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Introduction 

Underwater Robotics is one of the newest areas of science and technology. Development of automatic 
underwater vehicles can save people from the risk they may have during working under water. In addition, 
these robots can be used to explore the underwater world. Initially, underwater vehicles have been used by 
the military. However, today we can observe their use for a wide range of scientific and applied problems 
related to the exploration and monitoring of the World Ocean. In this connection, underwater robotic tools 
are designed for a wide range of applications [1]. 

The main part of any robot is control system. Through it works robots can perform various complex 
problems. This article discusses modeling of control systems and stabilization of depth immersion of the 
robot. Mathematical modeling was performed using Simulink MATLAB R2013a software package. 

Structure of mathematical model 

The main structure of the robot depth immersion control system model is shown in Figure 1. 

 

Figure 1. The main structure of the robot depth immersion control system model 

The components of a mathematical model are hIN – input signal, depth of robot immersion; hOUT – output 
signal, the actual value of the depth at the current time. The vehicle is immersed by four vertical engines 
with blades. In Figure 1 this is the block WM. The feedback has a depth sensor, which regulates the value of 
robot immersion. Also, the impact of the water environment was taken into account. 

Let us consider each unit of operator-structural scheme in more detail. 

Controller 

A proportional–integral–derivative controller (PID controller) generates a control signal to the engine, which 
act to the aquatic environment and produce robot immersion. PID controller is a control loop feedback 
regulator, which calculates an error value as the difference between a desired setpoint and a measured 
process variable. The controller attempts to minimize the error over time by adjustment of a control variable, 
such as the power supplied to engines, to a new value determined by a weighted sum of the proportional, 
integral, and derivative terms [2]. 

With regard to the designed model, in order to take the power of engines which must be provide, the 
difference between the desired depth of immersion and its value at the current time multiplied by a 
coefficient and feed the resulting signal to the engines. This is proportional term. It operates at the moment 
of error – the controller respond instantly to changes in the control signal, and the behavior of the object. 
Engines supply more force if the robot began float upward and vice versa. In the real conditions, this 
reaction manifested with delay. Moreover, the control object affected not only by the operator, but also by 
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the environment: the attractive force of the earth, the Archimedes force, the force of water resistance. 
Therefore, proportional control value hesitates around point, which must be maintained. Fluctuations 
become greater with the increase of the impact of the environment [2]. 

In order to compensate for external influences to the robot, the circuit added the integral component. All 
errors (deflection) in control system provided to an integrator. In this case, if the robot is drowning – the 
integrator’s value is decreasing, if the robot is popping up – the integrator’s value is increasing. In this way, 
the accumulated integral increase or decrease the value of the engine’s working power. As a result of this 
approach, the integrator generates contribution to a total capacity, which compensates for environmental 
influences: fluctuations disappear, the integral becomes stable and the value of power becomes constant. 
Since in this case the depth is supported, there is no deflections and the proportional component is not 
working at all [2]. 

To compensate for the delay between exposure and reaction of the system, a differential component is added 
to the regulator. Simply proportional controller provides the power all the time, until the robot reaches the 
required depth, but the proportional-differential (PD) controller begins to reduce the power supplied to the 
engines before than the robot plunge to a desired depth [2]. 

Engines 

Since the transfer functions of engines are unknown, let us take them straight to simplify the calculations. 
However, because of the maximum traction of propellers is 50 H, the scheme contains a restriction 
(saturation component). 

Outside influences 

As a positive direction of the robot dives is selected Y-axis downward (Figure 2). In addition to the traction 
of engines on the robot affects the force of gravity, the Archimedes force and water resistance force, which 
occurs when the robot move and is directed opposite to the direction of its movement. 

 

Figure 2. The forces acting to the robot under water 

The viscous friction (resistance force (FR on the Figure 3) of the water depends on the speed of movement of 
the robot. At low speeds, the resistance force is a linear function of the robot speed, because there is no 
turbulent flow of water. 

Sum of force vectors is the resultant of all the forces at the current time. Taking advantage of 3rd Newton's 
law, the velocity of the robot will be: 
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