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Highlights of SmallSat in 2017

2017 Highlights

3/16/2018

= The global launch vehicle market demonstrated its ability to meet the
growing demands of the nano/microsatellite segment without the
presence of dedicated small satellite launch vehicles

PSLV C37 launched a record 104 satellites in a single launch in
February, the vast majority of which were nano/microsatellites

= 2017 was also a record setting year for Planet, who acquired Terra
Bella, launched 146 satellites, and finally achieved their goal of
daily revisit coverage

» The QB50 academic constellation officially launched, marking a
major milestone for international cooperation in the nano/
microsatellite arena; in all 36 QB50 satellites were deployed

Image Credits: ISRO, NASA

APPROVED FOR PUBLIC RELEASE. SPACEWORKS ENTERPRISES, INC., COPYRIGHT 2018.
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PSLV-C37 launches a record-
breaking 104 satellites

QB50 satellites after deployment
from the ISS
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Basic Definitions of SmallSats

APPROVED FOR PUBLIC RELEASE. SPACEWORKS ENTERPRISES, INC., COPYRIGHT 2018.

Nano/Microsatellite Definition

Picosatellite Nanosatellite Microsatellite Small/Medium Satellite
(0.1 - 0.99 kg) (1-10 kg) (10 — 100 kg) (100 — 1000 kg)

1000 kg

* Mass difference have significant impact on systems architectures,
parts and materials selection
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SmallSat Supplier Base
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* Suppliers are beginning to organize product lines by spacecraft mass
* Audits need to adapt to this this changing environment
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Thousands of SmallSats expected to be launched in 5 years
2018 Nano/Microsatellite Launch History & Market Forecast (1 - 50 kg)
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SpaceWorks’ estimates up to 2,600 nano/microsatellites
will require launch over the next 5 years

 The supplier base will have to grow in capability and capacity to meet this
demand
e Supplier Quality will have a significant impact on this forecast being realized
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QA Visual Inspection of SmallSat PCB/Subassemblies
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Figure 8 — Residual Solder Flux
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Figure 9 — Resistor Alignment Issue



NASA NEPP CubeSat Parts Data Base

Transistor
4.8% -‘
RF

Military/Space Commercial
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3%
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Industrial
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Overview of decision making tools and concepts

3/16/2018

—

rule-based

decision making

if condition fulfilled then
activity 1

else
activity 2

boolean data
(yes or no)

Examples:

» phone notification

» time- or threshold-
based alarms

» simple pattern
matching

software

algorithms in decision making

fuzzy boundaries

e

statistical
reasoning

simple regression

numerical data
allowing for
curve fitting

Examples:

» extra- and interpolation

» outlier detection

» predictive
maintenance

every programmer

machine
learning

classification tasks

arbitrary data
that needs to be
abstracted into
numbers

Examples:

» identification of
relevant features from
large input datasets

» quality control using
various metrics

data science types

artificial
intelligence

= ingul L*
r{ set of methods f—;

[ complex behaviour |

dynamic adaptation
to novelty

autonomous selection
of best methodology
when presented with
arbitrary data

Examples:

» autonomous vehicles

» human-like
conversational skills

» intelligent digital
assistant

complex systems specialists

QAWG 2018
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Future enhancements to databases — Data mining techniques

Apply Cosine Similarity to EEE Parts Data

Raw Data

T Operating | Operating Output Output Voltage Input Input
Temp Min | Temp Max | Voltage Min Max Voltage Min | Voltage Max

LT1965EDD-3.3#PBF 0.8 mm 3.0mm 3.0mm -40.0Cel

Vectorized Data

Height | Length 'Operating| Operating | Operating Output Output Output Output Input Input Input Input
Part Number 0.8 im o ‘emp Min|Temp Max| Temp Max | Voltage Min | Voltage Min | Voltage Max | Voltage Max | Voltage Voltage Voltage Voltage
. ) -40.0 Cel | 125.0 Cel | 150.0 Cel 3.201V 0.0V 3.399V 32.0V Min4.3V | Min 1.5V [Max 20.0 V|Max 36.0 V

wrasesepo-s nper (ST ) I [ N I I N I AN N N

<
Cosine Similarity = 0.44

* Data from IEEE datasheets360.com via web scrapper
* Not hand entered
* Using Python API (including Beautiful Soup and pandas)

3/16/2018 QAWG 2018 11 jpl.nasa.gov



Cosine Similarity — Parts List Revision

e Similarity matrix for L type parts
(electromagnetics)
— Similarity calculated between parts of the same type
e Coloring indicates strength of similarity:
— 0 -white (no similarity)
— 1 —dark blue (identical)

e Diagonal of 1’s is an artifact of comparing
different revisions of the same part list

3/16/2018 QAWG 2018

1008CS-561XGLC
1008CS-122XGLC
1008CS-751XGL
BKP1005HS121-T
1008LS-183X/LC
1008PS-474KLC

Part Type
Part Number
Part Number
Similarity

1008CS-561XGLC
1008CS-122XGLC
1008CS-751XGLC
BKP1005HS121-T

1008LS-183XLC
1008PS-474KLC
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Cosine Similarity — Parts List Revision

Similarity Matrix - 0.826

PL10408302_A and PL10408302_B

e Similarity matrix for two part lists

e Coloring indicates strength of similarity:
— 0 —white (no similarity)
— 1 —dark blue (identical)

e Diagonal of 1’s is an artifact of comparing
different revisions of the same part list

. Capacitors

. . . . L. Diodes

— One-off in diagonal indicates addition of a
hew part

Connectors

Electromagnetics

e Distinct regions correspond to part types

— Part comparisons are not made between = S—
different part types

Resistors

New Part

e Manage subtle changes in part type,
provide an precise definition of “Heritage”
as way to reduce risk

Transformers
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Many different databases — Opportunity to mine for data

SAS Supplier Data NASA

Approved Suppliers List
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et hgh day, and make global changs visible, socessible
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Read Mora

SPOON

UNLOGK MORE DATA
H Funding Rounds

Number of Funding Rounds 6 Total Funding Amount $183.1M

Organizations Relationships Advanced

16022008
S50 lch vahcle

0802201

Quick Launch

Maney Raised Lead investors

) > Apr 14,3018 ()] series ¢ - pianet 5 $23M IFC Venture Capital Group
Jan 20,2015 ()] series ¢ - Pianet 16 $70M Dsta Collective
Dashboard Submissions My Searches Feedback
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Evolution of Supplier Management — Ranking Using Analytics and
Continuous Feedback to Improve

Supplier Selection
———
1 | . 1 1
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- Quality | Custom Duty/ i Geographical
Cestification Tariff —1 Location
= ae
I Defect Rate
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Pre-Production

Evaluation &
Qualification

- Activities
Supplier
Selection
Supplier l
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= Post-Production
Supplier Activities
Improvement
=
Supplier
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QAWG 2018

Selection Criteria
for Suppliers

Supplier Data
Bases

1
I
Qualitative
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|— SME Audits Machine Learning

Supplier Map
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Conclusion

* SmallSat market will continue to grow at a rapid and accelerating pace for
at least the next 5 years

* The quality of vendors that serve this market is a key critical path item to
both the short term and long term success

* Databases of various information are foundational to supporting NASA
SmallSat missions

* The evolution of modern data science tools can begin to have an important
contribution to understanding and communicating the capabilities of
SmallSat vendors to mission designers, assurance professionals, and
decision makers
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