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Abstract. The bidirectional DC-DC converter serves a vital role in the energy recovery system of new 

energy vehicles. However, external interference and parameter uncertainty can easily affect its dynamic 

performance. A disturbance observer-based fixed time control strategy for bidirectional DC-DC is 

proposed to address the impact of input voltage and load uncertainty on bidirectional converters. Firstly, 

the bidirectional converter model undergoes coordinate transformation, and disturbance observers are 

designed to compensate for input voltage and load disturbances. Secondly, based on the fixed time 

control theory, a fixed-time controller is devised for the bidirectional DC-DC converter to facilitate fast 

tracking and adjustment of output voltage without requiring measurement of input voltage and load 

current. Finally, simulation and experiment evaluations are conducted to assess the proposed scheme’s 

effectiveness in output voltage regulation. 
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1. INTRODUCTION 

The bidirectional converter is a widely used switching power converter in various fields such as new 

energy vehicle power systems, photovoltaic energy storage, wind power storage systems, and aerospace 

applications. It offers advantages such as high power density, bidirectional power flow, and easy integration 

[1]. The main control objective in these applications is to ensure that the output voltage can quickly track the 

reference voltage. However, achieving this objective is often hindered by multiple factors. On one hand, 

changes in load resistance are inevitable, while on the other hand, interference caused by variations in input 

voltage is common. The presence of these two factors can significantly degrade the control performance of the 

system. Therefore, it is crucial to design a controller with robust anti-interference capability and fast dynamic 

response to address these challenges. 

To address the challenges associated with output voltage control in bidirectional DC-DC converters, 

extensive research has been conducted by scholars and researchers, resulting in the proposal of various 

effective control methods. These include traditional PID control [2−3], fuzzy logic-based control [4−7], and 

sliding mode control [8−9]. The PID control method is commonly used due to its simplicity in controller design 

and implementation without the requirement of a system model. However, it heavily relies on manual 

experience for parameter tuning, which can lead to decreased accuracy or even failure if there is a mismatch 

between the controller parameters and the system’s characteristics. To overcome these drawbacks, researchers 

have proposed a fuzzy logic-based control method [4−7] that exhibits strong adaptability to DC-DC converter 

systems with inherent delay and nonlinear characteristics, although accurate system models are necessary. 

However, this method struggles to handle high load uncertainty interference. Sliding mode control has been 

adopted by scholars in DC-DC converters due to its insensitivity to parameter uncertainty and external 

disturbances [8−9], enhancing the robustness of bidirectional converter systems. Nevertheless, traditional 

sliding mode control has two main drawbacks: firstly, the output voltage can only exponentially converge to 
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zero within infinite time; secondly, the controller’s discontinuity results in chattering around the sliding mode 

surface, making it vulnerable to failure in the presence of load disturbances. To tackle these issues, researchers 

have gradually employed higher-order sliding mode methods [10], non-singular terminal sliding mode control 

methods [11], and integral sliding mode control methods [12−13]. These methods help reduce chattering 

effects while maintaining the excellent performance of traditional sliding mode control. However, they still 

face limitations in guaranteeing control effectiveness during significant load disturbances. In order to improve 

the convergence performance and disturbance resistance of the continuous system, scholars have studied and 

developed finite time control methods based on continuous state feedback [14−15]. By using this method, the 

state of the system can converge to the equilibrium point within a finite time when there is no external 

interference in the system. When there is external interference in the system, utilizing its non-smooth 

characteristics can improve the anti-interference performance of the closed-loop system. Compared with 

sliding mode control, finite time control belongs to continuous state feedback, which avoids phenomena such 

as chattering in practical applications. In [16], a combination of fixed time and finite time observers is applied 

in the Buck circuit to improve its transient response capability. 

