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Abstract—The paper explores the automatic deployment of oil
containment booms around ships, using an unmanned surface
vehicle (USV). The task of the USV is boom towing following
adequate trajectories. A standard scenario would be ships
moored to a dock, although it also could be open sea. The target
is to prevent leakage escape during crude transfers, or any other
contaminant. Surrounding ships with booms is becoming a
common practice. The main result of the research is to confirm
that this automatic deployment can be done, according with a
suitable USV planning. To justify this conclusion, a combined
effort of simulation and experiments has been done. A
mathematical model of the boom dynamics has been developed,
and used for the development of a simulation tool. This tool is
employed for operation planning, and for estimation of forces
and other aspects. Experiments have been done with a scale USV
and boom, with satisfactory results. The paper describes the
models and the experiments. Some recommendations are
deduced from our first results.
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I.  INTRODUCTION

In addition to major sea contamination incidents [1], there
are other spills that take place in harbors, smaller but more
frequent. Many regional institutions and ports have prepared
contingency plans, with preventive measures to avoid
contamination in harbor facilities [2,3,4]. The use of
containment booms is frequently recommended. In fact, a
common practice is to place booms around tankers, or other
types of ships, during operations that might cause spills.

In this paper we explore the possible use of unmanned
surface vehicles (USVs), for the automatic deployment of
booms around ships. The task of the USVs is boom towing
following adequate trajectories. One of the possible
alternatives for the deployment is to pull the boom from a reel
on shore. This is the case considered in this paper. Other
alternatives could be also studied in future research.

The main result of this preliminary study, is that the
automatic boom deployment with an USV can be done, based
on a suitable USV motion planning. This has been confirmed
with scale experiments.
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An important part of our investigation has been the
development of a dynamical model of the boom. The model
has then been used for making a computer simulation
environment, very useful in the analysis and planning of the
boom deployment.

The scenario considered in this paper is a new step of our
line of research, which focuses on fully automatic operations
on the sea. One of the reasons for this objective is that usually
is difficult to have, when needed, people with pertinent
expertise, while an automatic system would alleviate such
need. A recent example of our achievements has been the
development of an automatic oil spill recovery system, using a
coordinated team of two USVs towing a boom [5,6,7]. The
operator has only to give to the team the coordinates of the oil
spill. Then, the team reaches the spill, deploys, confines the
spill, and takes it to a suitable destination. While towing, the
boom has a catenary shape, which could be colloquially
described as a U shape.

Now, the targeted operation is to tow a boom around a ship.
At first sight it could be regarded as trivial. Nevertheless, some
basic analysis shows that currents and wind are important,
implying significant changes in the USV maneuvering and in
the planning itself. In particular, one of the cases suggested by
experts was a dock by the bank of a river, near the sea so the
influence of tide is relevant.

Due to the nature of the investigation, it is convenient to
conduct a number of scaled experiments, before proposing a
real scale system. It should be said that model ships are
frequently used in automatic control studies when they include
experimental work.

The order of the paper is the following. Section 2
summarizes significant background aspects. Section 3
introduces the dynamic models. Section 4 describes the
experimental framework. Section 5 presents a brief,
preliminary study of the boom deployment around a ship. Then
a longer section, Section 6, studies both in simulation and with
experiments a complete case. Section 7 uses simulation to
extend the study for more complex situations. The paper ends
in Section 8 with some conclusions, and a perspective of future
research.
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II. BACKGROUND

A. About Booms, Tankers and Berthing

Usually the booms have ballast (for example, a chain) at the
bottom, to maintain a vertical aspect. Part of the boom is on the
surface, while most of the boom is submerged. The weight of
light booms could be less than 2 kg/m, on the other hand heavy
booms could have over 17 kg/m. Draft dimensions range from
30 cm to 100 cm. For the application considered in this paper,
an easy to extend, light boom would be appropriate.

The deployment of a boom could be a matter of routine, or,
in certain emergencies, it should be fast [8]. Normally, it
requires coordination of activities from the people involved in
the deployment.

For tanker docking, the Dolphin type berth is the preferred
structure [9]. Fig. 1 depicts a general mooring pattern for this
kind of terminal (a boom around the tanker has been added for
illustrative purposes).

Mooring Mooring
Dolphin Dolphin
7\ Breas‘s Breast .
Dolphln Dolphin v v ~.
Loading \
platform
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!

