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Abstract - This paper addresses the design of a networked control 

system for dual-active bridge (DAB) DC-DC converters to track 

a prescribed output-voltage reference. Specifically, it tackles two 

primary challenges: the sampled-data control problem and time 

delay issues arising from networked communication. To this end, 

a mathematical model of the DAB DC-DC converter is 

formulated as a linear state-space system. Subsequently, an 

improved looped-functional and an additional discontinuous 

function are incorporated into the time-dependent Lyapunov 

function. Accordingly, sufficient stability and stabilization 

conditions are derived in the form of linear matrix inequalities 

(LMIs). Finally, simulation results are presented to validate the 

effectiveness of the proposed method. 

Key words - Sampled-data control; dual-active-bridge DC–DC 
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1. Introduction 

Dual-active bridge DC-DC converters are widely 

recognized as essential power electronic devices capable of 

facilitating bidirectional energy transfer between two 

direct current voltage sources. Due to their high efficiency 

and operational flexibility, DAB DC-DC converters have 

been extensively deployed across diverse application 

domains, including consumer electronics, renewable 

energy systems, energy storage infrastructures, and 

automotive power systems (refer to [1], [2]). Meanwhile, 

recent technological advancements have increasingly 

directed attention towards digital networked control 

systems within the field of control systems [3], [4]. Among 

the various approaches explored, sampled-data control has 

emerged as a particularly effective method for managing 

networked control systems by discretizing control input 

updates at specific time intervals rather than maintaining 

continuous updates, sampled-data control significantly 

reduces the demands on both communication and 

computational resources (see [5] - [7]). 

In this context, numerous digital control strategies have 

been developed for DAB DC-DC converters. For instance, 

the work presented in [8] introduced a bilinear discrete-

time model that characterizes the converter dynamics 

through four distinct switching states within a single 

switching cycle. Building upon this model, the study in [9] 

utilized discrete-time modeling combined with a linearized 

control framework to design a digital controller for DAB 

DC-DC converters. Further developments were reported in 

[10], where both large-signal and small-signal discrete-

time models were formulated using a time-scale analytical 

approach. More recently, [11] proposed a model predictive 

control scheme incorporating a novel parameter 

identification technique alongside a moving discretization 

strategy. 

Despite significant advancements in digital control 

design for DAB DC-DC converters, most existing 

strategies remain predominantly based on discrete-time 

modeling frameworks. However, there approaches may 

prove insufficient in accurately capturing dynamic 

behavior, particularly under conditions of extended 

sampling intervals. This paper aims to develop a sampled-

data control strategy for DAB DC-DC converters with time 

delay subject to maximizing the allowable sampling 

interval. Especially, to effectively utilize the information 

embedded in system state responses during the sampling 

and transmission processes, an improved looped-

functional and a discontinuous function were incorporated 

into the stability analysis. 

Notations: Throughout this paper, ℕ, ℕ0, and ℝ𝑛×𝑛 

stand for sets of positive natural numbers, natural numbers 

including zero, and all n  × 𝑛 real matrices, respectively. 

For any square matrix Q, notation 𝑄−1 indicates the inverse 

of Q, 𝑄𝑇  is the transpose of Q, and 𝐻𝑒{Q} stands for Q +
𝑄𝑇 . In symmetric block matrices, the symbol (∗) is used to 

represent terms induced by symmetry. The operator ⊗ 

indicates the Kronecker product. The notation 𝐼𝑛 denotes 

the n-dimensional identity matrix, 0𝑚×𝑛 denotes the 

m  × 𝑛 zero matrix, 𝑑𝑖𝑎𝑔 {∙} stands for the block-diagonal 

matrix, and 𝑐𝑜𝑙{∙} indicates the column matrix. 

