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NASA STI Program

Since its founding, NASA has been dedicated
to the advancement of aeronautics and space

science. The NASA scientific and technical
information (STI) program plays a key part in
helping NASA maintain this important role.

The NASA STI program operates under the

auspices of the Agency Chief Information Officer.
It collects, organizes, provides for archiving, and

disseminates NASA’s STI. The NASA STI

program provides access to the NTRS Registered

and its public interface, the NASA Technical

Reports Server, thus providing one of the largest
collections of aeronautical and space science STI
in the world. Results are published in both non-
NASA channels and by NASA in the NASA STI
Report Series, which includes the following report

types:

e TECHNICAL PUBLICATION. Reports of

completed research or a major significant
phase of research that present the results of
NASA Programs and include extensive data

or theoretical analysis. Includes compila-
tions of significant scientific and technical
data and information deemed to be of
continuing reference value. NASA counter-
part of peer-reviewed formal professional
papers but has less stringent limitations on
manuscript length and extent of graphic
presentations.

TECHNICAL MEMORANDUM.
Scientific and technical findings that are
preliminary or of specialized interest,
e.g., quick release reports, working
papers, and bibliographies that contain
minimal annotation. Does not contain
extensive analysis.

CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

NASA/SP-20205001123

... in Profile

CONFERENCE PUBLICATION.

Collected papers from scientific and
technical conferences, symposia, seminars,
or other meetings sponsored or
co-sponsored by NASA.

SPECIAL PUBLICATION. Scientific,
technical, or historical information from
NASA programs, projects, and missions,
often concerned with subjects having
substantial public interest.

TECHNICAL TRANSLATION.
English-language translations of foreign
scientific and technical material pertinent to
NASA'’s mission.

Specialized services also include organizing
and publishing research results, distributing
specialized research announcements and
feeds, providing information desk and personal
search support, and enabling data exchange
services.

For more information about the NASA STI
program, see the following:

Access the NASA STI program home page
at http://www.sti.nasa.gov

E-mail your question to help@sti.nasa.gov

Phone the NASA STI Information Desk at
757-864-9658

Write to:

NASA STI Information Desk
Mail Stop 148

NASA Langley Research Center
Hampton, VA 23681-2199
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Health Manager Real Time Dashboard

Chi Kei Loi | San Jose State University | NIFS Intern

Abstract

Air traffic simulation is the main research area of SMART-NAS Test bed
(SNTB). Being capable of identifying component failures while simulating
current and proposed future air traffic concepts for the Next Generation

Air Transportation System (NextGen) is an important feature currently

missing from SNTB. We propose a new manager named "Health Manager"
to bookkeep each simulation component’s health and monitor related
data by storing them into a persistent database. It will eliminate the need
to use WebSocket to connect to the Testbed Messaging Layer via a back-
end server. In addition to the new manager, we also implemented a real-
time dashboard to display basic information such as the component ID,
memory allocation and last revived time of each simulated component, so
researchers can easily monitor the status of the simulation without prior
technical background. If a component fails, researchers can restart the
failed component or the entire simulation without having to waste time
and money on invalid simulations.
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* Gather all the components' health data into one database.

* Provide a real-time Dashboard to display health data of each
component.

* Detect failure components that are not synchronized.

Software Architecture

User un
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e Execution Manager (EM) : Receives command from Web Portal and
send commands to Component Manager and launch Health Managers.

e Component Manager (CM) : Receives commands from EM to download
and run executable components.

 Health Manager (HM) : Gathers all the components health data and
write them into database.

 Web Portal : Queries all health data in the database and display it in the

SNTB Web Content

== Simulation Information

D 2 Host Key <

Status Free Memory < Total Memory <

Mon, 30 Mar 2020 19:20:36
GMT

traffic-viewer.0.1 localhost 275 MB 698 MB

Mon, 30 Mar 2020 19:21:05

2 traffic-pub.0.1 localhost 198 MB 257 MB o

The health dashboard will display the health data of subscribed
components, including (ID, host key, available memory of the JVM, and last
received time). The liveness of each component will depend on the last
received time. If a component is not synchronized for 30 seconds, the
status icon will turn red with cross mark, otherwise it will turn green with
check mark.

The default order of the table is in ascending order of the last received
time, so the failed component will always be displayed at the top of the
table. However, the user can also choose other sorting items, such as ID,
host key or memory.

1. Enable user to restart a component in health dashboard. It would be
beneficial that user do not need to restart the entire simulation if one

or more components failed.

2. Display graph of free memory and total memory for each component,
so the user can evaluate the performance of a component.

Acknowledgements
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health dashboard.
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Development of a Small Unmanned Aerial System for Automated Facility Inspection

Joseph Adamson!?, David Murakami’

lUniversities Space Research Association, “University of California, Santa Cruz, SNASA Ames Research Center

Abstract

Critical NASA test facilities such as the National Full-Scale
Aeronautics Center (NFAC) are large, aging, and difficult to inspect
manually, requiring resources such as time, skilled personnel,
scaffolding, and safety equipment. This IRAD-funded project
explores the use of unmanned aerial systems for autonomously
performing diagnostic imaging of the NFAC, while a separate
portion uses machine learning to process images and catch defects
such as loose/missing fasteners. Work completed during this project
explores solutions for localizing in a dark GPS- and magnetometer-
denied environment. Firstly, we have a software architecture using
ROS, px4, and the ORB-SLAM?2 algorithm to localize-and-map using
visual techniques to provide positional feedback. Secondly, a
hardware platform (drone and payload) has been developed,
integrating cameras, lights, Pixhawk flight controller, and
processing power into a lightweight system. Deliverables include
demonstration of the system in NASA facilities and a sample dataset
for processing. The project is also the basis for a Master’s project
emphasizing robotics and control; educational outcomes, therefore,
include exploration and implementation of navigation, attitude
estimation, localization, and control schemes in challenging
environments.

