Docking control on both stationary and
moving stations based on docking formation
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A docking control algorithm of a non-holonomic mobile agent is
proposed, which can be employed in both the stationary and the underway docking stations. To this end, a leader–follower docking formation
is proposed, where the size of the formation is reduced until docking
surfaces of the agent and the docking stations contact each other.
Also, a feedback linearisation control law that can compensate for
the input constraint is implemented to maintain the docking formation.
Numerical simulations are included to show the performance of the
proposed docking control algorithm.

Trajectory generation via docking formation: Assuming that the agent
is described as
ẋi = vi cos ui , ẏi = vi sin ui and u̇i = vi
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On the other hand, in the case of the stationary platform (Fig. 2b),
since the agent has the non-holonomic constraint, the agent cannot
dock on the platform side-by-side. It should dock on the platform
using its docking surface in the driving direction (i.e. ψf = 0). By
holding the docking formation in Fig. 1 and (2), the position errors, ex
and ey, are expressed as
ex = xd − xf and ey = yd − yf
whose time derivatives are




ėx = ẋl + L̇(t) cos ul + cl − L(t) sin ul + cl vl − vf cos uf




ėy = ẏl + L̇(t) sin ul + cl + L(t) cos ul + cl vl − vf sin uf

(3)

(4)

where in the case of the stationary docking station, ẋl , ẏl , u̇l = 0.

where (x, y) is a position of the agent, θ is an orientation and υ and ω are
the linear and angular velocities, respectively, which are designed as
control inputs. The subscript, i, presents the roles of the agents; the
docking station and the agent are assigned the leader, l, and the follower,
f, respectively. Also, the agent has the non-holonomic constraint
described by ẋi sin ui − ẏi cos ui = 0. From the kinematic model in
(1), we propose the docking formation as depicted in Fig. 1. L(t) is
the distance between the leader and the desired position of the follower
at a time t, which will be reduced from L(0) to (Ll + Lf ). The desired
position (xd, yd) is chosen as




xd = xl + L(t) cos ul + cl , yd = yl + L(t) sin ul + cl

Yl
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Introduction: Docking control has been used in various industrial and
scientiﬁc ﬁelds such as ship-to-ship mooring systems [1, 2], multiple
robot systems [3], service robots [4] and aerial refuelling systems [5].
To establish the docking system, numerous control algorithms have
been proposed with consideration of two types of docking stations:
stationary and moving stations. Since the characteristics of the two
types of docking stations are different from each other, the control algorithms have been developed separately according to the type of the
docking station.
The docking control on the stationary platform should consider the
approach direction of the mobile agent (i.e. this problem is similar to
a posture control of a non-holonomic mobile robot [6]). On the other
hand, the mobile agent can dock on the underway platform while they
move side by side (i.e. this is similar to the target tracking control).
However, to the authors’ knowledge, a docking control algorithm,
which covers both the stationary and the moving stations, has not
been previously proposed in the literature.
This Letter proposes a docking control law covering both the stationary and the moving platforms based on a leader–follower (L–F)
formation control algorithm [7], such that the size of the formation is
reduced until the agent docks on the docking station (the station and
the agent will be assigned as a leader and a follower, respectively).
This docking formation is generated with respect to the docking surfaces
of the station and the agent, and maintained by employing a feedback
linearisation [8]. The contributions of this Letter are as follows: ﬁrst,
the mobile agent is able to dock in any approach direction to the stationary station with the proposed algorithm. Secondly, the mobile agent can
dock in any direction of the underway station as well. Finally, these
functionalities covering both the stationary and the underway stations
are achieved by the same proposed docking algorithm without any algorithmic change according to the mobility of the docking station.

ql

(2)

Here, the angular position of the docking surface, ψf, of the agent is
determined by the docking station as in Fig. 2. In the case of the
moving platform (Fig. 2a), since the agent and the station can dock
with each other while they move side-by-side or back-to-back, the
angular position of the docking surface of the follower, ψf, is determined
with respect to ψl as ψf = ψl–π.

