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Spectro-Photometer for the History of the universe, Epoch of Reionization, and ices Explorer

Jp

SPHEREX is a NASA Medium
Explorer Mission, selected for
implementation in January 2019, and
assigned a Class C risk posture

Now in the flight implementation
phase of the project, SPHEREXx will
launch in February 2025

This will'be.the first near-infrared all-
sky spectral survey, delivering a
powerful archive-serving the broad

SPHEREX addresses NASA’s 3 core astrophysics objectives

ORIGIN OF THE UNIVERSE

NASA OBJECTIVE
Probe the origin and destiny of the Universe
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Explore the origin and evolution of galaxies
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SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

SPHEREX At-a-Glance

OWS Port Cover

MWIR FPA Housing

Dichroic Beam Splitter

Jet Propulsion Laboratory (hidden)

NBIY California Institute of Technology Telescope

NG Payload elements including: «—— SWIR FPA Housing
« Photon shield

N « V-Groove radiator Optical Bench

\\ + Bipods
+ Focal plane assembly

SWIR FPA Housing
Closeout Panels

Optical Bench
Shear Panel, MX

Purge Port

Primary Mirror Tertiary Mirror

Caltech

Instrument elements including:
Detectors — from Teledyne

LVFs - from Viavi

Instrument electronics — with UCB
Instrument test chamber - from KASI
Telescope and cover - from Ball

Focal Plane Assembly

Spacecraft bus
Jet Propulsion Laboratory .
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SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

Innovative Optical Design Enables Science

* 20 cm telescope achieVes large Al) O e 0C5 i
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SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

SPHEREX Partner Responsibilities

Jet Propulsion Laboratory
California Institute of Technology
/4

Project Management ‘
Systems Engineering

Mission Assurance g‘;:‘:::’::;t 1&T
Payload Thermal and Mechanical ry
Mission System and Operations
Science Team
Instr. Mission Assurance Vi Science Team

/
Payload Management ‘ CENTER FOR A bl'}iIOE
Tel |
e escope THE UNIVERSITY

HARVARD & SMITHSONIAN OF ARIZONA UNIVERSITY

=
NATIONAL LABORATORY

Psu

JOHNS HOPKINS

Telescope Cover
CaItECh . UCH Argonne &

Science Team NIy E RSy Arizona State
Instrument el
_ Instrument Test RIT Rochester Institute
Science Data Chamber of Technology
Processing Ices Science
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SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

JP

= T-24 hours

» Launch ascent

= S/C in passive launch state
| = Separation

| = De-tumble

= S/C Auto Init

= S/C power & thermally safe
= Acq of initial comms

Jet Propulsion Laboratory
California Institute of Technology

= S/C checkout & calibration

» Telescope dust cover
deployment

= Cooldown

= Decontamination

= |nstrument checkout &
calibration

= Science checkout

4 full-sky surveys

Uplink & execution of survey
sequences with large & small
slews, survey observations,
comm passes, momentum
unloading & avoidance slews
Data downlink & distribution
Pipeline processing

www.incose.org/symp2023

* Decommissioning
review

» Observatory
passivation & config
for deorbit < 25
years

» Ground Ops
decommissioning




SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

Survey Operations

—> Orbit Survey Entry Large & Small Slews

— Large slews Point payload to next survey target group

— — Small slews « large slews (~30° on average, up to 120s) to keep next
Ka- & S-band Comm Pass e, science target close to zenith

 small slews (~12’, up to 12s) to shift the key field onto
different spectral channels on the detectors

— Avoidance slews
- Momentum unloading
Survey observations _—
¥ Avoidance Slews
Satisfy avoidance constraints
for Sun, Earth & Moon during
all survey operations

~98 minute Orbit: R
Charging the batteries

Momentum.Unloading
Spaced-around the"orbit
during.large slewspayvoidance
slews & comm passes

| ~102 spectral channels

Survey after Large & Small Slews
(survey observations are interrupted for comm
passes, avoidance slews & momentum unloading)

Comm Pass Tracking Slews
Point antennas at NSN DTE Ground Station
while satisfying avoidance constraints

(~2 minutes for Ka-band, ~6 minutes for S-band)

Jp Jet Propulsion Laboratory WWW.inCOSG.Org/Sym p2023
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SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

Project Systems Engineering Scope

«  Project Systems Engineering focuses on the * The ten Systems Engineering functions
highest priority technical aspects of the project define the project-wide scope of this
throughout the development and operations discipline across the project lifecycle:

lifecycle, maximizing end-to-end science
performance and understanding the sensitivity
to key elements of the design.

