation, comparison and analysis of similar-but-different data sets that conform to somewhat different data models and that are served from different types of data systems. 
Integrating spatial and temporal data from different domains is easier if the data models used in the different domains use the same spatial and temporal model, which is one reason it makes sense to develop this standard within the OGC. Other reasons include the various features of OGC's agile and robust standards development process: rapid prototyping, open and international participation, international requests for comments at key stages in the development process, rules that prevent standards from depending on proprietary intellectual property, and ample staff support and collaboration tools. Once adopted by the OGC membership, OGC standards are free and downloadable by anyone. Active collaboration with other standards organizations is another OGC strength. If the proposed standard is developed in OGC and proves effective, it could be endorsed or specified by other standards development organizations (SDOs) such as ISO, ITU and/or BIPM. SDO collaboration during development of the standard is also an option.
4.1 Charter Members 

The initial membership of the EM Spectrum DWG will consist of the following members and individuals with extensive education and experience in remote sensing and geomatics issues, namely: 

Akinori Asahara, Hitachi, Ltd., Central Research Laboratory
Martin Desruisseaux, GEOMATYS

Chuck Heazel, WiSC Enterprises
Dr. Siegbert Kunz, Fraunhofer IOSB 
Chris Little, UK Met Office
Joan Maso, Universitat Autònoma de Barcelona (CREAF)
Lance McKee, McKee Associates
Jason Smith, Harris Corporation

Prof. George Zalidis, Aristotle University of Thessaloniki, i-BEC
4.2 Key Activities 

The key activities of the EM Spectrum DWG will be:

1.
Determine OGC goals, and determine organizational issues and existing complementary standards that might enable or limit EMF-using domains' workflows, data, technology and markets.

2.
Define the business issues and approaches for OGC to consider so that EMF-using domains' considerations are brought into proper focus within the OGC's interoperability initiatives, and so those domains understand the value of participating in OGC initiatives. The approach includes members of the DWG defining their business objectives, tasks and schedule.

3.
Define approaches for engaging with the EMF-using domains to enlist their support. An important early function of the EM Spectrum DWG will be to reach out to these communities to let them know that a standard is about to be developed that will potentially be of use to them. They will be invited to participate. The conceptual SpectrumML data model that takes shape will be application neutral. It will be based on basic EMF properties, including frequency, amplitude and polarity as well as spatial and temporal properties. It will include a systematic way of modeling derived properties such as power per exposed area (watts per meter, radiance etc.). It will be important for the application communities to be sure that their derived properties are included in the model. 
4.3 Business Case

The EM Spectrum DWG will work to identify individuals and organizations that can further define the business cases for each EMF-using domain, that is, the justifications for developing an open standard, based on projected improved operations and new opportunities for domain growth and innovation. It is anticipated that in each domain some or all of the following requirements could be better met if an open standard were developed and then implemented in systems deployed within those domains:
· Geodata and support for data taxonomy and characterization:  In remote sensing, EMC, wireless communications and other EMF application domains there may be requirements to develop taxonomies of data sources, EMF environments, EMF-related properties of environmental features and phenomena etc. to support search and retrieval of on-line content. There may also be a need for a standard EMF data model for characterization of, for example, EMF exposures that impact electronics, to support "apples to apples" comparisons and meaningful reproduction of experimental results. In some environmental EMF studies data will be collected by multiple parties, and in such cases a standard data model is necessary for data acquisition coordination.
· Data sharing, interface standards and approaches:  In all of the EMF applications mentioned in Section 3 above, there are requirements for data sharing and data integration, sometimes in situations where open data is a goal. An open standard EMF data model and derived standard encoding would be valuable in such initiatives, just as WaterML2.0 and GeoSciML are valuable for distributed data sharing in hydrology and geology.
· Metadata standards:  Very little metadata accompanies communication signals, and certainly none accompanies noise from electromechanical and power supply equipment. Having a standard data model that includes location data would support production of useful metadata from measurements, and perhaps inclusion of metadata in communication signals.
· Domain analysis models and processing standards:  In all of the EMF application domains mentioned in Section 3 above, there are use cases that involve analysis and processing of environmental EMF data. In these use cases, there is commonly a need to include spatial and temporal data about the emission sources, sensors, and non-EMF physical environment. The spatial and temporal elements of other kinds of environmental data are often and will increasingly be modeled using the OGC baseline, and there is interaction between EMF and the material environment. Therefore, it makes sense to have a standard data model in which space and time are modeled consistently across domains, including EMF domains, through consistent use of the OGC baseline. As distributed processing, chained models, data aggregation, Big Data, open data and shared open source components become mainstream, standard data models and encodings become increasingly important.
· Data quality and accuracy:  In many EMF application domain use cases, data quality, accuracy and provenance need to be conveyed. Open standards support the development and communication of such information.
· User education: Promotion of the SpectrumML standard effort will raise awareness in affected domains of the value and feasibility of converting and developing EMF data workflows to take advantage of this open standard. Also, as wireless communication and remote sensing become increasingly important to society, more and more people will need to become familiar with basic information about the electromagnetic spectrum and special information particular to different application domains. EMF properties, their relationships, basic and derived SI units, and the principles of EMF interactions with the material environmental will be nicely outlined in the EMF data model. A standard data model would support the development of digital learning tools and educational animations.
5. Organizational Approach and Scope of Work

5.1 EM Spectrum DWG's Business Goals

The EM Spectrum DWG will establish a set of business goals for the SpectrumML activity. These are some of the basic principles for establishing these goals:
1)
Efforts should focus on developing solutions to issues and problems that result in a net gain for the various communities represented in the Working Group.

2)
Minimize technical distinctions between data processing systems that use geography, as this can lead to artificial barriers that limit the potential of all segments of the information community to come together and fully prosper.

3)
Avoid placing artificial technical barriers on use of data.

4)
Establish the means by which OGC can achieve interoperability and yet preserve the proprietary nature of data.

5)
To achieve these goals, define the supporting infrastructure for the application domain communities and the larger community of EMF user domains.

5.2 EM Spectrum DWG: Mission and Role

The EM Spectrum DWG will concern itself with technology and technology policy issues, focusing on geodata information and technology interests as they relate to the overall EMF technology domain and its application domains and the means by which those issues are appropriately factored into the OGC standards development process.

1. Mission: The mission of the EM Spectrum DWG is to review specific requirements for the development of interoperability standards for electromagnetic field data and related processing services, under the auspices of OGC.
2. Role: The role of the EM Spectrum DWG is to 
a) Define and focus EMF-using domains' interoperability-related issues.
b) Ascertain that these issues cannot be addressed with current standards such as those from other standards organizations.
c) Confirm that other standards organizations such as ISO, ITU and BIPM are either not interested in developing such a standard or that it makes sense for OGC, a more agile organization, to develop the standard for subsequent endorsement by one or more of those organizations. (See Section 4, Charter.)
d) Report to the Technical Committee; and then, if DWG members agree, draft a charter for a SpectrumML Standards Working Group. 
5.3 Activities planned for the EM Spectrum DWG
The EM Spectrum DWG's basic scope of work and tasks are outlined in the sections above. The planned work will complement existing efforts and results produced by the OGC. The DWG will:
1. Define DWG membership objectives.

2. Define how user communities, both current and potential, should have access to the working group so that requirements and technology issues are addressed and results do indeed provide the technology they need.
3. Present and discuss EMF data workflows, interoperability requirements, use cases and non-OGC EMF standards as well as OGC standards, best practices, pilots, testbeds and other activities and documents that may help resolve interoperability issues in communities focused on EMF
4. Define technical tasks to be undertaken by an OGC Standards Working Group.
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