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Introduction
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Abstract

The paper is devoted to the development of instrumental and methodological support for
the study of mathematical models of conveyor transport systems with intelligent control
An optimal control model is constructed for a belt conveyor with a dynamic change in
the angle between the horizontal plane and the belt plane. Methods for studying the belt
conveyor model based on the design of PID controllers and neural network controllers are
proposed. The results of computational experiments using the training of a feedforward
neural network and the use of reinforcement learning are presented. A comparative
analysis of computational experiments with the use of control based on the synthesis of
a fuzzy controller, control using artihcial neural networks, and control based on a PID
controller is performed. The obtained results can be used in neural network modeling of
complex systems and in solving problems of automation of technological and production
processes
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Conveyor scheme

e 1 Beht cooveyor with a dynamic change in the angle between the herlzontal plane and the belt
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Belt conveyor model |
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where r( is the movement of the conveyor belt, iy is the mass of the conveyor belt, oy
is the angle of lifting of the conveyor, o,

is the angulas speed of the conveyor lifting. /i
is the total mass of loads on the conveyor, s is the coefficient of the conveyor inertia
is the position of the gravity center of the conveyor, k is the coefficient of rolling

friction, [ is the coefficient of axial friction, w; Is the linear force of translational motion

of the conveyor, uy is the torque value for controlling the lifting angle of the conveyor,
{5 the set of control vectors, M is the set of loads masses
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where r( is the movement of the conveyor belt, iy is the mass of the conveyor belt, oy
is the angle of lifting of the conveyor, oy is the angular speed of the conveyor lifting. miy
is the total mass of loads on the conveyor, » is the coefficient of the conveyor inertia
r is the position of the gravity center of the conveyor, k is the coefficient of rolling
friction, [ is the coefficient of axial friction, w; Is the linear force of translational motion
of the conveyor, uy is the torque value for controlling the lifting angle of the conveyor,
{7 is the set of control vectors, A is the set of loads masses

KONSepEMILE 2001

Anewced Nerpoa MWEaaynnswe Ap Xemponas Max, Shuhrat Isrollov

Belt conveyor model Il

Various types of optimal system control problems (1) are of theoretical and applied
interest We will consider such a statement of the problem in which the optimal control
s the one that stabilizes the system (1) over an infinite time interval, The following
conditions are considered necessary and sufficient for the stabilization of the system (1)

X(0D) e Ey, X(t,) € Ea YL, ty, ), (2)

where X = (ry.ap,0q) 18 the phase vector of the systemn (1), £ s the time taken to
stabilize the system (1), ¢, is the boundary of the time interval under consideration,
£y and E3 are some subspaces of the phase space of solutions, and £ £y

Let E; be a certain neighborhood of the target point ¢ of the phase space. Then the
quality criterion aimed at limiting the trajectories of system (1) close to & can be written
as

lim | dl = nun (3)
Yigar oS
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Additional condition of the following form

Figurw 3. Trajectory on a plane (o, o
angle taking inte accoumt ((
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Figurn 5 Trajectory of system (1) on a plare (0, 1) with neural controller implementation, taking

Into account | Py
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Thanks for attention!
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model example = switched_model_2d()

dynamic_system = ode (model example, 0, [0, 5, 0, 50] Osbra Macha

25, max_step = 0.1)
X= []

for point in dynamic_system:
if model example.timer[-1] > 15:
model example.P = np.array ([

[ O ’ 0 ] ’ AaHnnn OneHKnH
(0,011
model_example.D = np.vstack([-1, 10]) Fu6agynnun Ap..

X.append (point)
solution = np.array (X) PomaH Actpaxa...
plt.plot(solution(:,0], solution[:,2])
plt.grid()
plt.show ()










