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Abstract:
NASA’s Human Research Program’s (HRP) Exploration Medical Capability (ExMC) Element adopted Systems Engineering (SE) principles and Model Based Systems Engineering (MBSE) tools to capture the system functions, system architecture, requirements, interfaces, and clinical capabilities for a future exploration medical system. There are many different stakeholders who may use the information in the model: systems engineers, clinicians (physicians, nurses, and pharmacists), scientists, and program managers. Many of these individuals do not have access to MBSE modeling tools or have never used these tools. Many of these individuals (clinicians, scientists, even program managers) may have no experience with SE in general let alone interpreting a systems model. The challenge faced by ExMC was how to present the content in the model to non-modelers in a way they could understand with limited to no training in MBSE or the Systems Modeling Language (SysML) without using the modeling tool. Therefore, from the model, ExMC created an HTML report that is accessible to anyone with a browser. When creating the HTML report, the ExMC SE team talked to stakeholders and received their feedback on what content they wanted and how to display this content. Factoring in feedback, the report arranges the content in a way that not only directs readers through the SE process taken to derive the requirements, but also helps them to understand the fundamental steps in an SE approach. The report includes links to source information (i.e., NASA documentation that describes levels of care) and other SE deliverables (e.g., Concept of Operations). These links were provided to aid in the understanding of how the team created this content through a methodical SE approach. This paper outlines the process used to develop the model, the data chosen to share with stakeholders, many of the model elements used in the report, the review process stakeholders followed, the comments received from the stakeholders, and the lessons ExMC learned through producing this HTML report.

Introduction and Background
The Challenge
The National Aeronautics and Space Administration (NASA) Human Research Program (HRP) is made up of five elements including the Exploration Medical Capability (ExMC) element. The ExMC element’s mission is to “advance medical system design and risk-informed decision making for exploration beyond low Earth Orbit”. As part of this mission, ExMC is charged with defining medical system foundations, as described below, for varying levels of care which are defined in the NASA Space Flight Human-System Standard [1].  
These medical system foundations do not specify the next generation medical system for exploration programs. Rather, they provide a starting point for exploration programs to evaluate medical system requirements when developing their own medical systems, based on the required level of care. Foundations are more than just models. A medical system foundation encompasses the medical system foundation model, the Concept of Operations (ConOps), the Accepted Medical Condition List (AMCL), the clinical capabilities, medical resources, medical system requirements, NASA standards and historical reference requirements documents, and the HTML report. 
ExMC SE chose to follow a Model Based Systems Engineering (MBSE) paradigm when developing the medical system foundation rather than a traditional, document-centric approach. The model provides a shared view of the needs, environment, and requirements. However, many of the stakeholders are not familiar with MBSE techniques, tools, or languages.  Making the information available to these stakeholders in a manner that they understand, and in a readily accessible format, was the primary challenge of this development effort.
This paper explains how ExMC built the model for the Medical System Foundation for Level of Care IV: Short-Duration Lunar Orbit (this is the appropriate Level of Care for such missions, and is genericized in this paper as the “Medical System Foundation”). It shows how the team presented the Medical System Foundation information in an HTML report so that stakeholders not proficient using the modeling tool are able to access the information. The first part of this paper provides the background of the organization and task. It addresses the stakeholders, communication of the Medical System Foundation information among stakeholders, and the process followed by ExMC when developing the Medical System Foundation. The second part of the paper addresses the specifics of the HTML report used for presenting the Medical System Foundation, the process for reviewing and updating the HTML report, and lessons learned in creation of the HTML report.
The Stakeholders
[bookmark: _Hlk51053780]For many organizations, Systems Engineers (SE) are the primary stakeholders for the model or other SE documents. An SE team, using MBSE tools, develops models to understand the requirements and behavior of a system. The information ExMC develops is not intended for a specific exploration program or mission, but to provide a starting point for understanding what a medical system for a specific level of care requires. Specific programs will use this starting point to tailor the requirements for program-specific or mission-specific medical systems. Therefore, the Medical System Foundation has stakeholders both internal to ExMC (for developing the Foundation) and external to it (tailoring the Foundation to develop specific medical systems). 
For the Medical System Foundation, few stakeholders are SEs with modeling experience. In fact, the Medical System Foundation is used by stakeholders with a variety of different backgrounds. Each stakeholder group, internal and external, uses the Medical System Foundation for a different purpose and can be found at any level of an organizational chart [2]. While there are many additional types of stakeholders, this paper focuses on the stakeholders that will have substantial interactions with the Medical System Foundation, either by developing it or by using its content. These stakeholders fall into three general classes: clinicians, engineers, and mission management. 
In this paper, we use the term “clinicians” to refer to stakeholders who specialize in the health and wellness of the flight crew. Clinicians refer to physicians, nurses, and pharmacists. The internal clinician stakeholders are part of the ExMC Clinical & Science Team (CST) that identifies medical conditions of concern during a mission, the capabilities of a medical system required for managing those conditions, and the resources (i.e., medical equipment, supplies, pharmaceuticals, software, and data) required in the medical system [M]. ExMC clinicians help develop the Medical System Foundation in conjunction with the ExMC SEs and are responsible for its clinical content.
Many of the external clinician stakeholders are part of the Space Medicine Operations team that is responsible for the primary healthcare of the crew. They oversee the healthcare and medical training for the crew during pre-flight training, during the mission and after the space flight. They can use the Medical System Foundation as a guide when determining the requirements and medical content for program-specific or mission-specific medical systems.
 “Systems Engineers” refer to both the internal ExMC SEs and the SEs responsible for developing the spacecraft and medical system equipment. The ExMC SEs define the medical scenarios, architecture, interfaces, and requirements for the Medical System Foundation. While not all ExMC SEs develop the model, all contribute to or use the Medical System Foundation content.
[bookmark: _Hlk51788905]SEs external to ExMC design the spacecraft-specific medical system or equipment. These stakeholders can tailor the Medical System Foundation to meet the needs of their unique environment and mission requirements. They do not define their system to meet the needs of the Medical System Foundation, but rather use the Foundation as a guide for starting their work.
“Mission management” stakeholders are the decision makers who set the mission constraints such as mass, volume, and power. They consider trade study analyses on the medical system. The analyses help them define an acceptable level of risk and make the final decision of acceptance of a design or waivers of requirements. 
The Issue: Communicating
Like many SE projects, the Medical Systems Foundation represents the subject matter experts’ (SME) knowledge of the domain, problems that occur in the domain, and the technical solutions required to avoid or ameliorate problems that occur. In ExMC, the CST clinicians are the SMEs. It is the responsibility of the SEs to assemble the SE information in a way that facilitates communication among the clinical teams, engineering teams, and mission management. The model captures the information in one place to bridge the communication gap and create a common vision of the medical system for all stakeholders.
Understanding what stakeholders consider helps one understand their concerns, and therefore, present relevant information in a consumable manner. SE team members talked with each stakeholder group to understand their needs. Below is a summary of questions that each stakeholder group considers. These needs drove what content to have in the model and what to have in the HTML report. 

