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INTRODUCTION

A toolkit aimed at supporting mission analysis and system/subsystem design
activities for all phases of EO Missions

o Accurate quantitative results to support trade-offs and analyses
o Meaningful results in few minutes

o User friendly, multi-platform and self-standing application
o Modular and flexible to be easily upgraded, extended and modified

« A specialized, comprehensive and complex collection of tools
o Capable of complete Phase A/B1 mission analyses

o Provides analyses able to cover needs in more advanced phases
o Provides building blocks for very specialized tools




THE INHERITANCE OF AN EARTH OBSERVATION TOOLKIT

« desEO is a tool designed on a decennial experience as leaders in EO MA

©)

O
O
O

Historical activity overview over 16 years (2003 - 2018)
83 past and on-going systems studies and tool developments
Consolidation of SW development techniques and methodologies

Consolidation of work methodology and rationalization of scripting and
analysis techniques into an all-around and exhaustive tool

¥

« A reliable and powerful tool that covers all the systematic analyses
o Increases efficiency (not re-inventing the wheel)
o Provides capacity to focus on mission specific problems
o Represent the back-bone upon which building more complex tools



MULTI-PLATFORM

« Platform independent Java Eclipse RCP user interface
« Standard C++ analysis modules

Front-end

(WEVE))

Java Runtime Environment

Generic OS Analyses
(Mac, Win, Linux) (C++)




HIGH-LEVEL ARCHITECTURE
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MODULAR DESIGN

More efficient upgrades and extensions

<<components»

scenario
ORBIT PROPAGATION
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GRAPHICAL USER INTERFACE

« Easy inputting
o Guide in input definition ./\
o Boundary values check desE()

Design Eng%ring Suite for Earth Obseh/ation
vli.1l

o Semantic integrity check

« Qutput capabilities
o 3D globe
Earth Maps
Cartesian plots
Polar plots
Tables
Exporting to image format and CSV
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Date Time
2017/09/.. 144907101
2017/09/.. 144907107
2017/09.. 144907111
2017/09/.. 144907114
2017/09).. 144907132

2017/09/.. 144907147
2017/09).. 144907.147
2017/09/.. 144907.200




Graphical User Interface for user friendliness
Command Line Interface to exploit all the toolkit capabilities
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File Tool 2
Project: WS1
Current Analysis:

Timeliness

v[v|Scenario
[|Environment
v V] Ground Segment
/| Kiruna
v [] Space Segment
~[]sentinel- 1A
v|v|Payloads
o
v [V Target Areas
] Water

Executed Analysis,

Timeliness

Welcome Timeliness  Timeliness
Timeliness

3D

Default Layers:

Layer Name

Deseo Layers:

Execution History Timeliness

20170927-144902

Outputs Timeliness

Execution: 20170927-144902

Name
Timeliness

Sentinel-1A Timeliness Statistics

Satellite Orbit

Sentinel-1A Altitude vs Latitude

Orbit and Visibility Area

Sentinel-1A Kiruna Contact Duration vs
Ground Stations Visibil

Sentinel-1A Ground Stations Visibility Net

Type
earth
table
earth
plot

earth
plot

gantt
table

Layer Name
nd

Coordinates Transformations Time Transformations Orbit-Wizard Calculation Geodetic Distance Calculation Integrity Check

Export Csv... Create Custom Plot..
Messages

Ready for Run

Progress View Manual Analyses Log timelinessanalysis-20170927-144902

2017/09/.
2017/09/.

Time Level
14:49:07.101 Info
14:49:07.107 Info
144907111 Info
14:49.07.114 Info
14:49.07.132 Info
14:49:07.147 Info
14:49.07.147 Info
14:49.07.147 Info
14:49:07.200 Info

elecnor group

Message
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Orbit Propagation
Attitude
Coverage
Ground Stations

Yis
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Orbit Propagation

Coverage
Ground Stations Visibility
Ground Stations Conflict
Timeliness
Swath Properties
Sun-Zenith Angle
Observation-Zenith Angle
SC Topocentric Coordinates

Atmospheric Properties

Eq. Ground Track Control

EOL Decay
Beta Angle
Eclipses

Injection Errors Correction
Collision Avoidance
Orbit Transfer

DV & Fuel Budget

EARTH EXPLORER 8 MISSION ANALYSIS
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Orbit Propagation O R B IT P RO PAGATI O N

Coverage
Ground Stations Visibility
Ground Stations Conflict
Timeliness
Swath Properties
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Orbit Propagation
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Orbit Propagation
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Timeliness
Swath Properties
Sun-Zenith Angle
Observation-Zenith Angle
SC Topocentric Coordinates

