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2. The CERBERO framework components 

An overview of the CERBERO framework components is depicted in 

 

Figure 2-1. They operate at different levels of abstraction, going from end-user 

interaction level, as the Verification Tool (VT) and Mission Execution Crew Assistant 

(MECA), to the low level implementation (HardWare (HW) abstraction) one, as the 

Arquitectura Reconfigurable para el Tratamento Inteligente de Cómputo, Confiabilidad y 

Consumo de energía (ARTICo³) and the Multi-Dataflow Composer (MDC). Some of the 

components were already available and are extended within the CERBERO project; 

others are developed from scratch. Connections among tools have been already identified 

and the integration process, which can be either direct or based on the usage of an 

Intermediate Format as it is going to be specified in D5.7, is generally ongoing.  
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of Duell [Duell 2008] presents an agent system to monitor user activities based on 

DESIRE [Brazier 2002] which is similar to MECA, but without considering interaction 

between multiple agents. 

b) Features 

MECA is an umbrella name for a collection of ideas, techniques and SoftWare (SW) 

components that aim to improve the resilience of human-machine teams. Based on these 

ideas, a MECA unit can be seen an implementation that takes the form of a smart digital 

assistant or ePartner.  

Functionally, an ePartner is defined by its application domain, but typically almost every 

ePartner provides system, environmental and human monitoring and diagnosis, 

coordination with other ePartners and high level decision support in cases of unforeseen 

conditions and events. For this last characteristic, the ePartner is an event-driven agent 

that can behave autonomously to achieve the desired goals (deciding what to do basing 

on the current state) or providing a set of alternative ways to the human, allowing him/her 

to take the decisions. This means that a MECA ePartner performs online adaptivity on 

three distinct levels: system, environmental and human. 

A MECA ePartner is built based on the following three key principles: 

• Semantics: a knowledge-centric approach to enable reasoning about the data, 

which is stored and shared between ePartners through a shared Knowledge Base. 

• Services: a loosely coupled architecture of hierarchical knowledge processing 

services, to ensure that the system is modular and extensible, based on a central 

toolbox of building blocks with clear interfaces. 

• Agents: an ePartner capable of reasoning about the current execution status, 

providing goal-driven behaviour support to its users.  

Figure 2-2 MECA ePartner architecture 

The SW architecture of a MECA unit that supports these functionalities consists on the 

following components, depicted in Figure 2-2: 
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• Knowledge Structures: a shared semantic Knowledge Base, built from ontology to 

store structured data.  

• Knowledge services broker: an Application Programming Interface (API) and 

drivers for data monitoring/triggering and high level read/write with the 

Knowledge Base.  

• Internal processes: depending on the application, various internal processes can 

be deployed. In general, an internal process is a component that extracts 

information from the Knowledge Base to perform an information enrichment 

operation to include additional information into the Knowledge Base. For 

instance, it is possible to perform resource usage prediction, simulation and future 

state inferencing.  

• External interfaces: generic interface protocols, methodologies and design 

patterns for interfacing third party SW and HW systems. This includes Human 

Machine Interface (HMI) and interaction with other MECA units. 

The last implementation of MECA, called MECA-HEART, has been used to demonstrate 

the MECA functionalities in the context of deep space missions with human-robot 

cooperation [Bosse 2017]. One of the tested scenarios entails travelling to a remote 

location and constructing a cache. In such scenario, an astronaut cooperates with a 

Eurobot robot to complete the different tasks in nominal and off-nominal circumstances. 

During all the activity, the MECA ePartner monitors the status of all actors and resources. 

If a certain resource matches a condition, an alarm raises and the ePartner includes the 

crew in the decision making process, proposing resource reallocations or alternative tasks 

to solve the current problem. One of the key points of the MECA ePartner is that the 

solutions presented to the user are properly explained, which improves the decision 

making process. While the demonstration of MECA relies in that domain, many of the 

higher level concepts used in MECA are more generally applicable to situations where 

humans and machines/SW work together as a team.  




















































































