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e Introduction to the agile methodology

e Agile use case: IMPACT

e Agile use case: Long-Duration Medical System Foundation

e L essons learned

e Future Work




Introduction to Agile

e Customer focused and requires regular customer feedback.

[ Envision ]
e Customer involved in determining features and prioritization. @
e Development team provides periodic and frequent
demonstrations to seek customer feedback. ﬁ

e Frequent delivery of intermediate results. { Explore ] { Adapt ]

e Customer involved in acceptance testing and close out. U

e |nitially developed for software projects, but this presentation @

will demonstrate its application within one organization to { Close ]
two different types of projects




Traditional Waterfall Approach

e Products are worked on in a sequential manner

e There is no iterative feedback loop between the
steps

Mon-Functional Requirements (1 Requirement Set) [

Develop Non-Functional Requirements .
Review Non-Functional Requirements x
Incorporate Non-Functional Requirements into M

2" 1—-\

Non-Functional Requirements Development Comj 4/29

Interface Requirements (1 Requirement Set) e
Develop Interface Requirements

-
L,
i

Review Interface Requirements n
Incorporate Interface Requirements into Mode - 4
Interface Requirements Davelopment Complete #" 11/29

Functional Requirements (1 Requirement Set) r

Develop Functional Requirements

Example waterfall schedule




Agile Approach

Highest priority is to satisfy the customer through early
and continuous delivery of valuable products.

Welcome [accept] changing requirements, even late in
development. Agile processes harness change for the
customer’s competitive advantage.

Deliver portions of the product frequently, from a couple
of weeks to a couple of months.

Build projects around motivated individuals. Give them
the environment and support they need, and trust them to
get the job done.

Continuous attention to technical excellent and good
design enhances agility.

At regular intervals, the team reflects on how to become
more effective, then fine tunes and adjusts its behavior
accordingly.

The Agile Manifesto

Individuals and

. R over Processes and Tools
interactions

Comprehensive

Working Product  over Documentation

Customer

Collaboration over  Contract Negotiation

Responding to

T over  Following a plan

That is, while there is value in the items on
the right, we value the items on the left more.

\ www.agilemanifesto.org )

. AGILE
VAR

Features Time Budget

Time Budget Features

C heme

TRADITIONAL

Source: Dave Rice PMP
Dave@DRiceconsulting.com
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Application of the Agile Framework to
IMPACT




What is IMPACT?

IMPACT is a set of functions!
« Executed by a suite of computational and systems engineering tools

* Informing the decision making process for the development of human
health and performance systems

« Currently being developed for ExXMC to address the medical system

| Initially, we want to answer medical questions like these:
*  What medical conditions are likely to occur on specific mission to a particular crew?

*  What set of medical capabilities best mitigate risk for a given mass/volume allocation on a
specific mission? What if that number is halved?

e IfI could reduce the mass or volume of hardware X by 50%, would it be sufficient to
manifest? Would developing a new medical intervention for spaceflight that treats 3 different
conditions be a better investment?

Eventually, we want to answer questions like these:

* Does 1 kg of meds or water or an AED best reduce health risks?

*  What is the benefit of changing crew's water rations from 2 to 3L daily on health risk?




IMPACT Sc
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an ‘m Levizcontin mey Occemme Review
Milestones

O(DR LevelFiContent Met
‘MPACT Version 0.2 Complete OIMPACT Version 1.0 Completel?(Med Risk PRR Milestone)

IMPACT Version 2.0 Comple(lsk PRR Milestone)
<>MPA<T Version 0.4 Complete IMPACT Version x.x cOmp|e<

LR ——— —
Om test fon and test reits document baselined
‘NIED RAT V1.1 Relehse (Mission Segment Conditions)

OMED RAT V1.2 Release (Mis:
MEDPRAT
<Owsovmr V2.0 (beta) -code is 'done’
OMEDPRAT V&V complete

IMPACT Documentation

n Segment Resources)

’IMPACT Sensitivity Analysis Complete
’Svstem Reqliirements Reviéw
IMPACT Use Cases.

&V test plan and test results document baselined

sttem Acceptance Review

C)MPACTMD EvLib and MedID content to IMPACT

<®MSFM (SysML model) file structure delivered
MsEm

SFM (SysML model) model files delivered, pre-ExMCCB

OMSFM (SYSML model) model files (delta) delivered, post-EXMCCB
’SACR/SSAR Completed and Signed

IMPACT Software Classification Onso 2¢ Software Class
Oﬂso.zc Artifacts Complete
o wmste <>m PoToed by TIoRE
IMPACT Transition to Ops Proces:
OCHMO Proposal P@Comple!e <>no approved by OCHMO

Snspshat Date: 11/15/2021

cation Assessment and 7150.2C Matrix Complete & Signed




Agile and our Scrum Implementation

Month long sprints are windows of development
effort, punctuated by frequent interface with
customers and users to get feedback.

