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Table M-1:  The NWO Study Team Organizations Showing 

Responsibilities, Capabilities and Experience  

 

M.  Management ï Mission Schedule, Cost, and Programmatics 
 

Executive Summary 

 

We have shown in this study report that the New Worlds Observer has compelling science, 

technology that is implementable with modest development, and is ready for mission 

development in the near term. An outline of a preliminary project plan is included in this 

appendix keeping this near-term implementation in mind. A summary of the costing exercises is 

included. Our main costing efforts were concentrated on a facility-class baseline mission in the 

manner of HST and JWST.  

The team that coalesced around the Astrophysics Strategic Mission Concept Study (ASMCS) 

includes approximately 43 people at eight institutions under the management of GSFC. It 

brought together a wide range of expertise in all the crucial areas to address this unique design 

and study problem. 

The NWO organizations are 

shown in Table M-1. After delivery 

of the ASMCS in April , the team 

will continue to work on refining the 

concept, developing technology and 

verification and validation plans, and 

conducting research in our testbeds. 

Particular attention will be given to 

addressing the higher priority 

technology development and mission 

risk items identified with the goal of 

better understanding the technical 

issues, through both modeling and 

prototype hardware.  These efforts 

will establish a more reliable 

assessment of risk than could be 

achieved during our concept study. 

The PI, lead scientist, and team 

continue to work on furthering 

collaborations, partnerships and 

increasing the science community 

support for NWO, both domestically 

and internationally. Discussions 

continue with ESA and JAXA in particular. 

For development and implementation of the NWO facility-class mission we would expect the 

management structure to follow a NASA ñtop-downò approach where the mission goals are 

identified and delineated by the Science Mission Directorate Exoplanet Program Office based on 

community input from National Academies studies, such as this Decadal Survey, as well as other 

advisory groups. Some or all of the individual instruments on NWO would be competed. 

Industry partners would be competed for selection of other mission components, for example, the 

telescope, spacecraft, and starshade developments, with some mission elements developed in-

house or managed by NASA Centers. The overall project management would be assigned to a 
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NASA Center. A project scientist would oversee the NWO science program with the science 

working group and science team. Figure M-1 shows the NWO organizational structure. 

The schedule is presented in Figure M-2.  If the mission were to start Phase A in March 2010, 

NWO  could be ready for launch in June  2018. The bulk of the expenditures would come 

starting in FY2014 when (hopefully) JWST will be past the peak of its funding cycle. 

     In addition to the Executive Summary, this appendix includes sections M.1 Organization and 

Responsibilities, M.2  Decision Making, M.3 Study Team Capabilities and Experience, M.4 

Mission Systems Engineering, M.5 Risk Management and NWO Top Risks, M.6 Management of 

Reserves and Margin,  M.7 Management of Reserves and Margin, M.8 Project Schedule, M.9 

Work Breakdown Structure, M.10 Project Reviews, M.11 Acquisition Strategy, M.12 Examples 

of NWO Team Member Facilities, M.13 Preliminary Project Plan Outline. 

M.1  Organization and Responsibilities  

 
Management Structure 

For the proposed NWO facility-class mission implementation, we would expect the 

management structure to following a NASA ñtop-downò approach where the mission goals are 

identified and delineated by the Science Mission Directorate Exoplanet Program Office based on 

community input from National Academies studies, such as this Decadal Survey, as well as other 

advisory groups. A proposed organization is shown in Figure M-1. Some or all of the individual 

instruments on NWO would be competed. Industry partners would be competed for selection of 

other mission components,  for example, the telescope, spacecraft, and starshade developments, 

with some mission elements developed in-house or managed by NASA Centers. The overall 

project management would be assigned to a NASA Center and would also coordinate 

international participation. A project scientist would oversee the NWO science program with the 

science working group and science team.  

