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Data Lifecycle Model for NASA Missions

From Onboard Computing to Scalable Data Analytics

Emerging Solutions

*  Next-Generation
Flight Computing

*  Onboard Data
Analytics

Observational Platforms
and Flight Computing

Emerging Solutions

* Intelligent Ground
Stations

* Agile Mission
Operations

Ground-based Mission Systems

Scaling Pressures Expose the
Need for an Integrated End-to-End
Data and Computational
Architecture

Emerging Solutions

»  Data-Driven Discovery
from Archives

»  Scalable Computation
and Storage

SN O

Interactive Analytics and Visualization
and Decision Support
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NASA Data Archives

 NASA captures robust scientific archives of data to
support long-term analysis

— Arequirement on every mission

— Adheres to specific standards (both in terms of
structure + description/metadata)

— Mandates public access after a specified time period

* The capture of well-curated, organized data
collections is the basis for enabling data analysis

— This is a critical precursor step to analysis
— The scientific community uses these collections as
the basis for studies (often grant funded)

— The development of robust architectures and systems
to support data management and data analysis
services are emerging

« Evolving from research preservation and stewardship

towards driving analysis from these archives...
7919 719119 3 3



Planetary Science Data Analytics Su?
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How do these
connect?

Science
Data
Processing
LOB
L1
L2
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L4

Science Data
Systems

Science
Data
Management
Archive
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Distribution

Focus on generating, capturing, managing data

Data

Science
Infrastructure
(Data, Algorithms,
Machines)
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Research
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Outreach

Focus on using/analyzing

data
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Expanding to Data-Driven An
to Enable Science

Today

Data Archiving and

Stewardship of Massive Data

JPLq UNC
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On Demand
Algorithms

Scalable
Data
Infrastructures

.

Data Integration

Machine Learning/
Deep Learning

Visualization

On-Demand,
Interactive
Data Analytics

Other Data
Archives &
Models

Future
Data Analytics

Fermulation

o

Research/
Knowledge

Support

Reducing Data Wrangling: “There is a major need for the development of software components...
that link high-level data analysis-specifications with low-level distributed systems architectures.”

Frontiers in the Analysis of Massive Data, National Research Council, 2013.
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Planetary Data System

Purpose: To collect, archive and make accessible
digital data and documentation produced from
NASA’s exploration of the solar system from the

1960s to the present.

Infrastructure: A highly distributed infrastructure
with planetary science data repositories
implemented at major government labs and

academic institutions

« System driven by a well defined planetary science N

ontology
» Approximately 1.7 PB of data

« About 4000 different types of data and 40M data

products
* International adoption

* NASA's de facto archive for all planetary data
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International Collaboration on PDS4 Through IPDA

LADEE MAVEN Osiris-REx ExoMars BepiColombo Mars 2020 Psyche
(NASA) (NASA) (NASA) (ESA/Russia) (ESA/JAXA) (NASA) (NASA)

InSight JUICE Europa Hyabussa-2 Chandrayaan-2 Lucy
(NASA) (ESA) (NASA) (JAXA) (ISRO) NASA

Endorsed by the International Planetary Data Alliance in July 2012 - 7

https://planetarydata.org/documents/steering-committee/ipda-endorsements-recommendations-and-actions
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Planetary Image Archiving

National Aeronautics and Space + NASA en Espafiol m—
Administration + Contact NASA AT
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NEW SEARCH DATA PORTAL HELP
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Mars Trek: The Google Earth of Mars
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' Q €] Curiosity Landing Site
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With a diameter of 154 km and a
central peak 5.5 km tall, Gale Crater
was chosen 33 the landing site for
the Mars Sclence Laboratory
Curiosity rover. The choice was
based on evidence from orbiting
spacecraft that indicate that the
crater may have once contained
Gole Crater with Curiosity large amounts of liquid water. The
g 2e Croded n yebom central peak, Mount Sharp, exhibits
loyered rock deposits rich in
sedimentary minerals including clays, sulfates, and saits that
require water to form,
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Disciplines to Support Scientific Research

