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Introduction

The OGC in collaboration with the U.S. Army Corps of Engineers' (USACE) Engineer Research and Development Center (ERDC) and other sponsoring organizations have successfully cooperated on the OGC Web Mapping Testbed, Phase 1 (WMT-1), the Upper Susquehanna-Lackawanna Pilot Project, the OGC Web Mapping Testbed, Phase  (WMT-2), The WMT Military Mapping Project (MPP), and the OGC Geospatial Fusion Services Testbed Phase 1 (GFST-1) resulting in many new standards for interoperability. ERDC and the CADD/GIS Center for Facilities, Infrastructure, and Environment (hereafter shortened to the CADD/GIS Center) now wish to sponsor an effort to support the evolution of Information Communities.  For this RFQ, ERDC and the CADD/GIS Center are sponsoring an effort to design an object model for the domain of utilities.   

This project is designed to promote collaborative development of domain models for utilities as a vehicle to achieve Semantic Interoperability within and across Information Communities.  

1 Objective

The objective of the ODMS Project is to produce a domain model for utilities. The scope of this project is on Gas, Electric, and Water. The model is developed using the Unified Modeling Language (UML). The CADD Center provided an initial baseline model to the participants. The baseline model is based on the SDS/FIE standards. It was not intended to restrict the outcome of the final model in this project. The CADD Center will consider further extensions, changes, and updates to the baseline model that will lead to semantically richer domain model for Gas, Electric, and Water. 

This report complements the UML model, which resulted from this project. The report is known Interoperability Program Report (IPR). This IPR includes recommendations to further develop the model that will enable encoding it in a computer readable domain knowledge that can be used and referenced by information communities.   It is anticipated that the Information Community and Semantic Special Interest Group within OGC will achieve this through another effort that could be an extension to ODMS. 
The project will be accomplished in three phases.  The first phase includes activities necessary for requesting the technical resources.  The second phase includes all the activities necessary for assembling the technical recourses and initiating the modeling work.  The third phase is what includes all activities necessary for executing the modeling work. This report reflects the results of the third phase.

2 Deliverables

The final deliverable of the project is a model of the utilities domain. More specifically, Gas, Electric and Water. The model uses the Unified Modeling Language (UML). The deliverables includes

1. Class diagram (i.e., static view)

2. Packages view (i.e., model management view)

3 Achievements

The project team established a more robust structure for utilities modeling fashioned after the SICAD and ESRI’s Utilities domain models.  This structure classifies object classes as components, facilities, support, or management.  Components are abstractions of utility objects that are essential to the utility network and have spatial significance.  Facilities are aggregations of components.  Support classes are abstractions of utility objects that are not essential to the utility network but have spatial significance.  Management classes are object abstractions that are not essential to the utility network, may not have spatial significance, and are primarily used for utility business processes. Using this taxonomy, the project team classified each object class and generated specialization associations.

Classes in the UML diagrams are common to the perception of utilities by all participants.  The breadth of consensus indicates that the final version of the model will be adaptable by government, business and industry.  It was interesting that all participants had the same perception of a utilities framework.  The final model produced by the project team is a well-designed baseline for the next phase in utilities domain object modeling.

4 Lessons Learned

Lesson 01: The object model was a tangible product of the project but the process taken to produce the model is another significant product of the project.  It is clear that having a baseline model enabled the team to rapidly develop discussions on changing the baseline toward a more versatile model.  The initial focus of team discussions was on the structure of the baseline model.  The nature of the SDSFIE/FMSFIE baseline model exposed a fundamental problem with conversion from relational implementation models to object models.  

Implementation models equate feature classes to relational tables.  To maximize performance, database structures are made to minimize table joins.  These characteristics of relational implementation models, like SDSFIE/FMSFIE produce a “flat” object model that does not take advantage of object model characteristics like inheritance and richer associations.  The result of this “flat” model causes taxonomy problems in the object model.  The team overcame this problem by creating a business function taxonomy using packages in the object model.  This taxonomy created a framework for object class classification and discussion of class abstractions.  Once the package structure of the model was agreed upon, the team rapidly assigned classes to the new structure taxonomy.

Lesson 02: In the first meeting, the team used hard copies of the object models entered into Rational Rose(.  Rational Rose( was presented for the team to view during the second meeting and the teleconference.  Modifying the model using the tool enabled the team to reach consensus more rapidly than using hard copies.  

Lesson 03: SICAD Utilities pointed to the existence of the ISO standard 19103 harmonized UML model, which enabled the Rational Rose tool to use ISO standard data types.  It was clear that an automated tool with standard units enabled rapid creation of the parts of the model that depended on other standards.

