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Background:

The NASA/Kennedy Space Center (KSC) has invested in the development of discrete event simulation (DES) models of the first Reusable Launch Vehicle (RLV), the Space Shuttle, and in conducting simulation studies of Space Shuttle flight hardware processing.  The success of this initial work led to additional funding from KSC and the Space Launch Initiative (SLI) program to continue work in developing simulation tools that are readily applied to a variety of RLV architectures.  The intent of this project is to continue the development of tools using discrete event simulation as a basis to aid in the operational analysis of future RLVs.

Objectives:

The primary purpose of this project is to maintain, continue to develop, and extend the foundation of DES models for application to the operations analysis of future RLVs.  To this end, there are three overall objectives to this project.

1. Upgrade and enhance the existing Shuttle Macro Level DES model.  These upgrades will enhance the fidelity of the existing model and make it easier to use.  This model is to be used as the benchmark for the analysis of future RLVs.

2. Enhance the existing Generic RLV Simulation model with additional features and make it easier to use a populated model.  Based on input from the user, this approach populates an existing DES model that is generic to all RLVs.

3. Start the research and development of automatically generating a DES model of a RLV.  Again, based on input from the user, this approach builds DES models that are unique to a specific RLV architecture.  Though still generic in that any Reusable Launch Vehicle (RLV) configuration may be input, this method allows for models that more directly represent the system under study.

In summary, the objectives of this project are to maintain and enhance a reference simulation model of Space Shuttle processing and provide a DES modeling system that assists in a quicker analysis of operations of disparate RLV designs than is possible by constructing individual DES models of each design.  It is imperative to have a product that can easily be applied to a variety of RLV designs.  The resulting populated models will provide the basis for simulation studies, led or accomplished by NASA personnel, on these RLV designs.

Technical Approach:

The approach is to use the existing products as a baseline and upgrade, enhance, or develop them as necessary to obtain the objectives stated previously.  The sub-projects could be performed separately, but are considered here together so as to foster synergy between them.

The DES modeling package used on the predecessor projects was Arena (Rockwell Software).  It is anticipated that use of these package (latest revision) will continue; however, a change to a competing product may be considered with appropriate justification at the discretion of the NASA Principle Investigator (PI).  All software products that are required to use and maintain the resulting products (other than Arena and MS Office) must be turned in to the NASA PI as a deliverable.

Work Plans

The tasks listed are not necessarily in priority order and may be rearranged if approved by the NASA Project Manger and NASA PI.

Shuttle Macro Level DES model:

Task 1:
Convert Shuttle Macro Level Model to Arena version 5.0 (possibly version 6.0)

This task upgrades the existing model to a newer version of Arena.  Version 5.0 has additional features that allow for the easier incorporation of cost and resource information in Task 4.  The recently released version 6.0 may be considered as the target upgrade.

Task 2:
Design, develop, & implement output report

A designed output report shall be generated from the upgraded Arena model that displays statistics important in the analysis of Shuttle Processing.  This report is specifically intended for the easy understanding of the run results of the simulation from a Shuttle perspective.  Information contained in this report shall include, but is not limited to, the following:

· Number of flights per year

· The time between successive missions

· The time from landing to launch

· Key resource utilizations

Task 3:
Review current modeling methodology and recommends changes to enhance fidelity

Certain aspects of the existing system may be modeled in various ways and still remain valid.  Recommend changes to the model to enhance its fidelity.  Recommendations should not significantly change the level of abstraction or detail of the existing model.  Changes that enhance to the usability and maintainability of the simulation model will be considered.  The NASA PI shall approve all changes.

Task 4:
Add cost & resource features to model

Cost and resource information shall be added to the updated Arena version of the Shuttle model.  The intent is to better understand the source of cost incursion and the utilization of resources in the ground processing aspects of the Shuttle Program.  The downtime, including maintenance and repair time, required for each major resource is an important aspect of resource utilization and shall be added. 

