Ann Christine Catlin

Year 1 Effort Deliverables
Modeling and Simulation of Crew Workflow

Objectives:

(1) Design and develop a high level infrastructure model for crew workflow elements. The infrastructure model should focus on shipboard maintenance support activities and include protocols for describing interactions between crew, shipboard equipment, network applications, devices and servers. 

(2) Create process models based on the infrastructure model which can be used as input to global and local simulation models for simulation and analysis of crew workflow and network utilization.
(3) Work with team investigators to integrate the infrastructure model and validate against process models.

Approach:

The high level infrastructure model is an XML-based vehicle for the specification of crew workflow elements which covers the spectrum of shipboard services. For crew activity this includes maintenance scheduling, maintenance actions, troubleshooting actions (triggered by operational failure, maintenance diagnostics, or sensor alerts), reporting for maintenance and troubleshooting, operational maintenance actions, training, and leisure actions (email, web browsing). Non-crew services can also be described, such as data services (acquisition, transport, processing). 
The infrastructure model is job-based, describing (i) activity of crew as they carry out specific work elements or (ii) the events as a data service is rendered. The process models developed according to the infrastructure model focus on detailed specification of action sequences for end-to-end maintenance and troubleshooting -- including variants and extensions for network capabilities which are needed for simulation model analysis. The XML infrastructure model includes job characterization; number, location  and characterization of crew; identification of shipboard equipment and components; elapsed time per crew; use of network devices and applications per crew; and usage of network nodes characterized by connect time, data transfer and processing properties.  The infrastructure model supports job sequencing through the use of triggers, success-based outcomes and periodicity (job, crew, or ship.)  
Process models represent both   (i) standard shipboard crew activity and services, and (ii) specialized fault scenarios and failure modes for the target shipboard equipment, including configurable network, application and device specifications. In this way, process model sequencing supports the project goals for simulation analysis of technology insertion, process insertion, and damage control for the ship system of systems.
Results and Current Capabilities:
The XML-based infrastructure model is complete and all required features for crew workflow and network utilization specification have been delivered as proposed. The model is flexible and configurable, supporting both the global Simulex and the local Zonal simulation models and operating in accordance with the higher level simulation model specifications for crew and network. 
More than a hundred job-based process models have been delivered for use as input in the simulation of crew workflow, equipment breakdowns, and network utilization by the Simulex and Zonal models. Equipment parameterizations focus on electric power generation and distribution system (the project target systems.) Maintenance and troubleshooting instances are based on Ships’ 3M data logs for a DDG class vessel and application parameterizations are based on crew survey data. Parallel instances have been built for variations on network capabilities, troubleshooting triggers, and application and device requirements. Process models have been validated against the infrastructure model.
Integration efforts with other team investigators have successfully interfaced the XML infrastructure model with the Simulex simulation model for crew workflow. The interface has been validated for all existing process models. The network utilization integration with Simulex and OPNET has been designed and integration is ongoing. Sample process models have been used as input to the Zonal model, and more generic input integration efforts for workflow and network utilization are ongoing.
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	sample support elements for the  model infrastructure schema
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XML MaintenanceEvent schema with equipment identification and characterization of crew required to carry out the job-based activity.
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XML ApplicationProcessing schema to support the crew-application interface. The network application node schema represents node identification properties and characterization of network utilization.

















