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Abstract: This study investigates the H∞ anti-disturbance dynamic memory event-triggered
(ADDMET) control issue for Robotic Manipulator System (RMS) under multiple
disturbances. An affine model is adopted to characterize the RMS, accounting for
payload variations and complex operating conditions. An observer is designed to
estimate and compensate for disturbances caused by modeling uncertainties and external
perturbations. Based on the proposed observer, a dynamic memory event-triggered
mechanism (DMETM) and an H∞ anti-disturbance event-triggered controller are
developed. This conserves communication resources and reduces control effort. Sufficient
conditions for the solvability of the H∞ ADDMET control problem are derived. Finally, a
numerical simulation is established based on the affine model to validate the effectiveness
of the proposed method.

Keywords: robotic manipulator system; affine models; anti-disturbance; dynamic memory
event-triggered control

1. Introduction

With the rapid development of intelligent manufacturing and robotic technologies, networked and intelligent
control strategies have been increasingly applied to robotic manipulator systems (RMSs) [1]. The dynamic behavior
of robotic manipulators is inherently nonlinear and subject to various physical constraints. In practical applications,
RMSs are required to simultaneously satisfy multiple performance requirements [2, 3], including steady-state
accuracy, transient response, and operational safety. It poses significant challenges to modeling and control
design [4]. In recent years, a variety of modeling approaches have been developed for RMSs, achieving notable
progress [5–7].

To more accurately capture varying equilibrium points and complex operating conditions, affine systems (ASs)
have been introduced [8,9]. Compared with conventional linearized systems, ASs incorporate additional affine
terms, allowing the model to explicitly account for equilibrium point shifts [10,11]. This feature enables a more
precise characterization of performance degradation, payload changes, and configuration variations. When the
affine terms vanish, the AS reduces to a standard linear system. The existence of these affine terms reflects the
physical reality that the system’s actual equilibrium point may deviate from the nominal one due to uncertainties or
operational constraints, making it essential to properly determine and regulate the desired operating point [12–14].

In practical scenarios, robotic manipulators are often affected by performance degradation, payload variations,
and manufacturing uncertainties, which may cause shifts in equilibrium points and consequently degrade system
performance [15, 16]. In multi-joint manipulators, such deviations may even lead to critical issues, such as
end-effector positioning errors induced by joint torque mismatch [17]. Therefore, it is essential for RMSs to
accommodate these variations in operating characteristics. The affine modeling framework provides an effective
means to describe such behaviors, especially for systems subject to long-term operation, component aging, and
configuration-dependent nonlinearities.

Copyright: © 2026 by the authors. This is an open access article under the terms and conditions of the Creative Commons Attribution
(CC BY) license(https://creativecommons.org/licenses/by/4.0/).
Publisher’s Note: Scilight stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://www.sciltp.com/journals/cssc
https://crossmark.crossref.org/dialog/?doi=10.53941/cssc.2026.100022&domain=pdf
https://doi.org/10.53941/cssc.2026.100022
https://creativecommons.org/licenses/by/4.0/


Zhang et al. Complex Syst. Stab. Control 2026, 2(3), 11

Moreover, RMSs are inevitably influenced by various disturbances, including both modeled and unmodeled
disturbances [18]. Modeled disturbances typically arise from measurable factors such as payload changes and
external interactions, while unmodeled disturbances are caused by system uncertainties, unmodeled dynamics, and
environmental perturbations [19,20]. These disturbances can significantly degrade control performance and even
destabilize the system. Hence, anti-disturbance (AD) control has become a critical issue in robotic manipulator
systems. Existing AD strategies often rely on disturbance observers or internal model-based approaches to estimate
and compensate for disturbances, thereby improving system robustness [21].

In addition, with the rapid advancement of networked control technologies, event-triggered (ET) control
schemes have been widely adopted in RMSs to reduce communication and computational burdens while maintaining
desired performance [22]. ET-based anti-disturbance control methods have also been developed to enhance
robustness under disturbance conditions [23,24]. The dynamic event-triggered (DET) mechanism further improves
resource utilization by introducing internal dynamic variables [25]. Recently, the dynamic memory event-triggered
mechanism (DMETM) has been proposed, which incorporates historical information into the triggered condition to
reduce unnecessary transmissions while preserving system stability [26]. However, the application of DMETM to
RMSs has not yet been fully investigated. By leveraging memory information, DMETM can effectively reduce
communication load and improve control performance, making it particularly suitable for resource-constrained
robotic systems.