Task 5:
Design, develop, & implement an input form for the Shuttle simulation model

The intent of this input form is to allow easier modification to key input information to the Shuttle model.  The input form shall allow, but is not limited to, the following modifications:

· Input distributions

· Quantities of resources (e.g., number of high bays in the VAB)

· Cost attributes added to the model in Task 4

Task 6:
Validate the new simulation model and other enhancements

Verification and validation shall be an integral part of every phase and every task of this project.  Once all of Tasks 1 – 5 are completed, the new model shall be validated against historical data from the 1992 – 1997 timeframe.
Deliverables:

Upgraded Arena version of Shuttle Macro Level Model 

Designed output report

Shuttle Macro Level Model with cost and resource features added

Input Form

User’s Guide

Final Report

Commercial software required for operating and maintaining the deliverables, as required by the NASA PI.

Generic RLV DES Model System:

Task 1:
Design, develop, & implement an input form 

This form should allow for the input of RLV data and the easy experimentation of a previously input (described) RLV.  Ease of proliferation of this input form is important, so implementation should take this into account (e.g., a Web form)

Task 2:
Design, develop, & implement output report

This report is specifically intended for the easy understanding of the run results of the simulation from a RLV perspective.  Information contained in this report shall include, but is not limited to, the following:

· Number of flights per year

· The time between successive missions

· The time from landing to launch

· Key resource utilizations

Two considerations should be given for the output 

· The mechanism for returning the simulation results to the users (e.g., display output as an integrated part of this tool, e-mail of a MS Word or Adobe PDF file, display to a Web page)

· Providing the output in a standard format (e.g., XML) for easier integration with interfacing models.

Task 3:
Add capability for specifying repair and maintenance downtime for resources
The user interface (Visual Basic Questionnaire) shall be updated to include periodic downtime for repair and maintenance.  The simulation model shall be modified as necessary to include this information and shall accept it along with other model input.

Task 4:
Add capability for multiple vehicle configurations
The user interface and model shall be upgraded to include the possibility of multiple mission vehicle configurations.  The basic vehicle would remain the same, but different “mission pods” shall be possible.  For example, a “mission pod” could include, but is not limited to, the following:

· Crew Transfer Vehicle

· Cargo Pod (Unmanned)

· Combined Crew and Cargo Vehicle

The quantities of these Flight Hardware Elements (FHEs), the probability of use on any given mission, and processing uniqueness shall be input through the user interface and loaded into the underlying simulation model.

Task 5:
Add capability for multiple launch sites
The exiting Generic Simulation for RLVs only permits a single launch site with the possibility of multiple launch pads.  This task adds the possibility of having more than one launch site (e.g., eastern and western launch sites).  Each specified launch site shall require at least one total set of resources required to process and launch the RLV.  The resources and processes to ferry the FHEs between launch sites must also be included.  Sharing of some resources shall be permitted between launch sites.

Task 6:
Add capability to delete FHEs to a saved model
The capability in the baseline generic simulation model exists to add additional FHEs by increasing the number of specified FHEs on the first screen of the data entry program.  Attempting to delete FHEs can only be accomplished by changing the number of FHEs, which deletes the last FHE in the list.  A new capability shall be added to delete any desired FHE.  If at all possible, this feature should be possible by more than one method of user operation, i.e., pull-down menu and right-mouse click to a context sensitive menu with delete as one option.  This capability, as with others, should follow standard graphical user interface conventions.
Task 7:
Add capability to handle abort probabilities and scenarios
Ascent abort scenarios shall be included in the Generic Simulation for RLVs including the input and loading of probabilities of such occurrences.  Addition of abort landing locations and resources shall also be included.

Task 8:
Add capability to specify the queue structure for a process
Most major processes in the Shuttle program do not include the capability of a queue.  There are many potential reasons for this, such as expense and need.  As such, the routing of FHEs is constrained by the need to seize the next process, and associated resources, prior to releasing the current process, and associated resources.  Future RLVs ground systems may invest in adequate/sufficient queues in order to optimize their launch turnaround processing.  This task adds the capability to specify the queue structure for each process included in the simulation model.  Additionally, the system shall accept and appropriately handle priorities assigned to a specific resource for immediate processing.

