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Multi-agent System
A system composed of massive autonomous mobile agents 

Flocking

Mobile Sensor Network
Intelligent Transportation Network
Self-Assembly

A form of a Collective Behavior of interacting agents 
with a Common Group Objective

Advantage

Application

Efficiency
Large Scale
Robustness 

How to achieve?

one of behavior with local interaction

Cooperative Control

Self-Assembly

Transportation NetworkMobile Sensor Network
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Cooperative Control

Previous Work

A distributed control strategy using local information 
so that multi-agent system achieve common group objective

Group Objective
Implement flocking algorithm: alignment, cohesion and separation[2]

Keep both cohesion and scale-free property[8][9]

Other Approach
Group Objective

Formation Control based Approach
Group Objective
Micro: relative distance between agents

relative position between agents[3][4]
Macro: flock position, attitude and shape[5]-[7]

Passivity-based Output Synchronization 
and Flocking Algorithm in SE(3)
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Outline
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• Consider the Whole Flock research

• Other Model research

• Summary and Future Works
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System Description

: position3Rpwi ∈

: world frame
i

w

Σ
Σ

: agent i’s 
frame

wiy

Y

wΣ

iΣ

iX

iY
wiθ

wiwie θξ̂ : rotation matrix Σi relative to Σw

{ }ni ,,1K∈

RR wiwi ∈∈ θξ ,3 : direction and angle of rotation
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: rigid body motion
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b
i vV ω,:= : body velocity

Definition: Output Synchronization
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Output Synchronization Control Law

Assumption
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Communication Graph
{ }n,,1: K=V
VVE ×=:

: node set (agent)
: edge set (communication)
( ){ }EVN ∈∈= ij|ji ,: : neighbor set (local information) 4 3

1 2

• Graph is fixed and strongly connected
ααθξ̂e• There exists such that ieeee wiwiddwiwi ∀= − ,: ˆˆˆˆ θξθξθξθξ αα are positive definite

Theorem: Output Synchronization

dd
ddev ωθξ̂, : desired velocity

Consider the n agent represented previously. 
Under the upper assumption, 

the velocity control law achieves output synchronization

{ }ni ,,1, K∈
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Flocking Algorithm

The alignment and cohesion rules are already incorporated in the
proposed control law, however the separation is not

Reynolds[2] introduced three rules to achieve flocking
• alignment
• cohesion(flock centering )
• separation(collision avoidance )

Definition: Collision
0, >≤− rrpp wjwi

Sensing Graph
( ){ }Rpp|rij wjwiC ≤−<×∈= VVE ,: : edge set (sensing)

( ){ }CCi ij|j EVN ∈∈= ,: : neighbor set (local information)
R : sensing radius
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Collision Avoidance
Assumption under initial condition, collision does not occur

Velocity Control Law with Collision Avoidance
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Modified Output Synchronization Assumption
• Communication Graph is fixed ,undirected and connected

wiwie θξ̂ are positive definite

{ }ni ,,1, K∈

Flocking

Collision Avoidance Control

•
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Setting

: position[ ]Twiwiwi yxp =

: attitudewiθ

{ }ni ,,1: K=∈V : agent

: world framewΣ
: robot i’s frameiΣ

agent i’s neighbor, :iN

Assumption: Symmetrical attraction
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L agent reaching arrow 
to agent i
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Flocking Algorithm

keep stability with formation vector imbalance
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separationcohesion

stabilization vector
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stabilization vector’s detail

alignment

V∈i,

V∈i,

Kinematics of Agents
b
iwi vep wiwiθξ̂=& : Kinematics

b
iv : body velocity

• Stability of position and stabilization vector is 
independent of formation vector

• Formation is controllable by the formation vector

Stability and Formation controllability
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Formation Setting

Formation Decision
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Independent of neighbor 

Formation Control
using

in distributed Flocking Algorithm with only local information
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Summary and Comments
Flocking Algorithm

Similar Flocking Algorithm to Igarashi[1] et al.
Stabilization vector and  Collision Avoidance is different point
Considering Imbalance between Formation vector

Formation Decision
Formation is apart from stabilization
Formation vector correspond to desired formation from formula
Check availability of formation (distributed or not)
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Outline

• Background

• Flocking Algorithm in Fujita lab.

