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ABSTRACT 

Conventional control systems, such as Proportional Integral Derivative (PID), have difficulty adapting to 

changes, which reduces the stability and efficiency of Remotely Operated Vehicles (ROVs). This study 

develops an adaptive control system based on Radial Basis Function Neural Network (RBFNN) combined 

with PID to improve PID adjustment and ROV stability. The research methodology involves designing 

RBFNN and PID controls, simulating them in MATLAB/Simulink, and testing them in three scenarios: 

calm currents, strong currents, and random disturbances. The uniqueness of this study lies in how it 

overcomes existing challenges and offers a new approach to ROV control in dynamic environments by 

comparing 6- and 8-thruster configurations on ROVs. The simulation results show that the application of 

RBFNN successfully reduces oscillations in the X position (0–2.5 m), Y position (-1 m), Z position (vertical 

drift), Roll, Pitch, and Yaw orientations. After RBFNN control, the ROV's position and orientation become 

more stable and closer to the setpoint, with an error of less than 1%. This study shows that MK-RBFNN-

based adaptive control with an 8-thruster configuration can improve the stability and responsiveness of 

ROVs in dynamic environmental conditions. The significance of this research lies in the challenge of 

controlling ROVs for underwater structure inspection in dynamic environmental conditions.  

Keywords-remotely operated vehicle; Radial Basis Function Neural Network (RBFNN); adaptive control 

system; underwater environment   
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I. INTRODUCTION  

Inspection and maintenance of underwater structures, such 
as dams, bridges, offshore platforms, and pipeline networks, 
are crucial activities to ensure the integrity and safety of these 
facilities [10]. Traditionally, these tasks were performed by 
human divers, but technological advances now enable the use 
of robotic solutions that can improve safety and efficiency [11]. 
ROVs and Autonomous Underwater Vehicles (AUVs) have 
emerged as the primary solutions in this sector, offering 
numerous advantages in terms of reducing risk to humans and 
increasing operational duration and range in underwater 
environments [12] 

ROVs have been widely used for inspection, maintenance, 
and repair tasks in the oil and gas industry, offshore platforms, 
and submerged pipelines [13]. The former can perform 
structural inspections and maintenance efficiently and with a 
lower level of risk compared to traditional methods [14]. 
However, the underwater environment is filled with factors, 
such as currents, waves, pressure, and resistance, which 
significantly affect the stability and control of ROVs [15, 16].  

Variable currents in speed and direction can make it 
difficult for ROVs to maintain a stable position, with high 
current speeds requiring ROVs to have greater thrust 
capabilities to counteract these forces [17]. Wave action can 
cause dynamic movement in ROVs, exacerbating control and 
stability issues. Increased hydrostatic pressure at greater depths 
can affect ROV structural integrity. Moreover, the drag or 
resistance experienced by ROVs affects their maneuverability 
[18].  

Although ROVs show great potential, there are still 
challenges in improving their autonomy and reliability owing 
to environmental constraints and the infrastructure costs 
required to support underwater robot systems [1, 2]. 
Continuous research and development are essential to 
overcome challenges such as predictive and system modeling 
[3, 4]. However, conventional control systems, such as PID, are 
insufficient to overcome these challenges. An adaptive control 
system based on RBFNN, instead, has the potential to provide 
a more effective solution in improving the underwater stability 
and maneuverability of ROVs [5, 6]. RBFNN can adjust 
control in real-time, providing stability and efficiency despite 
external disturbances [7, 8]. The specific problem faced is 
determining how the number and arrangement of thrusters, 
particularly the comparison between 6 and 8 thruster 
configurations, affects ROV performance metrics such as 
position and orientation accuracy, energy consumption, and 
tolerance to errors [9]. 

RBFNN is used to create a reference model that represents 
the dynamics of nonlinear systems, which is important for 
adaptive control [19, 20]. The reference model can be designed 
to change dynamically, allowing real-time adjustments to the 
control strategy [21, 22]. As a further application, the use of 
multi-kernel RBFNN enhances adaptive learning, providing 
better performance in dynamic nonlinear systems [23]. 
RBFNN-based adaptive PID control methods can identify 
controlled plants online and adjust PID controllers as needed.  

Thus, this study addresses the challenges faced by ROV 
control systems in extreme underwater conditions by 
developing an adaptive control system based on RBFNN, 
which is more responsive to changes in environmental 
conditions. The application of this system is expected to not 
only improve the stability and accuracy of ROV maneuvers but 
also provide a more efficient and safer solution compared to 
conventional inspection methods. This research is expected to 
make a real contribution to the development of ROV 
technology for the inspection and maintenance of underwater 
structures, as well as empower local communities to adapt to 
challenging environments. 

