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Abstract

In this paper, first, the dynamic equations of a submarine periscope will be extracted and verified with real
data. These data are acquired from an experimental setup. Then, using a neural network, a hybrid intelligent
control method will be applied to control the periscope model. This control scheme is combined of a
proportional controller with a feedforward neural network to adapt the controller to the nonlinearities and
parameter changing of the plant. The neural network will be trained on-line without any predefined initial
weights to cope with the changes in the system parameters. Simulation results will be compared with the
conventional PID controller, which reveals good performance of the proposed controller.
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Introduction

Line-of-Sight (LOS) stabilization has been widely used by many researchers for varieties of applications [1].
Periscope, which is an important equipment in submarines, is an optical instrument, which is considered to be an
LOS device. In periscopes, image sequences, taken by a camera, must be stabilized for better views by the operator
[2]. A common periscope structure has been depicted in Figure 1. Image sequences, taken from the sea surface, are
reflected by the mirror to the camera, and observed inside the submarine by the operator. The structure of a
periscope is like the gyro mirror LOS stabilization [3], [4]. Major application of periscope is in submarines but tanks
use them too.

Extracting dynamic equations of submarine periscopes has advantages for research, computer simulation and
model-based control design. The structure of this system is like a robot manipulator. Therefore, to obtain the
dynamic equations, one can use the well-known methods like the Newton-Euler or the Lagrange-Euler methods [5],
[6]. In this paper, the latter method is employed.

Artificial neural networks are powerful tools for identifying and controlling nonlinear dynamic systems. In this
paper, MultiLayer Perceptron (MLP) and proportional controller are used to control the mirror orientation of the
periscope [7]. The training of the neural network is performed on-line. This is mainly due to the fact that in practice
there are uncertainties, perturbations, or changes in the system parameters. The simulation results will be compared
with the conventional PID controller.

Forward Kinematics

To obtain the homogeneous transformation matrices, the basic method is used [6]. Figure 2 shows the link
coordinate frames of the periscope shown in Fig. 1. The transformation matrices of three links are defined as
follows:

q -5, 0 0 ¢, 0 s, O c —s; 00

o - s; ¢ 00 , 7, - 0 1 0 O , 7 = sy ¢ 00 (10)
0 0 1 0 -5, 0 ¢, d 0 10
0 0 01 0 0 0 1 0 01

Dynamic Equation of the Periscope
To derive the dynamic equations, the Lagrange-Euler method is employed. Hence, the kinetic and the potential
energy of the all links must be determined.
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A. The Potential and Kinetic Energy of the First
Link

Since the body of periscope is fixed to the platform,
the kinetic energy of the first link is just due to the
energy of servomotor. Equations (2) and (3) represent
the kinetic and the potential energy of the first link,
respectively.
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where J, and o, are the moment of inertia and the

angular velocity of the first link, respectively, and d
is the height of periscope (Fig. 1).

B. The Potential and Kinetic Energy of the Second
Link

The movement of the second link is like a see-saw.
Hence, for finding the kinetic and potential energy of
this link, it is divided into two parts, with half mass
on either side. After finding the kinetic and potential
energy of each part, the kinetic energies will be
added together and the potential energies will be
subtracted from each other, to find the kinetic and
potential energy of the whole link. The velocity of
the second link is calculated at z, =5/2 with respect

to the first coordinate system, where b is depicted in
Fig. 2. The position and of the second coordinate
axis, with respect to the zero coordinate system, is
equal to
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The velocity of the upper part is equal to the velocity
of the lower part
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Therefore, the kinetic energy of the second link is
equal to
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The potential energy of the second link is equal to
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C. The Potential and Kinetic Energy of the Third
Link

The third link is treated like the second link. The
position of the right-half part of the mirror coordinate
is equal to
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Hence, the velocity of this link is equal to
vy =X]+yi+Es ©)

And the kinetic and potential energy of this link is
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D. Lagrangian Equation
The Lagrangian equations for the periscope can be
written as
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Solving (12) yields dynamic equations as
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And dynamic equations of servomotors are
I, = L(—Rala —k,0, +v,)
L, ) (14)
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where7,,R,and L, are  the armature  current,
resistance and inductance respectively, k, and k, are

motor torque constant and back-emf constant,
respectively, 0,,,7,,,B,, andJ,, are the motor

rotational angle, output torque, damping coefficient
and rotor inertia, respectively, and v, is the input

voltage to the motor. The motor and plant parameters
are written in table 1 and 2, respectively.

A comparison between the data acquired from an
experimental system (Fig. 3) and the proposed model,
taking the dynamics of servomotor into account, has
been depicted forf, (the yaw axis) in Fig. 4. The

modeling error has been shown in Fig. 5. As this
figure shows, the error between the experimental data
and the proposed model is relatively small. The input
signal, applied to the model and the real plant, is
shown in Fig. 6.

Controller Design
Figure 7 shows the closed-loop control block diagram
for controlling the orientation of the mirror. The
neurocontroller comprises of an MLP neural network
(Fig. 8). Error backpropagation training algorithm
has been employed.

Simulations

The main advantage of the on-line training method is
its robustness against changes in system parameters.
Fig. 9 shows the tracking on the 0, axis (the pitch

axis) with the gain of P controller equal to 10, while
the damping coefficient of the plant is increased by
100% at the =3 sec. It is obvious that the controller
has a rational performance but can not adapt itself
against changes in the system parameters. Moreover,
there might be simultaneous changes in system
parameters. Hence, to achieve better tracking
performance, some adaptation algorithm in the
controller structure is needed. Figure 10 shows the P
controller combined with the neural network to track
the reference signal. The steady state tracking error is
decreased by this controller and can adapt itself to
the changes in the plant parameters. Note that the
computation time for the neural network is less than
0.5 ms in MATLAB software, which indicates that
the proposed control method can be applied in real

time. Figs. 11 and 12 show the same results for the
0, (the roll axis) with the P gain equal to 20.

Conclusion

In this paper, first, the dynamic equations of a
submarine periscope were extracted and verified with
real data. These data are acquired from an
experimental setup. Then, using a neural network, a
hybrid intelligent control method was applied to
control the periscope model. This control skim was
comprised of a proportional controller with a
feedforward neural network to adapt the controller to
the nonlinearities and parameter changes of the plant.
The simulation results showed good performance of
the proposed controller.

Table 1 - Motor Parameters

v o n () 5 (5 g,

40.2 0.8 32 35.1 1.1

Table 2 - Plant parameters

m(kg) my, my a(m) b (m) d (m)

30 0.08 0.5 0.03 0.08 1.1
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Fig. 3 The experimental setup of periscope

Real data and model response

160
140
120
100

Degree
[2]
o

Real data A
— — Model output | |

10
Time(sec)

Fig. 4. Comparison of the real and model responses
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Fig. 12. Tracking error of the hybrid controller for the
0 axis



