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ABSTRACT  

Gantry cranes used in copper electrolysis function as robotic systems in 
factories, transporting and assembling cathode and anode plates. Due to 
the thick arrangement of electrolyte panels, crane movements often result 
in significant fluctuations, leading to positional inaccuracies and potential 
safety issues. This paper presents a sustainable adaptive sliding mode 
controller based on fuzzy neurons to minimize vibration and improve the 
positioning accuracy of the electrolytic copper gantry crane system (ECGCS). 
Sliding Mode Control (SMC) is a nonlinear directional control method known 
for its stability and robustness, even under system disturbances or changing 
crane parameters. However, large control amplitudes can lead to chattering 
near the sliding surface. To address this issue, the proposed control strategy 
incorporates three types of Radial Basis Function Neural Networks (RBFNNs) 
for online estimation of nonlinear control functions, combined with fuzzy 
logic to determine the appropriate control law magnitude. The system 
adapts its parameters using Lyapunov stability theory to ensure both 
accuracy and long-term durability. Simulation results in MATLAB Simulink 
demonstrate that the proposed controller provides high precision, reduced 
vibration and strong durability. 
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1. INTRODUCTION 

In the era of industrialization, the demand for iron, 
nonferrous metals, and other basic materials has 

increased significantly. To transport these materials 
efficiently, gantry cranes have become indispensable. 
The electrolytic copper gantry crane, as illustrated in 
Figure 1, is not only used for transporting electrolytic 
plates but also plays a crucial role in assembling them 
into slots inside electric tank stools or other robotic 
systems. Ensuring that the electrolytic plates are 
transported and assembled safely, efficiently, and on time 
is essential. As a result, numerous studies have been 
conducted to improve the performance of gantry cranes.  

Structurally, overhead gantry cranes were moved by a 
forklift, with the load suspended from the forklift via a 
cable [1-6]. These cranes performed the functions of 
lifting, lowering, and horizontal movement. However, the 
natural swinging of the load-resembling a pendulum 
motion-significantly reduced their operational efficiency 
[7]. The swaying of the load is primarily caused by the 
movement of the forklift, frequent changes in cable 
length, variations in load mass, and external disturbances 
such as wind or collisions. To address these issues, 
numerous studies have focused on developing control 
strategies for automated crane operation, aiming to 
minimize swing angles, reduce transport time, and 
improve positioning accuracy. Among these, adaptive 
control methods have shown promising results [8-11]. 
PID controllers are widely used in industrial control 
systems due to their simple structure, ease of tuning, and 
good stability. To optimize the PID controller parameters 
for crane systems, various algorithms such as Particle 
Swarm Optimization (PSO), Differential Evolution (DE), 
and Genetic Algorithm (GA) have been proposed [12-15]. 
In [16, 17], a Fuzzy-PID control approach was introduced, 
combining the advantages of both PID and fuzzy 
controllers. This hybrid method performs particularly well 
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when the system approaches the setpoint, especially 
under conditions of large deviation, where its nonlinear 
characteristics enable a very fast response. 

Additionally, fuzzy control techniques have 
demonstrated successful results in real-world 
applications, including gantry crane systems [18-20]. For 
example, the Dual PD dimming controller [21] uses the 
first fuzzy controller to regulate the position of the cart, 
while the second controller manages the payload's sway 
angle. This approach achieves fast positioning and 
effectively minimizes load sway. In [22], a double fuzzy 
control method was shown to reduce sway angles 
significantly; however, it required a longer time to reach 
the desired positions. Sliding mode controllers, as 
reported in [23, 24], provide stable and robust 
performance even under system disturbances or time-
varying parameter changes. Nevertheless, a major 
drawback of sliding mode control is the chattering 
phenomenon caused by large control amplitudes around 
the sliding surface. To address this issue, many 
researchers have proposed fuzzy sliding mode controllers 
[25-34], which combine the benefits of both control 
strategies to reduce chattering and improve system 
performance. The results show that the crane can quickly 
move to the desired position while effectively controlling 
the oscillation of small loads and eliminating the 
chattering phenomenon around the sliding surface. 
However, the fuzzy controller’s rules are typically based 
on the designer’s experience, which can lead to instability 
and difficulty in achieving optimal control performance. 
Moreover, these rules cannot be precisely described 
using mathematical models. Relying solely on expert 
knowledge is often insufficient, making it challenging to 
develop an optimal control law. To address this issue, 
several studies have proposed a robust adaptive sliding 
mode controller based on neural networks for gantry 
crane systems [35, 36]. This controller inherits the 
advantages of the neural controller, particularly its ability 
to learn rules online during operation. In this paper, to 
improve control efficiency and accelerate convergence 
speed, we propose a fuzzy sliding mode controller 
combined with adaptive control based on Radial Basis 
Function Neural Networks (RBFNNs) to control the 
Electrolytic Copper Gantry Crane System (ECGCS). In the 
proposed controller, RBFNNs and fuzzy logic are utilized 
to estimate the nonlinear functions and the control law 
amplitude, respectively. The adaptive update law for the 
network parameters is derived using Lyapunov stability 
theory. Furthermore, simulation results demonstrate that 

