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Use case scenarios

As an integral part of cyber-physical systems, for example

 Urban sensing systems

 Integrated environment monitoring

 Industrial automation

 Civilian surveillance
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A typical multihop sensor network 

deployment
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Ingredients of multihop sensor networks

 Sensor nodes: equipped with multiple sensor modules, finite energy, finite 

storage, and typically has a single antenna radio interface. 

 Gateway nodes: larger nodes equipped with a wireless interface for 
communications with the WSN, and a wired interface for communications 

with the controlling station.

 Ad hoc architecture: offer a range of benefits, including reliability, 

robustness, quick and easy network deployment, energy efficient network 

operations etc.
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Issues

 Quality of sensing

 Network flows: Link capacities, routing  and scheduling

 Evolving energy levels:  Consumption and harvesting
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Quality of Sensing
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A utility function
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Network Flows
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Evolution of the data queue
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Data from

sensing
Net inflow of data from

other nodes

Net outflow of data



Capacity and scheduling constraints
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Energy
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Evolution of the battery level
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Harvested energy

Energy consumed

due to sensing

Energy consumed due 

to wireless data transfer



Constraints

Energy,  Flow,  Capacity,  Scheduling
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Long –term time-averaged system
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Long-term time-averaged system
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two different MIS cannot be active simultaneously

flow conservation

no accumulation

at source

no packet drops



An optimization problem

Subject to:
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computation of 

matrix M does not scale 

well with the network size



How to handle the complexity of 

computing matrix M?
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A solution approach
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An alternate optimization problem

Subject to:
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Relaxation of some 

constraints

And A Path-based Approach
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A solution approach
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A solution approach
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Observation: The collection of least cost paths forms a forest



Sufficiency of the clique constraints 

with respect to the optimal utility
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Outline of proof of Proposition 1
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Results
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Numerical evaluations
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Numerical evaluations
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Summary
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 Sensing rate allocation

 Wireless link scheduling

 Routing

 Energy management

A few post-deployment challenges
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Literature survey
 Mao et al. (2012) investigate the problem of maximizing the long-term time 

averaged sensing rate of WSNs with replenishment under certain QoS 

constraints for the data and battery queues. But, they have not factored 

the energy required for sensing into the dynamics of the battery level

 Zussman et al. (2014) consider max-min fair rate allocation and routing in 

energy harvesting networks. While they consider different routing and 

multihop topologies, they do not consider capacity and scheduling 

constraints that are inherent to wireless networks.

 Tan et al. (2015) do not consider any optimization problem, but model the 

behaviour of the sensor nodes as a potential game where the high 

harvesting power nodes cooperate with the low harvesting power to 

ensure that the network remains connected.
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