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Purpose of IMPACT

Need to:

* Provide a data-driven means to inform human health and

performance risk mitigation

» During resource-constrained exploration mission development
« Enabling systematic trade studies to evaluate options

Provides
Consultation/Vetting

Provides

Query Provides
Inputs

f

Provides
Consultation/
Interpretation

Provides

Outputs

Provides
Reports

SME = Subject Matter Expert
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IMPACT Is a suite of tools working together

IMPACT v1.0

* Extensible architecture-based, multi-
component medical planning system

Example Inputs
*DRM parameters
*Crew profile

*Medical conditions

* Empowers complex layered analysis of
multivariate internal & external trade
space issues

MEDICAL DATABASE
(IMPACT-MD)

w/ evidence
*Qutcomes from
interventions
* Medical resource
footprint & figures
of merit (FOM)

* Informs key operational decisions for

MEDPRAT

r!a:al customers:
*Condition +
Capabilities > *EXTERNAL *INTERNAL
Resource mappings REQUEST *HSRB «IMPACT TEAM
REPOSITORY D
MEDICAL SYSTEM
FOUND. MODEL el
TABLEAU *ORION
*GATEWAY

MEDPRAT = Medical Extensible Dynamic Probabilistic Risk Assessment Tool

IMPACT-Project



Physical configuration diagram for IMPACT \ /1.0 |

o _
i ; ’
IMPACT Tool Operator at PC Web/Database
— server pair JSC/SA4 via AWS
IMPACT-MD Operator initiates a lockdown,
1 : ensures medical and resource HTTPS Hosts IMPACT-MD,
EvLib MedID . — . . .
content is accurate for the provides input data set ngh—speed Comp_ Envmt.
stakeholder request HRP Cluster (GRC)
Operator uses IMPACT Desktop Secure copy or Backup: Cloud EC2 (AWS)
to specify input information and FastX with VPN* ) . .
2 IMPACT Desktop e T < » | Receives studies/runs as folders via
- . ' *IMPACT Desktop runs on the operator PC or
‘ StUdleS’FrunS' transfers files on the High Performance Server via VPN Secure copy
S connection, invokes < » | on server, performs post-processing,
IMPACT Run on server creates output data set stored in RR
4 MSFM Operator retrieves latest static file
(SysML) from MagicDraw Server |-
v ¢ Hosts Request T4 +ableau
: Repository, stores input ' S
Request Repository configuration and output w
¢ data :\,‘* _i_++
N +,+
5 Tableau Open; a s.ecure Interpet browser . HTTPS o Tableau Server (AWS) connects to RR,
* session, interacts with Tableau visualizes data, allows for export to
: reports (licensed through NASA HQ)
Reports Compiles reports
Updated 30JUN2021
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four NASA Centers

IMPACT is a highly collaborative project among.

IMPACT Project Functional Organizational Chart Within ExMC

ExMC Leadership Team

Element Leads

IMPACT ExMC Center Leads
LaRC CL ARC CL GRC CL PM SE Lead JSCCL (CL) and Project
| | Leads
|
| IMPACT-MD
Request IMPACT Post- IMPACT S/W Process IMPACT SvsML IMPACT Tool &
: : MedID ! VWE&C Integration EvLib
Repository Run Processing Desktop Mgmt. & Reats Models Work Area
Leads
Software . cM Human Clinical
Design & Use Cases Science
. Factors
Key Archit. - QA Team
% JsC
GRC -
L1 ARc Tableau EE:‘:E;:: MagicDraw :;T:b:;z Hardware
] Larc Server @HQ HRP Cluster Server Servers Resources
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IMPACT: Part of the Evolution of Probabilistic Risk AnaIyS|s (PRA) for 5 o
Crew Health and Performance

NASA .

