
2008/5/19

1

Fujita LaboratoryTokyo Institute of Technology

Tokyo Institute of Technology

1

Introduction to Team Theory Revisited

FL08-05-2

Tatsuya Miyano

Fujita LaboratoryTokyo Institute of Technology

Tokyo Institute of Technology

Outline

2

1. Introduction

2. State Feedback Control Law

3. Kalman Filtering

4. Output Feedback Control Law

5. Distributed Synthesis Procedure

6. Conclusion and Future Works

Fujita LaboratoryTokyo Institute of Technology

Tokyo Institute of Technology

Discrete Time Linear Stochastic System
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Distributed Control Problem
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classical information structure

nonclassical information structure

The common goal for all control stations is as follows.
teamProblem 1
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LQG with Nonclassical Information Structure
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Remark 2
1)

(A)     If information structure is nonclassical, then optimal sol-

ution of LQG control problem                  is not always 

an affine function. 

S
opt



(B)     If we restrict that              is an affine function and infor-

mation structure is nonclassical, then LQG control prob-

lem is in general nonconvex optimization problem.

S

We consider the special case.
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If  no element of                                                                       

affects         , then we call the distributed control pro-

blem the static team problem.

Static Team Problem
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Static team problem is convex optimization problem 

and the only optimal solution is an affine function.

Definition 1
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Theorem 1
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Partially Nested Information Structure
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If  the information structure is partially nested, then 

the distributed control problem is equivalent to the 

static team problem.

Theorem 2
1)

Definition 2
1), 2)

If what      affects      implies                for all       , then 

the information structure is called partially nested.
i

y
jj

uy ,


j
u

i
y

ij
yy  ji,

Fujita LaboratoryTokyo Institute of Technology

Tokyo Institute of Technology

Distributed Control by Covariance Constraints
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is replaced by               .

Distributed Control by Covariance Constraints
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Time delay is at most 2-steps.
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Distributed Control by Covariance Constraints
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The covariance constraints are as follows.
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State Feedback with Covariance Constraints
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Theorem 3
6), 7)

(i)    There exists a feedback law                           that 

together with (1) has a stationary zero mean solut-

ion satisfying 

))(()( txtu 
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(ii)  There exists a positive semidefinite

with 
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For every    , the following statements are equivalent.

・・・（2）
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covariance constraints
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State Feedback with Covariance Constraints
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Moreover, if                       and      satisfies the conditio-

ns of (ii) , then the conditions of (i) hold for the linear 

control law                     , where     is a zero mean stoch-

astic variable independent of      and     and with

.
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Remark 3
12)
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Kalman Filtering with Uncertain Covariance
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Theorem 4
7)

(i)    There exists a map     such that the state estimate 

for all  

satisfies
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For every    , (i) and (ii) are equivalent.

Jj ,,2,1 
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covariance constraints
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Kalman Filtering with Uncertain Covariance
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Moreover, if                      and      satisfies the condition-

s in (ii), then the conditions of (i) hold for the estimator

defined by

xyxx SSK
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Output Feedback with Covariance Constraints
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Theorem 5
7)

(i)    There exists a stabilizing feedback law 

with stationary 

solutions for                        such that 

has the same value for all                               and 

the value is not greater than    .
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Output Feedback with Covariance Constraints
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(ii)   The conditions of (i) hold for the feedback law d-

efined by 

where the matrix                 satisfies (2), (3) with 

minimal possible     and                satisfies (10), 

(11) with minimal possible    . 
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dual decomposition

for fixed jk
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A gradient search for the saddle point

has the dynamics

Saddle Point Algorithm
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Algorithm 1
8)
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Static Team Problem
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Theorem 6
8)
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Dynamic Team Problem
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Theorem 7
8)
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Conclusion

Future Works

• A distributed algorithm with information structures

considering complexity

• An expansion to predictive control

• A graph theoretical approach to information 

structures

• We have introduced team theory.
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Example 2: Vehicle Formation Control
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1)  Every vehicle knows only its position.

1z 2z 3z
4z 5z

2)  Every vehicle knows the position of every other vehicle.
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1z 2z 3z
4z 5z

3) Each vehicle knows its position and also the position of 

the vehicle in front of it.

)2)4)3)1
49.2653.2627.2791.27 

optimal value of the cost function

1z 2z 3z
4z 5z

4)  Each vehicle knows the position of neighbors.
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Kalman Filtering
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Definition of LQG

1) Linearity

2) Whiteness

3) Gaussian

4) Quadratic Criteria
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