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Presenter Notes
Presentation Notes
Representing the Team’s work in the past FY from SE perspective.

Mike: this is a little tricky – great that you are presenting this but we need to not dance too much around the fact that this work was terminated and is no longer in progress.



Outline

• Clinical Decision Support (CDS) Project Purpose and Objectives
• Defining a Clinical Decision Support System (CDSS) for Exploration

– What is a CDSS?
– What does a CDSS do?

• CDS Model
– Revised CDSS ConOps
– Revised CDSS activity diagrams
– Baseline requirements

• CDS Project Documentation
• Summary and Conclusion
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Purpose:  Need for Crew Self-Reliance

• NASA-STD-3001, Volume 1, Rev B presents the in-mission 
medical care requirement: ‘Means of providing 
autonomous medical care and advanced life support.’

• Computational and data resources will play an important 
role in maintaining crew health, wellness and performance 
where the crew will need to be more self-reliant.
– Communication lags (~ 20min each way on a Mars mission)
– Communication blackouts, planned and unplanned
– No resupply
– No evacuation
– Potential limited knowledge, skills and ability (KSA)
– Skills erosion over time
– Crew time limited to identify symptoms, collect data, apply solutions 

and problem solve

• Paradigm shift in Medical Operations
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Presenter Notes
Presentation Notes
Deep-Space:  Delayed communications, with the potential for planned/unplanned blackouts.  The crew will need rely on themselves for medical decision-making in some instances.



Clinical Decision Support Objective

ExMC Element Risk:
Risk of Adverse Health Outcomes and Decrements in Performance Due to Medical Conditions that 
occur in Mission, as well as Long Term Health Outcomes Due to Mission Exposures

Clinical Decision Support (CDS) Project Need:
ExMC Gap Medical-701:  We need to increase inflight medical capabilities and identify new 
capabilities that (a) maximize benefit and/or (b) reduce “costs” on human system/mission/vehicle 
resources.

CDS Project Goal:
The aim of the CDS project was to develop and provide recommended functional requirements for 
an in-vehicle CDSS that acts as an assistant for delivering optimal health and performance and 
medical care during long-term, deep-space exploration missions.
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CDSS Defined

• What is a CDSS?
– It’s a software tool on a laptop and/or onboard system that interacts with the crew, databases (e.g., 

medical/clinical procedure, pharmacy, wellness, schedule), instruments (e.g., ultrasound, automated 
external defibrillator or AED, blood labs), and vehicle systems (e.g., environmental, communication). 

Note:
HSI – Human System Interface

Presenter Notes
Presentation Notes
a CDSS must provide real-time support to effectively enable increased crew autonomy for managing anticipated and unanticipated medical conditions. Unanticipated conditions include medical events not previously observed in space or on earth, un-planned, un-resourced or simply not expected at the time of occurrence. Third, the CMO may, or may not, have the expertise required to detect, diagnose, and treat emergent medical conditions. A CDSS should act as a teaming intelligence [23] to assist the CMO or any user in dynamic, highly complex scenarios, adapting to the acuity of each situation. Capabilities for a CDSS could include assistive data collection, probabilistic diagnostics, focused real-time guidance, and the provision of diagnostic and therapeutic recommendations. Fourth, spaceflight stressors such as auditory overload, musculoskeletal pain, circadian disruptions [24], confinement, cultural differences, and elevated carbon dioxide levels all affect cognitive processes [25] which could affect the crew’s ability to respond to medical events. The CDSS must help the astronauts address a broad range of clinical conditions and must be equipped with a robust data system to augment the users’ knowledge, skills and abilities (KSA) to increase their SoP [26]. A fifth unique challenge for a CDSS is that it should be designed to operate with distance-created communication lags and vehicle -imposed restrictions on computing power, mass, volume, and electrical power [5,27,28]. 
A CDSS can increase autonomy by enhancing the user’s ability to independently and appropriately respond to medical events. It should reduce user cognitive workload, help to maintain situational awareness, and support the ability to triage and treat the conditions encountered. The envisioned system should support the diagnostic and treatment workflow, provide management of alerts filtering non-critical events and tailor assessments or recommendations to specific patients, aligned with their medical histories. A CDSS should use communication technologies, data, associated documents and reports, and computational models to assist the CMO. Finally, the system should provide health maintenance guidance to maintain or improve the crew’s quality of life while also preventing illness and injury. 
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CDSS Functionality

Spacecraft CDSS Functionality
• Real-time support to manage

anticipated and unanticipated medical 
conditions

• Act as an assistant to any user in 
dynamic, highly complex scenarios
– Adapt to the acuity of each situation

