Tokyo Institute of Technology

The Monitoring of Cloud M ovements
with Visual Sensor Networks

I

Akihiro Sugiyama
FL12-1-2
16t April, 2012

Tokyo Ingtitute of Technology Fujita Laboratory

Background
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Photovoltaic (PV) power generation [1]
Theinstallation of PV generation systemsisrapidly
growing due to concerns related to environment.
Merit

¢ Renewable energy

* A clean and environmentally-friend source of energy
Demerit

« Depending on weather condition and cloud-cover

* Low conversion efficiency

Renewable energy sources are highly variable, intermittent

Itisdifficult to maintain the power demand supply balance
However the electricity grid must absorb this variability and intermittently

We need to monitor and forecast cloud movement
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Objective

Monitoring [2-]
Satellite and ground-based sky imaging tools can be
used to monitor and forecast cloud movements.
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| Forecast of PV energy production is available in advance.

All-sky imaging [3]
¢ The system includes a camera and wide-
angle lens or hemispheric mirror.
* Analysisof imageis based on the red-to-

blue ratio. -

lens distortion islarge
Visual sensor networks
« Surveillance
e Tracking
¢ Catching speeding drivers
e Gathering scientific data

Scenario
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Characteristics

« Monitor cloud using network camera Tilt
» Choose action (Pan, Tilt) such that the entropy is
maximized using potential game[4] == Pan

¢ Use PIPIP(Payoff based Inhomogeneous Partially
Irrational Play)[4] as alearning algorithm
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Entropy[5,6]
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Thepip of adice: X = {1,2,3,4,5,6}
The probability of x: p{z)
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Calculation of the probability z{=}
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Probablllty distribution
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Scenario
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Each camerais controlled

\\ \ such that entropy is
maximum
Cloud \\ \\\
Each camera monitors
boundary between cloud
and sky

We can know the size
and shape of cloud

Entropy . .
HX) 2 ( ) 9y Thefield of view
=X Zero entropy &) Zeoentropy
Zero entropy Not zero entropy
The entropy islarge
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Scenario Experiment Settings
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Each camerais controlled

such that entropy is
maximum
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boundary between cloud
and sky

We can know the size
and shape of cloud

- High entropy
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Experimental system [7]

Projecting movie of the sky on the ceiling

Network
Control
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Future Works
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Compose experimental system
» Display the cameraimage
¢ Pan and Tilt control with network camera (one camera)

¢ Calculating the entropy ZOne camera)
¢ Pan and Tilt control with network camera (multiple cameras)

» Calculating the entropy (multiple cameras)
» Application of Potential Game
The analysis and evaluation of experimentation

The field of view

- Sunlight resource Curved surface /
» Thecolor of the cloud / j
e Theoverlap of thefield of view /|

Using bearing angle [8] \
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