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Abstract. Switches fault in power converter has become compelling issues over the years. To 

reduce cost and maintenance downtime, a good fault detection technique is an essential. In this 

paper, the performance of STFT and S transform techniques are analysed and compared for voltage 

source inverter (VSI) switches faults. The signal from phase current is represented in jointly time-

frequency representation (TFR) to estimate signal parameters and characteristics. Then, the degree 

of accuracy for both STFT and S transform are determined by the lowest value of mean absolute 

percentage error (MAPE). The results demonstrate that S transform gives better accuracy compare 

to STFT and is suitable for VSI switches faults detection and identification system. 

Introduction 

 Most of the electrical drive systems in industrial process are exposed to hash environment which 

can reduce the lifespan of the inverter due to natural aging process. Therefore, to maintain the 

performance and reliability, preserving the health of the inverter is extremely crucial. This issue has 

attracted many researchers to improve faults detection and diagnosis techniques. Statistical data 

shows that 63% of the inverter experience faults within the first year of operation and 70% of the 

faults occurred are related to power switch which categories into short circuit faults, open circuit  

faults and gate-misfiring faults [1]. Generally fault diagnosis techniques can be categories into 

component based and system based. In component based techniques, standard features of industrial 

power converter such as gate signal monitoring and overcurrent scheme is used to protected solid 

state switches. To ensure the successful remedial action, these schemes which integrated with an 

auxiliary analog circuitry for switch abnormalities detection must operate in less than 10µsec to 

prevent the silicon chip from damages [2]. System-based techniques on the other hand focusing on 

waveform analysis and algorithmic techniques to identify type of faults and its location [3]. For 

waveform analysis, an open switch faults generated unwanted dc component in output current 

waveform. The inverter fault can be traced by spotting a large deviation of faults indicator from 

their expected values [4]. Algorithmic techniques on the other hand applied advanced classifier 

algorithm to identify faulty inverter disregards real time output estimations [5].  

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 nonharmonic distortion (TnHD).Then, 

characteristics of the signals are calculated from the signal parameters and will be used as input for 

detection and identification system.  

VSI Switches Faults 

 One of the most common failures in semiconductor switches is short circuit faults [6]. This fault 

occurs when the switch is closed and remains its ON state regardless the signal from gate control. 

Hence, it may cause catastrophic damages to either load connected or the battery as soon as the 

other switch of the leg is closed resulting large current flows through the two switches of one phase 
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leg and the dc source [7] and may lead to system shutdown. Open switch faults on the other hand 

occurred due to overheating causing rupture connections or thermal cycling resulting lifted bonding 

wire [8]. However, an open switch fault does not cause system shutdown but the performance of the 

VSI will degrade and potentially lead to secondary faults.   

Time Frequency Distribution 

 A signal can be translated into time and frequency representation (TFR) via powerful techniques 

called time frequency distributions (TFD) [9]. With TFR, spectral information of a signal can be 

monitored for a period of time. The limitation of observing non-stationary signals in  Fourier 

transform elevated the advantages of STFT technique for TFR. Extensively used in power quality 

analysis, STFT technique offer an insight in the time evolution of each signal component by 

disintegrate the time varying signal into time-frequency domain components [10]. STFT signal is 

divided into several minor segments called window and it is assumed as stationary in these 

segments. This technique which obtained localization of Fourier analysis can perform 

transformation by selecting appropriate desired window [11]. Frequency resolution is proportional 

with the size of window but inversely proportional with time resolution. STFT of a signal x(t) is 

given by: 
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dt                                               (1) 

 

where w(t) is an arbitrarily chosen window function. However, STFT shows drawback when 

analysing transient signal comprising both high and low frequency components. To overcome this 

limitation, the S transform technique has been introduced and developed by Stockwell [12], which 

combines the good features of STFT and wavelet transform (WT). It produces a time-frequency 

representation  of  a  time  series  signal  by uniquely  combining a frequency-dependent resolution 

that simultaneously localizes the real and imaginary spectra. It can be viewed as a frequency 

dependent STFT or a phase corrected Wavelet transform. The advantage of S transform is that it 

offers multi-resolution analysis while maintaining the absolute phase of each frequency. The 

