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Abstract: In this paper, a fault-tolerant output feedback maneuvering control scheme with prescribed
performance for a class of random Euler–Lagrange systems with unmeasurable velocity and actuator
faults is presented. First, an adjustable velocity observer is ingeniously constructed without additional
dynamic compensation signals. Second, a projection operator is used to estimate the actuator fault
factors. Based on the designed observer and projection operator, a static controller is designed to address
geometric tasks with performance constraints, while a dynamic controller is developed to achieve speed
allocation tasks. Finally, the effectiveness of the proposed control method is demonstrated through an
illustrative example involving a two-link robotic system operating in a random environment.
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1. Introduction

In recent decades, the issue of fault control in Euler–Lagrange (EL) systems has garnered significant
research attention. In engineering applications, the complexity of system structures and the prolonged
operational duration often lead to malfunctions in actuators and sensors during system operation, which
may cause unpredictable consequences. The basic actuator faults commonly include the following:
lock-in-place, hard-over or saturation, loss of effectiveness, float, and bias, as documented in [1, 2]. To
maintain the performance metrics of the closed-loop system in the presence of mechanical faults, it is
crucial to develop effective fault-tolerant control (FTC) strategies. Generally speaking, some methods
for handling actuator faults include sliding mode [3,4], feedforward neural network [5,6], fault detection
observer [7, 8], and adaptive compensation [9, 10], among others. [11] investigated FTC for networked
flexible robotic manipulators subject to actuator faults, input saturation, and external disturbances. In
scenarios where the reference trajectory is unknown a priori and actuator failures occur, [12] proposed
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a novel fault compensation scheme to address the output-constrained tracking control problem in EL
systems. To reduce costs and maintain mechanical system flexibility, speed sensors are often omitted,
necessitating the design of an output feedback controller. Roughly speaking, the existing results on
output feedback control of EL systems are mainly categorized into two types: semi-global [13, 14] and
global [15, 16]. Although the latter achieves global stability, the designed observer is complex and
requires the introduction of additional dynamic variables.

Although significant contributions to FTC and output feedback design were made in the aforemen-
tioned paper, only trajectory tracking problems were addressed. In contrast to trajectory tracking,
maneuverability along parameterized paths also represents an important research focus [17, 18]. The
problem of maneuverability involves two objectives: the geometric objective, which ensures compliance
with spatial constraints in the output space, and the dynamic objective, which satisfies the requirements
for dynamic behavior along the path. The maneuvering problem enables spatiotemporal decoupling
and finds applications in various domains, such as ocean surface vehicles [19, 20] and unmanned aerial
vehicles [21,22]. It is worth noting that research on the maneuverability of EL systems remains relatively
limited. Similar to the performance constraint issue in trajectory tracking, the convergence accuracy and
transient response of EL systems must also be taken into account when executing geometric tasks. To
guarantee that output errors remain within prescribed bounds for both convergence rate and maximum
overshoot, performance-constrained guidance laws can be formulated using various methods, including
barrier Lyapunov function [23], funnel control method [24], and error transformation [25–27].

Given that mechanical systems often operate in random vibration environments, it is crucial to
investigate the maneuverability of EL systems under actuator failures and unmeasurable velocity states
in stochastic conditions. In this context, [28] proposed a tracking control problem for a class of random
nonlinear systems in the sense of second-order moments suffering from actuator faults. Based on a novel
high-gain observer, [29] investigated the global output feedback trajectory tracking control problem of
random EL systems. In contrast to [29], the maneuvering control problem of random Lagrangian systems
is first addressed in this paper, under actuator faults and unmeasurable disturbances with unmeasurable
velocity signals. For a class of stochastic strict feedback nonlinear systems with uncertainties, adaptive
fuzzy fault-tolerant control with input quantization was researched in [30]. By combining the prescribed
performance technique with the command filter, an adaptive fuzzy tracking control of a stochastic
system was studied in [31]. Compared with stochastic nonlinear systems driven by white noise, random
nonlinear systems offer distinct advantages in handling more generalized noise profiles, such as colored
noise. Since white noise does not exist in real-world scenarios, random EL systems disturbed by
colored noise are also worthy of further exploration. Building upon these observations, for random EL
systems with actuator malfunctions and unmeasurable velocity, this paper proposes an output feedback
FTC maneuvering controller with prescribed performances to achieve semi-global practical stability in
probability of error system. The proposed scheme exhibits the following features:

1) In contrast to trajectory tracking of Lagrangian systems [4,12,15,24], the maneuverability control
scheme exhibits spatiotemporal decoupling characteristics by enabling the separation of geometric and
dynamic objectives. By introducing appropriate error transformations, stable functions with reduced
complexity can be constructed, thereby achieving performance constraints for the geometric tasks of
Lagrangian systems.