Docking control based on feedback linearisation: To make the follower
track the desired position attracted to the docking surface of the leader
by L(t), we employ the feedback linearisation control for the mobile
agent with the non-holonomic constraint, which has been applied to trajectory tracking problems [8].


(5)
vf = Xf cos uf + Yf sin uf , vf = u̇d + ku tanh eu /ku
where eθ = θd − θf; θd = atan2(Yf , Xf ), which is a four-quadrant inverse
tangent determined in the intervals (−π, π] and kθ is a positive constant.
Once this control law in (5) is applied to our novel docking formulation
in (2)–(4), Xf and Yf can be expressed as follows






Xf = ẋl + L̇(t) cos ul + cl − L(t) sin ul + cl vl + kv tanh ex /kv






Yf = ẏl + L̇(t) sin ul + cl + L(t) cos ul + cl vl + kv tanh ey /kv
where kv is a positive constant. Here, it can be noted that the control law
in (5) can consider the constrained inputs because the state variables are
bounded (i.e. ẋl , ẏl , L̇(t), L(t), vl [ L1 ) and the error term is also
bounded (i.e. |kvtanh(·)| ≤ kv). If it is assumed that there is an autopilot
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Simulation results: For numerical simulations, we employ two scenarios as follows. In the scenarios, the leader has three docking surfaces
ψl = {−π/2, π/2, π}, Ll = 0.5 m and L(t) = −tanh((t − α)/β) + γ, where
α = 5 m, β = 5 m and γ = 2 m. Also, for the follower, Lf = 0.5 m.
In the ﬁrst scenario, the follower docks on the stationary station. The
leader position is (xl, yl, θl ) = (3, 3, −π/3) and the initial position of the
follower is (xf, yf, θf ) = (2, 0, π/2). The routes of the follower docking on
the three docking surfaces of the leader are depicted in Fig. 3.
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Fig. 6 Distance errors of followers docking on three docking surfaces of
underway leader (+ : ψl = −π/2, △: ψl = π/2, ©: ψl = π)
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Fig. 3 Routes of follower docking on three docking surfaces of stationary
leader (+: docking surface of follower and ©: docking surfaces of leader)

As can be seen in Fig. 3, the follower with the proposed docking
control algorithm moves towards the docking surfaces of the leader
while following the approach direction. To show the performance of
the docking algorithm on the stationary platform, Fig. 4 shows the distance errors of the three cases of ψl = {−π/2, π/2, π}. In Fig. 4, the distance errors converge to zero as time advances.
distance errors, m

The second scenario shows that the follower docks on the three
docking surfaces of the moving leader. The initial condition of the
leader is (xl(0), yl(0), θl(0)) = (1, 0, π/4), the linear and the angular velocities are vl = 0.4 m/s and ωl = 0 rad/s, respectively and the initial condition of the follower is (xf(0), yf(0), θf(0)) = (0, 3, π/4). The routes of the
follower docking on the three docking surfaces of the leader are depicted
in Fig. 5.
Fig. 5 shows that it is possible that the follower docks on any sides of
the underway leader while moving side-by-side or back-to-back with the
leader. To show the performance of the docking algorithm on the
moving platform, Fig. 6 shows the distance errors of the three cases.
The distance errors converge to zero as time advances.
distance errors, m

system of the mobile agent realising the motion control inputs in (5)
based on the kinematics, the proposed control inputs are applicable
with stability to the actual systems such as the system in Fig. 1 (refer
to [8] to ensure the feasibility of this assumption and the control law
in (5)).

6

Conclusion: We propose a docking control algorithm covering the
stationary and the underway docking stations based on our docking
formation where the size of the formation is reduced until a docking
surface of the agent contacts a docking surface of the station. It is
ensured that the mobile agent with the non-holonomic constraint
docks on any surface of the docking station using the same algorithm
regardless of the mobility of the station.
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Fig. 4 Distance errors of follower docking on three docking surfaces of
stationary leader (+: ψl = − π/2, △: ψl = π/2, ©: ψl = π)
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Fig. 5 Routes of follower docking on three docking surfaces of underway
leader (+: docking surfaces of follower, ©: docking surfaces of leader)
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