






































































































































































































































































































































































































































































































































































































































































































































TEAMS Task Order Performance Work Statement (PWS) Page 1 of 1 
TASK ORDER NUMBER: 027D2-NNL09AM17T  Revision: 0 Change: 0    Date: May 29, 2009 
Title: Alternate Spectrum Manager Support 
 
1. Purpose, Objective, or Background (Optional)   
 
The purpose of this task order is to provide an Alternate Spectrum Manager to support the LaRC Spectrum 
Manager.  This task defines the requirements of the Alternate Spectrum Manager requirement. 
  
The LaRC Spectrum Manager provides, maintains spectrum, supports emergency communications and 
enforces NTIA RF regulations for LaRC and reports directly to the Center Director.  In addition, he monitors 
and resolves frequency interference issues.  This is done by managing and coordinating with other 
government or commercial spectrum managers.  The Spectrum Manager work is shared with other System 
Engineering projects and therefore there is a strong need for an Alternate Spectrum Manager support. 
Technical Direction 1 (6/29/09): Updates the initial task order start date to June 26, 2009 as issued by the CO 
on 6/26/09 (see TD1 below, Section 6). 
2. Description of the Work to be Performed: (See LMS-CP-5523, Appendix A) 
 
This work is not a consistent hourly work week due to its nature of being on a request by request basis.  
However, over the year it is anticipated to be a 0.5 FTE (rough order of magnitude) for the Alternate 
Spectrum Manager requirement.   Therefore the work schedule needs to be flexible. Some weeks will be 
forty hour work weeks while others may be only a few hours a week depending on incoming Radio 
Frequency Authorizations (RFA) requests, radio maintenance or interference issues.   
 
2.1 (Requirement/subtask number one):  The Contractor shall provide assistance to the LaRC Spectrum 
Manager according to the following requirements: 
     

2.1.1 The Contractor shall provide LaRC RFAs 
2.1.2 The Contractor shall provide pager service to LaRC employees and contractors. (Pagers are 

on hand and special caller IDs are coordinated with LaRC Security for transmission) 
2.1.3 The Contractor shall develop and maintain LaRC Spectrum Management website. 
2.1.4 The Contractor shall maintain radio maintenance spreadsheets. 
2.1.5 The Contractor shall help coordinate with other government or commercial spectrum 

managers. 
2.1.6 The Contractor shall help in the development of LaRC Emergency Satellite Communications 

system development. 
2.1.7 The Contractor shall maintain NTIA Manual of Regulations & Procedures for Federal 

Frequency Management. (NTIA Red Book) 
2.1.8 The Contractor shall maintain the LaRC Spectrum Database per the following: 

2.1.8.1 develop new RFAs 
2.1.8.2 provide RFA modifications 
2.1.8.3 delete old RFAs 
2.1.8.4 track and update five year review RFAs 
2.1.8.5 track and update RFA expirations 
2.1.8.6 maintain monthly data exchanges 
2.1.8.7 archive spectrum data 
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2.1.9 Deliverables and Schedule (Required):  As noted above and below. 
 

 
2.1.10 Performance Metrics/Standards (Required - Meets, Exceeds): (See “System and Software 
Metrics for Performance-Based Contracting”) 
 

2.1.10.1 Contractor shall provide monthly LaRC RFA data exchange reports. See note 1 and 2. 
2.1.10.2 Contractor shall provide monthly status of work conducted during the month.  See 

note 1 and 2. 
2.1.10.3 Contractor shall provide status on upcoming LaRC RFA five year review and 

expirations due.  These reports are due end of June and end of September 2009. 
2.1.10.4 Contractor shall provide pager spreadsheet updates along with monthly status.  See 

note 1 and 2. 
2.1.10.5 Contractor shall submit RFAs and temporary RF authorizations within two weeks 

from the time of a LaRC Spectrum Manager request. Meets: if met on time with only two 
late deliveries over the period of performance. Exceeds: If all are met on time.  

2.1.10.6 Contractor shall update the NTIA Red Book within two weeks of receipt of new 
modifications from LaRC Spectrum Manager. Meets:  if on time for new modifications 
after start of contract.  Exceeds:  if current backlog is caught up after one month of start of 
contract. 

2.1.10.7 Contractor shall work with the LaRC Spectrum Manager on the format of reports and 
expectations of the above items 6.1-6.7.  Meets: if completed within on month of start of 
contract.  Exceeds: is completed within two weeks of start of contract.  

2.1.10.8 Contractor shall attend Agency Spectrum meetings up to three a year with each no 
more that five business days long which are within CONUS.  Meets: if one is met.  
Exceeds if more than one are attended.  

2.1.10.9 Contractor shall act as alternate POC when LaRC Spectrum Manager is not available.  
            Meets: No cited missed contacts within 24 hours of receipt of email or phone notification. 
            Exceeds: No cited missed contacts within same day of receipt of email or phone        
            notification. 
2.1.10.10 Contractor shall take SXXI and EL-CID training at the next available class opening.  

Meets: Successful completion of training (certificate obtained).  Exceeds:  Shows 
successful implementation of SXXI database and data exchange on next RF authorization 
request. 

2.1.10.11 Contractor shall have a LaRC Spectrum website.  Meets: if completed before the end 
of period of performance.  Exceeds: if completed within three month from start of 
contract. 

2.1.10.12 Contractor shall archive the LaRC RF database every three months.  Meets:  if met on 
time.  Exceeds:  if done once a month.  

 
Note 1: Status reports can be combined into one report.  All monthly reports are due the COB the last Friday 
of the month  
 
Note 2: ‘Month’ is defined here per business days, Monday through Friday.  One month is 20 business days.   
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2.n Sub-Task  - Working Environment Safety and Organization (Required) 
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to support the requirements of this task order.  

2.n.1    Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 

2.n.2    Required date: Ongoing. 
2.n.3    Performance Metrics: 
Exceeds: No cited findings or reportable incidents in six-month award fee period. 
Meets: No repeated findings or incidents in six-month award fee period. 

 
3. Government Furnished Items:  
 

3.1 The Government will provide specialized training, associated manuals, software, LaRC RF 
databases,   
pagers and pager tracking spreadsheets.  Contractor shall provide computer and be on LaRC 
network to host and run software.  Contractor shall provide a cell phone contact number. 

 
4. Other Essential Information:   
 
           4.1   Access to Sensitive or ITAR Data:  Not required. 
           4.2   Contractor is required to take Spectrum XXI database training and certification and EL- CID    
                   (Equipment Location-Certification Information Database).  

4.3 Contractor has to be a U.S. citizen and access to LaRC. 
4.4 RF experience is preferred but not required. 

 
 
5. Security Clearance, ITAR, OCI, and Other Special Handling Issues (Required):  N/A 
6. Period of Performance: 
 Planned start date:  TD1June 26, 2009   Completion date: September 30th 2010 
 
7. NASA Task Management: 
 Technical Monitor (Required): Kevin G. Vipavetz 

 M/S: 253  Phone:  757-864-3817 
 Other POC (Optional):  

 M/S: N/A  Phone:  N/A 
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1. Purpose, Objective, or Background (Optional)   
 
The Structural Mechanics and Concepts Branch (SMCB) of the RTD has the responsibility to assist NASA 
Projects with thermal, structural, and thermal-structural design, analysis and testing required to develop 
advanced technologies in support of the NASA missions for exploration and ongoing aeronautics research.  
2. Description of the Work to be Performed: (See LMS-CP-5523, Appendix A) 

Contract paragraph H.8 ELECTRONIC NOTICES OF CLARIFICATIONS (NOCs)  to this task order. 
The Government will clarify requirements for each requested subtask activity through NOC’s.  These 
requirements will include the specific schedule, expected deliverables (including format), and other 
clarifications as needed. See NOC designated item(s) and description below. 

 
2.1 Subtask 1. Hypersonics Project Support 
The Contractor shall provide test support to the Materials and Structures Discipline of the Hypersonics 
Project.  Test support shall include evaluation of materials in the Hypersonic Materials Environmental Test 
System (HyMETS), characterization of thermal performance of advanced insulation materials in the B1148 
and B1250 thermal vacuum chambers, and assessment of structural performance of hot structure/TPS 
concepts.  Test support shall include developing test plans and attending test planning meetings and telecons 
as required, identifying acquisition or enhancement of laboratory equipment needed to accomplish testing, 
performing shakedown of test equipment and setup, performing tests, and documenting results in test 
reports.  The Contractor shall provide test support for the following: 
 
A. HyMETS: Assist in the shakedown and environmental (flow conditions) mapping after new chiller 
installation, assist in control system and data acquisition software modifications, perform materials screening 
tests on CMC’s from different vendors and with different coatings and new ablators. 
 
B. Thermal Vacuum Chamber: Assist in shakedown of B1148 thermal vacuum chamber, assist in 
thermal performance characterization of panels in B1148 and B1250 thermal vacuum chambers 
 
C. Structural Testing: Identify and perform sub-element tests to establish failure criteria for the SITPS 
panel fabricated by ATK COIC. 
 

2.1.1 Milestones (Optional): N/A 
 
2.1.2 Deliverables and Schedule (Required): 

• Monthly technical progress reports  - Monthly through 9/30/09 
• Test Plans, Test Data, and Test Reports – Ongoing 9/30/09 

 
2.2 Subtask 2. (NOC) Structural Mechanics and Concepts Ad Hoc Support  
 
A. The Contractor shall conduct thermal, structural and/or thermal-structural analyses and design studies of 
advanced structural systems in support of advanced concept development and design/analysis methods 
development/validation with application to advanced space transportation and high-speed aircraft in support 
of NASA programs. The Contractor shall identify load requirements and will provide initial loads estimates.  
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The analysis shall include aerodynamic, acoustic, thermal, and mechanical loading conditions representative 
of advanced space transportation or high-speed aircraft as appropriate.  Various design options for vehicle 
concept, structural arrangement and material systems will be considered. Thermal and structural analyses are 
required to size and compare these systems and to determine response and deflections of the aerosurfaces 
under load.   Analysis will also be required to support design of specific test panels and to support 
development/ validation of new design/analysis methods. 
 
B. The Contractor shall participate in structural concept, arrangement and design definitions for airframe 
structural systems. Detailed itemized weight statements shall be developed for individual airframe system 
options being considered in the trade studies. Output from Finite Element and other structural models, as 
well as other analytical methods will be integrated as inputs into the itemized weight statements. Knowledge 
and application of existing weight estimation methodology (including finite element-based, CAD-based, 
algorithmic, etc.) will be used to develop weight estimates for non-modeled structural items. Methodology 
for developing total airframe weights based on a limited number of point sizings (at discrete locations) shall 
be developed and applied to the airframe concepts being considered in the trade studies. 
 
C. The Contractor shall, as specified in individual NOC’s, perform pre-test analyses, write and/or modify 
test plans (including a test request form if required by specific facility) for structural and/or thermal-
structural test specimens to be tested in test facilities, determine instrumentation layouts to specified test 
requirements, expedite specimen preparation, assist in final test preparations, design test fixtures, track the 
test series, and perform post-test analysis/test correlation. The NASA technical monitor shall been given 
periodic reports of progress of the test support activity. 
 

2.2.1 Milestones (Optional): N/A. (Primarily surge activities associated with launch systems, upper 
stages of launch vehicles, crew module, launch abort systems, landing systems, on planet surface 
systems, and Shuttle operations.) 
 
2.2.2 Deliverables and Schedule (Required): (NOC) Note: Specific deliverables and due dates will be 

clarified in the NOCs 
a. Finite element models and results suitable for presentation.   
b. Short written reports of design studies, analyses and weight trades of various concept studies. 

Detailed weight statements for integrated airframe concepts, algorithms for estimating weights of 
non-modeled structural features, and written reports of analytical results.  

c. Analyses, test plans, and instrumentation layouts in electronic and printed form.  
d. Test specimens and hardware to the appropriate testing laboratory 
e. Test support as clarified in the NOC.   
f. Progress reports documenting the results in electronic form. 
 

Technical Subtask Performance Metrics/Standards (Required - Meets, Exceeds): (See “System and Software 
Metrics for Performance-Based Contracting”) 

Minimum Performance:  
The finite element models shall accurately represent the system being investigated and be of 
sufficient resolution to predict the responses of interest.  The trade study results shall 
accurately represent the various thermal-structural concepts. 
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Development of itemized weight statements and theoretical/algorithmic weight estimates using 
established analytical weights methods. Integration of outputs from current structural/TPS sizing 
codes into the detailed weight statements. 
 
Exceeding Minimum Performance: 
Contractor would exceed the minimum performance with: suggestions of design improvements 
based on their analyses and design studies; development of improved analysis techniques using 
existing tools, or developing new tools that allows for faster turn-around, or better integration 
of analysis methods; performing surveys and documenting similar work found in the literature 
that allow better use of prior technology; or perform studies in a more rapid manner than 
original time estimates. 
 
The Contractor would exceed the minimum performance by: suggesting improvements to structural 
concepts based on their analyses and design studies; developing weight estimation algorithms for new 
(non-standard) airframe structural concepts; developing improved weight estimation techniques using 
existing tools; developing new weight estimation algorithms, tools or interfaces that allow for faster 
turn-around, or better integration of analysis methods; performing surveys and documenting similar 
work found in the literature that allow better use of prior technology; or perform studies in a more 
rapid manner than original time estimates. 
  
All subtask elements are completed and all deliverables are met ahead of schedule 

 
2.n Sub-Task n - Working Environment Safety and Organization (Required) 
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to support the requirements of this task order.  

2.n.1 Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 

2.n.2 Required date: Ongoing. 
2.n.3 Performance Metrics: 
Exceeds: No cited findings or reportable incidents in six-month award fee period. 
Meets: No repeated findings or incidents in six-month award fee period. 

 
3. Government Furnished Items:  
The Contractor will be provided access to UNIX workstations and associated CAD/CAE software, existing 
specialized fatigue testing equipment, optical microscopes, SEM (scanning electron microscopy) equipment, 
and associated supplies located in the Fatigue and Fracture Laboratory in Building 1205. 

Test specimens 
Test specimen instrumentation 
Specialized measurement R6and testing equipment  
STAGS nonlinear structural analysis code 
Desk-top computers with specialized software 
Computer CPU time for structural modeling and analyses 
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Access to appropriate test equipment 
Office space (as available) 

 
4. Other Essential Information:   
• All Langley safety procedures shall be followed. 
• Applicable documents may include: 

 
LMS CP-5518 Granting Foreign Nationals and Foreign Representatives Computer Accounts. 
LMS-CP-5549 Responding to Reports of Information Technology Security Incidents and 
Inappropriate Activity. 
LMS-CP-5519 Requesting Access to Information Technology Resources. 

• SPMP REQUIREMENT: The Contractor shall comply with the responsibilities described by LMS-CP-
5528 and LMS-CP-5532, as well as the requirements specified in the Data Acquisition and Information 
Management Branch (DAIMB) software plans for any new software developed or purchased. These 
software project management plans (SPMP), if required, shall be reviewed and accepted by DAIMB. 

 
Dissemination of significant results through periodic technical interchange meetings at other NASA centers 
and/or international forums, along with associated travel, may be required as appropriate. 
 
5. Security Clearance, ITAR, OCI, and Other Special Handling Issues (Required): 
Secret clearances are not anticipated but all contract staff should be US citizens and have passed an NAC. 
LaRC ADP requirements apply. US Citizenship is required because contractor personnel will be exposed to 
ITAR information. 
 
6. Period of Performance: 
 Planned start date: July 15, 2009  Completion date: December 31, 2010 
7. NASA Task Management: 
 Technical Monitor (Required): Kim S. Bey 

 M/S: 190  Phone: 757-864-1351 
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1. Purpose, Objective, or Background (Optional)   
The Aeronautics Systems Analysis Branch has repeatedly been asked to provide High Altitude Long 
Endurance (HALE) Unmanned Aerial Vehicle (UAV) systems analysis. Recent examples include the 
feasibility study for the UAV sector under the Vehicle Systems Program, the ICESat mission quick-look 
study for the Systems Engineering Directorate, the hurricane hunter mission study for the Science 
Directorate, and, most recently, the Vulture mission analysis for DARPA. A research-level HALE UAV 
analysis capability has been developed over the past few years as a by-product of supporting these studies, 
but it is limited. This capability currently has elements that are proprietary and cannot be shared outside of 
NASA. In addition, there are many unmet modeling requirements, such as the need to model sun-tracking 
orbit patterns for solar aircraft and modeling of specific payloads. The current analysis capability also needs 
to be further automated to increase efficiency and accuracy. An improved, distributable HALE UAV 
analysis tool is needed to support future HALE analysis within and outside of NASA. Ultimately the ASAB 
desires to have a production-level analysis capability suitable for transition to other users. Key 
characteristics would include comprehensive documentation; a user friendly interface; the ability to analyze 
existing configurations as well as determine design sensitivities and conduct “what if” analysis; variable 
fidelity analysis components allowing the appropriate level of fidelity to be selected for the problem at hand; 
cost analysis, both acquisition and life cycle cost; fleet sizing and operational analysis; mission simulation 
including payload performance and wind impacts.  
 
The importance of enhanced analysis capabilities in this area has been recognized by the SACD Tools and 
Methods Working Group, which has provided funding to begin the development effort. 
 
Revision 0 (6-05-2009):  Task origination. 
 
Revision 1 (1-11-2010):  Adds additional requirements in section 2.1 as Task 3 and extends period of 
performance nine months to 12/31/2010 (see R1below). 
 
2. Description of the Work to be Performed: (See LMS-CP-5523, Appendix A) 
  
2.1 Technical Tasks 1, 2 and R13: 
 

1. The Contractor shall establish a roadmap for development of a comprehensive, non-proprietary 
Solar-Electric HALE systems analysis capability by performing the following requirements: 

a. Define and characterize the tool or suite of tools required to meet ASAB’s ultimate vision for 
Solar-Electric HALE systems analysis capability. 

b. Survey and assess currently available tools and methods (in-house, non-proprietary external, 
and COTS) 

c. Identify gaps in currently available tools and methods relative to capabilities defined in 1a. 
d. Draft a roadmap to progress from the current state to the desired future capability in a series 

of development spirals. Roadmap shall have detailed plans for the development of the Spiral 
1 capability, and enough detail for follow-on spirals to support development of future 
statements of work. 
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2. The Contractor shall complete development of the Spiral 1 capability. Based on the roadmap 
established in Task 1, conduct high priority tool development activities to achieve Spiral 1 capability 
as defined in the roadmap. Specifics of this task to be determined by results of Task 1. 

 
** Begin R1 block addition** 

3. Development of Spiral 2-4 capability 
 

a. Develop Spiral 2 Environmental Component: Winds and Energy Available 
The contractor shall complete development of the Spiral 2 capability, including algorithms for 
the determination of the range and limits of possible vehicle orbits, given the historical wind 
velocities and projected vehicle performance.   The influence of the daytime objective to 
maximize the rate of energy collection and the nighttime objective to minimize energy 
expenditure shall be compared in assessing vehicle orbits. The contractor shall integrate this 
capability into the Spiral 1 tool and perform verification and validation. Spiral 2 will then be a 
fully integrated HALE UAV design and analysis tool incorporating work done for Spirals 1 
and 2.  

 
b. Develop Spiral 3 Environmental Component: Shadows and Vehicle Geometry Component 

The contractor shall complete development of a shadow calculation utility which accounts for 
temporal and spatial variations, for a given vehicle geometry. This utility shall be validated 
utilizing a known geometry configuration that demonstrates the anticipated challenges for a 
Vulture-type vehicle. The contractor shall integrate this capability into the Spiral 2 tool and 
perform verification and validation of the integrated tool. Spiral 3 will then be a fully 
integrated HALE UAV design and analysis tool incorporating work done for Spirals 1, 2, and 
3. 

 
c. Develop Spiral 4 Operations Component: Off-station Penalties and Recovery 

The contractor shall complete development of off-station penalty and recovery algorithms. 
This development activity will require working with the NASA customer to define mission 
off-station penalties and recovery strategies. The contractor shall integrate this capability into 
the Spiral 3 tool and perform verification and validation of the integrated tool. The contractor 
shall also create a global winds database suitable for simulation and integrate this capability 
into the Spiral 3 tool and perform verification and validation of the integrated tool. Spiral 4 
will then be a fully integrated HALE UAV design and analysis tool incorporating work done 
for Spirals 1, 2, 3, and 4. 

 
d. The contractor shall utilize (subject to availability) Vulture Phase II Full Scale Demonstrator 

(FSD) and Objective System (OS) concepts as modeling test cases to assist with the 
development of Spirals 2-4. The contractor shall also allocate time, not to exceed 10% of the 
total effort, to be utilized for unforeseen or quick turnaround requests from the NASA or 
DARPA customer. 