 

 
 

Figure M-1. New Worlds Observer Proposed Project Organization   
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M.2  Decision Making     

Decision making on the New Worlds project will be characterized by a team-based 

environment within a formal framework of contractual relationships, controlled SOWs and 

interfaces, and clear lines of authority. The PM  with concurrence from the project scientist (PS) 

will have final authority for decisions that affect mission goals, science requirements, EPO, and 

deviations from the baseline project budget and schedule. Within those boundaries, the PM will 

be responsible for day-to-day decisions affecting mission implementation. The PM, and all 

managers, will hold weekly management teleconferences, and the full New Worlds management 

team including the leads from all New Worlds partners will meet for a monthly status review. 

Technical decisions will be coordinated through the Systems Engineering Working Group 

(SEWG) chaired by the mission systems engineer (MSE). The SEWG will include the lead 

systems engineers (SEs) at each of the New Worlds partner organizations, a delegate from the 

science team. The SEWG will coordinate all trade studies, risk management, configuration 

management, interface management, and a ñTop Tenò list of current technical issues. A 

configuration management office at the mission implementing NASA Center will control all 

New Worlds requirements and interface documents. Level I requirements (mission goals, launch 

date, etc.) will require approval at the NASA SMD level. Level II requirements (science 

requirements, top-level budget, and schedule) will be controlled at the Project level, and Level 

III requirements (derived engineering requirements, interface requirements, and subsystem 

allocations) will be controlled by the MSE. The project scientist and the science team will 

establish the priorities among the exoplanet and general astrophysics objectives and the 

operations team will use these priorities in scheduling the activities of the two spacecraft. The 

exoplanet observations get high priority, but the general astrophysics get the bulk of the 

observing time >70%.  The large field of regard and the lack of constraints due to the L2 orbit 

mean that the general astrophysics objectives can be met even with the uncertainties in the 

duration of the exoplanet observations. 

Communication and Control 

 

The NWO one team philosophy integrates all organizations involved in the development and 

implementation of the NWO Mission. All managers from the PM down will encourage 

communications among all team participants to be as open as possible, without violating any 

contractual arrangements.  The PMôs bi-weekly staff meetings will ensure efficient 

communications of progress, decisions, issues, risks, and changes.  Communications with the 

element developers will occur through regular reporting methods, ad hoc and planned 

communication paths such as those described above, and regular and frequent on-site visits, both 

by managers and engineers. On-line databases will be kept by the Project. This includes a risk 

list, a current list of open and retired risks, and an issues list, which lists all current open and 

retired issues which are being tracked. The risk list will be managed as described in the risk 

management section. The issue list will be managed through weekly Project staff meetings, and 

will be kept by the Configuration Control Manager. 

 

M.3 Study Team Capabilities and Experience  

Our NWO team has been addressing the performance, feasibility, readiness, and affordability 

of the external starshade concept. Our team, which has been developing this concept since 2004, 
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comprises the creator of the breakthrough concept (CU), two fully functioning starshade 

laboratory testbeds (CU & NGST), the leaders in large precision deployable structures (NGAS), 

the leaders in space telescopes and instrumentation (NGAS & Ball), and NASAôs lead Center for 

space telescopes (GSFC). These institutions have developed the New Worlds concept as a team 

since its inception and bring a depth of direct experience to this study that is simply unavailable 

outside the team. We have quantitatively assessed the mission and found it practical and 

affordable for launch in the next decade. We now propose to take this study to next level and 

make the full realities of the New Worlds concept available to the upcoming decadal review. 

Table M-2 summarizes the responsibility, capabilities, and relevant experience of each 

study team member organization.  

Table M-2 The NWO Study Team Organizations Showing Responsibilities, Capabilities and Experience  

 

M.4  Mission Systems Engineering     

 

Mission Systems Engineering (MSE) will be accomplished by an integrated team of SEs. 