Objective & Solution

The NFAC (below) presents an enormous warehouse-like environment,
with wall sections reaching roughly 10 stories tall. The ultimate goal is to
fly a UAV (i.e., a drone) equipped with onboard lighting and high-
resolution camera to capture diagnostic images at evenly spaced grid
points along these walls at a distance of 1 meter. These images are post-
processed via deep learning in a separate leg of the project, explored by
Nick Califano. This type of indoor flying requires control systems to
localize without the use of GPS or magnetometer; one such solution is
Simultaneous Localization and Mapping (SLAM) which can be realized,
among other methods, using computer-vision techniques and a small
onboard computer. Combining SLAM with an off-the-shelf flight
controller forms a powerful and viable solution for these objectives.

https //www nasa. gov/centers/amesllmages/content/109854ma|n AC84-0712-15.1.jpg
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Software Architecture
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Robot Operating System (ROS) is a message-based layer which allows interconnected

drivers and other executable nodes to communicate in a highly modular fashion. ROS was

used for the software running on the onboard PC (Intel NUC) with primary node

information flow connected as above, and functioning as follows:

* Camera drivers: command cameras to take, save, and pass along images

* Orb Slam 2: performs monocular vision-based SLAM to provide position and attitude
data, although scaled to arbitrary units and reference frame (example screenshot below)

* Coordinate converter: rotates and scales SLAM data into real-world axes using inertial
and range sensor data, resulting in gravity-down readings given in meters

* Setpoint Handler: monitors position, snaps photos at gridpoints, and streams setpoints

* MAVROS: communicates with flight controller to exchange location data and setpoint
commands with onboard computer

Left: Example OrbSlam 2 functionality localizing in office
environment utilizing feature detection from the low-res

| camera stream, and outputting 6-dof pose data into the ROS
| 41 ecosystem. [self-taken image]

| The modular nature of ROS allows any localization option
| to be “dropped in” without affecting any other node .

Underbelly View [Self Taken]

Front View [Self Taken]

® 1MP localization and 12MP data collection cameras

@ Mount points for articulated LED array providing onboard lighting (LEDs not pictured)

® Forward-facing range sensor allows adjustments for constant distance to wall

@ Flight controller, ESCs, BLDC motors, radio links, etc (standard drone platform hardware)
® Onboard computer in lightweight 3D-printed case (Intel NUC)

® Driver circuitry for LEDs and ranging sensors. LEDs triggered directly by camera GPIO

@ Downward-facing range sensor used for measurement scaling and height data

(optionally)

Results

A payload prototype was developed, affectionately dubbed the
“Drone on a Stick,” which integrated the full hardware system into
a handheld package. The prototype allowed testing and integration
of the software system

Cart-mounted testing successfully demonstrated the ability to
localize in real-world coordinates using only the camera and
ranging sensors. Work in the NFAC culminated in the collection of
a new dataset for use with the deep learning portion

The prototype was converted and optimized for integration onto a
UAV platform as pictured under Hardware Architecture. Early
flight testing is underway (protocol development, weight
optimization, controller tuning, etc)

Data from lab wall, taken by cart-mount system and post-processed by Nick Califano
via photogrammetry software. Demonstrates 3D camera poses and grid locations

Conclusion & Next Steps

This project served as a strong foundation and the culmination of my
graduate career as a student of robotics and control. It explored a full
range of topics relevant to the implementation of an autonomous
system while helping to demonstrate the viability of UAVs for indoor
inspection: ROS, OpenCV, controls, attitude estimation, and more.
Furthermore, I learned a myriad of professional engineering skills
including industry best practices, effective troubleshooting,
navigating bureaucracy, and professional communication.

Future work for this project includes:

* Continuation of flight testing, including setpoint streaming and
indoor missions following controller tuning

* Fine-tuning of the orb-slam conversion algorithms or exploring
other localization solutions, as well as improving position filtering
within px4

* Flight missions within the NFAC (long-term goal)
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Ultra High Temperature Reacting Plasma Measurement Technigques
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lUniversity Space Research Association, NASA Ames, 2San Jose State University, SNASA Ames Research Center, 4Stanford University

WWW.Nasa.gov




Emulation and Detection of CPS Attacks on Air Traffic

1University Space Research Association, 2University of California, Riverside, 30regon State University,

National Aeronautics and Space Administration

Eric Chin.23, Yu Ting Huang'4, Jack Pope’

4San Jose State University

ABSTRACT

METHODOLOGY

RESULTS

The future Air Traffic Management (ATM) system needs to ensure
privacy, security and safety of operations. This is important for safe
integration of new entrants like Urban Air Mobility (UAM), Unmanned
Aerial Systems (UAS) and Space Launch operations into the ATM
system.

To understand cybersecurity issues and mitigation methods, we
reviewed Unmanned Aircraft Systems (UAS) Service Suppliers (USS)
model in UAS Traffic Management (UTM) system [1]. We also studied
the literature on Public Key Infrastructure (PKI) and its implementation
in the USS Framework for Authentication and Authorization [2]. In
addition, we investigated use of open-source blockchain networks to
ensure the privacy of air traffic communication and flight data [3].