2) Based on [17, 18], the maneuvering problem is combined with fault-tolerant control, output
feedback, and constrained performances, and is extended to random situations. In the framework of
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stochastic analysis, it is rigorously proven that all signals in a closed-loop system are probabilistically
bounded by adopting the practical parameter-tuning principle.

Notations: Rn denotes the real n-dimensional space; Rm×n denotes the real m × n matrix space;
diag{·} transforms a vector into a diagonal matrix. For a vector x, xT denotes its transpose, and |x|
indicates the Euclidean norm; for a matrix X, X−1 is the inverse matrix, |X| signifies the Euclidean norm.
Let λmin(X) indicate the minimum eigenvalue. B(x0, r) = {x ∈ Rn : |x − x0| ≤ r} stands for a ball with x0

as the center and r as the radius. ∂y
∂x is the derivative of a vector y to a vector or a scalar x. In×n represents

the n × n unit matrix; E expresses the mathematical expectation.

2. Problem setup

Consider the EL system subject to random disturbances

H(q)q̈ +C(q, q̇)q̇ + h(q) = −kq̇ + δu + Φ(q)ξ, (2.1)

where q ∈ Rm is the generalized coordinate, H(q),C(q, q̇) ∈ Rm×m denote the generalized mass matrix
and the Coriolis matrix, respectively, h(q) ∈ Rm is potential force, k is a diagonal friction matrix, and
δ = diag{δ1, · · ·, δm} is the actuator efficiency matrix, where δi ∈ [δ0, 1] (0 < δ0 < 1) is an unknown
remaining control rate coefficient of the i-th actuator, which denotes that the corresponding actuator
loses some efficiency. u ∈ Rm is the control input, Φ(q) ∈ Rm×n is the disturbance matrix, and ξ ∈ Rn

represents random disturbance. In the case of δ = Im×m, indicating that the EL system in a fault-free
condition, then the system can be simplified to the model in [29].

For the subsequent convenience of controller design, the following familiar properties are required
with respect to system (2.1).

Property 1. The generalized matrix H(q) satisfies hlIm×m ≤ H(q) ≤ huIm×m, where hl, hu are positive
constants.

Property 2. Ḣ(q) − 2C(q, q̇) is a skew symmetric matrix.
Property 3. For v, v1, v2 ∈ R

m and constant cv > 0, C(v, v1)v2 = C(v, v2)v1 and |C(v, v1)| ≤ cv|v1|.
In contrast to tracking, which involves enforcing control laws to enable the robot to achieve and

follow a temporally parameterized path, maneuvering does not require a temporal specification and
can be adapted to more flexible work scenarios. Additionally, the challenges posed by sudden actuator
failures due to prolonged working hours and unmeasurable speed resulting from cost-saving measures
also need to be taken into consideration. The objective of this paper is to develop an output feedback
fault-tolerant maneuvering controller with prescribed performance to achieve the following goals:

1) The desired path of the EL system can be described by such a continuous parameterization set

S = {qd ∈ R
m : ∃ ϱ ∈ R s.t. q(t) = qd(ϱ(t))} ,

where ϱ(t) is the path variable. The maneuvering task involves the geometric path and dynamic
specifications, in this case at the path and velocity aspect, namely

lim
t→∞

E |q(t) − qd(ϱ(t))|2 ≤ r1,

lim
t→∞

E |ϱ̇(t) − vs(ϱ(t), t)|2 ≤ r2,
(2.2)

where r1, r2 > 0, vs(ϱ(t), t) is velocity assignment.
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2) The path error q̃ = q(t) − qd(ϱ(t)) satisfies the desired prescribed performance

−a2ρ < q̃ < a1ρ,

where a1, a2 > 0 and ρ is a vector of monotonically decreasing performance function.
3) All signals in a closed-loop system are bounded in probability.
For this end, the following assumptions are introduced for system (2.1).
Assumption 1. There is a constant ϕ > 0 such that |Φ(q)| ≤ ϕ.
Assumption 2. The stochastic process ξ(t) is strongly bounded in probability; there exists a constant

M > 0 such that
P(sup

t≥t0
|ξ(t)|2 ≥ M) ≤ ε, ∀ε > 0.