general S transform is defined by the equation [13] as               
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where h(t) is the signal and g(t) is a window function. Windows function is a modulated Gaussian 

function expressed by  
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Where σ is function of time and frequency, f defined as:                                                                       

f
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Results 

 The results of the switches faults analysis and comparison using STFT and S transform are 

discussed in this section. For instance, open switches fault signal at S2 for phase a and its TFR 

using STFT is presented in Fig.1.  As shown in Fig.1 (a), there is a momentary magnitude decrease 

from 200 to 260ms. While, its TFR contour plot indicates that, the faults signal consists of 

fundamental component  at 60Hz as well as produce DC component and their magnitudes are 

decrease and increase, respectively.  
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Fig. 1, (a) Current signal of phase a for short switch fault at S2 (lower) and (b) Its TFR using STFT  
 

The parameters of the fault signal estimated from the TFR above are shown in Fig. 2. For the short 

switches fault at S2, the magnitudes of instantaneous of RMS current, total waveform distortion, 

total harmonic distortion and total nonharmonic distortion are increase between 200 and 350ms 

while decrease between 200 and 350ms  for instantaneous of RMS fundamental and average 

current.  
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      (d)                                                        (e)                                                           (f) 

 

Fig.2. Signal parameter for short circuit fault (phase a-S2 Lower) 
 

Open switch fault signal at S6 with magnitude increase from 200 to 270ms is shown in Fig, 3(a). 

The fault signal produce DC component and reduce the signal magnitude at fundamental frequency 

as indicated by its TFR contour plot using S transform as presented in Fig. 3(b). From the TFR, 

signal parameters for the open switch fault are estimated as illustrated in Fig. 4. As shown in Fig. 

4(a) and (b), the magnitudes of the instantaneous of RMS and fundamental RMS current are lower 

the nominal value while higher for instantaneous of average current, total waveform distortion, total 

harmonic distortion and total nonharmonic distortion. 

 

 

 

 

 

 

 

 
    (a)                                                                        (b) 

Fig. 3, (a) Current signal of phase c for open switch fault at S6 (lower) and (b) its TFR using S 

transform 
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(a)                                                       (b)                                                         (c) 
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Fig.4, Signal parameter for open circuit fault (phase c-S6 lower) 

 Switches faults analysis using STFT and S transform are tested using open and short fault signal 

for each switch with various durations. Then, signal parameters and duration of the fault are 

measured and compared as demonstrated in Fig. 5. The results shows that, the measurements of 

total waveform distortion, total harmonic distortion and total nonharmonic distortion are 

comparable but for average current, RMS current and duration of faults, S transform gives higher 

accuracy compare to STFT as indicated lower mean absolute percentage error (MAPE) as shown in 

Fig. 5(e).  
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Fig.5. Accuracy of signal parameters measurement  

Conclusion 

 The performance comparison of VSI switches faults using STFT and S transform has been 

analyzed and demonstrated in this paper. 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. Both STFT and S transform techniques produce comparable signal parameters. However, 

the lower mean absolute percentage error (MAPE) shows that S transform provides better accuracy 

than STFT and is appropriate for VSI switches faults detection and identification system. 

 

50 100 150 200 250 300 350 400 450
-0.2

0

0.2

0.4

0.6

0.8
Instantaneous Average Current

Time (msec)

A
m

p
lit

u
d
e
 (

p
u
)

50 100 150 200 250 300 350 400 450
0

10

20

30

40

50

60
Instantaneous Total Waveform Distortion

Time (msec)

P
e
rc

e
n
ta

g
e
 (
%

)

50 100 150 200 250 300 350 400 450
0

10

20

30

40

50

60
Instantaneous Total Nonharmonic Distortion

Time (msec)

P
e
rc

e
n
ta

g
e
 (
%

)

50 100 150 200 250 300 350 400 450
0

5

10

15

20

25

30
Instantaneous Total Harmonic Distortion

Time (msec)

P
e
rc

e
n
ta

g
e
 (
%

)

50 100 150 200 250 300 350 400 450
0.95

1

1.05

1.1

1.15

1.2

Instantaneous RMS Voltage

Time (msec)

