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Effective leadership and decision-
making in animal groups on the
move

lain D. Couzin, Jens Krause, Nigel R. Franks &
Simon A. Levin



Paper

Movement decisions In groups of animals
Informed agents (weight, prefered direction)

Number of iInformed agents necessary to
Influence group

Influence of different groups of informed agents



Model

Based on Couzin model
Zone of orientation and Zone of attraction combined

cj(t) —ci(t) vit)
di(t+ A1) = “r Dl
( : ;I(cjm—cf(r}}l ;l"ﬁi”'

For informed agents add preferred direction with
weight
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Welight feedback



Our Implementation

» Used classic couzin algorithm
 Pref direction:

abslLen2 = absvec((dx + (a.weight * a.prefdir[©])) , (dy + (a.weight

dx = (dx + (a.weight * a.prefdir[@]) ) / absLen2

¥ a.prefdir[1])))

dy (dy + (a.weight * a.prefdir[1l]) ) / abslLen2



Our Implemention cont’

Weight feedback loop:

dir[@], agent.prefdir[1])
' gent.y velocity)

if abs(beta) > 180:

1T beta <

beta += 360

n(l, agent.weight+@0.001))

set weight(max(@




Quantification

Test cases

- for 1 group of informed agents
 Group size 1to 15

- For 2 groups of informed agents

 Different directions, size proportion
3-1, 4-3, 5-5
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Evolving the selfish herd:
emergence
of distinct aggregating strategies
In an individual-based model

Andrew J. Wood and Graeme J. Ackland



Paper

» Evolution of animal groups via genetic algorithm

 Influence of foraging and predation



Model

Movement based on Couzin + food/predator
nias

~irst generation random
Warm up time
Introduce food / predator

After each Iteration: select agents, mutate,
generate new generation



Model cont’

value or

parameter symbol constraint notes
syslem sizZe L 400 periodic BC
no. of boids N 80
nme-step Ar 0.1s
repulsion radius R, 1 fixed
orientation radius R, R.<R,<R, evolvable
atrraction radius = R, R,> JAJ2x  evolvable
speed v 1 <y; <5 evolvable
viewing angle f #<360° ANRY)
turning angle b ¢ < 180° A 2(v,)
food preference Q' free evolvable
anti-predator Qv free evolvable

preference
noise 3] free evolvable




= check food(agent,

check predator(agent, predators)

agent.food pref* vf[@] - agent.anti pred * vp[@]

- agent.anti pred * wp[1]




Predator

Spawn 8 predators one at a time
10 % faster than prey, fix values for parameters
Despawn after certain time or eating a prey

Randomly selected surviving prey mutates into
new generation
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random. randrange(len(z
agents|[r]

ange (agentNum) :

= pickParent simple random({agents)

tempAgents




Quantification

#mutate values

m_z0o0 r=>5
* Test cases m zoa r = 10
_ m_speed =0.1
- Mutation values: m_food = 0.1
: m_pred =0.1
* High m_noise = 0.05

* Low (half of High)

- Parameters for predator
e Good: 140 turn angle, 45 blind angle
 Bad: 70 turn angle, 135 blind angle
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high mutate, strong predator, time
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Food

Food Particle spawn Iin cluster

Borders limited in warm up

Food spawns diagonal to the warm up area

Iterations ends w

New generation,
food eaten

nen 7/8 of fooo

parent probabl

eaten
ity by amount of



ﬁheHl []
currentsum = ©
for agent in agents:
currentsum += agent. foodlevel
wheel.append(currentsum) lef pickParent(agents, wheel):
wheel random. randrange (wheel[ -
1ge(len{wheel)):
whee 1[1
agent

if whe&li-
parent pickParent simple random(agents)

parent = pickParent(agents, wheel)
child = mutate(parent)
tempAgents.append(child)
tempAgents




Quantification

#mutate values
m_z0o0 r=2>5

e Jest cases: m_zoa r = 10
_ m_speed =0.1

- Mutation values m_food = 0.1

: m_pred = 0.1
* High m_noise = 0.05

 Low(half of high)

- Food clustering (128 total particles)
* Big clusters (32)
* Small(2)
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