Overall activity will be managed and coordinated by the implement ting NASA Center project 

lead MSE who will ensure that mission elements are defined for function, performance, and 

interface so they operate as a system to accomplish the mission. The project MSE will be the 

systems technical warrant holder for the project and will have access to the NASA Independent 
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Technical Authority through the NASA Centerôs Office of Mission Success. The MSE will 

establish and maintain top-level mission functional architecture and physical architecture. These 

will contain the performance levels and responsible partners that constitute the implementation 

architecture. 

The MSE controls the interfaces in these architectures. The MSE team will develop and 

maintain all mission system documentation. A detailed System Engineering Management Plan 

(SEMP) will be baselined during Phase A. An automated system for requirements management 

will be selected during Phase A. It will identify the specific test, analysis, inspection, or other 

appropriate verification and validation methods that ensure requirements are satisfied. This 

system will be used by the MSE and team throughout the mission life cycle. 

The MSE team will perform integrated systems analyses and simulations that cross physical 

and institutional interfaces to perform system-level functions. The MSE will be responsible for a 

simulation of mission telemetry. This telemetry will be processed by a simulated ground system. 

The resultant data products will be delivered to the science team for evaluation in meeting 

mission objectives and requirements. 

 

M.5 Safety and Mission Assurance 

 

The Safety and Mission Assurance (SMA) function ensures that NWO will be built to NASA  

standards and tested to meet the mission requirements. The NWO assurance program approach 

will be designed where the NWO project takes advantage of existing team experts, processes and 

procedures to implement a comprehensive and cohesive NWO Safety and Mission Assurance 

(SMA) Program.   

The integrated process, as being implemented, will be consistent with pertinent NASA 

standards and will be compliant to AS9100. A NWO Safety, Mission Assurance Plan will be 

developed during Phase B to document the processes. 

Elements of the NWO SMA program are system safety, reliability, quality, problem/failure 

reporting, EEE parts selection, materials and processes, and software assurance.   

The NWO Project will have ultimate responsibility for the entire SMA program. The 

Systems Assurance Manager (SAM) is a key member of the Project Manager's staff and will 

support NWO throughout all lifecycle phases including Phase A.  The SAM will draw upon 

parts, reliability and materials experts to assist in problem resolution, participate in reviews or 

technical exchange meetings, and support inspections/audits.  

 

M.6  Risk Management and NWO Top Risks 

 

 The continuous risk management (CRM) process provides technical rigor and coordination 

to minimize risk across the mission. The NWO Project Office will implement a system of 

continuous risk management in accordance with NPG 8000.4 and Center guidelines. The PM 

owns the CRM plan and process. The Risk Management Board (RMB), chaired by the PM, 

manages the Risk Program ensuring that risks identified for each element are properly addressed 

and tracked, and that risk mitigation activities are scheduled and meet milestones. A central web-

based risk management tool and database will track status of all program risks.  The team has 

already used early risk identification and mitigation (i.e., tall poles document) to effectively 

influence mission and system designs with the goal of achieving a simple, straightforward 

mission concept with robust margins.  
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The technology development needs of a program can be quantified in terms of risk. By 

assessing the technical risk of starshades, and analyzing the most probable mode of failure, we 

can chart a program towards mitigating these risks. The top 10 technical risks for starshades as 

assessed for the NWO project are shown in Table M-3. The risk level is shown along with the 

definitions for the likelihood and consequence scale. Deployment is the starshadeôs high risk 

item. Our development roadmap will mitigate this risk and is described in detail in the 

technology section of the study report. 

 
Table M-3: New Worlds Observer Top Risks 
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The risks in Table M-3 include perceived risks, where insufficient information regarding the 

system and state of the art capabilities leads to the perception of a technical challenge. Most of 

these can be assessed via low-cost laboratory tests. The Technology section of this study report 

outlines a series of laboratory tests that are immediately implementable and that can put to rest 

many of these perceived technical challenges and allow us to determine if any of these 

technologies needs further development. In addition, a starshade technology white paper
1
 was 

submitted to the Astrophysics Decadal Committee.  