Boom

Fig.1: Sketch of a Dolphin berth, and a boom around a
moored ship

The length of tankers could be as much as 415 m, although
there are many in the range 100 m — 200 m. Details of tanker
types and sizes can be found in [10].

B. USV Navigation Control

The course control of ships is a classic topic. Reference
books on it are [11,12,13].

For the USV to tow the boom around a ship, a suitable path
should be specified and then the USV should follow that path.
This is an issue belonging to the mobile robotics context. A
most cited book on path planning is [14]. Several path-
following control methods have been proposed. Some of them
are evaluated in [15]. A contribution of particular interest for
our work is [16], using paths composed of circles and lines.
Both the path-planning and the path-following control of USVs
are considered in [17].

C. Sources of Information on Environmental Aspects

A great deal of information on oil pollution response
technology and procedures is available on Internet. The web
site of the International Tankers Owners Pollution Federation
Ltd. (ITOPF) [18], is of particular relevance. Also, the
International Oil Spill Conference (IOSC) repository [19],

provides a series of research papers. Other sources of
information are the International Spill Control Organization
(ISCO) [20], and the European Maritime Safety Agency
(EMSA) [21].

Regarding to literature on oil pollution response, a
synthesis of methods and materials is presented in [22] and the
book [23].

III. DYNAMIC MODELS

It is convenient for the study of oil containment operations,
and for the planning of USV action, to devise a computer
simulation of the dynamic behavior of the boom. For instance,
it is important to observe geometrical shapes of the boom (for
example, a catenary), and how they evolve while being towed.
It is also relevant to estimate tensions and forces, and the
influence of currents and winds.

Our simulation environment is based on a set of
mathematical models. These models, try to be simple and
sufficiently precise, given a reasonable level of uncertainty in
marine operations. The models require moderate computational
efforts, and are open enough as to be changed in the future if
necessary.

A. Boom Model

It is assumed that the boom is composed of a series of
interconnected links. Each link has a length 2/ and inertial mass
my. Fig. 2 shows a schematic view of a boom. The bold dots
correspond to the center of mass of each link. The drawing

focuses on two of the links. The vectors 7 and 7, are the
position vectors of their center of mass. Unitary vectors,
n, (normal) and p, (parallel) are also depicted.

iy 1}
+

Fig.2: Vectors for the mathematical description of boom
links

The total mass of the link is represented on the [x, y]
system as follows:

[m+ma cos(d) O j
M, =

0 m-+m, sin(6)) )
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where m, is the added mass.

Suppose that the boom has a number m of links. The
dynamics of the i link can be described as follows:

Tn =T = F =M, -G, 2
T

(11 T—l,i'ni)l_Aa)izlq (3)
where 13,,[ represents the linear and quadratic resistance

forces against the link velocity \7,,

Sy,qand ¢, :

using the coefficients S,

F,= (]v n|s+|v pl|q)|v

| (Ivi 'ﬁi|sz+|‘7i '111‘]2)‘7,‘ 4)

and A @, represents a resistance momentum proportional

to the angular velocity of the link.

The linear motion of the link center of mass is described by
equation (2), while the link rotational motion around its center
of mass is given by equation (3). Note that the strains were
denoted by pairs of indexes, i, i+/, corresponding to the strain
in the hinge that joins link i with link i+/.

All links obey to the given equations, except for those at
the ends of the boom. For the last link on the left of the boom,
we have:

T, —Fy— arl =M, -q, )

(7, -7+ F,, - )l - 4@ = 16 ©)
And for the right end:

Frow—Tow—F, =M, -a, (7

(B 7, + T,y -1, I A, = 13, (®)

A condition that can be imposed in order to complete the
equations, is that the links should not separate:
=0 )

’;;‘_l'f’i _l'ﬁm _’;;41

for any consecutive pair of links.

By taking derivatives twice, an expression can be obtained
that combine linear and angular acceleration, yielding the
additional equation we need:

ai +l'ﬁiﬁ)i2+l'ﬁi07i+l'ﬁz+la)zz+l+l nz+laz+1 a;, _O (10)
In order to solve the equations set, first split them into

[x,y] coordinates, and remove linear and angular

accelerations. Then, rewrite the equations, putting on the right-
hand side the strain terms. With this, the equations can be
expressed in matrix format as:

H-T=b (11)

where H is a sparse matrix that depends on link poses and

parameters (inertial mass and moment). The vector T is a

vector of strain components:

(T T T T

i—l,ix i+l x Tii+ly

T ) a2

i+1,i+12x

—1,iy 7;+1,i+2y .

