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The purpose of this appendix is to document the NWO science requirements and the asst
science measurements that are needed to fulfill the science requirements. The appendix ¢
the NWO Mission Requirements Document (MRD), a mission requiranpeesentation, a
requirements listing and this document that summarizes the requirements approach. A sc
traceability matrix will be described. This appendix will describe the mission requirements
document the flowdown of the mission requirersdntthe lower level NWO system
components. This flowdown will be captured in the mission traceability matrix (MTM). Fina
this appendix will summarize the requirements derivation rationale for key components of 1
NWO architecture.



New Worlds Observer (NWO) Mission Requirements Overview

The New Wortls Observer missicarchitecturgFigure 1)aims to discover and analyze
terrestrial extrasolar planets in the following waysing the space telescope and
starshade, NWO will survey nearby stars to search for exoplanets; both terrestrial and
giant planet can be found by this systermollowing detection of an exoplanet, NWO

will map the discovered system by taking a series of images that will allow it to measure

the planetébés orbit, brightness, and col ors.
take place by taking spectra and more detailed photometry of each planet. Spectroscopy
all ows NWO to analyze the chemical composit.i

Detailed photometry will show variation in color and intensity as surface feattiags ro
in and out of the field of view, allowing for the detection of oceans, continents, polar
caps, and cloud#n addition to finding and analyzing terrestrial planets, NWO can
discover and analyze gas giants,-@wdiacal dust, debris disks, etc. in Hane systems
as the teestrial planets. NWO wilbe capable of providing high quality, general
astrophysics observations.

StarShade oot
Spacecraft (SS5) el
Mission [T =Maintenance
21 Operations *Maneuvers
w
2 Kbps (U 2
. & GSFC
12 Kbps {Down) c Fiight
El £ Whlm . —*| Dynamics
welook —|  Fagili
= - at next (EE'&‘)V
2Kbps | | 1-16 Kbps Sdence i
peratons
Center [
Dust
2 Kbps (Up)
12 Kbps (Down)
100 Mbps
Planets
Telescope
Spacecraft (TS)
Exosolar ,
Flight Segment
Systems ght seg

Figurel: NWO Architecture Diagram
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New Worlds Observer (NWO) Mission Requirements Overview

*The NWO system compriseslaunch segment, space segment and a ground segment.
The segments interact with each other to accomplish the NWO mission goals and
objectivesOne of the two NWO Spacecraft is composed of the Spacecraft Bus and the
50 meter Starshade Payloathe second NWO Spacecraft is composed of the Spacecraft
Bus and the Telescope Pagthb The Telescope isdifraction limited telescopeéhat is an
upgrade to the HST capabis and functions.

'The Ground Segment is composed of the Science and Operations Center (S&OC), the
mission operations center (MOC), tRiegght DynamicsFacility (FDF) and theDeep
SpaceNetwork(DSN). Duringlaunch, NWO will use the service$ the gound network
(GN) and space networ(SN). The Launch Segment is composed of the Launch
Vehicle(s), Payload Adapter(s), and Launch Site Services. R2geggesents the product
breakdown structure (PBS) of the main componentsadfaselineconfiguration. The

NWO PBS is tied directly to the organization of the work that is captured in the work
breakdown structure and the requiremenét have been allocatetihe procesased for
designing NV baseline configuration has been a recursivetanative pra@ess that

started very early in the NWO concept development.
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New Worlds Observer (NWO) Mission Requirements Overview

Requirements Approach

Due to

NWO®6 s
level requirements that will drive the execution and management of the technical

solutions. Understanding and defining these top level requirements will characterize the
architecture required for our budgets, resource planning and monitoring, risk mitigation,

size and

compl exity

t

S

c

etc. The NWO science has established the mission objectives based on Science Mission

Directorate (SMD) program direction and strategic plans. From the strategic plans, the
science team has derived science requirements, science measurements and instrument
requirements that establish the science package or level 1 requirements. The mission

requirements are derived from the Level 1 requirements.

