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1 Introduction

In a February, 1998 speech by U.S. Vice President Al Gore, Digital Earth is described as “a multi-resolution, three-dimensional representation of the planet, into which we can embed vast quantities of geo-referenced data.”  This concept builds upon the United States National Spatial Data Infrastructure (NSDI), already being extended in more than 30 other nations to form the basis of a Global Spatial Data Infrastructure. Digital Earth and the NSDI depend on interoperability. A committee of the ad hoc Interagency Digital Earth Working Group in the U.S. Federal Government is developing this Digital Earth Reference Model (DERM) as a way to partition and organize the many and complex technology components of Digital Earth for the purpose of promoting interoperability. The value of the DERM is that it guides geodata and geoprocessing system producers and buyers toward a technology mainstream, helping them avoid “stovepipes” of non-interoperability.  It will also help the standards community see where standards are missing or in conflict, so the body of standards can be made more complete and coherent. The DERM Committee seeks to formalize and open up the DERM Committee process so that the DERM will become an authoritative and widely used reference.The DERM’s partitioning and organization recognizes sets of issues ranging from broad policy and organizational interactions at the highest level to detailed software engineering specifications at the lowest. The DERM is based on the “Reference Model of Open Distributed Processing, ISO/IEC 10746" (RM-ODP). RM-ODP, described in a general way in Appendix A, models an architectural hierarchy of five "viewpoints": 

1. Enterprise viewpoint - the context of Digital Earth and its purpose, scope and policies;

2. Information viewpoint - the semantics of information and information processing;

3. Computational viewpoint - the software objects and interfaces of the system;

4. Engineering viewpoint - the mechanisms and functions required to support distributed interaction between software objects in the system; and,

5. Technology viewpoint - specific technology product implementations in the system.

The DERM focuses primarily on the Information viewpoint, the Computational viewpoint, and the Engineering viewpoint. Appendix B provides a description of the Enterprise Viewpoint, including material on "The Geoprocessing Value Chain for the Net" which describes the commercial realities that are shaping the roll-out of network based geoprocessing. The Technology viewpoint is not addressed other than to note that particular systems implement conformant solutions from various sources. 

Cutting across the five viewpoints, the DERM identifies "Infrastructure Categories" such as Discovery, Access, Data Model, Visualization, Coordinate Transformation, and others to be determined (perhaps, for example: Photogrammetry, Scale, Framework, Conflation, Accuracy/Quality, Workflow, “Look & Feel”, Transportation, Decision Support). The resulting DERM Standards Matrix (table 1) roughly reflects identified requirements and the activities ongoing in a variety of communities and standards bodies. The matrix thereby provides an overview of existing relevant interoperability standards and areas where standards are needed.  

Table 1. DERM Standards Matrix


Discovery
Access
Visualization
Data Model
Coordinate

Transformation

Information viewpoint
ISO 15046-15 Content Standard for Geosptial Metadata

Geographic Information/Geo-matics-Metadata
Structured Query Language
Feature semantics and symbolizations specific to visualization
OGC WKS/WKB, SDTS, JPEG, HDF, HDF/EOS, GeoTIFF, etc.
EPSG, NIMA, USGS, ISO 15046-11

Computational viewpoint
ISO 23950 Information Search & Retrieval

OGC Catalog Services; abstract spec
OGC Simple Feature Access abstract specs

Standards needed: coverage specs; abstract specs for other types
OGC Web Mapping Services; abstract spec

Standards needed: 3-D Visualization
Abstract specs for features, coverages, geometry
OGC Coordinate Transformation Services; abstract spec

Engineering viewpoint
GILS Profile; GEOProfile, Catalog Interoperability Profile

OGC Catalog Services implementation specs
OGC Simple Feature Access implementation specs

Standards needed: coverage specs; implementation specs for other types
OGC Web Mapping Services; implementa-tion specs

Standards needed: 3-D Visualization, VRML, X3D, DIS, immersive workbench
Implementation specs for features

Standards needed: Implementation specs for coverages
OGC Coordinate Transformation Services imple-mentation specs

2 Interoperability Standards by Infrastructure Category

The DERM can evolve to address various Infrastructure Categories as needed. At this time, the DERM addresses only a few Infrastructure Categories where interoperability is of immediate and critical importance and some relevant standards already exist. 

Each category is first introduced and its scope is defined. Then, Use Cases are discussed or a place holder is provided for future descriptions of use cases. Relevant Standards for the category are presented next, delineated by Information viewpoint, Computational viewpoint, and Engineering viewpoint. Lastly, there is for each category a discussion of outstanding interoperability issues.