** End R1 block addition** 
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2.1.2 Deliverables and Schedule (Required):  
 
 
Task 1: Written report including: description of ultimate goal of development activity in terms of high-level 
requirements and overall vision for the future capability, discussion of results of tool survey and assessment, 
description of current capability gaps, and detailed explanation and justification of the development 
roadmap. Spiral 1 requirements and detailed development schedule shall be included. 
       Task 1 written report due 9/30/09. 
 
Task 2: Technical briefing provided to NASA that includes a presentation of the Spiral 1 capabilities, a 
summary of the work performed to achieve those capabilities, and a demonstration of use of the Spiral 1 
tool(s) on a relevant example problem. Deliverables also shall include the source code and executables 
required to utilize Spiral 1, and documentation (i.e., users manual). 
       Task 2 final briefing conducted prior to 3/31/10. 
 
Task 1 & 2: Monthly status reports indicating progress to-date, planned near term activities, technical 
issues, and resource status. Status reports shall be no more than one page in outline format, and shall be 
discussed at a monthly status meeting with the technical lead and other interested parties. 
       
** Begin R1 block addition** 
Task 3 

a) Monthly status indicating progress to-date, planned near term activities, technical 
issues, and resource status. Status reports shall be no more than one page in outline 
format, and shall be discussed at a monthly status meeting with the technical lead 
and other interested parties. 

 
b) Technical briefing provided to NASA that includes a presentation of the Spiral 2 

capabilities, a summary of the work performed to achieve those capabilities, and a 
demonstration of use of the Spiral 2 tool(s) on a relevant example problem. 
Deliverables also shall include the source code and executables required to utilize 
Spiral 2, and documentation (i.e., users manual). Final briefing shall be conducted 
prior to 6/30/10. 

 
c) Technical briefing provided to NASA that includes a presentation of the Spiral 3 

capabilities, a summary of the work performed to achieve those capabilities, and a 
demonstration of use of the Spiral 3 tool(s) on a relevant example problem. 
Deliverables also shall include the source code and executables required to utilize 
Spiral 3, and documentation (i.e., users manual). Final briefing shall be conducted 
prior to 9/30/10. 

 
d) Technical briefing provided to NASA that includes a presentation of the Spiral 4 

capabilities, a summary of the work performed to achieve those capabilities, and a 
demonstration of use of the Spiral 4 tool(s) on a relevant example problem. 
Deliverables also shall include the source code and executables required to utilize 
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Spiral 4, and documentation (i.e., users manual). Final briefing shall be conducted 
prior to 12/31/10. 

** End R1 block addition** 
 

2.1.3 Performance Metrics/Standard (Required - Meets, Exceeds): (See “System and Software 
Metrics for Performance-Based Contracting”) 
Meets Minimum Performance:  Deliverables as described and on time. 

 
Exceeding Minimum Performance: Deliverables on time, plus added value in terms of clarity, 
quality, and innovativeness. 

 
2.n Sub-Task n - Working Environment Safety and Organization  
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to support the requirements of this task order.  

2.n.1 Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 

2.n.2 Required date: Ongoing. 
2.n.3 Performance Metrics: 
Exceeds: No cited findings or reportable incidents in six-month award fee period. 
Meets: No repeated findings or incidents in six-month award fee period. 

 
3. Government Furnished Items:  
Access to and/or use of the following will be provided by NASA to the Contractor as required for task 
performance: 

Access to government tools relevant to this activity (e.g., SAAC, arraysum, VSP, AV-HALE, GT-
HALE). STK and ModelCenter software will be provided. 

4. Other Essential Information:   
 
The Contractor will participate in appropriate technical conferences/short courses to maintain cognizance of 
new approaches and to refresh skills, as needed, to support the requirements of this task order in 
coordination with the Technical Monitor. 
 
NOTE: The Contractor shall place no restrictions on NASA’s use or 
distribution of the models/codes produced under this contract nor distribute 
them to other parties without NASA’s permission. 
 
Note: These codes will only be used for performing the work under this 
contract and cannot be used for any other purpose or distributed without 
the permission of NASA, Langley.  The Contractor is required to sign a 
Software Usage Agreement. 
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5. Security Clearance: 
 
6. Period of Performance: 
 Planned start date:   July 1, 2009  Completion date: R1March 31, 2010 
          December 31, 2010 
7. NASA Task Management: 
 Technical Monitor (Required): Jeffrey K. Viken 

 M/S: 442  Phone: 757-864-2875 
 Other POC (Optional): Mark Guynn 
 M/S: 442  Phone:   (757) 864-8053    Mark.D.Guynn@nasa.gov  
 Other POC (Optional):  
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1. Purpose, Objective, or Background (Optional)   
 
The purpose of this task is to provide software engineering support to the ICESat-II Project. 
Technical Direction 1 (7/21/09): Updates the initial task order start date to July 20, 2009 as issued by the CO 
on 7/20/09 (see TD1 below, Section 6). 
Revision 1 (9/3/09): Extends the period of performance 3 months to December 31, 2009 in continuation of 
NASA’s support due to complexity of work. Note: For planning purposes both subtasks 2.1 and 2.2 should 
be considered extended, but funding is available for only subtask 2.2 at this point. Contractor coordination to 
determine available funding is required to perform requirements of subtask 2.1. (See R1 below.) 
Revision 2 (12/4/09): Extends period of performance four months to May 1, 2010 with updated schedule due 
to the workload being greater than anticipated, and updated NASA Task Management info (see R2 below). 
2. Description of the Work to be Performed: 
2.1 (Requirement/subtask number one):  
The contractor will be given a physics model of a laser amplifier and needs to generate the code in Fortran 
that describes the model. 
 
The Contractor shall develop, and test FORTRAN code for assigned workload. 
 
No laser experience needed.  Full time support anticipated from now until end of R1September R2December 
2009 May 1, 2010. R1>See note in Revision 1 Synopsis above.<R1 

 
2.1.1 Deliverables and Schedule (Required):  

• FORTRAN code for assigned workload. 
• FORTRAN test report(s) for assigned workload. 
• Monthly activity report, due by 5th business day each month. 

 
2.1.2 Performance Metrics/Standards (Required - Meets, Exceeds): 

Meets: Software tasks are completed on schedule, and products contribute to a successful acceptance 
review. 
 
Exceeds: Software tasks are completed ahead of schedule, and products contribute to a successful 
acceptance and result in project compliments. 

 
2.2 (Requirement/subtask number two):  
The Contractor shall develop and test C code for a PowerPC running the VxWorks Real-Time Operating 
System.   The software application shall establish Ethernet Communications with the Shuttle Payload 
General Support Computer (PGSC) over a 10BaseT network connection.  The code shall be capable of 
receiving commands, collecting telemetry, and forwarding telemetry that also needs to spawn off the data 
retrieval.  Overall, the control routines shall be capable of controlling the modes for the data recorder – 
enabling/disabling different interrupts. 
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2.2.1 Deliverables and Schedule (Required):  
• C code, documentation,  procedure, and loading instructions, due R1September R2December 14, 2009 
May 1, 2010 
• C code test report(s), due R1September R2December14, 2009 May 1, 2010 
• Monthly activity report, due by 5th business day each month. 

 
2.2.2 Performance Metrics/Standards (Required - Meets, Exceeds): 

Meets: Software tasks are completed on schedule, and products contribute to a successful acceptance 
review. 
 
Exceeds: Software tasks are completed ahead of schedule, and products contribute to a successful 
acceptance and result in project compliments. 

 
2.n Sub-Task n - Working Environment Safety and Organization (Required) 
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to support the requirements of this task order.  

2.n.1 Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 

2.n.2 Required date: Ongoing. 
2.n.3 Performance Metrics: 
Exceeds: No cited findings or reportable incidents in six-month award fee period. 
Meets: No repeated findings or incidents in six-month award fee period. 

3. Government Furnished Items:  
 
Desk and phone will be provided by the Flight Software Systems Branch, in close proximity to the ICESat-II 
project team (bld 1202) 
 
4. Other Essential Information:   
 
TDY is not currently anticipated, however, contractor should be willing to accept TDY requests if 
requirements change. 
 
5. Security Clearance, ITAR, OCI, and Other Special Handling Issues (Required):  
None 
 
6. Period of Performance: 
 Planned start date: TD17/20/2009   Completion date: R19/30/2009* 
          R212/31/2009 
          5/1/2010 
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*This could lead to more ICESat-II work in FY10. 
 
7. R2NASA Task Management: 
 Technical Monitor (Required):  Kathryn Stacy 
 M/S: 472  Phone: x46719 
 
 Alternate Technical Monitor:  David Haakenson 
 M/S: 472  Phone: x41797 
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1. Purpose, Objective, or Background (Optional)   
The purpose of this work is to demonstrate the ability to analyze revolutionary approaches at distributed air traffic 
control & management using the Traffic Manager (TMX) airspace simulation tool.  Revolutionary approaches include 
(but are not limited to): airborne conflict prevention, strategic conflict detection and resolution (CD&R), traffic flow 
management (TFM) integration, and others.  Each approach must be successfully demonstrated as detailed in the 
Deliverables section of this task. 
 
Technical Direction 1 (6/29/09): Clarifies conditions of GFI (see TD1 below, Section 3). 
Technical Direction 2 (7/2/09): Further clarifies conditions of GFI (see TD2 below, Section 3). 
Technical Direction 3 (8/24/09): Updates the initial task order start date to August 19, 2009 as issued by the 
CO on 8/19/09 (see TD3 below, Section 6). 
Revision 1 (9/29/09): Extends the period of performance 2.5 months to September 30, 2010 to allow 
completion of work that started later than anticipated (see R1 below, Section 6). 
2. Description of the Work to be Performed: (See LMS-CP-5523, Appendix A) 
2.1 (Requirement/subtask number one):  
The Contractor shall perform the following subtasks: 
 

a. Integrate Conflict Prevention (CP) system based on the Airborne Coordinated Conflict Resolution and 
Detection (AcCORD) algorithm (provided by NASA), and test/validate in comparison with current TMX 
Predictive Airborne Separation Assistance System (P-ASAS) performance. 

b. Research the feasibility of simulating the performance of the strategic, intent-based conflict detection and 
resolution (CD&R) capability (a genetic algorithm (GA)), currently employed by NASA’s Airborne 
Operations Planner (AOP), using either a computationally simpler algorithm, or the actual GA extracted 
from the AOP in a modular form (each algorithm provided by NASA.) 

c. Research the feasibility of integrating a traffic flow management (TFM) concept (provided by NASA) with 
the CD&R capability described in 3.b. above. 

d. Provide technical consultancy to LaRC researchers to support development of 
i.  a parallel processing capability using TMX 

ii. GIVE and TAKE capabilities to exchange control of simulated aircraft between TMX and another 
flight simulator (e.g. ASTOR) 

iii. Modeling the effects of speed brakes on equipped aircraft within TMX 
iv. Resolution of display refresh issues with TMX 
v. Transfer of route waypoint constraints among different air routes; investigation of cause, proposed 

mitigation approach, and possible implementation of mitigation approach required.  
vi. Mitigating impact of “midnight rollover” on simulation execution 

e. Research, develop and document a set of pilot model (PM) rules for tactical maneuvering (account for 
information provided via the conflict prevention system developed under 3.a. above) 

i. Research and develop a set of operational rules for re-connecting to an active route after resolving a 
conflict 

ii. Research and develop a set of operational rules to choose between multiple strategic conflict 
resolutions based on route efficiency and/or flexibility preservation.  

iii. Research and develop an approach for re-routing around weather in TMX 
iv. Research and develop pilot model prototyping capability in TMX to define pilot model rules for 

Aircraft Simulation for Traffic Operations Research (ASTOR) implementation (perhaps including the 
interoperability of tactical and strategic CD&R functionality) 

v. Explore use of tactical CD&R in scenarios with a short time until first loss of separation (FLOS) - 
assuming strategic CD&R failed to resolve the conflict.  Explore pilot model rules corresponding to the 
transfer of control from strategic to tactical over a range of times prior to FLOS. 

f. Explore the limits of vertical, state-based CD&R, and Conflict Prevention 
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i. Challenge assumptions of constant ground speed, climb angle, and other relevant parameters 
ii. Design scenarios that explore limits of operability 

iii. Identify issues related to operability limits, and possible solutions 
iv. Test scenarios, analyze and report findings 
v. Investigate cause of - and propose solution to - intermittent condition where state-based conflict 

resolution “chatters” between different resolution maneuver options (e.g. “turn-left”, “no turn-right” ...) 
1. Determine cause of  “chattering” condition using pilot model rules 
2. Develop, test and document mitigation approach(s)  

 
j. Explore the integration of weather data into airspace simulation 

i. Evaluate new weather data types (from NASA) for possible integration in TMX 
ii. Evaluate display options for new weather data (e.g. radar & nav displays) 

iii. Outline a recommended process for integrating weather data into the TMX airspace simulation 
capability. 

 
2.1.1 Milestones (Optional): N/A 
 
2.1.2 Deliverables and Schedule (Required): The Contractor shall coordinate deliverables schedule with 
the Technical Monitor (See below.) 

 
2.1.3 Performance Metrics/Standards (Required - Meets, Exceeds): (See “System and Software 
Metrics for Performance-Based Contracting”) (See table below.) 

 
Table of Detailed Deliverables: 

SUB-
TASK 

DELIVERABLE TARGET SUCCESS 
CRITERIA (Meets) 

COMMENTS for 
planning purposes 

a. 1. Written section in the informal final 
report documenting results of the 
performance comparison between  
AcCORD-based conflict prevention (CP) 
system and current P-ASAS CP system  
2. TMX source-code updates with 
AcCORD-based CP system 
implementation 
3. Section in the informal final report 
that concisely describes ACCoRD 
integration in TMX for TMX User’s 
Guide. 

1. Comprehensive, clear & 
concisely written description 
of: comparison approach, 
comparison results focusing 
on essential technical 
performance factors, and 
summary of performance 
related issues. 
2. Updated TMX source 
code that functions properly 
and reliably 
3. Comprehensive, clear & 
concise narrative describing 
the ACCoRD integration 
within TMX 

 

b. 1. Develop approach for implementing 
strategic CD&R functionality within 
TMX (either simplified CD&R 
algorithm or extracted GA.) 

2. Implement strategic CD&R 
functionality in TMX. 

3. Verify strategic CD&R functionality 
in TMX 

1. Comprehensive, clear & 
concisely written section in 
the informal final report that 
documents  the approach, 
implementation and 
verification of the strategic 
CD&R functionality in TMX 

Strategic CD&R capability 
will very likely be based 
on the computationally 
simpler ACCoRD 
algorithm, however 
integrating the more 
complex GA remains a 
less-likely possibility. 
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3. Verify strategic CD&R functionality 
in TMX 

CD&R functionality in TMX complex GA remains a 
less-likely possibility. 

c. 1. Develop approach for strategic 
CD&R/TFM integration within TMX 
(either simplified algorithm or 
extracted GA.) 

2. Implement strategic CD&R /TFM 
integration within TMX. 

3. Verify successful integration of 
strategic CD&R/TFM in TMX 

Comprehensive, clear & 
concise written section within 
the informal final report 
documenting  the approach, 
implementation and 
verification of the integrated 
operation of strategic CD&R 
with TFM functionality in 
TMX 

TFM control actions will 
consist primarily of 
departure control, airborne 
re-routing, and airborne 
holding updates to the 
flight schedule  

d.i. Technical consultancy related to parallel 
processing TMX 

Research questions answered 
effectively, efficiently & in 
timely fashion 

Not to exceed (NTE) 40 
hrs level of effort (LOE) 

d.ii. Technical consultancy related to 
GIVE/TAKE capability 

Research questions answered 
effectively, efficiently & in 
timely fashion 

NTE 100 hrs LOE 

d.iii. Technical consultancy related to speed 
brake modeling in TMX 

Research questions answered 
effectively, efficiently & in 
timely fashion 

NTE 40 hrs LOE 

d.iv. Technical consultancy related to display 
refresh issues in TMX 

Research questions answered 
effectively, efficiently & in 
timely fashion 

NTE 40 hrs LOE 

d.v. Technical consultancy related to route 
waypoint constraints. 

1. Work collaboratively 
with LaRC researcher to 
determine cause of waypoint 
problem 
2. Propose mitigation 
approach options 
3. Implement mitigation 
approach in TMX, and verify 
proper operation 

NTE 80 hrs LOE to 
determine cause of 
problem, propose 
mitigation approaches and 
implement solution within 
TMX – in the order 
prescribed. 

d.vi. Technical consultancy related to 
“midnight rollover” issue in TMX. 

1. Work collaboratively 
with LaRC researcher to 
determine cause of “midnight 
rollover” problem 
2. Propose mitigation 
approach options 
3. Implement mitigation 
approach in TMX, and verify 
proper operation 

NTE 80 hrs LOE to 
determine cause of 
problem, propose 
mitigation approaches and 
implement solution within 
TMX – in the order 
prescribed. 

e.i. 1. Successful demonstration of the 
effectiveness of PM operational rules for 
re-connecting to active route after 
resolving a conflict 
2. Written section within the informal 
final report, documenting the set of PM 
operational rules together with 
corresponding assumptions 

1. Effectiveness will be 
assessed based upon re-
connect reliability, and 
distance/time efficiency of 
routing 
2. Quality of rules 
documentation will be based 
on comprehensiveness, 
clarity and conciseness  
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operational rules together with 
corresponding assumptions 

documentation will be based 
on comprehensiveness, 
clarity and conciseness  

e.ii. 1. Develop an approach for choosing 
between multiple strategic conflict 
resolutions. 
2. Implement the approach 
3. Verify performance of the approach 
4. Written section within the informal 
final report documenting the approach as 
implemented. 

1. Approach shall be 
approved by TM prior to 
implementation 
2. Implementation will be 
assessed for efficiency within 
TMX 
3. Performance will be 
assessed based upon 
effectiveness and reliability 
relative to the approved 
approach. 
4. Quality of documentation 
will be assessed based upon 
comprehensiveness, clarity 
and conciseness. 

 

e.iii. 1. Develop an approach for re-routing 
around weather in TMX 

2. Implement the approach 
3. Verify performance of the approach 
4. Written section within the informal 

final report, documenting the 
weather re-routing approach  

1. Approach shall be 
approved by TM prior to 
implementation 
2. Implementation will be 
assessed for efficiency within 
TMX 
3. Effectiveness will be 
assessed based upon re-
routing reliability, and 
distance and/or time 
efficiency of re-routing  
4. Quality of documentation 
will be based on 
comprehensiveness, clarity 
and conciseness 

 

e.iv. Written section within the informal final 
report, which uses the pilot model (PM) 
rules developed in  e.i through e.iii 
above, to outline a general approach for 
using TMX to prototype new PM Rules 
for ASTOR station implementation 

Quality of documentation will 
be based on 
comprehensiveness, clarity 
and conciseness 

 

e.v 1. Written section within informal final 
report documenting: control transfer 
options considered, between tactical & 
strategic CD&R in scenario(s) with a 
short time before FLOS.  Include a list of 
all relevant control parameters (tactical 
& strategic.) 
2. Modifications to TMX source code 
to allow efficient changes to each of the 
relevant control transfer parameters to 
support research experiments exploring 
optimal transfer approaches. 