II. METHODOLOGY 

The current study develops an RBFNN-based adaptive 
control system to improve ROV performance in dynamic 
underwater environments.  

A. Basic ROV Dynamics 

ROV dynamics [18] refer to the former’s movement 
behavior in response to forces and moments acting on it in a 
three-dimensional underwater environment. This system is 
typically modeled in six Degrees of Freedom (6 DoFs), 
including three linear translations (surge, sway, heave) and 
three rotations (roll, pitch, yaw). Figure 1 shows the ROV 
reference frame for movement in 6 DoFs.  

 

 

Fig. 1.  Body fixed frame and earth fixed frame. 

Figure 1 displays the body and earth frames, with position 
and orientation defined in the earth fixed frame at (1). 
Additionally, the linear velocity and angular velocity of the 
ROV are presented in body fixed frame notation at (2). The 
diagram also incorporates the configuration of 8 thrusters, 
which consists of 4 horizontal thrusters (T₁–T₄) and 4 diagonal 
thrusters (T₅–T₈). The body-fixed frame and the additional 
diagonal thrusters contribute significantly to the enhanced 
stability and maneuverability of the ROV, especially in 
controlling roll, pitch, and yaw orientations. The placement of 
these thrusters, especially the diagonal ones, improves the 
overall system's response to dynamic environmental conditions, 
making it more stable and efficient in maintaining position and 
orientation compared to the traditional 6-thruster configuration. 

� = �� � � � 	 
�   (1) 



Engineering, Technology & Applied Science Research Vol. 16, No. 1, 2026, 31076-31082 31078  
 

www.etasr.com Purnata et al.: Position and Orientation Control of Remotely Operated Vehicles Utilizing Radial Basis … 

 

� = �� 
�� = �� � 
 � � ���  (2) 

Velocity in the Earth-fixed frame can be obtained from the 
ROV's velocity in the body-fixed frame by: 

�� = ����� = ����� 00 �����   (3) 

Ignoring disturbances, such as waves and tether, the 
dynamics of the ROV can be expressed as: 

��� +  ���� + !���� + "��� = #  (4) 

where: 

� = �$% + �&    (5) 

 =  $% +  &     (6) 

�$% = ' ()* −(,�-./(,�-./ ) 0   (7) 

�& = −123" �4�5 , 7�8 , 9�: , ;�<, �� = , >�?�  (8) 

Equation (4), which consists of mass ( ����) or Coriolis 
and centripetal forces (!����), damping forces ("���), and 
hydrostatic forces (# = �4 7 9 ; � >� ), shows the 
total propulsion force vector in 6 DoFs. The Coriolis rigid body 
can be seen in: 

 $% = � 0 −(���/−(���/ −�)@�/ �   (9) 

 &��� built consistently from �& 

!��� = !A + !=���  

!A = 123" �45 , 78 , 9: , ;B�= , >?�  

!=��� = 123"�� ⊙ |�|�   (10) 

with � = ,455 , 788 , 9:: , ;<< , �== , >??.�
, and 

"��� =  

⎣⎢
⎢⎢
⎢⎢
⎡ �H − I� J2K 	−�H − I� LMJ 	 J2K �−�H − I� LMJ 	 LMJ �−N�-H − �OIP LMJ 	 LMJ � + N�-H − �OIP LMJ 	 J2K ���-H − �OI�J2K	 + ��-H − �%I�LMJ  	LMJ  �

−N�-H − �OIP LMJ 	 J2K � − N�-H − �O IP J2K 	 ⎦⎥
⎥⎥
⎥⎥
⎤
  (11) 

The ROV can become buoyancy neutral according to (11), 
which balances gravity and buoyancy with W = B. Additional 
mass is placed on the ROV to make the X-Y coordinates of CB 
coincide with the X-Y coordinates of CG (xG = xB = 0, yG = 
yB = 0). The resulting vector is: 

T��� =
⎣⎢
⎢⎢
⎢⎡

000��U − �%�H LVJW��U − �%�H JW  0 ⎦⎥
⎥⎥
⎥⎤
   (12) 

Control using an octarotor having 8 actuators, following the 
equation:  

# = ∑ � 1Y�Y × 1Y� �Y = ��[Y\]     

� = � 1] ⋯ 1[�] × 1] ⋯ �] × 1]�   (13) 

Then, the final ROV model becomes:  

�� = �����     (14) 

� = �_]N��`ab −  ���� − !���� − "���P�  (15) 

B. Configuration Thruster 

The thruster configuration matrix is arranged based on the 
position (x, y, z) and direction of the force generated by each 
thruster relative to the ROV's center of mass. This matrix 
serves to calculate the contribution of force and torque from 
each thruster to the ROV system. Force allocation analysis is 
performed using the pseudo-inverse, which considers the 
physical limitations of thruster force. This thruster 
configuration is then compared between the use of 6 and 8 
thrusters, which is used as the basis for the RBFNN adaptive 
control system. 

