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National Aeronautics and

- Purpose and Scope IR e e U e e e

The Environmental Control and Life Support System (ECLSS) Crew Health and Performance (CHP) Systems Capability Leadership Team (SCLT) is a community of practice
(not a funded program) sponsored by Headquarters to develop, retain, and infuse the ECLSS and CHP capabilities necessary to enable the human exploratlon of the Moon
and Mars through the integration and empowerment of experts across NASA, other ‘government agencies, commercial industry, and academla

The goals of the SCLT are as follows: () g . £ S .

1. Use the Architecture Definition Document use cases and functlons to identify gaps in NASA's current technological capabilities to meet Agency objectrves and
develop strategies and roadmaps for closing such gaps .

2. Make technical/strategic recommendations on ECLSS and CHP technology development efforts and mvestments for PPBE ach|S|t|on strategles and Ieveragmg
NASA'’s critical capabilities - :

. 3. Establish key performance parameters and part|C|pate in key program and project reviews

4. Maintain cognizance of relevant ECLSS and CHP national and mternatlonal technology activities in government, industry, and academia, speC|f|caIIy, emerglng
innovations and technologles trends, and opportunities

5. Coordinate with commercial and’international partners to |dent|fy areas of mutual interest and cooperation

6. Support future mission and system architecture studies for-human exploration

This document is intended to be a comprehensive overview of the strategic development plans, or Roa'dmaps, of key technologies and capabilities identified by the SCLT. Each
Roadmap is organized by Capability Gap as the gap name and number appears in STARPort, follows a fiscal year timeline, and displays any additional information on
milestones, decision points, or important details on the right-hand side of the page. The Roadmaps should be used to facilitate discussion, decision making, and planning for
programs and development projects, but are not expected to accurately depict the details and statuses of the projects and tasks appearing within the plans.

For details and questions, please reach out to a member of our management and support team.

ECLSS-CHP SCLT Lead: James Broyan (JSC-BG040)
HMTA/HHP Representative: Andrew Abercromby (JSC-SA121),
Planning & Integration Team: Meghan Hillis (JSC-SA111)[KBR Wyle Services, LLC]




Definitions (1/3)

Acronyms

A-HoSS
AMOS
ANS
ARD
ARES
ARRT
ASCR
BAA
BHP
BPS
BR CM
CAD
CCRPP

CDISS

CDR
CIF
CIPHER

Artemis HERA on Space Station

Autonomous Medical Officer Support

Advanced Neutron Spectromete_r'

Active Radiation Dosimeter
Active Radiation Environmént Sensor

Advanced Risk Reduction Tool

Astronaut Strength Condition Rehabilitation -

Broad Agency Announcement

,Behavio,'ral I;|ealth and Performance

Biological and Physical Sciences
Bed Rest Counter Measure
Crew Active Dosimeter

Civilian Commercialization Readiness Pilot
Program

Commercial Destination International Space
Station

Critical Design Review

Center Innovation Fund

Complement of Integrated Protocols for Human
Exploration Research
Commercial LEO Destination

e
CMo
" ENS
. CcoTs
‘csu
CUBES
. DCM
DCS
DDT&E
DFM
DFRC
DOF
Dx

E4D

EES
EHS
EIHO

EIMO

Counter Measure(s)
Crew Medical Officer

.
Central Nervous System

commercial Off The Shelf
Col State University -

Center for the Utilization of Biological Engineering
in Space . ° :
Display & Control Module

Decompression Sickness

‘Design, Developmént, Test, & Evaluation

Dual Function Materials
Dryden Flight Research Center
Degrees Of Freedom

Diagnostics
European Enhanced Exploration Exercise Device

Exploration Exercise System
Environmental Health Systems

Earth Independent Human Operations

Earth Independent Medical Operations

= ‘:ElECtrOIllC Medlca cor

EMU
EOL

EPSCoR

ERM
ERSA
ESDMD

EVA

FLT

FNS
FOM
FSH
GBVG
GFE

GMO

National Aeronautics and
Space Administration

Extravehicular Mobility Unit

End Of Life

Established Program to Stimulate Competitive
Research ' . i
ESPRIT Refueling Module

