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Challenge #1 Heterogeneous Formats

MSTAR Tracker

APPLICATIONS

((!_‘)\ jenaoptronik

Act Title 1, 1 arcsec performance stand-alone unit

full 237 me

Provides full three-axis <1.0 arcsec performance
i vical two-units on a spacecraft « Satellite Attitude and Rate Determination
Ful performance with 15 deg sun angle « GEO and LEO Satelite Orbits
«  Long Duration/High Reliabilty Missions

Tracks with moonin field of view

High rate capable (up to 8 deg/zec) with reduced SOFTWARE FEATURES

performance to enable track-through-siew

1553, RS-422 command and data interfaces,

Spacewire optian

»  Simultaneous attitude output and full frame image
output at 10 Kz 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 uStar-100M _uStar-200M _uStar-200H _uStar-400M
simulator enables end-ta~end mission simulations

Star Identification Based on Pyramid 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 OPTIO!

aver ful cperational temperatur

Integrated LED polarity tester

Two modes of operation: fully autonomous or
directed search

Mass: 3kg
* Power <BW
Modular options:

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

* Three sun shade options (15, 20, 30 deg)

»  QorV-Level parts with full EEE parts traceability
Radiation-hardened-by-design CMOS and ASIC
Meets all relevant MIL-STD and SMC requirements
Complete set of documentation and analysis Total lonizing Dose (TID) > 100 and 300 krad (option)
available with production Single Event Latchup (SEL) > 80 MeV/mg/cm*®
Single Event Upset (SEU) <107 errors/system-day
Neutrons >2x10" njem’

1-20 aresec

810W

directed
ns of inf

*Contact Warehouse for availability
RADIATION TOLERANCE

optional slectabi, others on demsn

ptional selectabl for ithes or uneegutstea

SUPPORTING ELECTRO

The uSTAR ™ features proven, high-performance, radiation hardened supporting
electronics to ensure accurate, reliable functionality in the harsh space environment

PR 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 Fioating Point, 900 MFLOPS
@ 200 MHz with SEU mitigated to 1E-4 errors/day

o SPACE MICRO

Specifications Subject to Change 4/9/2015

Tully sutanamous made swiching f
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Challenge #2 Standard description

ECSS-E-ST-60-20C —
Star sensor terminology and performance specification

3.2.7.2 correct attitude threshold

rsolute measurement error (AMEq) for which an

3.2.7.3 falze attitude
attitude which is a non correct attibude

3274 false star

ctor not arising from a stellar source but

3275 image output time

time required to output the detector image

Use Scenario

» Not machine-interpretable

» Require manual efforts
transferring data into tools
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Ontology: Sources

Data models developed by DLR's in-house MBSE tool
— https://github.com/virtualsatellite
Existing product description standards

Actual product data sheets

Interview with system engineers and manufacturers

Current version: https://zenodo.org/record/2616374

Ontology for Product Data 7
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Ontology: Hierarchical Structure

Spacecraft parts ontologies
External Ontologies

Magne-
tometer

Star
Tracker )

Supplier )

https://schema.org/Organization.ttl

Unit of

Ontology for Product Data 8



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

Ontology ConTrOn
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Spacecraft Parts Ontology: Base

Primary classes 2 ‘
— Part (Product)
— Part’s attribute

— Type of attribute

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

Ontology for Product Data
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Spacecraft Parts Ontology: Core

Common attributes for all parts

— Mass

— Lifetime
— Operating Temperature
— Width, Height, Length A

26 attributes

10
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Spacecraft Parts Ontology: Star Tracker

* Specific attributes to star trackers
— Attitude accuracy
— Field of view
— SNR
— Etc.

