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DEFINITIONS
A Distributed Space
~common goals

A Constellat
that are p

OBJECTIVES

Provide a framework to perform ase A mission
analysis of Distributed Spacecraft Mrssrons (DSM)

Handle multiple spacecraft sharrng mission
“Objectives , :

Include sets of smallsats up through flagships

xplore trade-space of variables for pre-defined
sience, cost and risk goals, and metrics

\r-; ize cost and performance across multiple
iIments and platforms vs. one at a time

open access toolset which hawlles specrfrc
)bjectives and architectures

he variability of orbit characterrstrcs
~conf|gurat|ons and architecture types

occultations with satellite
II wh ghlighted rows correspon

escription
Date when the satellites will initialize. Default is current time
Lat/Lon/Alt list or Lat/Lon bounds. Global is default.

fI sv (Ro t num, columns ial Kepl. Elems). Default i
i g One and s default r |ve|v.
b fh s. If het ff‘ ubse specstob vided for each in
i sted in, LEO [3 k ) is de f I
D- d It

glsdef
cally inclined, |
aylo: d assume df ed al d same rate.
bl f d ermine field of re dorFOR Default is upto Earth Lim

eter |nesp ent cono
Defau 0 kg. Payload will be 40% of sa II b d f I t [Te
is 15 ayloadwllb 60% of satellite r, by default [ e}
is 0.0 .Pavlod IIb 50% of sa II I e, by defa I[ tive]
i 12

Itation mission. Fill row 33 if latter. Default is
a ments will be made. Default is 10-50 km.
rement. Default is half-pixel travel time.

o agnosti measuring. agnostic.
Selec f I ( d relative AZ) to be included, avoided or no preference. Default is no preference
entral wavelength for multi-spectral imaging. 300:100:1000 nm is default.
Band or bin width of each central wavelength in the spectral range. 50 nm is default.

SCIENCE REQUIREI\/IENTS OUTPUTS

IIb ailable
utput b II I p I for butes Vs cost,s atial bins and time series. Ma be dlstrrbutrons?

a are made per sat per
istances and Rate (AT,CT,R,euclid) between each satellite in the virtual group (stereo
i itio imaging meas
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- TAT-C Tradespace Analysis Results (Reports/Visualizations Browser)

Menu/Macro Buttons used to simplify results browsing

Proposed
“TROP I CS” Tree'View
Mission o

Tradespace

An aIySIS Analysis

Results to

Dynamic View of Reports/
Visualizations for currently-
selected section of TSR Tree

TAT-C Application g se

Outputs

Constellations
of CubeSats and MiniSats

New Requirements, e.g.,
Maturing Increasing Spatial, Temporal,
Technologies Spectral and Angular

Budget Cuts Resolutions

Hosted
Secondary Launches Payloads

N A N A
Scalable
Launchers
CubeSats and DSM/
MiniSats Constellations
Scalable
JaN ission Ops

“Big” Data
Analytics

Miniaturization (Telemetry &
Science)

NEW SCIENCE

Driving Factor
Existing Capability
Driving & Required

TRADESPACE SEARCH
ITERATOR (TSI)

TSI reads user inputs given to the GUI to

create iterator inputs (JSON files). Uses
default values from Landsat 8 (w/ ETM+
payload) If no inputs

TSI generates DSM architectures for a
combination of variable values that
satisfy iterator inputs

A DSM architecture Is a unique
combination variable values (altitude,
Inclination, FOV, number of satellites,
etc.)

For each arch, TSI creates files and send
commands to module ‘Reduction &
Metrics’ to compute architecture
performance and to module ‘Cost and
Risk’ to compute architecture cost

REDUCTION & METRICS
MODULE

Reduction & Metrics is responsible for
calling module ‘Orbits & Coverage’ to
propagate the orbit of every sat and

compute coverage given payload specs.
Reduction & Metrics’ integrates
coverage and computes all performance
metrics.

KNOWLEDGE BASE

Centralized store of structured data
readable by humans and machines
Support TAT-C tasks:

o Analysis: compose new mission

concepts from existing model inputs
o EXxploration: discover new mission

concepts by querying previous results
Layered client-server architecture over
HTTP
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'beglnnrng with its |ncept|on |s composed of two or more spacecraft
r the purpose of serving a common objective (e g., '

Iridiu m)

Go to first subspace, then
While Iterator not done:

Overall TAT-C
Control Flow

NOT done, so Go
to next subspace

Orbit & Coverage
(this subspace)
| 0&C

Reduction & Metrics
(“recent” subspaces)

Ext. I/F Listeners
(set up progress)

A TSR

Publrsh TSR

Summar
y Cost & Rlsk C&R Save Results &

(thls subspace) Publish Progress

Report
TS| Tracespac else, done
Search Iterator
FTA Vv

Receive Trade- Receive Trade- Run Final
space Bounds space Options Tradespace
(common user) (default or per Analysis

advanced user) ;|;
i T—I—I Rebort Ext. I/F
Output P }—> Output
(

Results
(error case) Ext. I/F Input normal case)

v
Ext. I/F Listeners
(track progress)

ORBIT & COVERAGE MODULE

 Purpose of Module
“ o Model orbits balancing accuracy and

performance
Compute coverage metrics for
constellation/sensor set
o Compute ancillary orbit data for
performance, cost, and risk
 Development Approach

= C++->

GRAMMING LAN

Convert to

Prototype Coverage Stand-Along C++

Models in MATLAB e e
Potentially integrate into GMAT
depending upon future needs

COST & RISK MODULE

* Motivation
o Constellations require that traditional cost
estimating assumptions be challenged
o Previous work highlighted limitations of
existing models w/r to constellations
o No comprehensive cost model for
constellations has been developed
 Implementation
o Aggregate model consisting of Cost
Estimating Relationships (CERS) from widely
accepted, publically available models
o Output: Proba density function showing most
likely cost for mission lifecycle + selected
mission components, including recurring,
nonrecurring, spacecraft bus, and payload

FUTURE DIRECTIONS -

Various constellations

Launch vehicle and manifest framework
Various sensor models

Add on-off maintenance abilities
Comparative risk model

Knowledge Base development
Complete GUI/Visualization development




