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1. Introduction

Artificial Intelligence (AI) and Deep Learning (DL) technologies have started to be coupled with geoinformatics and are bringing geospatial intelligence to various domains such autonomous transportation, predictable healthcare, sustainable urban planning/design/development, and so on. For example, AI-assisted volunteered geographic information (such as OpenStreetMap data) accelerates the build of Spatial Data Infrastructures (SDI) from satellite imagery. Also, deep learning techniques provide micro-level prediction of human mobility and environmental exposure across different geographic areas in epidemiology. Moreover, autonomous vehicles gather, manage, and analyze massive geospatial data from a combination of GPS, cameras, and other traffic sensors and navigate with high-level human-like perception by using Deep Learning. It is obvious that many fields benefit from Artificial Intelligence with geospatial data.
This Domain Working Group charter defines a role for OGC activities within Geospatial Artificial Intelligence (GeoAI) communities to provide 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 Working Group

Operation of an 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 template. 

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.

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 GeoAI DWG is charted to identify use cases and applications related to AI in geospatial domains such as healthcare, smart home, and autonomous cars. This DWG will provide an open forum for broad discussion and presentation of use cases with the purpose of bringing geoscientists, computer scientists, engineers, entrepreneurs, and decision makers from academia, industry, and government to develop, share, and research the latest trends, successes, challenges, and opportunities in the field of AI with geospatial data. The working group will aim to investigate feasibility and interoperability of OGC standards to use and re-use geospatial data in AI applications and describe gaps and issues which can lead to new geospatial standardization for this domain community.
3. Problem Statement

Machine Learning (ML) and AI (especially, Deep Learning) have become the most popular approach for providing fast and near-human level perception in various application domains including healthcare, manufacturing, transportation, agriculture, and security. In geospatial industry, the next-generation of applications is expected to be deeply tied with AI technology to make machines/devices cognize the real world and decide on their plan of action by themselves. For example, DL techniques with high-resolution satellite imagery are applied to detect physical infrastructures like buildings, roads, and rails in a humanitarian mapping workflow [1]. The combination of AI technologies and geoinformatics provide important advantages for exposure modeling in environmental epidemiology [2]. In particular, the role of geospatial artificial intelligence (GeoAI) becomes crucial for the automation of a cyber-physical system improve our quality of daily life. For example, autonomous vehicles use geographic location information in integrating data from multiple sensors like cameras, radar sensors, lidar sensors, and ultrasonic sensors for their driving decisions. However, there are challenges that deep learning has to face in applying geospatial data, information, and knowledge. Figure 1 represents “end-to-end learning” as a difference between traditional Machine and Deep Learning by referring to the Databricks whitepaper [3]. 
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Figure 1. End-to-end learning
The Databricks whitepaper introduces a general workflow for building and training a deep learning model for big data consists of six steps as follows (quote).
· Create a training data set: It needs a wide variety of data types from a wide variety of sources needed to train a model.
· Analyze the data: It is critical to clean and organize the data in order to eliminate errors and discrepancies.
· Design an architecture: It is a key to understand the type of problem to be solved and then choose the right architecture for the task, such as prediction, classification and clustering.
· Turn hyperparameters: Getting the best results in deep learning requires experimenting with different values for training parameters.
· Training the model: Providing the data to model and seeing if the performance and outputs align with the problem the model is intended to solve.
· Evaluate performance: Measuring the model to confidently perform forecasting and estimation.
In end-to-end deep learning, the creation of training sets by distilling big data sets is more important than the traditional machine learning approach which is based on feature engineering by human analysts. Therefore, a geospatial deep learning platform must accommodate many different resources that contain geospatial data and scale over distributed networks. Companies like DigitalGlobe, Esri, and Databricks are already providing geospatial platforms that process large volumes of earth observation data and identify objects and patterns automatically by using AI and DL. There are, however, no standards for how GeoAI platforms handle the geospatial diversity in the machine learning system, create training data and models, exchange and share the training data sets and models among different services, evaluate the results, and provide better interoperability between other domain applications. This situation is likely to lead to a problem of limited interoperability between AI-related geospatial technologies.
In recent, international standardization organizations like IEEE, ITU, ISO, and IEC have started AI-related standards activities.

· IEEE Global Initiative for Ethical Considerations in Artificial Intelligence and Autonomous System (April 2016)
· ITU has started the development of AI standards since 2016
· ITU-T Y.AI4SC, Artificial Intelligence and IoT
· ITU-T Y.qos-ml, Requirements of machine learning based QoS assurance
· ISO/IEC JTC 1/SC 42: Artificial Intelligence (April 2018)
· Serve as the focus and proponent for JTC1’s standardization program on Artificial Intelligence

· Provide guidance to JTC1, IEC, and ISO committees developing Artificial Intelligence applications
OGC Testbed-14 contains a Machine Learning, Deep Learning & Artificial Intelligence task to evaluate how to best support Machine Learning and Artificial Intelligence and publish inputs to and outputs from Machine Learning and Artificial Intelligence using OGC Web Services [4]. OGC Web Services can be used potentially as a pivotal role to support Machine Learning, Deep Learning, and Artificial Intelligence systems. 
The resulting complexity and opportunity in the market place around the field of GeoAI is driving an increased need for standardization to foster the use of AI in geoinformatics. It is time to create a forum to present this domain in the form of an OGC Domain Working Group. This DWG is seeking a holistic understanding to derive best practices for integrating ML, DL and AI tools and principles into OGC Web Service contexts and will play a role to communicate with outside standards organizations.
4. Charter 

The GeoAI DWG is being established to address the applicability and gaps in the OGC standards baseline with regards to geospatial data in AI applications.  Although this group will not be the platform for creating new standards, it will be the platform to discuss and understand any issues, concerns, or barriers to interoperability for the geospatial AI community.