Figure 1 - Considerations for Clinicians, Engineers, and Mission Management
In addition to addressing stakeholder concerns, Medical System Foundation information must be accessible to each stakeholder Few stakeholders have the modeling tool, MagicDraw™, installed locally. Even fewer have access to the server on which the model is stored. Fewer still have the training in MBSE and in SysML required for understanding the particulars of the model.  The issue, therefore, is how to present the critical information from the Medical System Foundation to each of these stakeholder groups.
The Process
Developing the Medical System Foundation required the ExMC team to follow a systematic, repeatable process to develop and detail the Foundation’s components. These components include:
· The ConOps Document
· Refined ConOps Scenarios
· Accepted Medical Conditions List (AMCL)
· Clinical Capabilities List
· Medical System Architecture
· Medical System Requirements, including hyperlinks to standards (i.e., NASA-STD-3001 volumes 1 and 2, and the Interpretation of NASA-STD-3001 Levels of Care for Exploration Medical System Development), and historical documents (i.e., the International Space Station (ISS) Medical Operations Requirements Document, ISS Medical Kit Project Requirements and Verification Document)
· Medical System Resources and Candidate Medical System Master Equipment List (MEL)
· Medical System Foundation Model
· HTML Report showing the Medical System Foundation information
ExMC CST clinicians are the SMEs on the medical domain activities; the ExMC SEs are the SMEs for the Systems Engineering activities. However, ExMC SEs and ExMC CST worked closely in a participatory way to develop all these artifacts and to provide feedback on how best to present the information in the HTML report. By engaging the ExMC CST, the ExMC SE team encouraged the ExMC CST to buy in to the use of MBSE to develop the communication tool. 
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Figure 2 - ExMC CST and SE worked closely to develop the Medical System Foundation artifacts and to determine how to present them.
ExMC SE chose to use the Object Management Group’s (OMG) Systems Modeling Language (SysML) for the representation and Dassault Systèmes’ MagicDrawTM as the modeling tool. SysML is commonly used for MBSE. A model provides visual representations of the system. The language constructs of SysML provide diagrams for showing various elements of the systems, such as the structure of a system, the system’s behavior, and the system’s interactions with its environment. Furthermore, connecting elements in the model provides insight to the stakeholders into the effects of a change in one element on the others. For example, changing the behavior of an element by adding an action on an activity diagram will likely result in adding a system function and subsequently adding a requirement.
ExMC uses the model as the single source of information about the Medical System Foundation. All derived and refined work resides in the model. The model includes hyperlinks to external documents such as the ConOps, the AMCL, and the standards and historical documents. The HTML report provides access to this information without requiring the stakeholder to use the modeling tools or have access to the full model.
[bookmark: _Hlk51755438]The SE team followed the SE Engine stated in NASA 7123.1B [4] and tailored this process to the Medical System Foundation project. Below is the process flow taken by the ExMC team. Most of the process steps are performed iteratively with consultation, inputs, and comments from the stakeholders to improve the artifacts. The primary process workflow was as follows:
1. Create the ConOps – The ExMC SE team created the ConOps document that identifies stakeholder needs, system goals, system objectives, and mission constraints based on NASA’s health standards and definitions of levels of care.
2. Develop scenarios – The ExMC SE team and CST jointly developed a set of representative medical scenarios that define key aspects of the medical system or a stakeholder concern. Short-text narrative scenarios describe the interactions among the crew, ground medical personnel, equipment, and supplies.  
3. Create an activity diagram for each scenario – For each scenario, the ExMC SE modeling team developed an activity diagram that refined the scenario and identified the functions performed by the major system parts. CST members consulted with the modelers before refining the scenario and confirmed each activity diagram when it was complete. Note that these activity diagrams, while housed in the model, were also included in the ConOps document.
4. Refine needs – The CST further refined the clinical needs outlined in the ConOps by evaluating planned activities (e.g., routine medical care) and unplanned activities (e.g., treating injuries, diagnosing illnesses). Along with epidemiologic evidence, CST derived a predicted list of medical conditions, the AMCL, around which to design the medical system.
5. Derive capabilities and resources – From the AMCL and the list of scenarios, CST derived the medical system capabilities and the medical system resources necessary to prevent, diagnose, and treat the conditions. SEs on the modeling team imported the medical conditions, medical capabilities, medical resources, and the relationships among them into the model.
6. Define the system architecture – From the capabilities and knowledge of spaceflight environments, the SEs defined the medical system architecture and interfaces.
7. Derive requirements – From the ConOps, medical system functions, medical capabilities, NASA standards, and historical requirements, the ExMC SE requirements team derived the functional and non-functional requirements at Level 4. Requirements levels are defined as:
a. Level 1 – Agency-level requirements, including NASA standards
b. Level 2 – Program-level requirements
c. Level 3 – Vehicle System-level (e.g., the vehicle or habitat system) requirements 
d. Level 4 – Vehicle Subsystem-level (e.g., medical system) requirements
e. Level 5 – End Item-level (i.e., a medical resources) requirements
8. Trace requirements – SEs on the modeling team entered the requirements into the model and completed the requirement traces to parent requirements. SEs also traced clinical capabilities to Level 4 requirements.
9. Stakeholders review requirements – The extended ExMC team reviewed the requirements. 
10. [bookmark: _Hlk51754810]Create the model elements – The SE modeling team created the diagrams, tables, and matrices necessary for displaying Medical System Foundation information. These visualizations of the data promote common understanding among stakeholders.
11. Create the HTML report – The SE modeling team created an HTML report of the Medical System Foundation. 
12. Review the report and iterate – The extended ExMC team reviewed and provided feedback on the report. Their findings are discussed in the HTML Report Review and Acceptance section, below.
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Figure 3 - Medical System Foundation components and the general process flow. Green items are led by SE, yellow items are led by CST.
Presenting the Medical System Foundation
Choosing the Presentation Method