Figure 3 is a diagram that shows how the NWO design team has been working the
requirements. The diagram shows hbemission requirements, the mission operations
concept, technical resource allocatioasd environmental requiremeiat® established

as the Level 2 requirements. Those requirementsflawved downto the different
segment boundaridés establish aet of segment level requirements (i.e., Level 3). The

Level 3 requirements are flowed dowmLevel4 spacecraft, instrument and ground

system requirements documents and ICDOORSIs beingused to document
requirements flow, define the verification rhetls, and later to track and report

complianceAll of these requirementsave been established in a Mission Requirements
Document (MRD).The documents, requirements listing and system mbdeks been
established to make sure everyone understandsdn@ements.The traces within the
database allow the team to look for goldplatguirements, gaps wgerification issues
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New Worlds Observer (NWO) Mission Requirements Overview

1.1 Science Objectives

TheNWO missionis to discover and study Eastized planetsThe secondary science

objectives are to study giant planets and planetary system architecture. Another science

objective is to conduct general astrophysical sciefdt®sescience progran®rm the

basis forthree scientific activitiegerrestrial science, giant planet and planetary system's

architecture science and general astrophy$tesse objectives lead to the Level 1
requirementgey performance parameters (k) both the baseline and minimum

missians(Tablel.) The NWO key performance parameters are used by the design team
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Figure4: Science Objectives

Tablel: NWO Level 1 Requirements

ut i
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Name

Baseline Mission Minimum Mission

Performance Floor

Mission Duration (years) 10& 5 5 3
Completeness 30 20 10
NWO Inner Working Angle (mas) 50 60 70
NWO Observation Contrast010 10M10 107-10 1079
Observations 140 100 60

me et

Thedriving scientific parameterfor NWO are theangular separatiorof the planet from
the staand itsobserved contrast.e. the ratio of the planet brightness to the reduced
starlight in the planet pixels. These two parametetsequirements n
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New Worlds Observer (NWO) Mission Requirements Overview

working angle(the closest to the star that NWO can effectively probe for planets) and its
achievable contrast (the faintest planet NWO can detect relative to the stellar brightness).

Baselhe Mission Driving Requirements

The number of Earthike planets is unknown, but some astronomers have estimated that
as many as 10% planetary systems may contain one. The possibility thdtkearth

planets are infrequent makes it desirable to survey as many nearby stars as feasible.
Considering the minimum number of stars we should observe to yield a fewliEarth

planets, together with technical, schedule, and cost constraints, we have concluded that a
150target starss a suitable NWO goal.

To detect a terrestrial planet requires that the achievable contrast, i.e., the contrast
achieved after calibration and removal of the background is of the same order. Similarly,
the requirement on the inner working angle simply says that a planet located outside the
projected starshade should be detectable in the processed data. Most measurements will
consist of the telescope holding steady on a targeefaeral hours to several dayor
detection of the terrestrial planets, #estem should search the most likely range as well

as the complete range of temperatures within which life may be possible on a terrestrial
type planet.

Once a planet is detected, the system i s
and look for biomarkers (if looking at a terrestrial planet). If we learn that the number of
Earth twins are low, we will shift the sciemcampaigrtowards characterizing the exo

solar planetary systems architecture and establish criteria for subsequent techniques to
peer deeper into future planetary system.

1.1.1 Science Traceability Matrix

Table 2shows theraceability from science bjectives to the selectédstrument This

Science Traceability Matrix (STM) matrixe | ps t o ensure that the

~

requirements, and deliverables remain fias

pr
i s

the deliverables by establishiaghreador each requiremeritr om t he pr ogr amods

initiation to the final implementatiohis STMcan be used during all phases of a

project to: 1) Track all requirements and whether or not they are being met by the current
process and design. 2) Where requirengapis are identified, this matrix can assigh

any additional project assignmentsifor makebuy decisionsThe matrixis bi-

directionaland r acks the requirement Aforwardo by

del i verabl es and fhe progkam eequiateenbtlyat wa®spdcified g a't
for a particular feature of the deliverable. T$IEM provides a necessary input to the

program verification planning to help determine the types and number of integrated

ground and/or flight tests and test facdgirequired by the program. Finally, ®€M is

used to verify that all requirements are met and to identify changes to the scope when

they occur.
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New Worlds Observer (NWO) Mission Requirements Overview
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5.2 Optical Telescope Assembly [ X X X X X X X X X
5.2 WFCAM X X
5.2 UV Imaging Spectrometer X X
5.2 EXOSPEC X X X X X X
5.2 EXO-CAM X X X X

Table 2:ScienceTraceabilityMatrix

Figure 5 is a snapshot of the requirements database to establish another STM perspective.