2. Problems statement 

2.1. System description 

 

Figure 1. Model of DAB DC-DC converter 

Figure 1 presents the circuit configuration of the DAB 

DC-DC converter investigated in this study. The system 

consists of four pairs of power switches(𝑆1, 𝑆2), (𝑆3, 𝑆4), 

(𝑆5, 𝑆6), and (𝑆7, 𝑆8) each operating in a complementary 
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manner. The inductance L accounts for both the external 

inductance and the transformer's leakage inductance, while 

n denotes the transformer turns ratio. The output-side 

capacitance is represented by C, and the load resistance is 

denoted by R. The variables i(𝑡), 𝑖𝐶(𝑡), and 𝑖𝑅(𝑡) represent 

the output current, capacitor current, and measurable load 

current, respectively. The input voltage 𝑣1 is given, 

whereas the output voltage 𝑣2(𝑡) is measurable. Then, the 

transferred power is given as (see [12]): 

𝑝(𝑡) =
𝑛𝑣1𝑣2(𝑡)

2𝑓𝑠𝐿
(1 − |𝑑(𝑡)|)𝑑(𝑡)                 (1) 

where d(𝑡) ∈ [−0.5,  0.5] denotes the phase shift ratio, and 

𝑓𝑠 represents the switching frequency. Furthermore, since 

p(𝑡) = 𝑣2(𝑡)i(𝑡), it follows that 

𝑖(𝑡) =
𝑛𝑣1

2𝑓𝑠𝐿
𝑢𝑑(𝑡)                                                (2) 

where 𝑢𝑑(𝑡) = d(𝑡)(1 − |𝑑(𝑡)|) ∈ [−0.25,  0.25]. Then, 

by applying Kirchhoff’s current law, we have 

𝐶𝑣2̇(𝑡) = 𝑖(𝑡) − 𝑖𝑅(𝑡).                                         (3) 

Thus, from (2), (3), and 𝑖𝑅(𝑡) = 𝑣2(𝑡)/R, it follows that 

𝑣̇2(𝑡) = θ1𝑣2(𝑡) + θ2𝑢𝑑(𝑡)                                (4) 

where 

θ1 = −
1

𝑅𝐶
,  θ2 =

𝑛𝑣1

2𝑓𝑠𝐿𝐶
. 

From (4), the steady-state value of 𝑢𝑑(𝑡) is given as: 

𝑢𝑑
∗ =

2𝑓𝑠𝐿

𝑛𝑣1𝑅
𝑣2

𝑟𝑒𝑓
                                                    (5) 

where 𝑣2
𝑟𝑒𝑓

 denotes the reference value of 𝑣2(𝑡). 

Subsequently, by defining 𝑥1(𝑡) = 𝑣2(𝑡) − 𝑣2
𝑟𝑒𝑓

 and 

𝑥2(𝑡) = ∫ (𝑣2(s) − 𝑣2
ref)𝑑s

𝑡

0
, it is given from (4) that 

{
𝑥̇1(𝑡) = 𝜃1 𝑥1(𝑡) + 𝜃2𝑢(𝑡)

𝑥̇2(𝑡) = 𝑥1(𝑡)                       
                               (6) 

where u(𝑡) = 𝑢𝑑(𝑡) − 𝑢𝑑
∗ .  Therefore, the DAB DC-DC 

converter can be represented by the following linear state-

space model: 

𝑥̇(𝑡) = 𝐴𝑥(𝑡) + 𝐵𝑢(𝑡)                                         (7) 

where x(𝑡) = col{𝑥1(𝑡), 𝑥2(𝑡)} and 

A  =   [
θ1 0
1 0

] ,  B  = [
θ2

0
]. 

2.2. Controller design 

 

Figure 2. Diagram of sampled-data controller with time delay 

As illustrated in Figure 2, the system states are sampled 

at discrete time instants 𝑡𝑘
𝑠, for k ∈ ℕ0, and subsequently 

transmitted over a communication network with 

transmission delays τ1 and τ2. Accordingly, the sampled 

state is received by the controller at 𝑡𝑘
𝑐 = 𝑡𝑘

𝑠 + τ1, and the 

corresponding control input is delivered to the actuator at 

𝑡𝑘 = 𝑡𝑘
𝑠 + τ1 + τ2 = 𝑡𝑘

𝑠 + τ, where τ denotes the total 

communication delay. In addition, the time interval 

between two consecutive samplings ℎ𝑘 = 𝑡𝑘+1
𝑠 − 𝑡𝑘

𝑠 =
𝑡𝑘+1 − 𝑡𝑘 ∈ [ℎ𝑚, ℎ𝑀]. Then, the sampled-data control 

input is given as: 

