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Abstract—Nowadays, voltage source inverter (VSI) is 

frequently used in power electronics system. This is due to 

its ability that can offer higher efficiency, high torque, 

simpler control system and improved power output. Thus, 

to ensure safety and reliability of a system, the development 

of appropriate fault detection technique for faults analysis is 

a must. This paper proposes S-transform which is time-

frequency distribution (TFD) for analyzing VSI signal to 

detect and identify switches and types of faults. By using the 

TFD, the faults signal is translated into time-frequency 

representation (TFR) and then, parameters of the signal are 

estimated from the TFR. The signal parameters are such as 

instantaneous of rms current, rms fundamental current, 

average current, total waveform distortion (TWD), total 

harmonic distortion (THD) and total non-harmonic 

distortion (TnHD). Based on the signal parameters, the 

characteristics of the faults are calculated and used as input 

for faults detection and classification system. At the end of 

this research, the results show that the proposed TFD give 

better analysis for switches faults parameters estimation 

and suitable for detection and identification system.  

 

Index Terms—switches faults, S-transform, short time 

fourier transform, voltage source inverter 

 

I. INTRODUCTION 

One of the critical systems that extremely important in 

electronic system is voltage source inverter (VSI). The 

structure of VSI have become more complex with 

additional poles and switches [1] and a study shows that 

38% of faults in associated with variable speed ac drive 

industry are due to the failure of power devices [2]. The 

most popular power devices in industry are insulated gate 

bipolar transistors (IGBTs). Designed with high rating of 

voltage and current capability, the IGBTs are able to 

withstand short-circuit currents for periods exceeding 

10μs [3]. But still, exposing to the electrical excess and 

thermal stress for a period of time shall degraded the 

IGBTs performance and lead to the component failure. 

Therefore, it is vital to develop fault diagnostic and 

protection methods for preventive maintenance and 
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minimizing downtime schedule for component 

replacement.  

Generally, IGBTs switches fault can be classified as 

short circuit faults and open circuit faults. Short circuit 

faults may occur due to a wrong gate voltage, which may 

be caused by driver circuit malfunction or auxiliary 

power supply failure. Another short circuit faults is an 

intrinsic failure, which may be caused by avalanche stress 

or temperature overshoot [4]. The short-circuit faults are 

difficult to deal with because the time between the fault 

initiation and failure is very small. Therefore, most of the 

existing IGBT short-circuit detection and protection 

methods are hardware circuit based rather algorithm 

based. The open circuit faults on the other hand occur due 

to lifting of bonding wires which caused by thermic 

cycling. It may be caused by a driver fault or a short-

circuit-fault-induced IGBT rupture. The voltages and 

currents carry the fault signatures and hence can be 

analyzed to detect and locate the fault. Open circuit faults 

generally do not cause system shutdown, but reduce its 

performance in the long run [5].  

Conventional techniques that are currently used for 

switches faults monitoring are based on visual of voltage 

and current waveforms. The available equipment in the 

market for the inspection can capture and print the 

switches faults data only at the current time. Therefore, a 

real time computerized and automated technique for 

monitoring and analysis is implemented to improve the 

switches faults signal. Many techniques were presented 

by various researchers for analysis, detection and 

classification VSI switches faults in real time. One of the 

most widely used in signal processing is spectral analysis 

using Fourier analysis which is Fourier transform [6]. The 

Fourier transform is powerful technique for stationary 

signal because the characteristics of the signal not change 

with time but it not useful for non-stationary signal 

because is inadequate to track the changes in the 

magnitude, frequency or phase [1], [2]. Because of this 

problem, the time-frequency analysis technique is 

introduced. The STFT most often used but it cannot track 

the signal dynamics properly for non-stationary signal 

due to limitation of fixed window width [7]. Wavelet 

transform is good to extract the information from both 
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time and frequency domains but wavelet transform is 

sensitive to noise and cannot identify the sag and swell 

and also transient condition [8]. S-transform proposed by 

Stockwell [9] which is time frequency spectral 

localization method that combine element of wavelet 

transform and short time Fourier transform (STFT) [9]-

[11]. The S-transform has a frequency dependant 

resolution of time- frequency domain and entirely refers 

to phase information. The S-transform is required to 

emphasize the time resolution in the beginning time and 

frequency resolution in the later of beginning time. The 

advantage of S-transform offer multi-resolution analysis 

while retaining the absolute phase of each frequency. 