Assumption 3. The path signal qd(ϱ) and the velocity distribution signal vs(ϱ, t) are bounded, and
the partial derivatives are also bounded.

Remark 1. The distinction between trajectory tracking and maneuverability lies in their respective
domains of definition. Trajectory tracking pertains to the temporal domain, requiring a robot to traverse
a given trajectory within a specified time frame. Conversely, maneuverability concerns the geometric
domain, requiring the robot’s trajectory to traverse the actual distance along the reference trajectory.
From this, it can be inferred that trajectory tracking is a specific instance of maneuvering.

3. Main results

During the execution of a robotic task, mechanical wear and tear is inevitable due to the uncertainties
in the external environment and prolonged operation of the drive mechanisms, which makes these
movable mechanical components prone to failure. To effectively address this issue effectively, adaptive
projection operators are employed for loss of effectiveness in this section. Additionally, a velocity
observer is devised to estimate immeasurable state.

To better handle the partial loss of effectiveness fault matrix δ, a simple transformation is used

δu = ūδ̄ (3.1)

where ū = diag{u1, · · ·, um}, δ̄ = [δ1, · · ·, δm]T . Based on (3.1) and defining q̇ = v, the original system
(2.1) can be organized in the lower triangle form

q̇ = v,

H(q)v̇ = −C(q, v)v − h(q) − kv + ūδ̄ + Φ(q)ξ.
(3.2)

3.1. Observer design

In order to deal with the unmeasured velocity, a simpler observer is skillfully designed

H(q)˙̂v = −C(q, v̂)v̂ − h(q) − kv̂ + ū ˆ̄δ + KvH(q)ṽ, (3.3)

where Kv > 0, v̂, ˆ̄δ is the estimations of v, δ̄, the estimation errors are naturally defined as ṽ = v − v̂,
˜̄δ = δ̄ − ˆ̄δ. From (3.2), (3.3), and Property 3, one obtains

H(q)˙̃v = −C(q, v)ṽ −C(q, v̂)ṽ − kṽ + ū ˜̄δ + Φ(q)ξ − KvH(q)ṽ. (3.4)
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Choose the Lyapunov function

V0 =
1
2

ṽT H(q)ṽ +
1
2

˜̄δTµ−1 ˜̄δ, (3.5)

where µ−1 is a positive definite symmetric constant matrix, and two positive constants µl, µu can be
found such that 0 < µlIm×m ≤ µ

−1 ≤ µuIm×m holds. Based on (3.4), the derivative of (3.5) is

V̇0 =ṽT H(q)˙̃v +
1
2

ṽT Ḣ(q)ṽ + ˜̄δTµ−1 ˙̄̃
δ

=ṽT (−C(q, v̂)ṽ − kṽ + ū ˜̄δ + Φ(q)ξ − KvH(q)ṽ) − ˜̄δTµ−1 ˙̄̂
δ,

(3.6)

which used Property 2. Inspired by [32], in order to make δ̂i, (i = 1, · · · ,m) fall in the interval [δ0, 1],
the following projection operator is given:

˙̄̂
δ = Proj[δ0,1]{µūṽ} − oµ ˆ̄δ, (3.7)

where o = diag{o1, · · ·, om} with parameter oi > 0, let ω = [ω1, · · ·, ωm]T = ūṽ, for i = 1, · · · ,m, the
projection operator is

Proj[δ0,1]{µiωi} =



µiωi, δ0 < δ̂i < 1,
µiωi, ωi < 0 and δ̂i = 1,
0, ωi ≥ 0 and δ̂i = 1,
0, ωi ≤ 0 and δ̂i = δ0,

µiωi, ωi > 0 and δ̂i = δ0.