A
m

p
li
tu

d
e
 (
p
u
)

Instantaneous RMS Current 

50 100 150 200 250 300 350 400 450

0.7

0.8

0.9

1

1.1

1.2

Instantaneous RMS Fundamental Voltage

Time (msec)

A
m

p
li
tu

d
e
 (
p
u
)

Instantaneous RMS Fundamental Current 

Measurement of Average Current using STFT and S transform Measurement of RMS Current using STFT and S transform 
Measurement of Total Harmonic Distortion using STFT and S transform 

M
e

a
su

re
d

 C
u

rr
e

n
t 

(A
) 

M
e

a
su

re
d

 C
u

rr
e

n
t 

(A
) 

M
e

a
su

re
d

 T
H

D
 (

%
) 

Actual Current (A) Actual Voltage (V) 
Actual THD (%) 

Applied Mechanics and Materials Vol. 785 213



Acknowledgment 

 The authors would like to thank Universiti Teknikal Malaysia Melaka and the Ministry of Higher 

Education (MOHE) for providing the research grant RAGS/2014/TK03/FKE/B00048 for this 

research. Special thanks to Advanced Digital Signal Processing (ADSP) laboratory, CeRIA for 

giving the support in this study. 

References 

[1] F. W. Fuchs, “Some diagnosis methods for voltage source inverters in variable  speed drives 

with induction  machines—A  survey,”  in  Proc. 29th Annu.  Conf.  IEEE  Ind.  Electron.  

Soc.,  Roanoke,  VA,  2003,  pp. 1378– 1385. 

[2] F. Richardeau, P. Baudesson, and T. A. Meynard, “Failures-tolerance and remedial strategies of 

a PWM multicell inverter,” IEEE Trans. Power Electron., vol. 17, no. 6, pp. 905–912, Nov. 

2002. 

[3] W. Sleszynski, J. Nieznanski, and A. Cichowski, “Open-transistor fault diagnostics in voltage 

source inverters by analyzing the load currents,” IEEE Trans. Ind. Electron., vol. 56, no. 11, pp. 

4681–4688, Nov. 2009. 

[4] L. Bin and S. K. Sharma, “A literature review of IGBT fault diagnostic and protection methods 

for power inverters,”IEEE Trans. Ind. Appl., vol. 45, no. 5, pp. 1770–1777, Sep./Oct. 2009. 

[5] M. A. Masrur, Z. Chen, and Y. Murphey, “Intelligent diagnosis of open and short circuit faults 

in electric drive inverters for realtime applications,” IET Power Electron., vol. 3, pp. 279–

291,Mar. 2010. 

[6] A. E. Ginart, P. W. Kalgren, M. J. Roemer, D. W. Brown, and M. Abbas, “Transistor 

diagnostic strategies and extended operation under one-transistor trigger suppression in inverter 

power drives,” IEEE Trans. Power Electron., vol. 25, no. 2, pp. 499–506, Feb. 2010. 

[7] C. Turpin, P. Baudesson, F. Richardeau, F. Forest, and T. Meynard, “Fault management of 

multicell converters,”IEEE Trans. Ind. Electron., vol. 49, no. 5, pp. 988–997, Oct. 2002 

[8] F. Huang, F. Flett, “IGBT fault protection based on di/dt feedback control,” in Proc. IEEE 

Power Electron. Spec. Conf., pp. 1478-1484, 2007 

[9] Franz, H. and Francois A. Time-Frequency Analysis: concepts and Methods. Wiley. (2008). 

[10] Francisco Jurado, J.R.S., Comparison between discrete STFT and Wavelets for the analysis of 

power quality events. Electric Power  Systems Research 62, 2002: p. 183-190. 

[11] Girault JM, K.D., Ouahabi A, Patat F., Estimation of the blood doppler frequency shift by 

atime-varying parametric approach. Ultrasonics. 2000: p.;38:682-687. 

[12] R. G. Stockwell, "A basis for efficient representation of the S transform," Digital Signal 

Processing, vol. 17, pp. 371-393, 2007 

[13] M. H. Bollen and I. Gu, Signal Processing of Switches faults Disturbances: Wiley, 2006. 

214 Recent Trends in Power Engineering


