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Abstract  

DC-DC converters have become essential components in various industrial applications, including 

aerospace, electric vehicles, and renewable energy systems. However, ensuring enhanced reliability remains a 

critical challenge for these converters. Fault diagnosis and reliability analysis are crucial for preventing damage 

and minimizing maintenance costs. This study focuses on investigating the operational behavior of DC-DC 

boost converters under normal and faulty conditions, precisely targeting open-circuit and short-circuit faults in 

converter switches. To achieve this, an adaptive threshold approach is introduced for effective fault detection. 

The adaptive threshold value is calculated based on measured voltage and current signals, along with their 

corresponding reference signals from the primary control system. The research is structured into two parts: the 

first part addresses sliding mode control aspects, ensuring regulated output voltages, output currents, and 

capacitor voltage for sustained converter operation. The second part investigates fault diagnosis, analyzing the 

impact of defective DC-DC converters on the overall electrical system functionality. The proposed algorithm's 

performance is evaluated and validated through simulations in MATLAB/Simulink environment. Furthermore, 

based on the results’ comparison, the proposed approach of the sliding mode controller and adaptive threshold 

contributes to enhancing the reliability of DC-DC converters and enables effective fault detection and isolation.  

  

Keywords: DC-DC boost converter, faults detection and isolation, adaptive threshold, open-circuit and 

short-circuit faults, sliding mode controller, reliability analysis. 

 

1. INTRODUCTION 

 

DC-DC converters exhibit nonlinear 

characteristics due to their switching behavior, 

which poses a challenge for control design and 

robust stability analysis [1]. Boost-type DC-DC 

converters are commonly used in systems where the 

desired output voltage needs to exceed the input 

voltage [2]. However, controlling such converters is 

more complex compared to cases where the output 

voltage is lower than the input voltage. Several 

control methods, including Pulse Width Modulation 

(PWM) and open-loop control, have been 

extensively employed for decades due to their 

simplicity and ability to ensure converter’s stability. 

Nevertheless, closed-loop control approaches, such 

as PI control, sliding mode controller (SMC), and 

fuzzy logic controller (FLC), have been developed to 

enhance stability and robustness [3-5]. 

The reliability of DC-DC converters is crucial 

since a single component failure can lead to system 
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malfunction. Thus, fault diagnosis plays a vital role 

in fault-tolerant control strategies for these 

converters, primarily due to the high maintenance 

involved costs. Power semiconductor switches, 

particularly insulated gate bipolar transistors 

(IGBTs) and metal-oxide semiconductor field-effect 

transistors (MOSFETs), are highly susceptible to 

failure and account for over 30% of converter 

malfunctions. The most common types of power 

switch faults are open-circuit faults (OCF) and short-

circuit faults (SCF) [6], [7]. From one hand, SCF is 

considered the most severe type of faults as it can 

cause significant damage and an immediate system 

shutdown. On the other hand, an OCF typically leads 

to partial or total loss of operation in one of the 

IGBTs within the static converter, resulting in 

performance degradation [8], [9]. Fault diagnosis 

methods can be broadly classified into two 

categories: signal-based methods and model-based 

methods. In this study, the monitored variables for 

fault diagnosis include output voltage and current. 
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Fault diagnosis and fault-tolerant control 

strategies present significant challenges in 

enhancing system reliability, ensuring service 

continuity, and reducing maintenance costs, making 

them prominent areas of research in recent years 

[10], [11]. In [12], a fault detection method is 

introduced, it efficiently identifies switch faults in 

boost converters used in photovoltaic systems within 

one switching period. This method uses the sign of 

the inductor current slope as a diagnostic criterion, 

enabling the detection of both open-circuit faults 

(OCFs) and short-circuit faults (SCFs). After that, 

Chen et al., in [13] and [14] proposed another 

diagnosis method based on analyzing harmonic 

components of the magnetic near field in a DC-DC 

converter. Later on, Jamshidpour et al., in [15] and 

[16] presented methods capable of detecting and 

identifying OCFs and SCFs, which are crucial for 

fault isolation. These methods involve comparing 

the switch control value with the measured value of 

the inductor current slope in a DC-DC boost 

converter. While several methods have been 

employed for fault diagnosis, the aforementioned 

works focus on system-based approaches, which 

may result in significant delay and potentially 

catastrophic propagation of component failures. 

Furthermore, Diego et al., in [17] proposed a model-

based fault detection and isolation (FDI) technique 

for boost DC-DC converters in photovoltaic (PV) 

maximum power point trackers (MPPTs), it 

addresses inefficiencies caused by open- and short-

circuit faults while ensuring fast and reliable fault 

diagnosis through the use of a high-gain observer 

(HGO) and decoupling from PV current and load 

variations. Finally, Xu et al., in [18] proposed a fault-

tolerant control method for an input-parallel-output-

series (IPOS) converter, using an immersion and 

invariant observer (I and IO) for fault diagnosis and 

remedial action to detect and identify open-circuit 

switch failure within two switching periods, 

ensuring effectiveness, robustness, and rapidity of 

the method in simulations. The reliability of fault 

detection systems for OCFs and SCFs in DC-DC 

boost converters, as introduced in the two references 

[17] and [18], remains a subject of ongoing debate 

due to their direct impact on overall system 

performance. A high-performing converter is 

essential for efficient energy conversion, stable load 

voltage, and reliable power delivery, especially in 

applications requiring precise power regulation. Any 

degradation in converter performance can lead to 

inefficiencies, reduced system reliability, and 

potential malfunctions. Therefore, in this study, we 

investigate the behavior of the DC-DC boost 

converter and propose an adaptive threshold 

approach for fault diagnosis, ensuring reliable and 

rapid fault detection and addressing the 

abovementioned challenges.  