2.1 Discovery

2.1.1 Introduction and Scope

Here the reader should find a description of the Discovery category and its scope in the context of the other categories.

DOUG NEEDS TO RE-WRITE THIS!

Discovery has two parts, discovery of data and discovery of services.  

Digital Earth assumes that a geodata resource or geoprocessing resource is network accessible, and it requires automated methods of finding and accessing such resources. Many online geodata sources and many lists of online data sources can be found on the web, but many of these lack a way to discover from these lists specific geodata based on region of interest, theme, date, resolution, etc. Such a discovery mechanism is provided by the Geospatial Data Clearinghouse of the National Spatial Data Infrastructure (NSDI). 

The NSDI is a community of interest within the U.S. National Information Infrastructure. The Federal Geographic Data Committee (FGDC) focuses U.S. Federal activities in the NSDI. The U.S. Federal Information Infrastructure Task Force approved GILS for finding and retrieving information throughout the National Information Infrastructure. The FGDC approved the Content Standard for Spatial Metadata to guide creation of facilities for finding and retrieving information throughout the NSDI. The Content Standard for Spatial Metadata inherits the metadata content given in the GILS Profile and provides further elaboration peculiar to spatial data. (See (http://www.gils.net/faq.html .)

FGDC’s (US Federal Geographic Data Committee) Clearinghouse, a Web site (http://fgdc.er.usgs.gov/clearinghouse/clearinghouse.html) running an implementation of GILS (Government – or Global -  Information Locator Service) (http://www.gils.net/faq.html.) configured to structure queries for searches of the Clearinghouse’s collection of geospatial metadata entries that conform to FGDC’s Content Standard for Spatial Metadata. (FGDC’s metadata Content Standard conforms with ISO TC/211’s _____________. )  These metadata entries are supplied by public sector and private sector data providers who offer Content Standard-conformant data.  Once a user finds metadata matching a query on region, theme, data collected, etc., the user can contact the data provider to order data.  (Clearinghouse and GILS are profiles of ISO 23950.)

Discovery of geodata depends on metadata, and automated searches of metadata are much easier if the search software can expect metadata that conforms to a standard metadata schema like FGDC’s Content Standard for Spatial Metadata, i.e. a consistently ordered list of information items that describe the data in standard terms. Cul-de-sac road features and dead-end road features, for example, need standard definitions if they are to be discoverable and discernable by search mechanisms.

Ideally, it will become possible to enter a query which results, after only a few seconds’ delay, in a view of geodata that matches the query. This is the goal of the OpenGIS Catalog Services Specification which is expected to result from OGC’s Technical Committee and RFP process. The Catalog Services Specification and related RFP responses have benefited from full FGDC participation, so the specification is expected to accommodate the Clearinghouse principles and GILS.

It  should also become possible to automatically find, perhaps through an extension of the same mechanism, a geoprocessing function accessible as a resource on a server or downloadable as an applet. Coordinate transformation and Earth image processing services, for example, need not, in the era of network computing, be performed by software that has been installed conventionally on a user’s system. Discovery mechanisms for services are being addressed in OGC, but a completed public specification is not expected until sometime in the year 2000.

2.1.2 Use Cases

Use Cases should be described here.

2.1.3 Relevant Standards

The relevant standards for the Information viewpoint are the FGDC Content Standard for Digital Geospatial Metadata, and the draft ISO 15046-15 Content Standard for Digital Geospatial Metadata.

The relevant standards for the Computational viewpoint are ISO 23950 and OGC Catalog Services.

The relevant standards for the Engineering viewpoint are the Global Informration Loactor Service (GILS) Profile, the GEO Profile, and the Catalog Interoperability Profile. An OGC Catalog Services standard is under development.

2.1.4 Interoperability Issues

Among the outstanding interoperability issues are the following:

· Geospatial Thesaurus and Taxonomies and Gazetteer

· Schema

· Internationalization, i.e., appreciation of cultural and linguistic diversity

2.2 Access

2.2.1 Introduction and Scope

Here the reader should find a description of the Access category and its scope in the context of the other categories.

2.2.2 Use Cases

Use Cases should be described here.

2.2.3 Relevant Standards

The relevant standard for the Information viewpoint are Structured Query Language (SQL) and ISO 23950.

The relevant standard for the Computational viewpoint is the OGC Simple Feature Access.

The relevant standards for the Engineering viewpoint is theOGC Simple Feature Access standard under development.

2.2.4 Interoperability Issues

Among the outstanding interoperability issues are the following:

· Coverages, advanced geometry (3-D, 4-D, curves, …)

· Identity, relationships, topology

· Internationalization, i.e., appreciation of cultural and linguistic diversity

2.3 Visualization

2.3.1 Introduction and Scope

Here the reader should find a description of the Visualization category and its scope in the context of the other categories.