— Architecting
— Requirements Definition
— Interface Management

, _ — Analysis and Characterization of the Design
« The Project Systems Engineer serves as the _ Technical Resources and Science

Engineering Technical Authority with an Performance Management

independent reporting path to the Laboratory — Maintenance/Control of the Technical
Chief Engineer Baseline

— Verification and Validation
— Risk Management
— Lead Systems Engineering Team

— Conduct peer reviews across the project and
lifecycle

Jp Jet Propulsion Laboratory www.incose.ol’g/Sym p2023

California Institute of Technology



SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

Systems Engineering Occurs at all Project Levels

+ Develop & flow down project requirements
+ Lead project level system trades

* Maintain the technical baseline

+ Manage the risk management process

+ Develop the system level fault tree

* Manage project level technical resources
+ Lead the launch approval process

+ Maintain the overall performance model

+ Lead the EEIS development

+ Coordinate project contamination control

+ Lead project software systems engineering
+ Lead materials and processes engineering

+ Develop the Flight-Ground ICD effort

« Manage project inputs to the LV ICD

+ Lead project verification & validation

+ Develop the project Incompressible Test List

Develop the project Test As You Fly Exceptions
Prepares project waivers; JPL FPP & DP
compliance assessments

Leads IM/CM for the project

Serves as the ley technical interface to the
science team

+ Develop & flow down Payload System
Requirements

* Perform Payload System level trades

* Manage Payload level technical
resources

+ Perform Payload level V&V

* Provide inputs to the Payload/Bus ICD

« Support insight/oversight of the Ball spacecraft
development

+ Support interface definition and documentation

* Develop & flow down Spacecraft Requirements

* Develop & flow down MD/NAV
Requirements
+ Develop & flow down MOS/GDS

Bus System Engineering (Ball)

Requirements
Perform Mission System-level trades

+ Perform Bus System level trades

+ Manage Bus System level technical resources
+ Perform Bus System level V&V

* Provide inputs to the Payload/Bus ICD

Manage Mission System Resources
Perform Mission System V&V
Provide inputs to the Flight Ground ICD

'p Jet Propulsion Laboratory
California Institute of Technology

www.incose.org/symp2023

The SPHEREX
Project Systems
Engineering Team
(PSET) consists of
technical subject
matter experts from
each element of the
project, plus domain
specialists to
implement SE
functions



SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

 Phase B comprised of formal

The SPHEREX project requirements set the requirements elaboration and
- : - flow down
foundation for detailed design. | |
— While capturing each
— requirement, validity,
& Ratione. | ¥ A Dt ] conditional applicability,
| e e e verifiability, robustness, and
Level 2 Reviews & ¥
Hterations |Comp1ete Additional DOORSAttributesl / Completeness CheCkS We re_
1 |LinktoParents,CompletenessChecksl-1 performed to ensure a quallty
[Goodness Checks, Veritiability Checks] “;?V?SEH requirement from the onset.
— “I’;gzgi‘jjf—l — Full traceability is established
T ,Prelimin, .
Levels™  [feaummen= Project [ S from Level 1 to Level 4 in the
Y o Organize _¢ Intel:nal _?
Requigrements R];?t‘?r _?’ Review h;:g%c;rff formal data base, and
eqts into| cor s Initial Release H H
— = | Rewew _¢W 3x : SPHEREXx has maintained a
|LinktoParents,CompletenessChecksI_‘ C‘I,{;Efeﬁts Bheriac CU rrent rGQUirement baseline
IVeﬁfiabilityChecks,GoodnessChed<5| Team{x{teviews bl foég:?;fe With th e Project Change
— ) Control Board from Preliminary
_—'| Identify and Resolve TBXs |"/ DeSign ReVieW Until tOday.

Jet Propulsion Laboratory i
Jp California Institute of Technology WWW.Incose.org/symp2023 10



SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

« The PSET manages all technical resources

[ Expected Performance (CBE) ]“ « Technical margins above allocated requirement

| Growth Contingeney (set by best practices) levels are held at the project level and adjudicated
Maximum Expected Value (MEV) by Project Management for use in reducing
technical risk

« The Principal Investigator holds science margin
IProject Level 2 Margin

A 4

T Level 3 Margin
¥ Controlled by L3 System

Level 3 Allocation (set by PSE)

Engineering Margin

Controlled by PM (managed by PSE) beyond the project allocated requirements

| Level 2 Requirement Hs + SPHEREx formalizes this process with the Project
Izt:re]:rcoe”:jagsigl Change Control Board, where requests to release

project-held margin require approval of an
Engineering Change Request

« Sixteen technical resources are tracked on a
monthly cadence, and represent the key and driving
requirements that need to be met in order to meet
scientific goals

Jp e D e 10T Y www.incose.org/symp2023 11
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Increasing Capability