The structure of the rest of the manuscript is 

organized as follows: In Section 2, we provide a 

concise model description of the DC-DC boost 

converter. Section 3 elaborates on the control aspects 

of the converter, including a comparative analysis of 

its performance under open-loop and closed-loop 

control using a sliding mode controller compared to 

a PI controller. In Section 4, we focus on 

investigating faults in the converter, more precisely 

the diagnosis of open-circuit (OC) and short-circuit 

(SC) faults. This section examines the behavior of 

the converter under faulty conditions, explores the 

impacts of these faults on the electrical system, and 

verifies the effectiveness and reliability of the 

proposed adaptive threshold for fault identification 

and isolation. The study is concluded with a 

summary of the key findings and recommendations 

for future work. 

 

2. DC-DC BOOST CONVERTER MODEL 

 

DC-DC converters are electronic devices used to 

modify DC output voltage levels. DC-DC boost 

converters are electronic circuits used to step up 

voltage levels from a lower input voltage to a higher 

output voltage. They are essential in various 

applications where a higher voltage is required. 

Boost converters are highly efficient and are 

available in various configurations to suit different 

power requirements and design constraints. They 

play a crucial role in modern electronics, enabling 

the efficient use of power sources and the generation 

of high voltages from low-voltage inputs.  

The DC-DC boost converter comprises essential 

components such as a MOSFET or IGBT transistor, 

a diode, a capacitor, an inductor, and a control circuit 

responsible for regulating the MOSFET gate using a 

pulse width modulation (PWM) signal [19]. The 

operation of the DC-DC converter can be divided 

into two distinct phases. In the first phase, known as 

the "on-state" phase, the IGBT is active, allowing the 

source voltage to supply the load while 

simultaneously charging the inductor and capacitor. 

The second phase begins when the IGBT is switched 

off. During this "off-state" phase, the load is 

powered by the discharge of the inductor and 

capacitor. The boost circuit is designed to convert 

the input voltage (E) to an output voltage (Vload), 

where Vload is greater than E (Fig. 1). To obtain the 

mathematical model of the DC-DC boost converter, 

we apply Kirchhoff's laws to the circuit depicted in 

Fig. 1, considering the operating regime and the 

condition of the switch (S). The obtained model is 

given by equation (1). 

 

 
Fig. 1. Diagram of the studied DC-DC boost 

converter 
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{
𝐿

𝑑𝑖𝐿

𝑑𝑡
= 𝐸     

𝐶
𝑑𝑉𝐶

𝑑𝑡
= −

𝑉𝐶

𝑅

                          (1) 

During the on-state of the power switch, when it 

is closed, current flows from the input source 

through the inductor, leading to the accumulation of 

energy in the inductor's magnetic field. The diode, in 

this period, remains reverse-biased and does not 

conduct. Then, during the off-state of the power 

switch, when it is opened, the inductor releases the 

stored energy. As a result, the diode becomes 

forward-biased, allowing the flow of current through 

it. The current from the inductor continues to flow 

through the diode, charging the capacitor and 

simultaneously delivering power to the load. When 

the switch SW is closed, D is blocked on the 𝑡𝑜𝑛, 

where 𝑡𝑜𝑛 =  α × T. When the switch SW is opened, 

D is ON, on the period 𝑡𝑜𝑓𝑓, where 𝑡𝑜𝑓𝑓 = (1 −

α) × T. The equation in the ON state is given by (2). 

{
𝐿

𝑑𝑖𝐿

𝑑𝑡
= 𝐸 − 𝑉𝐶

𝐶
𝑑𝑉𝐶

𝑑𝑡
= 𝑖𝐿 −

𝑉𝐶

𝑅

                       (2)                                                  

The general average model that defines the boost 

converter operation is given by equation (3). 

{
𝐿

𝑑𝑖𝐿

𝑑𝑡
= 𝐸 − (1 − 𝛼)𝑉𝐶

𝐶
𝑑𝑉𝐶

𝑑𝑡
= (1 − 𝛼)𝑖𝐿 −

𝑉𝐶

𝑅

               (3)                                        

Let 𝑥1 = 𝑖𝐿 and 𝑥2 = 𝑉𝐶 . Then, equation (3) is 

transformed into the state space representation ẋ =
Ax + Bu given by equation (4). 

[
�̇�1

�̇�2
]=[

0  −(1 − 𝑢)
1

𝐿

(1 − 𝑢)
1

𝐶
−

1

𝑅𝐶 

] [
𝑥1

𝑥2
] + [

1

𝐿

0
] 𝐸  (4)               

 

The dynamic equations governing the behavior 

of this converter are derived based on the continuous 

conduction state, taking into account the current in 

the inductor (𝑖𝐿) and the voltage across the capacitor 

(𝑉𝑙𝑜𝑎𝑑) as previously discussed in [4] and [20]. The 

system parameters are defined as follows: the 

inductance of the coil (𝐿) measured in Henrys (𝐻), 

the capacitance of the capacitor (𝐶) measured in 

Farads (𝐹), and the load modeled as a resistor (𝑅) 

measured in 𝑂ℎ𝑚𝑠 (Ω). The state variables of the 

system are the current flowing through the coil and 

the voltage across the capacitor. The control signal 

(𝑢) in the discrete domain {0, 1}, represents the state 

of the switch (𝑆): 0 for open and 1 for closed. It can 

be replaced by its average value over a switching 

period (𝛼), which indicates the duty cycle. 

 

3. DC-DC BOOST CONVERTER CONTROL  

 

Thorough analysis, control, and stabilization are 

essential factors in switch converters. Effective 

control of power converters is crucial to provide the 

load with the required voltage, current, and 

frequency while ensuring desired system dynamics. 