Agile Epics —NASA Con-ops scenarios are big
picture features focuses on early description of use
and desired capabilities that are evaluated for
development priority by the project lead.

Quarterly Demonstrations illustrate
implementation and testing of new capabilities
and denotes delivery of a working version for user
testing.

Throughout each sprint we cover development,
software testing, user testing, and documentation
of products.

Regular stand up meetings improve coordination,
prevent siloing, and keep the project focused

Task Point Completed per sprint

* IMPACT Scrumboard

O 18] Add on screen help information to h ILE Slides for demo
IMPACT tools

100®

O 18] IMPA
T

Sprint Speed
350 321

300 272 269

256
, 236 249
50 212 206 203

200 168
150

150

91
100

50

Sprint Sprint Sprint Sprint Sprint Sprint Sprint Sprint Sprint Sprint Sprint Sprint
1 2 3 4 5 6 7 8 9 10 11 12




Month Long Sprints

e Sprint Planning
— What can be done in a month

— Team members make their own tasks not
management based on what they need to
do to implement the scenarios

e More accurate more likely to include steps
and details that make sense to the team
members

e Team members update their own cards and
can add new ones throughout as unexpected
tasks come

— Example unexpected database server migration
or update

e Sprint Review

— Move unfinished stories to the product backlog.
— Review task completion.

— Move completed cards to sprint history

e Partially completed cards can be split and things that still be
done moved to the backlog

— Agree as a team what was “done”.
— Discuss any outliers.

e Sprint Retrospective

— time to review the team’s working practices and processes
to ensure they are as efficient as possible.
e What went well?
e What could have gone better?
e What could be improved upon in the next sprint?

— There should always be things that can be improved.

— Focus on issues like sprint length, realistic expectations,
new soft and technical skills needed, new efficiencies, how
we can work smarter




2. Rating System* o’ - danin o o

[1] — Quick Email

[2] — Email you have to edit and have someone else look at before you send it

[3] — Small 3 people task, maybe like a small meeting

[5] - Larger tasks multiple meetings, multiple things to do spread out over the entire sprint

[8] — Lots of stuff to do, lots of people to coordinate with, probably multiple meetings probably will not get
all done in one sprint

[13] — Large Group task ex. Everyone preps for multiple IWS presentations and meetings
[21] [144] —Death Star

Uses a modified Fibonacci Sequence 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144 ....

Whatever rating system the team likes. You can even use it with work hours

The point is to get people to stop and think about the task ahead of time, and in the process find places
where they need help and potential pitfalls. And this communicates that to the rest of the team.

o “was created by an introvert



Using Con-Ops Scenarios as AGILE Epics

RESEARCH

e Implementation of use cases from the IMPACT ConOps progressing to v1.0

Condition
Occurrence Scenario 1 Account for multlple carriers and
Probabilities Segmented . . Scenario 9
s multiple deep space environments V044
during segmented missions
Mass/Volume
Allocation Scenario 2 User-supplied Allow users to bring Scenario 5
catarequests  their own input data V1.0
Resource usage
for specific Scenario 2A
condition

_ o
Medical system Scenario 6 v0.2
trade analyses

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

Research
Prioritization

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



w‘:& Lessons Learned-ldeas from Sprint RetroSpective_
escancn oSt

Sprint Retrospectives are wonderful sources of innovation-your team comes up with great ideas
use them

— Have an internal team demo of the code once a month, this improves internal team
communication and lets the developers show what they’ve been working on to the entire
team

— With a large team dividing up into multiple sprint review, sprint planning, meetings helped.
AGILE works best when you have 7+/- 2 people. Little meetings with the people who need
to be in them is better than one huge one. We have ~26 people on impact who are part of
our regular scrums. So we divided them into 3 groups and our meetings are much easier.

— The best feedback sessions are the smaller ones right after the big demos
e People don’t want to speak up in a big 40+ or bigger person meeting even if they are management

e We had small meetings of 4-7 people with key groups of stakeholders afterward. Facilitated by
human factors with a set list of questions to facilitate discussion and with the tech lead there to listen
and answer any technical questions that came up.