European Radiation Sensor Array

Exploration Systems Devel.opmeht Mission
Directorate » :
Extravehicular Activity

Flight

Fast Neutron Spe(‘:trometér
Figure Of Merit

Foundation Surface Habitat
Google Based Visual Field

Government Furnished Equipment
Genetically Modified Organism

Gateway
Habitation and Logistics Outpost

Head Down Bed Rest




Deflnrtrons (2/3)

Acronyms - contlnued

HITL
HLS
HRP

HT
HW
IARV
IDA
IHAB
IMPALA
IMS
ISRU
ISS

IVGEN
JARVIS

JAXA

JIT

4 g
Launch Entry'Ascen

Human in the Loop

Human Landing System

Human Research Program

Holographic Teleportation

Hardware

Injury Assessment Reference Value

Integrated Data Architecture

International Habitation Module

“Information Management Platform for anALysis

and Aggregation
Inventory Management System

In-Situ Resource Utilization
International Space Station
Intravenous Fluid Generation

Joint Augmented Reality Visual Informatics
System
Japan Aerospace Exploration Agency

Just In Time

Key Performance Parameter

[EO

LETS
&R
L LTV

MAVRIIC

MCTB
MEDPRAT
MISSE
MS

MTH
NESC
OCHMO
OCT
OIG

OLTARIS

OSMA
PB

Low-Earth Qrbit '

Linear Energy Transfer Spectrometer
Laser Processéd

I:_.unar Terrain Vehicle

Multidisciplinary Analytics, Visualization, and
Reporting Interfaceé for Integrated-
Countermeasures

Multlpurpose Cargo Transfer Bag

Medical Extensible Dynamic Probabilistic Risk
Assessment Tool
Materials International Space Station Experiment

Mass Spectrometer

Mars Transit Habitat

NASA Engineering & Sarety Center

Office of the Chief Health and Medical Officer
Optical Coherence Tomography

Orthostatic Intolerance Garment

On-Line Tool for the Assessment of Radiation In
Space
Office of Safety and Mission Assurance

PreBreathe

Preliminary Design Review

PersEIDS

PR
PRC
PéM
RAD

'REM

RHS

ROSBio
RSA

S/L
SAA
SANS
SBIR
SCLT

SIA

National Aeronautics and
Space Administration

Personalized EVA lhfermatics & Dec!sio‘n S.upport
Pressurized Rover

Plant Research Chamber
Power Supply Module

Radlatlon Assessment Detector

Radiation Environment Monitor

Reactor Health Sensor .

Research Opportunities and Space Biology
Rotary Separator Accumulator

Shelf-Life

Space Act Agreement

Spaceflight Associated Neuro-ocular Syndrome
Small Business Innovative Research

Systems Capability Leadership Team
Suited Injury Avoidance

Sensorimotor

Science Mi




Deflnltlons (3/3)

' Acronyms contlnued

SPLC
SRR
STMD
STRI
STTR
SUITS
SW
T2
TBD
™
TDU
TRISH
TTO
Tx
urs
USDA

Sthort Logistics Carrler :

’System Requirements Review

Space Technology Mission Direc;torate

'Space Technology Research Institutes

Small Business Téchnqlog'y Transfer Progfam
Suited User Injury Tracking System :
Sqftware

Treadmill on ISS

To Be Determined

. > v
‘Technology Demonstration

Technology Demonstration Unit

Translational Research Institute for Space Health

Transition to Operations

Treatment

Ultrasound

United States Department of Agriculture
United States Pharmacopoeia

Ultraviolet

Vibration Isolation System

NASA EXTERNAL'

“VR' Virtual Reality
' VSM Vehicle Systern Manager
. v .
" "VV Verification and Validation

WPAFB \./_\,/‘ri'g'ht Patterson Air Force Base

XxEHR Exploration Electronic Health Record

xPWD Exploration Potable Water Dispenser

XR X-Ray

XROOTS Exp‘osed Root On-Orbit Test System

. XU_ Exploration Unit -

 National Aeronautics and

Space Administration
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ECLSS-CHP SCLT ROADMAP — REVISION 2023.3

.

SPACESUIT PHYSIOLOGY & PERFORMANCE (1 of 5) .