ExMC SE decided that producing a custom HTML report to present the Medical System Foundation information to the stakeholders allowed for flexibility in design and ease of stakeholder access. Stakeholders access the HTML report via a standard web browser (e.g., Chrome, Microsoft Edge, Safari) without requiring the Dassault Systèmes’ MagicDraw™ software or a license. To aid stakeholders understanding of the SE process, the information is organized and presented to guide the stakeholder through the development process, from source documents (i.e., the ConOps, NASA standards, and the AMCL) to outputs (e.g., the requirements, the Medical System Master Equipment List ).
 In coming to the decision about what to present and how to present it, the ExMC SE team considered the following concepts:
· The stakeholder should not be required to have specialized tools installed. 
· The presentation of the Medical System Foundation information should lead the stakeholder to the appropriate part of the report without requiring the stakeholder to understand the organization of the model.
· The Medical System Foundation information presented should not differ from the model information presented in the SysML model. It should be generated directly from the model.
· The presentation of the Medical System Foundation should help non-modeler stakeholders understand the SE development process.
The SE modeling team considered several approaches for presenting the Medical System Foundation:
Option 1. Producing printed or PDF versions of traditional SE documents (e.g., System Requirements Specification, System Design Document) directly from the model
Option 2. Using an out-of-the-box report to generate an HTML representation of a document from the modeling tool showing model artifacts such as the IEEE 1233 style Systems Requirement Specification or a “whole model” report
Option 3.  Generating a custom HTML report using custom diagrams that integrate model elements with hyperlinks to external documents.
Regarding option 1, the ExMC SE team considered generating traditional SE documents from the model that could either be printed or stored electronically in a Portable Document Format (PDF) file. The MagicDraw™ Report Wizard, a tool included with MagicDraw™ for generating documents from the MagicDraw™ models, would be able to generate versions of all diagrams, tables, and matrices. However, the diagram size would be limited to standard paper sizes such as letter or ledger. Printing complex diagrams or tables with many rows or columns may require a font size that is too small to read. Furthermore, controlling copies of printed documents or distributed files would be difficult. Stakeholders often store copies of documents locally, making it impossible to ensure a stakeholder did not use an outdated version. Using an old version may lead one to make incorrect assumptions about the medical system that may affect crew health.
Next, the ExMC SE team considered option 2. The MagicDraw™ Report Wizard includes out-of-the-box templates for generating HTML reports of the model. These standard reports include images of all diagrams, tables, and other model elements. Stakeholders accessing the reports do not require MagicDraw™ installed on their computers; the report displays in a standard web browser such as Chrome, Firefox, or Safari. The report files are housed on a server. The modeling team generates a new HTML report whenever the model information changes, ensuring that stakeholders view the latest information. However, these standard reports were designed to present model data. Stakeholders need to understand SysML concepts and the model’s organization to find needed information. Reports generated using the out-of-the-box templates did not sufficiently promote understanding nor did they show the model’s organizational structure.
The ExMC SE modeling team decided to use option 3 the MagicDraw™ Report Wizard custom templates for creating reports directly from the MagicDraw™ model. The custom templates generate HTML reports that include only the model elements the modeler selects. The modeler also chooses the default diagram that displays when the report opens as the “landing page”.  The MagicDraw™ Report Wizard also includes a feature to generate non-SysML standard diagrams, the “content diagrams” that contain text and hyperlinks to other model elements or to documents outside the model. Using content diagrams with a custom HTML report provides the SE modeling team with the ability to group and display content in multiple ways within the same report, giving the team the flexibility to present the same information differently, depending on how the stakeholder wants to consume the data. The ability to customize the order of links to artifacts on content diagrams also provides a means for the SE modeling team to show the SE process. 
 The HTML Report
The main parts of the HTML report are described in further detail below. They include:
· Landing Page
· Medical System Content Diagram
· Medical System Requirements Content Diagrams
· Medical System Requirements Trace Relation Maps
· Medical System Relation Maps. 
The Landing Page
A content diagram is used for the landing page when a stakeholder first opens the model. Similar to a main menu or a home page, the landing page is the first page of the HTML report and is shown in Figure 4. The landing page shows the architecture of the medical system in context to the greater environment in a block diagram in the main frame of the page, providing hyperlinks to the medical system content described in the Medical System Content Diagram section below and to the medical system requirements levied on other systems via other content diagrams, such as the Wellness System Content Diagram and the Data System Content Diagram, that are not described in this paper. At the top right, the landing page identifies the version of the HTML report and the date it was created. Text describing the report and the diagram are provided in sections called “About this HTML Report” and “About this Diagram” to the left of the architecture block diagram. Toward the bottom of the page, links to a “Glossary” and” Acronyms” lists are provided to aid the user in understanding the modeled content. Finally, on the left-hand side of this page, and all pages throughout the HTML Report, a “Containment” and “Diagrams” navigation is present as an artifact of the HTML report.  The navigation can be used to move through the HTML report in an un-guided manner.
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[bookmark: _Ref52014789][bookmark: _Ref52014760]Figure 4 - Medical System Foundation Model Landing Page
Medical System Content Diagram
Most medical system stakeholders want to see the medical system requirements, requirement traces, and/or clinical content. These stakeholders click on the Medical System Content link on the landing page, as shown in Figure 5. This link opens the Medical System Content Diagram. 
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[bookmark: _Ref51781739]Figure 5 - Close up of the link in blue text on the Landing Page to the Medical System Content
The Medical System Content diagram, shown in Figure 6, helps stakeholders visualize the SE development process. The boxes in the top row (Concepts of Operations, Standards and Historical References, and Medical System Conditions) show the high-level system vision and scope documents. With the exception of the Scenarios hyperlink, hyperlinks in these boxes open documents that define the top-level requirements. These documents reside in the team’s document management system outside of the model. The Scenarios hyperlink opens a diagram with hyperlinks to the scenario activity diagrams (visual representations of the ConOps).