Lessons Learned-General

General Lessons Learned

Con-ops Scenarios- Make good AGILE epics

Let your team set the tasks, and PM team the overall direction. You’re not the expert in database coding, they are

Getting NASA people out of a very waterfall mindset for reviews is hard.
— Make sure you get that clear first.

— Your requirements document can become more of a checklist for V &V than something you work to. This has not lead to scope creep,
because of the regular communication.

e Cards are very useful when you have employee turnover

— They provide a list of tasks that were being worked right before the person left and upcoming ones

It’s a lot faster and more responsive than waterfall

— Multiple team members worked both IMM (waterfall) and MEDPRAT (AGILE)

— “It’s the difference between crawling and running and what you produce is what the customer actually wants.” Deb Goodenow, IMM
Coder and now IMPACT Technical Lead




Application of the Agile Framework to
the Long-Duration Medical System
Foundation




( MC What is the Medical System Foundation?

EXPLORATION MEDICAL CAPABILITY

« The Level of Care IV Long-Duration Lunar Orbit and Surface Operations Medical System Foundation
represents a recommended medical system for crew medical care on missions in lunar orbit and on the surface
with durations up to 9 months and designated as Level of Care IV, as defined in NASA-STD-3001 Volume 1
and Volume 2 and as interpreted by ExMC*

* It provides a starting point for new medical system development efforts to understand potential medical system
needs for a Level of Care IV system and was designed to:

— enable users to view the medical functions, conditions, capabilities, and resources in a system model and
how they all trace to medical system recommended requirements

— assess the impact of removing medical resources via traces to the functions, capabilities, and conditions

— provide content that can be tailored to specific missions

 The Foundation is neither hardware nor software; it is instead a framework that can be used for the
development of a mission-specific medical system and could eventually be used in HW or SW development

* “Interpretation of NASA-STD-3001 Levels of Care for Exploration Medical System Development”. For a more detailed discussion of the ConOps for this
Foundation, please see MS Kaetzer’s presentation: Implementation of a SysML model-based Concept of Operations in the Long Duration Foundation Project




gMG Foundation Development -

EXPLORATION MEDICAL CAPABILITY

_ Concept of Operations Standards
High-level . Needs & Medical System
System Vision . Goals Historical Conditions
and Scope « Scenario Narratives References (including AMCL)

» Activity Diagrams

Functions +
Capabilities =
Requirements

Medical System Medical System Medical System
Functions Requirements Capabilities

Medical System Medical System
Architecture & Master Equipment
Interfaces List

Resulting
Output

Medical System
Resources

v

“Medical System Foundation for Level of Care IV Short-Duration Lunar Orbit: Context, Process, and Project History” provides a detailed summary of our foundation approach 17



L

e ExXMC SE adopted the agile scrum framework
— Project tasks are identified
— Tasks are organized into sprints

e Sprint Description
— Fixed time period for performing set of tasks
(2 weeks)

— Extended project team determines the tasks
to be performed each sprint

— Tasks are recorded in cards on the MS Teams
Planner Board

— Team members move task cards to the
corresponding sprint’s ‘completion’ bucket as
tasks are completed

Sprint 10 (5/7-5/20) Completed

+  Add task

@ Completed recurrent pattern activit - - -

diagrams

(O incorporate non-functional
requierments in model

() Begin dispositioning comments from
internal review

Sprint 9 (4/23-5/6) Completed

-+  Add task

O TO DO for INTERNAL REVIEW
complete video guide for model
complete parameter table update (Mary Sus:
Make sure all narratives have been updated |
Add version # and date on the U

Update names of swimlanes

Scenario Developm...
() Prepare Medical Kit Scenario
Update narrative in model (SE)
Create activity diagram in model (Modeler)

Review activity d

Review activity diagram (Lumpkins)




e |[terative feedback loop with the stakeholders was employed to verify that the SEs’
understanding of the functionality met the stakeholders’ expectations.

Identify Stakeholders

Discuss Expectations
and Vision of the
System

>

Write/Update ConOps

>

Iterate with Stakeholders
as Needed

Release ConOps version




Lesson Learned: Managing a Waterfall Schedule in an Aglle

Development Environment

e Traditional waterfall schedule approach

— Used to track competing milestones and deliverable timelines across the SE team and non-SE
system stakeholders (e.g., clinicians and management)

— Integrated schedule lists tasks granularly and in a prescribed order

— This approach enables the best estimate of when work would be complete and level of
effort/number of people required to complete tasks (essential for integrating work of
multiple teams)

e Agile approach
— Allows flexibility to perform work as people with necessary expertise become available

— Provides a mechanism for SEs to begin another task if previous tasks are completed in less
time than budgeted

— Project status reporting is provided in the context of how project-level task completion
progress impacts (or not) Program-level milestones.




