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BioBio--inspired methods for an ambient information inspired methods for an ambient information 

societysociety

Bio-inspired methods

Self-organizationSelf-organization

�� ��

��

��

AdaptationAdaptation

Network must supply Network must supply 

desired user information desired user information 

back to users without much back to users without much 

intervention or effort from intervention or effort from 

users.users.
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Attractor Selection MethodAttractor Selection Method

ηα += )(nf
dt

dn

n represents a property for selection.
f(n) is a function defining the attractors.
α is the activity, the “goodness” of the selection.
η is a Gaussian noise term for inducing random selection.

Adaptive-Response by Attractor Selection (ARAS)

HIGH 
activity

LOW 
activity

HIGH 
activity

LOW 
activity

HIGH 
activity

Osaka University E. Sakhaee 5

Application ScenarioApplication Scenario

Unpredictable
changes in 
environment

Sensors provide 
information to users 
by performing 
adaptive path 
selection.

Sensors collect vital information 
about soil moisture and 
temperature.

Information 
can also be 
shared and 
monitored via 
satellite and 
Internet.
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Layered Attractor Selection for Clustering in Wireless Sensor NeLayered Attractor Selection for Clustering in Wireless Sensor Networkstworks

ηα += )(nf
dt

dn
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Clustering layer – cluster head is elected locally, followed by 
sensing of data and reporting to cluster head.

Routing layer – Aggregated data is routed to the sink 
through intermediate clusters.

Highest Clusters are identified. (Routing Initiators)

Lowest Neighboring Clusters are identified.

Clusterhead is elected when a 

timer expires based on 

attractor selection.

Nodes become clustermembers

when they hear a cluster head 

claim message.

Sink collects aggregated data from 

all clusters.
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Complete Protocol MechanismComplete Protocol Mechanism

Lower Neighboring Cluster (LNC) 

Highest Cluster (HC)

1. Hopcount-to-Sink

Initialization Phase

3. Cluster Formation Phase

4. Data Gathering Phase

5. Routing Phase

Clusterhead selection takes place.

Feedback activity is generated.

Gateway selection 
takes place. 

Activity feedback is 
generated upon 

reception of data.

Intermediate clusters
await for data from
higher clusters for further 
aggregation.

2. Energy information exchange.

6

activity 
feedback

Adaptive path selection takes place.
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Complete Layered Attractor FlowchartComplete Layered Attractor Flowchart

Layer 2

(Routing)
Layer 2

(Routing)

Layer 1

(Clustering)
Layer 1

(Clustering)

Information
gathering

Information
gathering

SelectionSelection

Activity 

Calculation
(pre-calculation)

Activity 

Calculation
(pre-calculation)

Information
gathering

Information
gathering

SelectionSelection

Activity 
Calculation

(feedback)

Activity 
Calculation

(feedback)

Interaction 
between layers
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Routing Layer DynamicsRouting Layer Dynamics

Ai
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ConclusionsConclusions

�� Introduction of the attractor selection model for a Introduction of the attractor selection model for a 

layered clustering approach for wireless sensor layered clustering approach for wireless sensor 

networks.networks.

�� The clustering and routing layers have independent The clustering and routing layers have independent 

objectives, yet an interdependent outcome.objectives, yet an interdependent outcome.

�� Interaction between layers allows a selfInteraction between layers allows a self--managed managed 

system to emerge, selfsystem to emerge, self--organized with minimum organized with minimum 

external control, and highly adaptable to external control, and highly adaptable to 

environmental influence.environmental influence.
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Thank you!


