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Fig.1. The autonomous robotic airboat used in the experiments
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Fig.2. The navigation software using C# programming language
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Fig.3. 2D position of the autonomous robotic boat
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Forward speed
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Table 2- Absolute error of simulation and real data
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Symbol pre Parameter Value  Unit/Remarks
p Iy JS> Alr density 1.225 kg m?
74 S > a5 Heading - deg.
9 O dos 4yl Rudder angle of attack - deg.
@ Copd Constant - -
73 oo dbai g 36 Juolg bis o0 a5 ANgle between target waypoint and boat - deg.
Vioftset Jeoly s g 3,6 (gluwly BB Angle between target waypoint and boat ~ — deg.
&R S IS dles a4l; Total Rudder angle of attack - deg.
Ay &y colue Propeller area 0.05 m2
Ar S colus Rudder are 0.03 m?
b &6 Job Boat length 11 m
Cuo S cups Drag coefficient 0.3 -
Cua ) gy Lift coefficient 57 -
Cs ol Cuys Forward coefficient 0.2 -
Cia S o Zero drag coefficient 0.005 -
Cr ohed cuys Rotational coefficient 0.0075 -
Cs GNS oy Side coefficient 0.26 _
D Ly 599 Drag - N
d Gan dilais o ply glad Radius of target zone (circle) 1 m
D, O S D oy ps D term value of Rudder PID controller - -
prop algyy b Propeller Diameter 10 in
dr O dgl; Rudder angle _ deg.
dt il gige s Juoyd Percentage of throttle - A
Fx 3B & el Job (59,0 Longitudinal force of boat - N
Fy &b & Josl Loy g9y Lateral force of boat - N
1, oyl lee Moment of Inertia _ m?
Ki.a bS Sy olps RK coefficient _ _
L T o Lift - N
m &6y Boat mas 5 kg
N 36 & 0d)lg HliiS Exerted moment to boat - Nm
P, s J 1S Py P term value of Rudder PID controller - -
Porop &lyy e Propeller Pitch 45 in
r Slgly sy Angular velocity _ deg s*
rc Jasyge (glaggly e pus Desired angular velocity - degs*
Rex Oy Jloel Jsb (5955 Longitudinal force in ruuder - N
Rey O @ Jlesl oye go50 Lateral force in ruuder - N
Roffset o S b S alols Offset between rudder and CG 0.185 m
T Caly Thrust - N
ty olej Time _ s
tstep Sl o8 Step time - s

u s sy Longitudinal speed - ms?
Ui oabolo! (glon oy Air velocity - mst
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y e yE Camdge Local position (y) - m
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Introduction

As the world population grows up, the quantity and quality of human food must be improved. The production

yield of marine aquaculture and farming of aquatic organisms, as a valuable source of food, will be increased.
Regular and online monitoring of the physical, chemical, and biological qualities of water and environmental
parameters in such these controlled environments can be achieved by using advanced world technologies, such
as autonomous boats. In this study, simulation of an autonomous boat has been done to help better understanding
and control of this type of vessel in various environments such as dams, ports, rivers, aquatic ecosystems, and
aquaculture. Hence, the main goal of this paper is to simulate and evaluate the guidance and navigation system
of an autonomous boat based on the Fourth order of Runge-Kutta for determining the changes of water quality
indices in a fish farming ponds.

Materials and Methods

In order to achieve the main goal of this study, an autonomous boat was designed and built. This boat as a
general-purpose robotic trimaran boat has dimensions of 110 cm x 37 cm x40 cm and is made of Plexiglas 2 mm
thick. Maximum forward speed of the boat is 125 cm s™ (at 6850 rpm of brushless motors) and the turning radius
is less than 61 cm. The environmental data can be transferred using Internet of Things (IOT), smartphones, SMS,
and mini PC. The position and heading of the boat are determined using GPS and IMU data. The hydrodynamic
and aerodynamic forces, moments, and coefficients of the boat model are determined and then applied in the
mathematical simulation as the input of classic Runge-Kutta (RK4). The performance of the robotic boat
navigational and control systems evaluated in a rectangular track with a length of 20 m and a width of 15 min a
fish farming pond in Karaj and 4 waypoints. The local coordinates of four corner of the mentioned rectangular in
the pond was (0, 0), (0, 20), (15, 20), and (15, 0). The purpose of control system was to conduct the actuators in
such way that boat be able to go to the next point. When the boat reaches the target distance of one m of the
desired point, the next point will be introduced as a new target. The set point of boat speed was 0.4 m s™ and
zero state vector was [0, 0, 0, 0, 0, 0].

Results and Discussion

The maximum error of position and heading of the autonomous boat is 135 cm and 11 degrees, respectively.
Also, in the speed PID controller test (40 cm s), the average and standard deviation of the speed calculated as
40 cm st and 2 cm s, respectively. Maximum difference between the heading obtained from the Kalman filter
and received from the GPS is 11 degrees. In some situations that high precision of heading angle is not required,
the GPS data can provide such accuracy of the heading. Among the variables of longitudinal, latitude, time to
reach the target area, yaw rate, heading, and forward speed the minimum and maximum of percentage error are
related to forward speed and yaw rate, respectively. These values show good performance of the simulated
model and PID controllers.

Conclusions

In this study, motion simulation and evaluation of a robotic boat was carried out using a model boat and
MATLAB software. The mathematical model simulated the real boat behavior correctly and the boat can be used
safely in fish farming ponds to monitor environmental conditions and water quality.
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