• Interaction-based research

• Consider the Whole Flock research

• Other Model research

• Summary and Future Works
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Setting

: position in Σw
3Rpwi ∈
{ }ni ,,1: K=∈V : agent : world framewΣ

Kinetic Energy of all agents

: massim

∑
∈

=
Vi

wii
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2
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∈
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2
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wcwici ppp −= : position relative to center in 
Σw

: formation framefΣ

R : rotation matrix Σf relative to Σw

fΣ

wΣ

wcy

Y

wcx
X

R

Formation position and attitude
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Jacobi coordinates

Kinetic Energy of all agents using Jacobi coordinates
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Relative displacement between (i+1)th agent and the center of 
mass of the sub-cluster of first i agents
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Jacobi coordinates are not unique
There exists an orthogonal matrix h between any two Jacobi coordinates

1wρ

2wρ
3wρ

wiρ not all collinear
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shape coordinates

Kinetic Energy of all agents using shape coordinates
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R: rotation matrix from in Σw to in Σf

same shape
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Lagrange equation for formations in Σw
Lagrangian ( ) ( ) ( )ww

tot
ww pUpKppL −= &&,

( )[ ]Tnwwww pppp 121 −= K : position in 
ΣwLagrange equations before coordinate transformation
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Lagrange equations using shape coordinates

formation position
formation orientation
formation shape

sgwc uuu ,, : control forces to 
formation

( )wpU : potential energy

Lagrange equation for formations using shape coordinates
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Shape Control Law

( ) sss
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0s : desired shape

shape control input need only shape information if 

attitude control

shape control

0=
∂
∂

s
U

orientation control input need formation rotation velocity in Σw, Ω
to estimate Ω, need sensing fixed object

not only relative information

Energy function
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Suppose the potential U is rigid motion invariant , 
by using Shape Control Law , shape is 

locally asymptotically stabilized
0s

Theorem 
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Summary and Comments
Factor of Whole

Position , Attitude and Shape
Control Law

Input to position, attitude and shape individually
Total energy function objective

Total energy converges to 0
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Outline

• Background

• Flocking Algorithm in Fujita lab.

• Interaction-based research

• Consider the Whole Flock research

• Other Model research

• Summary and Future Works
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Physarum

System emulating Physarum

Physarum can solve several kinds of problem 
graph theoretical problem
optimization problem

A system composed of particles, which move and modified based 
upon particle transformation that contains the relationship between 
parts and the whole emulate the network formed by Physarum 

Preserve cohesion property

cannot move
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Boids[2]
Either cohesion or

scale-free property

Physarum
Two type bodies (parts and whole)
Both cohesion and scale-free property

Scale-free sub-domain
Proportion of the correlated domain against flock body size is constant

Summary
Necessity of Scale-free sub-domain property

Scale-free sub-domain property is added to Boids[2]
but boids can have either cohesion or scale-free property

Other Model
Physarum model can have both cohesion and scale-free property
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Outline

• Background

• Flocking Algorithm in Fujita lab.

• Micro-oriented research

• Macro-oriented research

• Other approach

• Summary and Future Works
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Previous Works in Fujita Lab.

Formation Decision or Flocking
To introduce bird flock algorithm to real multi-agent system 

Flocking Objective
Keep both cohesion and scale-free property

Different Approach
Decide Formation

in Interaction Control Law
or in Using Input to Whole Flock
Other Flocking Algorithm
Include Scale-free sub-domain property

How to achieve?

Output Synchronization
Boids like Flocking 
Algorithm

need Scale-free sub-domain property

Adding another term to 
Boids like Flocking Algorithm
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