Motivated by the above discussions, this study investigates the H∞ anti-disturbance dynamic memory
event-triggered control problem for RMSs modeled by affine systems. The main contributions are summarized
as follows: First, a novel H∞ anti-disturbance dynamic memory event-triggered (ADDMET) control framework
is proposed for robotic manipulator systems (RMSs). This framework utilizes an affine modeling approach to
explicitly capture equilibrium point shifts caused by payload variations and complex operating conditions. Second,
a dynamic memory event-triggered mechanism (DMETM) is developed. Compared to existing static [22,27] and
dynamic [28,29] event-triggered schemes, the proposed DMETM significantly reduces the triggered frequency. It
achieves this by utilizing historical triggered information to adaptively adjust the execution threshold. Finally, an
integrated disturbance observer is designed to effectively estimate and compensate for multiple external disturbances.
Consequently, the proposed scheme rigorously guarantees the desired H∞ performance and asymptotic stability
while successfully excluding Zeno behavior.

The structure is summarized as follows. In Section 2, the description of the RMS modeled as ASs is introduced.
In Section 3, the H∞ ADDMET control scheme of this study is introduced. In Section 4, the simulation of the RMS
is developed. In Section 5, we provide the conclusions.

The notations are summarized as Table 1.

Table 1. Symbols.

Notation Meaning

N Non-negative integers collection
Rn∗n Real space of n ∗ n-dimensional

L2[0,∞) Space of squared integrable functions on [0,∞)

diag{X} Diagonal matrix
I Identity matrix
xφ Desired EP
XT Transpose
X(φ) Convex combination
||X|| Two-norm

λmax(X) The largest eigenvalue
λmin(X) The smallest eigenvalue

2. Problem Formulation

2.1. System Introduction and Observer Construction

For a two–degree–of–freedom robotic manipulator, the dynamics can be expressed as

M(q)q̈(t) + C(q, q̇)q̇(t) +G(q) = τ(t) + d(t), (1)

where q(t) = [q1(t), q2(t)]
T ∈ R2×1 denotes the joint angle vector, q̇(t) and q̈(t) represent the joint velocity and

acceleration vectors, respectively. M(q) ∈ R2×2 is the inertia matrix, C(q, q̇) ∈ R2×2 represents the Coriolis
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and centrifugal matrix, G(q) ∈ R2×1 denotes the gravity term, τ(t) ∈ R2×1 is the control torque input, and
d(t) ∈ R2×1 represents external disturbances.

Due to nonlinear coupling and varying operating configurations, the manipulator dynamics are usually
linearized around several equilibrium points. Applying local linearization around the equilibrium point leads to the
following first-order approximation

∆q̇(t) = F∆q(t) +G∆τ(t) + b, (2)

where F and G denote the system and input matrices and b represents the equilibrium shift caused by modeling
uncertainties or payload variations.

The affine model of the robotic manipulator system at the given equilibrium point p can be obtained via local
linearization and system identification as[

∆q̇1(t)

∆q̇2(t)

]
= F

[
∆q1(t)

∆q2(t)

]
+G∆τ(t) + b,

∆y(t) = H

[
∆q1(t)

∆q2(t)

]
,

(3)

where F ∈ Rnx×nx , G ∈ Rnu×1 and H ∈ R2×nz , represent the system matrix, control input matrix and output
matrix of the robotic manipulator system, respectively. b represents the equilibrium-point shift term caused by
variations such as payload changes, modeling uncertainties, or configuration-dependent nonlinear effects in the
robotic manipulator.

The relevant signs are listed as Table 2.

Table 2. Nomenclature.

