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* Wide usage of the WSNs.

* Easy deployment in inflexible
environment

* Used for various applications

 Habitat monitoring
* Great Duck Island
* eFlux on Turtle
 ZebraNet
e Trio
* Volcano monitoring
e Structural monitoring



Motivation
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Definitin

Propose an algorithm for
adapting the transmit power for
better utilization of available
energy based on the
measurements derived from
custom built harvesting aware
sensor node.




3 components

 Hardware Design

— Node architecture
* Charging circuit
e Monitor Module

 Experiments & Measurements
— Charging profiles generation

* Algorithm

— Transmit Power Adaptation



Hardware Design

Ambient,
energy ? Skl Predictable
* Which Battery ? Ambient,
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° Related Work RF Energy Partially
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HydroWatch

Solar Panel Input Regulator | | Output Regulator Load

L
11v88.74mAPanel | |  Buck Boost Converter i

Energy Source

0 2500mAh NiMH batteries

* Using solar panels for harvesting
2 NiMH batteries

 Simple circuit

 Telosb for monitoring

* |[nput and Output regulators

* Trickle charging




Heliomote
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Protection Energy 3
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Solar NiMH MICA2
Panel Battery Mote
4 DC/DC
Undercharge Converter i
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Protection

2 NiIMH Batteries
« MICA2 for logic control

* Under charge and Overcharge
protection

 Complex circuit




Prometheus

Wireless Sensor Node (Telos)  Energy Level
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ontrol
w1
| | i

Switch I |
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1) ) Secondo
© buffer Charging Y B fferry
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* Lion Battery, super capacitor
* Pulse charging
 Complex circuit.

* Protection for shallow discharge
cycles.
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Comparison

__________Pros ________[Cons

Hydrowatch  Simple Circuit Lower life
Heliomote Overcharging and Complex circuit
Undercharging
protection

Prometheus Log lifetime Complex Design
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Node Architecture

To ADCO To ADC2
Voltage Sensor T Voltage Sensor
Diode 1
i To ) To
+ H Vinoad Vin oad
Solar Zg Diode 2 Monitor 1+ Monitor load
Panels Module Module
From From
Gnd |- Gnd |5ad
To ADC1 To ADC3
Currnet Sensor Currnet Sensor

 Battery - NIMH (2 X AA) - Trickle
charging

 Solar Panel -3V -165 mA - Amorphous



Experiments & Measurements

* Characterizing the solar panel

* Energy calculation

* Different environments
* In CSE building terrace
* On window facing the sunset.
* On window facing the sunrise.
* In woods

e Different solar panels
e Different weather condition.
* Same time different days.
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Voltage (V)

Solar panel Characterization
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Solar panel Characterization

Voltage (V)
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Energy calculation

- On CSE Terrace Full Day
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Energy calculation
- On CSE Terrace Full Day
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Energy calculation

Sunset

- On Window facing
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Energy persecond {mWh)

2.8

Energy calculation

- On Window facing Sunrise
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Energy - Instantaneous (mWh)
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Energy calculation

- In woods
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Energy - Instantaneous (mWh)

Energy calculation

- In woods
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Energy calculation

- Comparison of solar panels
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Energy - Instantaneous (mWh)

Energy calculation

- Comparison of solar panels
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Energy calculation

- Comparison of with clouds and without clouds
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Energy calculation

- Comparison of with clouds and without clouds
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Energy calculation
- Comparison of 10:40 - 11:40 of 2 days.
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Energy - Instantaneous (mWh)

Energy calculation
- Comparison of 10:40 - 11:40 of 2 days.
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Energy Comparaison

Factors affect the amount of energy gathered
by the node.

e Cloudy environment

. e Wind
Environment "

: * Woods
Location of e

node » Side of the building
e Size of the panel

Orientation of Sul&:
the solar * Facing sun

anel
p 31




Energy Profiles

For Prediction of energy availability in the

algorithm
Harvesting
Profile

\ Efficiency of Battery / >
\ Processing /
Harvesting
Usage Module
Profile onit
le
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Algorithm Design

 Known parameters (Based on
Prediction)

 Energy profile (harvested energy)

* Energy profile (usage of energy)
* Powersave mode
 Active mode

 Parameters that can be changed
* Dutycycle
* Transmit Power
* Processing
e Clustering 33



Transmit power

* Most energy consuming component

» Effects of change in Tx-power
* Routing
* Goodput
* Link quality
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Battery
Mode

Tx-power

Max possible

Harvesting
Mode

Tx-power

Max possible

 Next recharge
cycle
(Harvesting
profile)

* Available energy

(Battery
capacity)

* Usage profile
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Algorithm

Harvesting mode Battery mode

If the amount of energy
harvested from the solar
panel is greater than the
combine battery
charging energy and
usage energy of load.

If the amount of energy
harvested is less then the

usage of the load.




e Current Status
e Circuit Design (completed)
e Measurements (Continue)

* Future Work
* Algorithm Design and Implementation
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Thank You

Questions ?
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Energy calculation - on csk Terrace
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Current (mA)

Energy calculation - on csk Terrace
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Current {(mA)

Energy ca lculation - window facing
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Current {(mA)

Energy ca lculation - window facing
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Current (mA)

Energy calculation - window facing
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Charging Circuit

vVsense

VVVVVWM

Vsense Vsense To ADC é
+ ZXCT ) Voltage

. S [ |
vin 1010 & L Monitor
Gnd Gnd lout
— > % Module
Rou Current
Sensor

e ZXCT 1010 - Current Monitor
 Measures current in voltages
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Usage and harvesting of
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