1. Quality of documentation 
will be based on 
comprehensiveness, clarity 
and conciseness 
2. TMX modifications will 
be assessed based on proper 
functionality, and ease of 
operation relative to 
modifying control transfer 
parameters to support 
research experiments 

 



TEAMS Task Order Performance Work Statement (PWS) Page 5 of 7 
TASK ORDER NUMBER: 014E4-NNL09AM21T  Revision: 1 Change: 0    Date:  September 30, 2009 
Title: Revolutionary, Airborne, Distributed Air Traffic Control & Management Design and Analysis 
Techniques 
 

relevant control transfer parameters to 
support research experiments exploring 
optimal transfer approaches. 

parameters to support 
research experiments 

f.i.-iv. 1. Document scenario descriptions that 
explore operability limits related to 
vertical, state-based CD&R and Conflict 
Prevention 
2. Test scenarios in TMX, analyze test 
results, and report results related to 
observed performance limits 

1. Comprehensive, clear & 
concise written description in 
the informal final report, of 
scenarios that fully explore 
the limits of state-based 
CD&R and Conflict 
Prevention.  
2. Comprehensive, clear & 
concise written section in the 
informal final report  
documenting test results (full 
scenario set) 

If unable to fully explore 
operability limits 
scenarios, then highest 
priority scenarios should 
be addressed first. 
 

f.v. 1. Develop an approach for eliminating 
the “chattering” condition in 
collaboration with NASA formal 
methods researchers 
2. Implement the approach 
3. Verify performance of the approach 
4. Written section within the informal 
final report, documenting the chattering 
condition mitigation approach 

1. Approach shall be 
approved by TM prior to 
implementation 
2. Implementation will be 
assessed for efficiency within 
TMX 
3. Effectiveness will be 
assessed based reliable 
elimination of chattering 
condition  
4. Quality of documentation 
will be based on 
comprehensiveness, clarity 
and conciseness 

This work will be 
collaborative with formal 
methods researchers at 
NASA to verify mitigation 
maintains formal 
correctness of tactical 
CD&R 

j.i. – iii. 1. Written section within the informal 
final report, documenting the 
recommended approach for integrating 
weather in TMX.  Approach should 
consider the nature of weather data 
available, and the simulation objectives 
associated with weather avoidance re-
routing. 

1. Clear, concise & 
comprehensive technical 
report describing approach to 
integrating weather into TMX 
simulation, specific 
implementation steps 
required, and functional 
verification approach once 
implementation is complete.  
2. If implementation and 
verification were completed, 
provide updated version of 
TMX containing the weather 
simulation functionality. 

 

TMX Source code modifications related to each deliverable above will be provided to NASA at the Task Completion 
Meeting.  
 
Reports and Teleconferences: 
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Quarterly Progress Report shall be provided three months from the date of task issuance, and subsequent reports 
three months from the prior quarterly report Quarterly report should be an informal, written progress update of work, 
by subtask. 
 
Informal Final Report shall be provided at the Task Completion Meeting and the Contractor shall coordinate with 
Technical Monitor (TM) to schedule the exact date. 
 
Teleconferences shall be initiated by either the contractor or TM on an as-needed basis, and convened at mutually 
agreeable times and dates. 
 
2.n Sub-Task n - Working Environment Safety and Organization (Required) 
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to support the requirements of this task order.  

2.n.1 Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 

2.n.2 Required date: Ongoing. 
2.n.3 Performance Metrics: 
Exceeds: No cited findings or reportable incidents in six-month award fee period. 
Meets: No repeated findings or incidents in six-month award fee period. 

 
3. Government Furnished Items:  
TD1>Access to the following items may be provided to the Contractor as needed for the sole purpose of performing  the 
requirements of this task order:<TD1 

a. ACCoRD CD&R Algorithm (C++ version) 
b. ACCoRD – based CP Bands (C++ version) 
c. TD2>Simplified representation of, or interface specification for, airborne separation assurance concept<TD2 
d. TFM Concept and accompanying software code TD2>or interface specification<TD2 

 
4. Other Essential Information:   
 
Travel: 
 
Task Kick-off Meeting will be coordinated between the contractor and NASA TM to take place shortly after task 
issuance.  The purpose will be to clarify all subtask issues to ensure a common understanding of both contractor and 
NASA expectations.  The kickoff meeting will be held at LaRC and initiated by NASA at a mutually agreed upon date 
and time.  The contractor shall travel to LaRC for the task kick-off meeting. 
 
Task Completion Meeting will be coordinated between the Contractor and NASA TM to take place at the end of the 
defined period of performance (approximately one year after task issuance.)  The purpose will be for the Contractor to 
present the results of the completed work scope defined above. The task completion meeting will be held at LaRC and 
initiated by NASA at a mutually agreed upon date and time.  The contractor shall travel to LaRC for the task 
completion meeting. 
 
5. Security Clearance, ITAR, OCI, and Other Special Handling Issues (Required): 
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6. Period of Performance: 
 Planned start date:   TD3August 19, 2009  Completion date: R1July 15, 2010 
           September 30, 2010 
7. NASA Task Management: 
 Technical Monitor (Required): Kurt W. Neitzke  kurt.w.neitzke@.nasa.gov 

 M/S: 442  Phone/Fax: 757-864-4917/6306 
 Other POC (Optional): 

 M/S:   Phone: 
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1. Purpose, Objective, or Background (Optional)   
The purpose of this task is to provide software engineering support for the Sensor Test for Orion Relative 
Navigation Risk Mitigation (STORRM) Development Test Objective (DTO) Project that will fly on STS-
134, currently scheduled for July 2010, by designing, developing, integrating, testing, and documenting the 
software for the Shuttle on-board Payload General Support Computer (PGSC) and the Ground Operations 
System (GOS) software. 
 
The  primary objective of the STORRM DTO is demonstrate new docking technologies by collecting 
and recording data from the Orion relative navigation sensors during Shuttle rendezvous, proximity 
operations, docking and undocking to the ISS for post-flight processing and analysis.  This DTO is being 
performed to evaluate relative navigation performance to mitigate the risks carried by the Orion Project.  
Protoflight units of two of the three planned Orion Relative Navigation Sensors (Vision Navigation Sensor 
(VNS) and Docking Camera) will be located in the Orbiter Payload Bay and will collect data during 
specified flight phases.  An avionics system (being developed at LaRC) will be located in the Orbiter 
Payload Bay and will interface to the sensors and contain the data storage memory boards.  The avionics 
system will also interface to a Shuttle On-board Payload General Support Computer (PGSC) that will be 
located in the Crew Cabin Mid Deck.  The PGSC will be used for command, control, and communication 
functions with the Protoflight sensors via the avionics system.  Custom software will be designed and 
developed for the PGSC (on Windows XP) to command and control the sensors and display health and status 
and limited measurement data from the sensors.  The STORRM software application will get shuttle 
operating range information from the WinDecom telemetry stream for autonomous commanding of the 
sensors.  Sequential Still Video link will be used for displaying sensor health and status and limited 
measurement data to the DTO team on the ground.  While docked at ISS, limited snapshots of data will be 
pulled off the data recorder and down linked via Orbiter Communications Adapter (OCA) to the ground to 
access sensor performance.  Modifications to the sensor parameter table (for focus, exposure, contrast, 
brightness) may be uplinked via OCA. 
 
Technical Direction 1 (8/18/09): Updates the initial task order start date to August 17, 2009 as issued by the 
CO on 8/17/09 (see TD1 below, Section 6). 
Revision 1 (12/16/09): Shortens the period of performance 8 months to January 31, 2010 (see R1 below, 
Section 6). 
2. Description of the Work to be Performed: (See LMS-CP-5523, Appendix A) 
  
2.1 (Requirement/subtask number one):  
The Contractor shall design, develop, integrate, test, and document selected components of the STORRM 
Software Application (SSA) to command and control the sensors and display health and status and limited 
measurement data from the sensors, as well as the Ground Operations System (GOS) software application 
for data uplink and downlink functionality.  The Contractor shall support functional testing at Langley with 
the Avionics Flight Unit and the Ball Aerospace & Technologies Corp (BATC) sensor emulators, and may 
be required to support final functional testing at BATC in Boulder, CO and testing in the Operations 
Processing Facility (OPF) at KSC.  LabView (version 8.6) has been selected by the project as the software 
development environment.  An incremental development approach will be utilized to develop this software.  
The software project is broken into a series of smaller deliverables called builds.  The software phases 
(design, code, test, and integrate) are repeated for each build.  The earlier builds can be used to implement 
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the more stable requirements, the higher priority requirements, and / or deal with the more significant risks 
early in the project.   
 

2.1.1 Milestones (Optional):  
• Deliver Avionics TestBed 2 (includes SSA build 2) to BATC per project schedule (September 10, 

2009) 
• Deliver Avionics TestBed 2 upgrade (includes SSA build 3) to BATC per project schedule (October, 

27, 2009) 
• Avionics Baseline Functional Test per project schedule (November 30, 2009) 
• Avionics Final Functional Test per project schedule (December 18, 2009) 
• Deliver Avionics Flight Unit (includes SSA Release Candidate) to BATC per project schedule 

(January 8, 2010) 
• Risk Reduction Functional Testing at BATC per project schedule (February, 2010) 
• Final Functional Testing at BATC per project schedule (March, 2010) 
• Testing at OPF per project schedule (April, 2010) 
• Final software for inclusion in Standard Load on all Flight PGSCs (April, 2010) 
• STS-134 Flight per project schedule (July 29, 2010) 

 
2.1.2 Deliverables and Schedule (Required):  

• SSA software for each Build and Release Candidate version. (current schedule is as follows:  Build 1 
test completed – August 15, 2009, Build 2 integrated test complete – Sept. 10, 2009, Build 3 
integrated test complete – October 27, 2009, Release Candidate integrated test complete – November 
30, 2009) 

• SSA test procedures and reports for each Build and Release Candidate version. 
• SSA documentation for each Build and Release Candidate version. 
• Monthly activity report, due by 5th work day each month. 

 
2.1.3 Performance Metrics/Standards (Required - Meets, Exceeds): 
Meets: STORRM software application development and testing tasks are completed on schedule, and 
products contribute to a successful DTO. 
Exceeds: STORRM software application development and testing tasks are completed ahead of schedule, 
and product contributes to a successful DTO. 

 
2.n Sub-Task n - Working Environment Safety and Organization (Required) 
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to support the requirements of this task order.  

2.n.1 Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 

2.n.2 Required date: Ongoing. 
2.n.3 Performance Metrics: 
Exceeds: No cited findings or reportable incidents in six-month award fee period. 
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Meets: No repeated findings or incidents in six-month award fee period. 
 
3. Government Furnished Items: The Contractor shall perform software development and testing in the 
STORRM DTO Laboratory in B1202.  The lab consists of : 

  4 PGSC laptops 
 4 Quatech RS422 PC Cards 
 WinDecom installed on one of the PGSC laptops 
 2 Development PCs (Gateway), 2 4-Port RS422 Serial Cards 
 2 copies of Visual Studio Professional, 1 NI Developers Suite (has both LabView and 

LabWindows), 1 NI Vision Development Suite 
 5 NetGear Hubs 

 
Desk and phone will be provided in close proximity to STORRM software team. 
 
4. Other Essential Information:   
 
5. Security Clearance, ITAR, OCI, and Other Special Handling Issues (Required):  
ESD Certification, Laser Safety Certification. 
 
6. Period of Performance: 
 Planned start date: TD18/17/2009   Completion date:   R19/30/2010 
          1/31/2010 
7. NASA Task Management: 
 Technical Monitor (Required):  Robert Kudlinski 

 M/S: 125 Phone: x46716 
 Alternate Technical Monitor:  Kathryn Stacy 
 M/S: 472  Phone: x46719 
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1. Purpose, Objective, or Background (Optional)   (Work performed under task order NNL07AM95T that 
is to be rolled out into this new task January 2010.) 
NASA Langley Research Center’s (LaRC) Structural Dynamics Branch (SDB) is currently working on 
several programs of national importance at the Langley Landing and Impact Research (LandIR) Facility, a 
240-ft high gantry structure. The work in aircraft and rotary-wing crashworthiness has a history at the 
LandIR for over 30 years in aviation safety concepts for crashworthiness.   
 
Computer technology has advanced whereby landing concepts, energy absorbing devices, and aircraft crash 
scenarios can now be simulated to minimize expensive full-scale testing.  Computer codes such as LS-
DYNA, developed for modeling car crashes and for containment of nuclear material, are now available for 
modeling a large variety of impact problems including airbags, anthropomorphic dummies, landings, aircraft 
crashes, and ballistic impacts such as that of the debris that brought down the space shuttle Columbia.  Test 
data can be used to validate computer models over a given domain of initial velocities and impact conditions.  
Once validated, these computer models can be used to quickly expand the test envelope and to perform 
“what if” parameter studies. 
 
 
2. Description of the Work to be Performed:  
Contract paragraph H.8 ELECTRONIC NOTICES OF CLARIFICATIONS (NOCs)  to this task order. As 
each specific support requirement becomes defined, the Technical Monitor will provide clarification to the 
Contractor. See NOC designated item(s) and description below. 
 
Specific projects and associated deliverables under this Task Order are described as sub-tasks below. For all 
of these sub-tasks, the primary deliverable shall be analytical impact and landing simulations of rotorcraft 
and aircraft using the nonlinear dynamic finite element code LS-DYNA.  Subcomponents to be modeled 
include hybrid impact dummies and energy absorbing features such as airbags or crushable structure.  In 
addition, sub-tasks may also require testing, analyzing experimental dynamic data (typically using Matlab or 
LabView software) and performing test and analysis correlations for model validation. Knowledge of the 
underlying physics of impact will be required to be able to build and understand the model output.  This 
knowledge must include an understanding of dynamic impact behavior and strength of materials including 
material behavior in the linear, plastic, and failure regimes, for both metals and advanced composites.  
Analysis of digital data acquisition and manipulation including filtering shall be performed as part of the 
validation of computer models.  Modeling of multi-terrain impacts such as impacts of aircraft and spacecraft 
onto hard surfaces, soft-soil, and water shall also be performed for these programs.  Thus, simulations may 
require the use of Lagrangian, Eulerian, or Smooth Particle Hydrodynamic (SPH) formulations within LS-
DYNA. Simulations of ballistic impact such as turbine fan blade containment or impact of debris such as 
occurred during the Columbia accident may also be required.  
 
2.1 Working Environment Safety and Organization (Required) 
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to support the requirements of this task order.  

2.1.1 Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 
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2.1.2 Required date: Ongoing. 
2.1.3 Performance Metrics: 
Exceeds: No cited findings or reportable incidents in six-month award fee period. 
Meets: No repeated findings or incidents in six-month award fee period. 

 
2.2 Crash Impact Analyses in Support of SRW Aeronautics Research:  The Aeronautics research program 
within NASA was recently reshaped and reinvigorated to focus on foundational physics in a number of 
discipline areas across a wide range of flight regimes.  One of these disciplines is Structures and Materials, 
which includes a sub-discipline topic of Rotorcraft Crashworthiness.  This research program is funded under 
the Subsonic Rotary Wing (SRW) Aeronautics program.  The crashworthiness research plan calls for work 
in multi-terrain impact simulations and development of a full-scale crash simulation of a composite 
prototype helicopter. Due to the highly integrated nature of this research with other program elements, it is 
difficult to specify discrete tasks with begin and end dates; however, for estimating purposes, the 
government anticipates that this sub-task can be accomplished by ~1 WYE of entry-level (<5 years 
experience) analyst support and ~1 WYE of early-career (5-10 years experience) support with analysis/test 
expertise 
 

A.  The Contractor shall create, run, analyze, post-process, and validate multiple LS-DYNA dynamic 
finite element models to predict the multi-terrain impact response of a composite deployable energy 
absorbing concept, as well as a full-scale finite element model of a composite prototype helicopter.  
Models may require updating or refinement such as re-meshing using MSC-PATRAN with the LS-
DYNA preference  or HyperWorks.  Model files may also be required to be compatible with other 
codes (e. g., ABAQUS, NASTRAN).  Most post-processing shall be done with LS-PREPOST  or 
HyperWorks.  
  
B.  The Contractor shall validate the models through correlation with test data.  Subsequent analyses 
may be required to determine the influence of modeling parameters on the level of test-analysis 
correlation.  Model validation procedures shall conform to NASA Standard NASA-STD-7009, or 
other appropriate standards, as required. 
 
C. The Contractor shall coordinate with test engineers and use test data from impacts onto multi-
terrain to determine and/or modify the inputs for material models in LS-DYNA.  Models include 
complex failure mechanisms and strain-rate effects.  In addition, testing to fully characterize soft soil 
material properties for input into the LS-DYNA models will be required. 
 
D. The Contractor shall create models using the MSC-PATRAN, R2HyperWorks and/or LSTC Pre-
Post pre-processor using both explicit and implicit formulations of LS-DYNA.  For example, the 
implicit version of LS-DYNA may be executed to correlate analytical predictions with quasi-static 
crush test data.  
 
E. The Contractor shall support development of a full-scale finite element model of a composite 
prototype helicopter.  The Contractor will interface with test personnel to determine aircraft loading, 
CG position, and other inertial properties.  Material characterization testing may be required to 
provide input for the FE model.  This model will be fully integrated including accurate physical 
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representations of the impact surface, landing or skid gear, airframe, subfloor, seats and attachment 
fittings, occupants, restraint systems, mass items such as rotor transmission and engines, other 
onboard devices such as cockpit airbags, cargo and restraint systems, and other external energy 
absorbing systems. 
 
F. The Contractor shall support development of a shell-based finite element model of the composite-
honeycomb, externally deployed energy absorber, including various cover options. 
 
G. The Contractor shall become familiar with human occupant modeling approaches including ATB, 
GEBOD, MADYMO, and the occupant models embedded in LS-DYNA.  In addition, the contractor 
shall become familiar with human injury criteria including Eiband whole body criteria, Head Injury 
Criteria (HIC), Dynamic Response Index (DRI), Brinkley Index, lumbar load criteria, etc.  Finally, 
the contractor shall become familiar with relevant crash-related criteria including the Military 
Standard for Light Fixed and Rotary-Wing Aircraft (MIL-STD-1290); the DOD Joint Service 
Specification Guide for Crew Protection (JSSG-2010-7); requirements for emergency landing 
conditions as specified in the Federal Aviation Regulations (FAR) Parts 23, 27, and 29; and, 
aerospace performance standards for seat certification, as specified by the SAE.  
 
H. (NOC) The Contractor may be requested to perform other analyses and associated design and 
testing activities to support this project.  

 
2.2.1 (NOC) Deliverables and Schedule (Required):  

           Sub-Task Period of Performance: January 1, 2010 - December 31, 2010 
(1) Monthly progress reports 
(2) Reports summarizing technical approach, assumptions, loads, inputs and results for each 

test/analysis, including digital charts, graphs, animations, and jpeg pictures from LS-Post or other 
post-processing software such as Patran, HyperWorks, EnSight, Excel, MatLab, and 
Kaleidagraph. 

(3) Test/Analysis correlation 
(4) PATRAN and/or HyperWorks databases/session files, finite element models/input files of all 
models generated  
(5) Analysis/test results  files    
(6) Powerpoint files summarizing test/analysis results in format determined by the customer 
(7) Monthly planned vs. funded vs. actual financial report ($ and hours) for this sub-task.. 

 
2.2.2 Performance Metrics/Standards (Required - Meets, Exceeds):  
Meets: Work completed accurately and on time as agreed upon for each NOC. 
Exceeds:  
(1) Work completed ahead of schedule, or suggestions by Contractor to make model development 

and/or analysis easier, more accurate, or more efficient.  
(2) Superior documentation of work.   
(3) Superior fidelity and accuracy of  work. 
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3. Government Furnished Items:  
Test specimens 
Test specimen instrumentation  
Access to NASA specialized structural analysis software, including MSC/NASTRAN, MSC/PATRAN and 
MSC/DYTRAN, LS-DYNA, LS-Post, IDEAS, HyperWorks, etc. 
Computer CPU time for structural modeling and analyses 
Office space 
It is anticipated that the Contractor will provide standard ODIN workstations. 
 

4. Other Essential Information:   
 
US Citizenship is required because contractor personnel will be exposed to ITAR information. 
 
Dissemination of significant results through periodic technical interchange meetings at other NASA centers 
and/or international forums, along with associated travel, may be required as appropriate. 
 
Training and related travel may be required to support this task, to be coordinated with government as needs 
arise. 
  
5. Security Clearance:  None 
6. Period of Performance: 
 Planned start date:  January 1, 2010   Completion date: December 31, 2010 
                                                                                                                                       
7. NASA Task Management: 
 Primary Technical Monitor:   Karen Jackson 

 M/S: 495  Phone:  864-4147 
  
 Other POC (Optional):  
 M/S:   Phone:  
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1. Purpose, Objective, or Background (Optional)   
 
SCOPE 
 
This PWS describes the requirements for the design, fabrication, delivery and installation of the NASA 
Sensor Test for Orion RelNav Risk Mitigation (STORRM) multiple layer insulation (MLI) thermal blanket 
and associated thermal protection hardware. There are two major deliverables from this effort: an MLI 
thermal blanket for the STORRM Avionics Enclosure and MLI connector covers.  
 