With the advancements in observer research and their application, various types of observers have been 

proposed to estimate converter interference. Examples include extended observers [17−19], disturbance 

observers [20−21], and high-order sliding mode observers [23]. These observers effectively compensate for 

performance degradation caused by external interference and model parameter uncertainty. The extended 

observer treats disturbance as an additional state of the system, estimating both the state and disturbance 

through simple calculations. The disturbance estimation is then utilized by the controller to compensate for 

system performance, specifically addressing the issue of mismatched disturbances in sliding mode control and 

achieving improved disturbance suppression capabilities [17−19]. To further enhance the converter’s anti-

interference ability, the combination of sliding mode control and disturbance observer has been explored. This 

approach tackles uncertainties arising from both matched and mismatched disturbances, resulting in stronger 

robustness to external interferences compared to extended observers. However, studies conducted in [20−22] 

reveal that disturbances in the bidirectional converter model exist across different state equations and are 

considered as mismatched disturbances. Consequently, effectively suppressing the impact of such disturbances 

comes at the cost of sacrificing controller performance. Additionally, the inclusion of additional voltage or 

current sensors leads to higher system costs. As a result, researchers have explored the use of disturbance 

observers and high-order sliding mode observation techniques to reduce the number of sensors while 

simultaneously achieving disturbance compensation [23]. 

However, it is worth noting that the above research on DC-DC converters mostly focuses on 

unidirectional DC-DC converters. The use of sliding mode methods inevitably leads to chattering [12, 17, 18], 

which will additionally increase the burden of high-frequency switching on high-power converters. Although 

the application of disturbance observer has good results, it cannot effectively improve the fast tracking 

performance of the system due to the lack of effective integration with fixed time control. Since the disturbance 

observer can effectively compensate for the degradation of DC-DC converter system performance caused by 

external disturbances and parameter uncertainties, while the fixed time controller which is independent of the 

initial state cannot only further improve the system’s anti-interference ability, but also accelerate the tracking 

speed of the system’s output voltage. Therefore, the combination of the two can achieve stronger robustness 

and convergence performance of the system. In view of this, this paper proposes a fixed time control strategy 

based on disturbance observer to solve the problem of control performance degradation caused by input voltage 

and load changes in bidirectional DC-DC converters. Compared to previous research, the main innovation of 

this article lies in the voltage regulation of bidirectional DC-DC, which not only compensates for external 

disturbances but also improves the speed of tracking load voltage. 

The main contributions of this paper are summarized as follows:  

1) A disturbance observer is proposed to compensate for the impact of both input voltage and load 

disturbances on the bidirectional DC-DC converter system. By transforming the system into standard forms of 

mismatched and matched disturbance system, the disturbance terms are designed to account for input voltage 

and load uncertainties separately. A specific form of disturbance observer is devised, and the asymptotic 

convergence of the observer is proven. 

2) A combination of the previously mentioned disturbance observer and fixed-time control is introduced 

to enhance the system’s dynamic response. Leveraging the estimated values from the designed observer, a 
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control law is constructed using a fixed time controller. To improve the system’s dynamic response, the 

backstepping method, along with fixed time theory, is employed for controller design, ensuring stability of the 

system. 

3) Simulation and experiment results verify the fast response capability of the proposed controller to 

input voltage and load disturbances. Compared to PID controller, the proposed approach improves the output 

voltage tracking speed by 5% and reduces the ripple of the output current by 10%. 

The remaining parts of this paper are as follows. Section 2 describes the problem statements including 

the model of bidirectional DC-DC converter and the preliminary knowledge. Section 3 presents the design of 

fixed time controller based on disturbance observer. Section 4 shows the simulation and experiment results. 

The main conclusions of this paper are drawn in Section 5. 