« HRP/ExMC is developing IMPACT to assist HEO and OCHMO/HMTA in understanding the impacts of
mission design and vehicle resource allocation on medical risk and ultimately Crew Health and
Performance (CHP)

« IMPACT supports data-driven and evidence-based decision-making throughout the entire mission life
cycle

« IMPACT quantifies the effects of specific design decisions on medical and CHP risks and allows for
analysis of complex tradespaces

IMPACT-Medical IMPACT-CHP

Baseline: 2022 Baseline: TBD

IMM Evolution
Used for Ops by CHS: simce 2017

*  Medical Evidence and *  Updated Medical Evidence Base *  Medical Trade Space Analysis Tool *  CHP Trade Space Analysis Tool
available resources *  MNew Medical Resource Warehouse  +  Optimization of exploration *  Adds substantial evidence base
baselined to ISS/LEO *  New Math/Computational Engine medical system & development of from across entire CHP domain

*  PRA tool, but not capable *  Expanded trade space analysis risk-informed requirements *  Enables optimization of exploration
of trade space analysis capability *  2022: baselined to long-duration CHP system and the development

lunar missions of risk-informed requirements
*  Later versions will support Martian
missions

IMPACT-Project 6



IMPACT Is a suite of tools working together

IMPACT v1.0

Example Inputs | T * Extensible architecture-based, multi-
*DRM parameters ; component medical planning system
*Crew profile
*Medical conditions .

w] evidence MEDICAL DATABASE * Empowers complex layered analysis of
*Outcomes from (IMPACT-MD) multivariate internal & external trade

interventions
* Medical resource

footprint & figures : -
e * Informs key operational decisions for

of merit (FOM) IMPACT MEDPRAT
- ‘ customers:
*Condition =

space issues

Capabilties - > *EXTERNAL *INTERNAL
\Hem.r-;e mappings REQUEST «HSRB «IMPACT TEAM
REPOSITORY et =
MEDICAL SYSTEM
FOUND. MODEL I il
TABLEAU *ORION
*GATEWAY

Example Outputs
. ‘.|._‘- ) |
« Optimized medical set contents
* Medical conditions treated/untreated

IMPACT-Project *



Use Cases for IMPACT 1.0 — Progress to date on |mplement|ng the

COI’lOpS scenarios
* Implementation of use cases from the IMPACT ConOps progressing to v1.0

Condition
Occurrence
Probabilities

Scenario 1 ™)

Mass/Volume

Allocation Scenario 2

— vO0.1

Resource usage
for specific
condition

Scenario 2A Account for multiple carriers and

Segmented . :

i mu1t1p1.e deep space env.1ro.nments
during segmented missions

Scenario 9
v0.4+

Research
Prioritization

Scenario 3

—_—

Medical system Scenario 6 v0.2

trade analyses

Mission trades Scenario 7 v0.3

- Included in prototype v0.3 as its own request type

. Will be included in v1.0 as special cases of existing requests

IMPACT-Project 8



Condition Occurrence Probabilities (Sc. 1)

« Data displayed as “super tables” with much flexibility in filtering by
conditions, sorting by column, ranking, exporting to reports

* Probabilities of best/worst case progression of conditions are also
calculated

Condition Occurrence Probability

Probability of Condition Occurrence

Condition Name o
One Or More One Or More BestCase |One Or More WorstCase|Zero

SLEEF DISORDER 1. 0000 (0.9893 0.0106 0. 0000
SKIN ABRASION 1. 0000 0.9234 0.0766 0. 0000
SKIN RASH 1.0000 0.9710 0. 0289 0. 0000
SRR RO 0.9999 0.9952 0.004 0.0001
HEADACHE (LATE) 0.9984 0.9916 0. 006 0.0016
BACK SPRAIN/STRAIN 0.9958 0.9717 0.0241 0.0042
e e 0.9313 0.9039 0.0273 0.0687
i S 0.9223 0.8849 0.0374 0.0

: IMPACT-Project 9



Mass/Volume Allocation (Sc. 2)

« Data displayed as plots of risk factor(s) vs. cost factor(s) with a
quantitative X-axis and uncertainty bands displayed