Background 
 
In accordance with applicable data rights clauses, the Government will have Unlimited Rights to technical 
data developed by the Contractor as part of this effort, and the Government may make such technical data 
available for future American spacecraft designers, whether those designers are employees of the 
government, educational institutions or private Contractors.   

Program Organization, Responsibilities and Management 

The NASA STORRM Team has overall program management responsibility for the entire STORRM 
Avionics Enclosure development activity required to design, analyze, fabricate and test all components and 
assemblies of the Avionics Enclosure.  The NASA STORRM team is contracting selected activities or tasks 
such as engineering support, manufacturing and assembly fabrication tasks.  This PWS specifically 
addresses the design, fabrication, and delivery of the MLI thermal blanket and connector covers for the 
STORRM avionics enclosure. 
 
MLI Blanket Design, Analysis and Fabrication Team 
 
Designated Contractor STORRM team members will lead and conduct the design, analysis and fabrication 
of the STORRM Avionics Enclosure MLI blanket.  The Design, Analysis and Fabrication (DA&F) Team 
Lead will provide updates to the STORRM Team program manager or his designee in weekly reports and by 
request.  
 

• Perform design and analyses of MLI thermal blankets in accordance with Government furnished 
requirements 

• Design and control in accordance with Government specified guidelines and configuration control 
system 

• Provide on-site support as needed during installation and final check-out 
• Support design revisions identified during the testing, process development and manufacturing 

phases of the project 
• For all designs, provide applicable models, drawings, and analyses  

 
  
Technical Direction 1 (9/15/08): Updates the initial task order start date to September 11, 2009 as issued by 
the CO on 9/11/09 (see TD1 below, Section 6). 
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2. Description of the Work to be Performed: (See LMS-CP-5523, Appendix A) 
 Contract paragraph H.8 ELECTRONIC NOTICES OF CLARIFICATIONS (NOCs) applies to this task 
order. See NOC designated item(s) and description below. 
 
In general the Contractor shall provide all site specific resources, supplies, equipment and personnel required 
to perform fabrication and assembly activities for the STORRM MLI blanket and components.  Exceptions 
to this requirement are specified as Government furnished. The Contractor shall provide any fabrication as-
built records or documentation to be included in the final acceptance packages for the MLI thermal blanket. 
 
2.1: Contractor Coordination and Planning Participation 
  
The Contractor shall perform the following requirements: 

• Provide a design and fabrication lead or supervisor to act as the primary focal point for managing 
and coordinating the fabrication activities that occur at the fabrication sites.   

• Coordinate with the in reviewing engineering build packages, tooling requirements, and raw 
materials to identify and recommend any changes that should be incorporated due to site specific 
requirements, safety, capabilities or experience.  

• With advance notification, arrange site access for STORRM Team members or other NASA visitors 
to observe fabrication activities.  

• Ensure as-built documentation complies with the configuration management requirements defined 
by the STORRM team.  

• Participate with the STORRM team in weekly activity coordination/action item meetings 
• Participate in various STORRM Team co-location activities. These co-location activities include but 

are not limited to PDR, CDR, work sessions, manufacturing development, coordination planning, 
and review of the articles being fabricated under this PWS. 

• Provide manufacturing schedule and cost visibility to the STORM Team on a weekly basis during 
active fabrication activities and monthly otherwise. 

• Collect labor actuals (hours) and material expenditures for MLI blanket hardware for use in future 
estimates. 
 

2.1.1 Milestones (Optional):  
 
 2.1.2 Deliverables and Schedule (Required):  The Contractor shall perform the above coordination 
and planning requirements in the time frame documented in NOCs or as master schedule changes are 
documented in task plan revisions or as mutually agreed upon. 
 
2.1.3 Performance Metrics/Standards: The Contractor will warrant a “meets” rating if all requested 
products and services are delivered complete and on schedule.  The Contractor will warrant an 
“exceeds” rating if all requested products are delivered ahead of schedule. 
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2.2: Fabrication of Avionics Enclosure MLI thermal blanket  

The Contractor shall fabricate a MLI thermal blanket with the specifications listed below.  Blankets shall be 
fabricated using materials and processes representative of those planned for space flight on the Space Shuttle 
and consistent with specifications listed in Section 4.  
 
Avionics Enclosure MLI blanket Overall Specifications 

• 20”x14”x14” Rectangular 
• Effective emissivity of 0.03 
• Electrically grounded to existing Avionics Enclosure ground lug 
• Penetrations to accommodate electrical connectors 
• Stitched numbering (or similar) to identify connector locations 
• Velcro fasteners 
• Beta cloth outer layer 
• Accommodations for enclosure vent holes 
• Flaps to cover lifting hardware 
• Flap to cover test connectors not in use during flight 

 
2.2.1 Milestones (Optional):  
 
 2.2.2 Deliverables and Schedule:  The Contractor shall deliver the MLI blanket in the time frame 
 documented in NOCs or as master schedule changes are documented in task plan revisions. 

• MLI thermal blanket 
• As-built fabrication acceptance package documentation for MLI blanket 

• Deliver to on-site NASA STORRM team representative for integration (Boulder, CO) 
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Figure 2.2.1 Exploded View of STORRM Avionics Enclosure 

 
 
Figure 2.2.2 STORRM Avionics Enclosure mounted to APC 
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2.3: Fabrication of Avionics Enclosure MLI Connector Covers 

The Contractor shall fabricate MLI connector covers with the specifications listed below. Connector covers 
shall be fabricated using materials and processes representative of those planned for space flight on the 
Space Shuttle and consistent with specifications listed in Section 4.  
 
Avionics Enclosure MLI Connector Cover Specifications 

• Accommodate connectors listed in Table 2.3.1 
• Velcro fasteners 
• Stitched numbering to identify correct connector location 
• Beta cloth outer layer 

 
2.3.1 Milestones (Optional):  
 
 2.3.2 Deliverables and Schedule:  The Contractor shall deliver the MLI connector covers in the time 
frame documented in NOCs or as master schedule changes are documented in task plan revisions. 
 

• MLI connector covers 
• As-built fabrication acceptance package documentation for MLI connector covers 

• Deliver to on-site NASA STORRM team representative for integration 
 
Table 2.3.1.  MLI connector cover types  
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Connector Type Qty 
NLS0T20-35 – Wall mount Receptacles  4 
ME414-0234-7246 – Wall Mount Receptacle   1 
D SUB miniature Connectors 11 (TBR) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3.1 Avionics Enclosure Bottom and Side View with Connector Locations 

 
 
 
2.n Sub-Task n - Working Environment Safety and Organization (Required) 
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to support the requirements of this task order.  

2.n.1 Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 

2.n.2 Required date: Ongoing. 
2.n.3 Performance Metrics: 
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Exceeds: No cited findings or reportable incidents in six-month award fee period. 
Meets: No repeated findings or incidents in six-month award fee period. 

 
3. Government Furnished Items:  
Major design specifications and drawings will be provided to the manufacturing/fabrication Contractor as 
Government Furnished Equipment (GFE) as defined in this PWS. 

The NASA STORRM Team has direct responsibility to provide personnel and resources for the following 
tasks, activities or resources. 

• Program oversight and management 

• Engineering build requirements/packages (design/layout drawings, material and processing 
specifications, bill of materials, assembly interfaces, inspection acceptance criteria) 

• Provide trained technicians to handle, clean, inspect, and closeout the MLI blanket and connector 
covers after integration into, and de-integration from, the Space Shuttle cargo bay.   

 
4. Other Essential Information:   

Identification, Packaging and Shipping 

The Contractor shall be responsible for packaging and shipping deliverable hardware such that performance, 
life, and cleanliness are not degraded. The MLI blanket and connector covers shall be delivered to the 
STORRM Team in an enclosed shipping container protected from the elements of nature. The MLI blankets 
and connector covers shall be in a ready-to-use state free of contaminants that may cause degradation to the 
effective emissivity or solar absorption properties.  Parts shall be marked with engineering numbers and as 
specified in manufacturing plans.  

The shipping container shall be durable and legibly marked with shipping information furnished by the 
STORRM Team. 

All deliverable hardware shall be shipped to NASA for testing per STORRM Team instructions.   For 
estimating purposes use the address below unless stated otherwise in this PWS.  
 

 NASA/Langley Research Center 
Building 1202 
Hampton, VA 23681-2199  

Applicable / Reference Documents  

The following documents are applicable to this PWS and attached appendices to the extent specified herein.  
In the event of conflict between the requirements of this PWS and any referenced documents, the 
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requirements of this PWS shall govern. 

Military Standards 

N/A  

Specifications 

 
Specification No. Description 

JSC 26626A Section 3.5, thermal blanket requirements 

JPG 8080.5 M/P-12. MLI bake-out requirements 

ASTM D 6193 Standard Practice for Stitches and Seams 

Documents 

DTO-703-0022          DTO Safety and Mission Assurance Plan 
    
 
5. Security Clearance, ITAR, OCI, and Other Special Handling Issues (Required): 
 
6. Period of Performance: 
 Planned start date:   TD1September 11, 2009  Completion date:  April 15, 2010 
 
7. NASA Task Management: 
 Technical Monitor (Required): Mark N. Thornblom 

 M/S: 431             Phone: 757-864-8046 
 Other POC (Optional): 

 M/S:    Phone: 
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1. Purpose, Objective, or Background (Optional)  Note: The requirements of this task order have 
previously been performed under a contract path with the Army Space and Missile Defense Command by 
Computer Sciences Corporation (CSC), which manages the Innovative Science and Technology 
Experimentation Facility (ISTEF). This previous vehicle cannot process the contract in time to support the 
upcoming STS-128 mission at the end of this August. Therefore NASA is seeking an alternate route that will 
streamline funding to ISTEF-CSC to provide engineering and consulting support to the Hypersonic 
Thermodynamic Infrared Measurements (HYTHIRM) project for an imaging campaign against near term 
NASA Space Shuttle launches and re-entry.  
 
The goal of the HYTHIRM project is to obtain infrared (IR) imagery of select Space Shuttle missions during 
hypersonic re-entry utilizing existing NASA and DOD airborne assets.  ISTEF CSC has supported 
HYTHIRM for a previous mission of the Orbiter Discovery (STS-119) in March 2009 and Atlantis (STS-
125) in May 2009, and their support is needed for the remaining shuttle missions.  The acquisition of such 
spatially resolved quantitative imagery will provide critical flight data for reducing the uncertainty 
associated with present day ground-to-flight extrapolation techniques, and current state-of-the-art empirical 
boundary-layer transition or turbulent heating prediction methods. Non-intrusive global thermography will 
compliment the limited discrete thermocouple data on each orbiter by providing spatially continuous surface 
temperatures at a targeted Mach number.   Flight data is considered critical for the validation of physics-
based, semi-empirical boundary-layer transition prediction methods and to stimulate the development of 
more accurate numerical turbulence models supporting the Constellation Program.  NASA HYTHIRM will 
utilize various optical assets during the imaging campaign against STS-128 and subsequent missions. One of 
these assets is Cast Glance, a P-3 Orion based out of NAWC in Pt Mugu, Ca. Another asset is a land-based 
remote entry imaging system (MARS) deployed by Clay Observatory, Celestial Computing. 
 
Technical Direction 1 (08/25/09): Updates Completion date and provides addendum for STS-128 
requirements (see TD1 Section 7, below). 
Technical Direction 2 (8/26/09): Updates the initial task order start date to August 26, 2009 as issued by the 
CO on 8/26/09 (see TD2 below, Section 6). 
Revision 1 (12/16/09): Extends the period of performance 5 months to May 31, 2010 in continuation of 
NASA’s support with updated requirements that allow continued data analysis for STS-128 and new support 
of STS-131 (addendum) (see R1 above and below). 
2. Description of the Work to be Performed: (See LMS-CP-5523, Appendix A) 
 
R1>Note: Requirements below pertaining to continued data analysis of completed missions shall be 
performed in coordination with NASA Technical Leads.<R1 

 

1.0  Task: HYTHIRM Program Support 
The Contractor shall provide HYTHIRM program support for: 
A. Participation at a pre-mission planning meeting via telecon or in person when called by the Project 
Manager.  
B. Attendance at TIM/Workshop/Post-Mission Data Review and Analysis meetings when called by the 
Project Manager. 
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C. Participation in weekly Technical and Program Telecons. 
D. Review and comment on project documents as required by the Project Manager. 
 
2.0  Task: Sensor Characterization and Calibration 
 
NASA HYTHIRM will utilize various optical assets during the imaging campaign against vehicle reentry 
and hypersonic flight observations.  
The Contractor shall perform sensor characterization and calibration planning, data collection, data 
reduction, and analysis on applicable asset sensors for the current mission ( Cast Glance, MARS, etc).   
 
 
2.1       Sensor Configuration and Performance Planning 
Work with asset owner to communicate configuration and sensor setup.  Obtain overview and assist with 
sensor performance planning. 
2.2       Calibration Planning 
The Contractor will be provided a Mission Asset and Sensor Configuration Overview for each mission, 
listing the specific science sensors requiring calibration.  Each asset will provide the Contractor with the 
detailed design and configuration of each sensor, including all optics (telescope, windows, filters, splitters) 
and detectors or cameras (model number, operational configuration, recording method).  The Contractor 
shall provide a Mission Calibration Plan (Deliverable) that details the calibration of each assets’ sensor for 
each mission.  The calibration plan will provide a summary description of the methods used to determine the 
radiometric calibration equation, constants, and coefficients, and include a basic description of how to apply 
these to sensor data to yield radiance map data at the aperture or window of the sensor.  The calibration plan 
will take into account previous calibration results derived from earlier data sets, describe the nominal per-
mission limited data collection, and detail any additional data collections as required to supplement the 
earlier data sets.  The combination of the Mission Asset and Sensor Configuration Overview together with 
the Mission Calibration Plan will contain the details and changes mission to mission, including asset & 
sensor availability, calibration data collection detail planning, and each sensor’s evolving calibration data 
collection requirements.  
The Mission Asset and Sensor Configuration Plan shall be provided to the Contractor nominally 60 days 
before the mission, to enable the Contractor to provide the Mission Calibration Plan 30 days before the 
mission.  New sensors requiring characterization shall nominally be identified to the Contractor 90 days 
before the mission to allow additional time for coordination with new asset owners/operators, 
characterization & calibration operations, and calibration data analysis.  The Data Analysis and Handling 
Plan provided to the Contractor will identify any calibration data, mission data, or sensor configuration 
details that require special handling, such as “Sensitive But Unclassified” (SBU), or that are subject to ITAR 
restrictions. 
  
2.3    Characterization of new sensor. 
The addition of a sensor that has not been previously utilized by HYTHIRM, or that has experienced major 
modifications, will require the Contractor to review all existing characterization and calibration data and 
reports, to be provided by the asset owner/operator.  The Contractor will recommend, plan, and perform 
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additional calibration data collection to complete a full characterization and calibration of the sensor, 
including sufficient noise and error values to predict surface temperature accuracy and surface spatial 
resolution.  Sufficient data will be collected to provide a broad and firm basis for calibration curves and 
noise statistics, to establish repeatability and reliability of calibrations mission-to-mission, and allow for 
reduced data collections during subsequent mission operations.   The characterization data set will therefore 
contain more data and require more operational collection time than a routine mission data set. 
To perform characterization of the new sensor(s), the Contractor shall evaluate existing asset equipment and 
procedures, travel to assets’ location, set up sources and optics as required, provide a check list/procedure for 
data collection, direct data collection, verify adequate data collected before departure, receive any asset or 
NASA supplied calibration data, reduce data to produce calibration equations, and produce characterization 
report for each sensor.   
 
2.4    Radiometric Calibration 
The Contractor shall perform a radiometric calibration of mission applicable sensor(s),  including use of a 
NIST-traceable calibrated blackbody at mission representative temperatures.  Sites where this will be 
performed will be determined on a mission by mission basis, but will likely require travel to deployment 
location for aircraft assets.  Additional NIST-traceable calibration sources, such as an integrating sphere or 
low temperature black body, may be used to provide additional data points in a short operational time span. 
 
The Contractor shall provide results including calibration curve, calibration equation, sensor noise statistics, 
and surface temperature uncertainty values in the calibration report.   
For each sensor supporting each mission, the reduced set of mission calibration data points shall be merged 
with the full characterization data set.  The mission calibration data set shall include calibration sources, such 
as black bodies or integrating sphere, as well as mission star observations (+/- one hour of mission data 
acquisition time).  The Contractor shall provide a list of radiometric calibration stars suitable for each 
sensor’s spectral band and for the date and location of the observation.  Additional data points may be 
specified as indicated by the results of the full characterization calibration. 
Post-mission, the Contractor shall recommend additional calibration data collection where the mission data 
does not agree with the full characterization data set, such that the resulting error or uncertainty values 
approach the mission requirements for measured surface temperature.   
The Contractor shall review sensor configuration changes between missions and make recommendations 
whether additional calibration data is required.  
 
2.5    Spectral Response Calibration 
The Contractor shall determine the sensor’s spectral response curve within limits of existing component 
data, funding, and schedule.  Where the spectral response curves of all optical components are available, 
these shall be mathematically combined to a single curve.  Where the component curves are not available, 
the Contractor shall provide recommendation whether component or full instrument spectral bench 
measurements are required. 
The Contractor shall also review sensor configuration changes between missions and make 
recommendations whether additional spectral calibration data is required.   Absent configuration changes or 
deficiencies in characterization results, additional routine mission spectral data collection is not expected. 
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2.6   Spatial Resolution Calibration 
The Contractor shall measure sensor system spatial resolution as part of the characterization process, and 
produce a representative Point Spread Function (PSF).  Sources may include collimated pinholes, low power 
laser, and star observation.   The Contractor shall optionally provide Point Diffraction Interferometry or 
similar capability to allow precise in-situ measurement of a sensor’s optics system overall performance, 
including:  aberrations, Modulation Transfer Function (MTF), Point Spread Function (PSF), Strehl Ratio, 
and Zernike coefficients. 
The performance of the mount/gimbal while tracking shall be measured to provide pointing, jitter, and 
vibration statistics that impact spatial resolution.  The typical method is to track and record a satellite pass in 
“terminator” conditions, where the satellite is solar illuminated but the sensor experiences local darkness.  
The Contractor shall assist in planning the data collection, and provide a schedule of candidate satellite 
passes with ephemeris data.  The Contractor shall provide conversion of ephemeris, date, time, and location 
data to a trajectory file if required by the asset.  The Contractor shall analyze the recorded image data and 
mount/gimbal pointing/encoder data to determine jitter and vibration statistics within the limits of the data. 
Star observations near mission time (+/- one hour) shall provide additional functional spatial resolution data 
representative of mission performance, including atmospheric conditions and mount/gimbal performance.  
The Contractor shall analyze for spatial resolution the same mission star data set collected for radiometric 
calibration purposes. 
2.7    Procedures 
The Contractor shall provide technical assistance to asset owners/operators in their development of 
procedures to implement the above characterization and mission calibration tasks.   
The asset owner/operators shall implement a method of configuration control of characterized and calibrated 
sensors, to allow prior notification of sensor changes that may affect the calibration, and resulting additional 
calibration data collection post modification. 
2.8   Mission Planning and Support – Calibration & Sensor Performance 
2.8.1   Pre-Mission Calibration Updates 
The Contractor shall provide pre-mission updates to radiometric calibrations as new data is available without 
waiting for delivery in the full calibration report, to assist in radiance modeling and sensor operations 
planning. (Deliverable) 
2.8.2   Pre-Mission Sensor Performance 
The Contractor shall provide advice and assistance to other team members during mission planning to aid in 
interpretation of calibration results and limits of sensor performance relative to mission goals and 
requirements.  The Contractor shall recommend sensor configuration details, such as integration time and 
gain settings, with expected SNR curves and limits of measurable temperature range. 
2.9     Mission Calibration Update – Thermocouple Data Reconciliation 
The Contractor shall receive vehicle thermocouple data and a 3D Surface Temperature data file for each 
HYTHIRM sensor (described under Mission Data Reduction and Analysis) from NASA and reconcile the 
two data sets.  In the case where the two temperature data sets consistently disagree by more than a tolerance 
limit based on a combination of their calibration noise/uncertainty values, the Contractor shall use the TC 
data to adjust the remote sensor’s radiometric calibration to bring the data sets closer to agreement.  The 
Contractor shall make a single adjustment per sensor.  The Contractor will be provided guidance by the PI 
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and PM on the mission time span to include in the reconciliation, and the mission specific tolerance limit.  
Should adjustment be required, the process and resulting calibration equations shall be described in the 
sensor’s Mission Calibration Report. 
2.10   Mission Calibration Report 
The Contractor shall provide a Mission Calibration Report (Deliverable) for each sensor to include 
calibration curves & equations, noise statistics, typical surface temperature accuracy, spatial resolution, and 
spectral response curves.  The report shall include the results of data reduction and analysis of the full sensor 
characterization, and shall merge the results of subsequent mission calibration data sets.  The full Mission 
Calibration Report shall be completed independent of whether mission data has been successfully captured.  
The report shall be delivered to NASA LaRC within 6 weeks from completion of calibration data collect or 
receipt of the data at ISTEF. 
 