• Augment the users’ KSA 
– Increase standard of practice

• Operate with communication lags
– With restrictions on computing power, 

mass, volume, and electrical power
• Reduce cognitive load

– Support diagnostic and treatment 
workflow

– Manage alerts
• Provide health guidance to maintain 

or improve the crew’s quality of life, 
while preventing illness and injury Scope Implement Goals

Note:
Dx - Diagnosis
Tx - Treatment
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Loss of Crew Life

Quality Time Lost

Evacuation

Medical Resources Used

MISSION OPTIMIZATION

EMERGENCY

ROUTINE

PREVENTION

GUIDELINES to assist in saving life/limb/eyesight

VITAL SIGNS for progress/severity feedback

DIAGNOSE conditions (many more than AMCL) 
- Identify WHAT to TREAT, 
- Most severe, most probable

TREATMENT 
- Knowledge on how to treat
- Check drug drug interactions, allergies
- Manage resources for now + rest of mission

OBSERVATION
- Check if treatment is working
- If NOT then change Dx or Tx

PASSIVE MONITORING
- Modelling risks e.g. kidney and bone loss
- Low hassle passive monitoring
- Anomaly detection reduce monitoring burden

3 different scenarios need different approach to assistance

Type and # of Medical Events

Presenter Notes
Presentation Notes
a CDSS must provide real-time support to effectively enable increased crew autonomy for managing anticipated and unanticipated medical conditions. Unanticipated conditions include medical events not previously observed in space or on earth, un-planned, un-resourced or simply not expected at the time of occurrence. Third, the CMO may, or may not, have the expertise required to detect, diagnose, and treat emergent medical conditions. A CDSS should act as a teaming intelligence [23] to assist the CMO or any user in dynamic, highly complex scenarios, adapting to the acuity of each situation. Capabilities for a CDSS could include assistive data collection, probabilistic diagnostics, focused real-time guidance, and the provision of diagnostic and therapeutic recommendations. Fourth, spaceflight stressors such as auditory overload, musculoskeletal pain, circadian disruptions [24], confinement, cultural differences, and elevated carbon dioxide levels all affect cognitive processes [25] which could affect the crew’s ability to respond to medical events. The CDSS must help the astronauts address a broad range of clinical conditions and must be equipped with a robust data system to augment the users’ knowledge, skills and abilities (KSA) to increase their SoP [26]. A fifth unique challenge for a CDSS is that it should be designed to operate with distance-created communication lags and vehicle -imposed restrictions on computing power, mass, volume, and electrical power [5,27,28]. 
A CDSS can increase autonomy by enhancing the user’s ability to independently and appropriately respond to medical events. It should reduce user cognitive workload, help to maintain situational awareness, and support the ability to triage and treat the conditions encountered. The envisioned system should support the diagnostic and treatment workflow, provide management of alerts filtering non-critical events and tailor assessments or recommendations to specific patients, aligned with their medical histories. A CDSS should use communication technologies, data, associated documents and reports, and computational models to assist the CMO. Finally, the system should provide health maintenance guidance to maintain or improve the crew’s quality of life while also preventing illness and injury. 




CDSS Logical Architecture
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Presenter Notes
Presentation Notes
Mike, beginning with this slide through to the last slide (summary of CDS Project, slide 13), you introduce a number of CDSS artifacts.  I suggest that you precede these slides with some kind of introduction to the artifacts that you will be presenting and why these are of interest or are important from an SE perspective:

CDSS Logical Architecture – why is this necessary/what does this tell us?  gives the relation of the CDSS (yellow box) to the Data System and the vision is that they operate in an integrated fashion
CDSS Model – what is this and how is it different from the Architecture?   Model differs from the Architecture because the model only captures the SE artifacts, rather than attempt to build a system.
CDSS ConOps – why is this important (from an SE perspective) and how does it relate to the Architecture and the Model (and some of your earlier slides on CDSS Functionality, etc.)?   ConOps provides scenarios that exemplify functionality of a CDSS and other systems with which it may interact
CDSS Requirements – why do we bother with these and how do they drive (or are they outcomes) of the other three (i.e., how do all of these inter-relate to each other)?  The ConOps and the prototype software development drive the requirements.





