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Model of a globally-coupled swarm with
heterogeneous dynamics

» Say r; € R? denotes the position of the i agent in the
swarm’.

» Agents are distinguished by an acceleration factor, «;.

N
adR;

=il — |5 — —~ 2_(Ti(t) — 1t — 7)) + mi(7)
=1
JFi
N - number of particles
a - particle interaction coupling parameter
T - time delay

D - intensity of noise
() (1)) =0 and (1 ()" (")) = 2D5(t — 1')3;0 for all
i,je{l,...,N}and £,k € {1,2}

'These results can be easily extended to R°.
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Motion patterns of the swarm

Translating state

agents move in a group with
constant velocity

Ring state

agents form counter-rotating
rings about a fixed center of
mass

Rotating state

agents move as a group
about a fixed center of
rotation

| 3

N = 100 number of agents
a = 1 coupling parameter
x; = 1 (Vi) acceleration factor

D = 0.3 noise intensity
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Motion patterns of the swarm

Translating state

t = 505.0 sec
agents move in a group with | |
constant veloci -
ty 3575 | _aaeies
: >~ 3570 * ., *3WS3
Ring state : 5‘.»?%
356.5] e %%, ,
agents form counter-rotating 356! S J
rings about a fixed center of NOEON, . defmiie
mass 3555 356 356.5 3).‘.':7 357.5 358

N = 100 number of agents

Rotating state a = 1 coupling parameter

agents move as a group x: = 1 (Vi) acceleration factor
about a fixed center of D = 0.3 noise intensity
rotation
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Motion patterns of the swarm

Translating state

t=509.3 sec
agents move in a group with 361
constant velocity 360.5 .
o R
z > 7 [
Ring state asosf  * ° ?s:.& s
o0 .. ... ()
agents form counter-rotating = o
rings about a fixed center of 358.5[ NOISE ON _delay =0.0s
mass 358 3585 359 x359.5 360 360.5

Rotating state

agents move as a group
about a fixed center of
rotation

N = 100 number of agents
a = 1 coupling parameter
x; = 1 (Vi) acceleration factor

D = 0.3 noise intensity
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Motion patterns of the swarm

Translating state TN
agents move in a group with BN )
constant velocity 263l
> 3625
Ring state —|
agents form counter-rotating 361.5] |
rings about a fixed center of st NOISEDN _____Ceid i
360.5 361 361.5 362 362.5 363

mass X
- . N = 100 number of agents

otating state a = | coupling parameter
agents move as a group x; = 1 (Vi) acceleration factor
about a fixed center of D = 0.3 noise intensity

rotation
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Motion patterns of the swarm

Translating state

agents move in a group with
constant velocity

Ring state

agents form counter-rotating
rings about a fixed center of
mass

Rotating state

agents move as a group
about a fixed center of
rotation

t=518.0sec
3&. - — -
365.5
o0
3655 .‘i...?b".g
e e o "~ °
>~3645 o olipge
® e @t
seat = e
* k.
363.5} s ve
NOISE ON _ delay=00s

362 3625 363 363.5 364 364.5
X

N = 100 number of agents
a = 1 coupling parameter
x; = 1 (Vi) acceleration factor

D = 0.3 noise intensity
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Motion patterns of the swarm

Translating state

agents move in a group with
constant velocity

Ring state

agents form counter-rotating
rings about a fixed center of
mass

365.5]

364.5]

363.5

t=518.3sec

9
'NOISEON _ delay=00s |

362.5 383 363.5 364 3645 365
X

Rotating state

agents move as a group
about a fixed center of
rotation

N = 100 number of agents
a = 1 coupling parameter
x; = 1 (Vi) acceleration factor

D = 0.3 noise intensity
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Motion patterns of the swarm

Translating state

agents move in a group with
constant velocity

Ring state

agents form counter-rotating
rings about a fixed center of
mass

365.5]

