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Collective behaviour
sheep

King et al. 2012 doi: 10.1016/j.cub.2012.05.008

ሶ𝑥 = ൞

0 𝑑 ≥ 𝑑0

−𝑠
2

1 + exp −(𝑥 − 𝑥0)/𝜆
− 1 𝑑 < 𝑑0

𝑥… distance of sheep to centre of group
𝑑… distance of shepherd to centre of group
𝑑0, 𝑥0, 𝑠, 𝜆… parameters (𝑥0 = 4.2, 𝑑0 = 73.7, 𝑠 = 34.5, and 𝜆 = 0.41)

Strömbom et al. 2014 doi: 10.1098/rsif.2014.0719

Universe: 𝐿 × 𝐿 field, 𝑁 sheep (𝐀𝑖 , 𝑖 = 1, … , 𝑁) and 1 shepherd (𝐒)

Initial state: sheep placed randomly at the right-hand quadrant of the field

Shepherd task: herd sheep to target location in lower-left quadrant
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Sheep behaviour

• Keep at safe distance from nearest neighbours (𝐑𝑖
𝑎 = σ𝐀𝑗∈𝐍

𝐀𝑖−𝐀𝑗

𝐀𝑖−𝐀𝑗
, 𝑁 = 𝐀𝑗: 𝐀𝑗 − 𝐀𝑗 < 𝑟𝑎

• If shepherd not visible ( 𝑺 − 𝑨𝑖 > 𝑟𝑠) remain stationary, but exhibit small random movements
(if 𝜉 < 𝑝, 𝛜 = cos 𝜁 , sin𝜁 , if 𝜉 ≥ 𝑝, 𝛜 = 0,0 , 𝜉=random(0,1), 𝜁=random(0,1))

• If shepherd visible ( 𝑺 − 𝑨𝑖 ≤ 𝑟𝑠)
• try to move away from the shepherd (𝐑𝑖

𝑠 = 𝐀𝑖 − 𝐒) and toward the centre of mass of 

n nearest neighbours (𝐂𝑖 = 𝐋𝐂𝐌𝑖 − 𝐀𝑖 , 𝐋𝐂𝐌𝑖 =
1

𝑛
σ𝑗=1
𝑛 𝐀𝑗)

𝐀𝑖 = 𝐀𝑖 + 𝛿𝐇𝑖

𝐇𝑖
′ = ℎ𝐇𝑖 + 𝑐 𝐂𝑖 + 𝜌𝑎𝐑𝑖

𝑎 + 𝜌𝑠𝐑𝑖
𝑠 + 𝑒ො𝛜𝑖

𝜌𝑎 > 𝑐 > 𝜌𝑠 > ℎ

Shepherd behaviour
• If centre of mass of sheep is within a certain distance of the origin the task is completed
• If too close to a sheep stop (∃𝑗: 𝐀𝑖 − 𝐒 < 3𝑟𝑎 ⇒ 𝛿𝑠 = 0)

• If sheep are collected ( 𝐆𝐂𝐌 − 𝐀𝑖 < 𝑟𝑎𝑁
Τ2 3, 𝐆𝐂𝐌 =

1

N
σ𝑖=1
𝑁 𝐀𝑗 , ∀𝑖 = 1, … , 𝑁)

drive the them towards the goal (𝐇 = 𝐏𝑑 − 𝐒, 𝐏𝑑 = 𝐆𝐂𝐌+ 𝑟𝑎 𝑁𝐕1, 𝐕1 = 𝐆𝐂𝐌 − 𝐆)

• If sheep not collected (∃𝑗: 𝐆𝐂𝐌 − 𝐀𝑗 ≥ 𝑟𝑎𝑁
Τ2 3) collect the wandering sheep

(𝐇 = 𝐏𝑐 − 𝐒,𝐏𝑐 = 𝐀𝑗 + 𝑟𝑎𝐕2, 𝐕2 = 𝐀𝑗 − 𝐆𝐂𝐌)

𝐒 = 𝐒 + 𝛿𝑠 𝐇
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Ginelli et al. 2014 doi: 10.1098/rsif.2014.0719

Based on quantitative field observations of large groups of Merino sheep. While 
grazing, these sheep must balance two competing needs: (i) the maximization of 
individual foraging space and (ii) the protection from predators offered by a large 
dense group. 

Universe: 𝐿 × 𝐿 field, 𝑁 sheep (𝐫𝑖 , 𝑖 = 1, … , 𝑁)
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Sheep behaviour

• Heading 𝐬𝑖
𝑡 = [cos 𝜃𝑖

𝑡 , sin 𝜃𝑖
𝑡], distance 𝑟𝑖𝑗

𝑡 = 𝐫𝑗 − 𝐫𝑖 , unit vector 𝐞𝑖𝑗
𝑡 = ൗ𝐫𝑗 − 𝐫𝑖 𝐫𝑗 − 𝐫𝑖

• Three states: idle (𝑞𝑖
𝑡 = 0, 𝑣 0 = 0), walking (𝑞𝑖

𝑡 = 1, 𝑣 1 = 0.15), running (𝑞𝑖
𝑡 = 2, 𝑣 2 = 1.5)

• If walking align heading with metric neighbours (ℳ𝑖 = 𝑗: 𝑟𝑖𝑗 < 𝑟𝑜 ), 

but not always (𝜓𝑖
𝑡 random uniform “noise” −𝜂𝜋, 𝜂𝜋 ) 

• If running align heading interact (stay as close as possible and at a safe distance) with all 

topologic neighbours (𝒱𝑖 = first shell of Voronoi neighbours, 𝛽𝑓 𝑟𝑖𝑗
𝑡 ො𝐞𝑖𝑗

𝑡 , 𝑓 𝑟𝑖𝑗
𝑡 = min(1, Τ𝑟 − 𝑟𝑒 𝑟𝑒)) and 

align heading with running topologic neighbours (𝛿2,𝑞𝑗
𝑡𝐬𝑗

𝑡)

Gautrais J, et al. (2012) doi: 10.1371/journal.pcbi.1002678
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State transitions 𝑃 = 1 − 𝑒−𝑝Δ𝑡