Notation Meaning

q1(t) Actual joint 1 angle
q2(t) Actual joint 2 angle
τ(t) Control torque input
qp1(t) Joint 1 angle at equilibrium point
qp2(t) Joint 2 angle at equilibrium point
τp(t) Torque at equilibrium point
∆q1(t) Joint 1 angle increment q1(t)− qp1(t)

∆q2(t) Joint 2 angle increment q2(t)− qp2(t)

∆τ(t) Torque increment τ(t)− τp(t)

∆y(t) Output increment
b Equilibrium shift term

Consider the RMS with the modeled disturbance ξ1(t) and unmodeled disturbance ξ2(t), described as[
∆q̇1(t)

∆q̇2(t)

]
= F

[
∆q1(t)

∆q2(t)

]
+G[∆τ(t) + ξ1(t)] + Eξ2(t) + b,

∆y(t) = H

[
∆q1(t)

∆q2(t)

]
,

(4)

and ξ1(t) acts as the exo-system output

θ̇(t) = Aθ(t) +Bξ3(t),

ξ1(t) = Cθ(t),
(5)

where θ(t) standing for the exo-system state and unmodeled disturbance ξ2(t), ξ3(t) ∈ L2 [0,∞).
Letting x(t) = [∆qT1 (t) ∆qT2 (t)]

T and u(t) = ∆τ(t), the robotic manipulator system (4) is formulated as an
affine system

ẋ(t) = Fx(t) +G[u(t) + ξ1(t)] + Eξ2(t) + b,

z(t) = Hx(t),
(6)
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where x(t) ∈ Rnx×1, u(t) ∈ Rnu×1 and z(t) ∈ Rnz×1 represent the state, control input and output of the robotic
manipulator system, respectively.

Note that the desired EP xφ may not coincide with the current system equilibrium point and usually belongs to
the group Xφ = {xφ ∈ Rnxφ×1 | A(φ)xφ + b(φ) = 0}.

By setting xφ(t) = x(t)− xφ, the error dynamics can be obtained as

ẋφ(t) = Fxφ(t) +G[u(t) + ξ1(t)]

+ Eξ2(t) + l,

zφ(t) = Hxφ(t),

(7)

where l = Fxφ + b is the AT, and zφ(t) = z(t)−Hxφ, represent the output that is converted to the origin.
Based on the AS (6) of the RMS (4), we formulate the control issue of this paper.
Firstly, to compensate for the effects induced by the disturbance ξ1(t) on the RMS (6), we establish the sliding

window disturbance observer

β̇(t) = (A+ ΛGC)[β(t)− Λxφ(t)] + Λ[Fxφ(t) +Gu(t)] +

N∑
n=1

z̃φ(t− nτ),

θ̂φ(t) = β(t)− Λxφ(t),

ξ̂1(t) = Cθ̂φ(t),

(8)

where ξ̂1(t) and θ̂φ(t) represent the estimation ξ1(t) and θφ(t), respectively. τ > 0 is a constant denoting the sliding
interval, and Λ represents the gain of the sliding window disturbance observer to be determined. The parameter N
denotes the size of the sliding window in the observer design, specifying the number of past samples of the output
estimation error.

Secondly, for the purpose of communication resource optimization of the RMS (4), the following DMETM
is considered

ts+1 = inf{t > ts |η(t) + ι(σx̃T (t)I1x̃(t)− vT (t)I2v(t)) ≤ 0}, s ∈ N (9)

where s stands for the number of triggers, the state error v(t) = xφ(ts) − xφ(t), t ∈ [ts, ts+1), ι, σ > 0,

I1, I2, I3 > 0 and η(t) is the dynamic variable that satisfies{
η̇(t) = −κη(t) + ι(σx̃T (t)I1x̃(t)− vT (t)I2v(t)) +me−m(t−nτ)

∑N
n=1 z̃

T
φ (t− nτ)I3z̃φ(t− nτ),

η(0) = η0,
(10)

where κ > 0,m > 0, η(0) > 0, s ∈ N.

Remark 1. In contrast to the usual static ET rules [22, 27] and DET [28, 29], (9) includes the output z̃φ(t)
and its memory. This conserves the transmission resources from the RMS (4) to controller u(t), reducing the
fuel consumption.