Atmospheric Properties

Eq. Ground Track Control

EOL Decay
Beta Angle
Eclipses

Injection Errors Correction
Collision Avoidance
Orbit Transfer

DV & Fuel Budget

_—

- 5 > —
.- "deimos

elecnor group

Eclipse duration (min)

Beta Angle (deg)

Eclipse duration along the year, LTDN 10:00
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Orbit Propagation C OV E RAG E
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Orbit Propagation C OV E R AG E Orbit Propagation O Z A’ S Z A & S W AT H
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Orbit Propagation

Coverage
Ground Stations Visibility
Ground Stations Conflict
Timeliness
Swath Properties
Sun-Zenith Angle
Observation-Zenith Angle
SC Topocentric Coordinates

Atmospheric Properties

Eq. Ground Track Control

EOL Decay
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Orbit Transfer
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Orbit Propagation

Coverage
Ground Stations Visibility
Ground Stations Conflict
Timeliness
Swath Properties
Sun-Zenith Angle
Observation-Zenith Angle
SC Topocentric Coordinates

Atmospheric Properties

Eq. Ground Track Control

EOL Decay
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Injection Errors Correction
Collision Avoidance
Orbit Transfer

DV & Fuel Budget

GS CONTACTS

Orbit and Associated Yisibility Zones for Kiruna
5% and 10° minimum elevation angle

Orbit and Associated Yisibility Zones for Troll

57 and 10° minimurm elevation angle
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Orbit Propagation
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RELATIVE GEOMETRY

GS Az/El position within sgteme celestial half-sphere

Satelite AZ/E] position witfin GS celestial haif-sphere




Orbit Propagation

Coverage
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Orbit Propagation

Orbit Propagation E O L D I S P O SA L
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Orbit Propagation
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Orbit Propagation
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Orbit Propagation
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desE}) TO CREATE ADVANCED SPECIALIZED TOOLS

Success case: Fully Automated Mission Planning and Capacity Analysis Tool
(CAMP) for the Deimos-2 Agile Satellite

o Advantages - platform agility to improve mission return, reducing revisit
time and increasing operational flexibility

o Drawbacks - platform agility makes mission planning a complex optimization

problem with a high number of degrees of freedom, which is cumbersome for
human operators

\ g

Automation as a key enabler for the mission planning and exploitation process

o Capacity analysis 2 study long-term coverage with real-life constraints
(simplified geometrical analyses are unreliable)

o Simulate resources for system compliance cross-checking




CAMP HIGH-LEVEL ARCHITECTURE

CAMP
Tool

2
Coverage
 Clouds  gg MW GEnerator mg naiyeie

Mission|Timeline

\ 4
i o WG reirenenr AR o1
Interest ] Forecast Hifi Orbit . MTL Refinement .
MTL Generation Ana IYSI =

All possible | Observation Events TC POI ntl n g An g Ie S Angles

(priority+evolution) Manoeuvres
Selected |Observation Events history
+ Conflicts
Approximate
with constra m, Attitude Battery
= evolution
Approximate"ggfApproximate + Conflicts
Memory
evolution
Coverage + Conflicts
Analysis MTL Refinement
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CAMP HIGH-LEVEL ARCHITECTURE

« deskEO executables as stand-alone building blocks within CAMP

Areas of Clouds ]
Interest Forecast

MTL Generation

R TC Pointing
" Angles

Propagator

Manoeuvres
history

+ Conflicts

(priority+evolution)
Attitude

Selected | Observation Events

Battery

Approximate evolution
Attitude + Conflicts

«v
Approximate Approximate ]
OBDH Power Memory
evolution

+ Conflicts

MTL Refinement

Coverage
Analysis
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CAMP OUTPUT EXAMPLES

Deimos-2 Attitude: Euler Angles

Latitude [deg]

Angle [deg]

30
Longitude\{deg] J——
\ — |
elecnor
2.84 . ) ) 292
Time [s] x 10°

Deimos-2 Attitude Events: no conflicts.

f
Conflicts

Attitude I

| —
mmm— Conflicts Manoeuvre Tranquilization { e |ecn°r
T

2.8 2.82 2.84 2.86 2.88 § 2.92
Deimos-2 System Events X 105

System

Eclipse : : : i .

| —
o
HK Sun = HK eclipse W= D| Target Img. YSM { elecnor
T T T T T T .
2.8 2.82 2.84 2.86 2.88 29 2.92
Time [s] x 10°
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CONCLUSIONS
I\

. desE() is a powerful toolkit able to:

o support mission analysis and system/subsystem design activities for all
phases of EO Missions

provide accurate quantitative results to support trade-offs and analyses
o provide meaningful results in few minutes
o be easily upgraded, extended and modified

N

. dest() is a specialized, comprehensive and complex collection of tools
o usér friendly, multi-platform and self-standing application
o providing building blocks for very specialized tools
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