C. Adaptive Control Based on RBFNNs 

To implement adaptive control based on RBFNNs [24], 
(16) can be followed by taking the network input vector: 

� = cdedfg ∈ ℝ]�    (16) 

Then, using the Gaussian activation kernel from ( kernel 
for data �, where j controls the width of the Gaussian kernel 
function and LY is the kernel center, which is written as: 

���� =
⎣⎢
⎢⎢
⎡exp n− ∥p_qr∥s 

�ts u
⋮

exp n− ∥p_qr∥s 
�ts u

1 ⎦⎥
⎥⎥
⎤

∈ ℝxy]  (17) 

Equation (17) represents the Gaussian activation to the 
kernel plus bias. Then, the NN output equation is mapped to the 
moment:  

#zz = H����, H ∈ ℝ{×�xy]�   (18) 

The shear surface is calculated as: 

J = de + Λd8     (19) 

Λ = 123"�}], … , }{� ≻ 0   (20) 

The robust part is given by: 

#?�O5`b = ;? tanh n`
�u    (21) 

where ;? = 123"N�?,YP ≻ 0  and � > 0  is referred to as the 

boundary layer. Gradient adjustment for weight adaptation is 
performed with projection to limit the weight:  

Ẇ =  � J ����� −  ���H�    (22) 

 � =  123"��₁, … , �₆�  >  0  
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where �� is the projection operator (e.g., row scaling of Wᵢ, 
when ∥Wᵢ∥ > Wmax). In discrete implementation: 

H�� + 1�  �  H���  �  Ẇ ��   (23) 

Stability with the Lyapunov function was used as: 

� �
]

�
 Jᵀ�J � ∑ ]

��ᵢ
{
Y\]  ∥ Hᵢ,: + Hᵢ ∗∥ ², (24) 

where W* is the ideal weight that approximates the residual 
uncertainty.  

Using the dynamics, �� �  # +   � +  !� +  " , the 
definition of s as the antisymmetry property �� +  2  , and 
ignoring small approximation terms, the following relation is 
obtained: 

�� �  + Jᵀ !� + ∑ �?,YY  |�3Kℎ�Jᵢ /�� Jᵢ|  �
 �3���M�2(3�2MK �2(2� >>�.   (25) 

With sufficiently large choices of �¡?,Y¢  and adequate 

adaptation rate �ᵢ, 

�� �  + £ ∥ J ∥]�  ¤  

Thus, s is bounded, and with the sliding surface property, the 
tracking error de, d¥  is ultimately bounded. The weight 

projection ensures that H is bounded, thus not corrupting the 
analysis. Therefore, to determine the target force τ, it is 
translated into an actuator command: 

� ∗ �  �¦ # ��Jd�1M2K�d�J §�!�  (26) 

�`ab  �  (2K�(3���∗, �xY¨ �, �xa/�  (27) 

If desired, constrained quadratic minimization can be used 
to manage saturation and DoF priority weights. In this 
implementation, per-actuator saturation is applied component-
by-component before calculating # �  � �`ab. 

III. RESULTS AND DISCUSSION 

This study analyzes the actuator and the linearized model 
response to produce a linear system that is easier to analyze. 
The control system is also applied to evaluate the control 
performance on the developed model. Based on Figure 1, the 
parameters used are adjusted to the requirements of the ROV, 
as listed in Table I. 

Table I shows the parameters that are controlled through 
Simulink/MATLAB simulation. The actuator has six DoFs: 
translation along the X, Y, and Z axes, and rotation in roll, 
pitch, and yaw. The transformation matrix T is used to maintain 
the stability and position of the ROV according to the desired 
coordinates. Equation (11) controls the eight motors to stabilize 
the ROV, resulting in thruster control. The saturation function 
�`ab  ensures that the input does not exceed the limits, with 
torque τ calculated using matrix T, which connects the thruster 
input with the torque on the X, Y, Z axes, as well as the roll 
(ϕ), pitch (θ), and yaw (ψ) orientations.  

The configuration matrix for the six thrusters describes the 
relationship between the forces and moments generated by the 
ROV, with four horizontal thrusters (T₁–T₄) controlling surge, 
sway, and yaw, while two vertical thrusters (T₅–T₆) control 
heave and pitch. The configuration matrix for 6 thrusters is 

designed to achieve maneuverability and ROV control stability, 
while maintaining full control over 6 DoFs [25].  