Then, a state-dependent controller is built as

u(t) = −ξ̂1(t) + Lxφ(ts), (11)

where L is the controller gain that need to be arranged.
By defining e(t) = θφ(t)− θ̂φ(t), the error system can be derived as

ė(t) = (A+ ΛGC) e(t) + ΛEξ2(t) +Bξ3(t)−
N∑

n=1

z̃φ(t− nτ) + Λlr(t) (12)

Substituting (11) into (7) generates that

ẋφ(t) = (F +GL)xφ(t) +GCe(t) + Eξ2(t) +GLv(t) + l

zφ(t) =Hxφ(t)
(13)
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Combining (12) and (13), the augmented system is developed by

˙̃x(t) = Ãx̃(t) + B̃ξ̃(t) + D̃

N∑
n=1

z̃(t− nτ) + Lf + Ẽv(t)

z̃(t) = H̃x̃(t)

(14)

where x̃(t) = [xT
φ(t) eT (t)]T , ξ̃(t) = [ξT2 (t) ξT3 (t)]

T ,

Ãi =

[
F +GL GC

0 A+ ΛGC

]
, B̃ =

[
E 0

ΛE B

]
, D̃ =

[
0

−I

]
, Lf =

[
l

Λl

]
,

Ẽ =

[
GL

0

]
, H̃ =

[
H 0

∗ 0

]
.

Next, based on the augmented system (14), the problem of H∞ ADDMET control is described.

Definition 1. Ref. [30] Consider the AS (6). Assume that there exists the disturbance observer (8), DMETM (9),
controller (11), such that the following H∞ ADDMET property is driven:

(i) When ξ̃T (t) ≡ 0, the system (14) exhibits asymptotical stability.
(ii) When ξ̃T (t) ̸= 0, under the zero initial, for a given scalar β, the L2-gain performance

∫ ∞

0

zT (t)z(t)dt ≤ β2

∫ ∞

0

ξ̃T (t)ξ̃(t)dt (15)

is held, the given constant β > 0 is called the L2-gain level. Then, the H∞ ADDMET control issue of the
RMS (4) is solvable. The disturbance observer (8), DMETM (9) and controller (11) are called the H∞ ADDMET
control approach.

3. Analysis and Design

The H∞ ADDMET property is analysed in this section. The disturbance observer (8), DMETM (9) and
controller (11) are co-built to solve the H∞ ADDMET control issue.

First, to ensure the solvability of the H∞ ADDMET control problem, a criterion is provided.

Theorem 1. For the AS (6) with given positive constants σ, if there exists a strictly positive definite symmetric
matrix P , such that the constraints

Υ =

 Λ PB̃ PẼ

∗ −β2I 0

∗ ∗ −I2

 < 0, (16)

hold, where

Λ =PÃ+ ÃTP + σI1 +

(
N∑

n=1

e−mnτ + 1

)
H̃T H̃ −R+ 3PD̃D̃TPT ,

P = diag{P1, P2} P > 0, P1, P2 ∈ R2×2

the sliding window disturbance observer (8), DMETM (9) and controller (11), the augmented system (14) ensures
the H∞ ADDMET property.

Proof. Select the Lyapunov function

W (x̃φ(t)) =x̃T (t)Px̃(t) + η(t) +

N∑
n=1

∫ t

t−nτ

e−mεz̃Tφ (ε)T z̃φ(ε)dε (17)
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Differentiating the Lyapunov function (17) in the triggered interval [ts, ts+1), s ∈ N produces

Ẇ (x̃φ(t))

= 2x̃T (t)P ˙̃x(t)− kη(t) + σx̃T (t)I1x̃(t)− vT (t)I2v(t)−m
∑

z̃Tφ (t− nτ)I3z̃φ(t− nτ)

+

N∑
n=1

e−mnτ z̃Tφ (t)T z̃φ(t)−
N∑

n=1

e−m(t−nτ)z̃Tφ (t− nτ)T z̃φ(t− nτ)

= x̃T (t)
(
PÃ+ ÃTP + σI1

)
x̃(t) + 2x̃T (t)PD̃

N∑
n=1

z̃(t− nτ) + 2x̃T (t)PLf

+ 2x̃T (t)PẼv(t)− kη(t)− vT (t)I2v(t)−m

N∑
n=1

z̃Tφ (t− nτ)I3z̃φ(t− nτ)

+

N∑
n=1

e−mnτ z̃Tφ (t)T z̃φ(t) + 2x̃T (t)PB̃ξ̃(t)

