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Energy Harvesting Support for Sensor
Networking

Jason Hsu, Aman Kansal, and Mani B Srivastava
NESL — http://nesl.ee.ucla.edu

Introduction: Exploit Environmental Energy to Increase System Lifetime or Performance

Energy Harvesting Managing Environmental Energy
* System life and performance can improve with extra energy o At the node level
* Several harvesting technologies available/emerging . Scale performance as per energy availability.
11. Schedule tasks optimally in space and time
_ 5 . At the network level

Thermoelectric Micro-Hydraulic ST BioFuel, : Distrib K d <

(DARPA.JPL. Transducer Solar Cells gﬁsilc_)i;JWE- 1. 1stribute tasks to nodes with more energy

CalTech) EM Direct Conversion  (DARPA, MIT) 11. Choose communication routes that maximizes system lifetime

Device (DARPA, ITN)

« Ultimate goal - Deployment of self-sustained sensor network

Problem Description: Sensor network has limited lifetime when running on batteries

* Enable sensor nodes to scavenge energy from its environment.
* Need distributed method to learn the environmental energy opportunity and adapt global task sharing.

Proposed Solution: Energy Harvesting Support for sensor network.

Harvesting Theory Environment Aware Routing

Definition: E(t) is a (p-0;-0,) source if for all T: Utilize environmental information from Heliomoter to choose most
T

[E®)2pr-o,  and [E@ < pT+o, energy-efficient routes
0 0

Theorem 1 (Optimal Achievable Performance): If
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* asystem 1s powered by a (p,c,,0,) source ol
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* has energy storage capacity >= (¢,+G,) gt
e operates at constant power level p ol el \ @
then 1t utilizes the energy source fully and can survive forever. / ° ‘ﬂ\‘ ol
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Theorem 2: Gives achievable performance when consumption rate not constant. ol ol
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E 160 i & / E(t) Operatlon 0 Blue bar represents the residual battery level
th 120l ] ‘ i g ° Leam theorem parameters 1 Yellow bar represent solar energy received locally
SRl - w\ e() from imtial data A modified version of Directed Diffusion
2" | | 1 «  Various means for | | |
S | | performance s'caling: Sleep - Knov.xfledge about neighboring nodes are sent along with Interest message
5 b (| cycle, Dynamic Voltage from sink

A b Scaling, Radio range control . .

NEIPNE NP LR N I S S S - Event data back to sink through nodes with highest energy.
SR %‘2 e g e T — Mote hardware: Sleep cycle
Time (days) - Next-hop decision made independently at nodes
HeliomoteR - Nodes with higher harvesting potential are used first.

A integrated solar energy harvesting and storage device for sensor network . . .
Simulation Studies

* Light distribution collected at
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Overcharge protection network (in NESLsim)
 Disconnect solar cells when batteries - o
Time (10 minute resolution)

have reached their full capacity.

H Undercharge Protection Routing Results o
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