Data Identifier Mass_Actual Volume_Actual

MassVsRiskCurves_ - 20-50kg | VaryMassOnly_20-50kg . E I s
— I —
Data Identifier
8 0.0050-
g
£
MassVsRiskCurves__-_20-50kg | VaryMassOnly_20-50kg g - \\
2
[+]
- 0.0040~
1‘3 2'0 2‘2 2‘4 Z‘G 2‘8 3‘0 ?;2 3'5 3‘3 4b 4‘2 4'4 4‘5 4‘8 Eb

3I\@‘/Iass(kg)
* Medical set contents for each point on the curve, sortable by
resource name, quantity, mass or volume

ResourceName Data Identifier Total Resource Quantity Total Resource Mass (kg)
ECG Monitor (Device, USB Charge |VaryMassOnly_20-50kg | 50kg 1.470e1
Cable, Lead Set Cable, Cue Card)
VaryMassOnly_20.50kg | 40kg _ 147081
VaryMassOnly_20-50kg | 30kg removed 0.000e0
VaryMassOnly_20-50kg | 20kg 0.00020
VOS Intubated Patient Hardware | VaryMassOnly_20-50kg | 50kg _5.000e0
(Ventilator/Respirator)
VaryMassOnly_20-50kg | 40kg - 5.00060
VaryMassOnly_20-50kg | 30kg _ 5.000e0
VaryMassOnly_20-50kg | 20kg removed 0.000e0

IMPACT-Project




Resource Usage by Condition (Sc. 2A)

+ Data displayed as bar charts of individual resource usage within a
particular medical condition

Condition
Name

BACK
SPRAIN/STRAIN

Conditions

LEEP DISORDER

Resources

SPIRATORY
FECTION

ABRASION

SKIN ABRASION

EYE IRRITATION/

Resource Name

Hot and Cold Pad

Motrin
(Tbuprofen) 40, .
Tylenol (
Acetaminophen) . .
Vicedin WP
(Hydrocodone,/ ..

Zolpidem
Cambien) 5mg t..

Benadryl 25 mg
capsule
Camera

Fluocinonide

0.05%, 30gm tube

Prednisone 20 mg

Benzonatate
(Tessalon Perl..

Blood Oximeter

Dextromethorphan
(Robitussin) 1..

Stethoscope

Thermometer

Zithromax
(azithromycind. .

Cotton swabs
({c]opentmate
1% 15mL bottle
Fluorescein lmg
streips (2 stri..

Gauze pads (4xd)

Medical tape
Moxiflexacin
(avelox) 0.5%,..
Otoscope (Head,
Handle, and US..
Penlight
Pelﬂigll\t Blue
Filter
Proparacaine eye
drops 0.5%, 15..
Refresh
artificial Tea..
Tylenal
Acetaminophen) . .
Bacitracin 500
units/om. 28 ..

|5.4183

T
iIL][H
H

Hl41.0732

210.2683

1.10935

Il.?fs&?

|£.QHS‘1

2.9854

2.9854

].?586

:I . 35982

39.1305

L0013

] .36722

]

1806

]

. 1806

]

. 1806

-12008

;9.1606

18,7076

212142

2 4 (] B 10 12 14 16 18 20 2'2 24 2'6 2'3 30 32 34 i6 i8 40 a2 44 a6 48 50 52
Mean with 95% Confidence Interval
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Medical system comparison and trade analysis (Sc. 6)"

« Data displayed as bar charts of individual cases with modifications to
the baseline medical set, including forced inclusion/exclusion of
items, different clustering approaches, differing initial quantities, etc.

Data Identifiers

1.091e+02
AllltemsEssential | DefaultRun

peselne [ Bermuin _
eepBliyliems | berauliaun _

Quality Time Lost (QTL)

041e+02

1.076e+02

* Visualizations exist to analyze exhaustion frequency of any resource
associated with a medical condition

Medical Condition ResourceName Data Identifier Resource Exhaustion Frequency Resource Quantity
Chest Injury Ultrasound gel (2 packets) AlltemsEssential | DefaultRun \ 0% 500

Baseline | DefaultRun 0% 10.00
KeepBulkyitems | DefaufiRun I % | 400

CMRS AllitemsEssential | DafaultRun 0% 100
Baseline | DefaultRun 0% 0.00
KeepBulkyltems | DefaultRun 0% 100

