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geosensor networks + environmental simulation

• sensed state

Sea surface temperature = 21 degrees C



geosensor networks + environmental simulation

• sensed state
• communication

output

input



geosensor networks + environmental simulation

• state
• communication
• predicted state



geosensor networks + environmental simulation
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Prediction t2 = average of neighbours + seasonal variability factor
= 22

Alert!!



advantages

• calibrate and validate geosensor network
• calibrate and validate model
• enhanced event detection
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formal model: motivation

• decentralized information processing: 
generating global properties from local 
behavior

• spatiotemporal: modeling dynamic system 
properties

• DINEM: distributed in-network 
environmental modeling system



formal model: motivation

formal modeling tool should:
• allow rigorous verification of global system 

properties
• provide a reference documentation for 

implementation
• enable specification of precise system 

design, enhancing comparison of systems



formal model: alternatives

• ad-hoc design with empirical testing
• process-algebra

– e.g., Milner CCS and pi-calculus, Hoare CSP

• discrete event simulation tools
– e.g., DEMOS

• automata
– e.g., cellular automata

– e.g., IO automata



formal model: IOA

• signature : set of actions an automata can 
perform

• state : dynamic state of an automata
• transitions : changes in state caused by 

an action



formal model: signature



formal model: state



formal model: transitions



formal model: transitions



formal model: transitions



formal model: capabilities

• composition of automata (links based on 
input/output action labels)

• enables simple communication of precise 
system details to designer

• schedules allow “pen-and-paper”
execution of action sequences in 
composite automata



formal model: capabilities



simulating runoff

Step 1: run a watershed runoff model 
and create a simulated overland flow layer



simulating a geosensor network

Step 2: simulate a geosensor network in operation, 
measuring and predicting overland flow and compare 
against modelled runoff



simulating a geosensor network

geosensor.sense
geosensor.predict



simulating a geosensor network

geosensor.sense
geosensor.predict

geosensor.check

time



simulator



simulator



simulator

Run movie of it running here….
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sources of error

• model bias
- poorly calibrated model
- poorly parameterised model

• sensor bias
- poorly calibrated sensor

• sensor random error
- malfunctioning sensor



identifying error type

• sensor vs. model error (without actual)

Sensor bias
Model bias

Model bias



identifying error type

• compare sensor with neighbourhood 

sensed

predicted



dealing with error

sensor randomness � disable sensor 

sensor bias � recalibrate sensor 

prediction bias � recalibrate model



conclusion

• environmental modelling within a geosensor
network is useful

• identifying geosensor errors allows us to 
mitigate errors across the network

• further work on identifying error type



thank you 
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