Guided by the goals of this internship to explore and prototype
cybersecurity emulation and mitigation methods, we reviewed Amazon
Web Services (AWS) documentation for prototyping a flight-plan
submission system following the recommendations of the UTM project;
we looked at Amazon Cognito for authentication and authorization and
Amazon's Quantum Ledger Database (QLDB) to provide transparent,
immutable logs of all transactions.

We designed the workflow of the prototype system with AWS services.
The workflow describes and implements the process for secure flight-
plan submission and storage without the need for a centralized
authority.

The lessons learned with the proposed design and the prototype will be
useful for creating the architecture of the ATM system for enabling the
different services running in the cloud for supporting the operations of
new entrants.

OBJECTIVE

Study the UTM architecture and recommendations for designing and
prototyping a cyberattack resilient flight-plan submission and
acceptance system for Urban Air Mobility (UAM).

Design and implement the prototype cyberattack resilient flight-pan
submission and acceptance system using AWS.

www.nasa.gov

The flowchart below illustrates the different steps for ensuring that the flight-plan is submitted by
an authorized person and the flight-plan does not have missing data fields and the data are within
their valid range. It also shows the implementation of a workflow process in which notifications are
sent to the submitter and the group supervisor.

AWS Services

The different functions are implemented in the prototype using services within AWS — Amazon
Cognito, Amazon Quantum Ledger Database (QLDB), Amazon Simple Email Service (SES), and
Amazon Simple Notification Service (SNS).

Authentication and Authorization

It was necessary to understand proper security features such as authentication and authorization.
We researched industry standard frameworks such as OAuth 2.0 and OpenID Connect,
implementations such as PKI, and the role of access tokens such as JSON Web Tokens (JWT),
which are implemented in our prototype.

Sample Flight Plan Transaction

Whenever a flight-plan (FP) is initiated, a unique FP code will get generated and kept in the QLDB.
All transactions related to the FP, including those rejected, will be marked with the assigned FP
code and kept in the QLDB.
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Flowchart of the Flight-Plan Submission
and Acceptance System.

We reviewed NASA publications on the UTM architecture,
requirements and recommendations. We studied PKI and its
implementation for Authentication and Authorization. We investigated
use of blockchain technology for cybersecurity applications. We have
designed the flight-plan submission and acceptance system for
implementation using AWS tools.

SUMMARY AND CONCLUSIONS

What We Learned

During this internship at NASA Ames Research Center, we learned
about the frameworks for authentication and authorization, PKI, UTM
architecture, and how to incorporate AWS to build cyberattack resilient
services.

Conclusion

We are in the process of implementing the prototype flight-plan
submission and acceptance system, that we have designed, using
AWS tools. We will refine the design as we learn from the
implementation. We will document the architecture and the findings in a
report to our mentors.

DISCUSSION

We learned a lot about cybersecurity requirements of the UTM system,
which we have used to design the flight-planning submission and
acceptance system. We learned a lot about AWS services, some of
which we will use for implementing the prototype.

REFERENCES

[1] Rios et al., (2020). “UAS Service Supplier Network Performance,”
NASA/TM-2020-220462.

[2] Rios et al., (2019). “UAS Service Supplier Framework for
Authentication and Authorization,” NASA/TM-2019-220364.

[3] Reisman, R. J. (2019). “Air traffic management blockchain
infrastructure for security, authentication, and privacy,” AIAA SciTech
Forum, San Diego, CA, Jan. 7-11.
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Researching The Effect Of Various Factors in CO2
Absorpti O n Marina Ghobrial| New Jersey Institute of Technology

ABSTRACT

Mentor: Darrell Jan
Life Sciences Research Laboratory

A astronauts travel for months to discover many new explorations. Part of the challenge they face is absorbing the substantial amount of Carbon Dioxide (COZ2) generated on the International

Space Station (ISS). NASA seeks to obtain results on how to absorb the amount of CO2 in cabin air. Large amounts of COZ2 is very harmful to the human body; it can cause fatigue, hyperventilation,
and acidic blood. The Spacecraft Maximum Allowable Concentration (SMAC) is a 3.6 mm Hg on 1000-day missions. To combat this problem, we are experimenting with a liguid amine

(
t

f

Diglycolamine) chemisorbent CO2 removal system. The CO2 removal system has two main parts: contactor and a degasser. The contactor absorbs COZ2 in the liguid amine and the degasser heats
ne system so that the CO2 can be released. We evaluated DGA compatibility in the degasser to decide on the best materials to use in our system. Sugar-water Is a viscosity substitute sorbent for a
ight experiment so we can understand liquid behavior in the system in microgravity. We worked on testing various concentrations, flow rate, and liquid flow with added bromothymol blue pH

Indicator to observe COZ2 absorption in the contactor. My main project is presenting research on the following: best pH indicator to use for CO2 absorption in sugar water, calibrating the Raman
Spectrometer to have a more accurate CO2 concentration measurement in DGA, and how they both impact the chemisorbent project.

OBJECTIVE

0 research Raman Spectroscopy and its correlation to CO2 absorption
Understand how DGA reacts with CO2
Test bromothymol blue as a pH indicator

RESULTS

Raman Spectroscopy has a unique chemical fingerprint that is a result of the vibration of the
molecules. The vibration Is caused by the frequency of light which happens through the laser.
The light Is then scattered through an emitted photon which can be greater or less than the
emitted photon. This Raman scattering gives the molecules it unique spectrum. It informs
about the characteristics, phase, strain, concentration, and contamination in a molecule. In a
compound, a Raman Spectrometer can give detall on all the mole and the concentration of all
the molecules. DGA and CO2 has a two-step mechanism known a zwitterion reaction
mechanism:

CO2 + R2NH % > R2NH+ COO- (1) (formation of the CO2-amine)

R2NH+ COO- + B % > R2NCOO- + BH+ (2) (a base Is used to form carbamate)

In BTB experiment, we saw a color change from green to blue in the bromothymol blue
experiment. We were expecting to see a change from green to yellow.