Numerous control approaches have been developed 

and documented in the literature for switch-mode 

DC-DC converters. In many industrial and high-

performance applications, a straightforward and 

cost-effective controller structure is highly desirable. 

One commonly used control technique is Pulse 

Width Modulation (PWM), which is a simple open-

loop control method that guarantees stability for the 

studied converter. However, for applications 

requiring enhanced dynamics, various closed-loop 

control strategies have been developed and 

implemented along with a PWM modulator (Fig. 2). 

These include PID controllers, fuzzy logic control 

(FLC), and sliding mode controllers. Each control 

method has its own advantages and limitations, 

which determine its suitability under specific 

conditions compared to other control techniques. 

However, there is a continuous demand for a control 

method that consistently delivers superior 

performance across diverse operating conditions. 
 

 
Fig. 2. General scheme of DC-DC boost 

converter control with PWM. 

 

In this part of the study, the control of the 

converter operates in an open-loop configuration, 

indicating the absence of feedback to regulate the 

system's state variables. In this context, we have 

employed the PWM-ST (Pulse Width Modulation 

with Sine-Triangle) technique as an open-loop 

control approach [21], [22]. The fundamental 

principle of this strategy involves comparing a 

reference or modulating sinusoidal signal 𝑚(𝑡) with 

a higher-frequency carrier signal 𝑝(𝑡), as shown in 

Fig. 3. This comparison enables the generation of a 

PWM signal that serves as a switching function to 

control the converter's switches. 
 

 
(a) 

 
(b) 

Fig. 3. Principle of the PWM control: (a) 

𝑚(𝑡) with 𝑝(𝑡), (b) State of the Switch (S)  
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3.1. PI control design   

The primary objective of the PID control law is 

to regulate the output voltage and current of the 

system. The PID controller, which belongs to the 

family of classical control techniques, finds 

widespread use in DC-DC converters [2]. Within this 

controller family, various combinations of 

proportional (P), integral (I), derivative (D), the PID 

controllers offer multiple approaches for controlling 

the DC power supply in these converters [23], [24].  

The PID controllers are commonly employed in 

industrial applications within the field of power 

electronic converters, owing to their numerous 

advantages. The simplicity of tuning methods, such 

as the Ziegler-Nichols tuning method, facilitates 

easy optimization of the proportional, integral, and 

derivative terms of this control technique to achieve 

the desired closed-loop performance. This attribute 

contributes to the continued employment of this 

classical technique in industrial applications. The 

conventional PID regulator establishes a direct 

relationship between the control signal 𝑢(𝑡) and the 

error signal 𝑒(𝑡) = 𝑉𝑙𝑜𝑎𝑑 − 𝑉𝑟𝑒𝑓 , as described by 

equation (5).  

𝑈(𝑡) = 𝐾𝑝(𝑒(𝑡) +
1

𝑇𝑖
∫ 𝑒(𝑡)𝑑𝑡 + 𝑇𝑑

𝑑𝑒(𝑡)

𝑑𝑡
       (5)                                                    

In order to avoid singularities that might be 

generated by the discontinuities in the derivative 

term in equation (5), the PI control technique is a 

commonly used approach in electrical energy 

conversion systems. This regulator is built upon the 

determination of the output, denoted as 𝑈, which is 

influenced by the proportional gain (𝐾𝑝) and integral 

gain (𝐾𝐼) parameters as given in equation (6). These 

gains represent the specific contributions of the 

proportional and integral actions of the regulator 

shown in Fig. 4. It should be emphasized that the 

values of 𝐾𝑝 and 𝐾𝐼  may exhibit variability 

depending on the operating conditions of the system. 

 

𝑈(𝑡) = 𝐾𝑝𝑒(𝑡) + 𝐾𝐼 ∫ 𝑒(𝑡)𝑑𝑡                (6) 

 
Fig. 4. Diagram of the DC-DC boost 

converter regulated by PI controller. 

 

3.2. Sliding mode control    

Sliding mode control, originally introduced for 

the control of variable structure systems [25], is a 

nonlinear control technique. The methodology of 

sliding modes involves directing the trajectory of the 

system's state towards a designated sliding surface 

and using switching logic to maintain it in close 

proximity to this surface until reaching the 

equilibrium point. Sliding mode control is a robust 

control approach that relies on the concept of the 

controller structure adapting to the system's state to 

achieve the desired response. The resulting control 

from sliding mode, in this study, is of a binary nature, 

with an "on-off" characteristic [20]. This control 

principle is primarily based on the use of a 

discontinuous control signal, aimed at guiding the 

system's evolution along a carefully selected 

switching sliding surface [26]. Thus, the synthesis 

process aims to establish the attractiveness condition 

of the sliding surface, ensuring its attraction from 

any point within the state space [27]. Once the 

sliding surface is reached, it becomes crucial to 

ensure sliding along this surface, satisfying the 

sliding condition, and guaranteeing the stability of 

the system, as determined by the stability condition. 