the proposed controller achieves high accuracy, reduced 
vibrations, and enhanced robustness. 

This paper is organized as follows. Section 2 presents 
the dynamic modeling of the gantry crane system for 
copper electrolysis. Section 3 develops a robust adaptive 
sliding mode controller based on fuzzy neural networks. 
Section 4 provides the simulation results. Finally, Section 
5 concludes the paper. 

  
Figure 1. Picture of the ECGCS 

2. MODEL THE DYNAMICS OF THE CRANE GANTRY 
SYSTEM FOR COPPER ELECTROLYSIS 

A gantry crane electrolytic copper system is shown in 
Figure 2, the parameters and values are taken in 
proportion to the actual value as shown in Table 1. This 
system can be modeled as a trolley with mass M. Ahook 
attached to it has a mass m1, l1 is hook cable length.  The 
electrolytic plate attached to the hook has a mass ��, �� 
is 1/2 electrolytic plate length, �� is the hook swing angle 
versus the vertical line, �̇� is the angular velocity of the 
hook, �� is the swing angle of the electrolytic plate 
compared to the vertical line, �̇� is the angular velocity of 
the electrolytic plate. The crane moves with a thrust F(N). 
Assumption of massless and rigid cables, mass-point 
hooks and mass-point electrolytic plates.  

 
Figure 2. Diagram of the ECGCS 
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According to the Lagrangian equation: 
�

��
�

��

��̇�
� −

��

���
= ��                                                               (1) 

Where: � = � − �, � is the kinetic energy of the 
system, � is the potential of the system, ��  is the 
generalized system of coordinates, � is the number of 
degrees of freedom of the system, �� is the external force. 

As shown in Figure 2, the kinetic energy of the system 
is given by: 

� = �� + ��� + ��� =
1

2
��̇� 

       + �

�
����̇�  + ��

��̇�
� + 2�̇���̇������� 

       + �

�
��(�̇�  + ��

��̇�
� + ��

��̇�
� + 2�̇���̇������ 

       + 2�̇���̇������ + 2�����̇��̇����(�� − ��))           (2) 

The potential energy of the system are: 

� = (�� + ��)���(1 − �����) 

         + �����(1 − �����)                                                        (3) 

Replace (2), (3) into (1), the nonlinear equation of the 
copper electrolytic gantry system can be described as 
follows [11, 24]: 

(� + �� + ��)�̈ + (�� + ��)��(�̈������ − �̇�
������) 

+ ������̈������ − �̇�
������� = � + �� − ��̇            (4) 

(�� + ��)��������̈ + (�� + ��)��
��̈� 

+ �������̈����(�� − ��) + �������̇�
����(�� − ��) 

+ (�� + ��)�������� = 0                                                (5) 

����������̈ +  �������̈����(�� − ��) + ����
��̈� 

− �������̇�
����(�� − ��) + ���������� = 0               (6) 

Where: F is the external force acting on the crane 
system, ��  expresses the bounded disturbance. 