BACKGROUND

| co2 capture Is a recurring process that takes multiple steps to complete. The two main focus

processes in our project are the contactor and the degasser. In the contactor, gaseous stream of
CO2 and another stream of liquid sugar-water are pumped into the contactor. The result is a
mixture of sugar-water and CO2 solution. In the degasser, the sugar-water solution and CO2
mixture is heat causing the two to separate. We observe the color change by a bromothymol blue
PH indicator. We want to quantify CO2 absorption so we use acid test to measure COZ2 absorption
per mol of CO2 to DGA. Raman Spectroscopy measure CO2 percentages in solution. Using those
two data we plot a graph to have a correlation curve to measure CO2 without needing to take
samples.

Bromothymol Blue (BTB) is a pH indicator that is low in acidity and has a pH range of 6.0-7.6. BTB
IS yellow when acidic, green when neutral, and blue when basic. Sugar-water is an acidic solution
with a pH of 5, but addition of BTB causes the solution to increase pH to neutral (green). Water
becomes more acidic as it absorbs CO2, causing the indicator to turn from green to yellow.

CONCLUSTION/FUTURE WORK
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Raman Spectroscopy Iis one of the most helpful instrument to identify the molecules in a compound
and their concentration a well as other helpful information. DGA and CO2 react through a zwitterion
reaction mechanism. Bromothymol blue experiment showed unexpected results.

Work on identifying if there could have been a reaction between the indicator and sugar water
solution, and research other possible indicators

REFERENCES & ACKNOWLEDGEMENTS
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Data Collection for the Statistical Classification of Biosignature Information
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differentiate unambiguous living/abiogenic systems? Salt — - | o Stromatolitesyo;, ichnofossils, phytoliths, and other
hat d Minerals ineral composition sofopic Irachionation bacterial encrustations would definitely fall into that
What drove us Stardust Elemental ratios Enantiomeric excess'” category. Systems should still be unambiguously
! to work on this Natural asphalt Raman spectroscopy'” Visible and UV spectroscopy* byf\frignesz{aihef:t r:;"enro;'(rl;celﬁshve of life” as validatea
ea l"Y'SfClge Differences of sugars® Infrared spectroscopy’”
S'|'Udy Differences of aminoacids® Later on, different classification algorithms will also have
to tested using the training and validation data collected
5o here.
Motivation Chq"enges
1. There is no universal set of criteria for life yet. Missions 1. A good set of parameters has to represent selected features of life and non-life. It requires data that is representative, easily h h

like Mars 2020 include instruments that could detect accessible and appropriate to meet our objectives. It should be either binary, discrete, interval or continuous. The systems for What are the

various signs[2]. Numerous resources (i.e. the Ladder of which we are collecting data also made us face some challenges - there aren’t a lot of widely studied abiogenic systems. conclusions of

Life Detection) highlight the need to identify measurable 2. There is a huge amount of general data available. We have to find databases that could be easily adapted to work as an =

parameters for the evidence of life[1]. input to a training set and the data has to remain characterized. Il'hls S'I'Udy

2. ldentifying available data for testing whether 3. There are many machine-learning approaches and toolkits for classification, and we will need to compare multiple approaches
combinations of parameters can differentiate living and to validate the idea. . . N
non-living systems will help future research and Even if some of fh? .data was missing for specitic
3. Unraveling the ultimate question - “Are we alone?” If 1] Neves, M. of . (2018]. Arobio 1) Hios./ ot ora ) o] seh . (2018). Asrobiol ). hioss//doiore/ ) Pa'l'c'éneczers Chc'li'c'(_:rfﬁ”zled-d-rhese syf‘tems h?"e fo hbe
of .« . . 1] Neveu, M. et al. (2018). Astrobiology, 18(11). hitps://doi.org/10.1089/ast.2017.1773 6] Schwieterman, E. W. et al. (2018). Astrobiology, 18(6). https://doi.org/10.1089/ast.2017.1729 included as well. at leads us to the conclusion that
the CICISSIFI.el'. ccm. ShOW a mlnlmal. SU".e of measurements [2] Beegle, Luther W. et al. (2014) 2015 IEEE Aerospace Conference, 1-11. [7] Tremblay, L. et al. (2020). Astron. J., 159(3). https://doi.org/10.3847/1538-3881/ab64dd bini d . ial if disti i<h qli
that can dlshngmsh life and non-llfe, it would help solve [3] Summons, R. E. et al. (2011). Astrobiology, 11(2). https://doi.org/10.1089/ast.2010.0506 [8] Glavin, D. P. et al. (2019). Chemical Reviews. https://doi.org/10.1021/acs.chemrev.9b00474 combining ata is C.l'UCICI . It we want fo IStmgUIS alive
this life-lona mvster [4] Evans, A. C et al. (2Q12). Chem. Soc. Rev., 4.11(16). hﬂps://do.i.org/lO.]O39/c2cs35051c [9] Schmitt-Kopplin, P. et al. (2010). PNAS, 107(7). htt;?s://doi.org./lo.]O73/pnas.0?12157107 systems from the qb|ogen|c ones.
g my Y- [5] Foucher, F. (2018). Biosignatures for Astrobiology. https://doi.org/10.1007/978-3-319-96175- [10] Westall, F., & Cavalazzi, B. (2011). Encyclopedia of Geobiology. hitps://doi.org/10.1007/
0_13 978-1-4020-9212-1_36
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Interaction Using Discrete Element Method
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Ice particles configuration determination
Aim: determine particle configuration as result of compromise between fidelity and computation time

