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Sensor Network
http://www.imrt.ethz.ch/

Clean Energy
http://cheapergreener.wordpress.com

Power Plant
http://gazone.morrie.biz/
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Transportation System
http://marukosugi.com/

■ Background 
■ In the 1970s 

■ In recent years

■ Mounting expectation and demand for control 
methodology for Large Scale Systems

■ Energy・Environmental Problems and Security
■ New Applications
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Distributed Generators(Micro Grid)
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■ Distributed Generators(Micro Grid) 

: Customer

: Micro Gas Turbine

: Fuel Cell

: Photovoltaic Generation

: Wind Farm

: PEV/PHEV

: Grid

: Computer
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Information Structure with Delays
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e. g.      

:  propagation delay      pD
:  transmission delay      tD
:  computational delay      cD

iΣ :     th subsystem      i

iI :  information  that    th subsystem can obtain  i

iz :  state of    th subsystem      i
:  input of    th subsystem      iiu

iµ :  controller of    th subsystem      i
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Distributed Control

6

■ Distributed Control 

■ Advantages of Distributed Control 

■ Time Complexity

■ Fault Tolerance
■ Scalability

■ Flexibility

■ Economic Efficiency

Spatio-temporally distributed collecting and processing
of  information     

Collecting

Processing
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Past Researches of Distributed Control
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■ Past Researches 
■ From 1970s 

■ In recent years

■ Stability,           Optimality and Robustness

■ Involving recent control theory
■ Considering system structure

5), 6)

1)21), 22)

7), 8), 9), 13), 15), 25), 
26), 29), 30)

We focus on Covariance Constraints               
and
Decomposition approach                      .

7), 8), 13)
9), 15), 25), 26)
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■ Considering Constraints
■ Energy Efficiency
■ Ecology
■ Security

Predictive Control
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■ Predictive Control 

■ Advantages of Predictive Control 

■ Switching Control
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Note:  Mean and Covariance Constraints represent State and
Input Constraints, Power Constraint and Delay Structure.

Objective
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■ Objective 
We propose Distributed Predictive Control Laws for
Linear Stochastic System with Mean and Covariance 
Constraints.

11, uz

22 , uz
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Output Feedback Control
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Centralized Kalman Filtering
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■ Problem 2 
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Output Feedback Control
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■ Lemma 1(Output Feedback Control)
Problem 1 is reduced to Problem 3. 

■ Problem 3 
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∞∈ Ô)(ˆ Nx

Covariance Constraints

Mean Constraints

for Stabilityfor Feasibility
Fujita LaboratoryTokyo Institute of Technology

Tokyo Institute of Technology

))0(~())(~())1(~(
0

1

xVPkxVQNxVP xxxx
Nk

xxxxxxxx
n

Tr  Tr  Tr  ≥++− ∑
+−=

Decentralized Kalman Filtering
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An Example of Decentralized Kalman Filtering
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■ Example 1
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Distributed Kalman Filtering
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■ Problem 5 
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An Example of Distributed Kalman Filtering
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■ Example 2

We assume that           .2=hN
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Centralized  V. S.  Decentralized
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■ Performance  V. S.  Fault
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cN : number of computers

pJ : evaluation function of performance

fJ : evaluation function of fault

cN∝communication delay
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pJ : evaluation function of performance

mJ : evaluation function of memory

hN∝memory capacity
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Distributed Generators(Micro Grid)
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■ Distributed Generators(Micro Grid) 

: Customer

: Micro Gas Turbine

: Fuel Cell

: Photovoltaic Generation

: Wind Farm

: PEV/PHEV

: Grid

: Computer
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Photovoltaic Generation and Micro Gas Turbines

23

■ Example 3 
■ Problem Statement

■ Photovoltaic Generation

We predict the Power by Weather Forecast.

■ Micro Gas Turbine

We control the Total Power by 
Micro Gas Turbine.
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System Model of Example 3
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■ System Model 
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■ Kalman Filtering 
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Conclusions and Future Works
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■ Future  Works
■ Simulation of Distributed Generators(Micro Grid)
■ Precise evaluation of Time Complexity and Fault

Tolerance
■ Considering Spatially Inhomogeneous Disturbance

and Optimal Decomposition
■ Considering Plug and Play Control

■ Conclusions 
■ We have proposed Distributed Predictive Control  

Laws.
■ We have considered Optimal Decomposition.
■ We have introduced Distributed Generators(Micro 

Grid).
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1. State Feedback Control Law
2. Numerical Simulation
3. Decomposition and Coordination

Fujita LaboratoryTokyo Institute of Technology

Tokyo Institute of Technology

State Feedback Control
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■ Example 1 
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Communication Delay is reduced to Delay of Disturbance.

iI :  information  that    th member can obtain i
:  disturbance of     th member      iiw

iz :  state of    th subsystem      i
:  input of    th subsystem      iiu
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Stability and Optimal Solution
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■ Lemma 1(Stability)
If the following conditions are satisfied, 

then  
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■ Lemma 2(Optimal Solution)
Problem 1 is reduced to a Convex Optimization Problem
involving an LMI. 
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Numerical Simulation
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■ Simulation Setting 
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Example 2
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■ Example 2 

11, uz 22 , uz 33, uz

Subsystem 1 Subsystem 2
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We assume that              and we decompose only Inputs for
simplicity. 
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Lagrange Multipliers
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We use Lagrange Multipliers.
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Note:
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Note:  Lemma 3 shows that Problem 1 is solved by Distribu-
ted Information and Distributed Computing.

Decomposition and Coordination
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■ Lemma 3(Decomposition and Coordination)
Problem 1 is solved by computing Partial Optimization 
Problems of each subsystem and updating Lagrange Mul-
tipliers(by Gradient Method) . 


