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Motivation

Sensor networks in the built environment provide
critical information for building control systems to
ensure residents comfort and energy efficiency.
Data from sensors are used to estimate the
building's states, evaluate current power usage, and
predict energy demands, all of which are valuable for
building managers to make decisions and
understand the behavior of building energy
consumption.

2012 Main Objectives

It is our objective to develop a unifying framework for
sensor placement and sensing data analysis:

« Optimize the sensor locations by incorporating
knowledge from physics into spatial statistical
models

 Reconstruct time-varying maps of building
environments, such as temperature profile

* Analyze data in real-time by dimension reduction
and make predictions

Problem Definition

Most works either focus on the purely statistical
methods by adopting questionable assumptions, or
rely on physics by considerably simplifying the
model. In order to improve the accuracy of our
model, we need to:

Optimize the sensor placement to provide
most sensing information by combining
statistical methods with physical

constraints

We are required to design the placement strategy to
obtain as much information as possible with very
limited number of sensors. Based on the data
acquired in real time, we want to visualize the current
building environment, and recognize the trends
underlying the huge amount of data to predict the
building states.

 Apart from its statistical nature, the spatial distribution of
temperature, humidity and gas concentrations Iis governed
by laws of physics. With relevant knowledge in the physical
domain, we can improve the accuracy of statistical models
~even further..

We then analyze the daila collected by the sensors:

« Dimension reduction by on/ine PCA methods
« Reconstruction of data by spatial kriging
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Approach and Methodology

Optimized Sensor Placement Algorithm

Inputs from
physical models

Computational Fluidic Dynamics Modeling

Incorporation of physical knowledge into statistical models Input: Spatial covariance information, number of

sensors k, available locations for sensors
Output: selected sensor locations

« Temperature distribution in the spatial domain is
governed by convection, diffusion, sources and
transient behaviors:

Physical domain knowledge

Building space information
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* The above partial differential equation governs the
End Objective:

system behavior. All terms are coupled and must be
solved simultaneously.

* No closed form solution, yet commercial programs
deliver simulation results, e.g. ANSYS FLUENT

max mutual information

Computational fluidic dynamics
* Boundary conditions
* Modeling of building space

The sensors are chosen so that the mutual information between
observed and unobserved locations are maximized
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Sensor Placement Strategy in CREST

For time series analysis:

* Reduce data dimensionality
.+ Trend recognition and data forecasting
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« Sensor locations depend on spatial covariance inputs
 Locations where temperature varies most and can provide most
Information about others are chosen

Online PCA as a piecewise linear approximation to the signal:

» Updates the PC dynamically
-+ Since the signal fluctuates a lot, it is difficult for standard PCA to capture all
the information with one static PC
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Future Goals

Continuous Map Reconstruction by Kriging Conclusion and References

K Investigating optimal sensor placement strategy that incorporates\
physical domain knowledge based on computational fluidic dynamics
into statistical models, so as to use as few sensors as possible to
fulfill the sensing requirement.

Building environment’s temperature profile can be
reconstructed in real time by spatial Kriging, which takes
sensor data as inputs and estimates the temperature at
unobserved spots, thus creating a continuous map

« Further explore the incorporation of physical
domain knowledge in statistical models

« Explored data analysis methods to find trends in sensing data and
reconstruct real-time building environment profiles, by online PCA
l' and spatial statistical Kriging.

« Develop and integrate real time building

environment reconstruction programs
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 Proposed a framework that combines sensor deployment, data
analysis and data visualization

»Online algorithms to detect patterns, trends,

] & 4 and important changes in the building
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» Inputs to building control systems to
iImprove comfort and energy efficiency

The evolution of temperature profile over time can help us
visualize the occupants activity throughout the day
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