Science Margin

Science Requirement (Threshold) -




SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

Performance Models and Simulation

« SPHEREXx maintains several key project models and simulations used in support of trade
studies, performance assessments, requirements verification and system validation

— End-to-end science performance model: helped establish the science quantification, error budget,
and traceability

— Observation strategy/survey model: defines a priori how to execute the survey and achieve voxel
completeness without violating avoidance constraints

— Data pipeline model: enables a development framework for every step of the complex data
processing, and allows parallel development of L1-3 and L4 modules

— Sky Simulator: used to close the gap between what is possible for the instrument to produce on the
ground.and what it will produce in space—serves as the input to validate the pipeline

« _Model-based.methods are.also put to use in several key areas to reduce ‘person power’
required, for example:
— Requirement and Verification Aetivity-burn-downs
— Swimlane Visualization: connecting the burn-downs to the master schedule

Jp e D e 10T Y www.incose.org/symp2023 12

California Institute of Technology



SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

The Verification & Validation Lifecycle

Phase A Phase B Phase C Phase D
(ICONCEP’Z) (PRELIM. DF-SIGN)I (DESIGN & BUILD) | (ATLO~ Assembly. Test, Launch Ops)
- ole e N
o .r SRR/MDR PDR CDR SIR EEIS/ORT RR FRR
rojec v
Milestones ' . ' ' '
" V&V Requirements and Plan Generation d
Systems Engineering | 1 System Integration & Verification _ | System Validation
Process 1 i - -
i P — — Science Models el -—--» Mission Tests
Requirements - |
! , Model ‘ System Validation
\. ’ Iterate & Refine . Validation /Jse Cases
L2 Project IR I SR i
Requirements 7 Project Model [ memepeeem e em e eeeeeee 3 Project Tests
\‘ ) : Integration &
‘ , Toam Taining  System Verification
L3 System & I/F i Testbeds, Systems | ,|  L3System
Requirements | Models Testbed Tests
—T 1 Certification System-level
i :Brassb:;ards Integration &
y L4 Subsystem L | Subsystem | <> Subsystem | Verification
! I/F Requirements | models Tests
\ Y ' 1 / Integrate
‘ﬂ“ Lower level Assembly
Requirements VDL EMS, — i85 1< Tests
: /' - Integrate
Implementation
p Jet Propulsion Laboratory 3 e
J California Institute of Technology www.lncose.org/symp2023

14



SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

Innovative V&V Toolset

_ 1. VA and reqt burndowns
* = aUtOmated L — e  — I : : 5| I
. SPHERETH]e@mmmBumdovml . . . . - |
Q’HERExVomrmunnAcnvaurMmun ' \ .
VA status Reqt status 5 < £ £ =
SEs focus on closing VAs by _*_, automatically pulled from: 0 o G Bl
manually linking and reviewing a. linked VA status and § g =
. . |_
closure packages and flowing b. children reqt closure status 3 ; 20 g 2 2l
VA to become “Approved” R EE “ 3
] 1IHE . £ I
u | g % &
Children reqts . E £ |
8
a o
VA completion dates _ - of
associated with IMS milestones | R‘:qt c:mﬁletlclvln ::tes- —
and inPUt into DNG (With a Ia:koer:%faclgspl:eed atréosrna.nd - ° Oct21 2 Ja:m Ayzz Jula o:lm Ji :m Ap:es Julzs OcllZS Jan24 Apr24 Ju’24 O ‘m Ji J‘zs
appropriate off-sets, as needed) - 1IN« u - o
AaE thi b. children reqt closures dates _ . )
ana updated montnty 2. List of late and upcoming VAs and reqts

IMS

Jet Propulsion Laboratory i A ———
Jp California Institute of Technology www.incose.org/symp2023 15



SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

Swimlane Visualization

Phase C

Phase D

Phase

Milestones

OBS AI&T

PNl Payload AT&T | Launch Ops
Payload Deliveries

Spacecraft Environmental Tests
Payload Environmental Tests

Observatory Environmental Tests

ICE FSW

Ball FSW Build 1 Ball FSW Build 2 Ball FSW Build 3 Ball FSW Build 4

Spacecraft FSW

SWTB SWTB Available for Network Communice tion Test SWTB Available for EEIST/MST Dev (8hr/wk) SWTB Available for MS V&V (full-time)

Survey Ops pn ;|

Category

EEISTs

MSTs

ORTs & Launch Dress ORT Devel ﬁnent
GDS

SPS

SSDC VAs SSDC Programmatics Ingest Test |

Payload to SSDC Rec/Dels

SSDC Pipeline

Sky Simulator

L4 Science Analysis. Phase C/D Pre-Launch L4 Science Analysis Pipeline Phase C/D L4 Science Analysis Pipeline