The right-side term, b , contains resistance and inertial
forces.

The iterative solution of the equations starts by an initial
disposition of the links, and forces acting on the boom tips.
Then, the strains are computed. Then the linear and angular
accelerations can be computed.

B. Towing Cables

The boom is attached to the USV with a cable. It is possible
to consider the cable stress as a function of its stretching,

Ad=d —d,, over its nominal length d, :

if Ad<0

0
T 13
! 5Ad if Ad>0 (4

0
where E is the Young’s elasticity module.

The distance between the tip of the boom and the USV,
would be:

, SoL (Ship on the Left) (14)

+ ES , SoR (Ship on the Right) (15)

Fig. 3 shows the definition of variables for the USV, of
length /. We suppose the boom is attached to the USV aft.

The Ad is obtained by subtracting d, from the proper

expression above (d, or d).

The direction of the cable stress is:

Y
Ty TR
flgy =——=——— Sol (16)
i
T
ATty
T y , SoR (17)
!

Based on these expressions, the forces on the ship aft and
the boom tips can be computed:

I}

=T, -ii,, SoL (18)

e c

I}

=—T,,-ii,, SOR (19)

e c
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Eeft =Tty (20)
F;’ight =T Uy (21)

Speeds and positions can be obtained by integrating the
accelerations.
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Fig.3: Vectors for the mathematical description of the USV

C. USV Model

The mathematical model of the USV considers its inertial
mass, m, , and inertial moment about the center of mass, / . A
propulsion force F'S and a bearing moment ]\ZS are applied to
the center of mass. The accelerations would be:

Ma =F ~F +F (22)
La,=M,-M +M, (23)

where the terms Ii and Me correspond to towing, and the

terms IT“V and ]\7[r correspond to resistance against ship
motion. Other terms are:

[ms +m, 0 j
M= 24)

0 mg+m,,

which is the ship mass matrix. And,

I.+1, 0O
1= (25)
0 I +1,,

is the ship inertia matrix. The added mass terms (denoted
with indexes Ax, Ay) can be obtained from added masses in
body axes as follows:

(m mAy)TzR(es)(mAH mAJ_)T (26)

being R(6,) a standard rotation matrix.

The velocity components in body axes can be obtained
with:

(v v) =R(O) (v v,) 27)

The components of the resistance force in body axes, are
modelled as follows:

F;H :(/11 +(yy | vy |)'Vsu (28)

ﬁ;l :(ltlt + (| vy, |)'Vs¢ (29)

Then, the components of the resistance force in inertial
axes can be obtained with:

(F, F,)'=R@O)(F, F,) (30)
The resistance to rotation has been modelled with:
M, =u, || & (D

where ls is the distance from aft to the center of mass.

Notice that the model is non-linear because the quadratic
terms.

IV. EXPERIMENTAL FRAMEWORK

In order to establish a experimental framework, a scaled
USV has been equipped, which keep in radio contact with a
ground station during experiments. Software for the on-board
control of the USV, and for the ground station has been
developed. A series of experimental tasks were carried out for
modelling and system test purposes. This section provides
more details on these aspects.

A. The USV

A scaled monohull vessel has been selected for this work.
The scale is well suited for experiments in a pond, making
possible to have direct visual observation of dynamic
behaviors. The vessel corresponds in a 1/15 scale to a Stridsbat
90 boat [24]. The length of the USV is 1 m and the weight with
batteries is 3.4 Kg. The center of mass is located at 0.4 m from
stern. Fig. 4 shows a photograph of the USV.

Fig.4: Photograph of the USV
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A white plastic box was added on top the boat, as it can be
seen in the photograph, containing the electronics for the
autonomous navigation control. There is a central module with
an ARM digital micro-controller, being connected to miniature
devices for GPS, digital compass, and a digital radio link. The
on-board control software is written in C. The main task of this
software is to compute the suitable propulsion force and the
rudder angle.

