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Motivation

The analysis and modelling of flocks/swarms has found wide
application in areas such as

biology/ecology

civil engineering/crowd control

fisheries

robotics/unmanned aerial
vehicles

We shall investigate swarming models from the perspective of
hybrid multi-agent control/consensus.
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Consensus

Broadly speaking, consensus occurs when the many agents adjust
their positions/velocities in relation to one another and reach some
“agreement” such as a formation in space.
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Toy model

We construct a model of N flocking agents by assigning each
agent in the system both a

state value si =





xi
yi
zi





gain σi ,j

which correspond, respectively, to position in space and
communicative strengths.

Richie Burke 3d flocking model



Flocking
Generalised kinematics

Differential equations

The state and gain evolutions are governed by a system of coupled
differential equations. The general form being:
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Differential equations

The state and gain evolutions are governed by a system of coupled
differential equations. The general form being:

ṡi = f(si )
︸︷︷︸

independent kinematics

+
∑

j 6=i

ζ(σi ,j , si , sj ,Ωi )

︸ ︷︷ ︸

local influence

+ η(si , sj)
︸ ︷︷ ︸

global influence

(1)
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The state and gain evolutions are governed by a system of coupled
differential equations. The general form being:

ṡi = f(si )
︸︷︷︸

independent kinematics

+
∑

j 6=i

ζ(σi ,j , si , sj ,Ωi )

︸ ︷︷ ︸

local influence

+ η(si , sj)
︸ ︷︷ ︸

global influence

(1)

σ̇i ,j = ξ(si , sj ,Ωi ) (2)

where Ωi is the local neighbourhood of agent i containing n

members and ξ is some function of the respective states.
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Particular form

We aim to tailor equations (1) and (2) to effect flocking in a multi
agent model.
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Particular form

We aim to tailor equations (1) and (2) to effect flocking in a multi
agent model.

∆i ,j = si − sj =





xi − xj
yi − yj
zi − zj
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Particular form

We aim to tailor equations (1) and (2) to effect flocking in a multi
agent model.

∆i ,j = si − sj =





xi − xj
yi − yj
zi − zj





We assign an orientation vector for each pair of states

Θi ,j =





sinφi ,j cos θi ,j
sinφi ,j sin θi ,j

cos θi ,j
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A desired radius d is prescribed to define an objective function

ψi ,j = ‖∆i ,j‖ − d2
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A desired radius d is prescribed to define an objective function

ψi ,j = ‖∆i ,j‖ − d2

wi ,j =

{
σi ,j if ψi ,j ≥ 0,
b otherwise.
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ψi ,j = ‖∆i ,j‖ − d2

wi ,j =

{
σi ,j if ψi ,j ≥ 0,
b otherwise.

The state evolutions are now
governed by

ṡi =
∑

j 6=i

wi ,jψi ,jΘi ,j
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A desired radius d is prescribed to define an objective function

ψi ,j = ‖∆i ,j‖ − d2

wi ,j =

{
σi ,j if ψi ,j ≥ 0,
b otherwise.

The state evolutions are now
governed by

ṡi =
∑

j 6=i

wi ,jψi ,jΘi ,j

Whereas the gains evolve according
to

σ̇i ,j =







α if ‖∆i ,j‖ ∈ Ωi , σi ,j < τ
−β if ‖∆i ,j‖ /∈ Ωi , σi ,j > 0
0 otherwise.
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