(18)

it follows that:

Ẇ (x̃(t)) + z̃T (t)z̃(t)− β2ξ̃T (t)ξ̃(t)

= Ẇ (x̃(t)) + x̃T (t)H̃T H̃x̃(t)− β2ξ̃T (t)ξ̃(t)

= x̃T (t)
(
PÃ+ ÃTP + σI1 + H̃T H̃

)
x̃(t) + 2x̃T (t)PB̃ξ̃(t) + 2x̃T (t)PD̃

N∑
n=1

z̃(t− nτ)

+ 2x̃T (t)PLf + 2x̃T (t)PẼv(t)−m

N∑
n=1

z̃Tφ (t− nτ)I3z̃φ(t− nτ)− β2ξ̃T (t)ξ̃(t)

−
N∑

n=1

e−m(t−nτ)z̃Tφ (t− nτ)T z̃φ(t− nτ) +

N∑
n=1

e−mnτ z̃Tφ (t)T z̃φ(t)− kη(t)− vT (t)I2v(t)

(19)

Combining Equation (19), and applying Young’s inequality:

2x̃T (t)PD̃

N∑
n=1

˜̄zφ(t− nτ) ≤ 3x̃T (t)PD̃D̃TPT x̃(t) +

N∑
n=1

z̃Tφ (t− nτ)z̃φ(t− nτ) (20)

Combining equation (19) and equation(20), it can be derived that:

Ẇ (x̃(t)) + z̃T (t)z̃(t)− β2ξ̃T (t)ξ̃(t)

≤ x̄T (t)Γx̄(t)− kη(t)−
N∑

n=1

z̃Tφ (t− nτ)
(
(T − I3) e

−m(t−nτ) − I2×2

)
z̃φ(t− nτ) + 2x̃T (t)PLf ,

(21)

where
x̄(t) = [x̃T

φ(t) ξ̃T (t) v(t)
T
]T ,

Γ =

 Λ PB̃ PẼ

∗ −β2I 0

∗ ∗ −I2

 .

Assuming the formulas T − I3 > I and Lf ≤ 0 hold.
When ξ̃T (t) ≡ 0, one can infer that

Ẇ (x̃φ(t)) ≤ 0 (22)

When ξ̃T (t) ̸= 0, for ∀ξ̃T (t) ∈ L2(0,∞), integrating (21), we can obtain∫ t

0

zT (τ)z(τ) dτ − β2

∫ t

0

ξ̃T (τ)ξ̃(τ) dτ ≤ W (x̃(0))−W (x̃(t)) ≤ 0 (23)

Let t → ∞, the L2-gain performance of the AS (6) is proved.
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Then, the following theorem is provided to cope with the coupling terms Λ in Theorem 1 and to solve the
disturbance observer (8) and controller (11).

Theorem 2. Let constants σ > 0 be given. Assume that there exist positive definite strictly symmetric matrices
P1, P2 and a matrix L such that the constraints

Π11 GC E 0 GL P−1
1 H

∗ ∆22 P2ΛE P2B 0 0

∗ ∗ −β2I 0 0 0

∗ ∗ ∗ −β2I 0 0

∗ ∗ ∗ ∗ −I2 0

∗ ∗ ∗ ∗ ∗ ∆66


< 0, (24)

hold, where
Π11 = P−1

1 (F +GL)T + (F +GL)P−1
1 + P−1

1 σI11P
−1
1 ,

∆66 = − 1(∑N
n=1 e

−mnτ + 1
)I,

then, the disturbance observer (8), DMETM (9) and controller (11) constitute the H∞ ADDMET control scheme of
the augmented system (14). Besides, the sliding window disturbance observer gain (8) and controller gain (11) are
computed by LMI.

