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Challenges computations

A building is a complex cyber-physical system: Physical system comprises of uncertain and time-
-varying dynamic processes (e.g., temperature, occupancy) with multiple spatial and temporal
scales; Cyber system comprises of thousands of sensors and actuators in large commercial building

Every building is unique: cost considerations rules out custom solutions for control,
communication, and computation algorithms

Constraints: Sensing and actuation limitations, bandwidth limitation, computation platforms,
deployment and maintenance costs

Building dynamics and equipment properties change with time: need for adaptation
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Synthesis-based design methodology for networked CPS

Research goals

Develop methods for the operation and design of the building cyber physical system

Methods for operation: distributed estimation and control algorithms which will be used to
estimate processes such as occupant and temperature distributions, and control HVAC systems

Methods for design : set of methodologies for automated design of the network of embedded
devices to perform communication and computation for estimation and control.
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Input: application task specification, constraints, technology libraries
Design steps: task clustering, communication and computation synthesis
Output: optimal execution platform architectures for given application
and physical constraints

Thermal model identification and order-reduction

Structure preserving non-linear model reduction
A large number of zones aggregated to a smaller
number of zones
Incorporates non-linearities due to moisture

Lol

Closed loop identific.

Measured temp. — |
Cond+conv model __&
Standard RC model

goo
wf

7w c:

= = E] E}
Tine () Time ()

Occupancy measurement and prediction
Measurement of occupancy
“Flow based” sensors accumulate
error due to integration
Novel cyber sensor developed
-- computer idle/active status
-- eliminates error accumulation

Occupancy modeling
statistical models developed
Graphical models
On-line adaptation
Integration with building control
test-bed development
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Test-bed development

Test-bed : Pugh Hall @UF
> server with a BACnet stack
> Parallel to BAS
> all actuators can be commanded at
high frequency
> High frequency data collection

Integration of various new sensors
ongoing
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