TABLE I.  CONTROL PARAMETERS 

Parameter Symbol Value Unit 

Mass m 40.000 kg 

Mass moment 

Ixx 45.333 

kg·m² Iyy 6.000 

Izz 8.133 

Weight W 392.4 
N 

Buoyancy B 615.5 

Length L 12.000 

m Width W 1.0000 

Height H 0.6000 

Center of mass 

location 

Xg 0.0120 

m Yg 0.000 

Zg 0.050 

Location of the 

center of buoyancy 

Xb 0.000 

N Yb 0.00 

Zb -0.025 

 

The position and direction of each thruster on the ROV, as 
presented in Table II, show the position coordinates and 
direction of each thruster. 

#/ = cos £ ��* + �¬ + �­ + �[�  

#® = sin £ ��* + �¬ � �­ + �[� sin °  

#p � cos ° ��] � ��� � �± � �{ � �­ � �[  

#W � 0.155 LMJ ° ��] + ��� + 0.275 �± � 0.275 �{ �
0.155 LMJ ° ��­ + �[�  

#V � 0.3945LMJ °��] � ��� � 0.4305�* LMJ £ ��* �
�¬� + 0.0355��± � �{� � 0.3945 ��­ � �[�   

#· � +0.3945 J2K  ° ��] + ��� + 0.6605 J2K £ ��* +
�¬� + 0.3945��­ + �[�  

TABLE II.  POSITION AND DIRECTION OF EACH THRUSTER 
ON THE ROV 

Thruster  ¹º »º ¼º ½¹º  ½»º ½¼º 

T1 0.300 0.250 0.000 0.707 0.707 0.000 

T2 0.300 -0.250 0.000 -0.707 0.707 0.000 

T3 -0.300 -0.250 0.000 -0.707 -0.707 0.000 

T4 -0.300 0.250 0.000 0.707 -0.707 0.000 

T5 0.200 0.167 -0.200 0.000 0.000 -1.000 

T6 0.200 -0.167 -0.200 0.000 0.000 -1.000 

T7 -0.200 -0.167 -0.200 0.000 0.000 -1.000 

T8 -0.200 0.167 -0.200 0.000 0.000 -1.000 

 

The eight-thruster configuration consists of four horizontal 
thrusters (T₁–T₄) and four diagonal thrusters (T₅–T₈). This 
diagonal placement increases the arm moment, strengthens roll 
and pitch motion control, and improves vertical stability. In the 
8-thruster configuration, T5–T8 are mounted diagonally at an 
angle θ (generally 45°) to the body axis. The force components 
in the XY plane originate from the projection and. For the force 
capability per axis of the diagonal thrusters to be equivalent to 
the reference thrusters aligned with the axis, a scale factor (k) 
was introduced in columns T5–T8. In this study, scale factor (k 
= 1.2) was chosen as a simple correction representing the 
combined effects of: the use of diagonal thruster pairs for XY-
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plane maneuvers, the moment arm advantage, and flow 
efficiency in diagonal installation, as well as the equalization of 
maximum force rating per axis to the reference configuration. 
Thus, the projection components � cos 	 and � sin 	  are 
obtained, and their placement is depicted in Figure 2. 

 

 

Fig. 2.  Thruster placement on the ROV. 

 

Fig. 3.  ROV model response before control. 

This matrix is used to calculate the thruster control required 
to generate torque on each axis so that the position and 
orientation of the ROV can be maintained as intended. 
However, without a controller, the ROV model response shows 
oscillations on several axes, such as the X axis (0–2.5 m), Y 
axis (approximately -1 m), and Z axis, which demonstrates 
uncontrolled movement. The applied thruster matrix is unable 

to stabilize the system without real-time feedback. Without a 
controller, the system oscillates or drifts, causing unwanted 
movement. To overcome this, the system can be linearized and 
given a controller, such as PID, to stabilize the position and 
orientation of the ROV and reduce oscillations. 

Figure 3 illustrates the response of the nonlinear system to 
be controlled to test the response without feedback, which 
helps understand the dynamics of the system based on the 
specified parameters. This model entails a mass matrix (M) 
according to (5), which includes the total mass of the ROV and 
its components, as well as the moment of inertia used to 
calculate the force and torque generated by the thruster on each 
axis.  

