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3.0 METHODS, ASSUMPTIONS AND PROCEDURES 
3.1 D    VERSSA S  
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3.1.1 What is CyVerse  
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3.1.2 CyVerse Philosophy and Summary of Capabilities
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Figure 1. CyVerse System
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3.2 VerSSA Overview

Figure 2. Overview of the VerSSA System 

3.2.1 VerSSA General Workflow and Data Upload.
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Figure 5. Overview of spacecraft simulation 

Figure 6. Detailed spacecraft systems simulation

4.1.5.3 OD/AD Tools and Rationale 
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Measurement Processing:
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4.1.6.3 Unscented Kalman Filter Design 
The unscented Kalman filter (UKF) uses the unscented transform (UT) to sequentially estimate the 
state of the spacecraft subject to nonlinear dynamics and measurement models. Initially, the state 
will be defined as the translational state of the vehicle,  but Section 4.3.3 will discuss 
modifications to the UKF to allow estimation of the full 6-DOF state including attitude and 
angular rates. This filter uses an α, β, κ parametrization to determine the sigma point weights for 
the UT, with α = 1, β = 2, κ ≡ 3 – N, where N is the number of elements in the augmented 
state vector



f

Measurement Update:
v

R

is the ith sigma point of the augmented PDF. 

Modifications to Support Attitude Estimation: The UT model is made more complicated when 
attitude states are included in the estimated state vector. To account for them, first redefine the 
estimated state vector as   [     ] , with the attitude and angular rates appended to the 
translational state vector. For the purposes of performing the UT and defining the state error 
covariance, the error state vector will be used instead, defined as   [     ] , 
where  is the vector of error angles between the quaternion q and the current estimated 
quaternion  (pre-update) or  (post-update), while the other sub-vectors are defi ned as      (pre-update) or      (post-update). In pr act ice, the e rror  angle s are appro ximated 
by the error generalized Rodrigues parameters (GRPs), multiplied by a scaling constant. In 
practice, the use of the error state only affects the handling of the attitude vector elements. 
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Test and Validation Data: 

CNN Design: :

CNN Performance Evaluation: 







Test and Validation Data:

CNN Performance Evaluation:



Note: There were no spacecraft’s in the “Maneuver” class 
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4.1.8 Results and Analysis. 
4.1.8.1 ConOps Execution 

4.1.8.2 Spacecraft Behavior Analysis 

0-700 seconds:
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2100 – 2800 seconds:
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Mission Extension 
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Figure 26. Four-color, phase-angle behavior of Intelsat 901 on January 26, 2020 

Figure 27. Four-color, phase-angle behavior of Intelsat 901 on January 30, 2020 

LBT Resolving Imaging Campaign:





As evident from Figure 29, we successfully resolved Intelsat-901 using diffraction limited imager 
at LBT. The advantage of having two 8.4 meter mirrors is that one can be used as finder and the 
other for science. We achieved a spatial resolution ~30 mas (~5 meters at GEO) for Intelsat-901. 
Key components (Solar panels, Bus, Antenna?) can be directly identified.   

During the orbit raising period, we employed LEO20 and RAPTORS to support MEV-1
characterization. More specifically:
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roject Year hantom Echoes

MEV-2



MEV-2

29th - 31st July

28th September to 11th October* 

5th October to 9th October, 
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within ~15 deg from the Moon's center defines the so-called "Cone of Shame." Conversely, active 
radar systems may require a prohibitive amount of power to illuminate space objects at lunar 
distances. A combination of dedicated space-based and ground-based sensors and dedicated set of 
innovative algorithms for data processing capable of being deployed in modern cyberinfrastructures 
will be required for XDA catalog building and maintenance. 
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