This principle of stability is established by 

considering the Lyapunov criterion as the foundation 

for stability assessment [28]. For the state space 

representation in equation (4), let us consider the 

positive Lyapunov function 𝑉, defined as follows: 

𝑉(𝑆) =
1

2
𝑆2                            (7)   

The sliding surface is defined by:  

𝑆 = 𝑥1 − 𝑥1𝑟𝑒𝑓                          (8)   
The first derivative of the sliding surface is 

obtained as:  

�̇� = 𝑖̇𝐿 − 𝑖̇𝐿_𝑟𝑒𝑓                          (9)                                                               

By replacing equation (3) in equation (9), we obtain:   

�̇� = −
(1−𝑢)

𝐿
𝑉𝑙𝑜𝑎𝑑 +

𝐸

𝐿
− 𝑖𝐿_𝑟𝑒𝑓            (10)                                

 

By using the first derivative of the Lyapunov 

function in equation (7), and replacing equation (10), 

the necessary condition to guarantee the system 

stability is obtained as follows:  

 

�̇� = 𝑆 ∙ �̇� = 𝑆 ∙ [−
(1−𝑢)

𝐿
𝑉𝑙𝑜𝑎𝑑 +

𝐸

𝐿
− 𝑖̇𝐿𝑟𝑒𝑓

] < 0  (11) 

The sliding mode controller necessary to achieve 

finite-time convergence to the sliding surface is 

defined as follows: 

𝑢 = {
1  𝑖𝑓 𝑆 > 0
0  𝑖𝑓 𝑆 < 0

                       (12) 

The corresponding control law for the DC-DC 

boost converter is formulated as follows: 

𝑢 =
1

2
(1 + 𝑠𝑖𝑔𝑛(𝑆))                   (13)                                               

 

It has been supposed that the discontinuity at 𝑆 =
0 do not occur often for such systems. The choice of 

the control input in equation (12) guaranteed the 

negative definitiveness of equation (11), 

consequently, the Lyapunov stability of DC-DC 

system with SMC. The implementation of the sliding 

mode controller designed for the DC-DC boost 

converter is depicted in Fig. 5.  
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Fig. 5. Control scheme of the DC-DC boost 

converter by Sliding Mode Controller (SMC) 

 

3.3. Healthy operating mode simulations 

In this section, the DC-DC boost converter circuit 

is simulated under a MATLAB/Simulink 2018a 

environment using the parameters' values 

summarized in Table 1. The values for voltage, 

resistance, and other parameters in simulation tests 

for DC-DC converters can vary depending on the 

specific design and intended application of the 

converter. Resistance values are pivotal in DC-DC 

boost converter simulations, particularly the load 

resistance Rch, which represents the resistance of the 

converter at its output terminals. Often, we choose 

this value based on the load we intend the converter 

to control, which can vary significantly depending 

on the application. Proper selection of these values 

is essential to ensuring stable and reliable operation.  

Input Voltage (Vin): This refers to the voltage 

supplied to the DC-DC converter; this can vary 

significantly depending on the application of this 

converter. Common ranges might be from a few 

volts to hundreds of volts for some industrial 

applications. 

Output Voltage (Vout): This represents the DC 

converter's intended voltage output, tailored to 

specific application requirements. 

Switching Frequency: This is the frequency at which 

the DC-DC converter switches on and off. Common 

frequencies typically range from kilohertz to several 

megahertz. 

Switching Duty Cycle: This refers to the ratio of the 

on-time to the total switching period of the 

converter. It's usually expressed as a percentage and 

can vary depending on the converter's design and 

operating conditions. 

 
Table 1. Operating parameters of the studied DC-DC 

boost converter 
Parameter Description Values 
Vin   [V] Input DC voltage 2500 
α   [%] The duty cycle 40 
L   [H] Inductor 2.5 × 10−3 
R   [Ω] Resistor 10−2 
C   [F] Capacitor 10−5 

Rch   [Ω] Load resistance 50 
Lch   [H] Load inductance 10−3 

fPWM   
[kHz] 

The switching 
frequency 

5 

Te   [sec] The switching period 10−6 

During healthy normal operation, the PI and 

SMC controllers discussed earlier are applied to 

control the DC-DC boost converter, followed by a 

comparative analysis of their respective 

performances. Initially, Pulse Width Modulation 

(PWM), also known as natural control, is employed 

for open-loop control of the DC-DC boost converter. 

PWM is selected for its simplicity and practicality, 

allowing manipulation of the duty cycle of the 

switching signal. After that, closed-loop control is 

implemented using the proposed controllers. The 

effectiveness of each control strategy is assessed, 

and the most suitable approach for controlling the 

DC-DC boost converter in the system is determined 

through a comprehensive comparison and evaluation 

of their stability, accuracy, and robustness in both 

open and closed loop scenarios. 

Based on Fig. 6, the open-loop control of the 

converter using the PWM technique demonstrates its 

effectiveness in terms of stability and ease of 

implementation. However, it exhibits significant 

peak amplitudes during transient states, and 

considerable fluctuations in the load voltage curve 

(Fig. 6a) and the load current curve (Fig. 6b). 

Nevertheless, in applications requiring higher 

dynamics, the precision and sensitivity of the open-

loop controlled DC-DC converters may prove 

insufficient, particularly when encountering changes 

in the operating conditions. 

 
     (a) 

 
  (b) 

Fig. 6. Open-loop responses of DC-DC 

converter based on PWM for: a) Load 

voltage, b) Load current 

 

To address this limitation, closed-loop control is 

employed to enhance the dynamic behavior of the 

converter, enabling control of relevant quantities 

despite operational variations. Figures 7 and 8 

illustrate the response of the output variables of the 
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DC-DC boost converter under closed-loop control, 

using the PI and SMC controllers, respectively. 

 

 
      (a) 

 
    (b) 

Fig. 7. Closed-loop responses of the DC-DC 

converter controlled by PI for: a) Load 

voltage, b) Load current 

 
     (a) 

 
   (b) 

Fig. 8. Closed-loop responses of the DC-DC 

converter controlled by SMC for: a) Load 

voltage, b) Load current 

 

To assess the robustness of the converter against 

input voltage fluctuations, its behavior is tested 

under varying input voltage conditions. Remarkably, 

the output variables closely tracked their respective 

reference values, displaying minimal static error. 

More preocisely, the load voltage controlled by the 

PI (Fig. 7a) showed more fluctuation and static error 

than the load voltage controlled by the SMC (Fig. 