The dynamic Eqs. (4-6) can be rewritten as follows [11, 
24]: 

�(�)�̈ + ���, �̇��̇ + �(�) =  � + �� (7) 

Here � = [� �� ��]� = [�� �� ��]� is a vector 
of the generalized coordinate variables, (��, �̇�, �̈�) ∈

��×�, (��, �̇�, �̈�) ∈ ��×�, (��, �̇�, �̈�) ∈ ��×�respectively 
the position, velocity and acceleration of the trolley, 
angle, angular velocity, angular acceleration of the hook 
and electrolytic plate, � = [� 0 0]�is a vector of the 
generalized force, �� ∈ ��×� expresses the bounded 
disturbance vector, �(�) ∈ ��×� is a inertia matrix, 
���, �̇� ∈ ��×� is a vector of Coriolis and centripetal 
torques, and �(�) ∈ ��×� is a vector of the gravitational 
term. �(�), ���, �̇� and �(�) are determined by: 

�(�) = �

� + ��� �������� �������

�������� �����
� ����������

������� ���������� ����
�

� 

���, �̇� = �

� −������̇���� −�����̇����

0 0 −�������̇�����

0 −�������̇����� 0

� 

G(X)=[0 ���gl1��� m2gl2���]T. 

Where: m1+m2 =  ���; �����= ���; ����� = ���; 
�����=���; ����� = ���; ���(�� − ��) = ����;  
���(�� − ��) = ���� 

To design the controller, we offer properties for (7) as 
follows [11]: 

Property 1. The inertial matrix �(�) is a positive 
symmetric matrix and bounded: 

�(�) ≤ ���             (8) 

Here �� > 0 and �� ∈ � 

Property 2.  �̇(�) − 2�(�, �̇)is skew symmetric 
matrix, for any vector x: 

����̇(�)  −  2�(�, �̇)�� = 0            (9) 

Property 3. The double-pendulum overhead crane 
system has one control input (trolley force �), whereas 
the variables to be controlled are three (trolley position �, 
hook swing angle ��, payload swing angle ��). Therefore, 
the double-pendulum overhead crane system is an under 
actuated nonlinear system. 

Property 4. The double-pendulum overhead crane 
system is a passive system. 

3. RBFNNs CONTROLLER DESIGN 
Radial Basis Function (RBF) neural networks have 

attracted significant attention due to their strong 
generalization ability and simple network structure, 
which helps avoid unnecessary and lengthy 
computations. The structure of the RBFNNs, consisting of 
three layers, is illustrated in Figure 3. 

Layer 1. The input layer. In this layer, input signals  
� = [��,  �� …  ��] are moved directly to the next layer. 

Layer 2. The hidden layer. Each neuron of the hidden 
layer is activated by a radial basis function. The output of 
hidden layer is calculated as follows: 

ℎ����� = ��� �
��������

�

���
� �       (10) 

ℎ����,��̇� = ��� �
��������

�

���
� �       (11) 

ℎ����� = ��� �
��������

�

���
� �       (12) 



 SCIENCE - TECHNOLOGY                                                                                              https://jst-haui.vn 

   HaUI Journal of Science and Technology                                                                              Vol. 62 - No. 01 (Jan 2026) 22

 P-ISSN 1859-3585     E-ISSN 2615-9619 

Where: �� is an input vector, ��  is the center vector with 
the same dimension as ��, ��  is the variance of the basic 
function, � = 1, 2, 3;  � = 1, 3, 5 and if � = 1then � = 1, if 
� = 2 then � =  3, if � = 3 then � =  5. 

 
Figure 3. Controller structure RBFNNs 

Layer 3. The output layer. We assume that the ideal 
output value of the RBFNNs controller is 
MR�xj�, CR�xj,ẋj�,GR�xj� and is calculated as: 

����� = ������ + ������ 

                  = ������
� ∗ ℎ����� + ������     (13) 

����, ��̇� = �����, ��̇� + �����, ��̇� 

                     = �����,��̇�
� ∗ ℎ����,��̇� + �����, ��̇�    (14) 

����� = ������ + ������ 

                 = ������
� ∗ ℎ����� + ������     (15) 

Where: � = 1, 3, 5. ������, �����,��̇�, ������ are the 

optimal weight value of the controller. 
ℎ�����, ℎ����,��̇�, ℎ����� are the outputs of the hidden class. 

������,  �����, ��̇�,  ������ are the errors of 
����

, �����,��̇�, ����
 respectively, and is limited. 

Values of ������, �����, ��̇�, ������ are determined 
by the following formula: 

������� = �������
� ∗ ℎ�����      (16) 

������, ��̇� = ������,��̇�
� ∗ ℎ����,��̇�     (17) 

������� = �������
� ∗ ℎ�����      (18) 

Where: �� �����, �� ����,��̇�, �� ����� are the evaluation 

values of ������, �����,��̇�, ������ respectively. 