The on-board navigation control includes, implemented in
software, three digital PID (proportional-integral-derivative)
controllers. One for the speed. The other two focus on ship
course control, considering angle errors and lateral errors. The
lateral error is measured in real time with respect to the ship
desired trajectory [6].

B. The Ground Station

As part of the experimental system, a Ground Station (GS)
has been developed. It is used before experiments to transmit to
the USV setup data, like speed, waypoints, and PID
parameters. The desired trajectory is specified according with
the Dubins methodology, which will be detailed later on.

During experiments, the GS remains passive, with no
intervention on the USV behavior. The only task of the GS in
experiments is to gather data sent by the USV for monitoring
and data analysis purposes. Fig. 5 shows one of the GS screens
during an experiment. The left panel shows the desired path in
yellow, and the USV motion as a white trail. The central panel
shows the evolution of the lateral error.
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Fig.5: One of the Ground Station screens during an
experiment

The GS hardware is just a conventional portable computer
coupled through USB to a digital radio chip, which in turn is
connected to an antenna.

C. Parameters of the Mathematical Model

A series of experiments were done for estimation of model
parameters. The electric propulsion of the USV is controlled by
a conventional pulse-width-modulated (PWM) signal, the same
kind of signal used in radio control. The wider the pulse, the

stronger the propulsion force. The propulsion force was
measured for a range of signal widths, and the following linear
model was obtained:

F,=—11.6+K x

were x 1is an integer number between 0 and 127
(specification of PWM width) and K=0.32. Force in Newtons.
The negative term corresponds to the motor threshold.

Experiments were done at moderate speeds, less than 3 m/s,
in which the USV followed a straight path with different values
of x. The friction coefficients of the USV model in the surge
direction were estimated. To give an idea of values, the
propulsion force at 3 m/s would be 11.01 N.

Another series of experiments were devised to make the
USV follow circular paths of specified radii, and measuring
period times. The friction coefficients in the sway direction,
and the turning coefficient, were estimated. Simulations were
also useful to confirm estimations.

The following Table shows the estimated values of the
USV model

TABLE L USV MODEL PARAMETERS
[,=0.4m m=3.4Kg
4, =0.01N-s/m Uy, =122N 5" /m’
U4, =0.1N-s/m U, =3N-s*/m’
1=0.85Kg-m U, =17Nm-s’

Typically the USV velocity in our experiments towing a
boom, is less than 1.5 m/s and is mainly constant. Therefore,
added masses and added inertia, which are linked to
accelerations, were not considered in this stage of the research.

Concerning the boom, in theory [8] the force needed for
towing it (in Kp) is given by:
F, r =9 v?

with ¢g=10004/9.8, where 4 is the area perpendicular to
the water flow).

When towing a boom with two ships, the boom takes a

catenary form. The value of 4 will depend on the distance
between boom tips or, in other words, how wide is the mouth.

D. Autonomous Navigation Experiments
Most of our experiments take place in a 100m x 100m

pond, called “Pradolongo”, near our University. Fig. 6 shows
an aerial view of the pond (Google Maps). There is a kind of
peninsula that limits the available experimental space.
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Fig.6: Aerial view of the “Pradolongo” pond

The preparation of an experiment involves the specification
of a path in terms of Dubins method. Because of the sway
motion, it is expected that the lateral error of the USV with
respect to the desired path, would increase in turning
maneuvers. Fig. 7 shows the GPS traces obtained in an
experiment after PID tuning for attenuating the sway
deviations. The path has been specified with just two Dubins
waypoints (centers and radii of the circles shown in the figure).
The experimental results show a satisfactory USV autonomous
navigation behavior.
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Fig.7: GPS traces obtained in an experiment on the pond

V. PRELIMINARY STUDY OF THE BOOM DEPLOYMENT

The scenario considered in this paper is a boom to be towed
from shore, near the tanker. The boom could be folded or
contained in a reel. The USV has to tow the boom and deploy
the boom around the tanker.

This boom deployment could be initially regarded as a
simple task. However, if we do not want the boom to brush
against the tanker, things become more complicated. In
absence of auxiliary boats or devices that could help to separate

the boom from the tanker, one has to ponder the following
alternative: to pull the complete boom from shore relatively far
from the tanker. It could be necessary to adapt the boom
geometry to the tanker, after the complete boom has been put
on the water. Fig. 8 illustrates how the first step of the
deployment could be, before adjusting the boom to the tanker.

