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Objective

Control decisions often rely on accurate simulations of physical processes full of
uncertainties. To help with the design of robust control strategies, uncertainty
guantification (UQ) techniques are being incorporated to accomplish:
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COMPLEX SYSTEMS INITIATIVE

Methodology

Integrate a set of UQ procedures, which provide a formal and
systematic treatment of uncertainties to solve the following problems:

L o T _ _ Identify and represent uncertain model parameters
Quantification of uncertainties, optimization, and model calibration and

validation

Discovery of the major sources of uncertainty

Verification of robust distributed control and improved system performance
Determination of efficient addition of sensors to reduce uncertainties

Uncertainty propagation

Data assimilation as new measurement data are collected

Optimize control decisions under quantified uncertainty

UQ methods have been implemented into a
MATLAB toolkit (upper figure) to couple with control
systems and models.

UQ was applied to a group of thermostatically
controlled loads (TCLSs), which relies on simulating a
second-order equivalent thermal parameter (ETP)
model with uncertain parameters (Li et.al., 2017)

 Results show:

 Uncertainty can be effectively reduced using
the measurement of air temperatures

e Control objective was achieved fairly
accurately with uncertainties included (lower left
figure)

 Minimal computation effort was needed
(lower right figure)

Follow on project work with GridAPPS-D
Will finish implementation and documentation

Develop paper discussing UQ methods and
comparing stochastic systems w/wo incorporated UQ
capabilities

Installed on 16 May 2017

Integrated Uncertainty Quantification version 1.0 by weixuan Li
? Integrated UQ toolbox for 1) uncertainty propagation, 2) parameter estimation, 3) decision making

Open Folder Learn Mare = Uninstall

Toolbox

Description

This integrated toolbox provides functions for three typical problems encountered when modeling a system with uncertainty:

1) Uncertainty propagation (forward problem): study how the uncertainties in model parameters affect the simulation of the quantities of out interest.
2) Parameter estimation (inverse problem): calibrate uncertain model parameters according to measurement data and thus reduce the uncertainty.

3) Decision making under uncertainty: select the control decision to achieve a control objective based on the model with quantified uncertainty.
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