On the strength of (3.7), the projection operator Proj[δ0,1]{µw} makes ṽT ū ˜̄δ − ˜̄δTµ−1 ˙̄̂
δ ≤ −1

2o ˜̄δT ˜̄δ + 1
2oδ̄T δ̄

hold. By the aid of Young’s inequality and Assumption 1, one has

ṽTΦ(q)ξ ≤ d1ṽT ṽ +
ϕ2

4d1
|ξ|2, (3.8)

where d1 > 0. Substituting (3.7) and (3.8) into (3.6), along with Properties 1 and 3, the dynamic of V0

becomes

V̇0 ≤ṽT (−C(q, v̂)ṽ + d1ṽ − kṽ − KvH(q)ṽ) + o ˜̄δT ˆ̄δ +
ϕ2

4d1
|ξ|2

≤ − (Kvhl + k − cv1|v̂| − d1)|ṽ|2 −
1
2

o ˜̄δT ˜̄δ +
1
2

oδ̄T δ̄ +
ϕ2

4d1
|ξ|2,

(3.9)

where cv1 > 0, the minimum eigenvalue of the diagonal matrix k is λmin(k) = k.
Remark 2. Unlike the globally stable observer design in [29], the speed observer designed in (3.3)

exhibits a simplified structure and a clear structure of the system.

3.2. Controller design

For performance-critical applications, it is imperative to not only achieve geometric tasks but also
to fulfill both the prescribed transient and steady-state performance requirements. Therefore, the
investigation of prescribed performance control for geometric tasks is of considerable significance.
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By combining (3.2) and (3.3), the unmeasurable velocity v is replaced by v̂ + ṽ, then the control
system is rewritten as

q̇ = v̂ + ṽ,

H(q)˙̂v = −C(q, v̂)v̂ − kv̂ − h(q) + δ̂u + KvH(q)ṽ,
(3.10)

where δ̂ = diag{δ̂1, · · ·, δ̂m}. In the following, a prescribed performance control and a dynamic control
are designed to accomplish the goals; for (3.10), the associated coordinate transformations are given as

q̃ = q − qd(ϱ),
ṽd = v̂ − αd = v̂ − α − b,

ϖ = ϱ̇ − vs(ϱ, t),
(3.11)

where α is a stabilization function and b = αd − α is filter error, and ϖ is speed distribution error. To
avoid differentiation of α, borrowing the dynamic surface technique from [33], the filter with time
constant κ is used; that is,

κα̇d + αd = α, αd(0) = α(0).

Step 1. The predefined performance requirement in vector form is

−a2ρ < q̃ < a1ρ, (3.12)

where q̃ = [q̃1, · · · , q̃m]T , ρ = [ρ1, . . . , ρm]T , for i = 1, · · · ,m, the function ρi = (ρi0 − ρi∞)e−k̄it + ρi∞ with
k̄i > 0, ρi0 > ρi∞ > 0. Inspired by [25], introducing the error transfer function z = [z1, · · · , zm]T to deal
with performance constraint, that is

zi =
a1q̃i

a1ρi − q̃i
h(q̃i) +

a2q̃i

a2ρi + q̃i
(1 − h(q̃i)), (3.13)

where h(q̃i) = 1, as q̃i ≥ 0, and h(q̃i) = 0, as q̃i < 0. According to (3.13), it is straightforward to verify
that zi will tend to infinity when the path error q̃i approaches a1ρi or −a2ρi. Therefore, if zi is controlled
to be bounded, q̃i will satisfy the prescribed error constraint (3.12).

Choose Lyapunov function V1 =
1
2zT z, whose derivative satisfies

V̇1 = zT ( ˙̃qΛρ − q̃Λρ̇)

= zT ((ṽd + α + b + ṽ −
∂qd

∂ϱ
(ϖ + vs)Λρ) − q̃Λρ̇),

where Λ = [Λ1, · · · ,Λm] ∈ R1×m with Λi =
a2

1
(a1ρi−q̃i)2 h(q̃i) +

a2
2

(a2ρi+q̃i)2 (1 − h(q̃i)). Select α as

α =
∂qd

∂ϱ
vs +

1
Λρ

(−c1z + q̃Λρ̇), (3.14)

where c1 > 0. Then the derivative of V1 turns into

V̇1 = −c1zT z + zT ((ṽd + b + ṽ −
∂qd

∂ϱ
ϖ)Λρ). (3.15)
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Step 2. Choose the candidate Lyapunov function as

