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Abstract. Autonomous Underwater Robots (AURs), 

nowadays, play an important role in many applications, in 

particularly, the military projects. Design and development 

of most AURs in the military projects of Royal Thai Navy in 

the past would be based only on unsystematic, self-concept 

or ideas, which could lead to unsatisfactory results when 

implemented. This paper presents design, development and 

control of the “Poo-Pang” AUR to serve three proposes of 

Thai navy military project; (1) underwater survey under to 

conserve the environment and underwater resources, (2) 

military diving training, and (3) inspection of underwater 

ship structures to find any water leakages. The robot was 

developed using technical design parameters obtained 

from the Quality Function Deployment (QFD) design 

method. A prototype robot was constructed and tested with 

the conventional PID control. The experimental results 

showed that the constructed robot could operate and meet 

the 3 requirements of the project. 
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1. Introduction 

        An autonomous underwater robots (AURs) have 

various potential applications including science, 

environment, ocean mining, oil industry and military tasks 

[1]. Most designs and developments of AURs published in 

the literature have been done using the self-concept or idea 

as found in [2]-[5]. Even if the design concepts are simple 

but with unsystematic design and development might lead 

to unsatisfactory robots. In turn, the design technique based 

on the user’s preferences and requirements called Quality 

Function Deployment (QFD) presented in [6]-[8] would 

provide better results. Some implemented robots based on 

the QFD design would be one with the two mechanical 

robots by Koyarem [9] and a plant nursing robot by 

Sorensen [10]. 

        This paper proposes the design, development and 

control of the “Poo-Pang” AUR (Poo-Pang is the name of 

the crab which could be found only at Maha Sarakham 

province in the Northeastern region of Thailand). The 

proposed robot was designed using the QFD technique to 

serve Thai military tasks. The development of the Poo-Pang 

AUR utilizes the transformation of information from the 

users’ requirements to the technical design parameters and 

with the parameters obtained, the robot prototype was 

constructed using the conventional proportional-integral-

derivative (PID) control. The experiment results show its 

capability to serve the missions.  

 The explanation of the design, development and control 

of the Poo-Pang AUR is arranged by in Section 2, the 

design concepts and principles are explained. Section 3 

describes the development procedure for the AUR while 

Section 4 shows the overall system configuration of the 

robot prototype. Lastly, the control algorithms, which were 

used for the robot were tested and summarized. 

2. Design Concepts and Principles 

        The proposed Poo-Pang AUR was developed to meet 

the 3 missions required by the Royal Thai Navy Military as 

follows: 

  (1) to underwater survey under the annual plan in order 

to conserve the environment and underwater resources  

 (2) to cooperate with military diving training  

 (3) to inspect the underwater ships to find any water 

leakages.  

 

 The technical design parameters obtained from the QFD 

method, which was performed step by step as briefly 

described in [10] and parameters given in Table 1, were 

used to develop the Poo-Pang AUR. 

3. Robot Development 

        The Poo-Pang robot was developed based on the 

expected technical parameters in Table 1; which were 

grouped into four systems: mechanical, sensor, computing 

and power supply system, details of each system are as 

follows: 
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Table 1: Mapping between design and expected technical 

parameters from QFD design method 

 

3.1 Mechanical System 

3.1.1 Faring 

        The Poo-Pang robot was designed using solid-works 

to have a balancing hull form, having the physical structure 

as shown in Fig. 1. The overall size of the robot was 

relatively small with width, length and height of 85cm, 

90cm and 85cm, respectively. The core body of the robot 

was made from aluminum alloy, which had light weight and 

could resist to the corrosion when operating underwater. 

The control unit (microprocessors and its auxiliaries), the 

sensors and the motor control boards were installed at the 

upper part of the robot as depicted in Fig. 2 while the 

battery packs were installed on the lowest part.  By making 

the location of the batteries to be at the lowest position as 

much as possible, lower the metacentric height and increase 

the righting moment of the vehicle, the robot became more 

stable in both pitch and roll directions. The two tungsten 

halogen lamps were equipped in front of the robot to give 

the illumination when surveying underwater. The robot was 

designed to have an open-frame feature, which could 

facilitate the access and adaptation if additional or some 

parts would be required to be upgraded or replaced to 

support various research or applications when operating in 

the underwater environment. A high resolution digital 

camera was also installed behind the clear glass of the robot 

hull to record the underwater photos for the survey.  

 

Fig. 1: Physical photograph of the proposed Poo-Pang AUR 

         

 

Fig. 2: Control unit, sensors and motor control boards of the Poo-

Pang AUR: (a) overall lay-out and (b) installed positions 

3.1.2 Thrusters 

        The proposed Poo-Pang AUR prototype consisted of 6 

thrusters as shown in Fig. 1. The thrusters were installed at 

the positions that allowed the robot to move in the six-

degrees of freedom: roll, pitch, yaw, surge, sway and heave. 

These thrusters were modified from the Minnkota Classic 

28, 12V electric trolling motors with the 9-inch diameter 

propellers; where each of the thrusters has the weight of 

approximately 28 pounds. The thrusters were fitted with 

custom O-ring seals for freeing the movement while each of 

the 6 motors was shrouded with the cylindrical guard for 

protecting the motor from unexpected components from 

outside, as well as, for the safety purpose, which had the 

feature as shown in Fig. 3. 