� =

⎣
⎢
⎢
⎢
⎢
⎡
95.392 0

0 128.435
0
0
0
0

0
0
0
0

0 0
0 0

201.144
0
0
0

0
5.312

0
0

0 0
0 0
0
0

17.083
0.010

0
0

0.010
6.993⎦

⎥
⎥
⎥
⎥
⎤

  

This system also involves the damping matrix (D) in (10), 
which describes the resistance to movement, and the Coriolis 
matrix (C) in (6), which corrects for fictitious forces due to 
non-inertial motion. In addition, the gravitational force acting 
on the ROV is calculated using the G matrix in (12) to ensure 
that the gravitational force is handled according to the position 
and orientation of the ROV. 

! =

⎣
⎢
⎢
⎢
⎢
⎡
5 0
0 20
0
0
0
0

0
0
0
0

0 0
0 0

20
0
0
0

0
2
0
0

0 0
0 0
0
0

10
0

0
0
0

10⎦
⎥
⎥
⎥
⎥
⎤

  

 =  

⎣
⎢
⎢
⎢
⎢
⎡

0
0
0
0

−8.3072
0

0
0
0

8.3072
0

−0.0604

0
0
0
0

0.0604
0

0
−8.3072

0
0
0
0

8.3072
0

−0.0604
0
0
0

 

0
0.0604

0
0
0 
0 ⎦

⎥
⎥
⎥
⎥
⎤

  

T =

⎣
⎢
⎢
⎢
⎢
⎡
0 0
0 0
0
0
0
0

0
0
0
0

0 0
0 0
0
0
0
0

0
7.848

0
0

0 0
0 0
0
0

7.848
0

0
0
0
0⎦

⎥
⎥
⎥
⎥
⎤

  

The experimental results graph demonstrates that after 
applying RBFNN, the system exhibited significant 
improvements in both position and orientation stability, which 
were clearly observed on the X, Y, Z axes, as well as the Roll, 
Pitch, and Yaw orientations. Before the application of RBFNN, 
the system's position on the X axis oscillated between 0 and 2.5 
m, indicating instability in horizontal position control. After 
RBFNN control was applied, these oscillations decreased 
dramatically, and the system moved more stably toward the 
setpoint value. Similarly, on the Y axis, the system exhibited 
stable oscillations around -1 m before the RBFNN was 
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implemented. After applying the control, the Y position began 
to approach the desired value in a more controlled manner, 
signifying an improvement in vertical position control. On the 
Z axis, which previously showed uncontrolled vertical drift, 
RBFNN was successful in stabilizing vertical movement, 
stopping any unwanted drift, and bringing the Z position to a 
stable point. 

This experiment shows that RBFNN is effective in 
stabilizing position and reducing oscillations across all axes (X, 
Y, Z) and orientations (roll, pitch, yaw). The system's response 
became smoother, with more controlled and rapid movement 
toward the desired setpoint. This demonstrates that RBFNN not 
only helps reduce oscillations but also enhances the overall 
control precision of the system. Furthermore, the application of 
RBFNN, in combination with PID control, offers a more 
adaptive, stable, and responsive control system that can adjust 
to dynamic changes in system conditions. 

An important factor in this improvement is the use of 8 
thrusters in the ROV system. This configuration, with 4 
horizontal thrusters and 4 diagonal thrusters, provides more 
robust control over the ROV's movement and orientation. The 
diagonal thrusters enhance stability and control, particularly in 
adjusting roll, pitch, and yaw, and also contribute to improved 
vertical movement control. By utilizing 8 thrusters, the ROV 
benefits from better maneuverability and stability in dynamic 
underwater conditions, making the RBFNN control system 
even more effective. 

 

 

Fig. 4.  ROV MK RBFNN response. 

IV. CONCLUSION  

This research successfully developed a control system for a 
Remotely Operated Vehicle (ROV) by utilizing Radial Basis 
Function Neural Network (RBFNN) to stabilize its position 
along the X, Y, and Z axes and its orientation in roll, pitch, and 
yaw. The experimental results show that after the application of 
RBFNN, the system experienced significant improvements in 
terms of stability, with oscillations on the X, Y, and Z axes 

decreasing dramatically, and the position and orientation of the 
system became more stable and closer to the desired setpoint. 
Particularly on the Z axis, which previously showed drift, the 
application of RBFNN successfully stabilized vertical 
movement, and the roll, pitch, and yaw orientations also 
showed reduced oscillations with smoother and more 
controlled movements. RBFNN contributes significantly to 
dynamic control adjustment, allowing the system to move 
towards a stable condition more quickly without major 
deviations or oscillations, indicating that RBFNN not only 
reduces instability but also improves control precision. This 
RBFNN control system can overcome stability and 
responsiveness issues, making it more adaptive to changing 
conditions and improving overall system performance. 
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