TIMELINE NOTIONAL

FY21 FY24 FY25

FY22 P FY23

FY26 FY27

FY28

FY29

FY30 FY31-35 FY36+ Additional Information

Gap 1051 -

Spacesuit Fit and Injury

Gap 1051
Deliverables

1. Baseline suit-independent analytical tool

Injury Modes & Effects Analysis >

Model Feasibility
Assessment

T . g |
Human Finite Element Model (FEM) A D:':lta Di :
Development IARV Development a
| | - | 1 1

2 2 P ) R

Suit Ergonomics Characterization SUGEUTIES el 4 Data D

Development Too
1

Suit Biomechanics Toolkit Development

AData Drive
A Tool

v 1
! Suited Motion and Exertions
Analysis
] |

L
A Data Driv
A Exert

Suit Accommodation Toolkit
Development

Lunar Falls Baseline
Probabilistic Model

I Data Dri
A Too

Mars Fi
D

release (decision point, deliverable and
infusion point to Artemis for risk
characterization and mitigation)

Suit Fit and Injury Analytical Tool
and Verification Methodology
Development

SERPO final report with recommendations
for crew readiness and relevant conOps
for Artemis (decision point, deliverable,
infusion point)

Mars Suit Development >

. Decision points for follow on
e . deconditioning studies

Updated Release of Suit-Independent
Analytical Tools for assessing suit fit and
injury risk

Validated, suit-agnostic fit and injury
analytical tools for Mars

Parabolic Flight Analytical Tool Refinement

SERPO

A
A

Vertebral Strength Imaging

Deconditi

A

Dec

CIPHER Muscle/Bone Deconditioning

\-

.

e

Suit User Injury Tracking System
(SUITS) Development

SUITS Update SUITS for XxEVAS &

HLS

—

i —
- . > TTE——] e 0
- .;_:{.': Earth Return Landing Recc ﬁ.
= i | . = ~ ——
Ground M Mars transit A Deliverables
LEO Mars surface 4 Decision point
Lunar orbit @ Comments

M Lunar surface @ Artemis missions

Suit Fit and Injury Surveillance,
Mitigation & Operational Support

Update SUITS f| SUITS SUITS: Mars

formEMU | Trans

Mars Vehicle |
A Dyn. Reconst. A}

Back to Top »
9



ECLSS-CHP SCLT ROADMAP — REVISION 2023.3

SPACESUIT PHYSIOLOGY & PERFORMANCE (2 of 5) .

TIMELINE NOTIONAL

FY21 FY22 P FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31-35 FY36+ Additional Information
Gap 946- Suited Physiology & Performance ap 946
““““ | s s e (e e e e e S R S R /¢ 31
EVA Sim Development — HS3, APACHE Updated EVA Sim Content Dev. | Updated EVA Sim Content Dev.| Updated EVA Sim Content Dev. g . ]
(Early Lunar) Q (Sustained Lunar) [((YEIS) a ase o dividua a
HS3 Characterization + Improvements ' S
o A andard ea e
APACHE COS%::;Ne Workload Development of EVA Simulations for
24 Tech Dev Testing and Infusion into a 2 atlo apab
Exploration EVA Training w/ HS3, APACHE Training/Ops
\— . : - a 0 ge ed CO andarad
. ; : \ Biomedica 0 0 0 entatio
Contingency CO, Limits A ; _ : i s 22
- 8 3 . " : 6 a A Readine andard
Impaired EVA / CIPHER Egress Fitness 3 oA
. . : eline & Conop O a a
EVA Standard Measures Development Aﬁ K . . ;
Partial-g EVA Standards Assessment POLAR A Mars EVA Standards Assessment 8 ; : 3 : N Freeeling N o
Hi-Tempo EVA A : ] NG
T I I N 3 elease o cgrated ode > O
| Variable Pressure Suited Performance i 5 0 R
X De on Po 0 e
Bi Informing Crew State & Risk Model A £
h A d NASA Standards - - S AL
\ Instrum &l ] ) j 0 A tra g operatio
. . D ploratio AP ology Operatio
) e o e o
| csrRM Thermal & HNW P : ' -0
CSRM Metabolic & CO2 . CSRM Traverse & Fatigue CSRM SFIT & CSRM Validation: CSRM DCS . Arte operatio a e-phasead
: Baseline Dev w/ HS3 . . i Mars Crew State Risk Model - ~ ~ ~
Baseline Dev Testing Baseline Dev w/ HS3 Testing nj. Model Int. All Models Model Int. approach a apab are availab
1 1 1 I| 1 1 i t
CSRM Metabolic & CO2 Stited Model | CSRM Thermal & HNW CSRM Traverse & Fatigue| =" ~ihar CSRM | Sustainec Luniar CSRM Crew State & Risk Model (CSRM) v State Mod T
Correlation Suited Model Correlation | Suited Model Correlation Development and Validation e 0 2 T TSy e
o - —— — : - - - — '““4-J"- onitoring & De 0 pport gap fo
B = ——— 1 = = ; gz additiona ormatio
- @ ' 87R
| = = o (5
Ground M Mars transit A Deliverables
LEO Mars surface 4 Decision point Back to To
Lunar orbit @ Comments
10