Boxes in the middle section of the diagram (Medical System Functions, Medical System Requirements, and Medical System Capabilities) link to the content used to derive the requirements and to the requirements themselves. As the arrows indicate, the SE team derived the Medical System Requirements from the functions, capabilities, and standards.
The bottom row of boxes contain links to the resulting output: the Medical System Architecture and Interfaces, the Medical System Master Equipment List, and the Medical System Resources.
The columns group the artifacts by discipline. The left column contains hyperlinks to related ConOps artifacts. The middle column provides hyperlinks to requirements-related artifacts. The right column contains medical domain artifacts.
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[bookmark: _Ref51143284]Figure 6 - Medical System Content Diagram
Medical System Requirements Content Diagrams
In the middle of the Medical System Content diagram, the Medical System Requirements block contains four hyperlinks, two of which link to content diagrams depicting sets of requirements tables. Within both diagrams, the hyperlinks to the requirements tables are organized by the requirement levels described in the process flow. The hyperlink “Medical System Requirements Tables by Requirement Level” links to the Medical System Requirements Tables diagram shown in Figure 7 and shows a “requirements only” view. The tables in this diagram are lists of requirements and include the requirement identifier, requirement text, and the requirement rationale. The hyperlink “Medical System Requirement Relations” provides access to the Medical System Relationship Tables diagrams, depicted in Figure 8. The tables in this diagram are lists of requirements and include the requirement’s traces to higher level requirements and other model elements (such as functions and capabilities), in addition to the requirement identifier, requirement text, and requirement rationale.
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[bookmark: _Ref51143203][bookmark: _Ref51143129]Figure 7 - Medical System Requirements Tables
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[bookmark: _Ref51161161][bookmark: _Ref51661163]Figure 8 - Medical System Relationship Maps and Tables
Medical System Requirements Trace Relation Maps
Maintaining the bidirectional traceability among requirements is considered a key capability and a best practice for systems development [5,6]. In the Medical System Foundation model, various SysML stereotyped relationships were created that represent the traceability among requirements at different levels. In the model, the trace relationships exist as part of the requirement’s specification. Initially, the modeling team created tables in the model that show the requirement and its upstream traces. Both the clinicians and the ExMC SEs responsible for deriving requirements found the tables difficult to use and asked for a visualization of the traces. MagicDraw™ provides a non-standard SysML diagram, a “Relation Map”, that visually depicts the traces and was used in the HTML report to show the traces for all Level 4 requirements (Figure 9).
Stakeholders access these diagrams by selecting the “Medical System Requirement Trace Relation Maps” hyperlink on the Medical System Content diagram and then selecting the hyperlink associated with the requirement under consideration. 
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[bookmark: _Ref52017172]Figure 9 - Example of a Relation Map that shows the end to end requirement traceability of a Level 4 Medical System Requirement
Medical System Relation Maps
The Medical System Relation Maps are similar to the Medical System Requirements Trace maps. Instead of showing the relationships among requirements, relation maps show the relationships among the clinical conditions (medical diagnoses or symptoms), clinical capabilities (actions provided by a caregiver to address conditions), and medical resources (tangible and intangible assets for the diagnosis, treatment, prevention, or limitation of a given condition).
The CST provides the model source data for the clinical conditions, clinical capabilities, clinical resources, and the relationships among them. As they investigate capabilities to prevent, diagnose, or treat conditions, the clinicians use the relationships to identify what resources apply to which conditions. Initially, the clinicians used the Medical System Foundation model matrices to show the relationships. The clinicians found the matrix too large and cumbersome to use effectively and asked for a better, graphical way to see the relationships.
Due to the volume of information, the HTML report only shows representative maps. Figure 10 shows the Sample Medical System Relationship Maps content diagram that provides links to the representative relation maps and can be found in the Medical System Requirements Relations content diagram. Figure 11 is an example of a relation map that can be accessed through the resource to capability “Dental explorer/probe” link shown in Figure 10.
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[bookmark: _Ref51144453]Figure 10 - Sample Medical System Relation Maps
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[bookmark: _Ref51144488]Figure 11 - Relation Map for Dental Explorer/Probe Example
HTML Report Review and Acceptance
The SE and CST used aspects of the HTML report as a communications tool throughout development of the Medical System Foundation. Within the SE team, the SEs responsible for requirements development reviewed HTML views of requirements tables to confirm the correctness of the requirements and the requirements traces. CST clinicians used the HTML report matrices, tables, and relation maps when reviewing the relationships among clinical conditions, clinical capabilities, and resources.
Before formally releasing the HTML Report, the SE modeling team presented the HTML report and the accompanying user guide to the extended ExMC team for review and comment. The reviewers included engineers, scientists, clinicians, and management. The findings fell into several categories:
· Spelling or grammatical issues 
· Requests for clarification to the text or to the user guide for Using HTML Report
· Requests to improve navigation – for example, the addition of HTML hyperlinks to the landing page can be found in Figure 12.
· Requests to change model content, including requests to see either more or less information on a diagram or to change the diagram’s format – for example, reviewers requested freezing the header rows and columns similar to what is possible in Microsoft Excel. This is not possible in MagicDraw™.
· Questions about the way that SysML and MagicDraw™ display information – for example, MagicDraw™ displaying the type of a diagram before its name (e.g., “Content Diagram Medical System Content” instead of the preferred “Medical System Content”) or the stereotype in guillemets[footnoteRef:2]. This is also not possible to change in MagicDraw™. [2:  In SysML, a guillemet “«»” is used to denote a stereotype. Stereotypes are used to assign specialized properties to model elements in a specific domain.] 