Lesson 04: The last meeting used PlaceWare to present the Rose models via web browser and used telephones to share audio.  PlaceWare enabled multiple participants to manipulate the Rose model.  It is clear that the PlaceWare tool can dramatically reduce travel of participants and can still enable synchronous collaboration.

Lesson 05: The project team did not consider how to render features.  There were no discussions about points, lines, and polygons.  The team also refrained from discussing geometry.  The team relies on other OGC (previous and ongoing) efforts to build geometry and network models that will augment domain object models.  This exception from the model enabled the team to focus on the object classes rather than alternatives to rendering and placement of the objects.

5 Recommendation

ODMS1 is the first OGC domain modeling initiative. The team encourages more domain modeling initiatives. We believe this to be a stepping-stone towards enabling information communities.  ODMS team puts foreword the following recommendations to be considered by the Open GIS consortium:

1 Much effort was spent to achieve consensus between the participants on the structure of the UML model for Utilities. However, the team believes that more work is still required to bring the model to a level where it can be implemented. This also includes feature representation.

2 Modeling application domains is non trivial, especially if it involves participants from industry who already have their advanced domain models in place The challenge was to develop a model that on the one hand satisfies the requirements set fourth and on the other hand minimizes the re-engineering of the available models from industry. Similar future initiatives can greatly benefit from the development of a well-defined approach for the practice of domain modeling.

3 A framework for information communities is still lacking. The framework should outline the following:

a. An architecture that leverages OGC Web Services with information communities.

b. Outline a mechanism to exchange information within and across information communities.

6 Important Issues

6.1 Model Structure

The utility model developed in this project is only an initial delivery of a standard structure that will be further developed in future OGC projects.  Though well grounded, the model structure may be subject to modifications and enhancements as further development ensues.

6.2 Compliance

The utility models were developed as a core set of objects to be used as a basis for any implementation scenario.  Compliance is not dependent on an all-inclusive use of all the objects in the model, but rather the use of the basic structure and attributes for objects to be implemented.  For instance, attribute compliance is achieved in implementing the core set attributes defined in the model; however, implemented attribute names need not match letter for letter to be compliant.

6.3 Attributes

The attributes in the utility model were developed based on the physical characteristics of the object they described.  Spatial references (e.g.-elevations), abstract descriptions (e.g.-zones), and possible foreign key fields to other objects have been omitted from this initial version of the model to maintain simplicity in the core development.

6.4 Subtypes

Standard object subtypes will need to be developed in future projects.  For example, standard water valve subtypes may include Ball, Butterfly, Gate and Plug valves.

6.5 Relationships

Relationships between objects in the model will need to be developed in future projects.  For example, a relationship may be developed between a substation and all of the downstream objects that it serves.

6.6 Behavior

Object behavior will need to be developed in future projects.  For example, a behavior in an electrical system is that a secondary line must connect to a primary line through a transformer.

6.7 Management Packages

Management packages developed during this project served more as a placeholder for objects that will need further development.  Typically non-spatial objects such as circuits, customer service information, and work orders fall into this category.  The future development of Management packages will also include the division of Management into Facilities Management (objects not part of the network, but may be spatially referenced) and Utilities Management (objects that support the business process, but are not spatially referenced).

6.8 Connection Objects

The connection objects, currently residing under the utility (UT) package will require further development.  These objects include service points and meters and can be related to all utilities.

6.9 Cathodic Protection Objects

Further development is required on cathodic protection objects including determining whether the objects are a system of their own or simply objects that support other utility systems.

7 UML Notation

The diagrams that appear in this document are presented using the Unified Modeling Language (UML) static structure diagram.  The UML notations used in this document are described in the diagram below.
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 — UML notation

In this diagram, the following three stereotypes of UML classes are used:

a) <<Interface>> A definition of a set of operations that is supported by objects having this interface.  An Interface class cannot contain any attributes.

b) <<DataType>> A descriptor of a set of values that lack identity (independent existence and the possibility of side effects). A DataType is a class with no operations whose primary purpose is to hold the information.

c) <<CodeList>> is a flexible enumeration that uses string values for expressing a list of potential values.

In this document, the following standard data types are used:

a) CharacterString – A sequence of characters

b) Integer – An integer number

c) Double – A double precision floating point number

d) Float – A single precision floating point number.

Appendix A

The UML Model: this link will take you to the HTML version of the UML model To begin browsing, under Logical View click on “main” to view the packages.
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