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Tóm tắt: Bài báo này trình bày bộ điều khiển khớp nối mô hình tiểu não cảm xúc não mờ để 
điều khiển tách rời một lớp hệ thống phi tuyến thiếu điều khiển, đơn đầu vào, đa đầu ra. Trước tiên, 
một khung điều khiển trượt tách rời được xây dựng để chuyển đổi mục tiêu điều khiển thành ổn định 
bề mặt sai số ghép nối, và sau đó FBECMAC được sử dụng để xấp xỉ luật điều khiển lý tưởng. Một 
bộ bù mạnh mẽ phụ trợ được giới thiệu để triệt tiêu sai số xấp xỉ dư và duy trì ổn định vòng kín. 
Trái ngược với những tuyên bố không nhất quán trong các bản thảo trước đây, hiệu quả của phương 
pháp đề xuất chỉ được đánh giá trên hệ thống cầu-thanh phi tuyến được xem xét trong bài báo này. 
Kết quả mô phỏng cho thấy bộ điều khiển đề xuất ổn định đồng thời góc thanh và vị trí cầu, giảm sai 
số theo dõi và mang lại tác động điều khiển mượt mà hơn so với bộ điều khiển trượt thông thường.

Từ khóa: Hệ thống tách rời thiếu điều khiển, Hệ thống mờ, Bộ điều khiển khớp nối mô hình 
tiểu não, Bộ điều khiển học tập cảm xúc não, Cần cẩu cầu.

APPLICATIONS OF FUZZY BRAIN EMOTIONAL CEREBELLAR
MODEL ARTICULATION CONTROLLER FOR SIMO NONLINEAR

SYSTEM DECOUPLING CONTROL

Abstract: This paper presents a Fuzzy Brain Emotional Cerebellar Model Articulation 
Controller (FBECMAC) for decoupling control of a class of single-input multi-output underactuated 
nonlinear systems. A decoupled sliding-mode framework is first constructed to transform the 
control objective into coupled error-surface stabilization, and the FBECMAC is then employed to 
approximate the ideal control law. An auxiliary robust compensator is introduced to suppress the 
residual approximation error and preserve closed-loop stability. In contrast to the earlier inconsistent 
manuscript statements, the effectiveness of the proposed method is evaluated only on the nonlinear 
ball-beam system considered in this paper. The simulation results show that the proposed controller 
stabilizes the beam angle and ball position simultaneously, reduces tracking error, and yields 
smoother control action than the conventional sliding-mode controller.

Keywords: Underactuated decoupling system, fuzzy system, cerebellar model articulation 
controller (CMAC), brain emotional learning controller (BELC), ball-beam system.
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The signal propagation and the basic function in each space of FCMAC are introduced as  
follows:

2.1. Input space

1. Introduction
In recent years, sliding-mode control (SMC) has been suggested as an approach for the control 

of systems with nonlinearities, uncertain dynamics and bounded input disturbances. The most popu-
lar conventional control approach that can be used for the control of such mechanisms is the robust 
control approach (Utkin, 1992; Åström and Wittenmark, 1995). The decoupled sliding-mode control 
is designed for a class of underactuated nonlinear systems. Each subsystem, which is decoupled into 
two second-order systems, is said to have main and sub-control purpose. Two sliding surfaces are 
constructed through the state variables of the decoupled subsystem. We define main and sub-target 
condition for these sliding surfaces, and introduce an intermediate variable from the sub-sliding 
surface condition (Hung and Chung, 2007; Lin and Mon, 2005).

A fuzzy inference system mimics the human reasoning process and is widely used successfully 
in various fields. Based on a biological prototype of the human brain and improved understanding 
of the functionality of the neurons and the pattern of their interconnections in the brain, a theoretical 
model used to explain the information-processing characteristics of the cerebellum was developed 
by Marr (1969). The brain has an orbitofrontal cortex and an amygdala; the former is a sensory 
neural network and the latter is an emotional neural network (Jan, 2002). These two networks affect 
each other, and the output of Brain Emotional Cerebellar Model Articulation Controller (BECMAC) 
contains two networks (Chung, 2014).

In Zheng (2017), the cerebellar model articulation controller has been used to replace the or-
bitofrontal cortex of brain. This change can accelerate the convergence time. At the same time, by 
using the fuzzy inference system into a BECMAC, a fuzzy neural network referred to as a fuzzy 
BECMAC (FBECMAC) has been proposed.

In this paper, a decoupling sliding-mode control (DSMC) strategy based on FBECMAC is de-
veloped for a SIMO underactuated nonlinear system. The proposed controller consists of a primary 
FBECMAC approximator and an auxiliary robust compensator. The FBECMAC is designed to em-
ulate the ideal control law, whereas the auxiliary term is introduced to attenuate the approximation 
error and strengthen closed-loop robustness.

The proposed algorithm is validated through numerical simulation of a nonlinear ball-beam 
system only. Therefore, all discussions in the abstract, simulation section, and conclusion are con-
sistently restricted to the ball-beam example.

2.  Mathematical model of FBECMAC
An FBECMAC can be classified as a supervised network, and it is not very complex in oper-

ation and has fast convergence property, so it is applicable to many nonlinear control systems. An 
FBECMAC has two systems; the first system is an amygdala system, and the second system is a 
cerebellar system, and they imitate to that in a mammalian brain.

The FBECMAC has the following form:
Based on the FBECMAC structure, the FCMAC network is proposed using the fuzzy inference 

rules:
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2.4. Weight memory space
Each location of hypercube to a particular adjustable value in the weight memory space
can be expressed as:

2.2. Association memory space
Several elements can be accumulated as a block. In this space each block acts as a receptivefield 

basis function. The Gaussian function is adopted here as receptive-field basis function, which can 
be represented as:

2.3. Receptive-field space
The multidimensional receptive field function is defined as:
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2.5. FCMAC output space



49

   SỐ 3 (27) - 2026                                                                       TẠP CHÍ KHOA HỌC ĐẠI HỌC ĐẠI NAM   SỐ 3 (27) - 2026                                                                       TẠP CHÍ KHOA HỌC ĐẠI HỌC ĐẠI NAM

3.  Problem Formulation
Consider a single-input–multi-output (SIMO) underactuated nonlinear coupled system 

expressed in the following form:

Figure 1. Brain Emotional Cerebellar Model Articulation controller
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5. Conclusion
This paper has presented an FBECMAC-based decoupling controller for a SIMO underactuated 

nonlinear system within a sliding-mode control framework. Unlike the inconsistent claims in the 
original draft, the present manuscript verifies the method only by means of a nonlinear ball-beam 
simulation. The obtained responses show that the proposed controller can stabilize the beam angle 
and ball position simultaneously, while the auxiliary robust term compensates for the residual ap-
proximation error and helps preserve closed-loop stability. Compared with the conventional slid-
ing-mode controller, the proposed method provides improved tracking quality and smoother control 
action in the reported simulation. Future work should include experimental validation and automatic 
parameter tuning, for example by particle swarm optimization or other data-driven optimization 
algorithms.
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