Tracker

e 36 Attributes

Ontology for Product Data
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Product Ontology: Further Usages

 Conversion to database schema
https://gitlab.com/dlr-dw/ontocode

e Part data exchange interface
— Web API

 Knowledge graph

— Information retrieval

Ontology for Product Data 12
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However, as time flies

00
People change, products change

http://spaceflight101.com/meteor-m-2-1

And ontology should evolve

Auto-Improvement of ontology
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#2 AUTO-IMPROVEMENT OF
ONTOLOGY

Auto-Improvement of ontology
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Information Extraction

» Natural Language Processing
» Semantic Knowledge

Auto-Improvement of ontology 15
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Existing Tools: Entities Extraction

The ASTRO APS has been designed with compact
dimensions, low mass, and low power consumption.
Since july 2013, the ASTRO APS has been accumulating
space heritage operating flawlessly on board of Alphasat

* Otto-Eppenstein-StraBe 3 - 07745 Jena Germahy
Phone +49 3641 200-110 * Fax +49 3641 200-222
Email sales@jena-optronik.de - Web www.jena-optronik.com

DBpedia Spotlight

The Jena-Optronik A APS is an Autonomous Star Sensor with the most
advanced r: S Active Pixel Sensor detector technology for
long-term missions on Telecom, Science and Observation satellites.
space for success

The / ) APS has been designed with ¢

dlmenswns low mass, and low power consumptlon

Smce http dbped\a org/resource/American_Society_for_ Radlatlcn Oncology

operating | Sly on board of 7

Picture Alphsz S OPEN CALAIS
Jena-Optronik Gm:

Phone +49

Email sales

Size & Mass

Dimensions 154 m

Mass approx. 2 kg

Auto-Improvement of ontology 16
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ConTrOn Summary

Domain Knowledge Extractor

thruster, radiation, noise, battery, weight,

magnetic_field, reliability, data_rate, payload, > EXt ra Ct kGYWO rd S
telemetry, resolution, thermal, baffle, lifetime, gauss, -
data_rates, propulsion_system, tracker, solar . > B a g-Of-WO rd S
3 > Tf-idf

W Definition, Synonymes,
Hypernymes, ...

data, power, mm, space, receiver, temperature, mass, ]

» Word Disambiguation
» https://wordnet.princeton.edu/
» Part-of-Speech Tagging
» Vector Space Model

Auto-Improvement of ontology 18


https://wordnet.princeton.edu/
https://wordnet.princeton.edu/
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Ontology Enricher

Operating Temperature (P5066)

A battery
; has an attribute temperature at which a device operates.
{b “Operating Use values such as
Temperature”

WIKIDATA "maximum" (Q10578722),
"minimum" (Q10585806).

Ontology Semantic
Knowledge Base

» |f ambiguous (multiple entities matched),
compare to domain knowledge keywords

» At this step, only enriching the existing classes

Auto-Improvement of ontology
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http://wikidata.org/

ConTrOn Summary

Information Extractor

Search text based on ontology classes

-

. > 9 — Name, label, superclass, same as
E
1 '

Extract values that come after keywords

Standard NST

5 Hz
. Extracted property-value pairs
Extraction

Correctly Recall DPrecision F-measure

approach Ideal | Extracted
extracted

ConTrOn 27 256 0.94 0.6 0.73

Volume

Peak Fower
Field of View
Sum Keep Dut
Design Life

Text-based o o o o
263 0.97 0.49 0.65

search

Need human-in-the-loop: Next

Auto-Improvement of ontology 20
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Key-Value Pattern Learner

Users provide feedback via a Ul
(human-in-the-loop)

Key - Add to the ontology

— Enrich by adding new classes

Value - Improve the information extraction E2%

Auto-Improvement of ontology 21



ConTrOn

Pattern Example

-

"‘n;l x75x 112 mm | 154 mm x 154 mm x 237

Imim

Learned patterns
— <number>+" x "+<number>+" x "+<number> + <unit>
— <number> <unit>+" x “+<number> <unit>+" x “+<number> <unit>

Verify the pattern
— Apply to the information extractor
— Choose the pattern that yield the minimum error

Auto-Improvement of ontology
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Summary

e Current satellite parts ontology is available at:

https://zenodo.org/record/2616374

* ConTrOn: automatically improve ontology from data sheets
v Ontology Enrichment
v' Domain Knowledge Extraction
v Ontology-based Information Extraction

 Key-Value Pattern Learner (human-in-the-loop)

Summary & Outlook 23



Summary

Outlook

e Collecting feedbacks from users

— Baseline for evaluation of information extraction

e Extension of ontology

 Knowledge graph from data sheets

Summary & Outlook 24



Thank you for your attention!