The output of the RBFNNs can be given by: 

��(�) = ∑ �������
� ∗ ℎ����� + ��������

���   

              + ∑ ������,��̇�
� ∗ ℎ����,��̇� + �����, ��̇���

���  

              + ∑ �������
� ∗ ℎ����� + ��������

���                   (19) 

The controller RBFNNs is designed for the ECGCS 
under the impact of force � the difference between the 
vector of the actual value ��, ��, �� with the desired value 
���, ���, ��� have can be converged to 0 when � → ∞. The 
structure of the control system for electrolytic copper 
gantry crane was designed as Figure 4: 

Let ���, ���, ��� correspond to the position, rotation 
angle of the hook, rotation angle of the desired 
electrolytic plate of the crane system, ��, ��, �� are, 
respectively, actual output of gantry crane position, 
swing angle of the hook, swing angle of the electrolytic 
plate. The control objective is to take ��, ��, �� to 
���, ���, ��� with the smallest error and the minimum 
load oscillation. Definition of control error as follows: 

�� = �� − ���          (20) 

Where: � = 1, 2, 3; � = 1, 3, 5 and if � = 1 then � = 1, if 
� = 2 then � =  3, if � = 3 then � =  5. 

The sliding mode functions for the three subsystems 
are defined as follows: 

�� = �̇� + ���� =  ��� + ����� − ����       (21) 

Where: �� are positive real numbers. 
The second slip surface is constructed as follows: 

� = ∑ ����
�
��� = ∑ ������ + ������� − ������

���    (22) 

Where: �� are positive real numbers. 
Substitution (18) into (7) we have: 

��������̇� + ����, �̇������ = −��������̈�� 

−����������̇�� −  ����, �̇�����̇�� − ����, �̇��������� 

+����������̇� +  ����, �̇�������� − ������� 

+���� + �����                                                   (23) 

Where: � = 1, 2, 3;  � = 1, 3, 5 and if � = 1 then � = 1, if 
� = 2 then � =  3, if � = 3 then � =  5. 

From (13-15) and (23) we have: 

��������̇� + ����, �̇������ = ��(�) + ��  

                                                        +��(�) + ���               (24) 

��(�) = −���������̈�� − ��(��)�����̇�� 

− �����, �̇�����̇�� − �����, �̇��������� + �����������̇� 

+ �����, �̇�������� − ������� 
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��(�) = −���������̈�� − �����������̇�� 

− �����, �̇�����̇�� − �����, �̇��������� 

+�����������̇� + �����, �̇�������� −  �������� 

�� =���� and ��� = ����� 

From the diagram of the structure of the control 
system for electrolytic copper gantry crane Figure 4 we 
have: 

 
Figure 4. The structure of the control system 

� = ∑ ��
�
��� = −��(�) − ��� − �� − ��     (25) 

Where: �� = ���� ∫ ����
�

�
,         �� = ������, 

��(�) = ∑ ���(�)�
���  is the output signal of the RBFNNs 

controller 

���(�) = −����������̈�� − ������������̇�� 

− ������, �̇�����̇�� − ������, �̇��������� + ������������̇� 

+ ������, �̇�������� − ���������     

���the sliding mode controller (SMC)and selected as 
follows: 

��� = ���������(��)        (26) 

Where: 

��� ≥
1

��

|��(�) + ��(�) + ��(�) + ��� + ��� + ���| 

����(��) = �

 1     �� �� > 0
−1  �� �� < 0
0     �� �� = 0

       (27) 

In order to increase the cling efficiency and increase 
the convergence speed, we have designed the fuzzy 
sliding mode controller to combine with the RBFNNs 
controller as follows: 

Based on equation (26), we choose :��� = ����     (28) 

Where: 

�� ≥
�

��
[��(�) + ��(�) + ��(�) + ��� + ��� + ���] 

is the amplitude of the control law estimated online by 
the fuzzy inference system with the following fuzzy rules: 

IF �� is ��THEN �� is �� 

Where: ��and��is the fuzzy set (Figure 5). 

The member functions used are the Gaussian 
function: 

��(�) = ��� �− �
���

�
�

�
�           (29) 

Where: � is one of the fuzzy sets, �, � in turn is the 
center and width of the Gaussian function, � is � or 
��. ��can be written as: 

�� =
∑ ���

�
�

��(�)�
���

∑ �
��(�)�

���

= ���

� ���
(�)      (30) 

Where: ���
(�) = ����

� (�), … , ���

� (�)�
�

 is the vector 
of the height of the membership functions of �� in which 

���

� (�) = ���(�)/ ∑ ���(�)�
��� , ���

= ����

� , … , ���

� �
�

is 
the vector of the center of the membership functions of 
��. 