𝑢(𝑡) = 𝐹𝑥(𝑡𝑘
𝑠) = 𝐹𝑥(𝑡𝑘 − 𝜏), ∀𝑡 ∈ [𝑡𝑘, 𝑡𝑘+1) (8) 

where F denotes the controller gain. Then, the closed-loop 

system with (7) and (8) is rewritten as: 

𝑥̇(𝑡) = 𝐴𝑥(𝑡) + 𝐵𝐹𝑥(𝑡𝑘 − 𝜏).                           (9) 

3. Stabilization criterion 

For the sake of brevity, the following notational are 

introduced: 𝑑1(𝑡) = t − 𝑡𝑘, 𝑑2(𝑡) = 𝑡𝑘+1 − t, 
τ𝑀 = τ + ℎ𝑀, and 

η(𝑡) = 𝑐𝑜𝑙 {𝑥(𝑡), 𝑥(𝑡 − 𝜏),  𝑥(𝑡𝑘 − 𝜏),  𝑥(𝑡𝑘+1 − 𝜏), 

 ∫ 𝑥(𝑠)𝑑𝑠
𝑡−𝜏

𝑡𝑘−𝜏

, ∫ 𝑥(𝑠)
𝑡𝑘+1−𝜏

𝑡−𝜏

𝑑𝑠,  𝑥̇(𝑡), 𝑥̇(𝑡 − 𝜏) } 

𝜂j(𝑡) = Ξj𝜂(𝑡), 𝜂̇𝑗(𝑡) = Ξ̅𝑗𝜂(𝑡), 𝜂j(𝑡 − 𝜏) = Ξ̂𝑗𝜂(𝑡). 

The following theorem presents the stability condition 

for closed loop system (9) for given control gain. 

Theorem 1: For given positive scalars 𝜀1, 𝜀2, 𝜏, ℎ𝑚, 

and ℎ𝑀, the closed-looped system (9) is asymptotically 

stable, if there exist matrices 0 < 𝑃 = 𝑃𝑇 ∈ ℝ𝑛×𝑛,  
0 < 𝑊 = 𝑊𝑇 ∈ ℝ2𝑛×2𝑛, 0 < 𝑆 = 𝑆𝑇 ∈ ℝ𝑛×𝑛 , 𝑋1, 
𝑋2 ∈ ℝ2𝑛×3𝑛, 𝑅1 = 𝑅1

𝑇 , 𝑅2 = 𝑅2
𝑇 ∈ ℝ𝑛×𝑛,  

𝑈 = 𝑈𝑇 ∈ ℝ2𝑛×2𝑛, 𝑄1 = 𝑄1
𝑇 ∈ ℝ2𝑛×2𝑛, 𝑄2 ∈ ℝ𝑛×2𝑛, 

𝑄3 = 𝑄3
𝑇 ∈ ℝ𝑛×𝑛, and 𝐺 ∈ ℝ𝑛×𝑛 such that the following 

conditions are satisfied, for ℎ𝑘 ∈ {ℎ𝑚, ℎ𝑀}: 

0 < [
Q1 (∗)
Q2 Q3

]                                                  (10) 

0 > [
Ψ1 + Ψ2(tk)

τMΞ8

hkN2Ξ10

(∗)
−𝜏 S

0

(∗)
0

−hkR2

]           (11) 

0 > [
Ψ1 + Ψ2(tk+1)

τMΞ8

hkN1Ξ9

(∗)
−𝜏 S

0

(∗)
0

−hkR1

]      (12) 

where 

Ψ1 = 𝐻𝑒{𝒆1
𝑇𝑃𝒆7} + Ξ1

𝑇WΞ1  − Ξ̂1
𝑇WΞ̂1 + τ𝒆7

𝑇S𝒆7 

+𝐻𝑒{(𝒆1
𝑇 − 𝒆2

𝑇)𝑀Ξ8 + (𝒆2
𝑇 − 𝒆3

𝑇)𝑁1Ξ9} 

+𝐻𝑒{(𝒆4
𝑇 − 𝒆2

𝑇)𝑁2Ξ10 − Ξ2
𝑇𝑋1Ξ3 + Ξ4

𝑇𝑋2Ξ5} 

+𝐻𝑒{Ξ11
𝑇 𝐺𝑇(𝐴𝒆1 + 𝐵𝐹𝒆3 − 𝒆7) + τ𝑀Ξ̅7

𝑇𝑄1Ξ7} 

+𝐻𝑒{𝒆8
𝑇𝑄2Ξ7 + (𝒆2

𝑇 − 𝒆3
𝑇)𝑄2Ξ̅7 + 𝒆8

𝑇𝑄3𝒆8} 

Ψ2(𝑡) 