M Lunar surface

@ Artemis missions



ECLSS-CHP SCLTROADMAP —REVISION 2023.3 - NASA EXTERNAL

'H ECLSST Iy
_YC_HP?—“

e b L N g a1 R e ile" » = WeeLr” =S
SPACESUIT PHYSIOLOGY & PERFORMANCE (3 of 5) . 2 ‘ TIMELINE NOTIONAL
Fy21 FY22 P FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31-35 FY36+ Additional Information
Gap 924 - Suited Autonomous Health Monitoring & Decision Support ap 294
DRI S WPLY el | GO ) SRR TR B R TN, 1 B TR ) [t RN Rt IR M A N R G 7 Deliverable
Infusion/reliance with other roadmap activities (Gap 96) . Da D nab es demo 0
Rea e Mo 0 g Demo
2 d a PDaAD e ae O atio
4 a e apap e O al de O
a apap e de O altlio
0 on po or feeding Pe D
Personalizea A 0 & De 0
. ” . . 4 . s ppo apab e 0 al Arte
EMSS includi Z ) 55 ¥ ' 5 A e Iy : operatio a plo 0 A
. ’ . ; ‘ » ) e ’ : P ology Operatio
on po or feeding Pe D
d apab e 0 ained Arte
operatio a PDIO O A
P ology Operatio

Mars Ops Performance gap fo ore deta 0 A

| "

Transition to

ISS Demo A 5 e > | | | —
‘ e — . :

— AN

[ Ground M Mars transit A Deliverables

LEO Mars surface 4 Decision point Back to Top »
Lunar orbit @ Comments

M Lunar surface @ Artemis missions 1




ECLSS-CHP SCLTROADMAP —REVISION 2023.3 - NASA EXTERNAL

ECLSS " 21"

: : . : B SCLT £
SPACESUIT PHYSIOLOGY & PERFORMANCE (4 of 5) . . ' ‘ ' TIMELINE NOTIONAL
FY21 FY22 P FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31-35 FY36+ Additional Information
Gap 1104 - Decompression Stress Prediction and Mitigation ap 1104
= b Bl
» 2 Prebreathe (PB) Validatio
: ' Alternate PB Validatio
Brea PB 0 Rule Update
: Vd| A .: 0 » o
A PR A osphere aatio
o ; 6 ble Pre e pabilitie
D Risk & - osphere aatio
Pren 3 dated A R ode
e 1 ’ 0 Atmosphere Validatio
i . ' 0 a e A osphere Validatio
. . Perio a e gap 1o ore 0 ation o
: e ate R odel developme
A ISS XEVAS Prebreathe> Mars Surface
Ops Prebreathe
A 10
- =5 s 3
| e N :—z\"'“
- e o
[ Ground M Mars transit A Deliverables
LEO Mars surface 4 Decision point Back to Top »
Lunar orbit @ Comments

M Lunar surface @ Artemis missions 12
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Crew Health and Performance -

| (CHP) Systems
Crew Health Countermeasures Capablllty' |
- e Area S

Back to Top »
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ECLSS-CHP SCLT ROADMAP — REVISION 2023.3

CREW HEALTH COUNTERMEASURES (Slide lof7) Ex_'e_rcis'e Countermea'sure's.