8a). Moreover, the load current obtained by PI (Fig. 

7b) exhibited more fluctuations and static error than 

the load current obtained by the SMC (Fig. 8b). 

Upon analyzing the fluctuations in the preceding 

curves, it is evident that the output voltage 

effectively tracks its reference value despite the 

input voltage variations for both controllers. 

However, the implementation of the SMC has 

demonstrated improved tracking performance, 

illustrating its suitability for meeting stability and 

robustness requirements. Furthermore, this control 

method has led to reduced static errors and 

overshoots while enhancing the overall response 

time under healthy mode, thus it will be tested in 

faulty operating conditions. 

 

4. DC-DC POWER CONVERTER FAULTS 

 

Enhancing the reliability of DC-DC converters is 

a critical aspect of ensuring uninterrupted service in 

various industrial applications [29]. Therefore, 

extensive research has been conducted to address 

fault diagnosis and reliability analysis of static 

converters, aiming to prevent converter damage, 

production loss, and minimize maintenance costs. 

Failures in power converters can arise from various 

components, such as capacitors, power devices, gate 

drivers, inductors, resistors, and others. Among 

these, capacitor degradation represents a significant 

reliability concern in switching-mode power 

converters. Furthermore, variations in the converter's 

voltage response serve as valuable indicators of its 

faulty state. Nevertheless, semiconductor switch 

faults remain the most prevalent type of fault in 

converters [30], [31], [32]. This can be attributed to 

the delicate nature of semiconductor switches, which 

are highly susceptible components in power 

converters. This section addresses both OCF and 

SCF. Failure to diagnose and protect against these 

faults can result in complete failures of other 

switches and circuit components.  

 

4.1.  Faults diagnosis based on sliding mode  

The primary objective of fault diagnosis is to 

promptly detect and identify various types of failures 

at their early stages, enabling timely shutdown and 

the planning of maintenance actions. A fault 

diagnosis system typically performs three essential 

tasks, as indicated in the literature [33], [34]:  

• Fault detection: This involves determining 

whether a fault has occurred or not by analyzing 

signals and detecting deviations from expected 

behavior. 

• Fault identification: Once a fault is detected, the 

fault identification task aims to generate signals 

or indicators that can determine the type of fault 

that has occurred and identify the specific faulty 

component or switch. 
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• Fault isolation: After identifying the faulty 

component, the fault isolation task focuses on 

isolating the faulty component from the rest of 

the circuit to prevent further damage to the 

system. This may involve disabling or bypassing 

the faulty component while allowing the rest of 

the system to continue functioning. 

 

Based on this analysis, we will investigate the 

impacts of faults applied at time t=0.05 s to the DC-

DC boost converter. More precisely, we will 

examine the effects of an open-circuit fault (OCF) 

and a short-circuit fault (SCF) on the DC-DC 

converter dynamic. Figures (9) and (10) depict, 

respectively, the dynamics of the output voltages and 

currents of the DC-DC boost converter in the 

presence of faults, specifically an OC fault and a SC 

fault on the IGBT. While an OC fault in the converter 

leads to a drop in performance (Fig. 9a and Fig. 9b), 

it does not immediately result in a system failure. In 

this scenario, it has been noticed that the appearance 

of OCF has led to a considerable drop in load voltage 

(Fig. 9a) and load current (Fig. 9b). On the other 

hand, SC faults in power switches present significant 

challenges due to the exposure of the damaged 

component to high current, high voltage, and 

elevated local temperatures. As noticed in Fig. 10, 

the appearance of SCF has led to a complete loss of 

load voltage (Fig. 10a) and load current (Fig. 10b). 

It is crucial to carefully study the impact of faults in 

terms of system robustness and availability in 

degraded mode. If a fault is not detected and 

compensated in real-time, it can propagate and result 

in additional faults in the energy conversion chain's 

functional blocks. For power converters, it is 

desirable to detect, identify, diagnose, and protect 

against various fault types. The results obtained from 

this scenario highlight the critical importance of 

employing a robust fault detection and isolation 

approach for DC-DC converters.  

   
   (a) 

 
   (b) 

Fig. 9. The DC-DC converter responses with 

the appearance of OCF for: a) Load voltage, 

b) Load current 

 

 
   (a) 

 
   (b) 

Fig. 10. The DC-DC converter responses with 

the appearance of SCF for: a) Load voltage, 

b) Load current 
 

The system is primarily used for SCFs due to 

their significant impact on the overall system. 

Moreover, the algorithm is applied to compensate for 

OSFs. Therefore, the basic principle of fault 

diagnosis methods used in this study for the DC-DC 

boost converter is proposed and illustrated in Fig. 11. 

Moreover, the detailed flowchart of the proposed 

method for fault detection, identification, and 

isolation is given in Fig. 12. 
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Fig. 11. General diagram of fault diagnostic 

for DC-DC boost converter 

 

 

Fig. 12. Detailed flowchart of fault diagnostic 

for DC-DC boost converter 

 

4.2. Faults detection and identification  

The detection and identification of OC and SC 

faults in DC-DC boost converters play a vital role in 

ensuring the safe and reliable operation of power 

electric systems. This process typically involves the 

monitoring and analysis of various electrical 

parameters. In this part of the study, the technique 

employed for fault detection and identification is 

voltage and current monitoring. By observing the 

signals of voltage and current, valuable insights into 

the converter's operation can be obtained. Sudden 

changes or anomalies in these signals can serve as 

indicators of a fault. Current and voltage sensors are 

commonly employed for this purpose in other types 

of converters. In the case of an OC fault occurring at 

time T1 in the IGBT, the degraded operating 

condition is characterized by significant distortions 

in the load voltage and current, as depicted in Fig. 9. 