ABSTRACT

The analysis presented in this poster is conducted in the framework of the Ocean Worlds Autonomy Testbed

for Exploration Research and Simulation (OceanWATERS) project, currently under development at NASA o e -
Ames Research Center. OceanWATERS aims at designing a simulation environment which allows for =EEL Configuration | Computation fime (hours)
testin . . 1QQ 1 ] 1 1 sphere 2.25

g agtonomy of sc1ent1ﬁc. lander. missions to Fhe icy moons of our solar §ystem Mainly focus.ed on : a .
reproducing the end effector interaction with the inherent terrain, this poster introduces a novel discrete 8 spheres 5
element method (DEM)-based approach to determine forces and torques acting on the lander’s scoop during L2 spheres >

the sample acquisition process. An accurate force feedback from the terrain on the scoop is required by fault-
detection and autonomous decision-making algorithms to identify when the requested torque on the robotic
arm joints exceeds the maximum available torque. DEM models scoop-terrain interaction at particle level,
taking into account elastic forces, friction, plastic deformation and cohesion. The DEM approach allows to
compensate for analytical and experimental models’ deficiencies and inaccuracies, 1. €. provide force and
torque vectors, defined in the moving reference (body) frame attached to the scoop, at each instant of the
sample collection process. The specific OceanWATERS sampling strategy consists of collecting the planet’s

Tetrahedron

time (s)

Results validation through physical testbed

surface material through five consecutive passes with increasing depth, each pass following the same 2 ™' | Pohe

circular-linear-circular trajectory. Simulations are conducted considering a specific scoop design interacting S

with two types of bulk materials, which may characterize the surface of icy planetary bodies: snow and ice. Wi -
Two studies are presented in this work, aimed at reducing DEM computation time, 1. e. finding a g — g

compromise between complexity and size of the terrain particle and computational effort required. DEM
simulation results are validated through an appositely designed, 3D printed and assembled physical testbed,
that accurately reproduces the sample collection scenario.
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arm joints; ® Autonomous decision
making when faults are detected; @
Reliability of control loops; e Efficacy
of chosen sample collection strategies; ®
Evaluation of robotic arm structural

< properties and actuators selection

FUTURE WORK

e Open source DEM software selection, validation, implementation in OceanWATERS. @ OceanWATERS
software validation through JPL physical testbed. @ Investigation of more sample collection strategies. ®
Inclusion of DEM force feedback information during ice drilling: bonded particles

Discrete Element Method: models interactions at a particle
level, taking into account elastic forces, normal and rolling
friction, plastic deformation of the particles and cohesion
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The ability for multiple spacecraft to
orchestrate their behavior as a cohesive unit
will have a profound impact on the future of
space travel. Multiple spacecraft expand the
capability of missions providing a bridge for
communications and multiple points of measurement
or observations for scientific missions. The
Distributed Spacecraft Autonomy (DSA) Project, is
a software payload of the 2021, Starling mission.
DSA will demonstrate how operating multiple
spacecraft can address current limitations such
as round-trip communications, data constraints
due to bandwidth, and delays of mission-critical
opportunities.[1] -

INTRODUCTION

" Create a stable instance of the Core Flight
System (cFS) software environment onboard the
AVNET ZedBoard utilizing the Xilinx Zynqg-7000
All Programmable Software on a Chip for PIL
testing. [2]

= Recreate the cFS environment, utilizing

COSMOS, and CCDD on the ZedBoard documenting
any items that may expedite the set up process.

OBJECTIVES

= Refine and assist in developing an amalgamated
Virtual Machine for use by the team’s u
developers.

Refer

I would like to shar
following their guida
Dr. Daniel Cellucci fc
Grant Foundation, and
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e The DSA Project is currently developing several
software algorithms for multiple spacecraft
operations. These algorithms are implemented in
the cFS olatform.
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* The ZedBoard will allow the DSA Project to
demonstrate functionality similar to the
spacecraftt the payload will fly on for its
maiden voyage.

« The initial processor-in-the-loop (PIL)
environment will allow for debugging the
functionality of the algorithms and provide
realistic performance assisting to isolate
hardware or software related issues.

e PIL simulation will provide the groundwork for
e next phase of testing where four ZedBoards

cessful PIL demonstration will provide the
build of the cFS, COSMOS, and CCDD.
ne parameters will be documented for data
ing, and run-time analysis to profile DSA

'test;.ﬂ* the baseline environment with
ations implemented:

Continuous feedback loops of the DSA
applications:
Pass - REPROCESS

FAIL j

‘ Regression testing for failed updates:
Reprocess build to find break point

“ Determining areas of resources strain, or
resource failure
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Abstract

Detailed geometrical soil analysis is easier to perform with soil samples in hand than with pictures of remote samples. In planetary science, this is a luxury reserved for only a tiny
selection of planetary bodies — so tiny, in fact, that many scientists will never get their hands on them. Being able to examine three-dimensional features and reflective behavior of the soill
granules makes it possible to perform detailed segmentation and study of its constituents. So what if this information could be encoded in the digital data sent from a remote camera? The
Intelligent Robotics Group at NASA Ames has recently developed a solid state 3D-microscope, using only a single camera, capable of presenting its user with high quality 3D models,
selectable synthetic illumination, and demonstrated it with a variety of soil simulants. We have now engineered the necessary electronic circuitry to miniaturize this laptop-powered,
benchtop-sized instrument and made it independent of external control. The result is a cheap, lightweight instrument smaller than 1U, making it ideal for planetary micro-rover missions
and novel sensor network deployment applications. Ongoing work includes the preparation of mounting and packaging to demonstrate both applications.