V2 = V1 +
1
2

ṽT
d ṽd +

1
2λγ
ϖ2 (3.16)

with λ, γ > 0, according to (3.10), (3.11), and (3.15), one has

V̇2 = − c1|z|2 + zT ((b + ṽ −
∂qd

∂ϱ
ϖ)Λρ) + ṽT

d (H−1(q)(−C(q, v̂)v̂ − kv̂ − h(q) + δ̂u

+ KvH(q)ṽ) + Λρz − α̇d) +
1
λγ
ϖϖ̇,

by using Young’s inequality, one holds ṽT
d Kvṽ ≤ 1

4d2
|ṽ|2 + d2K2

v |ṽd|
2 with d2 > 0. Naturally, choose the

control input u as

u =δ̂−1(H(q)(−c2ṽd − d2K2
v ṽd − Λρz + α̇d) +C(q, v̂)v̂ + kv̂ + h(q)), (3.17)

where c2 > 0. Then, the derivative of V2 becomes

V̇2 = − c1|z|2 − c2|ṽd|
2 + zT ((b + ṽ −

∂qd

∂ϱ
ϖ)Λρ) +

1
4d2
|ṽ|2 +

1
λγ
ϖϖ̇. (3.18)

3.3. Stability analysis

In this subsection, an update law is designed to realize dynamic tasks, and Lyapunov proof is given
to analyze the stability of the closed-loop system. The whole Lyapunov function is selected as

V = V0 + V2 +
1
2

bT b, (3.19)

where the dynamic equation of filter error satisfies

ḃ = −
b
κ
− α̇. (3.20)

By the aid of (3.9), (3.18) and (3.20), one has

V̇ =V̇0 + V̇2 − bT (
b
κ
+ α̇). (3.21)

For state set χ = [ṽT , ˜̄δT , zT , ṽT
d , b

T , ϖ]T , the Lyapunov function (3.19) can be constructed as

a3|χ|
2 ≤ V(χ) ≤ a4|χ|

2, (3.22)

where a3 =
1
2 min{1, hl, µl,

1
λγ
}, a4 =

1
2 min{1, hu, µu,

1
λγ
}. For any constant v0 > 0, denote r0 =

√
v0
a4

,
consider the ball B(0, r0) = {χ : |χ(0)| ≤ r0} as a compact set, where the constants e j( j = 1, · · · , 4) can
always be found to satisfy the following inequality:

|α̇| ≤ e1|z| + e2|ṽd| + e3|ϖ| + e4.
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Employing Young’s inequality and Property 1, one obtains

ΛρzT ṽ ≤ d3(Λρ)2|z|2 +
1

4d3
|ṽ|2,

ΛρzT b ≤ d4(Λρ)2|z|2 +
1

4d4
|b|2,

bT α̇ ≤ p0|b|2 +
1
d5

(|z|2 + |ṽd|
2 + |ϖ|2 + 1),

(3.23)

where di > 0, (i = 3, 4, 5), p0 =
d5
4

∑4
j=1 e2

j . Combining (3.21) and (3.23), following [17, 18], the
filter-gradient update law is designed as

ϖ̇ = −λϖ + λγ(ΛρzT ∂qd

∂ϱ
ϖ −

1
d5
ϖ). (3.24)

With the help of (3.23) and (3.24), (3.21) can be rephrased as

V̇ ≤ − (Kvhl + k − cv1|v̂| − d1 −
1

4d2
−

1
4d3
−

1
d4

)|ṽ|2 − (c2 −
1
d5

)|ṽd|
2 − (

1
κ
− p0)|b|2 −

1
γ
ϖ2

− (c1 − d3(Λρ)2 − d4(Λρ)2 −
1
d5

)|z|2 −
1
2

o ˜̄δT ˜̄δ +
1
2

oδ̄T δ̄ +
1
d5
+
ϕ2

4d1
|ξ|2

≤ − cV + p1|ξ|
2 + p2,

(3.25)

let Kv = Kv1 +Kv2, c1 = c11 + c12, c2 = c21 + c22, 1
κ
= 1
κ1
+ 1
κ2

, and define c = 2 min{Kv1hl
hu
, c11, c21,

o
µu
, 1
κ1
, λ},

c̄ = 2 min{Kv2hl + k − cv1|v̂| − d1 −
1

4d2
− 1

4d3
− 1

d4
, c12 − d3(Λρ)2 − d4(Λρ)2 − 1

d5
, c22 −

1
d5
, 1
κ2
− p0},

p1 =
ϕ2

4d1
, p2 =

1
2oδ̄T δ̄ + 1

d5
. To insure c > 0, c̄ > 0, the requirements on parameters are

Kv1 > 0, c11 > 0, c21 > 0, κ1 > 0, c12 > d3(Λρ)2 + d4(Λρ)2 +
1
d5
,

Kv2hl > cv1|v̂| + d1 +
1

4d2
+

1
4d3
+

1
d4
− k, c22 >

1
d5
,

1
κ2
> p0.