 
Figure 5. The membership functions of the input and output variables 

fuzzy controller 

The range of input language variables is ����� =

−13.5, ����� = 13.5 and the range of the output 
language variable is ����� = −1.75, ����� = 1.75. 

Both input and output variables are used in five fuzzy 
sets to describe is Negative Big (NB), Negative Small (NS), 
Zero (ZE), Positive Small (PS), and Positive Big (PB). 

The fuzzy rules are defined as follows: 

IF�� is NB THEN �� is NB 

IF�� is NS THEN �� is NS 

IF�� is ZE THEN �� is ZE 

-10 -5 0 5 10

0

0.5

1

Input: s
1

D
e
g
re

e
 o

f 
m

e
m

b
e
rs

h
ip

NB NS ZE PS PB

-1.5 -1 -0.5 0 0.5 1 1.5

0

0.5

1

Output: K
1

D
e
g
re

e
 o

f 
m

e
m

b
e
rs

h
ip

NB NS ZE PS PB



 SCIENCE - TECHNOLOGY                                                                                              https://jst-haui.vn 

   HaUI Journal of Science and Technology                                                                              Vol. 62 - No. 01 (Jan 2026) 24

 P-ISSN 1859-3585     E-ISSN 2615-9619 

IF�� is PS THEN �� is PS 

IF�� is PB THEN �� is PB 

Substituting equation (23) to (22) we have: 

��������̇� + ����, �̇������ = ���(�) − ��� − �� − �� 

                                                       + ��(�)+ ���                   (31) 

���(�) = ��(�) − ���(�) = −����������̈�� 

−������������̇�� − ������, �̇�����̇�� − ������, �̇���������  

+����������� + ������, �̇�������� − ��������� 

In order to stabilize the system in this article, the 
adaptive law of the RBFNNs controller is chossen as 
follows: 

⎩
⎪
⎨

⎪
⎧ ��̇ ����� = ������ℎ�������(�)����

��̇ ����,��̇� = �����,��̇�ℎ����,��̇���(�)����

��̇ ����� = −������ℎ���������

                   (32) 

Where: −�̈�� − ���̇�� + ���̇� = ��(�);  

               −�̇�� − ����� + ���� = ��(�) 

Consider the Lyapunov function has the equation as 
follows: 

�(�) =
�

�
∑ ��

�
��� ��������� +

�

�
�� �∫ ����

�

�
� �� �∫ ����

�

�
�  

      + �

�
∑ ������

�� �������
� �� �����

�
���  

      + �

�
∑ �����,��̇�

�� ������,��̇�
� �� ����,��̇�

�
���   

      + �

�
∑ ������

�� �������
� �� �����

�
���                                      (33) 

Where: �� ����� = ������ − �� �����; 

               �� ����,��̇� = �����,��̇� − �� ����,��̇�; 

               �� ����� = ������ − �� �����. 

First derivative V (t) over time we obtain the equation 
as follows: 

�̇(�) =
�

�
∑ ��

�
��� �̇�������� + ∑ ��

�
��� ��������̇�  

+������ ∫ ����
�

�
+ ∑ ������

�� �������
� ��̇ �����

�
���   

+ ∑ �����,��̇�
�� ������,��̇�

� ��̇ ����,��̇�
�
���   

+ ∑ ������
�� �������

� ��̇ �����
�
���                                       (34) 

By substituting equation (31) into equation (34), we 
obtain: 

�̇(�) =
�

�
∑ ��

�
��� �̇�������� + ������ ∫ ����

�

�
  

             + ∑ ��
�
��� �

���(�) − ��� − �� − �� + ��(�)+ ���

−����, �̇������

�  

+ ∑ ������
�� �������

� ��̇ �����
�
���   

+ ∑ �����,��̇�
�� ������,��̇�

� ��̇ ����,��̇�
�
���   

+ ∑ ������
�� �������

� ��̇ �����
�
���                      (35) 

Apply property 2 and replace ��̇ ����� = −��̇ �����, 

��̇ ����,��̇� = −��̇ ����,��̇�, ��̇ ����� = −��̇ ����� into (35) we 

have: 