· Problems with HTML links that did not open due to the size of the image – for example some tables and images were so large that they would not load quickly. In this case, tables and images were made smaller by reducing the number columns or rows in tables or by reducing the resolution of an image, and in some cases, large matrices were broken up into a series of smaller matrices. An example of the before and after can be seen in Figure 13.
[image: ]
[bookmark: _Ref52349359]Figure 12 - A close-up of the added link back to the landing page. This was added by request in response to a comment that stepping through using back arrows or using the ‘Quick Search’ did not allow quick navigation to the Landing Page. The added link under the home symbol improves navigation for the users.
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[bookmark: _Ref52348498]Figure 13 - Before and after of the Medical System Resources to Medical System Capability Matrices in response to a comment indicating that computer memory limitations prevented large matrices from loading. They recommended that matrices were split to improve communication. The SE modeling team created several, smaller tables to ease the issue and created links to them as shown above.
We accepted 92 findings from the reviewers. Of those findings, 45 were implemented as part of the baseline resulting from this review; the remaining 47 will be implemented over the next year. Many of these changes require modifications to requirements or clinical data that require inputs from groups other than the ExMC SE modeling team.
Moving Forward and Lessons Learned
1. [bookmark: _Hlk50569124]Perform Human Factors Analysis – Early findings commented on the colors used on the landing page, the location of data and links on the landing page, and the arrangement and naming of links on the Medical System Content page. Some of the usage issues that non-modelers experienced may have been avoided by employing human factors when this content was being designed. Going forward, a human factors analysis of the HTML report will be performed to gain better insight into usability and drive changes based on the resulting recommendations.