2. PROBLEM STATEMENTS 

2.1. The model of bidirectional DC-DC converter 

The bidirectional converter [23], as illustrated in Fig. 1, consists of a load resistor (R ), an inductor (L ), 
and a capacitor (C ). The diode (D1, D2) and MOSFET transistors (𝑆𝑤1, 𝑆𝑤2) are also present in the circuit. 𝑣𝑔 

is the input voltage; 𝑖𝐿 is the inductance current, and the voltage on the capacitor is equal to the output voltage 

𝑣𝑜. It should be noted that the input voltage (𝑣𝑔) and load resistance (𝑅) are unknown but lie within a certain 

range. The control objective is to regulate 𝑣𝑜 to achieve the desired voltage (𝑣𝑟𝑒𝑓) in the presence of load 

uncertainty. The control objective is to achieve rapid and stable adjustment of the output voltage (𝑣𝑜) to the 

reference voltage (𝑣𝑟𝑒𝑓) under input voltage and load disturbances. 

 

 
Fig. 1 – Bi-directional DC-DC Converter. 

 

Assuming u is the duty cycle of the control input, then the state space average model of the bidirectional 

converter in continuous conduction mode [23] is 
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In the modeling of bidirectional DC-DC converters, it is common to choose the inductor current and 

capacitor voltage as state variables, denoted as 𝑥1 = 𝑖𝐿 and 𝑥2 = 𝑉𝑜. The system model of the bidirectional DC-
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𝑧̇1 = 𝑎11
′ (𝑧2 + 𝑣𝑟𝑒𝑓 + 𝑘1)𝑢 + 𝜔1

𝑧̇2 = 𝑎21
′ 𝑧1 + 𝜔2

𝜔1 = −𝑎11
′ (𝑧2 + 𝑣𝑟𝑒𝑓 + 𝑘1𝑢 − 𝑣𝑔𝑢)

𝜔2 = −𝑎21
′ (𝑢𝑧1 +

𝑧2 + 𝑣𝑟𝑒𝑓

𝑅
)

 (3) 

where 𝑎11
′ =

1

𝐿
, 𝑎21

′ =
1

𝐶
, 𝑧1 = 𝑖𝐿 , 𝑧2 = 𝑣0 − 𝑣𝑟𝑒𝑓 ; 𝑎11

′  and 𝑎21
′  are known constants; 𝜔1  and 𝜔2  have 

uncertain perturbation terms, and 𝑘1 is the normal number selected by the user. Equation (3) serves as the 
standard form for mismatched and matched disturbance systems, with input voltage and load uncertainties 
pushed to disturbances 𝜔1 and 𝜔2. 

Bidirectional converters are mainly used for voltage regulation. In addition to considering the steady-
state accuracy of the output voltage, it is also necessary to consider the dynamic performance of the output 
voltage. Especially when there are load changes and input voltage fluctuations, it is particularly important to 

maintain accurate and fast voltage tracking. Due to the uncertainty of input voltage 𝑣𝑔 and load resistance 𝑅, 
𝜔1 and 𝜔2 are also uncertain terms. The objective is to design a new control law that enables the output voltage 
to track the reference value quickly and stably in the presence of uncertainties in the system. 

2.2. Preliminary knowledge 

LEMMA 1 [15]. Suppose a nonlinear system (2) is considered, assuming the presence of a continuous 
positive definite Lyapunov function 𝑉( 𝑥). If its derivative satisfies the following conditions: 

𝑉̇(𝑥) ≤ −𝛼𝑉(𝑥)𝛾1 − 𝛽𝑉(𝑥)𝛾2 (4) 

where constants 𝛼, 𝛽 > 0, 0 < 𝛾1 < 1, 𝛾2 > 1, then the origin of the system is globally fixed time stable, and 
the convergence time 𝑇 satisfies: 

𝑇 ≤ 𝑇𝑚𝑎𝑥 ≔
1

𝛼(1 − 𝛾1)

1

𝛽(𝛾2 − 1)
 . (5) 

Note. 𝑇𝑚𝑎𝑥 is the upper bound of convergence time. To facilitate the controller design process, we set 

𝛾1 =
1

2
 and 𝛾2 = 2, while 𝛼, 𝛽 can be adjusted accordingly based on specific requirements. 

