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ABSTRACT

Indonesia is a country with a large watery area of about two thirds of the country's total
territory. Therefore, the country requires a multifunctional vehicle that can be utilized for a
mitigation in river and a maritime defense system. One of the multifunctional vehicles is the
Remote Operated Vehicle (ROV). In this paper the optimization of ROV system with Jacobian
approach for ROV system is studied. With jacobian approach, linearization of nonlinear ROV
system to analyze controllabity and observability without control system could be
accomplished. Linear system for diving motion of ROV has a 3 DOF model, which are surge,
heave, and pitch. Results of the optimization with Jacobian approach show that the ROV
system is controllable and observable.
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1. INTRODUCTION resources, observing condition of the earth

More than 70% of Indonesian teritory
comprises of seas, so it has a great
potency which need to be looked after.
Advanced technology is required to aid in
managing the potential resources at sea.
Remote Operated Vehicle (ROV) is one of
the advanced technology necessary in this
case, in particular to assist variours
activities of underwater exploration in the
deepsea. ROV is very useful for ocean
observation since it require a tethered
cable, and it can swim freely without
restriction [1]. ROV can be used for
mapping,
underwater defense system equipment,

underwater exploration,
sensor off board submarines, inspection of

underwater structures and natural

surface plates, and so on.

One important aspect that should be
established in the design of ROV is the
clarification on its observability and
controllability, based on a mathematical
model [2]. The mathematical model
contains various hydrodynamic force and
moment expressed collectively in terms of
coefficients [3]. ROV

system

hydrodynamic
nonlinear causes many
uncertainties in the modeling, so requires
linearization to obtain more viable results.
This paper presents a study to solve
problems in optimization utilizing the
Jacobian approach for ROV system.
Optimization of ROV system is considered

as the foundation with regards to



navigation, control and guidance system in
ROV.This study emphasized on basic
development and

control, navigation

guidance of ROV.

2. REMOTED OPERATED VEHICLE
(ROV) MODEL
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side of the ship and positive z-axis direct
downward [5,6].

As shown in Figure 1 and Table 1, an
AUV or ROV has 6 DOF mode of motions,
where 3 DOF for translational motion and 3
DOF for rotational motion in with regards
tox, y and z axis. In the dynamics problem,
motion of the ROV is influenced byexternal

forcesas follows [8]:
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Table 1. Notation of ROV Motion Axis [4,8]

Figure 1. 6 DOF in ROV motions [7]
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recognized on
Vehicle (ROV), that is the Earth Fixed
Frame (EFF) and the Body Fixed Frame
(BFF) [4]. EFF is used to describe the

position and orientation of the ROV with

the Remote Operated

the position of the x-axis direct to the north,
the y-axis to the east and the z-axis toward
the center of the earth.While BFF is used
to describe the speed and acceleration of
the ROV with the starting point at the
center of gravity, x-axis direct to the ship

bow, positive y-axis direct to the right hand

General equation of ROV motions in
6 DOF consists of 3 first equation for
translational motion and 3 second equation

for rotational motions, as described in the

following.

n=MmLn ", m=kxyzl", n
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v=[wLvI", v,=uwvr,wl", v,=
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Where n vector is the position and orientation of the EFF, v vector velocity of linear and

angular of the BFF, the position and orientation of the BFF, and t description of force and

moment in ROV of the BFF.




By combining equations hydrostatic force, lift added mass, drag, thrust and assuming a
diagonal tensor of inertia (lo) is zero then the total forces and moments of models obtained
from the following [4,9]. This paper is using equation of motion in the form of three Degree of
Freedom (3-DOF), those are surge, heave and pitch. General equation of motion in 3-DOF

ROV consists of surge, heave and pitch motion as follows:
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This type of ROV, shown in Table 2, using only single propeller on the tail ROV which
will produces x,,,, and additional moments K,,,.,,,. External forces and moments acting on the
ROV are the hydrostatic force, thrust and hydrodynamic force and where every object in the
water will have a hydrostatic force consisting of gravity and buoyancy forces. While
hydrodynamic component consists of added mass, drag and lift. Thrust use fin to control the
balance of the ship which require a constant rate. ROV specifications include, among others,
weight of 20 kg, length of 2 m, and a diameter of 30 cm

In this paper the nonlinear system of ROV model can be linearized with Jacobian approach where the
nonlinear ROV system in general as follows :

x() = f(x(@®),u®), )

y(©) = g(x(®), u(®), t) 9)
Sothe Jacobian matrix is formed as follows [2]:
ofs(xut) Oofi(xut) af1(xu,t)
x4 dx, doxnp,
L of,(xut) df.(xut) of2(x,ut)
—6f(;cj,cu,t) = .6x1 ax.z axn. (10)
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So equation 3 - 8 can be expressed as follows:
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Furthermore linear system is obtained as follows :
x(t) = Ax(t) + Bu(t)

y(t) = Cx(t) + Du(t) a7
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with Z = CB? — ACF + ADE
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3. CONTROLLABILITY AND (B|AB|A%B]|...|A"1B) have the n rank.
OBSERVABILITY Observable if matriks

Linear system in Equation 18 is said
controllable if Matriks : Ctr =



C

CA

Obsv = CA? |have the n rank [5].

CA(.n—l)

In equation 19 and 20 obtained
controllabity and observability matrix as
follows Ctr = (B|AB|A?B) = 3 and

C
Obsv = < CA >=3
CA?

So linier system of ROV with Jacobian
approach is found to be controllable and
observable.

4. CONCLUSION

Based on the analysis of Jacobian,
controllability and observability ROV
system is confirmed. It is also found that
linearization of nonlinear ROV system can
produce controllable and observable linear
ROV system.
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