NASA EXTERNAL™ - . Y

TIMELINE NOTIONAL

Fy21 FY22 P FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31-35 FY36+
Gap 771 - Exercise Countermeasures
___________________________ | FEh R 0 ) U RO s ) P g T ] PR il I LS SR o AL R A R S D s
A Orion Exerci_se System C_)perational >
Artemis |l — Artemis V+

S

E4D Inflight ISS Evaluation — Primi

and Ancillary Capabilities

Zero-T2 ISS Study

°

¥ Jeor g A

Zero-T2/E4D ISS Study

v v
gro Bl IMTP-ISS
il B (120 Implementation -
[ Ground M Mars transit A Deliverables Notes:
LEO Mars surface 4 Decision point
Lunar orbit @ Comments

M Lunar surface @ Artemis missions

=

o

P Supplemental cquntermeasures evaluation — 0g 0

g g
A

A In-flight feasibility and validity

a@ E4D In-flight cont’d operational use

0 MTH exercise device 0g Eval. 0

A

GEES Extended Inflight Operational Use

A ET Og Eval. &

A
A

o - Continuous
- .

Mars Surface

Mars Surface
Validations

*Exercise System 1g and 0g analog evals will be structured to include the assessment of supplemental countermeasure efficacy
**Standardized strength and aerobic (VO2) measures will be included in each exercise system’s analog eval for assessment of countermeasure efficacy

ap
Deliverable
Orio eel exe e em delivered and
P ed 10 A
P 0 Arte e e em R
Reco endation and Ops prod alizatio
atewa ploratio e e e and
Ops prod delivered
4. Reco endation o eed fo ploratio ead
Do ented standardized proce pdated
3 e
6. PR e e em Requireme delivered
PR e e em and Ops prod delivered
38 pplementa e e Co e ea and Op
prod delivered
9 e e em Requireme delivered
0 e e em and Ops prod delivered
e e em Requireme delivered
e e em and Ops prod delivered
P a g eng ea es avallable o
4.0ps proa 0 g alidation o e and
Aerobic asse ent protoco
De on Po 0 e
a. Refine capab equireme 0 atewa
ploratio e e e
D. Pre P 0 equireme 0
dy a
ole 0 0 DR o o fa a adigate
d. Refine capab equireme or PR e e
e election o pplemental Co ermea e to
proceed to Og eva 0
Refine capabilities requireme 0 pplementa
0 erme e
election o e e e andidate
Refine capab equireme 0 e e
election o e e e a date
Refine capab equireme 0 e e

Back to Top »
14



ECLSS-CHP SCLT ROADMAP — REVISION 2023.3

CREW HEALTH COUNTERMEASURES (Slide 20f7) Exje_rcisé Vibration Isolation Stébilization (VIS) System  TIMELINE NOTIONAL

NASA EXTERNAL'

FY21

FY22 P FY23

-

[ Ground
LEO
Lunar orbit

M Lunar surface

M Mars transit
Mars surface

A Deliverables
@ Decision point
@ Comments

@ Artemis missions

FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31-35 FY36+
Gap 875 - Exercise Vibration Isolation & Stabilization (VIS) System
) . ke : ' Orion Exercise System Operational N\
i ‘ . it Artemis Il — Artemis V+
‘ 3 3 | T T T
[ ovrmemones A ce Pt g o e
A ISS E4D VIS Eval. ISS E4D VIS Eval.
e GEES VIS Operational
A Potential Gateway Exploration Exercise VIS
@ A ET Og VIS Eval.
MTH exercise device
é A Og Eval.
&> Mars
B ’{ E Surface
< S . - Validations

ap o
Deliverable
0 Ops prod d Orio
a a a oy e e reg ame
4D 0 dware
ate o o o ...
prod delivered. Due to e pote a
pma e e e ardware
0 eed to be la ed o alled
Drior to exe e de e delive
4 ploratio ead e and Op
prod delivered
e e e d Ops prod
delivered
6. PR e e e and Ops prod
delivered
e e e and Ops prod
delivered
De on Po 0 e
a. Re e capab eq eme 0 ate
b. De on po 0 proceed developme
ploratio ead e
election o o o o andidate
d election of PR e e e andiaate

Back to Top »
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ECLSS-CHP SCLT ROADMAP — REVISION 2023.3

CREW HEALTH COUNTERMEASURES (Slide 3 of 7) CHP Countermeasure Infdrmétics

NASA EXTERNAL'