These deformations result in a notable decrease in 

the steady-state values of the voltage and charging 

current. On the other hand, in the event of an SC fault 

(Fig. 10), an abrupt decline in both voltage and load 

current occurs immediately.  

To detect significant deviations between the 

measured voltage and current under faulty 

conditions, voltage and current threshold values 

have been set (Vth and Ith). These threshold values 

serve as reference points against which the measured 

values are compared. When a fault occurs, the 

measured voltage and current may deviate 

significantly from their expected values. By 

appropriately selecting threshold values, a range can 

be defined within which the measured values are 

considered normal. If the measured values exceed or 

fall below these threshold values, it indicates a 

potential fault condition, as detailed in Definition 1.  

• Definition 1: The faults detection and 
identification method is based on the following 
assumption:  

If |𝑉𝑙𝑜𝑎𝑑 < 𝑉𝑇ℎ_𝑂𝐶| and |𝐼𝑙𝑜𝑎𝑑 < 𝐼𝑇ℎ_𝑂𝐶|, then 

the fault is assumed to be OC switch fault.  

If |𝑉𝑙𝑜𝑎𝑑 < 𝑉𝑇ℎ_𝑆𝐶|, and |𝐼𝑙𝑜𝑎𝑑 < 𝐼𝑇ℎ_𝑆𝐶|, then 

the fault is assumed to be SC switch fault. 

𝑉𝑙𝑜𝑎𝑑: load voltage, is the voltage at the output 

terminals of the DC-DC converter; it is the voltage 

supplied to the load.  

𝑉ref: reference voltage is a stable voltage level used 

as a point of comparison against which other 

voltages are controlled in the converter   

𝐼𝑙𝑜𝑎𝑑: load current, is the current flowing through the 

load connected to the output of the DC-DC 

converter.  

𝐼in: initial current refers to the current that flows 

when the converter is first activated. 
V𝑇ℎ_O𝐶 and 𝐼𝑇ℎ_O𝐶: voltage and current threshold 

values for an OC fault. This is the maximum 

allowable outputs voltage and current that the 

converter can deliver without triggering the OC 

fault.  

𝑉𝑇ℎ_S𝐶 and 𝐼𝑇ℎ_S𝐶: Voltage and Current threshold 

values for an SC fault. This denotes the maximum 

permissible outputs voltage and current that the 

converter can supply without activating the SC fault. 
 

• Threshold selection analysis 

The threshold values play a crucial role in the 

domain of fault diagnosis. The selection of 

appropriate threshold values depends on the studied 

system and the desired sensitivity to fault detection. 

It is imperative to choose values that reflect a 

significant deviation from normal operation while 

minimizing false alarms. These threshold values can 

be determined through analysis and simulation, 

taking into account the anticipated behavior of the 

system in various failure scenarios. By establishing 

suitable threshold values, abnormal voltage and 

current measurements can be effectively identified 

and flagged, enabling the timely detection and 

diagnosis of faults in the system. In this study, 

careful selection of threshold values is of paramount 

importance. The proposed threshold values for 

voltage and current are defined in equations (14) and 

(15), respectively. 

𝑉𝑇ℎ = 𝜇 ∙ 𝑉𝑟𝑒𝑓 + 𝛼 ∙
𝑉𝑙𝑜𝑎𝑑

𝑉𝑟𝑒𝑓
− 1             (14)  

 

 

 

 

 

 

  

 

 

 

 

 

  

 

 

 

 

 

 

START 

Voltage and current 

monitoring 

V load & I load 

 

 𝑉𝑙𝑜𝑎𝑑 < 𝑉𝑡ℎ_𝑂𝐶  

& 

  𝐼𝑙𝑜𝑎𝑑 < 𝐼𝑡ℎ_𝑂𝐶  
 

Open-circuit fault 

alarm 
Short-circuit fault 

alarm 

SWiso= 0 

 

END 

No No 

Yes Yes 
Fault 

identification  

Fault isolation 
DC-DC Boost 

Converter  

 𝑉𝑙𝑜𝑎𝑑 < 𝑉𝑡ℎ_𝑂𝐶  

& 

  𝐼𝑙𝑜𝑎𝑑 < 𝐼𝑡ℎ_𝑂𝐶  
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𝐼𝑇ℎ = 𝜇 ∙ 𝐼𝑖𝑛 + 𝛼 ∙
𝐼𝑙𝑜𝑎𝑑

𝐼𝑖𝑛
− 1                (15) 

Where 𝜇 is a constant used to designate the type 

of fault; it can take two values: 𝜇𝑂𝐶  for the OCF and 

𝜇𝑆𝐶 for the SCF.  𝛼 is given by (16).  

𝛼 = 1 −
𝑉𝑟𝑒𝑓

𝑉𝐿𝑜𝑎𝑑
                           (16) 

The effectiveness and robustness of the proposed 

threshold values in equations (14) and (15) depend 

on the reference voltage and load voltage, making 

them susceptible to false alarms in the presence of 

disturbances. To validate the performance of the 

proposed threshold under varying input voltage and 

load disturbances, a series of simulation tests has 

been conducted. Initially, variations in the input 

voltage are introduced at 𝑇1 = 0.03 s and 𝑇2 = 0.07 

s, respectively.  

Figure 13a and Fig. 14a illustrate the adaptation 

of the threshold voltage and current to these voltage 

variations. It can be observed that the threshold 

values are adjusted accordingly as the input voltage 

transitions from one level to another. After that, 

disturbances are applied to the charge values, 

resulting in a 50% increase in their magnitude. As 

depicted in Figs. 13b and 14b, the threshold values 

exhibit a similar response, tracking the variation in 

the load voltage and current, respectively.  