 

M.7 Management of Reserves and Margin 

 

Schedule, cost and technical reserves will be maintained at the PMôs level. This process 

ensures that costs are controlled at the Project level. The implementing NASA Center would 

follow established policies for management of reserves and margins. If the implementing NASA 

Center were GSFC, then the Goddard Procedural Requirements (GPR) 7120.7 documents the 

schedule margins and budget reserves requirements for formulating a flight project at the 

Goddard Space Flight Center (GSFC) and describes how those margins and reserves are to be 

tracked during the Implementation Phase. In the planning stages of a flight project, the following 

schedule margins shall be used: from Confirmation to delivery to Observatory Integration and 

Test (I&T): 1 month per year; from start of I&T to shipment to launch site (or to planned 

storage): 2 months per year; from delivery to launch site to launch: 1 week per month. At the 

Centerôs Monthly Status Reviews, project managers shall present their schedule margin status 

relative to the margins specified above (or to the margins agreed to with Headquarters at the 

Confirmation Review). If the schedule margins fall below the agreed-to levels, the presentations 

shall include explanations as to the reasons for the shortfall as well as a description of any 

activities initiated to mitigate the trend. For budget reserves this GPR documents at the time of 

Initial Confirmation (Key Decision Point-B [KPD-B]), flight projects should have a budget 

reserves level of 30% or higher through Phase D. This is a goal, not a requirement. At the time of 

Confirmation (KDP-C), flight projects shall have a budget reserves level of 25% or higher  

through Phase D. Deviations from this level of budget reserves shall require concurrence of the 

Center Management Council at the Confirmation Readiness Review.  At the time of delivery to 

                                                 
1
 ñStarshade Technology Developmentò,  Astro2010 Technology Development White Paper Submitted to: 

Electromagnetic Observations from Space (EOS), Primary Author: Amy S. Lo, Northrop Grumman Corporation 

Primary Co Authors: Webster Cash, University of Colorado, Tupper Hyde, Goddard Space Flight Center 

Ronald Polidan: Northrop Grumman Corporation, Tiffany Glassman, Northrop Grumman Corporation 

& the New Worlds Observer Study Team 
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the launch site, flight projects should have a budget reserves level of 10% or higher through 

Phase D. This is a goal, not a requirement. At the Centerôs Monthly Status Reviews, project 

managers shall present their budget reserves status  relative to the levels specified above (or to 

the levels agreed to with Headquarters at the Confirmation Review). If the budget reserves fall 

below the agreed-to levels, the presentations shall include explanations as to the reasons for the 

shortfall as well as a description of any activities initiated to mitigate the trend. Technical 

reserves such as mass, power and volume are managed by the mission systems engineer (MSE). 

GSFCôs recommendations for technical resource margins by mission phase are shown in Table 

M-5. Allocations are established, and are continually monitored by the Project. While the MSE is 

responsible, these resources are also monitored by the PM to determine if action is necessary to 

keep within the required limits.  Typically after selection of the instruments, telescope and 

observatory contractors, a percentage of the project reserves-technical, cost, schedule-are 

allocated to the developers. The exact amount will be tailored according to the specific risks for 

each development during formulation (Phase A/B). These values are documented in interface 

documents with the Project.  The NWO Project will follow these guidelines. 

 
Table M-5. Technical Resource Margins 

 
  

M.8  Project Schedule 

 

The planned operational lifetime of the NWO mission is 5 years, project start in 2010, Phase 

A duration of 18 months,  Phase B duration of 24 months, 60 month development period, two 

spacecraft vendors building separate spacecraft in parallel, specialized test facilities for the 

starshade development, separate launch vehicles for both spacecraft (telescope launch June 2018 

and the starshade launch February 2019), 60 months of operations (i.e., Phase E primary 

mission), and 14.3 months of funded schedule reserve on the critical path.  