Introduction

Future planetary surface missions such as micro-rovers
demand unique compact sensor instruments. Our group
has recently developed a single-camera, solid-state, 3D
microscope in both a complete benchtop-sized version and
prototyped a miniaturized optical stack. These designs
have demonstrated the potential for an extremely compact
iInstrument with a high quality data product, but they both
rely on full size personal computers for controlling
acquisition and experimental procedures. The next logical
step was therefore to develop an embedded control system
with power distribution circuitry allowing the instrument to
be completely independent of external wiring.

Design Challenges

The 3D-Microscope has three key elements that need to be
controlled in order to acquire a raw dataset:

1. LED control for illumination

2. LCD control for programmable aperture (see Figure 2)
3. Camera control for image acquisition

To acquire a single image, one will first need to illuminate
the object, then select the size and cross-sectional location
of the aperture, set shutter speed, ISO and other camera
parameters before finally capturing and storing an image.
To acquire a raw dataset, this process is repeated for a
predetermined set of lighting conditions and aperture
positions (perspectives).

Result

The new embedded control system, “uScope”, is designed
to conveniently allow for future firmware development by
being based around an open source development board
running a 64-bit linux kernel on four processor cores. The
development board also provides necessary basic utilities
like RAM, permanent storage and Ethernet as well as
convenient basic utilities such as USB, WiFi and Bluetooth.
This means that only a minimum of code needs to be
written in order to implement new functionality, without
doing unnecessary work that would need to be discarded
when customizing more specialized hardware in the future.

AN

All specialized hardware is currently separated from the
processor and basic utilities by being mounted on an easily
removable expansion card (see Figure 1). The expansion
card, or “shield”, includes the hardware and connectors to
perform the three critical control tasks, as well as power
distribution systems, circuit protection circuitry and battery
management — making it entirely self sustained and
Independent from a host computer. The raw images can be
transferred to a remote data processing unit via wireless
communication.

Figure 1. External hardware for control, power distribution,
and battery management is separated from the processor
and standard utilities on a “shield”.

Conclusion

The Instrument, with all necessary control systems, has
now been demonstrated to fit well within the 1 liter
confinement of the 1U formfactor popularized by CubeSats
(indirectly demonstrated in Figure 4). This means that the
iInstrument is highly feasible for the proposed mission
types: micro-rovers and sensor-networks. Since three of
the processor cores are currently left unused it's also highly
likely that on-board data processing can be implemented
on the current platform. An exciting improvement expected
to be made Iin the future is using a plastic LCD for the
programmable aperture. This technology is immature at the
moment but some manufacturers have started mass
production, and even allow for custom “pixel” shapes —
meaning that round apertures might be a possibility.

Multi-View Stereo

Multi-View Stereo (MVS) is a technique where a set
of images captured from different perspectives are
combined into a 3D model of an object. This is
typically done by using several cameras in a known
geometry, but one unique way to achieve a slight
perspective shift is by utilizing a programmable
aperture. In our microscope we use a transparent
LCD-screen as the aperture, meaning that we need
no moving parts to achieve the effect of changed
perspective (see Figure 2).

Figure 2: Usivg an LCD as programable aperture
allows solid state perspective shift using only a
single camera.

Photometric Stereo

The controlled illumination allowed by the
constellation of LEDs in the nose-cone (see Figure 2)
means we can Iimplement Photometric Stereo.
Photometric Stereo is a complementary technigue to
MVS that calculates 3D features from reflections and
shadows. This means that a 3D surface can be
estimated from a single perspective. Additionally, the
physically accurate reflection-data that is gathered
allow for various enhancements to the processed
dataset — such as synthetic re-illumination (allowing
the user to “hold” a virtual flashlight) which is used for
material segmentation and identification.

Figure 4. A CAD model showing what a fully assembled instrument may look like if used in a remotely placed sensor such
as the PHALANX projectile sensor-network system developed by our group. The nose section (far left) contains the camera
and optics as well as the programmable aperture and light field rig. The middle section contains all the necessary control
hardware to perform tasks that were previously performed by a laptop. Even when including a relatively large, 3 cell, battery
the volume of these two sections combined is far smaller than the liter of a standard 1U compartment.

Figure 3. An example 3D reconstruction of JSC-1
MARS medium-particle soil simulant. Modeled using
both Photometric and Multi-View Stereo.
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Introduction

Thermal Protection Systems (TPS) are needed to protect space
vehicles from heat caused by atmospheric friction when entering a
planet’s atmosphere. Ablators are one form of TPS that dissipates
aerodynamic friction by material ablation and pyrolysis. The extent
and use of these materials rely on their properties to inhibit heat
from transferring to the interior of a vehicle, to endure the stresses
upon takeoff and entry, and allow vehicle payloads to be maximized.
As space exploration continues to increase in both the private and
commercial sectors, TPS for Low Earth Orbit (LEO) will need to be
developed and address the needs of lower manufacturing costs and
shorter lead times while retaining safety and reliability. Additive
manufacturing, commonly referred to as 3D-printing, offers a unique
processing ability to accommodate these factors through iterative
part design and customization, close net-shape manufacturing, and
lower production costs. By creating a printable ablative material,
vehicle TPS parts could be manufactured to defined geometries and
with repetition with the opportunity to optimized part properties by
changing the printing material.