2. Get feedback from stakeholders early and often – Since stakeholders are the consumers of the information, the information needs to be presented in a manner that the stakeholders consume easily. Often, the ways of presenting information that made the most sense to modelers are not in line with how the stakeholders use the information. The SE modeling team made sharing drafts and concepts with two primary stakeholder groups (the CST clinicians and the ExMC SEs responsible for deriving the requirements) as part of their normal, participatory workflow. One example shows the value of this sharing. The model presents relationships among clinical conditions, clinical capabilities, and medical resources in tables and matrices. Clinicians found the matrices too large for practical use. During a feedback review, an SE made a relation map and shared it with the team in real-time during the meeting. The clinicians made a few minor suggestions, and the new presentation of those relationships was accepted. Going forward, the SE team will reach out to more stakeholders to obtain and incorporate their feedback when creating the model content.

3. Keep tables and matrices small – Members of the SE modeling team use computers with faster processors and more memory than many of the non-modeling users. While some of the larger tables and matrices would open on the modelers’ computers, they would not open on the non-modelers’ computers. The solution to this dilemma was to reduce the size of the matrices. Instead of creating one large table, a collection of smaller tables that present the information was created.

4. Create custom tables – MagicDraw™ includes several types of tables as part of the out of the box SysML profile. These tables save the modeler time if the table has the appropriate columns. Generic tables allow the modeler to add additional columns and to customize those columns. For future projects, the ExMC SE modeling team expects to use generic tables instead of the out-of-the-box tables.

5. Use Relation Maps – The SEs responsible for requirements development utilized text-based tables or matrices to analyze the trace relationships; however, the clinicians found it much easier using a visual representation via the relation maps.

6.  Be tool agnostic – With the HTML report, the priority is being able to visually convey information to the stakeholders. It is important to select tools that can address this priority. The ExMC SE team is considering other tools as well as import/export compatibility between tools. For example, Tableau is a tool designed to create visualizations from databases that might generate preferred visualization formats.
Conclusion
The HTML report of the Medical System Foundation model presented the SysML model information in a way that was accessible to non-modeler stakeholders. The non-modeler stakeholders did not need access to the model, the modeling tools, or an understanding of SysML.  The custom content diagrams provided context for accessing the model elements that the stakeholders needed. It provided context for the medical system within the greater domain and provided a map through the SE development process. Additional user feedback will be incorporated in the next version of the HTML Report as better insight into the stakeholders’ needs are identified.
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Clinicians


How do we practice medicine on space exploration missions?
 


What conditions could occur during the mission? How often do they occur? 



What supplies, medications, and equipment do we need to bring?   How much of each should we bring?



How do we communicate the medical needs to the engineers?



How do crew members make decisions about which resources to use and what support must be provided?


Engineers


How will the crew use the resources and how often will they be used?



Who will use the resources?



How do crew members make decisions about which resources to use  and what support needs to be provided to help crew members make those decisions?



How does the crew maintain the inventory?


Mission management


As I trade data, mass, volume, and power requirements for the mission, what conditions might I not be able to treat, what are the risks of those conditions occurring during this mission, and what requirements will I not be covering when making the trades?


How is the mission-specific crew similar to and different from the crew considered when defining the foundation medical system?



How much mass, power, and volume will the resources require?










21
Trade names and trademarks are used in this report for identification only. Their usage does not constitute an official endorsement, either expressed or implied, by the National Aeronautics and Space Administration.
image4.png
Medical Domain Activities Systems Engineering Activities

Team
Works
Closely

Together





image5.png
-> 7. Derive requirements

v

<h(EEELRET ) 8. Trace requirements and
1. Create the 2. Develop activity 6. Define the 9. Stakeholders review
ConOps > ccenarios =» diagramfor —> system requirements
document each architecture
scenario \

—>  10. Create the model elements

e & & & @

11. Create HTML report and 12. Review the report and iterate

5. Derive
capabilities
and
resources

&

4. Refine
needs

&




image6.png
Containment | Diagrams |
Smom
315 00 kP Views
0 Aot s Mot
3 5 Medical System Foundason Views
a3t HmaL
| Capabiies o Comions Matices
[ Data System Content
D2 oy et T g
5| Evionmenial Monioing Sysem Content
) Enironmental Monorng System Requrement Traces §
| Extavetiutar Actity Support System Contrt
it System
Levelof Care IV Medica! System Furdaton
s Syt Gt
S Mairenance Sysim Recurement Traoes Refton aps
edialSystm Contet
]

Media System Reduement Relaorships
5 Medin System Recurement Tales by Reqremert Ley
{5 Ve System Reqiement Traces Relton Maps
5 Samvle MediclSystem Relaonship aps
5 Tosk Pertormance Supgort Systam Content
5 Tosk Pertomance Support Systam Requtement Traces |
15 Testoe & ResearchSysem Content
i o e Reqsarn e R
5 Viellness System ontet
) Vieness System Requremen Traces Reaton Haps
35 Forrepon
5 I Legend
25 08- Candidte Equpment st
505 90 Active
5 irical Capabtes
365 Reusabe Eements
3 6 Levelof Care V_LCV

‘Speciicaton | Appearsin |

Content Diagram Level of Care IV Medical System Foundation

ContentDgram 7L Leve o Car e Sysiem Fondvin

About this HTML Report:
‘This HTML report contains visualizations and links
that pertain to a Medical System for a Level of Care
1V: Short-Duration Lunar Orbit mission. The general
format and content stem from a Systems
Engineering modeling tool which uses specific
language and format for consistent modeling
across systems. This link provides an overview of
the Medical System Foundation model: About this
Model

‘This HTML report shows a subset of the entire
model. It is meant to give the reader an idea of the
kind of information that the model can provide. For
more information or more detail, please contact the
ExMC Element's MBSE Lead.

About this Diagram:
For detalled information on how to use this report,
start with the Guide for Using HTML Report. This,
diagram on the right represents the system
architecture for the Habitat System and its
component systems.