Reviews will be conducted according to the NASA Procedural Requirements (NPR) 

document 7120.5D.  Section M.10 describes Project reviews in more detail. Integrated 

Independent Reviews (IIRs) and Critical Milestone Reviews of the NWO project will be 

conducted.  The IIRs  are  used to evaluate the status of a flight project at  the mission system 

level and at the major system element level (i.e., spacecraft, instrument(s), and ground system).  
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IIRs are supported by project-conducted Engineering Peer Reviews (EPRs) which assess the 

status of subsystem or lower assembly levels. The results of the EPRs constitute a key input to 

the IIRs. Milestones and key decision points (KDPs) consistent with NPR 7120.5D will be 

implemented.  The project-level reviews are shown on the mission schedule in Figure M-2 and 

include the mission definition review (MDR), system definition review (SDR), preliminary 

design review/confirmation review (PDR/CR), critical design review (CDR), system integration 

review (SIR), mission operations review (MOR), pre-environmental review (PER), flight 

operations review (FOR), pre-ship review (PSR), launch readiness review (LRR).  

The critical path lies along the telescope/payloads/spacecraft part of the schedule. Payload 

development includes two instruments needed for exoplanet research, a high resolution camera 

and spectrometer, along with two instruments for trajectory alignment and control, the 

astrometric sensor assembly (on the starshade) and shadow sensor assembly (on the telescope). 

The general astrophysics instruments include a high-throughput far-UV spectrometer, an integral 

field spectrograph and a wide-field camera/guider. The telescope and instrument development 

and integration and test (I&T)  are allocated 630 days. The telescope spacecraft development is 

644 days. The telescope spacecraft integration and test is 263 days. The telescope spacecraft 

launch and early orbit checkout is 21 days, and cruise to the L2 orbit and checkout is 66 days. 

During this time general astrophysics observations can be conducted.   

The starshade/payloads/spacecraft will be developed by a separate vendor from the 

telescope/payloads/spacecraft but will be developed in parallel. The starshade instrument 

development and I&T is 611 days. Starshade development and testing is 654 days. The starshade 

spacecraft development/testing is 644 days. Starshade spacecraft I&T is 407 days. Starshade 

spacecraft launch/early orbit checkout is 21 days and the cruise to L2 orbit and checkout is 67 

days. The starshade launch is approximately 8 months after the telescope launch.  

The NWO schedule includes a total of 14.3 months of schedule reserve along the critical 

path, and exceeds the GSFC recommendations (GPR 7120.7) by about 3 months.  There is 6.2 

months of reserve on the critical path for the telescope and instrument development and 

integration and test, spacecraft bus assembly and test, and telescope spacecraft integration and 

test, and preparation for launch. The starshade, payloads and spacecraft have 8.1 months of 

reserve. The NWO budget includes funding for this schedule reserve and is $150M. 

The transition to normal operations is July 2019 with the mission operating five years. 
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Figure M-2.  New Worlds Observer Integrated Baseline Mission Schedule  
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M.9  Work Breakdown Structure  

  

Figure M3 contains the WBS structure for the New Worlds Observer baseline mission. 

 The NWO structure follows the NASA NPR 7120.5D, Appendix G for Space Flight Project 

Work Breakdown Structure.   

 
Figure M-3.  NWO WBS Structure 

 

The WBS dictionary that will be developed for the NWO Project will follow the guidelines 

in NPR 7120.5D. The standard space flight project WBS dictionary is as follows and was used as 

the basis for developing the NWO WBS: 

 

Space Flight Project Standard WBS Dictionary 

Element 1 - Project Management: The business and administrative planning, organizing, 

directing, coordinating, analyzing, controlling, and approval processes used to accomplish 

overall project objectives, which are not associated with specific hardware or software elements. 

This element includes project reviews and documentation, non-project owned facilities, and 

project reserves. It excludes costs associated with technical planning and management and costs 

associated with delivering specific engineering, hardware and software products.  