 
3.0    Task:  Mission Support Quick Look Analysis  
This task will involve reviewing raw mission data and providing the quick look images and movie files.  The 
sensors requiring Quick Look Analysis for each mission will be identified in the Data Analysis and Handling 
Plan, which will nominally be provided to the Contractor 60 days before the mission. 
 
3.1   Quick Look Data Review 
The Contractor shall review the raw mission data for overall quality, qualitative sensor performance, and 
mission events observable in the data.  Planned or predicted events or features, such as BLT DTO signatures 
or similar, shall be examined as a priority.  Unplanned or un-expected events or features shall be noted, and 
those related to aero-thermal effects shall be selected to include in quick look images and video clips.  Initial 
qualitative comparison of events to selected vehicle data (such as thermocouple temperatures) shall be made 
as the vehicle data is available, expected to take a few weeks calendar time, and be performed in 
coordination with other team members and with target post mission telemetry  
 
3.2   Quick Look Analysis of Mission Data 
The Contractor shall process selected raw data frames or short sequences identified from the data review, 
apply the Quick Look Calibration values to yield preliminary global thermal map example frames or video 
clip. The Contractor shall supply the movie files in two forms, the raw (grayscale) data and the data 
converted to color coded surface temperature via the preliminary radiometric calibration. 
 
The quick look analysis of sensor mission data shall first produce selected single frames in gray scale within 
one day of receipt.  Quick look analysis shall then produce movie clip files in gray scale created using object 
tracking and sub frame window extraction, resulting in a motion stabilized version of the raw data.  The 
preliminary calibration shall be used to convert motion stabilized raw data to surface temperature image 
sequence.  The Contractor shall deliver the “Quick Look Grayscale Movie” and “Quick Look Global Surface 
Temperature Movie” within 5 business days of mission completion or receipt of the data at ISTEF 
(Deliverable).  The Contractor shall use a single nominal set of atmospheric transmission and path 
radiance/solar scattering values to correct for these radiometric effects. The intent is to demonstrate the date 
was successfully collected, and provide an initial visualization of the data quality. 
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4.0   Task:  Mission Data Reduction and Analysis 
4.1   Atmospheric Path Parameters 
The Contractor shall determine atmospheric path transmission and radiance/solar scattering values for the 
changing path between the hypersonic vehicle and the observing sensor, including geometry changes over 
time due to vehicle and sensor platform motion. 
 
4.2 2D to 3D Data Geometrical Transformation with Conversion to Surface Temperature 
The Contractor shall apply 2D sensor image data to the 3D vehicle model through geometric transformation 
and registration.  The Contractor shall utilize the following NASA supplied data, each with error/noise 
estimates:   
• 3D model(s) of the vehicle surface with material ID 
• Vehicle planned or post-mission trajectory (position) data and attitude data 
• Vehicle surface material properties including: 
o Bi-directional Reflectance Distribution Function (BRDF) 
o Bi-directional Emittance Distribution Function (BEDF) 
• Sensor platform location or flight path/position data 
• Sensor platform gimbal or tracking mount pointing angles 
• Sensor raw data and calibrations (if not performed by the Contractor under other tasks) 
The Contractor shall utilize the sensor calibration data, the atmospheric path parameters, and the local 
vehicle material ID with BRDR & BEDF,  to convert sensor counts to surface temperature, and record these 
values in a 3D file format with time index, referred to as “3D Surface Temperature File”. (Deliverable) 
The Contractor shall perform a rotation transformation to render the 3D surface temperature to a standard 
view angle, such as normal to the center of the bottom of the vehicle.  This version of the data shall be 
rendered in a “Normal View Global Surface Temperature Movie” in a common video file format, with color 
coding indicating temperature. (Deliverable) 
 
4.3 Comparison of Thermocouple and HYTHIRM Surface Temperature Data 
4.3.1 The Contractor will be provided vehicle thermocouple (TC) locations, TC calibrations, and TC 
mission data by NASA.  The Contractor shall add the TC mission data as a time synchronized layer in the 
3D Surface Temperature data file. 
4.3.2 The Contractor shall perform a basic comparison of the two surface temperature data sets now 
contained within the 3D Surface Temperature data file, using instantaneous, nearest time value (no time 
averaging) and single pixel (no spatial  area or time averaging) methods.  This basic comparison shall be 
visualized using indicated temperature and temperature difference plots versus mission time.  The indicated 
temperature plots shall include running mean and calibration derived three sigma noise/uncertainty bands for 
both the thermocouple and remotely sensed temperatures values. (Deliverable) 
4.3.3 The Contractor shall perform a time averaged comparison of the two surface temperature data sets, 
using a time span selected by the Contractor based on inspection of the data.  Both the thermocouple and the 
remotely sensed temperature values shall be averaged over the same time interval.  The comparison results 
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shall be visualized using the same methods and plots as described above for the basic 
comparison.(Deliverable)   
4.3.4 The time averaged comparison shall be additionally visualized using the “Normal View Surface 
Temperature Comparison Movie”, where both time averaged data sets are represented.  Differences in TC 
versus remotely sensed temperatures shall be apparent as color differences at the TC locations. (Deliverable) 
 
4.4 Sensor Coverage and Quality Visualization 
The Contractor shall provide the following graphical visualizations rendered over mission time. 
4.4.1 Sensor Spatial Coverage Visualization 
The Contractor shall use the input data and transformation methods listed above to illustrate sensor coverage 
on the normal view of the vehicle.   
The basic coverage shall be indicated by a “pixel grid” representation of the sensor pixels as transformed on 
to the 3D vehicle surface, changing as a function of mission time and relative motion.  The pixel grid shall 
provide a basic visualization of the wrapping of sensor data around the complex 3D shape of the vehicle.  
This visualization shall be performed for each frame of the sensor data, and delivered both as a time 
synchronized layer in the 3D surface temperature data file, and rendered as a separate common video format 
file (Deliverable).  In addition to basic coverage, this visualization will be an aid to users of the surface 
temperature data to visually examine the effect of individual pixels as they interact with specific surface 
features over time, relative motion, and transformation, all examined from the “normal view”. 
4.4.2    Surface Temperature Spatial Resolution Visualization 
The spatial resolution shall be represented by a “PSF Spot Array”, illustrating the point spread function of 
the sensor as it is distorted by the geometrical transformation to the local surface.  The amount and type of 
distortion will change significantly over time and across the surface of the vehicle, due to the changing 
surface curvature and relative motion of the vehicle and sensor platform.  This method of visualization shall 
best represent the interaction of the 3D surface with the 3D PSF, as opposed to a rectilinear line “PSF grid” 
which would over simplify the resulting complex gradient.  The PSF Spot Array shall be delivered as a time 
synchronized layer in the 3D surface temperature data file, and as a movie in a separate common video file 
(Deliverable). 
4.4.3 Sensor Data Quality Visualization 
The Contractor shall use the input data and transformation methods listed above to illustrate sensor quality 
on the normal view of the vehicle.  The quality shall be indicated by a gray scale or color coding 
representing the local value of one of the following indicators of the sensor data quality:  
• signal to noise ratio 
• three sigma combined noise/uncertainty, in surface temperature units 
• ratio of thermal emission energy to combined energy due to solar reflectance and path radiance/solar 
scattering 
Each quality visualization shall be delivered both as a time synchronized layer in the 3D surface temperature 
file, and as separate movies in a common video file format (Deliverables). 
5.0 Task:  Mission Data Enhancement Using Advanced Deconvolution 
The Contractor shall apply advanced deconvolution algorithms to selected time spans of mission raw sensor 
data, to ameliorate atmospheric turbulence and motion/vibration blur effects.  The resulting data shall 
preserve radiometric calibration.  The resulting data shall be delivered as 2D image sequence file 
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(Deliverable) to be available for further processing, such as 2D to 3D transformation. 
The Contractor shall generate numerical and graphical representations of resulting spatial resolution 
improvement, and shall generate a brief report describing the results. (Deliverable) 
6.0   Task:  Academic Papers 
The Contractor shall co-author academic papers at the direction of the PI and PM, for publishing by NASA, 
to describe the results of HYTHIRM and the Contractor’s contributions. 
 
7.0  Task:  Asset Enhancements 
7.1  Asset Sensor System Improvements 
The Contractor shall evaluate and modify an asset sensor including its control and recording system to 
improve performance towards goals of increased performance and reliability.  Both hardware and software 
modifications shall be evaluated and a solution recommended.  The system shall be tested for reliability after 
modifications are complete.  Additional operator procedures shall be provided to maintain system 
performance mission-to-mission. 
8.0    Deliverables and Schedule    

Statemen
t of 
Work 

Deliverable Due Date Deliver to 

2.2 Mission Calibration Plan L-30 days NASA LaRC and 
Sensor Agency 

2.8.1 Pre-Mission Calibration Updates L-10 days NASA LaRC and 
Sensor Agency 

2.10 Mission Calibration Report 6 weeks from completion of 
calibration data collect or 
receipt of the data at ISTEF 

NASA LaRC and 
Sensor Agency 

3.2 Selected single frames in gray 
scale 

1 business day after receipt of 
the data (likely on-site) 

NASA LaRC and 
Sensor Agency 

3.2 “Quick Look Grayscale Movie” 
and “Quick Look Global Surface 
Temperature Movie” 

5 business days after receipt of 
the mission data at ISTEF 

NASA LaRC and 
Sensor Agency 

4.2 3D Surface Temperature File 2 months after receipt of the 
listed required data at ISTEF 

NASA LaRC 

4.2 Normal View Global Surface 
Temperature Movie 

2 months after receipt of the 
required data at ISTEF 

NASA LaRC 

4.3.2 Basic Comparison of TC and 
Global Surface Temperature data  

2 months after receipt of the 
required data at ISTEF 

NASA LaRC 

4.3.3 Time Averaged Comparison of 
TC and Global Surface 
Temperature data 

2 months after receipt of the 
required data at ISTEF 

NASA LaRC 

4.3.4 Normal View Surface 
Temperature Comparison Movie 

2 months after receipt of the 
required data at ISTEF 

NASA LaRC 
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4.4.1 Sensor Spatial Coverage 
Visualization 

2 months after receipt of the 
required data at ISTEF 

NASA LaRC 

4.4.2 Surface Temperature Spatial 
Resolution Visualization 

2 months after receipt of the 
required data at ISTEF 

NASA LaRC 

4.4.3 Sensor Data Quality 
Visualization 

2 months after receipt of the 
required data at ISTEF 

NASA LaRC 

5.0 Mission Data Advanced 
Deconvolution image sequence 
file and report 

2 months after receipt of the 
required data at ISTEF 

NASA LaRC 

9.0 Performance Metrics/Standards (Required - Meets, Exceeds): (See “System and Software Metrics for 
Performance-Based Contracting”) 
Meets: Timely (as specified) and complete deliverables. 
Exceeds: Meets and a) 12 of 14 deliverables completed 30% earlier than specified or b) 7 of 14 deliverables 
completed 50% earlier than specified. 
 
2.n Sub-Task n - Working Environment Safety and Organization (Required) 
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to support the requirements of this task order.  

2.n.1 Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 

2.n.2 Required date: Ongoing. 
2.n.3 Performance Metrics: 
Exceeds: No cited findings or reportable incidents in six-month award fee period. 
Meets: No repeated findings or incidents in six-month award fee period. 

 
3. Government Furnished Items:  
 
4. Other Essential Information:   
 
5. Security Clearance, ITAR, OCI, and Other Special Handling Issues (Required): 
 
6. Period of Performance: 
 Planned start date:   TD2August 26, 2009  Completion date: TD1Dec 31, 2009 
           May 31, 2010 
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7. NASA Task Management: 
 Technical Monitor (Required): Deborah M. Tomek 

 M/S: 170  Phone: 757-864-7302 (Cell: 757-969-8653) 
 Other POC (Optional): 

 M/S:   Phone: 
 

 
**Begin TD1 Addendum** 
R1>Note: For planning purposes, coverage for STS-131 is the same as for STS-128<R1 

 

Addendum for STS-131 
 

This task order identifies the specific tasks from the HYTHIRM ISTEF-CSC Statement of Work (SOW) that 
will be performed for a specific mission or period of time.  SOW paragraph numbers will are listed together 
with asset sensors and/or data sets in table format.  “Y” indicates the task will be performed for the task order. 
Notes will be included where required to clarify a limitation or restriction of  SOW task unique to the mission or 
time period.  This Task Order cannot be used to add tasks to the SOW.  The assets addressed in this task order 
include Cast Glance (CG) and Clay Observatory (Clay MARS).  Sensors include Near Infrared (NIR) and Mid-
Wave Infrared (MWIR). 
 
Mission:  STS-131 
 
SOW 
Para. 

HYTHIRM 
Program Support 

CG NIR  
Sensor 

CG MWIR  
Sensor 

Clay MARS  
SWIR Sensor 

Clay MARS 
NIR Sensor 

1.1 Y     
1.2 N     
1.3 Y     
1.4 Y     
2.1 - - - - - 
2.2 Y (1) Y Y (2) - - 
2.3 - - - - - 
2.4 Y Y  (11) Y (2) - - 
2.5 - Y (3,11) - - - 
2.6 - Y (4,11) - - - 
2.7 Y Y - - - 
2.8.1 Y Y - - - 
2.8.2 Y Y - - - 
2.9 N N (5,11) - - - 
2.10 N N (6,11) - - - 
3.1 Y Y - - - 
3.2 Y Y - - - 
4.1 - - - - - 
4.2 - - - - - 
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4.3 - - - - - 
4.4.1 -  (7) - - - - 
4.4.2 -  (7) - - - - 
4.4.3 -  (7) - - - - 
5.0 N (8) N - - - 
6.0 N (9) N - - - 
7.1 - Y (10) - - - 
 
Notes and Limitations 

(1) The Mission Calibration Plan nominal deliverable due date of L-30 days does not apply as it is earlier 
than ATP for STS-131. 

(2) CG MWIR Radiometric Calibration support for STS-131 is limited to collection of calibration data 
only.  Calibration data reduction for this sensor is not required in this TO.   

(3) CG NIR Spectral Response Calibration will include reduction of prior spectral filter data collected at Pt. 
Mugu.  High resolution spectral throughput calibration data collection is included, but is contingent on 
arrangements for equipment, including VIS-NIR spectrometer and light source. 

(4) CG NIR Spatial Resolution Calibration will not include reduction of prior PSF data, including 
collimated pin hole and flight star data.  High resolution optical interferometric data collection is 
included but contingent on arrangements for equipment, including permissions for use of low power 
laser at the Cast Glance deployment location. 

(5) Thermocouple data reconciliation for CG NIR calibration is included for STS-119, STS-125, and STS-
131 data sets, if required.  This task is dependant on receipt of thermocouple (TC) data, TC calibrations, 
and TC uncertainty statistics from NASA or other contractors.  The product is limited to updated 
radiometric calibration equations and constants.  This task will not produce radiance map images or 
temperature images from mission data. 

(6) The calibration report for CG NIR will include results of merging calibration data sets from STS-119, 
STS-125, and STS-131. 

(7) Sensor Coverage and Quality Visualization tasks require the geometry and image processing solutions 
from the 2D-3D Geometrical Transformation task as prerequisite. 

(8) Mission Data Enhancement Using Advanced Deconvolution is limited to a demonstration of capability 
using two short data sequences yielding one enhanced image each, as an indication of results for future 
full sequence processing.  The short sequences will be selected from the CG NIR STS-119 and STS-125 
data sets.  This demonstration will use algorithms and code on hand with limited tuning for data sets.  
This demonstration may include use of a subcontractor for demonstration of one algorithm, pending 
approval of the Program Manager, as supplement to the algorithms demonstrated by the contractor. 

(9) The contractor will support three papers as contributing author.  NASA will release and present the 
resulting papers, thus the contractor will not be responsible for ITAR review before release.   

(10) The CG NIR control and recording system will be further enhanced to reduce latency and 
improve reliability, with the goals of eliminating dropped frames and decreasing time tag jitter.  
Enhancements to be evaluated include operating system major update; solid state drive upgrade 
(including specification, installation, configuration, and test); installation of real time kernel; real time 
tuning of recording tasks; reliability testing; updates and improvements of procedures; and modification 
of existing system case.  Time tag accuracy requirement remains at +/- 0.5 seconds.  The proposed 



TEAMS (NNL07AA00B) Task Order Performance Work Statement (PWS) Page 12 of 12 
TASK ORDER NUMBER: 080D3-NNL09AM26T  Revision: 1 Change: 0    Date: December 16, 2009 
Title: HYTHIRM Imaging Campaign Asset Calibration, Enhancement, and Data Analysis 
 

modification “camera integration sync to time code latch” to eliminate varying delays in assigning time 
tags to frames and achieve 1 millisecond accuracy is not required for STS-131. 

(11) Post-mission calibration data reduction & analysis, reconciliation of multiple mission data sets, 
TC data reconciliation, final calibration report, advanced deconvolution, and academic papers have been 
deferred awaiting future funding. 

 
**End  TD1 Addendum** 
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1. Purpose, Objective, or Background (Optional): (New work previously performed on another 
contract ) 
 

• Provide accuracy and speed improvements to USM3D – NASA Langley is relying heavily on the 
USM3D flow solver to support several projects under the NASA Constellation Program and 
Aeronautics Program. There is a continuing need to increase the speed and reduce the memory 
for the flow solver, as well as develop advanced turbulence model capability, especially for 
massively separated flows and jet flows. 

 
Technical Direction 1 (9/25/09): Updates the initial task order start date to September 25, 2009 as issued by 
the CO on 9/25/09 (see TD1 below, Section 6). 
2. Description of the Work to be Performed: (See LMS-CP-5523, Appendix A) 
Contract paragraph H.8 ELECTRONIC NOTICES OF CLARIFICATIONS (NOCs) applies to this task 
order. See NOC designated item(s) and description below. 
 
2.1  Accuracy and speed improvements for USM3D 

a) USM3D code efficiency improvements. USM3D supports several projects within the NASA 
Constellation Program and Aeronautics Program. Each of the sponsoring projects requires hundreds 
of flow solutions to populate aerodynamic databases, or solutions from very long time-accurate 
computations with advanced turbulence models to accurately compute massively separated flows. 
The CONTRACTOR SHALL identify and implement promising programming strategies and 
numerical techniques, such mixing elements and cache efficiencies to reduce the overall solution run 
time.  

b) Implementation of advanced turbulence models for near- and post-stall flight conditions. There is a 
cross-project need for improved physics models within USM3D to reduce uncertainty of numerical 
predictions of stability and control characteristics for aircraft encountering massively separated flows 
during damaged or flight upset conditions. The CONTRACTOR SHALL implement and validate 
advanced turbulence models into USM3D, such as the k-w model, the Delayed Detached Eddy 
Simulation (DDES) model, and models that are under development through a collaborative NRA-
funded task with Prof. S. Girimaji of the University of Texas.  

 
2.1.1 Deliverables and Schedule: 

At the conclusion of this task assignment, the CONTRACTOR SHALL deliver to LaRC the items as 
follows: 
 

a. Modifications to USM3D code leading to at least 30-percent faster performance relative to 
CVS12192007 version. 

b. Implementation and validation of advanced turbulence models into USM3D version CVS12192007.  
c. CVS controlled source code of modified USM3D code containing upgraded capabilities. 
d. Records of USM3D code modifications and testing results sufficient to meet ISO 9000 requirements 

for low-control software. 
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2.1.2 Performance Metrics/Standard: 
Minimum acceptable performance (MAP)/Schedule: 
 

Provide a stable version of improved USM3D to the Technical Monitor by 12/31/10.  
 