2.3.2 Use Cases

Use Cases should be described here.

2.3.3 Relevant Standards

The relevant standards for the Information viewpoint are Feature semantics and symbolizations specific to visualization.

The relevant standard for the Computational and Engineering viewpoints  is the OGC Web Mapping Service. A description of a "Digital Earth Abstract Architecture" is provided in Appendix C.

The relevant standards for the Engineering viewpoint are the Global Informration Loactor Service (GILS) Profile, the GEO Profile, and the Catalog Interoperability Profile. An OGC Catalog Services standard is under development.

2.3.4 Interoperability Issues

Among the outstanding interoperability issues are the following:

· 3-D, VRML, X3D, Distributed Interactive Simulation (DIS), immersive workbench, Terravision (terrain visualization)

· Tiling/mosaicing

· Internationalization, i.e., appreciation of cultural and linguistic diversity

2.4 Data Model

2.4.1 Introduction and Scope

The types of georeferenced information that Digital Earth will make accessible include earth imagery, digital elevation models, land usage, gridded geophysical parameters, vector maps, and location-specific cultural and historical information.  The information may be relevant to the Earth's surface, interior, atmosphere, or near-space environment, as long as it can be related to a coordinate system centered on the planet.

2.4.2 Use Cases

Use Cases should be described here.

2.4.3 Relevant Standards

The relevant standards for the Information viewpoint are OGC WKS/WKB, SDTS, JPEG, HDF, HDF/EOS, GeoTIFF, etc.

The relevant standards for the Computational viewpoint  are abstract specifications for features, coverages, and geometry.

The relevant standards for the Engineering viewpoint are the implementation specifications for features.

2.4.4 Interoperability Issues

Among the outstanding interoperability issues are the following:

· Implementation specs for coverages, advanced geometry

· Identity, relationships, topology

· Niche data modelling concepts needed for advanced services; data types required by service I/O

· Internationalization, i.e., appreciation of cultural and linguistic diversity

2.5 Coordinate Transformation Services

2.5.1 Introduction and Scope

Here the reader should find a description of the Coordinate Transformation Services category and its scope in the context of the other categories.

2.5.2 Use Cases

Use Cases should be described here.

2.5.3 Relevant Standards

The relevant standards for the Information viewpoint are EPSG, NIMA, USGS, ISO 15046-11.

The relevant standard for the Computational and Engineering viewpoints is the OGC Coordinate Transformation Services.

2.5.4 Interoperability Issues

Among the outstanding interoperability issues are the following:

· Reference implementation for spheroids, datums, projections

· Temporal coordinates

· Subsurface, atmosphere, and near-Earth space data

· Terrain models

· Stored functions

· Internationalization, i.e., appreciation of cultural and linguistic diversity

APPENDIX A, Introduction to The Reference Model of Open Distributed Processing, ITU-T Recommendations X.901 to X.904 | ISO/IEC 10746

The rapid growth of distributed processing has led to a need for a coordinating framework for the standardization of Open Distributed Processing (ODP). This Reference Model provides such a framework. It creates an architecture within which support of distribution, interworking and portability can be integrated. 

The Reference Model of Open Distributed Processing, ITU-T Recommendations X.901 to X.904 | ISO/IEC 10746, is based on precise concepts derived from current distributed processing developments and, as far as possible, on the use of formal description techniques for specification of the architecture. 

The Reference Model consists of 

ITU-T Rec. X.901 | ISO/IEC 10746-1: Overview: contains a motivational overview of ODP giving scoping, justification and explanation of key concepts, and an outline of the ODP architecture. It contains explanatory material on how this Reference Model is to be interpreted and applied by its users, who may include standards writers and architects of ODP systems. It also contains a categorization of required areas of standardization expressed in terms of the reference points for conformance identified in ITU-T Recommendation X.903 | ISO/IEC 10746-3. This part is not normative. 

ITU-T Rec. X.902 | ISO/IEC 10746-2: Foundations: contains the definition of the concepts and analytical framework for normalized description of (arbitrary) distributed processing systems. It introduces the principles of conformance to ODP standards and the way in which they are applied. This is only to a level of detail sufficient to support ITU-T Recommendation X.903 | ISO 10746-3 and to establish requirements for new specification techniques. This part is normative. 

ITU-T Rec. X.903 | ISO/IEC 10746-3: Architecture: contains the specification of the required characteristics that qualify distributed processing as open. These are the constraints to which ODP standards must conform. It uses the descriptive techniques from ITU-T Recommendation X.902 | ISO/IEC 10746-2. This part is normative. 