Lesson Learned: Problems with Sprints

e |nitially, task cards were created to document Prepare Medical Kit Scenario
all steps required to complete a task via the : -~ 00®
checklist feature. However, the following . Scenario Developmen
issues were identified:
— All the task steps generally couldn’t be  owan

completed in a single sprint (e.g., reviews by

non-SE team stakeholders)

e MITIGATION: Task cards were moved to the
subsequent sprint Checkist 4/ e

— Task cards did not provide sufficient detail to
track daily progress of the project’s various
teams

e MITIGATION: Secondary Planner boards

o000

were created specifically for project sub-
teams. Dual-card process provided all team
members with sufficient level of detail
necessary to perform tasks




(2. Future Work
Y

Ren s

* Determine how to effectively and programmatically link the high- and low-level task boards

* Consider moving from MS Teams Planner to Jira/Gitlab, which offer more capabilities

* Determine how to continue using an agile process but still meet the needs of the Program-
level waterfall-style approach.

Mon-Functional Requirements (1 Requirement Set)
Develop Non-Functional Requirements
Review Non-Functional Requirements X

Incorporate Non-Functional Reguirements into M
Non-Functional Requiremeants Developmeant Comyj 4/2a
Interface Requirements (1 Requirement Set)

Develop Interface Reguirements

- ¢‘_H—-I

Review Interface Requirements L'

Incorporate Interface Requirements into Model

Interface Requirements Development Complate
Functional Reguirements (1 Requirement Set)
Develop Functional Requirements




Questions?

Access to the public-facing Short-Duration Medical
System Foundation model can be found here:

https://www.nasa.gov/hrp/elements/exmc/products

https://www.nasa.gov/hrp/elements/
exmc/products




BACKUP




Agile is a hammer

Far from
>| Agreement
E Anarchy
= / Ch
& aos
S
% Complicated | Complex
c - .y
E \ Agile is best
5 s suited for
E Simple Complicated these projects.
Close to
Agreement
Close to Far from
Certaint)’ Certainty-
Technology Complexity

Source: Dave Rice PMP
Dave@DRiceconsulting.com
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Stakeholders of IMPACT

e IMPACT is an ExMC-developed and delivered product with possible stakeholders in other HRP elements and beyond HRP

*  Within ExMC:
* Systems Engineering (SE)
*  ExMC Leadership Team
* Broader HRP:
* Any of the other Elements
* Program Science Management Office
* HRP Management team

* Beyond HRP:
* Program systems engineering teams
* Crew health and performance system management
* Medical system management
* Office of Chief Medical officer (OCHMO)
* Medical Operations (MedOps)
* Crew Health and Safety (CHS)
* Human System Risk Board (HSRB)
* Health and Medical Technical Authority (HMTA)

» Stakeholder requirements and deliverables beyond the ExXMC element will be captured in customer service agreements
(CSA)

* The use case scenarios in the IMPACT ConOps are written with specific stakeholders in mind




IMM

Used for Ops by CHS: since 2017

* Medical Evidence and
available resources
baselined to ISS/LEO

* PRAtool, but not capable
of trade space analysis

25 MAR 2021

Evolution

Updated Medical Evidence Base
New Medical Resource Warehouse
New Math/Computational Engine
Expanded trade space analysis
capability

IMPACT-Medical

Baseline: 2022

Medical Trade Space Analysis Tool
Optimization of exploration
medical system & development of
risk-informed requirements

2022: baselined to long-duration
lunar missions

IMPACT-CHP

Baseline: ~2024

CHP Trade Space Analysis Tool
Adds substantial evidence base
from across entire CHP domain
Enables optimization of exploration
CHP system and the development
of risk-informed requirements
Later versions will support Martian
missions

29



IMPACT: Part of the Evolution of PRA for

Crew Health and Performance

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

— Updated and expanded evidence base
e Consideration of Exploration and deep space environments
e Updated terrestrial evidence since iMED release
e Expanded medical condition list
e |Improved modeling of impairment relative to performing mission tasks
e Accounts for different types of EVA and limited opportunities for RTDC

e Segmented missions, multiple vehicles




.\ Use cases, DRM and Crew for Demo
-

 Use cases
— Exercise Scenarios 1, 2, 2a, 3 end to end with the tools
— Use the latest IMED lockdown data LD 68 as input