Each gray box shows one of the Habitat systems
and its constituent parts (groupings of
functionallties and capabilties). The Medical
System s dark gray and the focus of the current
model. It includes the full content. The light gray
boxes indicate systems that interface with the
Medical System. Click the System Content icon to
see the Medical System content for each of the

systems.
Acronyms
Mvmvms

Medical System Foundation for Level of Care
IV: Short-Duration Lunar Orbit

B ¥ sepemer 2020

Crew Health and Performance System

nvironmental Monitoring Sy stem

Emvironmental onforing System Contnt

* Extravehicular Activty Support System

Wast Nanagerort

e Mansoment st

Extravehiulor Aty Support ystem Content

Tegend
ot sysem

] oot System Consusn P

B ucoca syuen

e o B B B





image7.png
+ Medical system




image8.png
Contort Dragram HTHL{ ) edeal System Cortert 1]

' Medical System

This diagram contains links to the Medical System content. The blocks and arrows communicate the steps taken in our Systems
Engineering process to develop this content. Through this diagram, you can access content housed in and outside of this model,

The boxes In the top row have links to the originating documents: Concepts of Operation, key standards, historical references and
the Medical System Conditions. Second row boxes contain links to model elements derived from the originating documents includir
system functions, requirements, and medical capabilties. Requirements are also derived from Functions and Capabllties. The third

row contains links to artifacts derived from the second row model elements: the medical system architecture and interfaces, the MEL,
and the resource traces.
Standards
Concepts of Operations Medical System Conditions
HASA STD 20001 Vot 18
Lot Cae 1 Ml S1som Conns (5P 46012
Baseine NASASTD01v012Re0 B
LavelorCare 1y O o0 AT otersatontorLoveis o Care Leuniar ooy UG 19
Historical References. EMeical Condiions Lt
155 edica Operations Reurements Doc REV €
ERD)
Medical System Functions Medical System Requirements Medical System Capabilities
{fMedica 8 stems Sotware Functions - ) = Cinical Capabit st
T
= < uncton Capabities o Condtons aties
higs
‘Rcrewnemper Funcion
) eica S sem Recuremen Trsces Reition Haps
Crem Patint Functions.
[s: e

4 4 ¥

Medical System Resources

I System Architecture and Medical System Master
Interfaces Equipment List L
= Sustem Master Easonent Lt s Sy s Resprce to et Sytem.
Eihestea ustem Arcntecure s teraces W)

‘Condfon Matrces

‘Capatir Matnces





image9.png
ContortDagrom HTWL{ 55 Hedcal Syiem Reauremer Tabes by Reaurert Leve 1]

2l MEDICAL SYSTEM REQUIREMENTS
iy

Medical System Requirements Tables

LEVEL 4 MEDICAL SYSTEM REQUIREMENTS LEVIED ON OTHER SYSTEMS

Level 2 Program Requirements List

Level 4 Medical System Requirements List

-

About this Diagram:
This diagram contains links to the Medical System

Levet 215 the program
level the Program shail.)

Level 31s the venicie
system leve! (The Habitat
snall.)

Level 415 the venicle
subsysiem level (The
Medical System shail..)

Level 515 he medial
resource evel (The
[medical resource) shail..)

requirement tables. These tables show each requirement
and its rationale. They do not include the traces. For the
requirements with traces, please see Medical System
Requirements Relationships (lnk from Medical System

Content or in the browser on the left).

The Medical System Requirements Levied on Other CHP

‘Systems section contains links to Medical System

requirements that must be implemented by other Systems|

Wellness System Requirements List
Environmental Monitoring System Requirements List

Data System Requirements List

Task Performance Support System Requirements List

Maintenance System Requirements List

Testbed & Research System Requirements List

s

Habitat Waste Mgt System Requirements List
-

Habltat Structures Requirements List





image10.png
‘Content Diagram KTHL &) Hedeal System Reauremert Reistoraps

MEDICAL SYSTEM RELATIONSHIP MAPS

A

Sample Medical System Reltionship Maps
Eangaion

o)

MEDICAL SYSTEM RELATIONSHIP TABLES

LEVEL 2 AND LEVEL 3 REQUIREMENTS WITH TRACES

Lover st Requrement Tale

LEVEL 4 MEDICAL SYSTEM REQUIREMENTS TABLES AND TRACES

Mecicat System Funcionsl Reqirement with Reltonships

MediclSystem Non-Tunctona Recuirements wit elsionships

MedicalSysiem Functions to Level 4 Reguirements
Cllmcal Capabity 1 Level 4 Requirements

About this Diagram:
This diagram contains links to the Medical System
requirements and traces.

Medical System Relationship Maps contains links that
trace sample Medical Systems Clinical conditions,
capabilies, and resources.

Level 2 and Level 3 Requirements with Traces contains
links to the Level 2 and Level 3 CHP requirements that
pertain to the Medical System

Level 4 Medical System Requirements Tables and
Traces contain links to Level 4 Medical System
Requirements, the Performance Requirements, and the
tables that trace Medical System Functions and Clinical
Capabilties to Medical System Requirements,

The Level 4 Medical System Requirements Levied on
other CHP Systems section contains links to tables with
Medical System requirements that must be Implemented
by the other CHP Systems.

LEVEL 4 MEDICAL SYSTEM REQUIREMENTS LEVIED ON OTHER SYSTEMS

tstness e Recuremets win Resionsos

s " uan Reson
st sustom Raouramentwin Retonshos
BT asx Petomence Supon System Reauirements wih Reilionshics

Bisiterance Srstam Requiements v Relsonsizs

i

iroten s Aessarc sonimes i etenrins
st lanzanan St esuareots i Seansiss
[ ——




image11.png
CBL2.Prog-0001 Crew Medical Care Management @ T
BISSHORD-5.2 IN-FLIGHT MEDICAL EVALUATIONS. FunctionRefine
83 Hab-0001 Provide Cirical Care B B NASA-STD-3001.Vol1-RevA-4.1.5 Levelof Care Four —— HsonaaTrace

| 1ASA STD_Derived
CHINASA-STD-3001-Vol1-RevA-4.4.3.2 Level of Medical Care:

CBNASA-STD-3001-Vol2.RevB-7.6.1 Medical Capabiity

CBL2-Prog-0001 Crew Medical Care Management @

B3 Hab 0003 Provide Laboratory Management &
M OR8N FLIGT BOUEDIALONTORAG AID DAGHOSTIS

B1L2.Prog.0001 Crew Medicl Care Management
08 L4-Hab-MedSys-0006 Access knowledge augmentation @ €B1L3 Hab0002 Provide Medical maging 8 ———"_ i -
\ CBISSHORD-6:36 IN-FLIGHT BIOMEDICAL MONTORNG AND DAGNOSTICS
\ 1L2-Pr0g-0001 rew Medicl Care Management @
"0\ CBL.Hab-000+ Provide Prarmacy Mansgement A—< = CBISSHORD-5.0 MEDICAL INTERVENTION AND CARE
1NEBCCGMainai crical competence CBISSHORD-6 1 MEDICAL INTERVENTION AND CARE DURNG ALL MISSION PHASES

\EBtiab - Suppor crew petoming tasks
a3 Habitat MS-Augment crew knowiedge:




image12.png
Urine <hermitry

Medical System Resource <-> Medical System Capability
Denta explorerprobe

]

uproten- 0mg

Medical System Resource <-> Medical System Conditions

URIARY TRACT IWFECTION -Best

About this Diagram.
‘This diagram contains links to
Relation Maps. Relation Maps show
the traces among model elements. In
this case, they show traces among
Medical Capabilties, Medical
Conditions, and Medical Resources.

To read these maps, start on the left
side of the diagram. Find the Level 4
Medical System Requirement. Follow
the arrows to see the related model
elements. The color of the arrow
indicates the type of the relation. See
the legend and the HTML Report
‘Guide for guidance on the type of
relation.

This View shows a subset of the
entire model. The model contains the
complete set of Relation Maps. For
more information or more detail,
please contact the EXNC Element
MBSE Lead

A
GV hsica
Cisem
Eoundaten
o)





image13.png
EJDENTAL CROWN LOSS - Best (Diagnosis) Master Resource-Capability

[EIDENTAL CROWN LOSS - Worst (Acute _Treatment) Master Resource-Conition
EIDENTAL CROWN LOSS - Worst (Diagnosis)

I EIDENTAL EXPOSED PULP - Best (Acute _Treatment)

|, I DENTAL EXPOSED PULP - Best (Diagnosis)

ll EIDENTAL EXPOSED PULP - Best (Long_Term_Treatment)

[EIDENTAL EXPOSED PULP - Worst (Acute _Treatment)

[EIDENTAL EXPOSED PULP - Worst (Diagnosis)

[EIDENTAL EXPOSED PULP - Worst (Long_Term_Treatment)

[EIDENTAL FILLING LOSS - Best (Acute _Treatment)

[EIDENTAL FILLING LOSS - Best (Diagnosis)

[EI DENTAL FILLING LOSS - Best (Long_Term_Treatment)

[EIDENTAL FILLING LOSS - Worst (Acute _Treatment)

[EIDENTAL FILLING LOSS - Worst (Diagnosis)

[EIDENTAL FILLING LOSS - Worst (Long_Term_Treatment)

€8 Dental - Extraction multi root tooth

Bl Dental explorer/probe &

€3 Dental - Extraction single root tooth
IR Dot st Ao orom Reskacn st il




image14.png
Close up with added navigation link

act [Activity] 10 Physical Exam[ 10 Physical Exam }J

H

Return to Level of
Care IV Medical
System

oundation
ledical System Scenarios (Home)

Level of Care IV CHP and

]

L T
L ot «Med Activity»

@ : Perform

S 2 assessment s
3 ; within Habitat assessment
5 Ms

S

Comment from a user

3-Minor various ‘downstream’
diagrams or windows

It would be nice to have the ability to directly return to the Landing page from any other window, without a lot of manually stepping through back
arrows. Often | would get too far downstream of the landing page and then just have to go to Containment menu on left and start over. In the
case of doing a "Quick Search’ (in upper right text box), the resulting page for that does not even include the green back arrow so there is no

'way to even backup to where you were prior to doing the Search (note: although this bug was alerted to in the HTML report, it would be good to|
includa thie functinaaih





image15.png
Before Comment

After Comment

Medical System Resources

Gontent Disgram Alecaion iarces axdTobes| 5] HedeSysem Resource o edar Sytem Capabiy i 1]

Medical System Resource to
Medical System Capability Matrices

|
Medical System Device Resource to Capability

Medical System Pharmaceutical Resource to Capability

Medical System Software Resource to Capability

&
i
Medical System Supply Resource to Capability

About this Diagram:

This diagram contains links to Medical System Resource |
to Medical System Capability matrices. The vertical axis
shows the resources; the horizontal axis shows the
capabilities. To find a capability treated by a selected
resource, locate the arrow at the corresponding
intersection of the resource and the capability.

7 Medical System

Comment from a user

Capability to |was never able to actually load this because of memory problems. If this is a communication tool,
Condition Trace I'd recommend splitting into multiple links or otherwise amending to make users be able to access
the info on a standard computer.





image1.png




image2.svg
  
.MsftOfcThm_Accent1_Fill {
 fill:#C0C9E4; 
}

  


image2.png




image4.svg
  
.MsftOfcThm_Accent1_Fill {
 fill:#C0C9E4; 
}

 


image3.png




image6.svg
  
.MsftOfcThm_Accent1_Fill {
 fill:#C0C9E4; 
}

      