ITU-T Rec. X.904 | ISO/IEC 10746-4: Architectural semantics: contains a formalization of the ODP modeling concepts defined in ITU-T Recommendation X.902 | ISO/IEC 10746-2 clauses 8 and 9. The formalization is achieved by interpreting each concept in terms of the constructs of the different standardized formal description techniques. This part is normative. 

This Recommendation | part of ISO/IEC 10746 contains one annex (this annex forms an integral part of the Reference Model). 

APPENDIX B, Enterprise Viewpoint

An Enterprise Viewpoint specification defines the purpose, scope and policies of an ODP system in terms of each of the following items:

Roles played by the system

Activities undertaken by the system

Policy statements about the system

Enterprise processes may be analyzed by writing “use cases” that detail the roles and activities in the enterprise. To develop an Enterprise Viewpoint, a system designer details applications, infrastructure,  services, and sources that optimize information flow in use cases. In general, the Enterprise Viewpoint should allow a system designer to address requirements of the users, developers, intermediaries, and information providers that are actors in Digital Earth.

- EXCERPT from ISO/IEC document 10746

In an enterprise specification, an ODP system and the environment in which it operates are represented as a community. At some level of description the ODP system is represented as an enterprise object in the community. The objectives and scope of the ODP system are defined in terms of the roles it fulfils within the community of which it is part, and policy statements about those roles. A community is defined in terms of each of the following elements: 

-- the enterprise objects comprising the community; 

-- the roles fulfilled by each of those objects; 

-- policies governing interactions between enterprise objects fulfilling roles; 

-- policies governing the creation, usage and deletion of resources by enterprise objects fulfilling roles; 

-- policies governing the configuration of enterprise objects and assignment of roles to enterprise objects; 

-- policies relating to environment contracts governing the system. 

A role is defined in terms of the permissions, obligations, prohibitions and behavior of the enterprise object fulfilling the role. An enterprise object can fulfil one or more roles in a community, and the roles which it can fulfil are determined by the contract on which the community is based. While it is part of one community the enterprise object can continue to fulfil roles in other communities, subject to the provisions in the contracts of the communities involved. The enterprise object can fulfil different roles in different communities. Interactions between enterprise objects fulfilling appropriate roles within different communities can be considered as interactions between those communities. 

– END excerpt from ISO/IEC 10746 –
External Context
Digital Earth, like any other enterprise, is embedded within a broader context that sets assumptions, constraints, and many other boundary conditions. Many aspects of such an external context, e.g., compliance with national law, are regarded as implicit and are often not explicitly documented in an application of the RM-ODP. In the case of Digital Earth, however, the external context includes a complex set of goals and addresses disparate sectors of society. It is therefore important to document certain aspects of the external context surrounding the Enterprise View for the Digital Earth Reference Model.

Digital Earth must comply fully with U.S. law, treaties, and Federal policy, and with the laws and policies of other jurisdictions insofar as they may apply. It should be recognized that present U.S. Federal law and policy pertaining to information is complex and some aspects are volatile. This complex legal situation is greatly confounded by the requirements of the many treaties, laws, and policies that come into play across the myriad jurisdictions affected by Digital Earth. The following law and policy areas with implications for Digital Earth are illustrative but not definitive: Privacy Act provisions; Freedom of Information Act provisions; Federal Records Act provisions; Paperwork Reduction Act provisions; national security policies; accuracy and veracity of information and associated liability considerations; support of self-determination principles; and, protection of archeological sites. The "open skies" policies will also be of concern in the international implications of Digital Earth with respect to individuals and corporations as well as nations.

Digital Earth is supportive of activities that promote commerce. While much of the underlying data and information employed in Digital Earth may be in the public domain, a great many products and applications will be provided by commercial interests. It will need to address complex issues of intellectual property rights even as the national and international base of law in this area is evolving rapidly. As an information technology initiative, Digital Earth should also have a particular interest in furthering Electronic Commerce.

Digital Earth must be supportive of international standards organizations and other processes that promote the development and adoption of international standards in the relevant information technology arenas. It must specifically support standards and technologies that promote internationalization and establish a level playing field for the worldwide markets involving spatial data providers and other intermediaries.

Digital Earth contributes to a ubiquitous and sustained infrastructure for collecting, processing, and maintaining environmental and other data and information referenced to places on the Earth. With process understanding and technologies fostered by Digital Earth, this wealth of information can have a profound impact on the ability of societies to protect the environment, manage natural resources, respond to disasters, and ensure sustainable development.