�̇(�) = ∑ ��
�
��� [−����������̈�� − ������������̇��  

− ������, �̇�����̇�� − ������, �̇��������� + �����������  

+ ������, �̇�������� − ��������� − ��� − �� + ��(�)+ ���] 

− ∑ ������
�� �������

� ��̇ �����
�
���   

− ∑ �����,��̇�
�� ������,��̇�

� ��̇ ����,��̇�
�
���   

− ∑ ������
�� �������

� ��̇ �����
�
���                                               (36) 

By substituting equation (26) into equation (36), we 
obtain: 

�̇(�) = ∑ ����
�
��� �������

� ℎ������−�̈�� − ���̇�� + ���̇��  

+ ∑ ����
�
��� ������,��̇�

� ℎ����,��̇��−�̇�� − ����� + �����  

− ∑ ����
�
��� �������

� ℎ�����  

− ∑ ��
�
��� [���������(��) − ��(�) − ���] − ��������  

− ∑ ������
�� �������

� ��̇ �����
�
���   

− ∑ �����,��̇�
�� ������,��̇�

� ��̇ ����,��̇�
�
���   

− ∑ ������
�� �������

� ��̇ �����
�
���        (37) 

Chose ��� ≥
�

��
|��(�) + ��(�) + ��(�) + ��� +

��� + ���| and replace adaptive law (30) into the 
equation (35) we obtain: 

�̇(�) = −����
��� − ��|��|��� + ∑ ��

�
��� [��(�) + ���]   

≤ −����
��� ≤ 0                                                                  (38) 

Select �� ≥
�

��
[��(�) + ��(�) + ��(�) + ��� +

��� + ���] furthermore, by substituting equations (28) 
and (30) into equation (35), we obtain: 

�̇(�) = −����
��� − ������ + ∑ ��

�
��� [��(�) + ���]   

≤ −����
��� ≤ 0         (39) 

Where: all parameters of the adaptive control system 
are bounded with τ > 0, and all initial conditions are 
bounded at t = 0, 0 ≤ V (0) ≤ ∞ is ensured. We have:  

∫ ����
�����

�

�
≤ − ∫ �̇(�)��

�

�
≤ �(0) − �(∞)         (40) 
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We have: 

lim�→� = ∫ ����
�����

�

�
< ∞        (41) 

According to Barbalat’s Lemma, it can be shown that 

lim�→� = ∫ ����
�����

�

�
= 0.  The fact that �� ∈ ��, ṡ� ∈

��, thus �� → 0 when t → ∞, hence ė� → 0 when t → ∞. 
The proof is completed. 

Where: With the desired value ���, ���, ���  converged 
to 0 when t→∞, the system is stable by the adapting 
control law (32). 

4. SIMULATION RESULTS 

The controller has been designed to be simulated  
in software MATLAB/Simulink. The system parameters  
are used in Table 1. Simulation forklift desired location 
��� = 1� and ��� = 0���, ��� = 0���, �� = 0�. 

Table 1. Symbols and parameters value of the ECGCS 

Symbol Describe Value Unit 

� Weight of trolley 24 Kg 

�� 
Weight of hook 7 Kg 

�� 
Weight of electrolytic plate 10 Kg 

�� Length of cable hook 2 m 

�� Length of electrolytic plate 0.6 m 

� Gravitational constant 9.81 m/s2 

� Coefficient of friction 0.2 N/m/s 

Apply genetic algorithms (GA) to find the optimal 
values of sliding mode controller satisfying the objective 
function (40): 

� = ∫ ��
�(�)�� + ∫ ��

�(�)�� + ∫ ��
�(�)�� → min   (42) 

Parameters of GA in this study were selected as 
follows: Evolution over 10 generations; Population  
size 5000; Coefficient of hybridization 0.6; Mutation 
coefficient 0.4. We received the following parameters: 

 �� = 1, �� = 0.03, �� = 2.14, �� = 1, �� =  1.63, 
 �� = 0.26, �� = 0.43.  
From (10 - 12) we choose: �� = �� = �� = 0.5. 

From (31) we choose:  

�� = 12, �� = 0.001, ��� = 0.32. 
Amplification coefficient in the adaptive law (30) is 

selected as follows: 

��(��) = 80, ��(��) = 1000, ��(��) = 1920,  

��(��) = ��(��) = ��(��) = 1 

��(��,��̇) = 1360, ��(��,��̇) =  ��(��,��̇) = 0.01 

The simulation results of all the controllers are shown 
in Figures (6-8). 