Prototype delivery demo

Duration 365d (1yr Gateway - extended)
Meds are assumed not to expire

EVAs 8 EVAs, 40d apart, 6.5h long

Crew Members 4 total, 2 male/2 female, 2 do EVAs

Pre-existing conditions Yes




2020 2021 2022 2023 2024 2025
IMPACT Q4 Qi Q2 Q3 Q4 Qi1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Qi1 Q2 Q3 Q4 Ql Q2 Q3 Q4
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RR DR Level Content Met cceptance Review
Milestones

DR Level Content Met

IMPACT Development (Medical)

MPA(::T Version 0.1 Complete

MPACT Version 0.4 Complete

0.2 Complete

MPACT Version 0.3 Complete

MPACT Version 1.0 Complete (Med Risk PRR Milestone)
MPACT Version 1.x Complete (Med Risk PRR Milestone)

IMPACT Version 2.0 Comple @ Risk PRR Milestone)

IMPACT Version x.x Ccmple\< |

IMPACT Documentation

MPACT compo

\ents resident at their host site and CM'd

Uirements Document Baselined

&V test plan and test results document baselined

IMPACT Software Classification

AL TTE L L L LT T T T T T T e SRS

AR Compl: * ' signed

150.2C Software Classification Assessment and 7150.2C Matrix Complete & Signed

7150.2C Matrix Artifacts Complete

IMPACT Transition to Ops Proces:

tO approved by HSRB

tO approved by OCHMO

IMPACT Use Cases

PACT Sensitivity Analysis Complete|

ystem Requir

ments Review

ystem Acceptance Review




IMPACT Development Philosophies

IMPACT is an Agile software development and integration project
— High degree of customer/stakeholder involvement in development
— Frequent feedback from intended users

e Monthly sprints with internal demos
e (Quarterly demos with stakeholders
e Semi-annual version releases

— While still meeting NASA software engineering (NPR 7150.2C) and
computational model (NASA-STD-7009A) requirements

IMPACT is using human-centered design principles

— Aim to make systems usable and useful by focusing on the users, their needs
and requirements

— Apply human factors/ergonomics and industry best practices and user
interface standards

— Conduct usability studies conducted to gather knowledge and an experience
base

— Two human factors specialists are on the project

"The Agile Manifesto

Individuals and

. . over  Processes and Tools
interactions

Comprehensive

Working Product  over Bociimentation

Customer

Collakoration over Contract Negotiation

Responding to

Followi |
Shahge over ollowing a plan

That is, while there is value in the items on
the right, we value the items on the left more.

\ worw.aglemanifesto.org l

Human Centered Design Approach

Requirements Analysis and design

Implementation

\ Deployment

Testing

Planning

System maturity
Innovation

Initial planning Adaptation

Evaluation



AGILE Videos

What is AGILE —Length 11:55
https://www.youtube.com/watch?v=29QbYZh1YXY
Regular Demos - Length 6:33
https://youtu.be/Njxek3s3Shs

Talk to users 4:20 (Optional)
https://youtu.be/9WqjReqxAAS



https://www.youtube.com/watch?v=Z9QbYZh1YXY
https://youtu.be/Njxek3s3Shs
https://youtu.be/9WqjReqxAA8

Use Cases for IMPACT 1.0- Con-Ops Scenarios

RESEARCH

e This demo will give a status update on how work is progressing on Scenario 7

Condition _
Occurrence Scenario 1
Probabilities
Scenario 5 (User-supplied data)
Scenario 2 is still under evaluation for partial
inclusion in v1.0. User-defined
lockdowns in IMPACT-MD
and manual updates to
Scenario 2A the SysML mapping file will likely
be supported (pending ExXMCCB)

Mass/Volume
Allocation

Resource usage

for specific
condition
Research .
Prioritization Scenario 3
Medical system COmpare two or more candidate _\/
trade analyses medical systems directly Scenario 6 v0.2
Mission rades COMpAre two or more I?RMs N s
crew complements directly
B included in prototype vO.1 Account for multiple carriersand .
Segmented 9 g
' Included in v1.0 missions | multiple deep space environments = vo 4+
during segmented missions



e The IMPACT ConOps scenarios define the various types of use cases

Crew health and Perform trades that go beyond the

performance

system trades medical system to include the entire ~ Scenario 4
crew health and performance system

Update risk Update the risk profile to account for
from new condition d . . h h S 08
using current a new condition with the current cenario
ission mventory medical system inventory

| Included in v2.0

NOTE: Scenario 5 was deleted
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