Digital Earth, by its nature as a geospatial enterprise, both requires and engenders a higher level of spatial skills. A close association with educational activities ranging from K-12 through higher education and lifelong learning is expected in geomatics and other spatially-intensive disciplines including civil engineering, resource management, agriculture, urban infrastructure, and computer science. 

Roles, Activities, and Policy Statements

The “Enterprise” served by Digital Earth is extensive, potentially encompassing any human endeavor that involves digital geospatial information.  Roles, activities, and policy statements about the Digital Earth system are derived from analysis about how the system must support the following:

User role – A public, industry, government, or academic user uses a Digital Earth application or service for some purpose 

Developer role – A government, industry, or academic developer builds a Digital Earth application or on-line service for some purpose

Intermediary role – A government, industry, or academic intermediary facilitates a transaction involving a client or set of clients 

Provider role – A government, industry, or academic geospatial information provider supplies some product or service to a customer or set of customers.

The objective of the DERM Enterprise Viewpoint is not, of course, to gather in one place a detailed specification for every specific role, activity, and policy statement. The DERM Enterprise Viewpoint  must necessarily be more general than any Enterprise Viewpoint  written for a particular enterprise. Unlike more specific applications of the RM-ODP, the DERM will not, in its Enterprise Viewpoint, provide a detailed funneling of enterprise actors’ requirements into the Information Viewpoint and Computational Viewpoint.  Instead, the DERM Enterprise Viewpoint (presented in its entirety in this section of the DERM) provides a broad overview of the roles providers and users of geospatial technology and data assume in the context of the Internet computing paradigm. The objective of developing the DERM Enterprise Viewpoint is to clarify the opportunities and requirements that give shape to the Information and Computational Viewpoints. Most of the work of the DERM Committee concerns review and recommendations of  the Information, Computational, and Engineering Viewpoints with respect to various “Infrastructure Categories” such as Access, Data Model, Visualization, Coordinate Transformation, etc.

Enterprise Goals in the Context of Network Business and Technology 

The diagram below shows that the distributed geoprocessing business and technology infrastructure depends on the network business/technology infrastructure. This dependency is important in understanding the Digital Earth Enterprise View, because it makes it clear that enterprises will increasingly access geospatial information and services over public and private networks in ways that enable full integration of geospatial capabilities into information systems of all kinds. The roles of providers and users in the context of this new paradigm are different from the roles of providers and users under the old paradigm of monolithic, largely isolated, independent GIS, AM/FM, and imaging systems with captive data.
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Figure 1.2  Global Network Infrastructure supports integrated geoprocessing

The increasingly decentralized and robust global information infrastructure (the “Net”) at the base of the diagram is comprised of networked computers and core network services. The Net provides essential communications and distributed computing capabilities for geoprocessing. 

A multitude of service providers, integrators, application and content (data) providers are dependent on the Net. They are building and providing communication, information exchange, transaction processing and other crucial services and applications to consumers, businesses and governments. To make sense of this set of players, it helps to look at their roles in the geoprocessing value chain.

The Geoprocessing Value Chain for the Net
We list below five categories of geospatial industry players who work together to meet the needs of end users over the Net.  All these players have a stake in a robust Digital Earth infrastructure for distributed geoprocessing. We speak of this set of categories as a chain, but in fact it is a complex network of relationships supporting information flows and transactions of many kinds.
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Figure 1.3 Geoprocessing value chain for the Net

Infrastructure providers
Infrastructure providers supply networks, hardware, and software.

Digital information technology infrastructure businesses grow as commerce in digital data grows, as complexity increases, and as digital technology becomes a part of more of the things that people do.  A robust infrastructure for distributed geoprocessing does not exist now, so the most voluminous and complex kinds of geospatial data are relegated to “GIS kitchens” and remote sensing shops, and no one’s information systems can completely represent activities and phenomena like those in the Digital Earth vision. In order for the geospatial industry to realize its full potential, the geoprocessing infrastructure must use and build upon the baseline communications and distributed computing architecture of the Net rather than create a competing infrastructure. 

Geospatial data providers
Geospatial data providers offer both foundation data and domain-specific data.

Geospatial data providers need to apply e-commerce to data sales over the Net. Their businesses have focused on selling “scenes” or large data sets that usually contain much more data than the buyer needs. These providers need ways to gain the same or greater revenues by charging less for a greater number of smaller transactions that give users only what they need. Customers would also benefit if they could use the Net to go to the frequently refreshed geospatial data repositories maintained by the providers. Currently, many users copy data to their local systems, where it grows “stale” while they keep it. In the new paradigm, every data set has one steward and many users who access and use the current data but never actually copy it to their local systems. Sophisticated customers, such as value-added information product producers and end-user service providers, will need high-bandwidth connections with autonomous transaction capabilities to connect directly with repositories in the provider's data factory, in order to efficiently meet their time-critical, high-volume demands.

