
Larger groups are less 
resilient to defection in 
the zone of orientation. 
However, the group size 
d o e s n o t a ff e c t t h e 
resiliency in defection of 
type                 .
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Pairwise Interaction Model
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Zonal Model Highly parallel formation

Types of defection: White region corresponds to zones of defection

Question to Ponder
If individuals during collective motion probabilistically defect (do not interact) with their neighbours and rather 
keep moving in the same direction, can the group still collectively achieve consensus on the direction of motion 
(polarize)? Our simulations with probabilistically defecting agents in collective motion models show that, in the 
Pairwise interaction model, increasing probability to defect increases the polarization time. On the other hand, 
in the Couzin model, defecting in specific zones can speed up the alignment process.

N agents
I will interact only 

with you

Jadhav et. al. 2022
I will attack and separate 

them!

Aswale et. al. 2022 
Kumar et. al. 2023

You are too fast to 
follow!

Bode et. al. 2010 
Fatès et. al. 2020
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Dubin et. al. 1957

Agent Kinematics: Dubins’ Car Model

·x = v cos(ψ), ·y = v sin(ψ), ·ψ = ω, ω < ω𝗆𝖺𝗑 δψ

(x, y, ψ)

D − Zall
v := speedψ := yaw,(x, y) := cartesian co-ordinates,

Probability of reaching group polarization above p*

p(t) =
|∑N

i=1 ̂vi(t) |

N

e(t) = −
N

∑
i=1

(ωi)2(t)

E =
1

N(tmax − T )

tmax

∑
t=T

e(t)

Time

e(
t)

T
0

−∞0 Time

p(
t)

T

p*=0.8
1

What do we Measure?

ψi(t + 1) = {ψi(t + 1), if cooperating
ψi(t), if defecting

ωi =
min ( ψi(t + 1) − ψi(t)

dt , ω𝗆𝖺𝗑), if cooperating

0, if defecting

Topological interaction model Metric based zonal models
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Cooperator DefectorPD

1 − PD

PD = Probability to defect

Defection in Collective Motion

Cooperator follows the rule
( copy average neighbor directions)

Defector refuses the rule
( maintain the original direction)

... ?
tmaxt

dt

N = 50
N = 20

Take Home Message
अधम$ऽ&प धम$ भव&त यदा धम$ऽधम$ भव&त। 

(Adharmo’pi dharmo bhavati yadā dharmo'dharmo bhavati) 
"Even undesirable actions becomes good when good actions becomes undesirable.”

Pairwise interaction model Couzin model
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If Individuals defect probabilistically, can the group still become polarized

Defection with certain probability in specific zones reduces the polarisation time, T, 
and also the average energy cost, E.

Defection in pairwise model is 
not beneficial to the group.