LEMMA 2 (Cauchy Schwartz inequality) [24]. For any 𝑚 > 0, 𝑖 = 1, . . . , 𝑛, the following inequality holds: 

(∑ 𝑚𝑖

𝑛

𝑖=1

)

2

≤ 𝑛 ∑ 𝑚𝑖
2.

𝑛

𝑖=1

 (6) 

3. DESIGN OF FIXED TIME CONTROLLER BASED ON DISTURBANCE OBSERVER 

To fulfill the control requirements of DC-DC converters and address variations in input voltage and load 
resistance, a novel control algorithm is developed by integrating disturbance observer with fixed-time control. 
The disturbance observer is utilized to estimate the converter’s input voltage and load resistance values, which 
are then fed back to a fixed-time controller to establish a control law. The design diagram of a disturbance 
observer based fixed time controller for bidirectional DC-DC converters is shown in Fig. 2. 

 

Fig. 2 – Fixed time controller based on disturbance observer for Bidirectional DC-DC Converter. 
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3.1. Design of disturbance observer 

The primary purpose of the disturbance observer is to provide real-time estimation for two uncertain 

terms, denoted as 𝜔1 and 𝜔2. Let 𝜔̂1and 𝜔̂2 represent the estimated values of 𝜔1 and 𝜔2, respectively. 𝜔̃1 =
𝜔1 − 𝜔̂1, 𝜔̃2 = 𝜔2 − 𝜔̂2 are defined as the estimation errors. 

1) The observer design for disturbance 𝝎𝟏 is as follows: 

𝜔̂1 = 𝑝1 + 𝑙1𝑧1

𝑝̇1 = −𝑙1(𝑎11
′ (𝑧2 + 𝑣𝑟𝑒𝑓 + 𝑘1)𝑢 + 𝜔̂1)

 (7) 

𝜔̇̂1 = 𝑙1𝜔̃1 (8) 

where 𝑙1 is the observer gain and 𝑝1 is the auxiliary state variable. 

By substituting (8) into 𝜔̇̃1, we have 

𝜔̇̃1 = 𝜔̇1 − 𝜔̇̂1 = 𝜔̇1 − 𝑙1𝜔̃1. (9) 

2) The observer design for disturbance 2  is as follows: 

𝜔̂2 = 𝑝2 + 𝑙2𝑧2

𝑝̇2 = −𝑙2(𝑎21
′ 𝑧1 + 𝜔̂2)

 (10) 

𝜔̇̂2 = 𝑙2𝜔̃2 (11) 

where 𝑙2 is the observer gain and 𝑝2 is the auxiliary state variable.  

By substituting (11) into 𝜔̇̃2, we have 

𝜔̇̃2 = 𝜔̇2 − 𝜔̇̂2 = 𝜔̇2 − 𝑙2𝜔̃2 . (12) 

From (9) and (12), when 𝜔1, 𝜔2 are constant, the estimation error will gradually converge to zero, and 

its convergence rate is determined by the observer gains 𝑙1, 𝑙2. In a bidirectional DC-DC converter system, the 

changes in input voltage and load resistance vary in a stepped manner at certain time points. In other cases, 

their values can be considered constant. Based on 𝑙1, 𝑙2 > 0, the estimation error is asymptotically stable. 

3.2. Fixed time controller design 

Based on the above estimation of disturbances, this section employs the backstepping method to derive 

the switching control conditions for the bidirectional DC-DC converter through the following two steps. 

THEOREM 1. For the system (3), if the controller satisfies the following conditions 

𝑢 =
𝑎21

′ 𝜔1 + 𝜔̇2 + 3𝑚2𝑧2
2𝑧̇2 + 𝑚3 sgn( 𝑒1) + 𝑚4𝑒1

3

−𝑎21
′ 𝑎11

′ (𝑧2 + 𝑣𝑟𝑒𝑓 + 𝑘1)
 , (13) 

then the state of the system converges to 0 in a fixed time. 