= 𝑑2(𝑡)𝐻𝑒{Ξ̅2
𝑇𝑋1Ξ3 + Ξ2

𝑇𝑋1Ξ̅3 + Ξ6
𝑇𝑈Ξ6 + 𝒆8

𝑇𝑅1𝒆8} 

 +𝑑1(𝑡)𝐻𝑒{Ξ̅4
𝑇𝑋2Ξ5 + Ξ4

𝑇𝑋2Ξ̅5 − Ξ6
𝑇𝑈Ξ6 + 𝒆8

𝑇𝑅2𝒆8} 

in which 
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Ξ1 = 𝑐𝑜𝑙{𝒆1, 𝒆7}, Ξ̂1 = col{𝒆2, 𝒆8} 

Ξ2 = 𝑐𝑜𝑙{𝒆2 − 𝒆3, 𝒆5}, Ξ3 = col{𝒆2, 𝒆3, 𝒆5} 

Ξ4 = 𝑐𝑜𝑙{𝒆4 − 𝒆2, 𝒆6}, Ξ5 = col{𝒆2, 𝒆4, 𝒆6} 

Ξ̅2 = 𝑐𝑜𝑙{𝒆8, 𝒆2}, Ξ̅3 = 𝑐𝑜𝑙{𝒆8, 0, 𝒆2} 

Ξ̅4 = 𝑐𝑜𝑙{−𝒆8, −𝒆2}, Ξ̅5 = 𝑐𝑜𝑙{𝒆8,0, −𝒆2} 

Ξ6 = 𝑐𝑜𝑙{𝒆3, 𝒆4}, Ξ7 = 𝑐𝑜𝑙{𝒆2, 𝒆3}, Ξ̅7 = 𝑐𝑜𝑙{𝒆8,0} 

Ξ8 = 𝑐𝑜𝑙{𝒆1, 𝒆2}, Ξ9 = 𝑐𝑜𝑙{𝒆2, 𝒆3}, Ξ10 = 𝑐𝑜𝑙{𝒆2, 𝒆4} 

Ξ11 = 𝒆1 + 𝜀1𝒆3 + 𝜀2𝒆7 

𝒆𝑖 = [0𝑛×(𝑖−1)𝑛  𝐼𝑛 0𝑛×(8−𝑖)𝑛]. 

Proof: We construct the following Lyapunov–

Krasovskii functional (LKF): 

𝑉(𝑡) = 𝑉1(𝑡) + 𝑉2(𝑡) + 𝑉3(𝑡), ∀𝑡 ∈ [𝑡𝑘, 𝑡𝑘+1) (13) 

where 

𝑉1(𝑡) = 𝑥𝑇(𝑡)𝑃𝑥(𝑡) + ∫ η1
𝑇(𝑠)𝑊

𝑡

𝑡−τ

η1(𝑠)𝑑𝑠 

 + ∫ ∫ 𝑥̇𝑇(𝑠)𝑆
𝑡

𝑡+σ
𝑥̇(𝑠)𝑑

0

−τ
𝑠𝑑𝜎 

𝑉2(𝑡) = 2𝑑2(𝑡)η2
𝑇(𝑡)𝑋1η3(𝑡) + 2𝑑1(𝑡)𝜂4

𝑇(𝑡)𝑋2𝜂5(𝑡) 

   +𝑑2(𝑡) ∫ 𝑥̇𝑇(𝑠)𝑅1𝑥̇(𝑠)𝑑𝑠 
𝑡−τ

𝑡𝑘−τ

 

   −𝑑1(𝑡) ∫ 𝑥̇𝑇(𝑠)𝑅2𝑥̇(𝑠)𝑑𝑠
𝑡𝑘+1−τ

𝑡−τ

 

   +𝑑1(𝑡)𝑑2(𝑡)η6
𝑇𝑈η6 

𝑉3(𝑡) = τ𝑀η7
𝑇(𝑡)𝑄1η7(𝑡) 

+2(𝑥𝑇(𝑡 − τ) − 𝑥𝑇(𝑡𝑘 − τ))𝑄2η7(𝑡) 

+ ∫ 𝑥̇𝑇(𝑠)𝑄3𝑥̇(𝑠)𝑑𝑠
𝑡−τ

𝑡𝑘−τ
. 