 

 
       (a) 

 
       (b) 

Fig. 13. The threshold voltage responses 

under: (a) Reference voltage variation, (b) 

Charge disturbance 

 

These results indicate that the selected threshold 

is effective in the presence of input voltage and load 

disturbances. Hence, through these simulations, it is 

evident that the proposed threshold demonstrates 

effectiveness and resilience in the face of 

disturbances in both the input voltage and the load 

conditions. Therefore, the performance of the 

proposed approach in isolating both OCF and SCF 

will be discussed in detail in the next subset of 

simulation scenarios. 
 

 
      (a) 

 
   (b) 

Fig. 14. The threshold current responses 

under: (a) Reference voltage variation, (b) 

Charge disturbance 

 

4.3. Faults isolation  

In the fault detection stage, a fault alarm is 

triggered to indicate the presence of a fault without 

providing information about the specific faulty 

component or the fault mode. Thence, during the 

fault identification phase, the faulty component and 

the type of fault that caused the alarm should be 

determined. This combined process of fault 

detection and fault identification is commonly 

known as "fault diagnosis", which aims to determine 

the nature, location, and type of the fault. As 

mentioned before, the occurrence of defects in the 

system is typically characterized by a significant 

decrease in the output voltage and current, as 

demonstrated in Figs. (9) and (10). Therefore, it is 

crucial to take effective actions upon detecting and 

identifying specific faults. The subsequent step, fault 

isolation, involves the utilization of hardware 

redundancy design and fault-tolerant control 

strategies. Fault isolation, detailed in definition 2, is 

implemented to separate the faulty components and 

reconfigure the converter to ensure safe and 

uninterrupted operation. 
• Definition 2: The faults’ isolation method is 

based on the following assumption: 

The switch is set to 𝑇𝑖  , which is the time at which 

the fault is detected, then the isolation switch 

(𝑆𝑊𝑖𝑠𝑜), should be changed from 1 to 0 for both 

the OCFs and SCFs as given by equation (17). 

  



DIAGNOSTYKA, Vol. 25, No. 3 (2024)  

Khater F, Aibeche A, Fellag SA, Doghmane MZ, Akroum H.: Failure identification and isolation of DC-DC 

… 

 

10 

{
𝑆𝑊𝑖𝑠𝑜 = 1,    𝑓𝑎𝑢𝑙𝑡 − 𝑓𝑟𝑒𝑒 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛  
𝑆𝑊𝑖𝑠𝑜 = 0,      𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑤𝑖𝑡ℎ 𝑑𝑒𝑓𝑒𝑐𝑡𝑠

     (17)                                                      

 

4.4. Simulations results of faults diagnosis 

A comprehensive set of simulation tests is 

conducted to assess the performance of the proposed 

fault diagnosis method. During the fault detection 

and identification phase, the fulfilment of the 

conditions given in Definition 1 signifies the 

presence of either an OC or SC faults. Depending on 

the precise moment at which the faults occur, our 

proposed algorithm can promptly detect and 

accurately identify the specific fault type.  

Figures (15) and (16) present the voltage and 

current signals of switch faults in the DC-DC boost 

converter when OC and SC faults occur at T=0.05 s.  

Fig. 15a demonstrates the effectiveness of the 

proposed algorithm in detecting the OC fault from 

the load voltage signal, while Fig. 15c provides a 

zoomed view around the fault time 𝑇 =  0.05 s.  

Similarly, Fig. 15b shows the identification of the 

OC fault based on the load current signal, with Fig. 

15d providing a zoomed view around 𝑇 =  0.05 s. 

The results clearly demonstrate the success of the 

proposed algorithm in detecting and identifying 

switch faults during an OC fault. However, 

considering the importance and criticality of SC 

faults in DC-DC boost converters, it is imperative to 

ensure the reliability of the approach for SCF 

detection as well. Fig. 16a shows the results of 

detection and identification of the load voltage under 

SCF, with Fig. 16c offering a zoom around the fault 

time T = 0.05 sec. The algorithm effectively detects 

and identifies SC faults in real-time based on the load 

voltage signal. Similarly, Fig. 16b illustrates the 

identification of SCF based on the load current 

signal, and Fig. 16d presents a zoom around the SC 

fault time. The obtained results confirm that the 

proposed approach is capable of detecting and 

identifying both OC and SC faults in the DC-DC 

converter. Moreover, Table 2 provides precise 

instants at which the detection of faults occurred. It 

is also essential to discuss the effectiveness of our 

proposed approach in isolating the detected OC and 

SC faults to maintain the good performance of the 

DC-DC converters and protect the global system.  

 
Table 2. Detection and identification instants for OCF 

and SCF 

 𝜇 
Tfault 

(s) 

Tdet, 

Vch(s) 

Tdet, 

Ich(s) 

OCF 𝜇𝑂𝐶=0.8 0.05 0.05026 0.05029 

SCF 𝜇𝑆𝐶=0.5 0.05 0.05033 0.05034 

 

The fault diagnosis method investigated in this 

study is primarily designed to operate effectively in 

the presence of OCFs and SCFs occurring in the 

power switch. However, the efficiency of this 

method in isolating these faults should be 

investigated, as discussed in the subsequent scenario. 