Proof. Step 1 is based on the dynamic model of the bidirectional DC-DC converter. The first design goal 

is to track the reference voltage 𝑣𝑟𝑒𝑓 with the output voltage 𝑣𝑜, which minimizes the error 𝑧2 = 𝑣𝑜 − 𝑣𝑟𝑒𝑓. 

The convergence of the error can be analyzed by constructing the following Lyapunov function: 

𝑉1 =
1

2
𝑧2

2. (14) 

By taking the derivative of (14), we have: 

𝑉̇1 = 𝑧2𝑧̇2 = 𝑧2(𝑎21
′ 𝑧1 + 𝜔2). (15) 

To achieve the condition 𝑣𝑜 = 𝑣𝑟𝑒𝑓 , it is necessary to select the appropriate function 𝑧1  so that 𝑊̇1 

satisfies the fixed time Lemma 1, and then the error 𝑧2 converges to zero within a fixed time. For this purpose, 

the design 𝑧1 is as follows: 

𝑎21
′ 𝑧1 + 𝜔2 = −𝑚1 sgn( 𝑧2) − 𝑚2𝑧2

3. (16) 
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Note. 𝑚𝜎 is positive number (𝜎 = 1, . . . ,6). 

Hence, (15) can be simplified as 

𝑉̇1 = −𝑚1𝑧2 sgn( 𝑧2) − 𝑚2𝑧2
4. (17) 

Step 2. In order to find a suitable 𝑧1 that meets the above conditions, the associated error variables are 

defined as follows: 

𝑒1 = 𝑎21
′ 𝑧1 + 𝜔2 + 𝑚1 sgn( 𝑧2) + 𝑚2𝑧2

3. (18) 

By taking the derivative of (18), we have 

𝑒̇1 = 𝑎21
′ 𝑧̇1 + 𝜔̇2 + 3𝑚2𝑧2

2𝑧̇2. (19) 

By substituting (3) into (19), we have 

𝑒̇1 = 𝑎21
′ 𝑧̇1 + 𝜔̇2 + 3𝑚2𝑧2

2𝑧̇2 =

      = 𝑎21
′ 𝑎11

′ (𝑧2 + 𝑣𝑟𝑒𝑓 + 𝑘1)𝑢 + 𝑎21
′ 𝜔1 + 𝜔̇2 + 3𝑚2𝑧2

2𝑧̇21

 (20) 

The convergence of 𝑒1 can be analyzed by constructing the following Lyapunov function 

𝑉3 =
1

2
𝑧2

2 +
1

2
𝑒1

2. (21) 

where 𝑉2 =
1

2
𝑒1

2. 

By taking the derivative of (21), we have 

𝑉̇3 = −𝑚1𝑧2 sgn( 𝑧2) − 𝑚2𝑧2
4 + 𝑒1𝑒̇1. (22) 

Consequently, when (20) satisfies the following conditions 

𝑎21
′ 𝑎11

′ (𝑧2 + 𝑣𝑟𝑒𝑓 + 𝑘1)𝑢 + 𝑎21
′ 𝜔1 + 𝜔̇2 + 3𝑚2𝑧2

2𝑧̇2 = −𝑚3 sgn( 𝑒1) − 𝑚4𝑒1
3, (23) 

Equation (22) can be simplified as: 

𝑉̇3 = 𝑧2𝑧̇2 + 𝑒1𝑒̇1 = −𝑚1𝑧2 sgn( 𝑧2) − 𝑚2𝑧2
4 − 𝑚3𝑒1 sgn( 𝑒1) − 𝑚4𝑒1

4 =

      = −𝑚1𝑉1

1
2 − 𝑚2𝑉1

2 − 𝑚3𝑉2

1
2 − 𝑚4𝑉2

2
 (24) 