Objective

** Formulate and optimize low-density printing pastes using
phenolic and silicone based resin systems for backshell TPS

+»* Evaluate and characterize ablative paste systems.

s* Determine printing delivery system for additive manufacturing
thermoset paste.

Printing Delivery System

Fused Deposition Modeling (FDM) is one of seven additive manufacturing
technique that works by extruding or direct depositing material layer by
layer until a shape is made via a bottom-up approach. The FDM printing
has advantages of being more cost effective to implement, allowing large
part scalability, and depositing a variety of material in paste form. Printing
thermoset pastes presented a unique problem for delivering a continuous
flow of material when plotting because of the unigue materials and fillers
chosen. To mitigate disruptive flow caused by filler clogging or dead zone
flow, a moineau type extruder was developed.

3
'

Fig 1: Developed paste extruder.
3D rendered and cross-sectioned.

WWW.Nnasa.gov

Fig 2: “Leo”, a modified FDM printer to
demonstrate 3D-printing of ablative paste.

'San Jose State University, 2USRA Intern, 3NASA Ames Material Scientist/Engineer, *Mentor

Anthony Cerezo'-?, Tane Boghozian3-*

Experimental Methods

X/

% Measured quantity of fillers, fibers, printing additives, and select
resin systems are mixed to a printing consistency

Formulate
Paste

Process
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( Dry
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Cure
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* Material is loaded and primed into the extruder
» An object STL file is sliced to desired printing

parameters

K/

** Object Gcode is loaded to the printer and
part is additively manufactured

X/

< After printing, part is allowed to dry and fully J

cure in an oven

X/

%* Cured formulations are characterized to determine density, residual J

mass characteristics, and thermal conductivity

Fig 3: Process of printable ablative materials
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Normalized Density Scale

Normalized Pre-Char Density

Phenolic AM_TPS Silicone AM_TPS
Ablative Materials

Fig 5: LEO ablative material pre-char density
comparisons, normalized to SLA. This is a depiction,
showing the relative density to one another’s value.
The 3D-printed pastes densities are heavier than
SLA heritage material.

Fig 4: Phenolic (bottom) and Silicone (top) based paste
formulations: a) after mixing, b) extruded, ¢) printing and
layering

Fig 6: Molded 3D-printing paste sample formulations a) before
char and b) after charring in a furnace. The SEM image c) is
the morphology of an uncharred silicone paste formulation.

Scale

SLA

Normalized Thermal Conductivity

Normalized Thermal Conductivity of Ablative

Ablative Material Tested at 25°C

Material

Phenolic AM_TPS Silicone AM_TPS

Fig 7. LEO ablative material thermal conductivity
comparisons, normalized to SLA material. This is a
depiction showing relative thermal conductivity to one
another’s value. 3D-printable pastes have slightly
higher thermal conductivity.

Ablative Material Decompositions

X | R

Phenolic AM_TPS
—SLA

200 400 600 800 1000 1200
Temperature °C

Material Post Char Shrinkage

Shrinkage

SLA Silicone_AM_TPS Phenolic AM_TPS
m\Volume mLength mWidth ® Thickness

Fig 8: This graph shows ablative material depicting a) material shrinkage after
charring during a heat treatment and b) the resulting char yield.. The printed
pastes show higher char yields, lower shrinkages, and anisotropic shrinking
behavior compared to SLA.

Layer Adhesion and Interface

Fig 9: Silicone paste formulation after printing. As the layered beads adhere
there is a natural interface that occurs as the part is developed layer by layer.
However these interfaces will artificially induce pores and anisotropy.

Challenges Encountered

** Proper addition of materials for mixture homogeneity.

\/

** Voids induced by interbead porosity and processing air pockets.

\/

*%* Balancing act of printability, low-density, and material integrity.

Learning Opportunities

Characterization techniques using thermogravimetric analysis
(TGA), heat flow meter, scanning electron microscope (SEM),
and more.

Programming and computer aided design (CAD) modeling.
Hands-on processing and fabrication of phenolic impregnated
woven TPS.

Summary

Development of 3D-printable ablative paste offers a unique direction
and option for future TPS materials. This research presents
formulations of pastes that utilize silicone and phenolic based resin
systems to determine feasibility for printing and demonstrating
desired TPS properties The current formulations of these phenolic
based and silicone based pastes show slightly higher thermal
conductivities compared to SLA but demonstrate low and
comparable densities to LEO heritage material. Through various
paste extruders it was determined that the delivery system for
printing these unique porous pastes should FDM printed using a
developed screw force extrusion systems that offers a solution to
volumetrically dispense material pastes with compaction and while
mitigating dead zone clogs. More research and characterization
needs to be conducted for ablative paste optimization and down
selection prior to a Hypersonic Materials Environmental Test.
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Image Sources

All lab photos were taken by me (Anthony Cerezo) using a Nikon digital camera. All instrumentation
images using the SEM were also taken by me (Anthony Cerezo). Graphics and 3D renderings were also
taken by (Anthony Cerezo). All images were completed in N223 and N242 laboratories.

Important:

¢+ The graphs of thermal conductivity and material densities have been normalized to hide
respective values.
+* Values of crucial temperatures and times are not disclosed.