Ultimately the error system is

H(q)˙̃v = −C(q, v)ṽ −C(q, v̂)ṽ − kṽ + ū ˜̄δ − KvH(q)ṽ + Φ(q)ξ,

ż = − c1z − (ṽd + ṽ + b −
∂qd

∂ϱ
ϖ)Λρ,

˙̃vd = − c2ṽd − Λρz − d2K2
v ṽd + Kvṽ,

ϖ̇ = − λϖ + λγ(ΛρzT ∂qd

∂ϱ
ϖ −

1
d5
ϖ),

˙̄̂
δ =Proj[δ0,1]{µω} − oµ ˆ̄δ.

(3.26)

To reflect the detailed control process of the random EL system, a technology roadmap shown in
Figure 1 is given.
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Figure 1. Block diagram of the control of manipulator.

Combining the above analysis, the main results of this section are summarized as the following
theorem.

Theorem 1. For the random EL system (2.1) with actuator malfunctions and unmeasurable velocity,
under Assumptions 1–3, the observer (3.3) and controllers (3.14), (3.17), (3.24) are designed, then the
following properties can be guaranteed:

1) The closed-loop system (3.26) is semi-global noise-to-state practical stability in probability.
2) The maneuvering task is resolved, and the prescribed performance is satisfied.
3) All signals in (3.26) are bounded in probability.

Proof. On the basis of [34], combining (3.22) with (3.25), the closed-loop system is semi-global
noise-to-state practical stability in probability; from Gronwall’s lemma and Assumption 2, one has

E|χ|2 ≤
a4

a3
χ(t0)2e−c(t−t0) +

p1M + p2

ca3
, (3.27)

which means
lim
t→∞

E|z|2 ≤
p1M + p2

ca3
,

lim
t→∞

E|ϖ|2 ≤
p1M + p2

ca3
,

(3.28)

owing to the Markov inequality, the maneuvering task in (2.2) holds. If −a2ρ(0) < q̃d(0) < a1ρ(0), z
is bounded, so the error performance constraint (3.12) will not be compromised. The errors can be
reduced by adjusting parameters d1, d5, o,Kv large enough.

By the aid of (3.27) , the Markov inequality and the definition of χ, the signals ṽ, ˜̄δ, ṽd, and ϖ are
bounded in probability. Consider the boundedness of reference path signal qd in Assumption 3, α is
bounded, so the control signal u is also bounded in probability. □

Remark 3. Regarding the maneuvering problem of random systems, there is no deterministic
equilibrium point in closed-loop systems. In the stability analysis, only practical stability can be
achieved, and the practical parameters-tuning principle is adopted for parameter adjustment.
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4. Application on random manipulator

A two-link manipulator in random surroundings as a practical example is employed in this
subsection. In Figure 2, for the i-th link (i = 1, 2), its mass, length, viscous friction, rotation angle,
and control force are mi, li, ki, qi, and ui, respectively. ξi, (i = 1, 2, 3) represent the disturbance
accelerations in three directions.

Figure 2. Manipulator in a random vibration workspace.

4.1. Random model

The random model of the manipulator system is

H(q)q̈ = −C(q, q̇)q̇ − h(q) − kq̇ + δu + Φ(q)ξ, (4.1)

where q = [q1, q2]T , u = [u1, u2]T , k = diag{k1, k2}, δ = diag{δ1, δ2}, ξ = [ξ1, ξ2, ξ3]T , the potential
energy vector is h(q) = [0,m2l2g sin q2]T , where g is acceleration of gravity. The inertia matrix is

H(q) =
(

(m1 + m2)l2
1 + m2l2

2 sin2 q2 + 2m2l1l2 sin q2 0
0 m2l2

2

)
,

the Coriolis matrix is

C(q, q̇) = (m2l2
2 cos q2 sin q2 + m2l1l2 cos q2)

(
q̇2 q̇1

−q̇1 0

)
,

the random generalized force matrix is

Φ(q) =
(
−m1l1 sin q1 m1l1 cos q1 0

m2l2 cos q1 cos q2 m2l2 sin q1 cos q2 m2l2 sin q2

)
.