Lower price barriers will encourage the growth of the geospatial data market. Today, data is gathered for special purposes. Tomorrow, data providers will continuously gather data as a commodity which they will sell to much broader markets than at present.  There will be less data acquisition on demand, more data acquisition “on spec,” hoping to sell it widely. 

Value added service enablers

Value-added service enablers provide geospatial information products, niche applications and enabling services for integrators and service providers.

We will see a proliferation of vendors who convert commodity data into information products packaged for particular market segments or individual users. Similarly, service enablers/providers will produce myriad geo-intelligent services for consumer, business and government clients. 

Vicinity.com is a good example of a company that adds value to technology and data to provide a service to its customers, mostly Web site owners who want to provide their customers with information about locations of, for example, stores and customer service centers.

Integrators

Integrators provide integrated solutions, custom applications and professional services for service providers and end users.

Integrators are motivated to use component technologies to build interoperable, extensible, maintainable, forward-compatible systems for their clients. The integrators need to help their clients adapt to rapidly changing business conditions. Integrators look for developer productivity, easy maintenance, architectural options, platform independence, etc.  Many are just beginning to learn how geoprocessing can benefit their clients. They will therefore respond favorably to standards that define the basic approach to distributed geoprocessing.

Service providers

Service provides offer final products or services to the end customer. 

The Internet is providing many new opportunities for companies to provide services and information products as opposed to providing systems and data.  Most Web sites currently offer only the passive documents that HTML is designed to provide. The next big phase in the evolution of the Web will involve automatic invocation of services that are distributed over the Net. Service usage will be paid for by license, by subscription, by timed metering, or on a pay-per-use basis. Abundant bandwidth and E-commerce tools that automatically manage innumerable transactions per day will support a rich market in online services. 

The end customer
The end customer in the geospatial value chain might be a consumer or someone in a government agency or business. 

The products and services delivered to the end customer will almost always pass through or depend on multiple industry players who depend on interoperable geospatial technologies.  These end products and services will sometimes be entirely spatial information, but more often they will be “hybrid” in nature, only partly geospatial. 

The user’s satisfaction will depend heavily on cooperation among the technology providers in the geoprocessing value chain(Error! Reference source not found.) The Web’s advance is regrettably creating a “swarm” of network-resident geospatial data and geoprocessing services. Currently there are many web-based mapping sites, but almost none interoperate. New Markets 

New markets will open as geoprocessing enters mainstream IT and as the new Net and object-centric geospatial infrastructure fleshes out and matures. The following discussion highlights these opportunities for the geospatial industry in the consumer, business and government markets. This progress is important for all users of geoprocessing, because the market is shaping the new technology just as surely as the new technology is enabling the market.

Consumers

The geospatial industry has served mainly a set of users trained in managing complex geodata management problems. These users, working in the traditional GIS and remote sensing application markets, will benefit from network-based geoprocessing, and they will grow in number, but a much larger population of less skilled users will begin to benefit as well.Looking forward a few years, it is likely that people’s information appliances will include “personal spatial assistance services” that will maintain the individual’s information context and connection (personal logical network) as the individual moves through space, bridging media and modality, mapping electronic locations of devices (addresses) to their physical locations; using concepts of “reach space,” “co-location,” and “near-by.”  Mobile, location aware, Internet-connected devices will use their location awareness to maintain and optimize their Internet connections and also to deliver a variety of consumer services.

Here are some of the ways in which consumer markets can make or are making use of geospatial data and geoprocessing, particularly in an environment of wireless, spatially aware devices:

E-commerce. Location-sensitive shopping agents.

Entertainment. Virtual travel -- visit places without being there.

Travel/ tourism. Downloadable applets for the mobile tourist.

Emergency road services, 911 emergency response systems. 

Personal safety/security, health monitoring

Cell phone or car mayday button.

Security monitoring and intrusion response.

Special wayfinding for elderly and disabled.

Child, pet, and car position reporting devices.

Large and Medium Businesses
Spatially-enabling the enterprise is hard to accomplish at present, with monolithic architectures that  don’t easily integrate with enterprise systems. But that goal is quite feasible in the Digital Earth vision of Net-based and object-centric geoprocessing solutions that conform with industry standards and core technology approaches. 

Here are some of the ways in which large and medium businesses can make or are making use of geospatial data and geoprocessing:

E-commerce. A transaction-intensive company storefront shows the location of nearest customer service centers for their products.