In this paper, S-transform is used to represent the VSI 

switches faults in jointly time-frequency representation 

(TFR). From the TFR, parameters of the fault signals are 

estimated such as instantaneous of rms current, rms 

fundamental current, average current, total waveform 

distortion (TWD), total harmonic distortion (THD) and 

total non-harmonic distortion (TnHD). Then, 

characteristics of the signals are calculated from the 

signal parameters and will be used as input for detection 

and identification system. 

II. VSI SWITCHES FAULTS 

 

III. S-TRANSFORM 

Time-Frequency analysis techniques present a three-

dimensional plot of a signal in terms of the signal energy 

or magnitude with respect to time and frequency. S-

transform is combination a frequency dependent 

resolution with simultaneous localizing the real and 

imaginary spectra. The general S-transform is defined by 

the equation [10].  
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where h(t) is the signal, t represent the time, f is the 

frequency and g(t) is a window function. Windows 

function is a modulated Gaussian function expressed by  
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IV. SIGNAL PARAMETERS 

Parameters of the signal are estimated from the TFR to 

identify the signal information in time domain. This 

information is important to detect and identify the VSI 

switches faults [12]. The signal parameters have been 

discussed in [14] to estimate instantaneous of rms current, 

rms fundamental current, average current, total waveform 

distortion (TWD), total harmonic distortion (THD) and 

total non-harmonic distortion (TnHD). 

V. RESULTS 

In this section, the results of the switches faults 

analysis are discussed. Fig. 1 shows the examples of 

switches faults signals for three phase current for open 

circuit faults and Fig. 2 shows the examples of switches 

faults signals for three phase current for short circuit fault. 

As shown in Fig. 3 when short switch fault occur at S3, 

the current at phase b (green color) increased whereas the 

current at phase a (blue color) and c (red color) decreased. 

 

Figure 1.  The model of voltage source inverter when switches open 
circuit fault  

 

Figure 2.  The model of voltage source inverter when switches short 
circuit fault 
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Figure 3.  Three phase current of VSI short switch fault at S3 (upper 

switch) 
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Voltage source inverter (VSI) is an electronic device 

which converts direct current (DC) to Alternating current 

(AC). VSI has advantages like higher efficiencies, 

minimizing installation timing, elimination interconnect 

power cabling costs and reducing building floor space. 

The topology of the VSI operation has been discussed in 

[12]. The switches fault VSI for open circuit fault

condition, IGBT falls in the off state and remains in this

situation regardless of the gate voltage value. Open

circuit fault generally do not cause system shutdown, but

degrade its performance. Fig. 1 shows the model of 

circuit when VSI switches open circuit fault. The short-

circuit fault where this faults leads to catastrophic failure

of the inverter if the other transistor of the same inverter 

leg is turned-on, this resulting in a direct short-circuit as 

shown in Fig. 2, the VSI switches faults have been further 

discussed in [13].
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Figure 10.  Signal parameter of faults signal using instantaneous total 
waveform distortion (TWD) 
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Figure 11.  Signal parameter of faults signal using instantaneous total 
harmonic distortion (THD) 
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Figure 12.  Signal parameter of faults signal using instantaneous total 
nonharmonic distortion (TnHD)  

VI. CONCLUSION 

This paper presents the analysis and parameters of 

switches faults signals using S-transform. The 

observation clearly shows that the TFR can be used to 

estimate the useful signal parameters to determine the 

characteristics of the switches faults signals. From the 

signal characteristics, switches faults can be detect and 

identify as well as the information of the VSI signal can 

be demonstrated. The analysis can be implemented to be 

automated detection and identification system. 
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