Collective behaviour

sheep
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King et al. 2012 doi: 10.1016/j.cub.2012.05.008
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x...distance of sheep to centre of group
d... distance of shepherd to centre of group
do, 0,5, A... parameters (xo = 4.2, dp = 73.7,s = 34.5,and 2 = 0.41)
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Strémbom et al. 2014 doi: 10.1098/rsif.2014.0719

Universe: L x L field, N sheep (A, i =

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

A
* Keep at safe distance from nearest neighbours (R = X5 ey T,
=

eV = (gl - Al <)
* If shepherd not visible (||S — A;|| > r;) remain stationary, but exhibit small random movements
(if € <p,€ = (cos¢,sing), if § = p,e = (0,0), E=random(0,1), {=random(0,1))
+ If shepherd visible (IS — ;[ < 75)
* try to move away from the shepherd (R§ = A; — S) and toward the centre of mass of
n nearest neighbours (C; = LCM; — A;, LCM; = -3
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Shepherd behaviour
+ If centre of mass of sheep s within a certain distance of the origin the task is completed
* Iftoo close to a sheep stop (3/: |A; — SI| < 37, = 6, = 0)
+ If sheep are collected ([IGCM — Al| < 7,N*/3,GCM = ST, A, Vi = 1,..,N)
drive the them towards the goal (H = P, — S, Py = GCM + 1,VNV,, V; = GCM — G)
* If sheep not collected (3: [|GCM — A;|| = 7,N?/3) collect the wandering sheep
(H=P.—S,P = A; +7,V,,V; = A; — GCM)
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Figure 1. nteracton rules for the agents and the shepherd. (0) The agents are atracted 1 the LM of their  nearest neighbours (0, repelled from ather agents
within a distance of 7, { &) and repelied fiom the shegherd i it is within a distance of £, { & ). The new heading of the focal agent H' is a linear combination of the:
three vectors €, & and &, weighted by the comesponding model parameters ¢, g, p, plus a small inerta tern dH and a small noise temn ee. (£) In eath time
sten, the shepherd does ene aut of three things depending on the posion of the agents. If the shepberd is within 3r, from any agent, ts speed i set to zer.
Dtherwise, if all agents are within a distance f(N] from the GCM of the agents, then the shepherd aims towards the diiving pasition Py directly betind the flock
relative to the target. Finally, if at least ane sheep is further away than f() from the GCM, then the shepherd aims for the callecting position #, directly behind the
furthest sy sheep rlaie 1o the GOM. (Onlne version In colr)
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Figure 4. Prjections used to define the diiing and colicting modes and how the propartion of time spent dring and callecting depends on the rumber of
agents. (z) How the centroid vector v, the futhest agent vector v; and shepherd vectar S are set up. Thr
omparing the medel to the sheep data (figure 5). The prjection of § on v, denoted by 5, the pmjection of S on v; denoted by 7S and the length of S
{6) Proportion of time the shepherd spends driing {5 > 0.95) as 2 functon of group size (N) in the giobal se (3 = N — 1) aver 100 simalations,

) Propartion of time spent collcting (|77,5| > 0.95) & a function of group size (N) i the global case over 100 semulations. The ther parameters are
the typical valoes lsted in table 1, (Onéne version in colour)

measurements related to these vectors will be used in
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Figure 3. Pportion of successful shepherding events within 8000 time steps as 3 funtion of f €
the global case n =
above 1

2, 150] and neasest neighbours » € [1, N — 1), We see that in
Y and down to roughly n = 0.53W the algorhm is ways suxcessfl,For 4 > 30, there & a tansition region below the ine n = 0.53 and.
3iog(N} whese the probability of success drops from 1 to rare at a rate that is decweasing with N. Finall, in the region under the curve min(053W,
success is are and sporadic The other parameters are the typical values lsed in table 1 except for 1,

og(N)}

45. (Online version in co

Ginelli et al. 2014 doi: 10.1098/rsi

2014.0719
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Universe: L X L field, N sheep (r;,i = 1, ..., N)




Sheep behaviour

Heading s{ = [cos 8], sin 6f], distance 1} = [|; — r; |, unit vector ef; = (; = r;) /|l — xi||

Three states: idle (qf = 0,v(0) = 0), walking (g} = 1,(1) = 0.15), running (¢} = 2,v(2) = 1.5)

If walking align heading with metric neighbours (M; = {j:1i; < 1,}),

but not always (¢ random uniform “noise” [, n7])

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

topologic neighbours (V; = first shell of Voronoi neighbours, Bf ()&}, f(r{j) = min(1, (* = .)/r.)) and
align heading with running topologic neighbours (4, sf)
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HOW
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DIAGRAMS

WORK

Gautrais |, et al. (2012) do: 10.1371/Journalpebi 1002678




State transitions
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