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This paper proposes a fixed-time fuzzy adaptive output feedback control scheme for the robotic arm model (RAM) 
of steel structures. Firstly, the process of transforming RAM into a nonlinear system is elaborated. Secondly, a fuzzy 
observer is designed to approximate the nonlinear function and estimate the observed state of the system. Subse-
quently, a fixed-time adaptive controller is constructed, ensuring the system’s stability within a fixed time, with the 
convergence time unaffected by the initial state. Finally, the effectiveness of the strategy is verified through simula-
tion examples.
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INTRODUCTION

Steel structure robotic arm find extensive applica-
tions in the industry, and their flexibility and efficiency 
make them indispensable in many industrial sectors [1]. 
They are widely used in manufacturing for the assem-
bly, handling, and processing of products. Capable of 
executing high-precision tasks, they enhance produc-
tion efficiency, reduce manual labor, and ensure con-
sistency in product quality [2].

However, due to their nonlinear, time-varying, and 
uncertain characteristics, achieving excellent control 
performance with a single control method is challeng-
ing [3]. To ensure superior system performance, apply-
ing adaptive control strategies to such systems is a via-
ble solution. Adaptive control strategies find extensive 
applications across various fields, aiming to enhance 
system performance and stability by continuously mon-
itoring and adjusting to real-time dynamic characteris-
tics, accommodating changes in system parameters and 
external disturbances. To address the impact of param-
eter uncertainties and unobservable states on control ef-
fectiveness, numerous scholars have proposed effective 
adaptive control strategies, including neural networks 
or fuzzy output feedback approaches [4-6]. These meth-
odologies have proven to be valuable in mitigating the 
challenges posed by uncertain and unpredictable system 
dynamics, contributing to improved control outcomes.

The control schemes designed in the aforementioned 
studies have been discussed under the assumption of in-
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finite time. However, in practical applications of engi-
neering systems, the convergence time required for the 
system to achieve stability is also a crucial considera-
tion for ensuring robustness [7,8]. This paper addresses 
these issues by proposing a fixed-time fuzzy output 
feedback control strategy for RAM.

STEEL STRUCTURE ROBOTIC  
ARM MODEL

Considering the steel structure single-link robotic 
arm system shown in Figure 1, its dynamic equations 
can be described as follows:

  (1)

where q is the angle position,  is the angular velocity,  
is the angular acceleration, g = 9,8 m/s2 is the accelera-
tion due to gravity, M is the inertia, l is the length of the 
link, m is the mass of the link, and τ is the control force.

Setting x1 = q,  and u = τ, then the above equa-
tion can be rewritten in the following state-space form:

  (2)

where x = [x1, x2]
T is state vector, u is control input, y is 

output of the system.
Assumption 1: For the above system (2), there are un-
known positive constants  and , such that  and 

.
Lemma 1: For the system (2), if there exists a positive 
definite and radial unbounded function V(x) satisfying

, such that
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  (3)

where δ1 and δ2 are k∞ functions. a > 0, b > 0, 0 < p < 1, 
q > 1, and Δ > 0 are parameters. Then the nonlinear 
system (3) is actually fixed-time stable, and the bound-
ary of its convergence time T can be expressed as

  (4)

Lemma 2 [4]: The fuzzy logic system can uniformly 
approximate the continuous nonlinear function f(x) with 
arbitrary precision on the compact set Ωx as follows

  (5)

where ε(x) is approximate error, and satisfy . 
φ(x) is fuzzy basis function. Due to this approximation 
capability, we can assume that the nonlinear terms in (2) 
can be approximated as

  (6)

where ,  is an estimate of θ, and θ is a given 
ideal parametric regression vector, can be expressed as

  (7)

where Ωθ is a compact set.

FUZZY OBSERVER AND FIXED-TIME 
CONTROLLER DESIGN

In this section establishes a fuzzy observer. Subse-
quently, theory with an adaptive mechanism is designed 
utilizing the Lyapunov stability analysis method.