26 MAHASARAKHAM INTERNATIONAL JOURNAL OF ENGINEERING TECHNOLOGY, VOL. 4, NO. 1, JANUARY-JUNE 2018 

 

Fig. 3: thruster of the Poo-Pang AUR modified from the trolling 

motor 

3.2 Sensor Systems 

3.2.1 Accelerometer 

        The Accelerometer model aMG-IMU-9A was used to 

provide the proper roll/pitch/yaw angular setting and three-

axis linear accelerations via the I2C interface. The North-

East-Down (NED) body-frame Euler angle (roll, pitch and 

yaw angles) could also be computed using the Direction 

Cosine Matrix (DCM) method. 

3.2.2 Compass Module 

        A CMPS03 compass module was used to provide the 

heading angle of the robot via the I2C interface. The 

compass had an accuracy of 3-4 degrees with resolution of 

0.1 degrees. 

3.2.3 Depth Sensor 

        The depth of the robot when in water could be inferred 

from hydrostatic pressure measurement by using the 

pressure transducer; having relationship as expressed by the 

equation (1) 

                                     PG = ρgh                                       (1) 

Where PG is the gauge pressure 

   ρ is the water density in kg/m³. (ρ = 1,000 kg/ m³ for 

      fresh water) 

      g is the gravitational acceleration (9.806 m/ s²) 

  h is depth from water surface in meter 

 

        An E8EB-01C (Omron) pressure transducer was used 

to provide the gauge pressure of the water. The transducer 

had a range of 0 to 100 kPa with ±3% accuracy FS, which 

was converted to the linear output range of 1-5V. 

According to this accuracy, the depth of water could be 

measured with resolution of 30 cm from the maximum 10-

meter depth. 

3.3 Computing Systems 

        The proposed Poo-Pang AUR was designed to operate 

autonomously and dynamically; hence, all the computing 

systems were embedded. 

3.3.1 Main Processor 

        The main processor used in the project was selected to 

have relatively but having adequate ability to process the 

competence for all the computing units: simultaneous 

filtering, sensor data acquisition and servo control. A Fio-

board (Aimagin) was therefore selected. The board had a 

powerful microcontroller with ARM 32-bits Cortex TM- 

M3 Processor (STM32F103RET6) with 16 channels of 12-

bit, 1μs ADC, 2 channels of 12-bit DAC, 5 USART, 2 I2C, 

4 general purpose 16-bits timers with 4 PWM per timer and 

1 USB 2.0 full speed interface. The board could be 

programmed and edited directly via the Matlab/Simulink. 

3.3.2 Thruster driver boards 

        To drive the thrusters, six individual driver boards 

(San Electronic) were used. The boards generated the 

PWM outputs to vary speed of the motors continuously in a 

large variation range; from stop to full forward and from 

stop to full reverse. The boards required 80 amps rated at 

12-48V. The microcontroller generated a command signal 

via the PWM outputs that were sent to the corresponding 

driver boards to control the thrusters’ speed and direction. 

3.4 Power Supply Systems 

        The robot carried a water-proof battery box with 3 

sealed, lead-acid batteries (12V, 12Ah, 432Wh) onboard 

that provided power for the thrusters and all the electrical 

devices. All electrical devices had their own protecting 

fuses. There are 3 sub-power supply systems: controller 

power supply system, sensor power supply system and 

motor power supply system. the overall schematic diagram 

of the robot’s power distribution is show in Fig.4. 

 

 

Fig. 4: Overall schematic diagram of the power supply systems of 

the Poo-Pang AUR 
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4. Overall Configuration 

        The overall configuration of the Poo-Pang robot and 

the completed robot prototype were illustrated in Fig. 5 and 

6, respectively. 

 

Fig. 5: Overall configuration of the Poo-Pang robot 

 

 

Fig. 6: Completed prototype of the Poo-Pang robot 

5. Robot Servo Motor Control 

        The conventional PID controller that had the general 

transfer function described by Equation (2) and the control 

block diagram shown in Fig. 7 was used to control the 

heading of the robot prototype. 

 

(2) 

 

; where KP is the proportional gain 

   TI is the integral time 

   TD is the derivative time 

   u(s) is the controller output 

  e(s) is the error, which calculated from the difference 

between the actual and desired heading angle 

 

Fig. 7: Heading control block diagram of the Poo-Pang robot 

 

 All of the PID parameters were primarily determined by 

Ziegler and Nichols tuning rule and then were fine-tuned to 

obtain the satisfactory responses. The final parameters 

suitable for the control are given in Table 2. Fig. 8 shows 

the simulated circuit using the Matlab/Simulink program 

which gave the results shown in Fig. 9. 

 

 

 Table 2: the final values of the PID parameters 

 

 

 

Fig. 8: Simulated circuit using Matlab/Simulink program 

 

 

Fig. 9: Some simulated results obtained from the simulated circuit shown 

in Fig.8 
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        From the above result shown in Fig.9, the designed 

PID controller could lead the robot’s heading to the setting 

point at 90 degrees with acceptable damping response, 

settling time less than 1 second with only small errors (less 

than 2 degrees). 

6. Conclusions 

        The autonomous underwater robot named “Poo-Pang” 

has been designed and developed according to the design 

parameters obtained from the QFD method. The robot 

prototype could be controlled simply using only a 

conventional PID controller while allowed the robot to be 

an open-frame robot that could be equipped with various 

types of devices and sensors. The robot could be used to 

meet the missions and requirements of the Royal Thai Navy 

Military.  
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