TIMELINE NOTIONAL

'H ECLSS
_YCH?
39

g L&

e =Y

FY21

FY22 P FY23

FY24

FY25

FY26

FY27

FY28

FY29

FY30

FY31-35

FY36+

-

[ Ground
LEO
Lunar orbit

M Lunar surface

M Mars transit
Mars surface

Gap 724 - CHP Countermeasure Informatics

A Deliverables
@ Decision point

@ Comments

@ Artemis missions

Mixed Reality Exercise
In-flight Demo

Orion/Gateway Demo

Orion Deployment

Gateway Deployment

Deployed Mars
Surface

Additional Information

ab
AVR 0 0 0 PALA datab
ab ed (depende
AVR 0 de deplo 0
PAD g 0 0
0 0
Demo 0 pda aditio
da 0 g., A R ood
0 oto
Demo 0 pda e aditio
da 0 g., bo dio, rad 0
0 ed mainte and 0 on ground
00 allable data; co dinp o flig 00
pd od atio
0a d
on Po 0
Ongoing P 0 q e 0
explo on too
De on on ab d appro 0 CO 0
PA databa da on of fo dwo
on o abo b da P
de oped fo egratio AVR P
P od o) go ding additio
a older da p to 3 additio da 0
P 0 de 0 go
P od 0 go ding additio
a older data 0 ed re 0 ailab
d d 0 de 0 PPO ool de
4 d b O for AR be
ee P atio ed 0 p fo 0
on o P-IDA and e BHP Co e

Back to Top »
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ECLSS-CHP SCLT ROADMAP — REVISION 2023.3

CREW HEALTH COUNTERMEASURES (Slide 4 of 7) Sejn_sorim'otor

NASA EXTERNAL" - . ¥

TIMELINE NOTIONAL

FY21

FY22 P FY23

FY24

FY25 FY26 FY27

FY28

FY29 FY30 FY31-35

FY36+

Gap 1075 - Sensorimotor and Disorientation Countermeasures and Assessment Tools

ISS Tech Demo
T

re- & Post-flight SM Training with ASCRs

Motion sickness CM ISS validation

A

Sensorimotor Assessments Validation ISS

]

HLS Lunar Lander and Egress Assessment

Self-administered Postflight Rehab ISS

[ Ground
LEO

Lunar orbit
M Lunar surface

M Mars transit
Mars surface

A Deliverables
@ Decision point
@ Comments

@ Artemis missions

SM manual crew override and on-board training CM

Sensorimotor CM Suite CLD A 5

Delivery of balance traine em a o fo

ead-do bedre DBR alidatio

Delive 0 arabo g e aemo atlio

alner a RL 6

omplete e Demo of bala e trainer fo

a a abitat PDR & alidatio

.- e 0 0 o ea e fa

alidation a RL 8 fo a a abita

Operatio

Delive 0 arkerle otio o e e fo
alidation o asse e and

..I

RP ae o 0 a fa o 0 A 0
a A ace ops based on avallable

analog and po evidence

.. e 0 pre a .. O PRofere o)

e e ar landing motio ation fo

Arte OD a g evaluation and

Proposed ed 0 0 ar la g

based o d ort duration PA and

demo on of on-board trainer a ake

a

on Po 0 e

De on Po e (a pPpo do ele 0
0 e e e e based on available

Back to Top »
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ECLSS-CHP SCLT ROADMAP — REVISION 2023.3

CREW HEALTH COUNTERMEASURES (Slide 5 of 7) Ca_'rgﬂov'aScuIar, Neuro-ociJIAaf'(SANS)

TIMELINE NOTIONAL

FY21

FY22 P FY23

FY24

FY25

FY26

FY27

FY28

FY29

FY30

FY31-35

FY36+

Gap 1089 — Cardiovascular Countermeasures

Cardio Integrated Flight CM Validation

A

Lunar Fluid Loading Demo

| |
o Con Ops Don/Doff

Weightlessness

A

OIG Lunar Demo

oy A
Inflight Anthropometry

Veno-Constrictive Thigh Cuff

Gap 896 - Neuro-ocular (SANS) Countermeasures

LBNP CM Flight Demo

Thigh Cuff CM Study

SANS CM Fluid Shift Reversal

Flight B-Complex

P
o e T ~ y
B it -
[ Ground M Mars transit A Deliverables
LEO Mars surface 4 Decision point
Lunar orbit @ Comments

M Lunar surface

@ Artemis missions

Integrated Flight CM '

