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Abstract 
 
This paper describes the design and performance of a hovering AUV constructed at KMOU (Korea Maritime 

and Ocean University). Before the field test, we analyzed the dynamic performance of the AUV using a simula-
tion program made by Matlab & Simulink. Also, a PID controller was designed to control the thrusters. Using 4 
thrusters (2 vertical and 2 horizontal), the AUV could be controlled using dynamic motion with 4-DOF. A simula-
tion and field test were conducted with way-point tracking, maintaining the desired depth. To perform way-point 
tracking, the AUV can be fine-tuned to the desired heading angle through the LOS (Line Of Sight) method. This 
paper shows the results of simulation and field tests. 
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1. Introduction  

Autonomous Underwater Vehicles (AUVs) are employed for a variety of purposes such as underwater explo-

ration, extraction of minerals and military purposes. Also recently, as the offshore industry has been expanding, 

AUVs are expected to be very useful instead of workers in underwater environments. AUV performance and 

related technologies provide considerable improvement and the advantages are extremely attractive. So, we are 

interested in the development of AUV and in how to control the AUV at sea. The main purpose of the vehicle is 

to be a test-bed for evaluating the dynamic performance of controllers and sensors, and developing a more effi-

cient hovering AUV in an experimental basin. 

This AUV is designed as an open-frame structure for convenient testing. This paper addresses our basic re-

search. In chapter 2, the developed AUV is presented. In chapter 3, the mathematical modeling is represented. 

While chapter 4 describes the PID controller and simulation results. The field experiments results of way-point 

tracking are shown in chapter 5. And the analysis of the results are described. In the last chapter, we present con-

clusions about the research and future works are described. 

2. System configuration of the AUV 

2.1 Design goal for the AUV 
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 Table 1. Specifications of the AUV 

Parameter Specification 

Hull Open-frame 

Dimensions 736 x 736 x 600[mm] 

Weight 50kg 

Max. Depth 20m 

Thruster 450watt x 4ea 

Control Mode 4-DOF 

Communication RS-232, Wifi 

Computer On-board PC, DAQ board 

Sensor 
Pressure sensor, GPS 

DVL, TCM5 

 

 

For the AUV design procedures, the mission is decided first; then a suitable shape, payload, operating 

depth, and cruising speed that correspond to the mission are chosen. The hull shape of the AUV is deter-

mined according to the mission and the payload contains the weight of the sensors and propulsion systems. 

The operating depth is determined by considering the design of a pressure can. 

The design goal for the hovering AUV is to act as a test-bed for testing the capacity of its cruising autono-

my, and the performance of its sensors and controllers in a water tank or sea. The principal objective of the 

test-bed is to serve as a convenient, cost-effective platform for research, development, and experimental 

validation of control systems, navigation techniques, and control algorithms of the vehicle. The vehicle de-

sign goals are listed in Table 1. 

2.2 Hardware Configuration 

The external structure of the AUV was designed to protect the thrusters, main container, and sensor from 

external shock or risk. Fig. 1 and Fig. 2 show the 3-D design model of the entire structure of the AUV and 

the actual system. 

 

   
 Fig. 1 The 3-D model of the AUV  Fig. 2 The actual AUV system 
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Fig. 3 System configuration 

 

The AUV outer frame is designed with an octagonal shape, and is made of stainless steel. The pressure 

container is made of aluminum 6061. Thrusters and sensors are installed on the outer frame. In order to pro-

tect the electronic equipment. The batteries, are installed in a pressure container that is waterproofed with an 

o-ring. Fig. 3 shows the hardware configuration of the whole system. As can be seen in Fig. 3, the thrusters 

and pressure sensor communicate with the PC through a DAQ board. Each sensor, such as DVL, GPS, and 

TCM5, communicates the PC through the RS-232 protocol. The main PC manages information about the 

measurements from the sensor. Using the data, the AUV is controlled by the host-PC through wireless 

communication. The DVL (Doppler Velocity Log) and GPS (Global Positioning System) sensors are used 

for measuring the position of the AUV. The pressure sensor and magnetic compass are used for measuring 

the depth and direction of the AUV. Two vertical thrusters and two horizontal thrusters are used for control-

ling the 4-DOF such as surge, heave, pitch and yaw motion. 

3. Mathematical Modeling 

Before a water tank or field test, verification of the dynamic motion of the AUV or controller through 

mathematical modeling is necessary. First, the body coordinate system for representing the equation for 6-

DOF is set. Fig. 4 shows the body coordinate system for the AUV. Secondly, the 6-DOF nonlinear dynamic 

equation shown in Eq. 1. This dynamic equation has been already described by Feldman (1979), and by 

Fossen (1994). So, we get the following equation for AUV. 

 
Fig. 4 The body coordinate system 
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 Table 2. Hydrodynamic Coefficients  

Parameter Value Parameter Value parameter Value 

xxI   6.9 uX &  -18.5 pK &   -1.3 

yyI   26.1 uX  -10 pK   -0.223 

zzI   23.2 uuX  -227.18 ppK   -3.212 

gX   0 vY&  -28 qM &   -6.8 

gY   0 vY  0 qM  -1.918 

gZ   0 vvY   -405.41 qqM  -14.002 

bX   0 wZ &   -46 rM &  -5.9 

bY   0 wZ   0 rN  -1.603 

bZ   -0.3461 
wwZ   -478.03 

rrM  -12.937 

 

 

          (1) 

 

In the above equation,   
 is linear and angular velocitiy vector with respect to the body 

coordinate frame and       is the position and direction of the AUV. M is the inertial term 

including the added mass, C is the coriolis and centrifugal force terms for a rigid body, D is the velocity 

dependent hydrodynamic force acting on the body, g is the restoring force.  is the external force such as 

the thrust force. Hydrodynamic coefficients included in the dynamic equations are obtained through 

experiments such as the Planar Motion Mechanism(PMM) test and the rotating arm test as well as the 

empirical formulas. In this paper, we used coefficients as show in Table 2.  