Remark 1: Since 𝑉2(𝑡𝑘) = 0 and lim
𝑡→𝑡𝑘+1

−
𝑉2 (𝑡) = 0, the 

positive definiteness of 𝑉2(𝑡) can be omitted according to 

the looped-functional approach [5]. Then, condition (10) 

ensures that 

0 <  ∫ [
𝜂7(𝑡)

𝑥̇(𝑠)
]

𝑇

[
𝑄1 (∗)
𝑄2 𝑄3

] [
𝜂7(𝑡)

𝑥̇(𝑠)
] 𝑑𝑠

𝑡−𝜏

𝑡𝑘−𝜏

 

which lead to 𝑉3(𝑡) ≥ 0 for all 𝑡 ∈ [𝑡𝑘, 𝑡𝑘+1). Furthermore, 

the term ∫ 𝑥𝑇̇(𝑠)𝑄3𝑥̇(𝑠)𝑑𝑠
𝑡−τ

𝑡𝑘−τ
 is vanished at 𝑡 = 𝑡𝑘, i.e., 

lim
𝑡→𝑡𝑘

−
𝑉3 (𝑡) ≥ 𝑉3(𝑡𝑘). 

Next, the time derivatives of (13) are derived as 

follows: 

𝑉1̇(𝑡) = 2𝑥𝑇(𝑡)𝑃𝑥̇(𝑡) + η1
𝑇(𝑡)𝑊η1(𝑡) 

−η1
𝑇(𝑡 − τ)𝑊η1(𝑡 − τ) + 𝜏𝑥̇𝑇(𝑡)𝑆𝑥̇(𝑡) 

     − ∫ 𝑥̇𝑇(𝑠)𝑆
𝑡

𝑡−𝜏

𝑥̇(𝑠)𝑑𝑆∶=𝑇1(𝑡)                   (14) 

𝑉2̇(𝑡) 

= 𝑑2(𝑡)(2𝜂̇2
𝑇(𝑡)𝑋1η3(𝑡) + 2η2

𝑇(𝑡)𝑋1η3̇(𝑡) + η6
𝑇𝑈η6) 

+𝑑1(𝑡)(2𝜂̇4
𝑇(𝑡)𝑋2η5(𝑡) + 2η4

𝑇(𝑡)𝑋2η5̇(𝑡) − η6
𝑇𝑈η6) 

−2η2
𝑇(𝑡)𝑋1η3(𝑡) + 𝑑2(𝑡)𝑥̇𝑇(𝑡 − 𝜏)𝑅1𝑥̇(𝑡 − 𝜏) 

 +2η4
𝑇(𝑡)𝑋2η5(𝑡) +𝑑1(𝑡)𝑥̇𝑇(𝑡 − τ)𝑅2𝑥̇(𝑡 − τ) 

− ∫ 𝑥̇𝑇(𝑠)𝑅1𝑥̇(𝑠)𝑑𝑠
𝑡−𝜏

𝑡𝑘−𝜏
∶=𝑇2(𝑡)

  

− ∫ 𝑥̇𝑇(𝑠)𝑅2𝑥̇(𝑠)𝑑𝑠
𝑡𝑘+1−𝜏

𝑡−𝜏
∶=𝑇3(𝑡)

             (15) 

𝑉3̇(𝑡) = 2τ𝑀η7̇(𝑡)𝑄1η7(𝑡) + 2𝑥̇𝑇(𝑡 − τ)𝑄2η7(𝑡) 

+2(𝑥𝑇(𝑡 − τ) − 𝑥𝑇(𝑡𝑘 − τ))𝑄2η7̇(𝑡) 

 +𝑥̇𝑇(𝑡 − 𝜏)𝑄3𝑥̇(𝑡 − 𝜏).                            (16) 