JTONAL
Development of an advanced Knowledge ANCER I:
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System to capture, process, share and
support reproducible analysis for
biomarker research

= Genomics, Proteomics, Imaging, etc
data types of data

NASA-NCI partnership, leveraging
informatics and data science technologies
from planetary and Earth science

» Reproducible, Big Data Systems for
exploring the universe

= Software and data science methodology ¥
transfer based on JPL open source *
AP A C H E

technologies and architectures
OoDT .
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Biomarkers Knowledge Environment

* Integrate diverse research into an online data environment
— Integrate data as opposed to re-managing data
— Be agnostic to data formats and structure

* Provide a well architected data management environment that
captures, integrates, and shares data for biomarker research
including:

— Biomarkers

— Biospecimens

— Validation Study Information

— Protocol Information

— Study Results and Data Sets

— Publications

— Artifacts supporting collaboration
— Curated metadata

» Support diverse community needs

9-Jul-19 11
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Two Key Programs

Organizational Structure of the MCL Consortium

P N

" MCL Steering Committee

EDRN Organizational Structure

. NCI Programs
MCL Laboratories EDRN

TMEN

T

Stanford || ucta || ucst || uvm || vanderbit

Discovery

NCATS

TCGA Biomarker Biomarker

eference Developmental
PROSPR R : ,
BCSC AS S a y Laboratories Laboratories
5 - BETRNet
oordination and Da

Management Group
(CDMG)

(Dartmouth) 5 Clinical Validation Centers

Validatior

Informatics Center
(JPL)

NCI CBIT

s

Develop cross-cutting informatics capabilities to support the
capture, curation, management, distribution, and analysis of
diverse data and results

7/9/19 12
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MCL Integrated Data Ecosystem Overview

External Enrichment:
collaborations

Public info

MCL site/ Pubmed
WG tools Publications Protocols MCL Portal Ezgﬁc
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Visualization Data access
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Access to Biomarker Data
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Navigating the Knowledge System:
emantically Linked

Data
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Data Models and Elements

Data generated in the
course of research D —
from any source
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T o Data is linked and available
T —r— for integration of different
analytical methods and tools

to drive data-driven discovery.

Instruments, etc.

Addition of data sets over time — any data type generated

Drives a consistent data architecture across the consortium.
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LabCAS: Capturing and Sharing Science%ata
Analysis Data and Pipelines

K%%‘#ﬁ National Cancer Institute

* A secure, reliable means
to capture, process and
manage data

ﬁ\% Early Detection Research Network DCP Shonst
Biomarkers: The Key to Early Detection

¢ PI ug in analytical !:tergor atalog and Archive Service
methods

/ J 4 (&)
i Iaepeatable data What is LabCAS More Information
] . " EDRN LabCAS is a better way to catalog LabCAS ly ve development. For more
rO Ce S S I n I e I I n e S and archive laboratory data files in a inform pl d ail to: edrn
way that facilitates later retrieval and proteome@jpl.nasa.gov.

dissemination among collaborators

* Integrate visualization

[ cattroscope OSDISubiect x

Instrument Publish Data Sets with
< > Common Data Elements
>
=)
&4 %
" Data Repository Data Science
Imaging Methods
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Data Capture, Processing and Ingestion

Dataset File File Pipeline Dataset
Registration Upload Curation Configuration Publication

Metadata update

Data transfer Workflow launch

Processing Plpellnes

Manager( lJob communlcatlo Mners l
2 _—J

Algorithm retrieval Job executign

[ Archivat File
Crawler(s)
\ D]_:[\ Manager(s) ]]}— [ Analytic m [Virtual Machine(s) ¢

T Pipeline(s)

Data Management

L Staging Area ]

Data discovery

\
N\

T

Data exchang Data retrieval/archival
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Data Pipelines and the Knowledge
Environment

“LabCAS”
‘ Integrated Knowledge |
Instrument Publish Data Sets with BEIFIERS
Common Data Elements S
> N
Biomarkers
Laboratory Da‘%‘ -
Repository Science Data o
Processing Algorithm > ) >
Image Data Pathology Hain Genomics Data
Publish Data Sets with

