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Abstract. The mathematical model has been built based on the designation of submersible’s structure. 
The system parameters of the underwater propulsion submersible have been sorted, calculated and 
stimulated. The PSO algorithm is used to find the optimal parameters of PID controller to finish 
feedback control of this model. The pitch-depth double loop feedback control system has been 
designed to control the movement of underwater vehicle. The simulation result of the submersible 
control system shows that the model has high accuracy, high controllability and high control stability. 

Introduction 

The development of autonomous underwater vehicles (AUVs) is very rapid [1]. Much of the 
research and development efforts to date have been found both on defense objectives and commercial 
projects [2].There are two kind of underwater vehicles basically. One type is to be controlled by 
changing the rudder angle with simple and effective mode of control, but suffering the low accuracy 
of controlling. The other one is dominated by vector propulsion, and it can achieve the micro 
adjustment of submersible attitude. This paper designed an underwater vehicle that could move 
effectively and achieve micro-adjustment of attitude. If an underwater vehicle is to be completely 
autonomous, it must have the ability to plan paths around obstacles in order to operate safely. Many 
solutions to the problem of planning the path of a robot around obstacles have been proposed 
[3][4][5]. The designed shape of underwater vehicle is face symmetry shown in Fig.1. The mass of 
underwater vehicle is no more than 12kg, and the length of body is 0.8m, the diameter of body is 
0.2m. 

 
Fig.1 The shape of underwater vehicle 

The controlling of pitch angle 
In order to make accuracy control, a simple open-loop control module is designed to let the 

submersible to achieve the stable circular motion. The stimulation is as following, the right thruster is 
working, and the left one is not. In this way, the underwater vehicle will move in anticlockwise. It is 
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obvious that stimulation results match the real condition, and the diameter of circular motion is also 
match the theoretical results. Therefore, this model enjoys some degree of accuracy. 

 
Fig.2   Circular Motion 

 
Modelling. It is the most important to control pitch in controlling the motion of underwater 

vehicle. The pitch-depth control model is built. The deduction shows that the state-space is a fake 
time-varying system. Since the existence of matrix for coordinate transform, the state-space will 
change along with the change of state variable. Therefore, it is difficult to get the transfer function of 
system. It is decided to use PID controller, and  to use the PSO algorithm to optimize the PID 
parameters. The general expression form of PID controller is as following, 
 

                                              (1) 
 

The properties of PID controller depend on the three parameters. In the previous, it is found that if 
the pitch is too large, the underwater vehicle will receive the more resistance, and the submersible 
will be very unstable. Therefore, it is  decided to control the pitch to belong the section of ±45. This 
paper uses the property of ITAE to quality the system’s property. The definition of ITAE is as 
following, 
 

                                                                                       (2) 
 

Let the PID controller of pitch to become the subsystem insert the whole mathematical model, then 
the closed-loop feedback controlling system has benn built. Through the PSO algorithm’s 
optimization, the PID parameters have been determined, 
 

                                          (3) 
 

Simulation. In the condition of pitch angle are 45 degrees and 60 degrees, the simulation results as 
shown in Fig.3. Under the condition of closed-loop feedback model, Fig.3 shows that the underwater 
vehicle achieves stable motion at 45 degrees pitch. At next, there is necessary to see the response of 
the pitch, and the curve is shown in Fig.4. It is shown that the changes of pitch tend to steady after a 
small overshoot as in the Fig. 4, and it represents that the pitch has been controlled. The analysis 
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about the vector angle of the thruster has been made, and the curve is shown in Fig.5.  
 

 
Fig.3   Pitch angle of 45 degrees 

 

 
Fig.4   Closed-loop Response for Pitch angle of 45 degrees 
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 Fig.5   Angular Adjustment of Thruster 

At the beginning of controlling the pitch, there is a process of fast adjustment, which generates the 
overshoot of the pitch. However, this process is very fast, and the pitch controlling is very steady and 
the time needed to steady is pretty short. 

At next, the condition of controlling the pitch to 60 degrees will be concerned. In the previous, the 
underwater vehicle is very unstable, so the pitch value of expectation is set to 60 degrees. The 
simulation result has been analyzed, and the whole motion of the underwater vehicle is shown in 
Fig.6. 

 
Fig.6   Pitch angle of 60 degrees 

The Fig. 6 shows that although the submersible achieves the pitch control eventually, the 
adjustment of angle of pitch is very unsteady at the beginning. This condition will let the submersible 
to be controlled uneasily if there is the influence of current. In order to avoid this condition, it is 
decides to avoid to merge too large of pitch when designing the movement of underwater vehicle. 

To continue this analysis, the curve of pitch response has been drawn in Fig.7. 
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Fig.7   Closed-loop Response for Pitch Angle of 60 degrees 

 
It is shown in Fig.7 that the steady of this curving is 60 degrees, however, the largest pitch in this 

process should be concerned, which the pitch’s overshoot is very seirous. The stimulation results 
show that the largest pitch is near 90 degrees. It is obvious that this kind of control type is catastrophic. 
Since it is not yet get to steady, the underwater vehicle will become out of control in the real control 
process. Therefore, it is necessary to limit the amplitude of the pitch in order that submersible can 
achieve certain pitch control and keep this pitch to move. 

The controlling of depth 
There is a foundation of achieving the control of depth because of single vector of the main 

thruster. The orientation of main thruster is along with the x axis of body-fixed coordinate, so the 
pitch of the underwater vehicle will ensure the direction of the movement. The depth feedback 
control model is designed based on pitch-depth double loop. 

In order to control the depth, the first step is to get the current depth,  then, to compare  this depth 
value with the expectation ones, at next, the pitch of expectation at current has been calculated. 
According to the thruster’s force, the pitch will be adjusted. It is obvious that when the depth error 
tends to zero, the pitch of expectation and the pitch of current are both to tend to zero. Finally, the 
control of depth would be finished. Using the feedback loop of depth to stimulate, and setting the 10 
meters as the depth of expectation, the curve of response of depth is shown in Fig.8. 
 

 
Fig.8   Closed-loop Response for Depth Control 
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The Fig.8 shows that the response of depth is fast and steady, at meantime, there is no abrupt 
change in depth control process. It is matched the requirement of controlling. After the response of 
depth matches the requirement, it is necessary to consider the question that if there will be very large 
of pitch, and the curve is shown in Fig.9.  

 
Fig.9   Pitch adjustment in depth control 

 
From the Fig.9, the largest pitch will be 45 degrees in the control process, and the rest is very 

steady. It shows that the pitch will get very stable control in the process of depth control, and there 
will not be the risk of control. The pitch-depth double loop feedback control system can achieve 
stable control at the depth. The response of vector angle is shown in Fig.10. 

 
Fig.10   Thruster adjustment in Depth Control 

It is shown from Fig.10 that the system needs a vector angle near 90 degrees at the beginning of 
control process, which this angle will generate a step response, in the consideration of the arm of 
force is not so long. This kind of big vector angle will only generate the response of velocity and 
acceleration by the gyro sensor.This is the prerequisite of control, and the controlling is very steady 
after this step response, which  shows that the whole process is improved. The stimulation results 
shows that the design of control system has high accuracy. 

Summary 
A new model is built for submersible combined the advantage of two typical underwater vehicles. 

The pitch-depth double loop feedback control system has been designed to control the movement of 
underwater vehicle. The simulation results of the submersible control system show that the model has 
high accuracy, high controllability and high control stability. 
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