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Collective behaviour

modelling perception

Murmuration

goo.gl/LnXW3k

Murmuration

vimeo.com/31158841, vimeo.com/58291553
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Murmuration

goo.gl/LnXW3k
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OpenSteer, 2003
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Zone based

Aoki I, 1982 

Couzin I, et al, 2002

STARFLAG

Ballerini M, et al, 2008

goo.gl/4gY3j9, goo.gl/3Ae5xp

STARFLAG

Ballerini M, et al, 2008
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Topologic interaction

Hemelrijk CH & Hildenbrandt H, 2008

𝑅𝑖 𝑡 + Δ𝑡 = 1 − 𝑠 𝑅𝑖 𝑡 + 𝑠 𝑅m − 𝑅m
𝑁𝑖 𝑡

𝑛𝑐
𝑁𝑖 𝑡 = {𝑗 ∈ N; 𝑗 ≠ 𝑖; 𝑑𝑖𝑗 ≤ 𝑅𝑖}

Vision with occlusion

Kunz H & Hemelrijk CH, 2012

Spatially balanced topological interaction

Camperi M, et al, 2012
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Topologic vision with 
occlusion

Demšar J & Lebar Bajec I, 2014

Projective interaction

Pearce DJG, et al, 2014

Projective interaction

Pearce DJG, et al, 2014
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Motion-guided attention

Lemasson BH, et al, 2013

Random interactions

Bode NWF, et al, 2011

𝑝𝑗 =
1

𝑑𝑗
/(σ𝑘

1

𝑑𝑘
)

Schooling Fish: 
A Multisensory Approach

Larsson M, 2014
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Active vision

Terzopoulos D & Rabie TF, 1997

goo.gl/thBuW4

Active vision

Terzopoulos D & Rabie TF, 1997

Active vision

Terzopoulos D & Rabie TF, 1997

L R

goo.gl/thBuW4
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Active vision

Terzopoulos D & Rabie TF, 1997

goo.gl/thBuW4

Active vision

Terzopoulos D & Rabie TF, 1997

goo.gl/thBuW4

Δ𝜃 = tan−1
𝑥𝑐
2𝑙𝑓𝑐

, Δ𝜙 = tan−1
𝑦𝑐
2𝑙𝑓𝑐

𝑑 = 𝑏
cos 𝜃𝑅 cos 𝜃𝐿

sin 𝜃𝐿 − 𝜃𝑅 cos 𝜃𝐿 + 𝜃𝑅 /2

𝜃𝑃 =
𝜃𝐿 + 𝜃𝑅

2
, 𝜙𝑃 =

𝜙𝐿 +𝜙𝑅

2

Collective behaviour of
animal groups

Couzin I, et al, 2002
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Collective behaviour of
animal groups

Couzin I, et al, 2002

𝑝𝑔𝑟𝑜𝑢𝑝 =
1

𝑁


𝑖=1

𝑁

Ԧ𝑣𝑖 𝑚𝑔𝑟𝑜𝑢𝑝 =
1

𝑁


𝑖=1

𝑁

Ԧ𝑟𝑖𝑐 × Ԧ𝑣𝑖

Ԧ𝑟𝑖𝑐 = Ԧ𝑝𝑖 − Ԧ𝑔, Ԧ𝑔 =
1

𝑁


𝑖=1

𝑁

Ԧ𝑝𝑖

Collective behaviour of
animal groups

Couzin I, et al, 2002

Collective behaviour of
animal groups

Couzin I, et al, 2002
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Collective behaviour of
animal groups

Couzin I, et al, 2002

Collective behaviour of
animal groups

Couzin I, et al, 2002

Pigeon hierarchies

Nagy M, et al, 2010, 2013

goo.gl/UIMg0R, goo.gl/OGGFSj
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Pigeon hierarchies

Free flight

youtu.be/UFF74jWZmM4

Pigeon hierarchies

Homing flight

youtu.be/kS66rN1QC3I

Pigeon hierarchies

Free flight with landing

youtu.be/FVBiR7pl71U
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Pigeon hierarchies

Pecking order

youtu.be/QMpIvlKPk3k

Virtual reality for freely 
moving animals

Stowers JR, et al, 2017

MIT
Soft robotic fish

goo.gl/Jd4Ojl