The measure pl anet @ eofthe measurementepgrioimeccbimdW i s o n
to meet the terrestrial planet science objectives/requirements. In the diagram, the measure

planet color requirement has been allocated to the measure planet color function. The

function is decomposition of the adunct terestrial planet science (function) for the NWO

mission functions (functional flow diagram). There are other requirements that refine the

hi gher | evel requirement (Measure Planetobés C
establishing the spectral rangempleteness, and reference color and magnitude
requirements. The measure color function is

Color Data] from Exospec is identified as the product (or output) from the function. For
NWO there are over (250) compongtiiat have been identifed in the database. The
components in the database are those components that were provided by the Integrated
Design Center (IDC). The Price H cost data has been applied to the components along
with the key attributes such as massl power. The components are specified by
(performance) requirements. There are several accomodation requirements that are
established for Exospec and are flowed down to the spacecraft bus (ex. Mass, power, and
data). A summary of the accomodation liegments can be seen in Table 3.
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Figure5: EXGSpec TraceablityDatabase Example

Some of the (performance) requirements that define Exospec are listed and shows the
(satisfy) higher level requirements relationship. You can also see that cost and risk
relationships have been established in the the NWO requirements database.

Accommodations

Data (Gb/day) Storage Mass Power FOV
(Gbytes)/day (kg) (w)
WBS
5.2 OTA 0 0 3114 220
5.2 WFCAM 2,453,800,715,551 3.06725E+11 476 300[20.2"x 10.1'
5.2 IFS (Spec) 4,831,838,208 603979776 124 100|<1"
5.2 EXOSPEC 30,136,320,000 3767040000 137 200]10.3" x 3.1"
5.2 EXO-CAM 1,932,735,283 241591910.4 209 200[26.4" x 26.4"
2,490,701,609,042 3.11338E+11 4060 1020

Table2: NWO Instrument Accomodation Summary
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Minimum Mission Driving Requirement©ur minimum mission is defined by the lowest
science performance we are willing to accept. We have graceful descope options all the
way down to the performance floor, with a minimum mission well worth doing. The
minimum configuration is simply providingsaarlight suppression capability that can be
used with other space telescopes.

1.1.2 Mission Functions

*The starshade and telescope willdenched into the same L2 halo orbit where they will
be separated by approximat&,000km. We have developed several scenarios within
the concept of operations (CONOPS) that allows the baseline system to pe(idzth
observations in 5 years. Figués a functional flow diagram that outlines the high level
activities (i.e., functionsassociated downlinking science data to analyze whether the
activities will meet the observation (or visit) requirements (ex., -ebs@rvations).

Figure6: Science Data Downlink Thread

T.2.3.1

General

T.2.3

Bstromory b2

Up to TBR wvisits

150

Abgranenk:

Moemal (p: 1.0, sbdDey:
0.3, st

, stream: 1) Day

peormal (10,0, stdDev:
1.0, stresm: 1) Day
AND
232
Slewt.2

Normal (4 10.0, stdDev:
1.0, stream: 1)

N\

Dray

/L

A

5

DL data

0.3 Day

Wik For Nect DL

2.7 Day

5

DL operations

j Downlinks every 3 days except during Exoplanet Observations where it is conti

s

(o>

Observation Downilinks

.

|

1.0 Day

l (L_

DL-data during Cbs

Each observation consistEaretargeting maneuver, where the starshade moves into the

telescop

eds |

ne

of

sight,

and

a

stationkeep

alignment with the telescope and the telescope is takinglexet science data. Each
retargeting maeuver will take betweehi 15days The Starshade and Telescope are

3 Concept of Operation$jorthropGrumman
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aligned during the observation in which we may obtain both an image and spectrum of
the exeplanet,as well as a widéield image of the exaolar system for comparative
planetology and &asometry. Starshade stationkeeping maneuvers will have to done every
-approximately 20 minutes to stay aligned with the telescbpe starshade has

knowledge of its position from eboard startrackers, Deep Spaastwbrk (DSN)

information and RFanging instruments. All of the NWO mission (functional)
requirements have been allocated to specific mission fus@sseen in Figure 8. Each
function is performed by NWO components. Using the results from the Inte@resagh
Center (IDC) and the Mission Requirements Document (MRD), each of the components
and their related requirements has been applied.

Figure7: Mission Function$ierarchicalView
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