Exceeds performance: Completion of tasks 2 weeks prior to MAP completion date. 
 
2.n Working Environment Safety and Organization. 
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to the R2support the requirements of this task order.  

2.n.1 Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 

2.n.2 Required date: Ongoing. 
2.n.3 Performance Metrics: 
Exceeds: No cited findings or reportable incidents in six-month award fee period. 
Meets: No repeated findings or incidents in six-month award fee period. 
 

3. Government Furnished Items:  
The Government will grid generation codes and documentation, flow solver codes and documentation, and 
graphic post processing codes and documentation, access to advanced supercomputers if needed, access to 
PC clusters, geometry surface definitions, aerodynamic data sets, configuration definitions and specific study 
objectives. 
4. Other Essential Information:   
USM3D expertise for Subtask 2.3 currently resides in Analytical Services & Materials, Hampton, VA 
5. Security Clearance:   
All work will be unclassified; however, personnel may be required to complete nondisclosure agreements 
with industry. Also, all personnel with access to Government software shall be in compliance with U.S. 
export control laws. 
6. Period of Performance: 
 Planned start date:   TD1September 25, 2009  Completion date:  December 31, 
2010 
7. NASA Task Management: 
 Technical Monitor:  Neal T. Frink 

 M/S: 499 Phone:  757-864-2864 
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1. Purpose, Objective, or Background (Optional)   
The ARD New Business Team is developing strategies to attract new business opportunities that seek to 
leverage existing skill sets and facilities at NASA Langley Research Center.  The New Business Team Lead 
is engaged in critical discussions with a broad range of industry and government personnel.  The new 
business opportunities require the cooperation and support of NASA Langley Management, including 
Directors and Branch Managers.  The New Business Team Lead is charged with developing an overall 
strategy for aeronautics new business opportunities at the Center. TD1> Contractor support is required to 
mentor, coach, and train NASA in processes, tools and techniques in how to develop strategies. The 
Contractor will not be required to help develop the new business strategies.<TD1 

 

Technical Direction 1 (9/25/09): Clarifies Contractor’s support role (see TD1 above). 
Technical Direction 2 (9/30/09): Updates the initial task order start date to September 30, 2009 as issued by 
the CO on 9/30/09 (see TD2 below, Section 6). 
2. Description of the Work to be Performed: (See LMS-CP-5523, Appendix A) 
  
2.1 (Requirement/subtask number one):  
a) The Contractor shall mentor the New Business Team Lead on best practices, approaches, and tools for 
developing new business opportunities.   
b) The Contractor shall provide coaching support for the New Business Team Lead in organizational and 
communication skills related to new business relationship development strategies. 
c) The Contractor shall advise the New Business Team Lead on proven long-term planning skills and 
partnership and collaboration development. 
d) The Contractor shall provide process improvement recommendations to the NASA Technical Monitor. 
 
2.1.1 Milestones (Optional):  

Create a coaching plan to include a list of recommended readings and scheduled mentoring sessions 
by Nov. 15, 2009. 

            Conduct first Coaching session by Dec. 1, 2009 
2.1.2 Deliverables and Schedule (Required):  

a) A schedule of coaching goals and sequence of learning (a syllabus). – Dec. 1, 2009 
b) A report of observations and demonstrated progress on techniques and approaches for 
collaboration and partnership development techniques – Monthly 

 
2.1.3 Performance Metrics/Standards (Required - Meets, Exceeds): (See “System and Software Metrics for 
Performance-Based Contracting”) 
 

(a) Reports summarizing project status and resolved issues quarterly or as requested; and  
(b) Quarterly meetings with the task monitor or other designated NASA manager to discuss 

proposed improvements and progress on coaching and mentorship.  
 

Exceeding minimum acceptable level: 
(a) Reports summarizing project status and resolved issues to the NASA Technical Monitor by 
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the 10th of each month; and  
(b) Monthly meetings with the task monitor or other designated NASA manager to discuss 

proposed improvements and progress on coaching and mentorship. 
 
2.n Sub-Task - Working Environment Safety and Organization (Required) 
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to support the requirements of this task order.  

2.n.1 Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 

2.n.2 Required date: Ongoing. 
 
2.n.3 Performance Metrics/Standards (Required - Meets, Exceeds): (See “System and Software 

Metrics for Performance-Based Contracting”) 
 

Minimum acceptable level: 
  There are no repeated findings or incidents in six-month award fee period.  

 
Exceeding minimum acceptable level: 
  There are no cited findings or reportable incidents in six-month award fee period. 
 

 
3. Government Furnished Items: N/A 
 
4. Other Essential Information:  N/A 
 
5. Security Clearance, ITAR, OCI, and Other Special Handling Issues (Required): ITAR and Company 
proprietary information.  OCI avoidance plan is required for this Task Order. 
 
6. Period of Performance:  
 Planned start date: TD2September 30, 2009  Completion date:  May 31, 2010 
 
7. NASA Task Management: 
 Technical Monitor (Required): Vincent Schultz 

 M/S: 264  Phone: 757.864.5184 
 Other POC (Optional): 

 M/S:   Phone: 
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Sections 1 through 3.     
1. Task Summary: 
 
This task supports the NASA Recovery Act work sponsored by the Aeronautics Research Mission 
Directorate and the Airspace Systems Program. Research funded by this task will focus on addressing the 
capacity challenges facing the US national airspace. It is forecast that over the next 15 years, air traffic in the 
United States will double, far exceeding the country’s current capability to safely fly aircraft. To handle this 
growth, NASA is contributing toward the development of the Next Generation Air Transportation 
Management System (NextGen).  
 
In support of these efforts, the contractor shall develop a 15-year UAS Research and Development (R&D) 
roadmap that addresses key enabling technologies and the resources and facilities needed for 
implementation. In addition, the contractor shall conduct an initial sense and avoid simulation study 
designed to identify requirements for UAS autonomous collision avoidance for all classes of unmanned 
aircraft. 
 
Task Milestones 
These milestone(s) mark significant components of successful task completion. See section 3.0 for further 
details on deliverables associated with this task. 
 

 
 
2.0 Task Background 
The following sections provide some summary information about the UAS Project and the Recovery Act 
work that will be performed within the project. 
 
2.1 UAS Project Stakeholders 
Unmanned aircraft systems (UAS) represent new vehicle and operational concepts in civil aviation. These 
new concepts are evolving as the nation moves toward the Next Generation Air Transportation System1 
(NextGen), which is under the leadership of the Joint Planning and Development Office (JPDO). The desire 
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and ability to fly UAS in the National Air Space (NAS) in the near term has increased dramatically. In 
response to this, the FAA and DOD formed an executive committee for UAS NAS access (UAS EXCOM) 
with invitation for NASA to participate. The UAS EXCOM is comprised of senior executives from the FAA, 
DOD, NASA, and DHS. It is anticipated that the UAS EXCOM will provide the strategic vision for both 
long term and nearer term UAS NAS access activities. ARMD and the Airspace Systems Program provide 
NASA support of NextGen Unmanned Air implementation activities to both the JPDO and EXCOM via the 
UAS Project. A simple diagram of this is included here:  

 
Although unmanned aircraft have the ability to support a number of “dull, dirty and dangerous” missions 
required by the nation’s science community (NASA, NOAA), emergency management (FEMA, DOA) and 
national security and defense organizations (DHS, DOD), existing federal air regulations, procedures and 
technologies do not allow routine UAS access to the NAS. The current process of requesting a Certificate of 
Waiver of Authorization (COA) to operate a UAS in the national airspace today is extremely resource 
intensive and lengthy. These COAs are restrictive and often lack the flexibility to meet the full mission 
needs. The UAS project provides NASA support to this multi-agency objective of enabling safe, routine 
access for unmanned aircraft systems in the national airspace.  
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2.2 UAS Project Major Activities 
Over the course of the next 12 months, the UAS Project will focus on supporting a multi-agency effort to 
develop and implement a national plan to successful address the challenges of UAS access to the NAS 
(National Air Space) in a safe and timely manner. In order to support this activity, the UAS Project will 
develop two Concept of Operations (ConOps) documents. From these documents, overall Research and 
Development (R&D) needs will be identified and a research plan will be written. 
 
Both Concept of Operations (ConOps) will document principles, assumptions and constraints; describe 
current and future-state UAS functions and operational capabilities; and describe UAS operational 
performance characteristics, thereby creating a baseline of UAS mission needs, operations, systems, and 
capabilities. 
 
 
2.2.1 NASA will develop a Consolidated Concept of Operations (ConOps) by merging existing UAS 
ConOps from several government agencies. A state of the art assessment will be conducted that identifies 
and documents how UAS access the national airspace today. It will also identify and document any work 
that is ongoing relevant to enabling operations as defined in the Consolidated ConOps. Subsequent to this, a 
gap analysis will be conduced based on the state of the art assessment and the Consolidated ConOps to 
identify research and technical areas requiring maturity in order to achieve the operations envisioned in the 
Consolidated ConOps.  
 
2.2.2 The second Concept of Operations that the UAS Project will support is the NextGen ConOps. This 
ConOps will be comprehensive in scope by addressing the long term civil UAS requirements that align with 
the NextGen framework. This document will be the baseline document used by NASA to support larger 
multi-agency planning efforts with external stakeholders such as EXCOM or the JPDO.  
 
Based on its technical expertise, NASA will strongly contribute to the 
identification of overall Research & Development (R&D) needs and provide the 
critical data and understanding necessary to successfully support the multiagency 
planning effort via both of these efforts. 
 
2.3 UAS Project Structure 
The UAS Project will draw on NASA expertise at all four Aeronautics Research Centers. The chart below 
presents a summary view of the project and its main work elements. 
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Integration: 
These activities include system engineering, project and mission management, requirements management 
and partnership development (eg, JPDO and EXCOM). These activities will be performed in a separate 
Recovery Act task outside this contract. 
 
System Analysis: 
These activities include technology evaluations, system and trade studies and identification of operational 
issues affecting safe UAS operations. 
 
Verification & Validation: 
Verification and Validation activities will focus on verification of hardware and software.  
 
Separation Assurance & Collision Avoidance 
This work will focus on requirements development necessary to ensure safe separation be maintained by the 
UAS from other air traffic, natural and manmade obstacles. 
 
 
Airworthiness: 
These activities will focus on mission planning, crew requirements, human factors, maintenance and other 
areas required in order to achieve an airworthy operation. These activities will be performed in a separate 
Recovery Act task outside this contract. 
 
Weather: 
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These activities will focus on weather forecasting and specific UAS issues relating to icing. These activities 
will be performed in a separate Recovery Act task outside this contract. 
 
Communication: 
These activities will focus on communication links (satellite, line of sight, network, and data link protocols) 
and studies to determine whether proposed NextGen communication schemes can accommodate UAS. These 
activities will be performed in a separate Recovery Act task outside this contract. 
 
Modeling & Simulation: 
These activities will focus on research issues that can be studied or better understood by modeling or 
simulating; for example evaluating existing or future concepts associated with airspace operations or 
contingency management. 
 
1 More information about the Next Generation Air Transportation System (or NextGen) 
and the JPDO can be found at http://www.jpdo.gov/nextgen.asp 
3.0 Task Descriptions 
This task supports “Systems Analysis” and “Separation Assurance & Collision Avoidance” activities. 
 
3.1 UAS R&D Roadmap The contractor shall develop a 15-year UAS R&D Roadmap that addresses key 
enabling technologies and the resources and facilities needed for implementation. As a first-step, the 
contractor shall develop multiple scenarios, which describe how a UAS might operate in the future, for both 
public-use and civil UAS access to the NextGen. The scenarios shall address three specific transitional 
timeframes; 2015, 2020, and 2025. Each 5-year period will introduce new technologies that enable 
additional capabilities leading to a fully integrated solution by 2025. Together, these three steps in time 
represent a 15-year roadmap for technology development and maturation.  
 
Utilizing the scenarios developed and the contractor’s expertise in verification and validation, and separation 
assurance and collision avoidance, the contractor shall fully support the NASA Dryden contractor in the 
development of functional requirements, a state-of-the-art assessment of each technology, and a gap 
analysis. The contractor shall work in cooperation with the other subject matter experts at NASA Dryden, 
Ames, and Glenn Research Centers in developing these analyses along with the consolidated and NextGen 
CONOPS.  
 
Utilizing the consolidated gap analysis and the state-of-the-art assessment developed by NASA Dryden and 
recognizing that the technology gaps may be dependent upon the overall size (volume, weight, span, etc.) of 
the UAS, the contractor shall develop a UAS classification system or utilize an existing system to then 
further refine the technology gaps for each class of UAS and establish the current state-of-the-art (how 
things are done in the research environment) in each. The contractor shall develop a complete bibliography 
of research supporting the state-of-the-practice and state-of-the-art assessments for each class of UAS.  
 
With the technology gaps identified for each class of UAS, the contractor shall develop a R&D roadmap for 
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the 2010 thru 2025 timeframe that closes each technology gap to a technology readiness level (TRL) of at 
least 6 or higher for each class of UAS. The contractor shall identify fundamental studies needed to elucidate 
requirements where none exist and technology development where the requirements are clear but the state-
of-the-art has not yet achieved TRL 6. The contractor shall develop resource estimates to include total 
dollars, workforce, and facilities needed to complete the R&D roadmap. The final R&D Roadmap shall 
provide input to other documents. 
 
The following deliverables shall support this task. 
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Technical Acceptance Measurements 
The government shall have two weeks to evaluate all deliverable submissions and shall use the following to 
determine technical acceptance of deliverables. 
 
Work Plan 

• “R&D Roadmap” work plan (Deliverable 3.1.1). The contractor shall prepare and present a work 
plan/task plan which outlines their proposed schedule and metrics for satisfying each of the 
deliverables listed below. This plan shall be presented to the government for approval within three 
weeks of contract award or in accordance with the task order clause of the contract. Any change to 
the work plan/task plan shall be mutually agreed to by the government and the contractor. 

 
Future UAS Scenarios 

• The scenarios (Deliverable 2) shall describe how UAVs might operate in the airspace system at three 
distinct periods in time; 2015, 2020, and 2025. The role of the human and the role of the UAV’s 
automation shall be explicitly identified in each scenario. Differences in operation based on UAV 
classification shall be identified and explained such as the role of humans or the automation as the 
UAV’s characteristics (such as size) change. 

 
State of the Art (SOA) Assessment 
The “UAS State of the Art (SOA) Assessment” is a NASA document that is being produced by the UAS 
team. Technical input is provided from each of the work elements and consolidated into a final draft 
document. Although the consolidated “UAS SOA Assessment” document is produced outside this task, the 
contractor shall review and provide comments to the consolidated UAS SOA assessment. 

• Final version (Deliverable 4) of the “State of the Art (SOA) UAS Report” shall include existing and 
potential future procedures for all classes of UAS. The report shall also include the gap analysis 
between existing and future procedures with any attendant R&D requirements to bridge the gap. 

 
UAS Classification System 

• The Classification System (Deliverable 3) is an important systems engineering analysis of the full 
range of possible UAS vehicles from very large to very small. Because UAS’s can cover such a large 
range of sizes, and size can have such a large affect on the capabilities of the vehicle, this framework 
is essential to the development of the roadmap. The contractor shall identify key parameters that 
capture all aspects of basic UAS design and in the context of airspace operations, organize the design 
space accordingly. It is important to capture at what critical design point does the operation of the 
UAS no longer (if ever) need regulation and at what other points in the design space does the 
regulatory framework change if ever. 

 
R&D Roadmap 
The R&D Roadmap (Deliverables 5-8) shall be revised and developed over several months as the contractor 
incorporates input from other contractors and government teams working on related aspects of the research 
plan. The contractor shall organize this information utilizing a systems engineering approach into a 
technology-oriented research & development roadmap. 
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• The Draft R&D Roadmap (Deliverable 5) will identify level I (highest level) milestones and goals & 
objectives with an initial cost estimate. Each successive iteration (Deliverables 6-7) shall add 
additional layers of detail to the milestones and resource estimates so that the final R&D roadmap 
includes three-level of milestones along with detailed resource, workforce, and facility needs 
identified. 

 
• The Final R&D Roadmap (Deliverable 8) shall include the future scenarios and the UAS 

classification system, so that the three-levels of milestones and resources identified address each 
technology gap within each UAS class. For each class of UAS, the milestones shall identify research 
& development to be performed in order to raise the TRL from the current level to TRL 6. 
Milestones shall be grouped in 5-yr blocks in accordance with the future scenarios for the 2015, 
2020, and 2025 timeframes. 

 
• The final R&D roadmap shall be presented to the UAS Project Team prior to NASA approval. (See 

Milestone B). 
 
3.2 Sense & Avoid Requirements Study 
The contractor shall conduct a simulation study to identify the initial sense & avoid requirements for 
unmanned aircraft. The contractor shall incorporate accurate UAV models into a flight simulation in order to 
study aircraft scenarios involving both manned and unmanned aircraft. The study shall focus on the 
minimum equipage needed by UAVs to detect and avoid other aircraft autonomously, or without human 
assistance. The study shall specifically look at the tradeoff between minimal equipage for all aircraft versus 
the sensors needed by UAVs to detect unequipped aircraft. The contractor shall address all classes of UAVs 
in the study and propose follow-on flight experiments to validate the results of the simulation. 
 
The following deliverables shall support the task. 

 
 
Technical Acceptance Measurements 
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The government shall have two weeks to evaluate all deliverable submissions and shall use the following to 
determine technical acceptance of deliverables. 
 
“Sense & Avoid Requirements” Work Plan 

•  “Sense & Avoid Requirements” work plan (Deliverable 3.2.1). The contractor shall prepare and 
present a work plan/task plan which outlines their proposed schedule and metrics for satisfying each 
of the deliverables listed below. This plan shall be presented to the government for approval within 
three weeks of contract award or in accordance with the task order clause of the contract. Any change 
to the work plan/task plan shall be mutually agreed to by the government and the contractor. 

 
UAS Sense & Avoid Requirements Study 

• The UAS sense & avoid requirements simulation study shall address the autonomous collision 
avoidance capability desired in terms of sensor and algorithm requirements (Ex. detection threshold 
range for various weather conditions) based on UAV maneuverability, speed, size, and equipage. The 
study shall address all classes and sizes of UAS from very large to very small as identified in task 
3.1. The simulation study results shall be presented to the UAS Project Team prior to the report’s 
final approval by NASA. (See Milestone C).  

4.0 Special Requirements 
Please check if any of the following special requirements are anticipated. 

 
 
4.1 Recovery Act Requirements for this Recovery Act funded procurement action are addressed at the 
contract level or at the task order level: 
4.1.1 If ARRA requirements are carried at the contract level, they can be found in Sections G, H and I of the 
contract 
 
4.2 Monthly Progress Reports 
The Contractor shall submit separate monthly reports of all work accomplished during each monthly period 
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of contract performance. These reports shall include (at a minimum) the following: 
 

(a) Quantitative description of progress. 
 
(b) An indication of any current problems that may impede performance. 
 
(c) Proposed corrective action. 
 
(d) A discussion of the work to be performed during the next monthly reporting period. 

 
The Monthly Technical Progress Report shall be submitted within 10 business days 
after the end of each monthly report period. 
5. Security Clearance, ITAR, OCI, and Other Special Handling Issues (Required): NONE 
 
6. Period of Performance: 
 Planned start date:   TBD              Completion date:   Twelve months from issue. (TBD) 
 
7. NASA Task Management: 
 Technical Monitor (Required):  James R. Burley II 

 M/S: 254  Phone:  757-864-2008 
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1. Purpose, Objective, or Background (Optional)   
The focus of this task is to provide Computational Fluid Dynamics (CFD) analyses to Computational 
AeroSciences Branch (CASB) in support of NASA missions. The Computational AeroSciences Branch of 
the Research and Technology Directorate is responsible for performing computational research in 
aerodynamics and acoustics with applications in all speed regimes, from subsonic to hypersonic flight. The 
branch works to improve the fundamental understanding of physics associated with the fluid mechanics and 
noise generation for complex airframe systems.  CASB is also responsible for performing Computational 
Fluid Dynamics (CFD) analyses of various classes of vehicles in support of NASA missions. Skills for this 
work currently reside in Task Order NNL08AM06T. 
 