Supply Chains. A large manufacturing company updates their centralized, mainframe-based supply chain management system by adding mid-tier geospatially-enabled “servlets” and secure Web applications for its offices, suppliers and distributors scattered around the globe.

Customer Support. Customer service representatives assist customers over the Net and coordinate with field technicians via mobile, position-aware PDAs.

Enterprise Resource Planning Systems. A company’s distributed decision support capability is crucial to timely and effective operations; geospatial decision aids offer a new dimension to the decision process.

Targeted advertising and marketing. A large consumer products firm is getting poor investment returns on its advertising and marketing; it turns to the Net and uses geo-intelligent agents to more effectively target its prospects.

Planning, Operations and Maintenance for spatially-dependent industries like transportation, telecommunications, agriculture, natural resource exploitation, water and power distribution. A field operations support system ties mobile field personnel to the dispatch center; geospatial objects offer descriptive portrayals of field activities

Packaging/Shipping/Distribution. Delivery personnel for a shipping company start their days at the distribution center by downloading applet-based manifests for the day's run. 

Finance/Banking. Investment analysts at a major bank use geo-intelligent agents to scan market databases and report on global market trends.

Insurance. A progressive insurance company moves to integrate spatially-oriented insurability factors into their new dynamic rate-determination system.

Health care. Outpatients with telemetering sensors and GPS can immediately tell health care professionals and family the health status and location of patients.

Small Businesses
Nearly 50% of all small businesses are on the Net today. Small businesses have a voracious appetite for Web innovations. Many are risk takers that will jump quickly on the latest technology or service advantage to shave operating costs or distinguish their company in the market. Most of the Web portals see the small business market as their next “big play”, with most of the “top ten” of these Web traffic aggregators now having aggressive small business development initiatives underway.

Whereas the Net greatly expands the reach of small businesses, they are still primarily locally-oriented in their conduct of business. On the average, roughly 80% of their business is conducted locally. This makes geography more significant in their day-to-day activities. 

Here are some of the ways that small businesses can make or are making use of geospatial data and geoprocessing:

E-commerce. Spatially-enabled buyer's guides for small businesses provided by service providers.

Advertising and marketing. Spatially-enabled yellow pages populated by value-added service enablers and provided by Web portal service providers.

Lead generation. Spatially-enabled software agents scour the Net for business opportunities.

Travel. On-line automated travel agents employing spatial capabilities become readily available to assist in finding and booking low-cost travel.

Networking. A small business uses geo-intelligent agents to find local subcontractors for a bid it is preparing.

Real estate. On-line real estate listing services built by integrators for service brokerages, with the data produced by value added service enablers.

Precision agriculture. Network-available geospatial services provide farmers with biweekly crop health and status reports.

Governments
The role of government in Digital Earth is explicitly not to build a monolithic system in which all geodata can be housed and distributed.  Rather, government--especially at the US Federal level--will encourage industry, academia and government researchers to develop technologies, standards, services and software that enable the Digital Earth vision of seamless and intuitive access to georeferenced information.

The government may, for example: offer competitive funding opportunities for research and development; retarget existing projects towards the DE vision; mandate that government-produced data comply with DE standards; participate in national and international geospatial standards bodies; develop prototype DE systems and components in-house and offer them as models; enter into partnerships with museums and other institutions to make high-end DE viewing possible for the public; fund regional and thematic pilot projects.

Here are some of the ways in which governments  will make use of geospatial data and geoprocessing in an open distributed processing environment:

Emergency management and response. Disaster mobile operations management systems include distributed geoprocessing capabilities for real-time decision support and distributed, collaborative relief operations.

Resource management. A large federal agency with scarce, distributed resources upgrades their management system to allow collaborative resource management tasking on the Web, using, for example, geospatial applets.

Defense and intelligence. The U.S. Army adds modules to a distributed war gaming system that makes it easier to change geographic simulation spaces using a new high-performance geospatial information appliance.

Environment Management. Remote spatially-sensitive sensors are incorporated into a monitoring system to assist in time-critical remediation efforts.

Transportation. Geospatial software objects/applets with traffic and weather information are dispatched regularly to mobile units
Census. New Web census reporting services to the public, government and business.

Mapping. Digital Earth mapping plans for the United Nations: cooperating governments and enterprises around the globe should use the DERM in their planning, and require standards-conformant geodata and geoprocessing software.

Public Safety. Police use distributed geospatial objects to offer field personnel critical, real-time decision support and distributed, collaborative operations.

Municipal information services. A progressive municipality might offer new Web services to homes and businesses for “Dig Safe”.