Fuzzy observer design

Selecting an appropriate K ensures that the matrix A 
is a strictly Hurwitz matrix. It is assumed that the state 
x2 of system (2) are not available for feedback. In this 
situation, to estimate the state of the system, a fuzzy 
observer is designed for (2) as

  (8)

where , ,  and .

Moreover,  is the estimate of state vector x, 
, and the observer error is defined as 
. Therefore, there exist positive defi-

nite matrices P and Q, such that ATP + PTA = –2Q.
From , we can obtain

  (9)

where .
To ensure the boundedness of the (9), choose Lyapu-

nov function as .
Then, we have

  (10)

By using Young’s inequality, can calculate

  (11)

  (12)

Substituting (11), (12) into (10) yields

  (13)

where .

Fixed-time controller design

In this subsection, we will develop an adaptive 
fixed-time control scheme for system (2). An adaptive 
fixed-time controller is designed, the controller design 
process involves two recursive design steps and stabili-
ty analysis is conducted on it using Lyapunov stability 
theory.

Defining error variables , , 
where  is the reference signal, and  is the virtual 
control function.
Step 1: Selecting the Lyapunov function as .

Then, the time derivative of V1 yields

  (14)

Choose the virtual control function α1 as

  (15)

where c1 > 0, λ1 > 0, 0 < p < 1, and  
 are design parameters.

By using (15), can be obtain

  (16)

Figure 1 Schematic Diagram of RAM
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Step 2: Choose the following Lyapunov function

  (17)

where Γ is a positive design parameter. The time dif-
ferentiation of (17) can be represented as

  (18)

By utilizing the Young’s inequality, have

  (19)

Design the following fixed-time controller u and 
adaptive law θ:

  (20)

  (21)

where c2, λ2, σ, and λ are positive design parameters.

STABILITY ANALYSIS

Theorem 1: Consider the nonlinear system (2), under 
Assumption 1, Lemmas 1-2, if choosing the fuzzy ob-
server (8), the fixed-time controller (20), the virtual 
control function (15), and the adaptive law (21), such 
that all signals of the closed-loop system are bounded 
within fixed time.
Proof: Substituting (16) and (19)-(21) into (18) and car-
rying out some computations, one has

  (22)

Utilizing the Young’s inequality yields

  (23)

  (24)

  (25)

  (26)

Following the scaling method in [8].

  (27)

In the light of formulas (23)-(27), have

  (28)

where

 

From (28), we can see that we only need to let σ – 
2Γ > 0 to conclude that both zi and θ are bounded. The 
proof for Theorem 1 is now complete.

Simulation example

In this section, a simulation example will be provid-
ed for the RAM system (2). The corresponding system 
 parameters are chosen as m = 10 kg, M = 0,5 kg/m2,  

Figure 2 Trajectories of xi and 

Figure 3 Trajectories of  and u
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l = 1 m, and the reference signal yd is selected as yd = 
sin(t). In addition, the fuzzy membership functions are 
chosen to be Gaussian functions uniformly distributed 
in the range [–5,5].

The control parameters are selected as c1 = 12, c2 = 
30, k1 = 25, k2 = 300, λ1 = 15, λ2 = 25, λ = 20, Γ = 2,  
σ = 10, p = 99/101, q = 102/99, and the initial values  
are selected as x1(0) = 0,2, x2(0) = 0,2, , 

, .
The simulation results are shown in Figures 2 and 3.

CONCLUSIONS

This paper proposes an adaptive fuzzy output feed-
back fixed-time control scheme for the RAM of steel 
structures. This scheme can effectively estimate the ob-
served state while ensuring that the system reaches sta-
bility within a fixed time. Simulation results indicate 
that this control strategy not only exhibits excellent 
tracking performance but also guarantees that signals in 
the closed-loop system are bounded within fixed time. 
Therefore, this strategy is of significant importance for 
improving the overall performance of the RAM and has 
the potential for practical applications.
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