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STPA Extended for Coordination (STPA-Coord)
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• Safety and hazard analysis method using Systems Theory and 
model abstraction to analyze coordination between decision-
makers for system-of-systems architectures
– (Johnson, 2017; Leveson, 2012)

• Based on parent method, Systems Theoretic Process Analysis 
(STPA)
– (Leveson, 2012)

• Coordination ≠ communication
– (Johnson, 2017) (Adapted from Leveson & Thomas, 2018)



STPA-Coord Coordination Elements
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(Johnson, 2017)



MBSE for STPA-Coord
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2019
• Various analysts used Systems Modeling Language (SysML) to supplement STPA 

analyses through behavioral diagrams
• (Hurley &Wankel, 2019; de Souza et al. 2020; Zhong et. al., 2022)

~2021
• SysML co-creators began beta testing a SysML extension for safety analyses called 

Risk Analysis and Assessment Modeling Language (RAAML)
• (Object Management Group, 2021)

2021-
2022

• Ahlbrecht et al. used RAAML as a baseline to formalize requirement generation, 
validation, verification

• (Ahlbrecht et al., 2022; Ahlbrecht & Bertram, 2021; Ahlbrecht & Durak, 2021, 2022)

2023
• Object Management Group (OMG) published RAAML for use

• (Object Management Group, 2023) 



RAAML for STPA
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a. Set of SysML packages providing elements for 
safety analyses

a. STPA, FTA, FTEA, GSN

b. Supplemental guidance for STPA elements
a. Brief guidance for how to use elements
b. 6 pages, 10 images

a. “Risk Analysis and Assessment Modeling Language (RAAML) Examples 
(Informative)” (OMG, 2021)



Research Objective
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Provide a methodology to integrate 
STPA-Coord into SysML using RAAML

(Inspired by Delligati (2014))



Methodology
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Methodology
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Loyal Wingman Use 
Case



A picture is worth a thousand words
14
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Loyal Wingman Use 
Case

STPA-Coord
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Step 1: Define the Purpose of the Analysis
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Step 2: Model the Control Structure
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Step 3: Identify Unsafe Control Actions
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Step 4: Identify Loss Scenarios
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Relationship Mapping
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Coordination Elements in SysML
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Time Required to Model
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Total: 
54 hours



Modeling Time per Artifact
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Step 1-2: possible 
learning effect

Step 2-4: increased 
need for creativity 

and system expertise



Observed Benefits of MBSE for STPA-Coord
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Analysis Verification Authoritative Source 
of Truth

Display Flexibility

Traceability Multi-capable Tool

Ease of Iteration

*Cloud Capabilities

Element Modularity

*Perceived Capability



Future Work
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• More STPA-Coord analyses in SysML

• Extend RAAML for other STPA extensions

• Merge STPA-Coord analysis into existing MBSE 
model for the same system



Questions?
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