Then, since it clear that 

      0 ≤ ∫ (𝑅𝑥̇(𝑠) + 𝑀η(𝑡))
𝑇

𝑅−1(𝑅𝑥̇(𝑠) + 𝑀η(𝑡))𝑑𝑠
β

α

 

= ∫ 𝑥𝑇̇(𝑠)𝑅
β

α

𝑥̇(𝑠)𝑑𝑠 + (β − α)η𝑇(𝑡)𝑀𝑇𝑅−1𝑀η(𝑡)  

+ 2(𝑥𝑇(β) − 𝑥𝑇(α))𝑀η(𝑡) 

the following inequality is satisfied 

𝑇1(𝑡) ≤ τη8
𝑇(𝑡)𝑀𝑇𝑆−1𝑀η8(𝑡) 

+2(𝑥𝑇(𝑡) − 𝑥𝑇(𝑡 − 𝜏))𝑀η8(𝑡)              (17) 

𝑇2(𝑡) ≤ 𝑑1(𝑡)η9
𝑇(𝑡)𝑁1

𝑇𝑅1
−1𝑁1η9(𝑡) 

+2(𝑥𝑇(𝑡 − 𝜏) − 𝑥𝑇(𝑡𝑘 − 𝜏))𝑁1η9(𝑡)    (18) 

𝑇3(𝑡) ≤ 𝑑2(𝑡)η10
𝑇 (𝑡)𝑁2

𝑇𝑅2
−1𝑁2η10(𝑡) 

    +2(𝑥𝑇(𝑡𝑘+1 − τ) − 𝑥𝑇(𝑡 − τ))𝑁2η10(𝑡). (19) 

The following additional zero equalities holds: 

0 = 2η11
𝑇 (𝑡)𝐺𝑇(𝐴𝑥(𝑡) + 𝐵𝐹𝑥(𝑡𝑘 − τ) − 𝑥̇(𝑡)). (20) 

Subsequently, by combining (14)-- (20), we can obtain 

𝑉̇(𝑡) ≤ η𝑇(𝑡)Ψ(𝑡)η(𝑡) 

where 

Ψ(𝑡) = Ψ1 + Ψ2(𝑡) + τΞ8
𝑇𝑀𝑇𝑆−1𝑀Ξ8 

 +𝑑1(𝑡)Ξ9
𝑇𝑁1

𝑇𝑅1
−1𝑁1Ξ9 + 𝑑2(𝑡)Ξ10

𝑇 𝑁2
𝑇𝑅2

−1𝑁2Ξ10. 

As a result, from 𝑡 ∈ [𝑡𝑘, 𝑡𝑘+1) and ℎ𝑘 ∈ [ℎ𝑚, ℎ𝑀], the 

stability condition 𝑉̇(𝑡) < 0 can be represented as the 

following linear convex combination, for ℎ𝑘 ∈ {ℎ𝑚 , ℎ𝑀}: 

0 > Ψ1 + Ψ2(𝑡𝑘) + τΞ8
𝑇𝑀𝑇𝑆−1𝑀Ξ8 + ℎ𝑘Ξ10

𝑇 𝑁2
𝑇𝑅2

−1𝑁2Ξ10
𝑇  

0 > Ψ1 + Ψ2(𝑡𝑘+1) + τΞ8
𝑇𝑀𝑇𝑆−1𝑀Ξ8 + ℎ𝑘Ξ9

𝑇𝑁1
𝑇𝑅1

−1𝑁1Ξ9 

which are transformed into (11) and (12) using the Schur 

complement.  

Based on the stability conditions established in 

Theorem 1, the sampled-data control gain is derived in the 

following theorem. 