ECG Monitor (Device, USB Charge | AlltemsEssential | DefaultRun 0% 100

Cable, Lead Set Cable, Cue Card) |Baseline | DefaultRun 0% 0.00
KeepBulkyltems | DefaultRun 0% 100

Ultrasound machine AllitemsEssential | DefaultRun 0% 000
Baseline | DefaultRun 0% 100
KeepBulkyltems | DefaultRun 0% 100

IMPACT-Project




Mission/crew trades (Sc. 7)

« Data displayed as bar charts for categorical X-axis trades (e.g.,
different crew attributes, different activities, etc.), and as charts for
guantitative X-axis trades (e.g., mission duration, number of EVAS)

Data Identifiers

4.4D5e-03

AllFemale | DefaultRun

4.5p5e-03
AllMale | DefaultRun

4.6]0e-03
Mixed | DefaultRun
Loss Of Crew Life (LOCL)
Label Style RequestName StudyName
Run Name (/] (All) [/] (All) gm Iden;uhlAler Trades-Demo-072021 OR;GN?W 182
Study Name [7] Scenario7-MissionTrades-Demo-_ [/] VaryMissionLength v;?"'\:(g‘o'nﬂﬁog rades-bemo- I onths _
Request Narmo V 9 08Months N 23
©Request / Study 10Months I — 04
Study / Run e
Request/ Study S 12Months S —
[] 06Months 1 2 5 10 20 50 100 200 500
(] 08Months.
10Months
(/] 12Months
Data Identifier
5.0000-037
g
E 4.0008-03-
Scenario7-MissionTrades-Demo-072021 | VaryMissionLength E
ad 3.000e-03-
]
]
2.000e-034
1.000e+02+
2
k]
E  8.000e+01-
Scenario7-MissionTrades-Demo-072021 | VaryMissionLength E
g 6.000e+01-
o
4.000e+01-
o
E 4000e02]
Scenario7-MissionTrades-Demo-072021 | VaryMissionLength I
g 30008021
©
9.500e-01
@
£
Scenario7-MissionTrades-Demo-072021 | VaryMissionLength E 9.400e-01+
I
&)
9 .300e-014
180 190 200 210 230 230 240 250 260 270 260 200 300 310 320 330 340 350 360 370
Lenght of Missionn-Days (EOM)

IMPACT-Project




IMPACT: Part of the Evolution of PRA for

Crew Health and Performance

 IMPACT enhances PRA with new capabilities to meet the unique challenges
of Exploration missions

— Updated and expanded evidence base
« Consideration of Exploration and deep space environments
» Updated terrestrial evidence since IMED release
» Expanded medical condition list (120+)
« Improved modeling of impairment relative to performing mission tasks
« Accounts for different types of EVA and limited opportunities for RTDC
« Segmented missions, multiple carriers and habitats allow for more realism in simulations

Apollo Mission Segments
Segments are defined time periods within

the mission timeline, mapped to one or

which events can occur in an IMPACT
simulation

Collins

Mission Time (days)

B Command Module Lunar Module EVA

IMPACT-Project




IMPACT Tailored Review Processfrom NPR 7_1'23.1' B

“PDR” MCDR” SAR BTt?O
egin Tt
Informal CDR Formal SAR Acceptance by review process
—> MAR2022 — AUG2022 — HRP ~—  010CT2023
v0.4 v1.0 SEP2022 v1.0 v1.0

A A A AN JAN JAN

/\=Agile demos every 3mos

e Formal SRR and SAR, informal PDR and CDR

« Design/development phase uses a modified Agile strategy with frequent customer
demos to evaluate the design

+ “Informal” reviews to demonstrate project maturity level commensurate with the
traditional SE milestones from 7123.1

