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Wireless Sensor Networks (WSNs)
● A set of nodes that monitor, collect, and relay data 

to a base station.
● Application Examples:

○ Health Monitoring
○ Military
○ Agriculture

Energy Harvesting
● Energy harvesting is a possible solution. 

Research Problem
● Energy harvesting is a stochastic process. 
● All WSN protocols require redesign to 

accommodate for inconsistent energy 
availability.

● Time Division Multiple Access (TMDA) is one of 
these protocols. 

Quantum Science Applications
● A hybrid quantum communication 

system which uses an array of RF 
wireless sensor nodes as an 
intermediate to a quantum link [3].

● The RF nodes can harvest energy from 
an RF station.

Results
● The proposed algorithm achieves a latency of 56 ms compared to 

4.6 s which is achieved by [1].
● Preliminary energy calculations show significant improvements in 

energy consumption.
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Proposed Algorithm

Limitations of WSNs
● Very small nodes, thus:

○ Limited lifetime of batteries
○ Inability to replace batteries
○ Difficult/expensive to maintain

Research Objective
● To design an energy and latency efficient TDMA 

algorithm which handles the effects of clock drift.

Experimental Setup
● A node is comprised of an Arduino Uno 

and an XBee RF module.
● Energy harvesting is modeled as the 

Bernoulli process. 

Proposed Algorithm Implementation

System Model
● A single-hop network as in [1].
● Coordinator acts as a central node.
● Each node has a unique ID.
● Only nodes are energy harvesting.
● Harvest-store-spend policy is used.

Proposed Solution
● The coordinator coordinates the synchronization 

and transmissions of the nodes.
● The coordinator initially syncs the network using a 

sync message.
● The coordinator monitors the network for any errors. 

An error is defined as: all sensor nodes are out of 
energy or a transmission overlap (due to clock drift). 

● The coordinator resyncs the network if an error is 
detected.

● If a sensor node is out of energy, it can resync 
based on another node that previously transmitted.
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Possible Research Areas
● How can the data sensing (transmission data) rate be optimized 

based on the energy harvesting rate or vice -versa?
● Assuming RF nodes are equipped with data buffers, how long 

should data remain in the buffer before they are removed?
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