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SYSTEM COMPONENTS

1 aresec performance stand-alone unit

TR S U Al e e
typical two-units on a spacecraft

Full performance with 2 15 deg sun angle
Tracks with moon in field of view

High rate capable {up to 8 deg/sec) with reduced
performance to enable track-through-:

1553, RS-422 :ommand and datainterfaces
SpaceWire aptio

S e e g
output at 10 Hz over high speed LVDS

On-orbit upgradeable software, star catalog
algorithms and spatial re-calibration

TEC provides efficient, stable detector temp control,
on-orbit adjustable

Hardware-in-the-loop testing with built-in focal plane
simulator enables end-to~end mission simulations

Integrated LED polarity tester

Two modes of operation: fully autonomous or
directed search

Mass: 3 kg
Power: <8 W

Modular options:

Nominal +28V power, +120V, +5 V optians

*  Three sun shade options (15, 20, 30 deg)
QuorV-Level parts with full EEE parts traceability
Radiation-hardened-by-design CMOS and ASIC
Mest: all relevant MIL-STD and SMC requirements

Complete set of documentation and analysis
available with production

Tracker core

Lower cover

Radiation shiei
Sun shade

Satelite Attitude and Rate Determination
GEO and LEO Sateliite Orbits

* Long Duration/High Reliability Missions

SOFTWARE FEATURES
[+ Star Identification Based on Pyram»d Code
Integrated Systematic Error Correction Allows for High Accuracy
Real-Time On-orbit Calibration Accounts for Degradation
Extended Kalman Filter Produces Attitude and Rate Estimates
Less Sensitive to Spurious Signals and Upsets.

CONFIGURATION OPTIONS

Feature MIST uStar-100M _ uStar-200M _ uStar-200H _uStar-400M
[ oo [ ooy | weo [ s | 2
¢ | 1suce |
Average Power | 3w <SW
Update Rate mm
DPE Mass (kg)
CHU Mass (kg)

(mmgramd

*Contact Warehouse for availability
RADIATION TOLERANCE

Total lonizing Dose (TID) and 300 krad (option)

Single Event Latchup (SEL) > 80 MeV/img/em?

Single Event Upset (SEU) <10° enms/syslmay

Neutrons >2x10” n/em’
SUPPORTING ELECTRONICS
The uSTAR™ features proven, high-performance, radiation hardened supporting
electronics to ensure accurate, reliable functionality in the harsh space environment
PROTON 200K™ RADIATION HARDENED SPACE COMPUTER
The Proton200k ™ space computer is flight-proven, high speed, and radiation
hardened to provide extraordinary performance benefits by removing the barriers
associated with commercial processor offerings. It is a qualified space computer for
onboard data processing with 1.8 GFLOPS @ 200 MHz Floating Point, 900 MFLOPS
@ 200 MHz with SEU mitigated to 1E-4 errors/day

o SPACE MICRO

Specifications Subject to Change Without Notice 4/9/2015
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Machine-Interpretable Parts Description

* Natural Language Processing

see” "()'l 9)) “hear”

rOnce developed and trained,
machine learning algorithms help
> create systems that can automatically
I-respomd to and interpret data

identify
patterns

one document b
related to another -

« Semantic Knowledge

Giving the machine context in
the form of machine-readable
reference . ®

‘ https://www.ontotext.com/knowledgehub/fundamentals/what-is-machine-learning/
E DLR '




Ontology

Ontologies do not only introduce a
sharable and reusable knowledge
representation, but can also add new
knowledge about the domain.

mstances of ob]ects
e = S
e rules
T
Y S :
jpute :
gt |
(] axioms
Ss¢ -
@ CS

https://www.ontotext.com/knowledgehub/fundamentals/what-are-ontologies/

i DLR




Spacecraft Parts Ontology: Usages

* Knowledge graph
* Information retrieval
* In cooperation with university
of Leipzig

« Conversion to part database schema
https://gitlab.com/dIr-dw/ontocode

 Part data exchange interface
« Web API
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Spacecraft Parts Ontology: Implementation

» Data models developed by DLR's in-house MBSE tool
* Virtual Satellite

https://github.com/virtualsatellite

« Existing product description standards

« ECSS-E-ST-60-20C - Star Sensor Terminology and Performances
 Actual product data sheets

* Interview with system engineers and manufacturers

 https://zenodo.org/record/2616374



https://github.com/virtualsatellite
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Spacecraft Parts Ontology: Hierarchical Structure

Spacecraft parts ontologies

Unit of
Measurement




Spacecraft Parts Ontology: Base

* Primary classes
 Part
 Part’s attribute
» Type of attribute

* Primary properties
* “is property of”
* “has property”
* “has unit”

is property of

Subclass of has property

nieeal H
=" RequiredProperty
‘ External classes

%

i DLR




Spacecraft Parts Ontology: Core

« Common attributes for all parts -

* Mass ‘“ ‘ @
- Lifetime @ @

» Operating Temperature
« Width, Height, Length 0

e 26 attributes M o T @




Spacecraft Parts Ontology: Star Tracker ] ® e

® o -
S - B -
 Specific attributes to star trackers
« Attitude accuracy @ ® @ ©
» Field of view Vi © = ”7@
* SNR
* Etc.

» 36 Attributes



Spacecraft Parts Ontology: Different Parts

 Star Tracker
« Magnetometer - Reviewed
« Camera _
- Battery

« Magnetic torque
» Reaction wheel
- Solar panel - Implementing
Earth sensor
* Sun sensor \!
* Thruster
* Antenna

* AOCS - Planned Base
- OBC




Spacecraft Parts Ontology: External

» Supplier detail: company name, address, contact
https://schema.org/Organization.ttl

* Unit of Measurement:
https://github.com/HajoRijgersberg/OM
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Languages & Tools

» Terse RDF Triple language (Turtle) syntax
» Due to its readability and edit-ability.
A syntax for expressing data in the Resource Description Framework (RDF) data model
« Recommended by World Wide Web Consortium (W3C).

le/spacecraft-parts/core#MechanicalVibration
ype owl:Class ;

 Reasoner: Open"et rdfs:subClassOf :SingleValueProperty .

https://github.com/Galigator/openllet

: http://ontology.dlr.de/spacecraft-parts/core#HardwareInterface
:Hardwarelnterface rtype owl:Class ;
rdfs:subClassOf :Interface .

* Visualization:

:/fontology.dlr.de/spacecraft-parts/core#Height
rtype owl:Class ;
rdfs:subClass0f :SpatialDimension .

http://www.visualdataweb.de/webvowl/

i DLR




Lesson Learned

« An ontology creation is an iterative process; it cannot be done in one-shot
« Domain experts (system engineers and manufacturers) must be involved

» There are numerous existing ontologies that can be reused

 https://schema.orqg/

 Units of measure ontology (OM) https://github.com/HajoRijgersberg/OM

» Ontologies should be loosely coupled

» So that each ontology can be updated independently



https://schema.org/Organization.ttl
https://github.com/HajoRijgersberg/OM
https://github.com/HajoRijgersberg/OM

Outlook

» Transfer and exchange knowledge between different phases of system lifecycle

 During the testing phase, a test case can be tracked back to a requirement

« Current ontology is available at:
* https://zenodo.org/record/2616374

« Magnetometer, Star tracker, Camera

» More categories are coming soon
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Thank you for your attention!