2. Description of the Work to be Performed: (See LMS-CP-5523, Appendix A) 
 The scope of this work is to provide CFD analysis and grid generation support for the Environmentally 
Responsible Aviation (ERA) project in the Computational AeroSciences Branch (CASB) of the Research 
and Technology Directorate.  CASB is responsible for the generation of steady and unsteady aerodynamic 
database for the regional jet class of configurations. The aerodynamic database is critical for performing 
aeroacoustic analysis of the regional jet aircraft and for developing viable noise reduction concepts to 
mitigate airframe noise component of aircraft noise.  CFD tools employed for these analyses include FUN3D 
and CFL3D solvers for flow analysis and TetrUSS unstructured grid generation tools, VGRID and GridTool.   
 
The Contractor shall perform the following requirements: 
 
Contract Paragraph H.8 ELECTRONIC NOTICES OF CLARIFICATION (NOCs) applies to this 
task order. As each specific support requirement becomes defined, the Technical Monitor will provide 
clarification to the Contractor. 
 
2.1 (NOC) Unstructured Grid Generation and CFD Analysis:  
2.1.1 The Contractor shall construct unstructured computational grids for accurately modeling aerodynamic 
flow around the 18% semi-span model of the G550 aircraft both in closed-wall wind tunnel and free field 
configurations.  Grid requirements and specifications will be provided to the Contractor on a case-by-case 
basis.  An expert knowledge of the TetrUSS unstructured grid generation tools, VGRID and GridTool, is 
required for this task as these tools shall be used in construction of the required grids. 
 
2.1.2 Using the grids generated in 2.1.1, the Contractor shall set up the steady cases and run CFD code to 
acceptable level of convergence and post-process the results in graphical and report form. The test cases and 
flow conditions will be provided to the Contractor on a case-by-case basis. An expert knowledge of the 
FUN3D suite of software along with its pre- and post-processing capabilities shall be provided as this 
unstructured CFD code shall be used to generate the required solutions for the configurations provided. 
 
2.1.3 Using the unstructured grids generated in 2.1.1, the Contractor shall set up the unsteady cases for high-
fidelity simulations of the aerodynamic flow around the 18% semi-span model of the G550 aircraft. The test 
cases and flow conditions will be provided to the Contractor on a case-by-case basis. The Contractor shall 
run CFD code to acceptable level of convergence and post-process the results in graphical and report form. 
An expert knowledge of the FUN3D suite of software along with its pre- and post-processing capabilities 
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shall be provided as this unstructured CFD code shall be used to generate the required solutions for the 
configuration provided.  
 
2.1.4  The Contractor shall extract the following quantities from the time-accurate solutions and make 
comparison with available experimental data 

a) time-averaged surface CP 
b) rms of surface CP’ 
c) time-averaged velocity field near the inboard and outboard flap tips and winglet 
d) rms of the velocity fluctuation at the inboard and outboard flap tips and winglet 

 e) 2-D and 3-D time-averaged turbulent kinetic energy near the inboard and outboard flap tips and 
winglet 
 

2.1.1 Milestones (Optional):  
 
2.1.2 Deliverables and Schedule (Required):  

Specific deliverables and completion dates for the work breakdown elements are given below. 
 

ELEMENT DELIVERABLE DATE 
1.1 Grid generated for the specified configurations in electronic 

format, applicable results files, and any subsidiary files 
necessary to run the CFD code using the generated grid. 

As noted in 
NOCs. 

1.2 CFD solutions generated using the grids in 2.1.1 or provided 
by NASA, in electronic format as specified. 

As noted in 
NOCs. 

1.3 Analysis reports documenting the work, assumptions, 
requirements, cases run, results, issues and solutions. 

As noted in 
NOCs. 

1.4 Charts, tables, documents and electronic media documenting 
Contractor methods and results. 

As noted in 
NOCs. 

1.5 Source code (such as Fortran or C++) developed to automate 
running required cases, analyzing results, or to support any 
CASB task. 

As noted in 
NOCs. 

1.6 Miscellaneous charts, tables, documents, photographs, and 
other data required for documentation of the results. 

As noted in 
NOCs. 

n Prevention and correction of cited findings. Ongoing 
 
 
NOTE:  The Contractor shall coordinate specific interim due dates with the Technical Monitor 

• Review meetings when the Contractor has completed work specified under work elements 2.1.1, 2.1.2, 2.1.3 
and 2.1.4. 

• Final report shall be provided by the task completion. 
 
2.1.3 Performance Metrics/Standards (Required - Meets, Exceeds): (See “System and Software 
Metrics for Performance-Based Contracting”) 
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For the above listed deliverables, Meets Requirements will be defined as delivery by the coordinated due 
date; Exceeds Requirements will be defined as delivery 3 days or more prior to the coordinated due date. 
 
2.n Sub-Task n - Working Environment Safety and Organization (Required) 
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to support the requirements of this task order.  

2.n.1 Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 

2.n.2 Required date: Ongoing. 
2.n.3 Performance Metrics: 
Exceeds: No cited findings or reportable incidents in six-month award fee period. 
Meets: No repeated findings or incidents in six-month award fee period. 

 
3. Government Furnished Items:  
The government will provide access to CFD codes, grid generation software and high performance computer 
resources needed for the accomplishment of the assigned tasks.  Specifically, access will be provided to the 
unstructured and structured grid Navier-Stokes codes FUN3D and CFL3D and TetrUSS unstructured grid 
generation tools, VGRID and GridTool.  The Contractor will be responsible for providing computer 
resources needed for CFD case setup, graphical display of data and report preparation.  The 18% semi-span 
G550 model geometry, the structured grid for the model, and any available experimental data shall be 
provided to the Contractor in electronic form. The G550 aircraft geometry is proprietary information and 
therefore, its dissemination to 3rd parties by the Contractor is strictly prohibited. 
4. Other Essential Information:   
This task order shall be examined for Organizational Conflict of Interest (OCI) concerns. The three-tier 
review process that was mutually agreed to in Modification 1 to the TEAMS Contract shall be used to 
conduct this evaluation and shall be used for each NOC as appropriate.  
5. Security Clearance, ITAR, OCI, and Other Special Handling Issues (Required): 
None Needed 
6. Period of Performance: 
 Planned start date:  TBD    Completion date: 10/31/2010 
 
7. NASA Task Management: 
 Technical Monitor (Required): Mehdi R. Khorrami 

 M/S: 128  Phone: 4-3630 
 Other POC (Optional): 

 M/S:   Phone: 
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1. Purpose, Objective, or Background (Optional)   
Creation and delivery of 5 structured multiblock one-to-one grids on the trapezoidal wing configuration for 
use in the 1st CFD High Lift Prediction Workshop. A known source for this work is Pointwise, Inc. (Fort 
Worth, TX). 
 
2. Description of the Work to be Performed: (See LMS-CP-5523, Appendix A) 
  
2.1 Create 5 structured multiblock one-to-one grids on the trapezoidal wing configuration (ref: 
http://hiliftpw.larc.nasa.gov):  
 
Note: See above website for Configurations 1 and 8. 
 
The Contractor shall create a coarse mesh on Configuration 1, containing approximately 10 million elements 
and having a wall spacing of dy=0.00020 inches. 
 
The Contractor shall create a medium mesh on Configuration 1, containing approximately 28 million 
elements and having a wall spacing of dy=0.00013 inches. 
 
The Contractor shall create a fine mesh on Configuration 1, containing approximately 80 million elements 
and having a wall spacing of dy=0.00009 inches. 
 
The Contractor shall create an extra fine mesh on Configuration 1, containing approximately 226 million 
elements and having a wall spacing of dy=0.00006 inches. 
 
The Contractor shall create a medium mesh on Configuration 8, containing approximately 28 million 
elements and having a wall spacing of dy=0.00013 inches. 
 
The Contractor shall create all grid block and patch dimensions consistent with multi-grid solver usage. 
 
The Contractor shall follow the gridding guidelines provided in the “Gridding Guidelines” document on 
http://hiliftpw.larc.nasa.gov. 
 
The Contractor shall follow industry-standard quality CFD meshing practices. 
 
The Contractor should create the Configuration 1 series of grids with consistent quality refinement between 
coarse, medium, fine, and extra fine levels: each index in each direction on all blocks should be made finer 
by a reasonably consistent factor, from one grid to the next finer one. 
 

2.1.1 Milestones (Optional):  None. 
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2.1.2 Deliverables and Schedule (Required): 
The Contractor shall deliver the 5 grids by January 31, 2010. The Contractor should provide all grids 
in CGNS format, with connectivity and boundary condition information included.  If machine 
resources are exceeded for CGNS on the finest grid(s), then the finest grid(s) shall be delivered in 
PLOT3D format, with connectivity and boundary condition information provided separately. Gridgen 
V15 restart files shall be delivered for each of the 5 grids. 
 
2.1.3 Performance Metrics/Standards (Required - Meets, Exceeds): (See “System and Software 
Metrics for Performance-Based Contracting”) 
Exceeds: Quality objectives exceeded in “Description of Work.” 
Meets: Quality objectives met in “Description of Work.” 

 
2.1 Sub-Task 1 - Working Environment Safety and Organization (Required) 
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to support the requirements of this task order.  

2.1.1 Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 

2.1.2 Required date: Ongoing. 
2.1.3 Performance Metrics: 
Exceeds: No cited findings or reportable incidents in six-month award fee period. 
Meets: No repeated findings or incidents in six-month award fee period. 

 
3. Government Furnished Items:  None. 
 
4. Other Essential Information:  None. 
 
5. Security Clearance, ITAR, OCI, and Other Special Handling Issues (Required): None. 
 
6. Period of Performance: 
 Planned start date:   11/5/2009 (TBD at Task Issuance)  Completion date: 1/31/2010 
 
7. NASA Task Management: 
 Technical Monitor (Required): Chris Rumsey 

 M/S: 128  Phone: 757-864-2165 
 Other POC (Optional): 

 M/S:   Phone: 
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1. Purpose, Objective, or Background (Optional)   

 
The Next Generation Air Transportation System (NextGen) concepts of operation 
(http://www.jpdo.gov/nextgen.asp ) require aircraft to fly planned trajectories in four dimensions – three 
spatial dimensions and time. A prototype 4-Dimensional flight management capability is being developed 
by NASA to facilitate the development of these concepts. The NASA 4-Dimensional Flight Management 
System (4D-FMS),  developed for NASA under contract NNL07AA00B, provides a cornerstone for 
airborne-based Self Separation and Air Traffic Management research and development at NASA Langley.  
The 4-Dimensional Flight Management System (4D-FMS) will have new trajectory generation functions 
that extend today's Flight Management System (FMS) capabilities that meet a single Required Time of 
Arrival (RTA).  The objective of 4D-FMS is to generate trajectories with multiple waypoints that have 
Required Times of Arrival.  When it is not possible to generate a trajectory that meets all of the RTA 
constraints,  a constraint management capability relaxes constraints to achieve a trajectory solution that 
meets the most important constraints, as specified by the (NextGen concepts. The new software flight 
guidance functions provide continuous guidance to the simulated aircraft’s flight control system to enable 
it to fly a specified 4-Dimensional trajectory.  The 4-Dimensional Flight Management System (4D-FMS) 
will be integrated into NASA’s Airspace and Traffic Operations Simulation (ATOS), which is hosted in 
NASA Langley’s Air Traffic Operations Laboratory (ATOL).   The NASA Langley Air Traffic 
Operations Laboratory (ATOL) houses a suite of complex, high-fidelity simulation systems dedicated to 
the research of advanced Air Traffic Management (ATM) concepts and technologies including self-
separation. 
 
This effort will be funded using the American Recovery and Reinvestment Act (ARRA) funding, 
hereinafter referred to as “Recovery Act.”  The Recovery Act’s purpose is to provide a stimulus to the US 
economy and, among other provisions, funds to Federal Agencies for use on contracts and assistance 
agreements.  Consequently, use of the funds is limited to projects that demonstrate, among other things, 
the potential to deliver programmatic results and achieve economic stimulus by optimizing economic 
activity and the number of jobs created or saved in relation to the dollars obligated.  Reporting on ARRA 
tasks and costing shall be in accordance with the terms and conditions of the basic contract 
NNL07AA00B.   
 
This task order is to be completed 12 months after contract award. 

 
Objective: 
The objective of this task is to design and implement full documentation of the 4-Dimensional Flight 
Management System (4D-FMS) software.  The document will be utilized to facilitate technology transfer. 

 

 
2. Description of the Work to be Performed: (See LMS-CP-5523, Appendix A) 
    4-Dimensional Flight Management System (4D-FMS) documentation 

Requirements: 
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The Contractor shall develop documentation for existing and enhanced 4D-FMS software.  The 
documentation shall be in accordance with NPR 7150.2 “NASA Software Engineering Requirements,” 
and shall include, but is not limited to, the items listed below: 

 
1. How the 4D-FMS functions and its capabilities (Software functional architecture and logic)  
2. 4-Dimensional Flight Management System (4D-FMS) interfaces including: 

a. Input/interface requirements, such as Flight Management System (FMS) trajectory 
information, aircraft state data, and other appropriate information from the aircraft’s avionics 
data bus       

b. Configuration Files and command line options 
c. Output (to Multi-function Control Display Unit), data logging and modes of operation 
d. Performance considerations and system requirements for 4D-FMS 
 

The Contractor shall propose the specific documentation format, level of detail, and storage media for 
delivery to the NASA Task Monitor (TM).  NASA will provide the Contractor with a standard template 
for software documentation to use as a baseline example.  After TM approval of the required 
documentation level of detail, format, and storage media for delivery, the Contractor shall proceed with 
the document development. 

 
 

2.1 CONTRACT TASK DELIVERABLES: 

Number Deliverable Item Deliverable Schedule after start of 
task 

1 Recovery Act reporting status updates  In accordance with the contract 
2 Informal Technical Status Reports Weekly 
3 Monthly Technical Progress/Schedule 

Reports 
Monthly 

4 533 Reports Monthly 

5 Proposed documentation format, level of 
detail, and storage media for the 4D-FMS 
documentation.  (in accordance with NPR 
7150.2) 

1 month (NASA will return 
comments within 5 business days of 
the proposal) 

6 Preliminary Draft 4-Dimensional Flight 
Management System (4D-FMS) 
documentation 

6 months 
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7 Informal final accomplishment review 
(description of the task, approach for 
accomplishment, and  what was 
accomplished) 

9 months 

8 Draft final scientific and technical report 
(NFS 1852.235-73) 4-Dimensional Flight 
Management System (4D-FMS)  
documentation 

10 months 

9 Final scientific and technical report (NFS 
1852.235-73) 4-Dimensional Flight 
Management System (4D-FMS)  
documentation 

12 months 

 
 

2.1.1 Performance Metrics/Standards (Required - Meets, Exceeds, Fails):  
a. Performance Standard:  All deliverables (not including status reports) are submitted in a 

timely manner. 
 

Performance Metrics: 
EXCEEDS:  All deliverables are delivered in advance of the due date. 
MEETS:       All deliverables are delivered on the due date. 
FAILS:         At least one deliverable is not delivered on the due date. 

 
b. Performance Standard:  All required information for each status reporting deliverable is 

provided. 
 

Performance Metrics: 
MEETS:        Status reporting provides all required information for each status reporting 

deliverable, with some or no errors, and is provided on the due date. 
FAILS:          Status reporting: does not contain all required information for each status 

reporting deliverable, contains significant editorial errors, is repeatedly (more 
than 2 occurrences) provided after the due date, or is provided later than 3 
business days after the due date. 

 
c. Performance Standard:  4D-FMS documentation: complies with the requirements of 

7150.2, contains approved items at the agreed level of detail, is understandable, and is up-
to-date. 
 

Performance Metrics: 
EXCEEDS:   Documentation complies with the requirements of 7150.2, contains approved 

items with at least the agreed level of detail, is understandable, is up-to-date, 
and has no technical or editorial errors. 

MEETS:        Documentation: complies with the requirements of 7150.2 contains approved 
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items with the agreed level of detail, is understandable, is up-to-date, 
contains no technical errors, but has some editorial errors. 

FAILS:          Documentation:  does not comply with the requirements of 7150.2, does not 
contain one or more approved documentation items, contains technical 
errors, or significant editorial errors.    

 
2.2 WORKING ENVIRONMENT SAFETY AND ORGANIZATION 

The Contractor shall maintain the working environment of accessed facilities and equipment as safe 
and organized to the extent the support required in this task order will allow.  

2.2.1 Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 

2.2.2 Required date: Ongoing. 
2.2.3 Performance Metrics: 

EXCEEDS:   No cited findings or reportable incidents in six-month award fee period. 
MEETS:        No repeated findings or incidents in six-month award fee period. 
FAILS:          Repeated finding or incidents in six-month award fee period. 

 
3. Government Furnished Items:  
1. NASA Innovative Partnership Program Seed Fund Proposal, “Four-Dimensional Flight Management to 

support the Next Generation Air Transportation System (NGATS)” 
2.   Requirements document, “Capabilities Required for Research Prototype Four Dimensional FMS, 

Version 1.0.”  
3.   Ballin,M., Williams,D., Allen,D., Palmer, M., October 26-30, 2008, Prototype Flight Management 

Capabilities to Explore Temporal RNP Concepts, 27th Digital Avionics Systems Conference, 
IEEE/AIAA 

4.  Standard Format for Software Documentation 
 
4. Other Essential Information:   

None 
5. Security Clearance: All work will be unclassified; however, personnel may be required to complete 
nondisclosure agreements with NASA, industry, or airlines. The Contractor shall comply with NASA 
security requirements applicable to employment of foreign nationals. 
6. Period of Performance: 
 Planned start date:   NLT November 01, 2009 (TBD) Completion date: 12 Months after 
contract award (TBD) 
 
7. NASA Task Management: 
 Technical Monitors (Required):  
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 Michael D. Guminsky 
 M/S: 156A  Phone: 757-864-9579 

Stephen L. Ruggles 
 M/S: 156A  Phone: 757-864-1515 
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1. Purpose, Objective, or Background (Optional)   
 
The objective for the research is to investigate, in a low-disturbance, flight-test environment, spanwise-
periodic discrete roughness element technology (DRE) on a swept-wing test article in a chord Reynolds-
number regime of 15 – 25 million and in the transonic Mach number regime of 0.75 – 0.8.  In the ongoing 
laminar-flow-control (LFC) flight research work being conducted at Texas A&M University DRE 
technology to control crossflow-induced transition has been demonstrated in the lower Reynolds-number 
rangime of 7-8 million.  The work to be conducted under this task will extend the DRE technology to higher 
Reynolds numbers.  
 
The test article will be designed to be mounted as a wing glove on an aircraft to be selected by NASA, in a 
shape consistent with achieving significant regions of natural laminar flow while having a 30º leading edge 
sweep.  The goals are to quantify the effectiveness of DRE in increasing the extent of laminar flow on the 
lower and/or upper surface beyond the baseline (no-control) case; investigate the robustness and utility of 
DRE in maintaining laminar flow over variations in lift coefficient (CL) and angle-of-attack (AoA); gain 
insight into conducting boundary layer LFC experiments in a realistic flight environment; obtain a database 
that provides validation and prediction tools for boundary-layer stability and transition; and provide a test 
platform for evaluating the effectiveness of LFC in an operational environment. 
 
2. Description of the Work to be Performed: (See LMS-CP-5523, Appendix A) 
  
2.1 NLF Glove Design and Instrumentation Layout:  
The Contractor shall design a wing-glove for natural laminar flow flight testing in the transonic Mach 
number regime (between 0.75 and 0.8), and to demonstrate effectiveness of the DRE technology, with 
following specifications: 
 

- The glove shall be sized to fit on the wing of the aircraft to be specified by NASA 
- The range of chord Reynolds number to be considered, 15-25 million 
- The range of lift coefficients (CL) and angle-of-attacks (AoA) typical of transonic aircraft  

 
The Contractor shall perform all the computations (Computational Fluid Dynamics for the aircraft, stability 
analysis, etc.) necessary for the design of the glove.  The Contractor shall specify critical tolerances (surface 
roughness, waviness, etc.) required for manufacturing of the glove. 
 
The Contractor shall specify all the instrumentation required for acquiring necessary information for 
transition detection and comparison of the data with computational predictions.  The instrumentation shall 
include, but not be limited to, pressure ports, global imaging techniques, surface hot-films, dynamic pressure 
sensors, and probes for measuring free-stream disturbances.  Layout of the instrumentation on the wing-
glove shall also be designed.  Instrumentation shall not have any adverse effect on boundary-layer transition.  
 