Study

0 a
0 0 a
e apab
0 e
PO ate
PO ate
Po ate
Parabo
Po ate
Po ate
fa 0O A
ae
0 e
Po e

olerance
O 0 a g
opome

a g 0

a 0 e

a g
evaluatio

a g e
delive 0

0 Arte O
a g D

Back to Top »
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ECLSS-CHP SCLT ROADMAP — REVISION 2023.3

CREW HEALTH COUNTERMEASURES (Slide 6 of 7) Bone, Immune, Micro Host ‘ :

NASA EXTERNAL'

TIMELINE NOTIONAL

OB ECLSST M)
—IcHpI ="
Sliseut =%

Gap 1114 — Immune Countermeasures

Nutrition-based CMs (Food Physiology Study)

Gap 977 - Microbially-Induced Disease Countermeasures

Host Pathogen Interactions

Food Physiology / Veggie Monitoring

[ Ground
LEO
Lunar orbit

M Lunar surface

M Mars transit
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ap 362 - Solar Particle Events: Radiation models and forecasting

A‘ ,

Forecasting Scoreboards Operational

Gap 883 - Earth-independent Space Weather Forecast and Crew Alert Systems
Gap 915 - GCR Radiation models and forecasting - Prediction of solar cycle modulation
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Funding OR. Q4FY23, Q2FY24

[RAD.DEL.5] Perform SPE shield analysis
for Gateway lterative Analysis Cycle 10
(IAC 10) — Funding GW. Q4FY24

Gap 1173

Gap 1173 — Radiation Shielding: Galactic Cosmic Radiation- Passive Technologies :
Deliverables

3. [RAD.DEL.6] Update validation of
HZETRN. Q4FY23

[RAD.DEL.7] Integrate into OLTARIS and
make models available to community
Q4FY25, Q4FY25

+  Solar Maximum

Solar Minimum

[RAD.DEL.8] Optimized Mars Transit
Shield Design for PDR Q4FY27.

Gaps 733 & 1179
Decision Points

a. [RAD.DEC.7] Proceed with Tech
Development —Q4FY22 - NO

[RAD.DEC.8] Perform System Level Trade

Gap 733 — Advanced space radiation environment characterization systems: charged and neutral particle spectroscopy

Gap 1179 — Radiation Shielding: Combined GCR with protection from SPEs- Active Technologies ' Study — Q4FY22, On-hold
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ap 725 — Probabilistic Risk Models of Crew Health

il [RAD.DEL.12]: CVD Standards Combined Effects to
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[RAD.DEL..9]: Baseline NPR 8900.1B guidance 4/30/26

[RAD.DEL.10]: Cancer Artemis NPR 8900.1B Guidance
9/28/35

[RAD.DEL.11]: Recommendations for Clinical Practice
Guidelines and the Integrated CM Toolkit in the
assessment of the radiation exposure standard 11/4/38

Gap 1307

Deliverables

5 [RAD.DEL.16]: BMed Study Results for Inputs to
Biomarker Thresholds linked to performance to HSRB.
12/31/25

[RAD.DEL.17]: BMed Standards for clinical guidelines
for biomarker thresholds linked to performance to
OCHMO 8/24/34

[RAD.DEL.18] POLARIS - Radiation Assessment
DuRing Exposure And long-Duration Spaceflight. Final
report. NCE Mar 2024. TRL 4-5

Gap 1020 — Biomedical Countermeasures to Mitigate Health Effects from Exposure to Space Radiation . [RAD.DEL.19]: Recommendations for Clinical Practice
———————————————————————————————————————— r— e e e ey et e T e e i B T - A e~ Guidelines - Cancer (Surveillance, early detection)
9/20/30

Gap 1020

Deliverables

9. [RAD.DEL.15]: CVD CM Combined Effects to
SCLT/HMTA. 8/31/39

10. [RAD.DEL.13] Cancer Countermeasure ldentification
9/18/36

A 11. [RAD.DEL.14] Integrated CM Toolkit 9/8/38
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Additional Information
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Gap 1206 - Medical Concepts of Operation and Level of Care
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MCO - ESDMD Mars Campaign Office

HRP - SOMD HRP ESA - European Space Agency

Additional Information

DoD - Department of Defense
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OHALO continuous
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Crop Hardware : Primary Gap 1013 — Food Resources Requirements/Efficiency; Secondary Gap 800 — Safe, Acceptable, and Nutritious Food System
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BLEO Plant Research Chamber Operations

Additional Information
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