Proof. First of all, we display that the constraints (16) and (24) are equivalent. By virtue of Schur complement lemma
Ξ11 PB̃ PẼ H̃T

∗ −β2I 0 0

∗ ∗ −I2 0

∗ ∗ ∗ ∆66

 < 0

Ξ11 = PÃ+ ÃTP + σI1,

Replacing the specific forms of Ã, B̃, D̃, Ẽ and H̃ into (16) develops

∆11 P1GC P1E 0 P1GL HT

∗ ∆22 P2ΛE P2B 0 0

∗ ∗ −β2I 0 0 0

∗ ∗ ∗ −β2I 0 0

∗ ∗ ∗ ∗ −I2 0

∗ ∗ ∗ ∗ ∗ ∆66


< 0

with
∆11 = P1(F +GL) + (F +GL)TP1 + σI11,

∆22 = P2(A+ ΛGC) + (A+ ΛGC)TP2 + σI12,

Multiplying two sides of the above restrain by diag{P−1
1 , I, I, I, I, I, I} , one can conclude (24).

Next, let us exhibit that the Zeno phenomenon will not be induced by the DMETM (9).

Theorem 3. Consider the DMETM defined in (9) and the internal dynamic variable η(t) governed by (10). Suppose
that the closed-loop system satisfies the LMIs given in Theorem 1 so that the Lyapunov functional W (t) in (17)
guarantees the boundedness of x̃(t), η(t), ξ̃(t), and z̃φ(t) over any finite interval. Furthermore, assume that the
augmented dynamics (14) satisfy the following growth condition: there exists a constant L > 0 such that

∥ẋφ(t)∥ ≤ L
(
1 + ∥x̃(t)∥+ ∥ξ̃(t)∥

)
, ∀t ≥ 0. (25)

Then the proposed DMETM is free of Zeno behavior. That is, there exists a constant τmin > 0 such that

ts+1 − ts ≥ τmin > 0, ∀s ∈ N.
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Proof. The triggered function is defined as

Φ(t) = η(t) + ι
(
σx̃T (t)I1x̃(t)− vT (t)I2v(t)

)
, (26)

where v(t) = xφ(ts)− xφ(t).
Differentiating Φ(t) along system trajectories yields

Φ̇(t) = η̇(t) + ι
d

dt

(
σx̃T I1x̃− vT I2v

)
. (27)

From (10), it follows that

|η̇(t)| ≤ κ|η(t)|+ ι
∣∣∣σx̃T I1x̃− vT I2v

∣∣∣+m

N∑
n=1

e−m(t−nτ)
∥∥z̃φ(t− nτ)

∥∥2∥I3∥.
Since Theorem 1 guarantees that x̃(t), ξ̃(t), η(t) and z̃φ(t) remain bounded, there exist constants X , Ξ, and η

such that
|η̇(t)| ≤ κη + ισ∥I1∥X

2
+ ι∥I2∥∥v(t)∥2 +Rmax,

where Rmax collects the bounded sliding-window terms.
Note that

d

dt
(σx̃T I1x̃) = 2σx̃T I1 ˙̃x,

and
d

dt
(vT I2v) = 2vT I2v̇ = −2vT I2ẋφ.

Using the growth condition (25) gives∣∣∣ ddt (σx̃T I1x̃− vT I2v)
∣∣∣ ≤ 2σ∥I1∥XBx + 2∥I2∥∥v(t)∥Bx,

where
Bx = L(1 +X + Ξ).

Combining the above inequalities yields

|Φ̇(t)| ≤ C0 + C1∥v(t)∥+ C2∥v(t)∥2,

where
C0 = κη + ισ∥I1∥X

2
+Rmax + 2ισ∥I1∥XBx,

C1 = 2ι∥I2∥Bx,

C2 = ι∥I2∥.

Since

v(t) =

∫ t

ts

−ẋφ(τ) dτ,

one obtains
∥v(t)∥ ≤ Bx(t− ts).

Hence for any sufficiently small interval [ts, ts + δ], there exists a constant Vmax such that ∥v(t)∥ ≤ Vmax.
Therefore,

|Φ̇(t)| ≤ M,

for some constant M > 0.
At each triggered instant ts, Φ(ts) = 0 and v(ts) = 0. Hence

η(ts) = −ισx̃T (ts)I1x̃(ts).

Because I1 ≻ 0 and x̃(t) is bounded, there exists Ψ > 0 such that

Ψ(ts) = ισx̃T (ts)I1x̃(ts) ≥ Ψ.
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Meanwhile, η(t) is bounded from below by the Lyapunov functional, η(t) ≥ η.
Hence the triggered function must decrease by at least

∆∗ = Ψ+ η > 0

before the next event occurs.
Since |Φ̇(t)| ≤ M , it follows that

∆∗ ≤
∫ ts+1

ts

|Φ̇(t)|dt ≤ M(ts+1 − ts).