Theorem 2: For given positive scalars 𝜀1, 𝜀2, τ, ℎ𝑚,  

and ℎ𝑀, the closed-looped system (9) is asymptotically 

stable, if there exist matrices 0 < 𝑃̅ = 𝑃̅𝑇 ∈ ℝ𝑛×𝑛,  
0 < 𝑊̅ = 𝑊̅𝑇 ∈ ℝ2𝑛×2𝑛, 0 < 𝑆̅ = 𝑆̅𝑇 ∈ ℝ𝑛×𝑛 , 𝑋̅1, 𝑋̅2 ∈
ℝ2𝑛×3𝑛, 𝑅̅1 = 𝑅̅1

𝑇 , 𝑅̅2 = 𝑅̅2
𝑇 ∈ ℝ𝑛×𝑛 , 𝑈 = 𝑈𝑇 ∈ ℝ2𝑛×2𝑛, 

𝑄̅1 = 𝑄̅1
𝑇 ∈ ℝ2𝑛×2𝑛, 𝑄̅2 ∈ ℝ𝑛×2𝑛, 𝑄̅3 = 𝑄̅3

𝑇 ∈ ℝ𝑛×𝑛, 

𝐺̅ ∈ ℝ𝑛×𝑛, and 𝐹̅ ∈ ℝ𝑚×𝑛 such that the following 

conditions are satisfied, for ℎ𝑘 ∈ {ℎ𝑚, ℎ𝑀}: 

0 < [
Q̅1 (∗)

Q̅2 Q̅3

]                                              (21) 
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0 > [

Ψ̅1 + Ψ̅2(tk)

τM̅Ξ8

hkN̅2Ξ10

(∗)

−𝜏 S̅
0

(∗)
0

−hkR̅2

]      (22) 

0 > [

Ψ̅1 + Ψ̅2(tk+1)

τM̅Ξ8

hkN̅1Ξ9

(∗)

−𝜏 S̅
0

(∗)
0

−hkR̅1

] (23) 

where 

Ψ̅1 = 𝐻𝑒{𝒆1
𝑇𝑃̅𝒆7} + Ξ1

𝑇W̅Ξ1  − Ξ̂1
𝑇W̅Ξ̂1 + τ𝒆7

𝑇S̅𝒆7 

+𝐻𝑒{(𝒆1
𝑇 − 𝒆2

𝑇)𝑀̅Ξ8 + (𝒆2
𝑇 − 𝒆3

𝑇)𝑁1Ξ9} 

+𝐻𝑒{(𝒆4
𝑇 − 𝒆2

𝑇)𝑁2Ξ10 − Ξ2
𝑇𝑋̅1Ξ3 + Ξ4

𝑇𝑋̅2Ξ5} 

+𝐻𝑒{Ξ11
𝑇 (𝐴𝐺̅𝒆1 + 𝐵𝐹̅𝒆3 − 𝐺̅𝒆7) + τ𝑀Ξ̅7

𝑇𝑄̅1Ξ7} 

+𝐻𝑒{𝒆8
𝑇𝑄̅2Ξ7 + (𝒆2

𝑇 − 𝒆3
𝑇)𝑄̅2Ξ̅7 + 𝒆8

𝑇𝑄̅3𝒆8} 

Ψ̅2(𝑡) 

= 𝑑2(𝑡)𝐻𝑒{Ξ̅2
𝑇𝑋̅1Ξ3 + Ξ2

𝑇𝑋̅1Ξ̅3 + Ξ6
𝑇𝑈Ξ6 + 𝒆8

𝑇𝑅̅1𝒆8} 

+𝑑1(𝑡)𝐻𝑒{Ξ̅4
𝑇𝑋̅2Ξ5 + Ξ4

𝑇𝑋̅2Ξ̅5 − Ξ6
𝑇𝑈̅Ξ6 + 𝒆8

𝑇𝑅̅2𝒆8} 

Then, the control gain is reconstructed by 

𝐹 = 𝐹̅𝐺̅−1.                                                           (24) 

Proof: Let us construct several congruent transformation 

matrices 0 < 𝐺̅ = 𝐺̅−1, 𝑮3 = 𝐼3 ⊗ 𝐺̅, and 𝑮10 = 𝐼10 ⊗ 𝐺̅. 

Then, condition (21), (22) and (23) are derived by pre- and 

post-multiplying (10), (11) and (12) by 𝑮3
𝑇, 𝑮10

𝑇 , and 

𝑮10
𝑇  and its transpose, respectively.  

4. Numerical verification 

In this section, the maximum allowable sampling 

interval and control gain are obtained by solving the LMI 

conditions in Theorem 2 using the LMI solver in the 

Robust Control Toolbox of MATLAB. Subsequently, the 

simulation results for the sampled-data control of the DC-

DC DAB converter are obtained using PSIM software. 

