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OUTLINE

1. Glocal Control & Energy Networks
2. A Unified Framework for Networked 

Dynamical Systems with Stability Analysis
3. From Homogeneous to Heterogeneous
4. From Frat to Hierarchical 
5. Decentralized Hierarchical Control 

Synthesis 
6. Applications in Energy Networks  



Framework for Glocal Control
Realization of Global Functions 

by Local Measurement and Control
Real World

Local 
Measurement 
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LTI System with 
Generalized Frequency Variable 

A unified representation 
for multi-agent dynamical systems

Group Robot Gene Reg. Networks

1/s  h(s)

Φ(s) = 1/h(s)

Generalized 
Freq. Variable

Dynamics 
+  

Information 
Structure
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① LTI system with generalized freq. variable
a proper class of homogeneous multi-agent 
dynamical systems  

② Three types of stability tests, namely 
graphical, algebraic, and numeric (LMI) 

Messages : A New Framework

powerful tools for analysis

Q3: from Homogeneous 
to Heterogeneous ?

Q4: from Flat Structure 
to Hierarchical Structure ?
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New Framework for System Theory
from Homogeneous to Heterogeneous
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OUTLINE : Part 3

3. From Homogeneous to Heterogeneous
・ Robust Stability Analysis
・ Nonlinear Stability Analysis    
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OUTLINE : Part 3

3. From Homogeneous to Heterogeneous
・ Robust Stability Analysis
・ Nonlinear Stability Analysis

(Hara et al.: CDC2010)
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Nominal system: 
homogeneous

From Homogeneous to Heterogeneous

Independent 
perturbations
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Nominal system: 
homogeneous

From Homogeneous to Heterogeneous

Independent 
perturbations



Three Classes of Perturbations

Multiplicative Perturbation:

Three Classes:
Full perturbation:

Heterogeneous:

Homogeneous:
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Basic Idea

Ａ: diagonalizable

??
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Homogeneous Perturbations 
Polyak, Tsypkin (1996)

Complementary Sensitivity function (h(s), λi) 13



Theorem: The following three conditions are equivalent.

Robust Stability Condition for 
Homogeneous Perturbations 

Small Gain Criterion
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A : Normal (T = U : Unitary Matrix)

* Symmetric 
* Skew -

Symmetric 
* Circulant
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Assumption

Theorem: The following three conditions are equivalent.

Hara, Tanaka, Iwasaki (ACC2010)

Robust Stability Condition for 
Full  Perturbations 
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Heterogeneous Perturbations

17
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Assumption

Robust Stability Condition for 
Heterogeneous Perturbations

Theorem: The following conditions are equivalent. 

(Hara et al.: CDC2010)

Symmetric
Circulant
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An Application : Biological rhythms

• Biological rhythms
– 24h-cycle, heart beat, sleep cycle etc.
– caused by periodic oscillations of protein 

concentrations in Gene Regulatory Networks

• Medical and engineering applications
– Artificially engineered biological oscillators

(e.g.) Repressilator [Elowitz & Leibler, Nature, 2000]

PB PC2 PC1
PE

PD PG

PH1 PH2 PH3

PF
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Gene B Gene C

Gene D
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Gene F
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Gene I

Gene J

protein A

protein C

protein F

protein D

protein GPA
Gene A

Motivation



• Protein synthesis : transcription & translation

Cyclic model

Step1

Step2

transcriptionDNA ProteinmRNA
translation

Liposome

1st th2nd 3rd

transcription
DNA ProteinmRNA translation

Liposome

transcription translation

activate or repress

Gene Regulatory Network Systems

• Biological rhythms: 24h-cycle, heart beat
periodic oscillations of protein concentrations 
in Gene Regulatory Networks
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• Numerical simulations
– Changing chemical parameters

What are the conditions for convergence 
and the existence of oscillations ?

Time [s] Time [s]C
on

ce
nt
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tio

n

C
on

ce
nt

ra
tio

n

Convergence or Oscillations ?

Local Stability Local Instability

Nonlinear Analysis 21



・・
・

gene model

Production rates

Degradation rates
(1/Time constants)

Hill function

(Mono. increasing for activation)

(Mono. decreasing for repression)

Gene Regulatory Network Model
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・・・

Each geneʼs 
dynamics

Interaction 
structure

Linearized Gene Network Model

Time
P
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• Four essential parameters                           which 
determine the existence of periodic oscillations

• This coincides with [ H. E. Samad et al., 05]

• Assumptions:
– All interactions are repressive

・・
・

The cyclic GRN has periodic oscillations, if

and

Theorem [Hori et al., 09]

where

Analytic Criteria

24
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Robust Stability Condition 

More Robust  as                        decrease. 26



27

Assumption

Robust Stability Condition for 
Heterogeneous Perturbations

Theorem: The following conditions are equivalent. 

(Hara et al.: CDC2010)

Symmetric
Circulant

Same results for MIMO general 
classes of perturbations 27



Coprime Factor Perturbations (1/2)
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Outside of Blue Circle  &  Inside of Red Circle 29



−4 −2 0 2
−3

−2

−1

0

1

2

3

Real Part

Im
ag

in
ar

y 
P

ar
t

−4 −2 0 2
−3

−2

−1

0

1

2

3

Real Part

Im
ag

in
ar

y 
P

ar
t

Coprime Factor Perturbations (2/2)

Outside of Blue Circle  &  Inside of Red Circle 30



Analytic Expressions by QE

QE

31



Analytic Expressions by QE

QE

Summary : Robust Stability Conditions
・Class of A  Class of  Δ
・Small gain (H∞-norm) condition is 

necessary & sufficient
・ D-scaling technique is quite useful
・Some applications

bio-systems
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OUTLINE : Part 3

3. From Homogeneous to Heterogeneous
・ Robust Stability Analysis
・ Nonlinear Stability Analysis    

(Hirsch, Hara: IFAC2008)



Linear  Nonlinear

Interconnection Matrix

u y

Homogeneous 
 Heterogeneous
Robust Stability Analysis

Linear  Nonlinear
Nonlinear Analysis
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Linear  Nonlinear

Interconnection Matrix

u y

Homogeneous 
 Heterogeneous
Robust Stability Analysis

Linear  Nonlinear
Nonlinear Analysis
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(Q, S, R) Dissipativity

Definition
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Theorem (LMI)

Stability for Dissipative Agents 

Agent Dynamics
(Hirsch, Hara: IFAC2008)
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Cyclic Structure with Negative Feedback

Stability Condition for GRNs

・・・

Secant Criterion Diagonally Stable
(Arcak & Sontag. Automatica, 2006)
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Theorem (LMI)
Stabilization 

Note: X preserves the network structure of A, 
since Y is diagonal. 39



MADS with Cascaded 
Dissipative Systems 

A class of multi-agent dynamical systems
based on dissipative properties

Sys 1 Sys 2

Interconnection Matrix

u z y
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Two Cascaded Dissipative Systems

Stability Condition (LMI)

Sys 2
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Gene Regulatory Network

・
・
・

Stability Condition (LMI)

Stabilization Condition (LMI)
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Dissipative + Integrator

TheoremSys 2

Proposition
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Summary

Summary : Dissipative Networked Systems
・LMI stability & stabilizability conditions
・Stability and robust stability conditions
・D-scaling technique is also useful
・Dissipative  Non-dissipative
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