« The standing panel participates in the formal reviews and (optionally) in the informal

reviews
IMPACT SRR/SAR Panel Members |
Chair: Sandeep Shetye Michael Anderson (formerly Michael Conover)
HRP IT Safety TA
Neal Zapp Dan Buckland
OCHMO/HMTA HSRB
Binaifer (Bini) Kadwa Chris Haas
CHS SD (MedOps)/Flight surgeon
Theresa (Terri) Bradshaw Deepak Kulkarni
SF/SE&I HRP IT
Brian O’Hagan

Engineering TA

IMPACT-Project * 15




IMPACT Tailored TtO Approval Process from NPR-8900.1B

* Assumes approval of decision package. Recommendations to the

Tallor‘ed TranSitiDn tD Operations team at any level results in adjustment to the decision package, and

effects total time to transition. All recommendations and decisions

(TtO) Process* are documented by PIO.

TtO Plan Draft TtO Decision
. Package

IMPACT V 1.0

tion;
completion Reviewed by

HSRB

Develop TtO
Plan

Iterative process with
P10 and inputs from
stakehelders

MNASA CMO designated J5C CMO with i
TtD approval. Only highest level Tt
packages will receive NASA CMO review. |

SMOCB

HSEICB If Needed

Approved

. TtO start/stop Transition to i
<> Informatienal Board Operations; :

Documentation TeO Transition to Operations
’ Process/Review by PIO HSRE Human System Risk Board

PIO Program Integration Office

MOG Medical Operations Board

SMOCB Space Medicine Operations Control Board
CMO Chief Medical Officer

- Decisional Board

HSEICB = Human Systems Engineering and Integration Control Board

« The IMPACT TtO Plan (PLN-0037) defines how the TtO proposal package will be compiled,
submitted, reviewed and approved to transition IMPACT v1.0 to CHS for operational use

INMEBACT-Project




Questions?

Thank you for listening!

IMPACT-Project



National Aeronautics and Space Administration v

Backup:
Using IMPACT to create an Optimized
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Work was completed last year

* Thanks to our interns Sarit Dhar and Kendall Farnham

Details

* Our Tableau visualizations have improved since then but the underlying principles are still
valid

« Our new MD Condition List and statistical information is being updated at the end of
January and this analysis still uses the old lockdown 68 condition from IMED

IMPACT-Project



Multi-factorial Optimization Flow Chart
Step 0. Define Risk Targets | Step 1. Optimize Cost Weightings LN

. o File: Options.csv
If targets not provided, Run equally weighted mass & Mass & volume weights = 1

run Fully Treated case volume for RTDC risk factor RTDC weight = 1
LOCL & QTL weight = 0

Add 20% to risk metrics to Add weight to the lagging cost File: SetStats.csv -
get targets (as a notional factor until both reach targets F::rzafzv'imf\f;;:fs target several iterations before volume,
value to start) within +/- 1 iteration

Step 2. Optimize Risk Weightings

If risk targets are not all met, File: Options.csv
Weight both RTDC & QTL

Optimize WEightS of RTDC & QTL Add weight to the lagging risk factor until risk targets are met.

If risk targets still can’t be met, File: Options.csv

. . . Weight RTDC, QTL, & LOCL
include LOC_L' aqdmg WEIght e Add weight to the lagging risk factor until risk targets are met.
the lagging risk factor(s)

If all risk targets are missed, ,
increase cost targets 20



Parameters and Targets

e Mission details: e Cost

e 1 vyear duration * Targets: Mass/Volume allocation

* 8 planned EVAs (Variable)
* 1initial SAS condition * Weightings: (Variable)

* Crew: 2M, 2F * Risk

e Crowns * Targets:

* LOCL: 0.005
e QTL: 122 days
* CHI:91.6%

e Set selector: 100k trials . RTDC:0.052
e Simulator: 200k trials * Weightings: (Variable)

* Abdominal Surgery
* Contacts




Multi-factorial Optimization

e Purpose: Determine most efficient optimization strategy
 Method: Run single cost and risk factor optimization on 40 kg, 100 L
* Results: Optimizing for mass (or equally weighted cost) is a reasonable starting point

* Optimizing for volume only is the least efficient starting point

Compare Simulation Length for 40kg 100L Allocation

Cost Optimization

B Mass & Volume
B Mass Only
I Volume Only

LOCL RTDC RTDC & QTL RTDC, QTL &
LOCL

# Iterations

Risk Optimization (weight = 1)