\ Boom

Reel

Fig.8: Basic initial boom deployment concept

Let us think now about wind and currents. This might be
favorable, as far as it helps to get a curved shape for the boom.
Fig. 9 illustrates this possibility.

-
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Fig.9: A case of boom deployment

Taking as reference Fig. 9, suppose that the current takes
the opposite sense. This would throw the boom against the
tanker, unless the USV tried to harness the situation, which
could become difficult.

Although it is evident, an important remark to do is that
towing a boom longitudinally needs much less force, than
towing it perpendicularly. As soon you have a U shape, towing
forces become larger, depending on mouth dimensions.

To have an idea of involved forces, for a boom with a
mouth of 100m wide and 30cm draft, and a velocity relative to
the water of 1m/s, the required towing force would be 3061Kp.
Assuming that lhp gives 8Kp, that would require a 375hp
engine. A 1 Ton weight rescue zodiac mounts usually a 60hp
engine.

VI. SCALED STUDY OF BOOM DEPLOYMENT AROUND A SHIP

A basic experimental study has been made, with our USV
towing an experimental boom. The scenario considered was a
simple deployment around a ship. Fig. 10 shows how it is
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conceived: just a semicircle around a supposed ship. Since our
experiments are done in a pond, there are no currents; however,
wind could have a significant effect.

Pond

€ -
‘N

Supposed ship

Fig.10: Simple sketch for placing a boom around a ship

A main target of the experiment is to confirm the
predictions from our simulation environment. Videos and
pictures were taken; and the GPS traces of the USV during
boom towing were acquired and saved. Another important
target is to have direct observation of what can happen during
the deployment.

A light experimental boom was made for this experiment.
The boom was 50m long, equivalent to 750m according with
the 1/15 scale of the USV. Supposing that the boom draws a
perfect semi-circle with a 10m radius, it is only necessary
31.4m of boom. However, more length should be allowed for
non-perfect USV trajectories.

A plan in terms of Dubins curves was devised. Fig. 11
represents the plan. Notice that the first motion of the USV
follows the tangent from the starting point to the semi-circle.
After reaching the tangent point, the USV must follow the rest
of the semi-circle. Actually, the center of the Dubins waypoint
was placed a few meters from the border, so there is little more
than a semi-circle.

20 ™ T T T T T ™ ™

15

-40 -35 -30 -25 -20 -15 -10 5 0 5
m

Fig.11: The path plan for the boom deployment experiment

The experiment was made several times for radii of 10m,
12m and 14m.The day was quiet and clear, water almost flat.
Fig. 12 shows a picture of the result after the experiment with
14m radius.

Fig.12: Photograph of the experimental deployment result

The GPS trace of the USV along this last experiment, is
shown in Fig. 13. An increasing deviation with respect to the
semi-circle was expected, although the PID lateral control
effort attenuates this. The GPS trace confirms this expectation.
A main reason for this effect is that the boom gradually takes a
U shape, requiring more and more towing force.

20 T T T T T T T T

15 1

10 + 1

Fig.13: GPS trace of the USV during the boom
deployment, compared to the path reference

The simulation provides a tool for the analysis of boom
shape evolution. Fig. 14 depicts the superposition of several
states of the boom, along time. Notice that the real behavior of
the USV was not far from the simulation prediction (dotted
curve).
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Fig.14: Experimental GPS trace of the USV, and a
complete view of the simulated boom deployment

Some other aspects of the operation can be analyzed by the
simulation. For example, Fig. 15 shows the evolution of cable
tension along boom deployment. The peak value (near 20s)
provides an important information of what tensile performance
the cable should provide, and about the propulsion force that
the USV should offer.
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Fig.15: Cable tension along the boom deployment

The simulation supposes that the boom is folded on shore.
This is why the jagged profile at the beginning of the curve in
Fig. 15.

Table IT gives the boom parameters that have been used for
the simulation.

TABLE II. BOOM PARAMETERS
link length=1m link mass =0.05Kg
4, =0.0N-s/m U, =0.05N s> /m’
[, =0.05N-s/m U, =18N-s*/m’
1=0.004Kg-m U, =0.01N m-s*

VII. SIMULATION EXPERIMENTS FOR DEPLOYMENT PLANNING

A clear advantage of simulation is that many different
experiments, perhaps difficult to achieve in reality, can be done
just with some computational effort. Another added value is
that simulation can provide a lot of data, otherwise difficult to
acquire in real-time. An example of this second aspect is that
with simulation it is possible to plot, time after time, the shape
of the boom as the deployment progress. Of course videos can
be taken during real experiments, but numerical data would be
really cumbersome to get (perhaps using GPS devices in each
link of the boom).