At this point, the controller input 𝑢 meets the following conditions 

𝑢 =
𝑎21

′ 𝜔1 + 𝜔̇2 + 3𝑚2𝑧2
2𝑧̇2 + 𝑚3 sgn( 𝑒1) + 𝑚4𝑒1

3

−𝑎21
′ 𝑎11

′ (𝑧2 + 𝑣𝑟𝑒𝑓 + 𝑘1)
. (25) 

From Lemma 2, it can be concluded that 

𝑉̇3 = −𝑚1𝑉1

1
2 − 𝑚2𝑉1

2 − 𝑚3𝑉2

1
2 − 𝑚4𝑉2

2 

    ≤ −𝑚5(𝑉1

1
2 + 𝑉2

1
2) − 𝑚6(𝑉1

2 + 𝑉2
2) 

    ≤ −𝑚5(𝑉1 + 𝑉2)
1
2 − 𝑚6(𝑉1 + 𝑉2)2 

(26) 

Note: 𝑚5 = min( 𝑚1, 𝑚3),  𝑚6 = min( 𝑚2, 𝑚4). 

Proof completed. Under the influence of the controller, the system state adheres to the Theorem 1, 

ensuring convergence of all states to the desired value within a fixed time. As a result, the output voltage can 

efficiently track the reference voltage value.  

Remark 1. The control performance of the system is dependent on many devise parameters. Based on 

stability analysis, it can be known that the parameters 𝑚5 = min( 𝑚1, 𝑚3),  𝑚6 = min( 𝑚2, 𝑚4) can adjust 

the tracking error and tracking accuracy simultaneously. By choosing larger 𝑚5 and 𝑚6, the tracking velocity 

can be advanced and the steady-state error can be reduced. Besides, the exponents 𝛾1 and 𝛾2 determine the 

boundary of the settling time and affect the tracking accuracy. Selecting appropriate exponents can shorten the 

convergence time and enhance the tracking accuracy. 
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4. SIMULATION AND EXPERIMENT RESULTS 

To evaluate the effectiveness of the proposed composite controller, simulations are performed using 

MATLAB/Simulink, and experimental validation is carried out on the dSPACE1202 experimental platform. 

Table 1 displays the system parameters utilized in the Simulink simulations, while Table 2 presents the 

corresponding controller parameters. The control objective is to verify the tracking effect of output voltage 

under changes in load or input voltage. A commonly employed PID control strategy is used for comparative 

purposes. 

Table 1  

System parameter 

Descriptions Values Units 

Input voltage 40 V 

Reference voltage 25 V 

Load resistance 10  

Inductor 330 H 

Capacitor 140 F 

 

Table 2 

Controller parameters 

Controllers Parameters 

Fixed time controller 𝑚2 = 100,  𝑚3 = 10 000,  𝑚4 = 2 500 

PID controller 𝑃 = 0.1, 𝐼 = 150 

4.1. Simulation results 

1) Simulation under load changes. To assess the tracking ability of the proposed controller and PID 

controller in relation to output voltage and output current ripple under varying load resistance, a load transition 

from 10  to 13  is implemented at 1 ms. Fig. 3 reveals the performance of the proposed fixed time controller 

in terms of output voltage tracking. The fluctuation amplitude around the reference voltage of 25 V remained 

within 1 V at 1 ms and rapidly converged back to 25 V within 1.1 ms. Compared to the PID control, the 

proposed controller exhibits superior characteristics with a faster response speed (increased by 26.6%) and 

reduced overshoot (decreased by 5.86%). Furthermore, Fig. 4 indicates that the fixed time controller generates 

significantly smaller output current ripple compared to the PID control when subjected to load resistance 

variations. This reduced current ripple holds great importance for both the load and the power supply, 

contributing to an enhanced service life of the power supply. 

 

 
Fig. 3 – Comparison of output voltage tracking effects between two controllers under load changes. 
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Fig. 4 – Comparison of output current ripple between two controllers under load changes. 