Table 1. DAB DC-DC converter parameters 

Parameter Symbol Value 

Input voltage 𝑣1  100𝑉 

Load resistance R 50Ω 

Phase-shifting inductance L 60𝜇𝐻 

Output capacitor C 220𝜇𝐹 

Switching frequency 𝑓𝑠 20kHz 

Transformer turns ratio n 1 

Table 2. Comparison of maximized ℎ𝑀 for different 𝜏 

Time delay Sampling interval 

𝜏 =  1𝜇𝑠 ℎ𝑀 = 55𝜇𝑠  

𝜏 =  10𝜇𝑠 ℎ𝑀 = 37𝜇𝑠  

Let us recall the DAB DC-DC converter system model 

(9) with the parameters are set as provided in Table 1. The 

values ε1 = 12.5 and ε2 = 0.001 were initially selected to 

guarantee the feasibility of the LMIs in Theorem 2 with 

ℎ𝑚 = ℎ𝑀 = 1𝜇𝑠. Subsequently, the ℎ𝑀  was incrementally 

increased by 1𝜇𝑠 increments, while continuously verifying 

the feasibility of the LMI conditions. This procedure 

enabled the determination of the maximum allowable 

sampling interval alongside the control gain. Accordingly, 

Table 2 presents the maximum allowable sampling interval 

ℎ𝑀 of proposed controller corresponding to various values 

of the communication delay τ. In addition, for 𝜏 = 1𝜇𝑠 and 

ℎ𝑀 = 55𝜇𝑠, the following control gain is provided by 

solving LMIs in Theorem 2: 

𝐹 = [− 0.0083 − 0.0130]. 

 

Figure 3. Simulation results: (a) output voltage 𝑣2(𝑡),  
(b) error state 𝑥1(𝑡), and (c) control signal 𝑢𝑑(𝑡) 

As a simulation results, when employing the proposed 

sampled-data controller with reference output voltage 𝑣2
𝑟𝑒𝑓

 

that steps up from 12𝑉 to 24𝑉 at 𝑡 =  0.1𝑠, the response 

of output voltage 𝑣2(𝑡), error state 𝑥1(𝑡), and control 

signal 𝑢𝑑(𝑡) are shown in Figure 3. It is revealed from 

Figure 3-(a) and (b) that the state error converges to  

zero as the output voltage approaches the reference value, 

demonstrating the stability and accuracy of the control 

system. Furthermore, Figure 3-(c) shows that the control 

input 𝑢𝑑(𝑡) varies according to the reference voltage  

and remains within the allowable range  
𝑢𝑑(𝑡) ∈ [−0.25,  0.25], thereby satisfying the input 

constraint. 

Figure 4. Simulation results: (a) Sampled-data controller and 

(b) discrete-time controller 

Furthermore, to demonstrate the effectiveness of the 

proposed sampled-data controller for the DAB DC-DC 



ISSN 1859-1531 - THE UNIVERSITY OF DANANG - JOURNAL OF SCIENCE AND TECHNOLOGY, VOL. 23, NO. 10B, 2025 109 

 

converter, its performance is compared with the discrete-

time modeling approach (as described in [12]) in Figure 4. 

Notably, Figure 4 shows that the sampled-data controller 

achieves smoother tracking responses than the discrete-

time controller. This comparison underscores the 

advantage of the proposed method, particularly as the 

sampling period increases, whereas the discrete-time 

controller exhibits considerable trajectory oscillations 

under the same conditions. 

5. Conclusion 

This study has presented the design of a sampled-data 

controller for a DAB DC-DC converter subject to 

communication delays. By incorporating an improved 

looped-functional approach alongside a discontinuous 

function into the stability analysis, the controller 

effectively exploits system state information obtained 

during sampling and transmission. Consequently, 

sufficient stabilization conditions were established in the 

form of LMIs. The simulation results validate the 

effectiveness of the proposed method in decreasing the 

sampling frequency, which consequently contributes to a 

reduction in implementation costs for both the controller 

and the communication network. In future research, we 

will focus on enhancing the robustness of the proposed 

approach with respect to modeling uncertainties and time 

delay variations. 
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