CDS Project Artifacts

• The CDS Project yielded several artifacts:
– Documentation: ConOps, technical roadmap, market survey, project plans, use cases, architecture 

recommendation
– Software demonstrations
– Model-Based Systems Engineering (MBSE) model

• Following slides will focus on the System Engineering artifacts captured in the model
– ConOps
– Activity diagrams
– Requirements
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Presenter Notes
Presentation Notes
Model-based systems engineering (MBSE) is the formalized application of modeling to support system requirements, design, analysis, verification and validation activities beginning in the conceptual design phase and continuing throughout development and later life cycle phases.



Process to Derive Requirements

Functional Decomposition

ExMC Concept 
of Operations 

(ConOps)
CDSS ConOps CDSS Use Cases

SE Artifacts 
(Activity 

Diagrams)

Analysis & 
Review

Software 
Implementation Lessons Learned

Requirements
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Diagnosis Treatment Emergent Scenario

• HRP-48012  Recommended 
Medical System ConOps

• JSC-67070 Medical System 
ConOps Mars Missions, pre-
Baseline



CDSS Project Model

10

CDSS Content:
• Project Summary
• ConOps
• Requirements
• Requirements 

Development Process 
Document

CDSS Model Home Page

Presenter Notes
Presentation Notes
A concept of operations is a document describing the characteristics of a proposed system from the viewpoint of an individual who will use that system.



CDSS ConOps
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ConOps Main Page

ConOps Content:
• Change Log
• Purpose & Scope
• Assumptions
• CDSS Overview
• Stakeholder Needs
• Goals
• Scenarios

Presenter Notes
Presentation Notes
The operational concept must include scenarios for all significant operational situations, including known off-nominal situations. To develop a useful and complete set of scenarios, important malfunctions and degraded-mode operational situations must be considered. The importance of early ConOps development cannot be underestimated. As system requirements become more detailed and contain more complex technical information, it becomes harder for the stakeholders and users to understand what the requirements are conveying; i.e., it may become more difficult to visualize the end product. The ConOps can serve as a check in identifying missing or conflicting requirements.





CDSS ConOps
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CDSS Medical Scenarios

Narrative
Hours after exercising, a CM logs into the medical system reporting a headache. The CDSS 
assesses the pharmacy resources, references the CM's EHR for treatment 
contraindications, and recommends taking an oral nonsteroidal anti-inflammatory 
medication. The CM accepts the recommendation and logs consumption in the medical 
system. A second CM logs into the system twelve hours later and performs an exercise 
workout. They both finished early, and the system notices they performed 70% of today's 
workout load and tags the event as possible exercise intolerance. Finally, a third CM is 
tagged "fatigued," as suggested by their monitored eye-lid closures and speech latency via 
a personal computer camera that observes a crew member. For example, the CDSS results 
may be derived from a Percentage eye openness tracking (PERCLOS) model.

Scenario Excerpt

Scenarios present a narrative that describes 
that actions of the actors in the medical 
event.  Scenarios include:

• Context
• Narrative
• Highlighted Functionality
• Assumptions
• Activity Diagrams



CDSS ConOps

13

Activity Diagrams

Breakdown the scenario 
into discrete actions by 
the actors involved and 
identify the functionalities 
of the systems in the 
narrative.



CDSS Requirements
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Requirements Main Page

Requirements Content:
• Requirement Table
• Requirements with Traces to 

Parent Requirements
• Requirement Matrix
• CDSS Requirement Development 

Process Document

CDSS Process Document includes:
• Project background
• Approach to:

o Requirements development
o Requirements tracing
o Prototype software development

• Review processes
• Applicable and reference documents



CDSS Requirement Table
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Requirement tables provide:
• Requirement name
• Requirement statement (e.g., The CDSS shall…)
• Rationale
• Trace(s) to parent requirements



CDS Project Summary

The CDS Project concluded at the end of FY22.

The following will be made publicly available in 2023:
Documentation
• ExMC CDSS Architecture Recommendation (HRP-48032), Rev A
• ExMC CDSS Concept of Operations (HRP-48033)
• ExMC CDS Use Cases for CDSS (HRP-48069)

SysML Model
• CDS Project Systems Modeling Language (SysML) model that 

contains:
– Revised CDSS concept of operations (HRP-48033)
– Updated activity diagrams
– Baseline CDSS requirements

16


	�
	Outline
	Purpose:  Need for Crew Self-Reliance
	Clinical Decision Support Objective
	CDSS Defined
	CDSS Functionality
	CDSS Logical Architecture
	CDS Project Artifacts
	Process to Derive Requirements
	CDSS Project Model
	CDSS ConOps
	CDSS ConOps
	CDSS ConOps
	CDSS Requirements
	CDSS Requirement Table
	CDS Project Summary