Drawing on the previous section, an output feedback observer with m = 2 is shown in (3.3) with
projection operators (3.7), and the static controllers (including virtual controller (3.14) and real controller
(3.17)) and dynamic controller (that is, filter-gradient update law (3.24)) corresponding to the dimension
are not written repeatedly.
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4.2. Simulation

The following simulation results are performed on random manipulator model (4.1). Given the
reference signal qd(ϱ) = [cos(0.2ϱ), sin(0.2ϱ)]T and speed assignment task

vs =

0.5 rad/s, t ≤ 30s,
1 rad/s, t > 30s.

The path variable ϱ is shown in the first plot of Figure 3; as depicted in the second plot of Figure 3, the
dynamic task is effectively realized under the gradient update law.
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Figure 3. Path variable and speed task.

In simulation, the system parameters are m1 = m2 = 0.01, l1 = 0.4, l2 = 0.5, g = 9.8, k1 = 0.4,
k2 = 0.2. The manipulator system is disturbed by colored noise, while the zero-averaged finite bandwidth
white noise is linearly filtered to obtain the colored noise, namely, siξ̇i(t) = −ξi(t) + wi(t), ξi(0) = 0, for
i = 1, 2, 3, choose the sample time as tc = 0.1, the constants of noise power are A1 = 0.2, A2 = A3 = 0.1,
the denominator coefficients of the filter as s1 = s2 = 2, s3 = 1, and the gains are b1 = 1, b2 = b3 = 2.
The disturbances in the environment are shown in Figure 4.
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Figure 4. Colored noise.
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The initial values are q(0) = [0.2, 0.1]T , v(0) = [0, 0]T , v̂(0) = [0, 0]T , αd(0) = [0.1, 0.1]T , δ̂1(0) =
δ̂2(0) = 1, ϖ(0) = 0.2, ϱ(0) = 0.2. The control parameters are c1 = 0.4, c2 = 0.6, µ1 = 6, µ2 = 5, o1 =

0.0001, o2 = 0.0002, λ = 5, γ = 0.02,Kv = 6, d2 = 0.2, d5 = 2, κ = 0.1, δ0 = 0.1. The parameters of
the geometric task constraint performance functions are a1 = a2 = 2, ρ10 = ρ20 = 1, ρ1∞ = ρ2∞ = 0.1,
k̄1 = 0.4, k̄2 = 0.5. Due to wear and tear of the devices, the robotic arm system may experience actuator
failures, and it is assumed that two controllers will not be inoperative at the same time in order to keep
the system running. The actuator loss of effectiveness factors are chosen as

δ1 =

 1, t ≤ 15s,
0.5, t > 15s,

δ2 =

 1, t ≤ 20s,
0.4, t > 20s.

Under the fault-tolerant control, the simulation results are given in Figure 5, which provides estimated
curves of the actuator failure fault factor. At the same time, the performance constraints for the
path-following error z = [z1, z2]T are shown in Figure 6.
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Figure 5. Actuator fault case.
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Figure 6. Performance constraint.
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As shown in Figure 7, the proposed observer-controller demonstrates effective performance in
the maneuvering task while maintaining a sufficiently small observer error. The output signal q can
accurately track the reference signal qd, while the control signal u remains effective under random
work surroundings.
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Figure 7. Simulation results.

5. Conclusions

This study proposes an observer-based fault-tolerant control scheme to solve the maneuvering control
problem for random Lagrangian systems with immeasurable states and actuator failures. Based on
projection operators and velocity observers, a layered approach comprising static control law and
filtered gradient update rate is developed to resolve the maneuvering problem. The simulation results
comprehensively demonstrate that the designed output feedback maneuvering controller not only
guarantees semi-global practical stability of the system but also ensures the boundedness in probability
of all signals. Future work will focus on extending these methodologies to address the output feedback
maneuvering control problem in underactuated systems while considering broader operational scenarios
that incorporate safety constraints.
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