 

2) Simulation under changes in input voltage. Similarly, to assess the tracking capabilities of the proposed 

controller and PID controller concerning output voltage and output current ripple under varying input voltage, step 

changes are introduced at 2 ms and 4 ms. Specifically, at 2 ms, the input voltage changes from 40 V to 48 V, and at 

4ms, it changes from 48 V to 40 V. Figure 5 illustrates that in the presence of input voltage changes, the disturbance 

observer accurately estimates the input voltage, enabling the proposed controller to swiftly track the reference output 

voltage. Compared to the PID control, the proposed controller demonstrates a faster response speed (increased by 

15.4%) and reduced overshoot (decreased by 13.3%). Furthermore, as depicted in Fig. 6, the designed controller 

exhibits minimal impact on the bidirectional DC-DC circuit and generates smaller ripple compared to the traditional 

PID control. 

 

Fig. 5 – Comparison of output voltage tracking effects between two controllers under changes in input voltage. 

 

 

Fig. 6 – Comparison of output current ripple between two controllers under changes in input voltage. 

 

3) Simulation comparison of disturbance observer. To verify the effectiveness of the disturbance 

observer, the resistance value changes from 10  to 13  at 2 ms. Figure 7 compares the performance of the 

disturbance observer. When the load changes, the observer can accurately and quickly track the estimated 
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value, and the speed is related to the gain. Compared to the observation gain value of 10, when the observation 

gain value is 100, the estimated value can approach the actual value faster. Figure 8 compares the performance 

of a fixed time controller with a fixed time controller with a disturbance observer. Due to the observer’s ability 

to compensate for changes in resistance, a fixed time controller with a disturbance observer can track the 

reference voltage faster than a fixed time controller without disturbance observers. The adjustment time is 

reduced by 22.8%. 

 
Fig. 7 – The effect of different observer gains on the performance of disturbance observer. 

 

 

Fig. 8 – Comparison of fixed time controllers with and without disturbance observers. 
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25 V, the dSPACE-DS1202 generates PWM signals that are passed through the driving circuit and then applied 
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Fig. 9 – Hardware testing platform. 

 

In practical implementation, the effectiveness of the algorithm is verified by evaluating its ability to 

quickly track the reference voltage. As shown in Fig. 10a and Table 3, the proposed control strategy exhibits 

superior performance in terms of adjustment time and overshoot compared to PID controllers. The adjustment 

time is reduced by 17.8% and overshoot is reduced by 20.8%, providing convincing evidence for the 

advantageous fast adjustment ability of the proposed controller. To demonstrate the effectiveness of the 

observer, the resistance changed from 25 Ω to 28 Ω ohms at 0.6 s in Fig. 10b. It can be seen that the proposed 

control algorithm reduces the adjustment time by 18.9% and the overshoot by 22.7% compared to the PID 

controller. 

 

 

(a) Comparison of controller tracking with  

constant load resistance 

 

(b) Comparison of controller tracking when  

load resistance changes 

Fig. 10 – Two controllers in practical circuits for tracking reference voltage effects. 

 
Table 3  

Comparison of the effects of two controllers 

Method Overshoot (V) Settling Time (ms) 

PID controller 0.48 330.3 

Fixed time controller 0.38 271.5 
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5. CONCLUSION 

In this paper, a fixed time composite controller is designed based on a disturbance observer and 

implemented in a bidirectional DC-DC converter. The objective is to enhance the system’s dynamic 

performance in the presence of external interference and uncertainty. The proposed disturbance observer 

effectively compensates for input voltage and load disturbances, while the fixed time controller achieves rapid 

tracking and adjustment of the output voltage without requiring measurements of input voltage and load current. 

The proposed method has been effectively verified through simulation and experiments to improve the 

convergence speed of the system and reduce current ripple under changes in load and input voltage. 
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