< > Common Data Elements

> - <
. 1 Protocols
Laboratory Data ‘\@\j
i Reposito " Science Data
I m ag in g P i Processing Algorithm
H
Instrument Publish Data Sets with
< > Common Data Elements Other Revsources
g <
Laboratory Data @ NCIémaging caBio = Other
Reposito " Science Data ata esources
Path0|ogy postrory Processing Algorithm

Scalable computing, common data elements, computational methods




) Scalable architecture for ML on AWS @/

« Uses Docker Swarm, Apache OODT workflows (from
NASA/JPL), RabbitMQ messaging
« (Can scale/auto-scale to any number of EC2 nodes




m) Benchmarking on AWS @/

« Executing genomics workflow on single EC2 server
(r5.2xlarge, 8 CPUs, 64 GB memory)

* Measuring time to execute 100 workflows vs # of containers,
# of processes/container

« Can scale horizontally until processes start to compete for
resources

100 RNA-Seq Workflows

——1 thread vs num containers

—s—1 container vs num threads

\ 2 threads vs num containers

Elapsed Time (minutes)




) Lung Adenocarcinoma Gene Expressions

In collaboration with Dr. Chris Amos, Yafang Lee
Dartmouth)

10 TB of data for full study comparing gene expression
profiles between smoking and non-smoking patients.
Integrated Dartmouth analysis tools with 99% accuracy
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Lead Pl:  Chris Amos ERR164473 o Rt - ab i . ¥
Organs:  Lung | vl
Other Metadata - ¥l e
- >
Other Metadata ExtractedMolecule polyA RNA
- - o & .
CollaborativeGroup Lung and Aeroedigestive InstrumentModel llumina HiSeq 2000
LibrarySelection ONA
Consortium MCL -
Librarysource transeriptomic UCSC Ganome Browser o muman Fed 2000 [GRCAII NGt Assendly
DataCustodian Yafang Li
Librarystrategy ANA-Seq -
Discipline RANA Sequencing SampleType sAA
Institution Dertmouth - Goordination and Data Managern SourceName Lung cancer cel T [ ——— S R—— W
Species . 4 by -t ‘e - ——— -
ProtocolName Differential gene expression in lung adenocarc - =2 1 .
QAstate Private Files L L L o—eo -
Name vpe Description Thumbnail et = dedddinil s e o—eo -
; ; : ERR164473.57 Binary Data s -
Datasets in this Collection i l s W —— s s s v
ERR164 Binary Data 278
ERR164473
ERR164473.sra.motmet Binary Data EET I
ERR164474 ERR164473_1 fastq FASTQ Nucleotide Sequence 8. r O
ERR164475 ERR164473.1 Binary Deta 278
ERR164473_1 fastq.met.met Binary Data 350
ERR164476
ERR164473 2 fastq FASTQ Nucleotide Sequence s
ERR164477
ERR164473 2 fastq met Binary Data 278
ERR164478 2 fastq.met.met Binary Data 350
ERR164479 gene.counts Binary Data 1
gene.counta.mat Binary Data 278 s 5 s -
ERR164480 —_— — C— - —_ z
gene.counts.met.met Binary Data 350 r




m) Smart-3SEQ @/

* In collaboration with Robert West, Joseph Foley, Sujen Vennam @
Stanford School of Medicine

« Smart-3SEQ: new method for quantifying gene expressions in small

RNA samples including single cells (see:
https://github.com/jwfoley/3SEQtools)

« Smart-3SEQ pipeline is composed of 3 steps:
— FastQ generation and alteration (w/ lllumina bcl2fastq)

— Gene alignment (w/ Samtools, STAR, UMI-dedup)

— Read counting (w/ Bioconductors

FastQ generation P Gene alignment P Read counting



m) DNA-Sequencing @/

* In collaboration with Olivier Harismendy at UCSD
— See https://github.com/bcbio, http://bcbio.io