364.5}

363.5

t=518.6sec
°
.‘ & o
8 %.°
nfs e o ovelly #
P oo
L ] - e® “. ..:
s \.. ot
....‘..
® @°
& Q.9
- NOISE ON delay=0.0s -

362.5 363 363.5 364 364.5 365
X

Rotating state

agents move as a group
about a fixed center of
rotation

N = 100 number of agents
a = 1 coupling parameter
x; = 1 (Vi) acceleration factor

D = 0.3 noise intensity
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Motion patterns of the swarm

Translating state

t=522.8 sec
- - 368.5 , ,
agents move in a group with |
constant velocity R A
3675/ o o Ay S
B s 0. ‘ °
- > 367" o Lo Vo
Ring state =
e ¥
366.5¢ z .‘ ...::
agents form counter-rotating 366! e
rings about a fixed center of NOJSEON . delay=00s,
mass 364.5 365 3655(5 366 366.5 367

N = 100 number of agents

Rotating state a = 1 coupling parameter

agents move as a group x: = 1 (Vi) acceleration factor
about a fixed center of D = 0.3 noise intensity
rotation
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Motion patterns of the swarm

Translating state

agents move in a group with 368.5

constant velocity = e e e
3675 ° ‘:‘f"f."

= > £l . *, ."‘..
Ring state e « 3
_ 366.5] L e SE2c,
agents form counter-rotating | ® e o
rings about a fixed center of NOISEON . delay=00s
mass 364.5 365 3655;( 366 366.5 367

N = 100 number of agents

Rotating state a = 1 coupling parameter

agents move as a group x: = 1 (Vi) acceleration factor
about a fixed center of D = 0.3 noise intensity
rotation
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Motion patterns of the swarm

Translating state

agents move in a group with
constant velocity

Ring state

agents form counter-rotating
rings about a fixed center of
mass

Rotating state

agents move as a group
about a fixed center of
rotation

3707

369.5

> 369/

368.5¢

367.5

t=527.3 sec

NOISE ON

366.5 367 367.5 368 368.5 369
X

N = 100 number of agents
a = 1 coupling parameter
x; = | (Vi) acceleration factor

D = 0.3 noise intensity
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Motion patterns of the swarm

Translating state

agents move in a group with
constant velocity

Ring state

agents form counter-rotating
rings about a fixed center of
mass

t=598.0 sec
3745, I
'..° e
374 _ g8 %e o o,
b N J .. .“ a ~ °
3735 .'.. e ..o..o
K
ZE R S
s72sf | @ o e e, e
L £ o’: .° . |
372/NOISEON $®*  delay=00s

368.5 369 3695 370 3705 371
X

Rotating state

agents move as a group
about a fixed center of
rotation

N = 100 number of agents
a = 1 coupling parameter
x; = | (Vi) acceleration factor

D = 0.3 noise intensity
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Motion patterns of the swarm

Translating state

t=599.2sec
agents move in a group with S T A . B
. L4 [
constant velocity 74 4%, T, S 3 .
3735‘ :.0. v .‘.O

| - A ’.0 ° o oo .

Ring state AN ¢ . 3 Ce,
. a725f * s %- .8

agents form counter-rotating - * }
rings about a fixed center of "NOISEON ®e  delay=00s
mass 368.5 369 369.5x 370 3705 371

N = 100 number of agents
a = 1 coupling parameter
agents move as a group x; = 1 (Vi) acceleration factor

about a fixed center of D = 0.3 noise intensity
rotation

Rotating state
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Motion patterns of the swarm

Translating state

t=1235.8 sec
) . 3745 . o
agents move in a group with =l .
constant velocity
3735
- > 893
Ring state
3725
agents form counter-rotating 372
rings about a fixed center of e ITRREE
368.5 369 3695 370 3705 371
mass X

N = 100 number of agents

Rotating state a = 1 coupling parameter

agents move as a group «; = 1 (Vi) acceleration factor
about a fixed center of D = 0.3 noise intensity
rotation
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