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Solving the driving problem with
a repulsion force
The standard approach for solving a driving problem is a leadership strategy, based on the attraction that a driver agent exerts on other agents, [1],
[2], [3]. Repulsion forces are mostly used for collision avoidance, defending a target or describing
the need for personal space [3], [4]. We present a
“guidance by repulsion” model [5] describing the
behaviour of two agents, a driver and an evader.
The driver follows the guided but cannot be arbitrarily close to it, while the evader tries to move
away from the driver beyond a short distance.
The key ingredient of the model is that the driver
can display a circumvention motion around the
evader, in such a way that the trajectory of the
evader is modified due to the repulsion that the
driver exerts on the evader. We propose different open loop strategies for driving the evader
from any given point to another assuming that
both switching the control and keeping the circumvention mode active have a cost. However,
numerical simulations show that the system is
highly sensitive to small variations in the activation of the circumvention motion, so a general
open-loop control would not be of practical interest. We then propose a feedback control law
that avoids an excessive use of the circumvention
mode, finding numerically that the feedback law
significantly reduces the cost obtained with the
open-loop control.

The "Guidance by Repulsion”
model
~u˙ d(t) = ~vd(t),
~u˙ e(t) = ~ve(t),

The optimal control problem and
the feedback law
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where ~ud, ~vd ∈ R are driver’s position vector and
velocity vector respectively. ~ue, ~ve ∈ R2 are evader’s
position vector and velocity vector respectively (Figure 1). The control variable is κ(t) ∈ {−1, 0, 1}.
δ1, δ2, δc are distances. CR, CDE , CED are coefficients
of the atraction-repulsion force and circumvection
force. me, md are the masses of the evader and the
driver. νe, νd are the frictions of the evader and the
driver (see Figure 2 and Figure 3).

Figure 2: When the distance between both agents is larger than the critical
distance δc, the force acting on the driver attracts it toward the evader. If
the driver is closer than δc from the evader, the force acting on the driver
becomes a repulsion force. Note that, independently of the distance between
agents, the force exerted by the dog on the evader is repulsive.

Let denote by Bρ(T ) a ball of radius ρ centered in
the target T , Nig(κ) is the number of times that κ(t)
R tf
changes from 0 to ±1 and C(κ) = t0 |κ(t)|dt.
We define the cost functional:
def

J(κ) = σ1Nig(κ) + σ2 C(κ),
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and we formulate the optimal control problem:
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such that ~ue(tf ) ∈ Bρ(T )
(7)
For systems that are subject to conditions of high
sensitivity, closed-loop or feedback controls offer the
possibility of correcting the state of the system
for deviations from the desired behaviour instantaneously.
The feedback control law is based on: 1- the alignment of the driver and the evader with the target
point T is easier to observe the orientation of the
vector ~ve(t) 2- when the driver is sufficiently far from
the evader, κ(t) can be set to zero.
We define the alignment of the agents and the characteristic function:
a(t) = (~uT − ~ud) · (~ue − ~ud)⊥
(

(8)

0 if r3(t)  δ2,
X (t) =
(9)
1 if not,
The feedback control law(can then be written as follows:
0
if |a(t)| ≤ ā
κF(t) = X (t) ×
(10)
sign{a(t)} if |a(t)| > ā

Perspectives
• Formulate

the problem for N evader and study
the evolution of the cost depending on the
number on evaders
• The sheepherding problem is an example of
the use of repulsion forces for guiding a flock.
One of the close future work is building a
sheepherding model, including stochastic terms
in it, using experimental data.
• Prove the controllability of the problem.
• Study the sensibility and the efficiency of the
model depending on the parameters of the
model, in special on the critical distances.
• Mean–field theorem for the guidance by
repulsion model passing to the limit in the
number of evaders, N → ∞, as in [6].
• Study of the problem for N evaders and M
drivers.
• Formulate the problem in R3.
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Figure 3: The circunvection force acting on the driver is effective only when
Figure 1: The model descrives the interaction between two agent: a driver
(in red) and an evader (in blue).

both agents are closes that δ1, while δ2 is the distance left by the driver when
it makes the circunvection manoeuvre.

Figure 4: Agents’ trajectories for the feedback law.
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