Task 9:
Include ability to add additional major vehicle details (e.g., engines, payload processing, etc.)
If major FHE subsystems have a sub-process that is a critical path to overall FHE process, it may be warranted to include those sub-processes in the model.  For example, in the Shuttle model, the engine turnaround process is included in a general fashion.  For future RLVs, it may be warranted to also include the process flow of a critical path subsystem.  This task shall add the capability to add the processing flow of a FHE subsystem to the simulation model, as an option, with all the requisite processing information for that subsystem (including, but not limited to, the total quantity existing, the quantity required per specific FHE, the resources required to process it, the general processes for routine turnaround processing, and the time required for each process).  The intent of this task is to allow the addition of some lower level system details if desired, but not make them mandatory.

Task 10:
Add cost loading factors
In the user interface to the Generic Simulation Model for RLVs, add the appropriate fields for entering cost estimates for each of the processes and resources included in the model.  How the costs are accounted (fixed cost based on use, variable cost based on time, etc.) shall be part of the model architectural change discussion once this task is initiated.  These costs shall be used to generate an estimated cost of the RLV in any of several ways (per flight, per flight vehicle, per year, etc.)

Task 11:
Add capability for goal-oriented optimization
This task adds the capability in the system to specify experimental scenarios in an attempt to meet specified system goals.  For example, adjusting the quantity of specific processing resources until a specified flight rate is achieved.  The number and type of experimental scenarios and goals should not be limited.  Specification of the design of experiment shall be organized and straightforward, and viewing of the results shall also be logically organized and lend itself to intuitive interpretation.

Task 12:
Validate the new generic simulation system

Each task of the new simulation system shall be validated to ensure the inputs match what is loaded in the underlying model.  This shall include, but is not limited to, the following:

· Technical accuracy – all FHEs and resources are accounted

· The results of model runs are readily understood by the RLV system expert (face validation)

· The system runs without software system errors

Deliverables:

Tasks 1 through 11 describe individual upgrades to the baseline Generic Simulation for RLVs.  Therefore, each task requires that the baseline simulation system be delivered with the stated capability included.

The Task 12 (Validation) deliverable is a report on the method and results of validation.  This shall be included as a major section of the Final Report.

User’s Guide

Final Report

The commercial software required for operating and maintaining the deliverables as required by the NASA PI.

Automatic RLV DES Model Generation:

Task 1:
Research automatic generation of DES models

Research the literature on work accomplished in automatically generating DES models from an external input file.

Task 2:
Develop architecture
Develop an architecture that can automatically build a DES model of a RLV.

Task 3:
Develop electronic input form for easy experimentation
The system shall include an electronic input form with which to enter RLV resources, parameters, and processing information.  This task may or may not use/reuse the input forms from the previously developed Generic Simulation of RLVs.

Task 4:
Develop electronic & printed output report for easy review of simulation study results
A designed output report shall be generated that displays statistics important in the analysis of the processing of the defined RLV.  This report is specifically intended for the easy understanding of the run results of the simulation from a RLV perspective.  

Task 5:
Implement architecture proof-of-concept for RLVs
The intent of this system is to accept information from an external file and build a DES model of the system without human intervention.
Task 6:
Validate the new simulation model

The new system shall be validated with information from the Shuttle DES and other to-be-defined RLV concepts.

Deliverables:

DES model building system

Input Form

Designed Output Report

User’s Guide

Final Report, including as a minimum:

· Introduction & Problem Statement

· Literature Review

· Methodology, including

· Discussion of commercial products chosen

· Implementation

· Validation Plan

· Results

· Conclusions, including

· Recommendations for further development

Commercial software required for running and maintaining the deliverables as required by the NASA PI.
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