Fig. 2

Cerezo, Anthony, “FDM modified 3D
printer”. Imaged January 9, 2020 in
N223

Fig.1

Cerezo, Anthony “3D rendered and
cross-sectioned Moineau extruder”
Imaged April 1, 2020




Fig.3

Cerezo, Anthony “Compilation of
paste process steps”. Imaged and
combined through the months of
September-December 2019 in N223

Fig.4

Cerezo, Anthony, “Pre and Post Char”.
Imaged January 16, 2020 in N223

Fig.4C

Cerezo, Anthony, “Silicone paste
Morphology”. Imaged September in
N242




Fig.8

Cerezo, Anthony “3D printing layer
interface of silicone paste”. Imaged
July 24, 2019 in N242

Fig.8

Cerezo, Anthony “Indepth look at 3D
printing layer interface of silicone
paste”. Imaged July 24, 2019 in N242
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Abstract

As manned space exploration progresses, the need for
manufacturing capabilities in space becomes more apparent. 3D
printing has been a thoroughly utilized technology in the past
decade and holds much promise. Printing in space requires
customization to address microgravity related issues. Plasma
printing is a new and emerging technology that can drive fluid
through an electromagnetic field and plasma, which is not affected
by the microgravity environment, enabling in-space manufacturing.
Here we will discuss plasma printing capabilities and our efforts to
optimize printing parameters. More specifically, we examined
printing parameters for titanium (IVV) oxide [TiO,] and tin (IV) oxide

[SnO,] for gas sensor development as well as silicon (1V) oxide
[SIO,] as a dielectric for electronics. TiO, and SnO, were printed

on a range of substrates including glass, silicon wafers, and PCB
gas sensor chips. Electrical resistance measurements were made
to determine gas sensing efficacy. The target resistance for gas
sensing capabilities was established at <1 MQ. TiO, and SnO,

were successfully printed on tested substrates, but electrical
resistance values varied considerably and were often >1MQ. SiO,

appeared to successfully deposit on silicon wafers using
hexamethyldisiloxane as a precursor. Experimental parameters
included varying carrier and plasma ignition gas flow rates,
working distance, scanning speed, and electrode voltage. Further
characterization using infrared spectroscopy (FTIR) is needed to
confirm molecular composition of the silicon (IV) oxide test
samples. These experiments have shown the potential for plasma
printing technology to enable in-space manufacturing. Future
experiments to further optimize printing parameters for various
substances will greatly improve efficiency and expand humanity’s
manufacturing capabilities in space.

Introduction

In-space manufacturing capabilities will become vital for
further exploration by NASA as well as the private sector. Plasma
printing technology shows promise for electronics manufacturing in
microgravity environments. Plasma printing utilizes gas flow
through a high voltage electric field to generate plasma. The
material of interest is suspended in an aqueous or ethanol solution,
atomized, and transported via a carrier gas to the printing nozzle.
The plasma can then ionize the material of interest (Ti and Sn
nanoparticles, hexamethyldisiloxane) allowing it to adhere to the
substrate surface. The system’s reliance on pressurized gas flow
and ionization for adherence allows it to overcome microgravity
complications. Despite the promise, each nanoparticle or
substance of interest requires optimization of printing parameters.
Here we experimented with printing parameters for TiO,, SnO,, and

SiO,.

Www.nasa.gov

Methods

Our primary objective was to determine parameters that
would yield consistently effective prints. Helium was used as the
plasma ignition gas and carrier gas in TiO, and SiO, trials. Helium

and argon were used to conduct separate SnO, trails. The

experimental parameters investigated were:
-Carrier gas flow rate
-Plasma ignition gas flow rate
-Electrode voltage
-Scanning rate
-Working distance from the substrate
Electrical resistance values were used to determine the
efficacy of TiO, and SnO,, prints. The target resistance value was

established at <1 MQ.
Success in SiO, printing was gauged visually by the

presence of a discolored pattern on silicon wafer substrates.
Infrared spectroscopy (FTIR) will be used to verify chemical
composition of printed coatings.

Results

Figure 1: TiO, printed on glass microscope slides (top left and
right) and SiO, printed on silicon wafers (bottom left and right).

Resistance (ohms)
Scan
rate
SnO, Conc. |Atomizatio [He flow |Ar flow (mm/
Substrate (g/ml) n (%) (sccm) (sccm) sec)
Out of range
SiO, on Si 0.00431 35.62 510 0.1
Out of range
SiO, on Si 0.00816 42.47 803 0.1
Out of range
SiO, on Si 0.00816 35.62 815 0.1
pcb 0.00835 43.84 803 0.1{10.62-16 MQ
pcb 0.00835 43.84 803 0.1|out of range
1 channel
(kQ),remaining (out
pcb 0.00835 43.84 803 0.1|of range)
1-10 MQ (across all
pcb 0.00816 411 803 0.1{16 channels)
13-40 MQ on a few
pcb 0.00816 411 803 0.1|channels

Figure 2: Electrical resistance measurements for SnO, printed
on SiO, coated silicon wafers and PCB gas sensor chips. All trials
in the figure were conducted at 3mm working distance

Conclusions

The objective of these trials was to attempt to optimize
printing parameters for TiO,, SnO,, and SiO,. Although optimizing

printing parameters for TiO, and SnO,, will require further trials,
SiO, printing yielded consistent thin film coatings. However,

infrared spectroscopy is still required to confirm molecular
composition of the deposited film. Future experimentation could
also gauge the quality of the dielectric coating by measuring
continuity in circuits coated in SiO, using plasma jet printing

methods.
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