Contractor shall also work with the NASA team in a consultative role in the design of the flight experiment 
and participate in all the reviews required for successful planning, glove construction and conduct of the 
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flight test for demonstration of DRE technology  
 
 2.1.1 Deliverables and Schedule:  
  
Contractor shall participate in all reviews and teleconferences scheduled by NASA during the period of 
performance. 
 
Contractor shall complete glove design and deliver data required for glove construction within 120 days 
from the date of selection of the aircraft by NASA, not including the time required for laser scanning to 
generate three-dimensional model of the aircraft. 
 
Contractor shall provide a final report containing the NLF glove design containing the design process and 
the complete geometry required for construction of the glove and surface finish requirements necessary for 
achievement of NLF on the designed glove.  The report shall include specification and design of 
instrumentation layout as well as all the necessary data required for glove manufacturing.  The data shall be 
submitted as required by NASA to align with its flight test schedule.  Final report shall be delivered no later 
than 2 months prior to the end of the period of performance. 

 
2.1.2 Performance Metrics/Standards:  
 
Meets: All data and reports submitted on schedule. 
Exceeds: All data and reports submitted 7 days before the required date. 
Meets: Laminar flow up to 50% (upper surface) and 40% (lower surface) of the wing chord. 
Exceeds: Laminar flow up to 60% (upper surface) and 50% (lower surface) of the wing chord. 
 
2.n Working Environment Safety and Organization  
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to support the requirements of this task order.  

2.n.1 Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 

2.n.2 Required date: Ongoing. 
2.n.3 Performance Metrics: 
Exceeds: No cited findings or reportable incidents in six-month award fee period. 
Meets: No repeated findings or incidents in six-month award fee period. 

 
3. Government Furnished Items: None 
 
4. Other Essential Information:  Discrete Roughness Elements (DRE) technology was developed by 
Professor William Saric of Texas A&M University and he holds unique expertise in this specialized area.  
Government considers Professor Saric’s direct involvement in this effort essential for the successful 
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demonstration of the DRE technology. 
 
5. Security Clearance, ITAR, OCI, and Other Special Handling Issues (Required): None 
 
6. Period of Performance: 
 Planned start date:  November 16, 2009 (TBD)  Completion date:  November 15, 2010 
 
7. NASA Task Management: 
 Technical Monitor (Required):   Mujeeb R. Malik 

 M/S: 128  Phone:  (757) 864-6228 
 Other POC (Optional): 

 M/S:   Phone: 
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1. Purpose, Objective, or Background (Optional)  
 
The NASA Next Generation Air Transportation System (NextGen) - Airspace Project, under the Airspace 
Systems Program (ASP), directly addresses the fundamental air traffic management (ATM) research needs 
for NextGen (www.jpdo.gov/nextgen.asp) by developing revolutionary concepts, capabilities, and 
technologies that will enable significant increases in the capacity, efficiency and flexibility of the National 
Airspace System (NAS). 

Functional allocation of roles and responsibilities in Air Traffic Management has been identified as a 
research thrust ( area of significant interest) for NASA’s Separation Assurance (SA) focus area.  The SA 
focus area is concerned with the separation of air traffic, conflict detection of aircraft trajectories, and 
resolution of any conflicts.  Key issues within SA are the division of responsibility between automation and 
humans and between aircraft operators and air traffic service providers.  This new thrust is supported by 
cooperative planning and research between NASA Langley and NASA Ames and, so, demands common 
scenarios, metrics, assumptions and comparable capabilities.  To this end, the current fleet of Aircraft 
Simulation for Traffic Operations Research (ASTOR) aircraft will be augmented with new aero-performance 
models to increase simulation capability and fidelity, and enhance functional allocation research and 
experiments conducted in NASA’s Air Traffic Operations Laboratory (ATOL).   

This effort will be funded using the American Recovery and Reinvestment Act (ARRA) funding, hereinafter 
referred to as “Recovery Act.”  The Recovery Act’s purpose is to provide a stimulus to the US economy and, 
among other provisions, funds to Federal Agencies for use on contracts and assistance agreements.  
Consequently, use of the funds is limited to projects that demonstrate, among other things, the potential to 
deliver programmatic results and achieve economic stimulus by optimizing economic activity and the 
number of jobs created or saved in relation to the dollars obligated.  Reporting on ARRA tasks and costing 
shall be on a monthly basis in accordance with the terms and conditions of the basic contract NNL07AA00B.   
 
This task order is to be completed by 12 months after contract award. 
 
Technical Direction 1 (12/3/09): Updates the initial task order start date to December 3, 2009 and the 
completion date to December 2, 2010 as issued by the CO on 12/3/09 (see TD1 below, Section 6). 
2. Description of the Work to be Performed: (See LMS-CP-5523, Appendix A) 
  
Aircraft Simulation for Traffic Operations Research (ASTOR) Aircraft Models   
 
Background: 
The NASA Langley Air Traffic Operations Laboratory (ATOL) houses a suite of complex high-fidelity 
simulation systems dedicated to the research of advanced Air Traffic Management (ATM) concepts and 
technologies for NASA’s Airspace Systems Program.  Currently, the Aircraft Simulation for Traffic 
Operations Research (ASTOR) only holds a single aircraft aerodynamic performance model (B757) that 
represents a commercial heavy transport.  To perform future research involving air-ground functional 
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allocation, multiple aircraft models will be required to investigate the interactions of multiple aircraft types 
with different climb/cruise/descent behaviors.   
 
 
Objective: 
The objective is to convert aerodynamic performance and engine data of multiple aircraft into Aircraft 
Simulation for Traffic Operations Research (ASTOR) simulation models. The following aircraft models are 
desired in the Aircraft Simulation for Traffic Operations Research (ASTOR): CRJ-200, B737-300, B737-
800, B747-400, B767-200, B777-200, Cirrus SR22, Predator Unmanned Aerial System (UAS) and Global 
Hawk UAS.  For each of these aerodynamic performance models, the government will provide basic lift, 
drag, thrust and fuel flow data.   
 
Requirements: 
 
The Contractor shall submit proposed software changes to a review process led by NASA Langley's 
Airspace and Traffic Operations Simulation (ATOS) Lead Systems Engineer, which may include both 
design and code-level reviews.  The Contractor shall also follow the NASA processes for the testing of any 
modifications and for the revision control of these modifications as they are eventually merged into the 
baseline code. 
 
The Contractor shall perform the following subtasks: 

 
Subtask 1:  Design a Software Solution 

a. Generate an Airspace and Traffic Operations Simulation (ATOS) Software Implementation Plan 
and Software Project Management Plan Document.  The document template will be provided by 
NASA. 

 
b.  Create a class level design document to include C++ source code skeletons at the class and 

interface level and present these structures in a Unified Modeling Language (UML) class diagram 
format with documentation. 

 
c.  Prepare and present the design in a Preliminary Design Review to the Airspace and Traffic 

Operations Simulation (ATOS) Architectural Group for approval.  NASA will provide comments 
and or approval within one week. 

 
Subtask 2:  Implement the Approved Software Design 

a.   Create new aircraft simulation models (CRJ-200, B737-300, B737-800, B747-400, B767-200, 
B777-200, Cirrus SR-22, Predator UAS, and Global Hawk UAS) from airplane performance data 
to increase simulation realism for the Aircraft Simulation for Traffic Operations Research 
(ASTOR); 

 
b.   Develop in C++ source code any additional capabilities necessary to support interactions of the 
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Airspace and Traffic Operations Simulation and new aircraft simulation models. 

 
Subtask 3:  Test the Solution Implementation 

 
a.  Develop a unit test in source code to verify functionality of the aircraft simulation models. 

 
b.   Develop Airspace and Traffic Operations Simulation (ATOS) regression test scenarios to verify 

functionality of the aircraft simulation models. 
 
Subtask 4:  Integrate the Solution in the Airspace and Traffic Operations Simulation (ATOS) 

Developmental Software Baseline 
 

a.  Prepare a review of all implemented functionality and present to the Airspace and Traffic 
Operations Simulation (ATOS) Architecture committee in a Critical Design Review.  NASA will 
provide comments and or approval within one week. 

 
b.  Submit source code to Airspace and Traffic Operations Simulation (ATOS) integration team for 

regression testing in the Airspace and Traffic Operations Simulation (ATOS) software baseline.  
Any omissions, defects or errors in the submitted software are the responsibility of the contractor 
on this task.  The ATOS integration team will verify these new capabilities do not adversely 
affect the operation of other existing ATOS components.  Any adverse effects to other 
components of ATOS are the responsibility of the contractor on this task to solve and remedy.  If 
an error in an existing capability is found in the ATOS software then the ATOS development 
team will be responsible for resolution.  Any determination of defect will be conducted by the 
ATOS integration team lead (Technical Monitor). 

 
c.   Demonstrate correct software functionality in an integrated ATOS build in the ATOL. 

 

2.1  Contract Task Deliverables: 

Number Deliverable Item Deliverable Schedule after 
start of task 

1 Recovery Act reporting status updates  As specified in the contract 
2 Informal Technical Status Reports Weekly 
3 Monthly Technical Schedule Reports Monthly 
4 533 Reports Monthly 
5 Software Project Management Plan (SPMP) for 

proposed software development (See LMS-CP-
5528) 

1 month 
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6 Informal final accomplishment report (description 

of the task, approach for accomplishment, and what 
was accomplished) 

11 months 

7 Final scientific and technical report (NFS 1852.235-
73) documenting the research and development 
efforts and all aircraft simulation models 

12 months 

 
 

2.1.1 Other Deliverables and Schedule (Required) 
Deliverables: 
 

Number Deliverable Item 

Deliverable 
Schedule 
after start 
of task 

1 Software Implementation Plan for new aircraft simulation 
models 

1 month 

2 Class level design document 1 ½  months 
3 Preliminary Design Review documentation 2 months 
4 Regression Test Scenario Files for aircraft simulation model 

integration into the Aircraft Simulation for Traffic Operations 
Research (ASTOR) and Airspace and Traffic Operations 
Simulation (ATOS) environments.  

5 months 

5 Critical Design Review documentation 7 months 
6 Unit test source code files 8 months 
7 Airspace and Traffic Operations Simulation (ATOS) source 

code modifications and additions 
10 months 

8 Demonstration in ATOL ensuring proper operability of 
integrated aircraft simulation models 

10 months 

9 Documentation for all simulation models (included in the final 
scientific and technical report) 

11 months 

10 Aircraft simulation models (CRJ-200, B737-300, B737-800, 
B747-400, B767-200, B777-200, Cirrus SR-22, Predator UAS, 
and Global Hawk UAS) developed from airplane performance 
data.  

11 months 
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2.2  Performance Metrics/Standards (Required - Meets, Exceeds, Fails):  

a. Performance Standard:  All deliverables (not including status reports) are submitted in a timely 
manner. 

 

Performance Metrics: 
EXCEEDS:   All deliverables are delivered in advance of the due date. 
MEETS:        All deliverables are delivered on the due date. 
FAILS:          At least one deliverable is not delivered on the due date. 

 
b.   Performance Standard:  All required information for each status reporting deliverable is provided 

by the due date. 
 

Performance Metrics: 
MEETS:        Status reporting provides all required information for each status reporting 

deliverable, with some or no errors, and is provided on the due date. 
FAILS:          Status reporting: does not contain all required information for each status 

reporting deliverable, contains significant editorial errors, is repeatedly (more 
than 2 occurrences) provided after the due date, or is provided later than 3 
business days after the due date. 

 
c.   Performance Standard:  Documentation complies with the requirements of NPR 7150.2 (NASA 

Software Engineering Requirements), is understandable, and is up-to-date. 
 

Performance Metrics: 
EXCEEDS:  Documentation complies with the requirements of NPR 7150.2, is 

understandable, is up-to-date, and has no technical or editorial errors. 
MEETS:       Documentation complies with the requirements of NPR 7150.2, is 

understandable, is up-to-date, contains no technical errors, but has some 
editorial errors. 

FAILS:         Documentation  does not comply with the requirements of 7150.2, contains 
technical errors, or significant editorial errors.    

 
d.  Performance Standard:  Product quality meets customer’s documented requirements and 

expectations (must conform to aerodynamic performance model data). 
 

Performance Metrics: 
 

EXCEEDS:  Product performance exceeds customer's documented requirements and 
expectations. Product provides service to the customer beyond anticipated use 
requirements. Customer provides written or verbal communication indicating 
the same. 
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MEETS:       The product performs as documented in the requirements and meets customer 

needs. Customer is satisfied with product and uses in the manner intended. 
 
FAILS:         Product does not perform as documented in the requirements and customer 

expectations are not met. Customer is not satisfied with product and cannot use 
in the manner intended. 

 
 

2.3  Acceptance Criteria 
Delivery of a product is deemed complete once the deliverable has 

a) completed a capabilities demonstration witnessed by the customer  
b) been submitted into the project’s configuration management system (Clear Case) as a 
configuration controlled item 

 
2.4  Working Environment Safety and Organization 
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to the extent the support required in this task order will allow.  

2.4.1  Deliverable: Prevention and correction of cited findings from NASA management walkthroughs 
and reportable incidents. 

2.4.2  Required date: Ongoing. 
 
2.4.3  Performance Metrics: 

EXCEEDS:  No cited findings or reportable incidents in six-month award fee period. 
MEETS:       No repeated findings or incidents in six-month award fee period. 
FAILS:         Repeated findings or incidents in six-month award fee period. 

 
 

 
3. Government Furnished Items:  
To be provided within one month after contract award. 
1. Air Traffic Operations Lab (ATOL), including multi-monitor Windows XP Workstations, peripheral 

hardware, and lab space for facility configuration and operation 
2. Aircraft Simulation for Traffic Operations Research (ASTOR) software. 
3. Aircraft and engine performance data and supporting documentation for CRJ-200, B737-300, B737-800, 

B747-400, B767-200, B777-200, Cirrus SR-22, Predator UAS, and Global Hawk UAS.   
  
4. Other Essential Information:   
     None required 
5. Security Clearance: All work will be unclassified; however, personnel may be required to complete 
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nondisclosure agreements with NASA, industry, or airlines. The Contractor shall comply with NASA 
security requirements applicable to employment of foreign nationals. 
6. Period of Performance: 
 Planned start date:   TD1December 3, 2009 Completion date: TD1December 2, 2010 
7. NASA Task Management: 
 Technical Monitors (Required):  

 Michael D. Guminsky 
M/S: 156A  Phone: 757-864-9579 
Stephen L. Ruggles 

 M/S: 156A  Phone: 757-864-1515 
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1. Purpose, Objective, or Background (Optional)   
Both the Subsonic Fixed Wing (SFW) project in the Fundamental Aeronautics Program (FAP), and the 
Environmentally Responsible Aviation (ERA) project in the Integrated Systems Research Program (ISRP) 
are actively researching the potential of the hybrid wing body (HWB) concept to provide significant 
reductions in fuel burn, noise and emissions compared to today’s airliners, and future, conventional designs. 
The Aeronautics Systems Analysis Branch (ASAB) has repeatedly been asked to provide systems analysis 
support for these HWB research activities. This support requires ASAB to design and analyze HWB 
concepts across a wide range of mission and technology sets. Over the past several years, SFW has 
supported tool and method development in this area, resulting in a variety of new tools such as the Boeing 
CBWT, AVID’s HWB planform layout, aerodynamics and structures tools, Cal Poly’s aerodynamics tool, in 
addition to in-house tools such as MaSCoT and HWB FLOPS. This new task order calls for support in 
evaluating, assembling and utilizing these tools to improve ASAB’s HWB design and analysis capability for 
ERA. 
 
Revision 0 (1-06-2010):  Task origination. 
 
2. Description of the Work to be Performed: (See LMS-CP-5523, Appendix A) 
 
 The Contractor shall perform the following requirements: 
 
2.1 (Requirement/subtask number one):  
 

1. Perform in depth literature search on HWB design and analysis efforts. 
2. Obtain and evaluate currently available HWB design and analysis tools and methods. Propose an 

HWB design and analysis process and define the supporting toolset. 
3. Create the proposed HWB design and analysis process and supporting toolset. Validate the process 

utilizing existing HWB data to be supplied by NASA. 
4. Utilize HWB design and analysis toolset to layout HWB reference vehicles for the following five 

missions classes: 
 

a. 98 passenger regional jet mission similar to the ERJ190 (Embraer 190) 
b. 160 passenger narrowbody jet mission similar to the 737-800 
c. 216 passenger wide body jet mission similar to the 767-200ER 
d. 300 passenger wide body jet mission similar to the 777-200LR 
e. 400 passenger jumbo jet mission similar to the 747-400 

 
Utilize 2020 TRL=6 technologies to size and estimate performance for each of these five HWB 
designs. In addition to typical sizing constraints, stability and control constraints should be included 
in the sizing iteration. Two separate optimizations will be provided, one for minimum TOGW 
(takeoff gross weight), and one for minimum fuel burn. 

5. Perform technology sensitivity studies utilizing these five HWB reference vehicles. 
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2.1.2 Deliverables and Schedule (Required):  
 
 
Task 1: Written report summarizing results of literature search, including synopses of each significant 
reference source. 
Tasks 2: Written report summarizing each of the tools examined, and the recommended HWB design and 
analysis process and supporting toolset. 
Task 3: Demonstration of HWB design and analysis process on the validation case. 
Task 4: Provide VSP or other CAD layout drawings for each of the five HWB reference vehicles, showing 
internal cabin layout and major subsystems. Provide data on the sized vehicles including performance 
estimates. 
Task 5: Provide written report detailing the results of the technology sensitivity study for each of the five 
HWB reference vehicles. 
 
Tasks 1-4: Monthly status reports indicating progress to-date, planned near term activities, technical issues, 
and resource status. Status reports should be no more than one page in outline format, and should be 
discussed at a monthly status meeting with the technical lead and other HWB design team members. 
 
Due 30 days after start of work:  Task 1 written report 
Due 120 days after start of work: Task 2 written report 
Due 210 days after start of work: Task 3 Demonstration 
Due 300 days after start of work: Task 4 HWB concepts 
December 31, 2010: Task 5 written report 

 
 
2.1.3 Performance Metrics/Standard (Required - Meets, Exceeds): (See “System and Software 
Metrics for Performance-Based Contracting”) 

 
Meets Minimum Performance:  Deliverables as described and on time. 
 
Exceeding Minimum Performance: Deliverables on time, plus added value in terms of report quality, 
drawings or data provided, or initiative shown in identifying significant reference source and 
technology projection. 

 
2.n Sub-Task n - Working Environment Safety and Organization  
The Contractor shall maintain working environment of accessed facilities and equipment as safe and 
organized to support the requirements of this task order.  

2.n.1 Deliverable: Prevention and correction of cited findings from NASA management 
walkthroughs and reportable incidents. 

2.n.2 Required date: Ongoing. 
2.n.3 Performance Metrics: 
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Exceeds: No cited findings or reportable incidents in six-month award fee period. 
Meets: No repeated findings or incidents in six-month award fee period. 

 
3. Government Furnished Items:  

A. Access to government tools relevant to this activity (e.g., FLOPS, VSP, MaSCoT, etc.). ModelCenter 
software will be provided, along with the HWB literature and validation data. 

4. Other Essential Information:   
 
The Contractor shall participate in appropriate technical conferences/short courses to maintain cognizance of 
new approaches and to refresh skills, as needed, to support the requirements of this task order as coordinated 
with the Technical Monitor. 
 
NOTE: The Contractor shall place no restrictions on NASA’s use or 
distribution of the models/codes produced under this contract nor distribute 
them to other parties without NASA’s permission. 
 
Note: These codes will only be used for performing the work under this 
contract and cannot be used for any other purpose or distributed without 
the permission of NASA, Langley.  The Contractor is required to sign a 
Software Usage Agreement. 
 
 
5. Security Clearance: 
 
6. Period of Performance: 
 Planned start date:   February 1, 2010  Completion date: December 31, 2010 
 
7. NASA Task Management: 
 Technical Monitor (Required): Jeffrey K. Viken 

 M/S: 442  Phone: 757-864-2875 
 Other POC (Optional): Craig Nickol 
 M/S: 442  Phone:   (757) 864-8398 Craig.L.Nickol@nasa.gov 
 Other POC (Optional):  

 
 
 

 