Education. A new earth studies course is offered globally to demonstrate the viability of distance learning to remote areas.

Research. Digital Earth research occurring in universities around the globe results in hundreds of new applications for spatially-oriented problems.

APPENDIX C, Digital Earth Abstract Architecture
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Figure 7.1
Error! Reference source not found. is an abstract architecture diagram enumerating the primary components of a Digital Earth-compliant system and their interconnections.  A viewer Client (is designed and produced in the [???] allows the user to formulate a complex query (for example, "find vegetation data and roads in this area and overlay them in an image.")  This query is sent to any convenient Digital Earth Gateway, which breaks the query down into simpler requests ("Who has vegetation data?"  "Who has roads?" "Who can assemble them into an image?").  The Gateway consults a Distributed Catalog system to find data sources and a service provider for the assembly, receiving pointers to those resources.  The Gateway then responds to the Client with a "recipe" including those pointers and what to do with them.  Thus far, no bulky data has been transferred over the network.  The Client then contacts the Assembler whose address it was given, passing it the pointers to the data and the recipe.  The Assembler fetches data from Data Providers as needed, creates the final "information product" according to the recipe, and hands that product (or a pointer to it) to the Client.

In a real implementation, there may be increased complexity.  For example, several Assembly services may be needed to marshal disparate data types (e.g., map irregular points to a grid, transform to a different map projection, generate 3D geometry).  Also, the assembly phase is the component most likely to be subsumed by another component.  For example, a Smart Client (like the Immersive Workbench at NASA Goddard) may prefer numerical data that it transforms into 3D geometry, or a Smart Gateway may include provisions for assembling a GIF image on behalf of a "dumb" web browser, or a Smart Data Provider may serve composite finished products based on the data it contains.  These scenarios are sketched in Error! Reference source not found..


[image: image4.png]Client Smart
Client
Assembler]
Gateway Assembler] Gateway
Data | [Assembler] [ Data Data Data
Catalog| | Catalog | |Providers| Catalog| [Providers
[ Client Client
Smart
Gateway
Assembler atew Smart
i Data
Provider
Data Data Data Assembler]
Catalog| [Providers Catalog|





Figure 4.2
Bibliography

ISO and IEC. The Reference Model of Open Distributed Processing, ITU-T Recommendations X.901 to X.904 | ISO/IEC 10746.

Jacobson, Ivar. The Object Advantage – Business Process Reengineering with Object Technology. ACM Press. 1995.

The OpenGIS Guide – Introduction to Interoperable Geoprocessing. OGC Technical Committee. Kurt Buehler and Lance McKee, editors.  1996. Open GIS Consortium, Inc.

Parts of the sections on economic context in the Appendices have been adapted from a market report prepared by Harry Niedzwiadek of Image Matters, Inc. for Sun Microsystems. The Open  GIS Consortium thanks Sun for granting permission to use parts of that report.

























Digital Earth Reference Model  
DRAFT                      July 2, 1999
page 7

_974224556.ppt






Geoprocessing Value Chain for the Net













Bus Services



Gov Services



Cons Services

Geospatial

Data

Producers

Infrastructure

Providers

Integrators

Value-added Service Enablers

Service

Providers

		Baseline Data



   - Foundation

   - Domain-specific

		Hardware

		Software

		Networks



		Value-add Data

		Enabling Services

		Niche Apps



		Integrated Solns

		Prof Services

		Custom Apps



		Info Services

		Transaction Services

		Comms Services









Consumers

Businesses

Governments








_992406961.doc
[image: image1.png]Client Smart
Client
Assembler]
Gateway Assembler] Gateway
Data | [Assembler] [ Data Data Data
Catalog| | Catalog | |Providers| Catalog| [Providers
[ Client Client
Smart
Gateway
Assembler atew Smart
i Data
Provider
Data Data Data Assembler]
Catalog| [Providers Catalog|








_974008312.ppt








Global Network Infrastructure: A Requirement for Ubiquitous Geoprocessing

Network Providers

		 IP backbone for Internet, Intranets and Extranets

		 Network security

		 Managed network services



Network Service Providers

		 Network access

		 Network security administration

		 Distributed hosting

		 Secure messaging and transaction processing



Application & Content Providers

		 Communications and collaboration

		 Information search and exchange 

		 Web applications (e.g. electronic catalogs)

		 Content production

		 EDI



Global Network Infrastructure

Service   Providers

		 Consumer services (e.g. electronic commerce)

		 Business services (e.g. supply chain mgmt)

		 Government services (e.g. emergency response)



Geoprocessing

Realm

Business

Consumer

Government