 Using bcbio (“Bue Collar Bioinformatics”): Python framework and
community tools for analysis of biological data (variant calling, RNA-
SEQ and small RNA pipelines)

» Experimented with running sample pipelines (big and small)
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Multi-dimensional Integrated Data

Collaboration with Sandy Borowsky/UC Davis and Anirban Maitra/
MD Anderson

*Developed a pathology archive for MCL

Dr. Maitra goal: multi-dimensional data — IPMN ppts
Collaboration with Radka Stoyanova and Alan Pollack

‘MAST (Mapped Active Surveillance Trial). Longitudinal
multivariate data (mpMRI, pathology and gene expression) is
obtained from patients on Active Surveillance for prostate cancer.
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Support for Image Archiving

Collections MD Anderson Pancreas IPMN images ' IPMN P

IPMN P1-06_HO03

Identifier: MD_Anderson_Pancreas_IPMN_imag
Name: |IPMN P1-06_HO03

Other Metadata

Diagnosis
Gender
Species
Files

Name
IMPN P1-06_HO03.tif
IPMN P1-06_H03_[50545,12210].im3
IPMN P1-06_H03_[50545,12210]_component_datgtif
IPMN P1-06_HO03_[50545,12210] image_with_offl ag#tit

IPMN P1-06_H03_[50545,12210]_image_with_cell_seg_|

©

a il

Collections ' MD Anderson Pancreas IPMN images ' IPMN P1-06_H03 ' IPMN P1-06_HO03_[50545,12210]_Iimage_with_tissue_seg.tif

IPMN P1-06_HO03_[50545,12210]_image_with_tissue_seg.tif

MD_ a as_IPMN_images. IPMN_P1-06_HO3.IPMN P1-06_HO03_[50545,12210]_image_with_tissue_seg.tif

Name:
Size:
Content type:

£ Download this file
Other Metadata

FlleType

IPMN P1-06_H03_[50545,12210]_Image_with_tissue_seg,if
22m8
imagentift




NH)

Framework to plug-in many open-source

viewers (client and server side)
— caMicroscope
— OHIF DICOM Viewer
— 3D Slicer
Capture additional metadata
User specified organization of data

Explore VR and other approaches for
multii-dimensional imaging

 Viewsr

Integrate different analytical tools

3D rendered
isosurfaces:
section of lung
tissue




NIH) Amazon Workspaces e

— Remote desktops running on the AWS Cloud

— Support analysis tools that must be installed on client machines, to
access local data:

* QuPath for use by Sandy Borowsky’s group (UC Davis)
3D Slicer for use by Radka Stoyanava’s group (Univ. Of Miami)

> X




AWS Workspaces: QuPath

avis Pathology data

= QuPath (0.1.2) - EX10-0383

Computer. File

%

Edit

Tools View Objects TMA Measure

Automate Analyze Classify  Extensions

Ballellclie]l (e &[0 1x [a] [ = e EEEE= (e |4

[rofec]| image | Annotations | Hierarchy | workton

Create project | Open project

Image list

QuPath (0.1.2) - OXBA010-13
o File Edit Tools View Objects TMA Measure Automate Analyze Classify Extensions Help b

¥ Mol e &/ [@] 030« (@) (B[R] [E

—
EDRIedrm_us
Ieinep

Project | Image | Annotations | Hierarchy | Workfiow
Create project | Open project

@ image st

G | S e s UCSD DNA-Seq uencing data

2l Firef



AWS Workspaces: 3dSlicer

Moffitt lung
data

3D Slicer 4.8.1

Fle Edt View Help

& [Modules: - £ picom = QO

!l; 30Slicer

» Help & Acknowledgement

~ Servers

Start Listener

Start Listener when Slicer Starts

~ DICOM Database and Networking

( Show DICOM Browser |

SV e R -26.689mm [SIG A 30.540mm

~ Recent DICOM Activty
1 series added to database in the past hour
Today: T2 FSE AX for MAST_041 BN

