Statement of Work

Autonomous Cryogenic Fluid Management using G2
Implementation using NASA’s ISHM Toolkit in the G2/Symcure Programming Environment.

Effort:  Up to 26 weeks of person-labor/travel by expert(s) in G2/Optegrity, ISHM, and NASA’s cryogenic facilities.
Summary

Integrated System Health Management (ISHM) and Autonomous Control (AC) capabilities are being implemented using the NASA toolkit developed with the G2 Bundle programming environment (G2/Syncure). The core implementation is based on creating the ISHM Domain Model (ISHM-DM) and the AC Domain Model (AC-DM) of the system. The ISHM-DM incorporates data, information, and knowledge (DIaK) needed to achieve ISHM capability; within an architecture that enables integrated use of DIaK by a system defined in terms of intelligent sensors and components. The AC-DM incorporates the ISHM-DM and includes AC domain knowledge needed for autonomous operation. Efforts for the first delivery will concentrate on updating/modifying the NASA Toolkit modularization and documentation to improve usability, defining a software standard for development of a certifiable product for launch systems, defining the software architecture, and starting the creation of the domain models. 
Domain for Implementation
ISHM and AC capabilities of the NASA Toolkit will be used to develop a domain model of a mobile launch and vehicle systems at Kennedy Space Center (KSC); and/or other similar NASA systems. 
Functional Capabilities

The implementation will embody the following capabilities:
1. Update/modularize toolkit to improve usage for fast development of ISHM and AC application domain models.

2. ISHM and AC Domain Models using the NASA ISHM Toolkit (G2/Symcure).
a. Update to include new elements such as pumps. All system elements represented (sensors and components).

b. Include TEDS for sensors and components, to be uploaded from a file or database, or inserted manually.

c. Determination of sensor anomaly indicators (some indicators provided externally) and use of this information in assessing sensor and component health within the ISHM domain model.

d. Validate experimentally visualization of fluids in piping, based on valve state and interconnectivity (representing actual location of fluids). This capability exists, but needs to be adapted to different user interfaces for the new domain model.
e. Streaming of data and signals from a file, and from an Ethernet Bus (TCP/IP and UDP … or other).

f. User interfaces: Design and develop user interfaces with minimum display area and maximum effectiveness for launch operations.
g. Leak Detection on isolated subsystems: Validate experimentally and improve to reduce the suspect set of leak causes.
h. Valve condition determination using intelligent sensor information and command signals: Include localized valve physics models for consistency checking.
i. Pump condition determination using intelligent sensor information and command signals: Include localized pump physics models for consistency checking.

j. Generic component condition determination using intelligent sensor information and command signals: Include localized component physics models for consistency checking.

k. Redline/Blueline management.

i. Visualization and report generation.

l. Interlocks management (similar to the redline/blueline management capability).

i. Visualization and report generation.

m. Root-cause tree implementation of Failure Modes and Effects Analysis (FMEA) focused on determining health of sensors and components (50-100 cases expected).

i. Include localized physics or other models for consistency checking leading to anomaly detection, diagnostics, and isolation.

ii. Visualization and report generation. Navigation to items of interest related to a FMEA event.
n. AC Sequence Creation capability: Advance the current implementation to enable incorporation of a wide range of conditions such as physics models and reasoning.

o. AC Sequence Execution capability: Validate during testing and refine to address requirements of advanced systems.
p. AC Concept of Operations: Develop a concept of operations that makes optimum use of AC and ISHM capabilities. Validate and improve based on tests.
3. Management of measurements, configuration, and health information.
a. Store measurements, configuration (TEDS), and health information in a database and/or file.

b. Use a browser to analyze information including history of anomalies superimposed on measurements.
4. Immediate Re-Run of test or operations from a file and/or database, with tools to aide in review and analysis operations.

5. Validate system during tests.

a. Validate all functionality during tests.

b. Assist in evaluation of the capability and tools.

c. Make refinements based on feedback from tests.

6. Documentation.

a. Design document.

b. Operations document.

c. Validation document describing system and validated capabilities during tests.

7. Software Requirements.

a. The contractor shall submit a software configuration control plan for the government to review and approve.  This plan shall address version control of the software development process.

b. The contractor shall deliver the software, and it’s source code in its native format, via a CD or USB drive that can be copied to a computer running at minimum a Windows 7 operating System.

c. The contractor shall comply with the requirements of NPR 7150.2, Class D.  In order to do so, the contractor must concur with this classification by providing the appropriate signatures as indicated on the attached Software Assurance Classification Report (SSC Form-809) form.  Appendix E of NPR 7150.2 contains the definitions for software classifications. The contractor’s proposal shall address the proposed method of compliance with NPR 7150.2 for Class D requirements.
Tasks and Schedule for the Initial Delivery
	Task
	
	FY15-Q1
	FY15-Q2
	FY15-Q3

	1
	Support on-site at KSC to organize and document the NASA G2 Toolkit to make it suitable for easy use to implement the APL project (Autonomous Propellant Loading). Emphasis on ISHM toolkit capabilities such as leak detection, valve inconsistency management, sensor anomaly detection, FMEA. Deliverables: documentation and code modification with the NASA Team, one or two weeks on-site support at KSC.
	
	
	

	2
	Coding and coding support to implement the Autonomous Propellant Loading (APL) project, emphasizing generic toolkit code such as gateway interfaces and user interfaces. Deliverables: code development support to the NASA Team.
	
	
	

	3
	Support in adhering to a software development standard and documentation for G2, leading to a NASA certification as Class C critical. Deliverables: support for code development and documentation to the NASA Team.
	
	
	

	4
	Support creation of documentation: System description and operation instructions.
	
	
	


Qualifications of Provider

1. Expertise and extensive experience developing applications in G2 and Symcure (4 or more years).

2. Expertise and experience developing applications with the NASA Stennis ISHM Toolkit, including its autonomous control capabilities (developed using G2 and symcure, more than 1.5 years of experience).

3. Experience and understanding of NASA’s ground/spacecraft cryogenic-fluid management systems (4 or more years).
4. Experience and knowledge about the field of Integrated System Health Management (ISHM) as per project carried out, publications, and participation in conferences.

5. Experience and knowledge about the field of Autonomous Control (AC) as per project carried out, publications, and participation in conferences.

6. Familiarity and ability to integrate NASA Stennis’ Virtual Intelligent Sensor Environment (VISE).

7. Familiarity and ability to integrate NASA Stennis’ Health Assessment Data System (HADS).

8. Ability to meet the schedule and do on-site work as needed to achieve goals.

9. Developers must be eligible to be badged to NASA Kennedy Space Center and NASA Stennis Space Center, in order to meet security and ITAR requirements.