4.1 Charter Members. 

Membership of the group will be open to any OGC member at any time, in accordance with the OGC Policies and Procedures. The initial membership of the GeoAI DWG will consist of the following members and individuals with extensive education and experience in GeoAI issues, namely: 

Kyoung-Sook Kim
Artificial Intelligence Research Center, AIST
Tien-Yin Chou

GIS Research Center, Feng Chia University
Zach Wade

Real Factors
Michael Rosen

Azimetry, Inc.
4.2 Key Activities. 

The GeoAI DWG will pursue the following key activities.
1. Collect and analyze AI-related applications and use cases in the geospatial community.

2. Discuss and identify primary GeoAI use cases and applications that would benefit from OGC standards.

3. Identify geospatial requirements in different AI applications for inclusion in existing or new OGC standards.
4. Identify other practice areas in the OGC that support or could be influenced by AI technologies.
5. Identify GeoAI-related use cases and workflows for Interoperability Experiments or Testbeds.
6. Provide guidance and best practices for managing, processing and sharing geospatial data for easily adapting to AI algorithms, tools, or applications.

7. Determine OGC goals and organizational issues that impact GeoAI datasets, technologies and markets.
4.3 Business Case

Artificial Intelligence is expected to play a crucial role in a number of fields from the simplest of appliances to automobiles and will revolutionize our existing technologies in a new industrial age. Advanced machine learning techniques, i.e., deep learning, reorient and transform geographic information systems (GIS) and other business operations. Geospatial AI (GeoAI) is important for various participants such as geospatial professionals, local/national authorities, or industries to quickly and easily provide better geospatial insights, assess the impact of potential risks to an event, and improve quality of life in various domains: smart city, environmental management, smart transportation, disaster management, secure environment, etc. GeoAI promises to drive the service innovation enabled by the Internet of Things (IoT). Still there are many challenges including usability, interoperability, portability, and scalability in this domain. A variety of GeoAI applications will increase the complexity in data exchange and thus create a significant need for recommendations on best practices and the creation of applicable standards. With the support of OGC in the creation and maintenance of relevant standards, the GeoAI domain will benefit by:

· Minimize development and implementation cost for a new GeoAI technique;
· Accelerate the deployment of GeoAI applications into the commercial marketplace;
· Enable horizontal and vertical integration of GeoAI systems; and
· Increase safety around computational approaches and algorithmic techniques that empower the insights provided by AI engines by providing standards.
5. Organizational Approach and Scope of Work

5.1 GeoAI DWG Business Goals

The GeoAI DWG will need to establish a set of business goals that frame the basis for determining the nature and type of recommendations made to OGC based on the above-mentioned business issues. Examples of the types of discussion for framing goals include:
· Focus on machine learning, deep learning, and artificial intelligence issues and problems that result in net gain for the community;
· Minimize incompatible technical distinctions between different AI application domains that utilize geospatial data, as this can lead to artificial barriers that limit the potential of all segments of the information community to come together and fully prosper;
· Lower the cost of deploying AI technology in any application domain through the use of standards to increase operational efficiency;
· Maximize the interoperability and usability of geospatial (training) data for various AI tasks such as recognition, prediction, recommendation, planning, optimization, inference, etc; and
· Define the supporting infrastructure for the community to achieve these goals.
5.2 GeoAI DWG: Mission and Role

The GeoAI DWG will concern itself with technology and technology policy issues, focusing on geospatial information and technology interests as related to the AI application domain and the means by which those issues are appropriately factored into the OGC standards development process.

1. The mission of the GeoAI DWG is to document the use cases of AI applications that use geospatial data as well as identify opportunities of AI technology in geoinformatics in order to discuss the adoption of existing best practices and standards and/or recommend the creation of new standards to support the successful use of geospatial AI technology. 
2. The role of the GeoAI DWG is to serve as a forum for the discussion of AI-related topics brought to the DWG from OGC members as well as the larger AI community in order to determine the need for a standards working group (SWG) to further the creation of new standards required to facilitate the growth of geospatial AI technology and to present, refine, and focus interoperability-related issues to the Technical Committee.
5.3 Activities planned for GeoAI DWG

The GeoAI DWG will undertake a range of activities to support the mission of the group and of the broader OGC community. Specific membership objectives include active participation in the DWG as a stakeholder in presenting to the Technical Committee on status and recommendations on how OGC should best participate in the growth of geospatial AI technology. 

Specific activities to be undertaken by the GeoAI DWG include:

1. Regular presentations and discussions during Technical Committee meetings;
2. Provide a use case template and criteria to compare use cases;
3. Identify standardization opportunities/requirements based on use cases and application requirements
4. Communicate the geospatial requirements from the AI community to the OGC;
5. Communicate the geospatial expertise in the OGC, such as existing applicable standards, to the AI community; and
6. Outreach to and organization of OGC members as well as external organizations to contribute to the DWG. 
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