[ Refresh 1
~ Data Probe

Show Zoomed Slice

® Applicati

D Slicer 4.8.1

Flo Edt Viw Holp
Computer & Ea [Moduies: . [Eoicon 3 -
= ED
[o—

o osticer

R, @ e

> Hep &

~ senvers

Start Ustener

Start Listenar when Sicer starts

~ DiCoM Database and Networking

Show DICOM Browser

= Recent DIcoM Activy

3 series addad to database in the past hour

Tod,
S TorLas5a~Ack

( Refresh

~ Data Probe

Show Zoomed Slice

Univ. of Miami prostate data



@ 2Pl nc.
Feature classification in images

Pulmonary Nodule _
Sub-solid

Nodule

Part-solid Ground
Glass
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Crowd Sourcing Image Analysis

Lung cancer ABOUT CLASSIFY TALK COLLEC

Choose type of nodule

® Semi-solid

® No nodule

® Skip/Unclear

Adaptation of Zoonverse ——
Reduce False Positives from
traditional ML

Enable radiologists seed Show the prolect tora
unsupervised clusters

Drive towards ML pipelines
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What' s Emerged: A Virtual, National Integration
Biomarkers Knowledge System

PR
R
Canary KEGG
Foundation /
Genol.ogics D —
_| eSS .
Protocol Swiss-Prot
Database
L= ol —

EDRN Public Portal
- Biomarkers

- Science Data

- Reference Sets

- EDRN Resources

- S.0.P Documents

Publications

(PubMed, Olhers)
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What's in Place Today

A national, biomarker knowledge system serving multiple
programs

A biomarker data infrastructure consisting of ~1000
biomarkers, ~200 protocols, 1500 publications, 100 TB data

Tools for laboratories to support the processing, capture,
curation and sharing of data before publications

Pilot projects in imaging, scalable workflows, data
integration, etc

Support for data-driven approaches for data discovery and
analysis

Common portals to access the knowledge environment
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NIH Data Science Strategic Plan®

Modernized Data Data Management, Workforce Stewardship and

*Optimize data *Modernize data *Support useful, *Enhance the NIH *Develop policies
storage and repository generalizable, and data-science for a FAIR data
security ecosystem accessible tools workforce ecosystem

Connect NIH data *Support storage and workflows Expand the Enhance
systems and sharing of *Broaden utility of national research stewardship

individual datasets and access to workforce
eBetter integrate specialized tools *Engage a broader

clinical and *Improve discovery community

observational data and cataloging

into biomedical resources

data science

Figure 2. NIH Strategic Plan for Data Science: Overview of Goals and Objectives

* By 2025, the total amount of genomics data alone is expected to equal
or exceed totals from the three other major producers of large amounts of
data: astronomy, YouTube, and Twitter.
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Future Directions

Systematize the capture of data end-
to-end into a knowledge environment

Integrate data-driven techniques and
tools such as machine learning as part
of the end-to-end knowledge
environment

Enable collaborative analysis that
scales

Unify consortium enterprises and data

Enable science through an explicit and
well architected data science strategy
and platform

NATIONAL CANCER INSTITUTE
m Cancer Biomarker Data Commons

Home About News Contribute

CONSORTIUM
 ci.

™ eorRN
™ mcL
ORGAN

™ Bladder

eeeeee
enomic

omMmM v orCcow
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JPL Informatics Center
Data Science Team

Data Architecture

Portal

System Engineering

Project Management

Data Coordination

& JBLln e,

Dan Crichton

eLuca Cinquini NASA/JIPL
eAsitang Mishra NASA/JPL

Sean Kelly David Liu
NASA/JPL

_ (]
Heather Kincaid

NASA/JPL

NASA/3JPL
Principal Investigator

eAlphan Altinok

, . [l | NASA JPL
MaChlne Learnlng 3'_..‘\‘ .Santiago Lombeyda
Visualization PR | caltech

Ashish Mahabal

Caltech

Bioinformatics
Biomarker

Curation/CDES kristen Anton Maureen Colbert
University of North Carolina

eSusan Neely NAS
_ X JPL
System Admin +Rojeh Yaghoobi
Cloud Computing NASA/JPL

Paul zZimdars
NASA/JPL
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