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Emergent Behaviour (EB) & Assurance
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Simple algorithms are 
executed by individual 

agents

EB arises from the 
interactions of the 

agents with each other 
and the environment

EB can be difficult to 
model & can pose a 
critical challenge for 

assurance

“How do you ensure safety of a swarm where the swarm’s behaviour is an emergent consequence of the 
interaction of individual agents with each other and their environment?”



Case Study: Cloakroom

Fig. 1: Pop-up cloakroom powered by a swarm of robots using 
distributed situational awareness [Jones et al., 2020]. 

Fig. 2: Swarm of  DOTS moving boxes in our lab environment [Jones et al., 2022]
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Standards and Guidance Reviewed
• Standards applicable in the current study:

o IEEE P7001 – Transparency of Autonomous Systems
o ISO 13482:2014, Robots and robotic devices — Safety 

requirements for personal care robots 
o ISO/TR 23482-2:2019, Robotics — Application of ISO 13482 —

Part 2: Application guidelines 
o ISO/TR 23482-1:2020, Robotics — Application of ISO 13482 —

Part 1: Safety-related test methods 

• Other standards reviewed:
o ISO 10218-1:2011, Robots and robotic devices — Safety 

requirements for industrial robots — Part 1: Robots 
o ISO 10218-2:2011, Robots and robotic devices — Safety 

requirements for industrial robots — Part 2: Robot systems and 
integration 

o ISO/TS 15066:2016, Robots and robotic devices — Collaborative 
robots 

o ISO 18646-1:2016, Robotics — Performance criteria and related 
test methods for service robots — Part 1: Locomotion for 
wheeled robots 

o ISO 18646-2:2019, Robotics — Performance criteria and related 
test methods for service robots — Part 2: Navigation 

o ISO 18646-3:2021, Robotics — Performance criteria and related 
test methods for service robots — Part 3: Manipulation 

Fig. 3: Categorization of mobile service robots and relation 
with other relevant areas [adapted from ISO/TR 23482-2:2019] 
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• Assurance of Machine Learning for use in Autonomous Systems (AMLAS):
o Provides guidance on how to systematically integrate safety assurance into the development of ML 

components [Hawkins et al., 2021]
• Assurance activities performed in parallel to the development of ML component [Hawkins et al., 2021]

• Iterative process
• Explicit and structured safety case:

o Set of argument patterns (in goal structuring notation), and the underlying assurance activities 
instantiated to develop ML safety cases

6

AMLAS Process

Fig. 4: AMLAS process 
[Hawkins et al., 2021].
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AERoS Process
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• Safety assurance process based on AMLAS targeting robotic swarms:
o Six main stages

• Iterative by design
• Assurance activities performed parallel to EB development
• Each stage describes its inputs, outputs, assurance activities & produced 

artefacts:
o EB safety case for swarms

Fig. 5: The AERoS process with its six stages adapted from AMLAS.
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Stage 2: EB Safety Requirements Assurance

[H] EB Safety 
Requirements

3. Develop EB
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Safety Requirements 
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Results
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Figure 10: AERoS EB safety requirements assurance process.
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Stage 2: Safety Requirements
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Figure 11: AMLAS ML data requirements assurance 
process.
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Stage 3: Data Management
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Figure 12: AERoS EB data requirements assurance process.
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Conclusion
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• Safety Assurance Process for autonomous robotic swarms
• Limitations:
o Individual robots’ adaptation 
o Additional swarm use cases 

• Future work:
o Other assurance properties like regulation & ethics
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