1 1 1 1 1 1 1 1 1 1 1
May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
2022 2023 2024 2025

1 1 1 1 1 1 1 1 1 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

™~

Jp RetIBRORISIO NSRRI tory www.incosé.org/symp2023 16
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SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

Integrated Risk/Lien/Change Process

estimate
impact (EV)
mitigate ‘
research
watch

INCORPORATE INTO
OWNER COST BASELINE

. accept /I
rate develop monetize realize approve

(1LxC) action plan (ROM) retire s
50 (. 50 r PM/PBM/LINE

Pf°m°\te\ RISK BOARD OWNER OWNER RISK BOARD LIEN

RISK PROCESS act Zl}
ﬂ =

promote T \‘ approve
promote
evaluate 5&1 @

e RISK BOARD ENGINEERING CCB

CHANGE
RISK BOARD REQUEST INCORPORATE INTO
OPPORTUNITY socialize change TECHNICAL BASELINE
5Q
PSET

O
o
=
o
m
X
=

g
S <
o o
=
e =
> T
® 7]

o

ENGINEERING TEAM PROBLEM

IMPLEMENT CHANGES IN PARALLEL

THINK..GENERATE ISSUES SUPPORT THE RISK PROCESS WITH AD HOC TASKS WITH FORMAL LIEN PROCESS

Jp Jet Propulsion Laboratory www.incose.org/symp2023

California Institute of Technology




SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

Implementation Timeline (to date)

Rapid turnaround
from Step Il proposal
to this Step |

2018

First Proposal

2016

2047

Selected.for Step |,
Not selected.for
implementation

Selected for
implementation
Feb 2019

Jet Propulsion Laboratory

California Institute of Technology W\MN.lncose.org/symp2023

JP

Fully Remote starting
Mar 2020,
PDR in Oct

Covid impact tracking
through CDR in Jan

2020 2022

19



SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

Key Implementation Challenge — Rideshare!

« SpaceX Falcon-9 LV selection, Jan 2021 « The PUNCH 2016 Heliophysics Small

—  Just 3 months after PDR Explorer mission was selected as our
—  F9 could launch 3 SPHEREX s stacked rideshare partner in Dec 2021
vertically! — An early coupled loads analysis was
performed
« NASA SMD Rideshare Office initiated
rideshare assessment shortly after launch « PUNCH is a 'do no harm' rideshare
vehicle selection partner, with SPHEREX as the primary
—.-SPHEREX performed a formal compatibility payload
assessment — Close collaboration between the two missions
— Chief concerns*Water Thrusters as source of and NASA's Explorers Program and
contamination, Dynamics.intéractions Rideshare offices will continue through the
between SPHEREX telescope-and PUNCH rest of development to maintain compatibility

Jet Propulsion Laboratory .
Jp California Institute of Technology Www.lncose.org/symp2023 20



SPHEREX: Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer

 Phase B start Feb 2019 «  Supply Chain impacts — design changes
— Trade studies performed — Necessitated changing materials,
—  Preliminary design work proceeds as working with different shops, etc.
planned — Electronics parts sourced from NASA-

wide searches of flight stores
e Covid starts in Mar 2020 9

_ All Teams went home « SPHEREX folded impact tracking into the
_  Centers/Labs closed Earned Value and Risk processes
<~ Teams focused on critical hardware tasks © Launch Date Change due to Covid
such as long-lead procurements, Impacts from Jun 24 to Feb 25
materials testing, and prototype — Coordinated with the NASA Astrophysics
hardware/electronics-developments Division, the Explorers Office, and the

Standing Review Board to release
NASA-held reserve to fund this
adjustment

Jet Propulsion Laboratory i
Jp California Institute of Technology WWW.Incose.org/symp2023 21

— Tasks moved to individual-home
workshops
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Now, fully assembled flight payload in TVAC....

Jp e D e 10T Y www.incose.org/symp2023 22
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In Summary

: "_ : SPHEREX is developed'w1th1n a Class C
paradrgm e S e B R AL

— " The pI‘Oj ject 1mplements collaboratlve p
| leverage the strengths of our 1nst1tutlo '

-

SPHEREX makes use of a close knrt P R

P - — Emliraees automatlon 1n 1its V&V p e"‘

4L e Manages technlcal resources at sevel
- adequatereserves are held through

7lia — Ha‘sa transparent 1ntegrated rrsk/lr

*  While the project has faced seV',- o
development its ability to per

adaptation of larger NASA, JPL upr-. BSOS

institutional systems engrneerrngjnactwes
more risk-tolerant program &
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