Single Risk Factor Optimization

e Purpose: Determine most reliable risk factor for optimizing cost targets
* Method: Run single risk factor optimization on 50 kg, 125 L
e Results: RTDC is best indicator

503 e-

Loss Of Crew Life (LOCL) Quality Time Lost (QTL)

4403 -2 91.866%

4 448e-2 93.017%

Removal To Definitive Care (RTDC) Crew Health Index (CHI)




Single Risk Factor Optimization

e Purpose: Determine most reliable risk factor for optimizing cost targets

 Method: Run single risk factor optimization for treated and untreated case (40 kg, 100 L)

e Results: RTDC is best indicator, treated case correctly results in lower risk
| aloosz1

| my0L40

Treated: QTL | tL
Treated: RTDC
Treated: LOCL
| Untreated: RTDC
Untreated: LOCL
Untreated: QTL

Loss Of Crew Life {LOCL) Quality Time Lost {QTL)

Removal To Definitive Care (RTDC) Crew Health Index (CHI)




Stats on 10 runs vs.
single risk factor

* Purpose:

* characterize uncertainty in
outcomes among identical
simulations

* Method: Run 10 trials for single risk
factors

* Large mass/vol allocation (60 kg,
150 L) with 1:1 weighting

* Optimize ratio for single risk
factors
e Result: RTDC is best indicator

* Met targets, lowest SD, SEM, and
variance

e Why? Medical significance

Optimized for

RTDC only
60kg 150L |Weighted Risk: LOCL QTL RTDC
Risk target

Avg 0.0039 0.0043 — 0.0042

LOCL SD 0.0001 0.0002 0.0001

(0.005) |var 0.0000 0.0000 0.0000
SEM 0.0000 0.0001 0.0001

Avg 576.4104 102.3205] —* 116.2802

QTL SD 0.2201 1.0604 0.1683

(122.5) |var 0.0484 1.1245 0.0283
SEM 0.0778 0.3749 0.0753

Avg 0.5451 0.0441 —— 0.0435

RTDC SD 0.0013 0.0011 0.0008
(0.052) |var 0.0000 0.0000 0.0000
SEM 0.0005 0.0004 0.0004

—> All targets met

Lowest variance



Risk vs Mass/Volume

* Purpose: Determine how risk changes when we vary mass and volume

* Method: Run mass and volume allocations 30kg/75L up to 100kg/250L

» Result: Risk targets are more difficult to meet for tighter mass/volume allocations



Risk vs Mass/Volume (30 kg, 75 L)

Weightings (Key)

LOCL | QTL | RTDC

I 5 -
- =
"=
) 5 2}
o 5 43

5.540e-3

Loss Of Crew Life (LOCL)

4 883e-2
7226:2

{82162
{83302
49226-2

| | 85be-2

Removal To Definitive Care (RTDC)

4

1.061e2 ;
1.055e2 :

1.244e2
1.076e2:
1.246e2

1.077e2;

Quality Time Lost (QTL)

92.731%
92.774%
91.482%

92.632%

01.464%
92.626%

Crew Health Index (CHI)




Risk vs Mass/Volume (35 kg, 87.5 L)

107562

' 5.?70&3

5.‘70&3

Weightings (Key)

5#10:;_3

LOCL | QTL | RTDC

—
2
o
snnmmgunafBadan
()

5.2125&3

— —

= =
=

5 S

ax]

P ]

5_1705_3

Loss Of Crew Life (LOCL) Quality Time Lost (QTL)

92.635%

f.éﬁe_z

5 5 . | ‘TjS:SEe-Z

fﬁme_z

92.62%

02.629%

o
|

63082

92.879%

92.859%

Removal To Definitive Care (RTDC) Crew Health Index (CHI)




Conclusion

* We have a robust path and steps we can for use to use the MEDPRAT
set selector for diminishing risk for a variety of missions.



 End of IMPACT Overview
* Questions?
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