Therefore,

ts+1 − ts ≥ τmin =
∆∗

M
> 0.

This shows that infinitely many triggered instants cannot accumulate within a finite time interval. Therefore,
Zeno behavior is strictly excluded.

4. Verification

In this section, a simulation for the RMS (4) is used to show the superiority and effectiveness of the H∞
ADDMET control method.

The data of the AS (6) with (5) are listed as

F =

[
−2.9378 1.0937

0.4149 −3.4793

]
, G =

[
−1

−2

]
,

H =

[
−0.0047 −0.0172

0.49 −3.4793

]
, E =

[
−0.5

−0.3

]
,

b =

[
0.002

−0.001

]
, A =

[
0 1

−3 0

]
, B =

[
0.01

0.02

]
, C =

[
2 1

]
.

The control task is to realize the speed regulation of the RMS (4) formulated by the AS (6). To demonstrate
the effectiveness of the proposed method, the stability and convergence performance of the developed disturbance
observer are evaluated. The results are obtained based on the proposed H∞ ADDMET control scheme. Furthermore,
in terms of communication resource conservation, a comparison has been made between DMET [26] and
DET [28,29].

Letting xφ(t) = x(t)−xφ, the desired EP is xφ = [−0.2694 −0.0268]T ×10−3 associated with φ = [0 0.7]T .
For (24) , we obtain the L2-gain level β = 1. The gains of disturbance observer (8) and controller (11) are
calculated as

Λ =

[
8.1178 −18.5678

−18.5678 61.9500

]
,

L =
[
−28.4467 292.4693

]
,

The experimental results are illustrated in Figures 1–4. Figure 1 depicts the disturbance ξ1(t), its estimation
ξ̂1(t), and the estimation error e(t) = ξ1(t)− ξ̂1(t). It can be observed that the proposed observer accurately tracks
the disturbance generated by the exo-system (5).

Figures 2 and 3 further present the evolution of the system states and control inputs, including joint
state responses and control torque signals. Under the proposed control scheme, all state variables converge
smoothly to the equilibrium point without noticeable overshoot, indicating satisfactory transient and steady-state
performance. Meanwhile, the control inputs remain bounded and smooth, without undesirable oscillations, even
under event-triggered updates.

Figure 4 shows the ET intervals {ts+1 − ts}, and indicates that no Zeno phenomenon occurs. Note that DMET
features fewer triggers and longer trigger interval compared to DET. Obviously, from Figure 4, we can observe that
compared to DET, DMET demonstrates a more significant saving in communication resource. DMET conserves
more communication resources compared to DET and ensures that the system state ultimately converges to zero.
Consequently, one can assert that the constructed H∞ ADDMET control scheme effectively achieves the speed
adjustment of the AS (6).
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Figure 1. Disturbance ξ1(t), estimation ξ̂1(t) and estimation error e(t).
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Figure 2. Joint 1 angle increment ∆q1(t) and Joint 2 angle increment ∆q2(t).
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Figure 3. Torque increment ∆τ(t).
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Figure 4. ET intervals {ts+1 − ts}.

5. Conclusions

In this paper, the H∞ ADDMET control problem for RMS subject to both modeled and unmodeled disturbances
has been investigated. Firstly, an affine model has been established to characterize performance degradation and
complex operating conditions of RMS. Then, a disturbance observer has been developed to estimate and compensate
for modeling errors, uncertainties, and external disturbances. Subsequently, a DMETM has been constructed to
effectively reduce communication burden between the RMS and the controller while excluding Zeno behavior.

Based on the proposed observer and DMETM, an H∞ ADDMET control scheme has been designed, and
corresponding sufficient conditions have been derived to guarantee the desired H∞ performance for the affine system.

Finally, simulation results have verified the effectiveness and feasibility of the proposed control strategy for
RMSs under the affine framework. A particularly promising direction is to incorporate fractional-order dynamics
and stochastic differential characteristics into the affine modeling framework. This extension would allow for a
more precise characterization of systems with memory effects and random perturbations [31–34].
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