 
                                        (a) 

 
      (b) 

 
     (c) 

 
(d) 

Fig. 15. Detection and identification of OCF 

(a) Load voltage monitoring, (b) Zoom of (a), 

c) Load current monitoring, d) Zoom of (c) 

 

Upon fault detection, the diagnosis method enters 

fault isolation mode, where a common post-fault 

reconfiguration action is initiated regardless of the 

fault type. Precisely, the switch 𝑆𝑖𝑠𝑜undergoes an 

update, transitioning from 1 (representing normal 

operation) to 0 (indicating fault isolation). This 

activation of the fault isolation mechanism ensures 

the segregation of the faulty component from the rest 

of the DC-DC boost converter system.  
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      (a) 

 
      (b) 

 
     (c) 

     (d) 

Fig. 16. Detection and identification of SCF: 

a) Load voltage monitoring, b) Zoom of (a), 

c) Load current monitoring, d) Zoom of (c) 

 

Thereby preventing adverse effects on overall 

system operation and minimizing the risk of further 

damage or malfunction. The updating of 𝑆𝑖𝑠𝑜  is a 

critical step of the fault detection and isolation 

process, contributing to the system's ability to 

effectively manage and address identified faults 

while maintaining the integrity and dependability of 

its operation.  

To validate the effectiveness of the proposed 

post-fault reconfiguration method, a simulation test 

is conducted for both OC and SC faults, as illustrated 

in Fig. 17. The fault occurs at 𝑡 = 0.05 𝑠, and upon 

fault detection, the algorithm transitions into the 

fault isolation mode, adjusting the switching of 

𝑆𝑖𝑠𝑜  according to definition 2. Fig. 17a1 shows the 

real-time activation of the switch isolation to protect 

the system from OCF, and the load current shown in 

Fig. 17a2 confirms this observation. Moreover, the 

SCF is successfully isolated based on the load 

voltage signal, as shown in Fig. 17b1, and this is 

further confirmed by the load current under SCF in 

Fig. 17b2. As a result, the faulty switch is effectively 

isolated, safeguarding the converter from potential 

harm.  

 
      (a1) 

(a2) 

 
      (b1) 

   
(b2) 

Fig. 17. Isolation phase of: a1) Load voltage 

in OCF, a2) Load current in OCF, b1) Load 

voltage in SCF, b2) Load current in SCF 
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Figures (17) and (18) illustrate the isolation 

phase of OC and SC faults. Where Fig. 18 shows a 

zoom of the obtained results around the isolation 

time, Fig. 18a demonstrates the OCF results of the 

load voltage curve, while Fig. 18b is dedicated to the 

load current curve of the DC-DC converter. 

Furthermore, Table 3 summarizes the precise 

instants at which the detection and isolation of OC 

and SC faults occurred. 

 
 (a) 

 
(b) 

Fig. 18. Zoom of the isolation phase of: a) 

Load voltage in OCF, b) Load voltage in SCF 

 

Table 3. Detection and isolation instants for OCF and 

SCF  
Tfault (s) ΔTdet(s) ΔTIso (s) 

OCF 0.05 0.00026 0.003 

SCF 0.05 0.00033 0.003 

 

Moreover, Fig. 19 presents the precise time 

instances at which occurrences of open-circuit faults 

(OCFs) and short-circuit faults (SCFs) are observed, 

along with the corresponding fault detection and 

fault isolation events.  

Whereas Fig. 19a1 illustrates the appearance of 

OCF, Fig. 19a2 indicates the OC fault detection time, 

and Fig. 19a3 displays the OCF isolation time. 

Similarly, Fig. 19b1 depicts the appearance time of 

SCF, Fig. 19b2 shows the SCF detection time, and 

Fig. 19b3 demonstrates the SCF isolation time. Upon 

analyzing these times, it is evident that the time 

between detection and isolation is minimal for both 

OCF and SCF, validating the reliable and efficient 

nature of the proposed approach.   

 

          
(a1) 

 
 (a2) 

 
(a3) 

 
     (b1) 

 
       (b2) 

 
  (b3) 

Fig. 19. Faults identification and isolation times of: 

a1) OCF appearance, a2) OCF detection, a3) OCF 

isolation, b1) SCF appearance, b2) SCF detection, 

b3) SCF isolation 

 

 5. CONCLUSIONS  

 

This paper presents a new approach for detecting 

and isolating open-circuit faults (OCFs) and short-

circuit faults (SCFs) in DC-DC boost converters. 

The primary objective of this study was to propose a 

fault diagnosis method for the investigated 

converter. The adaptive threshold-based fault 

diagnosis method offered the advantage of reducing 

the false alarm rate by making the system less 

susceptible to variations in the power supply of the 

IGBT. Based on the obtained results, it was 

demonstrated that the proposed technique is capable 

of detecting and identifying open-circuit (OC) and 
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short-circuit (SC) faults in the converter. Moreover, 

the method effectively isolates these faults, ensuring 

the protection of the converter from potential 

damage. The adaptive threshold-based method 

proved to be fast and efficient in fault diagnosis, 

preventing further damage to the converter and 

minimizing the impact on global system operation. 

Furthermore, the results obtained from 

implementing the sliding mode control demonstrated 

its effectiveness and advantages in enhancing the 

performance of DC-DC boost converters. The 

controller exhibited stable and robust performance, 

reduced static error, and improved response time 

compared to the PI controller, making it a valuable 

control strategy for improving the overall 

performance and reliability of the DC-DC 

converters.  

Following a successful fault diagnosis, selecting 

an appropriate fault-tolerant control strategy became 

critical. Fault-tolerant control plays a significant role 

in ensuring the reliability and robustness of power 

systems involving DC-DC converters. It involved 

designing control strategies that could detect and 

respond to faults in the power converter, enabling the 

system to continue operation and take appropriate 

actions to mitigate the effects of the fault. We can 

recommend various fault-tolerant control strategies, 

like redundancy-based control, to ensure system 

operation even in the presence of faults. For 

example, we could add redundant power switches or 

control modules to provide backup functionality. 

Another recommended strategy is reconfiguration, 

where the control system modifies control 

parameters and changes the control structure in real-

time to adapt to the fault conditions. Future research 

will focus on evaluating these fault-tolerant control 

strategies experimentally. 
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