This section is mainly devoted to planning, with results at
real scale obtained in simulation. The objective is to establish
an adequate path for the USV, in order to have a suitable boom
deployment around the target tanker.

Consider paths made by connecting two types of pieces:
arcs of circles, or straight line segments. In his pioneering
work, Dubins showed that a car-like mobile robot with a given
initial position and heading can arrive to a target final position
and heading with exactly three sequentially connected such
pieces [25]. The Dubins paths are the shortest paths for the car-
like case (a non-holonomic vehicle). There are many papers
focusing on this approach for several applications, like for
example [26]. Fig. 16 shows an example of Dubins path.

Fig.16: Example of Dubins path

Therefore, the operation planning result would be a path
specified in terms of Dubins waypoints.

Obviously, the simple plan of Fig. 11 is not always feasible.
In a scenario with a long tanker and a narrow river, something
else should be tried, like the plan sketched in Fig. 17. The idea
is to have a narrow U mouth, also keeping the USV far from
the other river bank. The first Dubins waypoint is placed near
the tanker's stern. The second waypoint is relatively far (on
right side of the figure.). This waypoint is placed there in order
to deploy the complete boom. The USV would have the
hardest towing work when going from the third to the fourth
waypoint, which marks the end of the operation. The figure
shows the prescribed path, and captures one of the moments of
the boom deployment by the USV.
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Fig.17: Basic planning of the boom deployment using
Dubins primitives. A particular instant of the deployment is
also visualized.

Once the plan was specified, a deployment simulation was
run. The results are presented in Fig. 18.
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Fig.18. Complete view of the boom deployment

Fig. 19 shows the evolution of cable tension.
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Fig.19. Evolution of cable tension

After the third waypoint, tension increases sharply because
the USV effort on the boom becomes more perpendicular to
the boom.

The parameters of the USV model being used in the
simulation, were the following:

TABLE IIL USV MODEL PARAMETERS
L=5m m=350Kg
U, =00N-s/m L, =100N -s* /m’
4, =0.0N-s/m 4y, =1000N -5* / m’
1=1000Kg - m U, =1000N -m- s

Table IV gives the parameters of the boom model.

TABLEIV.  BOOM PARAMETERS

link length=1m link mass =2 Kg

4, =0.0N-s/m Uy, =0.01N -5 /m’
U4, =0.0N-s/m U, =100N -s* /m’
1=0.16Kg-m ,uwZZN‘m‘sz

VIII. CONCLUSION

In this article the fully automatic boom deployment around
a moored ship has been explored. It was assumed that the
deployment is done by means of a USV towing the boom and
following a suitable path.

Several aspects of the question have been considered, like
forces and sizes, dynamic behavior of the boom, path design,
etc. The research involved a series of experiments with a scaled
USV. A main contribution has been the modeling of the boom
dynamics that, together with a model of the USV and of the
cables, has been the basis for creating a simulation
environment. Part of the research activity has been oriented to
provide experimental confirmation of the simulation prediction
capabilities.

From experimental observation it would be recommended
for the development of a real scale USV, to incorporate the
type of orientable propulsion being used by tugs. Likewise, it
would convenient to add auxiliary lateral maneuvering
thrusters (for instance, near the bow). It would be preferred to
use propellers for low-speed, high-torque operation.

Probably, rather than deploying the boom from an off-shore
reel, it would be better to design the USV for having a reel on-
board, or at least a platform for a folded boom, and deploy the
boom from the USV.

Future work on the scenario considered in this article will
focus on reconfigurable automatic planning, for tackling
changes of tanker size, and wind and current conditions. Also,
the control for a reliable path following needs more work,
considering in particular the effect of large perturbations. In
order to provide for more experimental support, new USV
designs for handling long booms would be tried.
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The simulation code can be accessed at:
GIT https://github.com/juanjimenez/pyships
A video of the experiment at Pradolongo is available at:

https://www.youtube.com/watch?v=TMBtikj6 DuM
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