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Goals of user-centric pervasive adaptive systems

� Assist us while being “invisible”
� Adapt to the user’s changing context, state and demands
� Influence the user’s environment to improve her/his well-being 

� Context : Location, activity, etc.� Context : Location, activity, etc.

� State
o Physical (e.g. movement, temperature) 
o Cognitive (e.g. high mental workload)
o Emotional (e.g. anger, annoyance, happiness)

� Demands
o Relax when stressed during work
o Avoid distraction while handling difficult driving situation
o Etc.
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Outline

� Hierarchical MAPE loops
� A component-based approach
� The REFLECT component framework
� Example scenario: adaptive interactive installations
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MAPE loops

� Realize adaptive systems by means of
closed control loops

� Separation into 4 phases
o Monitor

• Measurements from various sensors, e.g.• Measurements from various sensors, e.g.
video, skin conductance, temperature

o Analyse
• Discretise and combine raw sensor data � ”user is stressed”, “it’s too hot”
+ Self-assess effect of own actions taken in previous cycles

o Plan: find adequate strategie to assist the user
o Execute

• Use actuators to influence the user’s environment (e.g. light, sound)
• Also: “software actuators” for workload control, UI adaptation, etc.
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Challenge:  adaptation logic needs to be adaptive t oo!

� Sensor data might not be reliable in any situation
o E.g. camera in darkness, microphone in crowded room

� Actuators might not have the desired effects
� Changing demands might require completely 

different strategiesdifferent strategies

Approach: hierarchical MAPE loops

� Supervising MAPE loop
o monitors performance of supervised loop

� Adapt one or several phases
o E.g. sensor / actuator configuration, choice of

analysis algorithm, planning priorities
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How to handle complexity?

Approach: 
Hierarchical component-based architecture

� Components: black box entities that realize
algorithms, integrate sensors and actuators, etc.

connector

port

component

algorithms, integrate sensors and actuators, etc.
� Ports: declare provided or required communication 

capabilities of components
� Connectors: Handle data sent between ports
� Composite components

o Consist of inner components
o Export ports that are delegated to inner components

Hierarchy of MAPE loops ��� � hierarchy of composite components

composite component
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How to implement adaptation of MAPE loops?

� Camera resolution, sample rate, etc.
o Component parameters

� Operating modes, different algorithms
o IF-THEN-ELSE blocks?

A

B C

Approach: reconfiguration
� Change connection between components 

to realize adaptation (at runtime)

Examples:
� Choose sensor that is more reliable in

new situation
� Choose classification algorithm with higher

accuracy or better performance

A

B C
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REFLECT component  framework

� Based on Java and OSGI service 
platform
o State-of-the-art module system
o Allows deployment of components at 

runtime
� Hierarchical component model with 

support for reflection, reconfiguration 
and component parameterization

� Simple internal Domain Specific 
Language for component development 
and assembly
o Annotations + Java reflection
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Example domain: Adaptive Interactive Installations

� Displays or projections in public places (e.g. exhibition, shopping centre)
� Several possible MAPE loop levels

o Interaction loop, uses computer vision techniques to control content
o Monitor interaction performance and optimize parameters to adapt 

responsiveness, difficulty, etc.responsiveness, difficulty, etc.
o Modify displayed content (text, colours, etc.)
o Choose different interaction 

scheme if necessary 
(e.g. too many passers-by)

o Etc.
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Prototype: Adaptive Interactive Advertisement

� Idea
o Viewer can rotate 3D car model by 

gestures and/or head movements
o Adapt displayed content to 

passerby’s mood and / or cognitive state
• Switch from informative (= technical

features) to more playful content 
� For now

o Only facial expression (smile) is used
to recognize emotion

o Use horizontal head position for rotation
� Other adaptation aspect: rotate 

automatically when no viewer is present
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INFORMATIVE 
�  PLAYFUL
INFORMATIVE 
�  PLAYFUL



A Component-Based Approach for Realizing
User-Centric Adaptive Systems

?



A Component-Based Approach for Realizing
User-Centric Adaptive Systems



A Component-Based Approach for Realizing
User-Centric Adaptive Systems



A Component-Based Approach for Realizing
User-Centric Adaptive Systems



A Component-Based Approach for Realizing
User-Centric Adaptive Systems



A Component-Based Approach for Realizing
User-Centric Adaptive Systems



A Component-Based Approach for Realizing
User-Centric Adaptive Systems

Results

� Approach and framework tested with example applications from the domain 
of adaptive interactive installations

� Key benefits
o Reconfiguration greatly facilitates the development of adaptation logic
o High reusability for components that wrap algorithms or sensors / actuatorso High reusability for components that wrap algorithms or sensors / actuators
o Easy extension and modification of applications due to hierarchical 

component model

Future work
� Optimization for reconfiguration management 

o E.g. suspend only affected application threads
� Investigate ways to further integrate support for MAPE loops into framework
� UI for interactive runtime configuration management
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Thank you for your Thank you for your 
attention!