  
Figure 6. The simulation results of the ECGCS when using Neural sliding 

mode controller 

  
Figure 7. The simulation results of the ECGCS when using Fuzzy sliding 

mode controller 

 
Figure 8. The simulation results of the ECGCS when using adaptive SMC 

sustainable on the basis of fuzzy neurons 
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Based on the results of the simulation Figure 8, it can 
be seen that Maximum% overshoot for �� (POT) 0%, 
Settling time for �� (���) 4.15s; Maximum control input 
(����) 12N,  Settling time for � (��) 5s; Maximum swing 
angle of hook (�����) 0.05 (rad), Settling time for (���) 
4.68s; Maximum swing angle of electrolytic plate (�����) 
0.05 (rad), Settling time for (���) 5s.  

In order to clarify the superiority of the solution, the 
authors compared the adaptive sliding mode controller 
on the basis of the fuzzy neurons shown in Figure 8 with 
other welldesigned control methods simulated in Figures 
6, 7 as shown in Table 2. 

Table 2. Comparison of adaptive sliding mode controllers on the basis of 
fuzzy neurons with other control methods designed 

Symbol Figure 6 Figure 7 Figure 8 

POT 0% 0% 0% 

���� 112N 32N 12N 

��  ∞ 6.3s 5s 

��� 5.3s 5.6s 4.15s 

��� 6.3s 5.7s 4.68s 

��� 6.7s 5.7s 5s 

����� 0.046 rad 0.055 rad 0.05 rad 

����� 0.075 rad 0.069 rad 0.055 rad 

Based on the results in Table 2, it can be seen that the 
study group utilized an adaptive sliding mode controller 
on the basis of fuzzy neurons is optimal. 

In fact when the system gantry cranes working 
electrolytic copper, there are interference impacts to the 
system. In order to test the reliability of the adaptive 
sliding mode controller sustainable on the basis of fuzzy 
neurons, the author assumes the steps of the interfering 
signal to the crane system at specific times as follows: 
First (time step = 10s, ��  = 5N, time = 2s); Second (step 
time = 10s, �� = ���= 0.1rad, time = 2s). Simulation 
results are shown in Figure 9. 

 

 
Figure 9. The simulation results of the ECGCS when the system has 

interference 

When the ECGCS is working, the parameters of length 
and weight of the load are constantly changing. To keep 
abreast with the real situation and study the impact of 
adaptive sliding mode controller sustainable on the basis 
of fuzzy neurons, the system parameters are changed as 
follows: First change �� = 0.4�, �� = 8��, the other 
system parameters in Table 1 do not change. Second 
change �� = 0.8�, �� = 12��, the other system 
parameters in Table 1 do not change. Simulation results 
are shown in Figure 10. 

 
Figure 10. The simulation results of the ECGCS when the system 

parameters change 

Based on the simulated results that shown in Figures 
9 and 10, we can see that, when the disturbances 
affecting the system and the parameters change, the 
proposed control system can control the vibration of the 
small load and achieve the desired position in a short 
time. 
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5. CONCLUSION 

In this paper, a sliding mode controller have designed 
to control the copper electrolytic gantry crane system to 
move to the desired position quickly and control the 
vibration of the electrolyte plate. However, there is the 
chattering phenomenon around the slip surface. To 
overcome this drawback fuzzy sliding controller have 
designed in order to increase the cling efficiency, increase 
the convergence speed, the adaptive sliding mode 
controller sustainable on the basis of neurons (RBFNNs) is 
designed to estimate online the nonlinear function in 
control law and use fuzzy logic to estimate the amplitude 
of the control law. Based on the stability theory 
Lyapunov, we have proven that the proposed control 
system is always stable throughout the work area. The 
efficiency of the controller has been tested through 
simulation of MATLAB / Simulink. Simulation results show 
that the quality of the adaptive sliding mode controller 
sustainable on the basis of fuzzy neurons is better than 
that of other controllers. To test the reliability of the 
control method, we simulated when the system 
parameters change and there are interference 
disturbances on the system. The results also show that 
the copper electrolytic crane can move to the desired 
position quickly and control the oscillation of the small 
load. From the simulation results we can continue to 
study to put into practice. 
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