In the next step, we considered the force from thrust, and how to determine thruster allocation, because the 

AUV is controlled by thrusters. Once the position direction of the thrusters are considered, forces and 

moments can be expressed as Eq. 2. 
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 T TT Ft = ×  (3) 

 

F1 and F2 are the forces generated by horizontal thrusters, while F3 and F4 the forces generated by vertical 
thrusters. l  is the distance from the center of the AUV to the thruster Eq. 2 is expressed in matrix form as 

Eq. 3. Where Eq. 3, , , ,
T

T x y y xF F M Mt é ù= ë ûå å å å , 1 2 3 4, , ,
T

TF F F F F= é ùë û . And Tt  is considered one 

of the external forces. 
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4. Design of the controller & Simulation 

4.1 PID controller 

In order to obtain the thruster force to control the AUV, Tt  have to be calculated. To obtain the Tt , a 

PID controller is designed. The PID control equation is as follows in Eq. 4. 

 

 
( )

( ) ( ) ( )p i d

de t
u t K e t K e t dt K

dt
= × + × + ×ò   (4) 

 
Where , u  = Control input 

       pK = Proportional gain , iK = Integral gain , dK = Derivative gain 

       e  = (Desired Value – Current Value) 

The controlled systems are the velocity of the x-axis, heading angle, have motion of z-axis and pitch angle. 
u  represents the control input, the same as in Eq. 3. Tt . The thrust forces needed for control are calculated 

using Eq. 5. 

 

 1

T TF T t-= ×  (5) 

 

4.2 Result of Simulation 

To verify the controller and performance of the vehicle a simulation was performed about way-point track-

ing. The simulator was made by Matlab & Simulink. All the simulation results presented in this paper were 

from this simulation environment. 

 
Fig. 5 Result of way-point simulation 
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Fig. 5 shows the state of the vehicle, and the thrust force generated through the thruster allocation method. 

In figure 5 (a), the vehicle returns to the starting point the route point. (b), (c), (d) and (e) show the respec-

tive depth, pitch angle, heading angle and velocity while the vehicle was performing way-point tracking. 

Fig. 5 (d) shows the heading angle of the vehicle. The heading angle is decided through the LOS (Line of 

Sight) method. As can be seen, while the desired heading angle was changing, the state values exhibited 

oscillation. The controller was designed to prioritize the desired depth and heading angle over the velocity 

and pitch angle. Once, the depth and the heading angle reached the desired value, the value was well main-

tained. Fig. 5 (f) was generated through the designed thrust allocation law. 

5. Field Experiments 

5.1 Motivation 

In order to verify the motion of the actual system and the controller performance, the author conducted a 

series of experiments at sea. These experiments were conducted KMOU (Korea Maritime and Ocean Uni-

versity). Fig. 6 shows the location of the field experiments. 

We conducted experiments on the basic dynamic performance of the AUV through way-point tracking. In 

this mission, the AUV was guided to return to the starting point, passing the route point while maintaining a 

desired depth. 

5.2 Results of field test 

Fig. 7 ~ Fig. 8 show the trajectory of the AUV. We can confirm that the AUV started at WP1, represented 

in Fig. 7 and returned to the starting point after passing the given way-point. As can be seen in Fig. 8, we 

can confirm the 3-D trajectory of the AUV. The AUV was guided with way-point tracking after reaching the 

desired depth. Fig. 9 shows the state value of the depth. We set the desired depth to 1m. Although the state 

values of the depth from the pressure sensor had a little oscillation, it desired value well. Fig. 10 illustrates 

the current and desired heading angles. The desired heading angles were calculated through the Line of 

Sight method. The current heading angles had an error of about 2± o  degrees. But the heading angles of the 

vehicle were well controlled to follow the desired angle. Fig. 11 shows the state values of the AUV such as 

roll, pitch and yaw angles. As can be seen, the roll and pitch angles had angle between 0 ~ 2-o o . These val-

ues did not affect the vehicle performance. Fig. 12 shows the control input voltage through the PID control-
ler and the thrust allocation method. Thrust voltages have a saturation of 5V± . We could confirm that the 

thrust voltages were calculated through the PID controller to perform the missions. 

 

 
Fig. 6 Field test site 
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              Fig. 7 X-Y trajectory of the AUV                       Fig. 8 3-D trajectory of the AUV 

 

 

 
Fig. 9 The state of depth                      Fig. 10 The state of Heading angle 

 

 

 
     Fig. 11 State Value of the AUV                       Fig. 12 Thrust control input voltage 
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6. Conclusion 

We carried out basic research into the development of a hovering type AUV and analysis of its dynamic 

motion. We also designed a PID controller and employed the thrust allocation method to control the thrust-

ers. Through simulation and field experiments, we can confirm the performance of the controller and dy-

namic motion by the vehicle. We will continue to further study the DP (Dynamic Positioning) system and 

continue with development of the navigation system. 
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