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Abstract— A new method for voltage dips and swells analysis 

is presented in this paper. This method is based on the space 

vector representation in the complex plane and the zero sequence 

voltage. Indeed, in the case of non-faulted system voltages, the 

space vector follows a circle in the complex plane with a radius 

equal to the nominal voltage. It follows the same shape for 

balanced dips, but with a smaller radius. For unbalanced dips, 

this shape becomes an ellipse with parameters depending on the 

phase(s) in drop, dip magnitude and phase angle shift. For swells 

the space vector shape is not modified, though the zero sequence 

voltage presents significant changes in its phase and magnitude 

and can be used for swells analysis. The changes in the space 

vector and the zero sequence voltage are used to determine the 

dip/swell time occurrence, to classify and finally characterize the 

measured power quality disturbance. Algorithms are developed 

for each step of this automatic voltage dips and swells analysis 

(segmentation, classification and characterization) and are 

validated on real measurement data. 

 
Index Terms — power quality monitoring, voltage dips (sags), 

voltage swells, space vector. 

I.  INTRODUCTION 

OLTAGE dips and swells are the most common types of 

power quality disturbances. They represent a major 

concern for the industry because they lead to important 

economical losses and/or distorted quality of industrial 

products. Indeed, equipments used in industrial plants have 

become more sensitive to such phenomena as a result of 

technology improvement and increased use of power 

electronics devices [1,2]. Thus, automatic analysis of voltage 

dips and swells has become an essential requirement for power 

quality assessment. 

Voltage dips being the most frequent power quality 

disturbance, main research interests are focused on their 

analysis. The time duration where the dip occurs is determined 

by segmentation algorithms [3] applied to the three phase 

voltages. The dip signature can be identified from measured 

voltage waveforms [4], from the comparison between RMS 

values of phase voltages and phase-to-phase voltages [5] or 

well from symmetrical components [6]. Although the number 

and the variety of these techniques is important, none of them 

provides a complete voltage dips classification. Moreover, 

none analysis method has been developed with regard to 

voltage swells according to the authors’ knowledge.  

In this paper a new method for joint voltage dips and swells 

automatic analysis is developed. It is based on space vector 

and zero sequence voltage analysis, which are either used for 

segmenting the recorded voltage waveforms, extracting 

characteristic features of the dip/swell, determining its 

signature or evaluating its severity. The main advantages of 

this method are its ability to analyze either voltage dips or 

swells in a unified manner, its ability to provide a complete 

dip/swell classification, and the use of a reduced number of 

variables at each stage of the analysis. 

This paper is organized as follows: Section II deals with 

voltage dips and swells signatures as a function of fault type 

and location, system grounding and monitor’s connection. 

Section III describes the space vector transformation and its 

representation in the complex plane in case of dips and swells. 

Algorithms for dips and swells segmentation, classification 

and characterization are presented in Section IV and illustrated 

with examples of real measurement data. 

II.  DIPS AND SWELLS SIGNATURES 

Voltage sags and swells are characterized by their duration, 

magnitude and phase angle shift. The last two parameters 

determine their phasors’ relation, which is also called dip/swell 

type or signature. 

A.  Parameters determining sags and swells signatures  

Sags and swells signatures depend on several parameters: fault 

type, fault location, system grounding and connection of 

monitors. The influence of these parameters on the sags and 

swells signatures is explained in this paragraph. 

    1)  Fault type  

There are four major types of faults: single phase-to-ground, 

double phase-to-ground, double phase-to-phase and three 

phase.  

Single phase-to-ground faults are the most common fault type. 

They are characterized by a drop in one of the phases; the 

other two phases remain unchanged or increase as a function 

of system grounding. Double phase-to-ground faults are in the 

origin of major drops in two of the phases with or without 

phase angle shift as a function of system grounding. The 

voltage in the non-faulted phase remains unchanged or 

increase. Double phase-to-phase faults are characterized with 

drops and phase angle shifts of two of the phases. The non-

faulted phase does not change. Three phase faults are the most 

severe fault type. They are characterized by equal drops on the 

three phase voltages without phase angle shift. 

    2)  System grounding  

The system grounding affects the magnitudes of the non-
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faulted phases [7]. In ungrounded or high-impedance grounded 

systems, voltages rise in the non-faulted phases at the fault 

location. In grounded or low impedance grounded systems, the 

non-faulted phases remain unchanged. 

    3)  Fault location 

Transformers usually remove the zero sequence voltage [8] 

and in this way they change the signature of the power quality 

disturbance. Therefore, voltage dips propagate down to the 

network changing their phasors’ relation as a function of the 

transformer type. Swells caused by faults do not propagate; 

they are measured only at the same voltage level, where the 

fault occurred. 

    4)  Connection of monitors 

Monitors can be connected either between phase and neutral 

(star connection) or between phases (delta connection) [9,10]. 

Phase to phase connection of monitors is usually used in 

systems with delta connecting loads since they measure power 

quality disturbances as experienced by the loads. However, 

concerning systems with either star or delta connecting loads, 

phase-to-neutral measurements are recommended. Star 

connection of monitors provides more information about the 

system, for example the fault number and location. Another 

reason to choose star connection is that phase to phase 

voltages can be deduced from phase to neutral voltages, while 

the contrary is not possible. 

B.  Signatures 

The most usual voltage dips signatures are presented in fig.1. 

The first seven types of voltage dips are defined in [11] and 

are denoted with letters from A to G.  
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Fig. 1  Voltage dips and swells signatures 

 

Voltage dips A, B and E result from respectively three-phase, 

single-phase and double-phase to ground faults, measured at 

the fault location. Dip C may result from phase-to-phase fault 

measured at the fault location, or well is obtained from the 

propagation of dip D via a transformer. Dips D and F are 

obtained from the propagation of dips C and E respectively via 

transformers or well are provided from phase-to-phase 

measurements of dips B and E at the fault location. Dip G 

usually results from the propagation of dip F [2]. 

In this paper, two other voltage dips types characterized with 

rise of the voltage in the non-faulted phase(s) are presented 

and denoted with letters H and I. They are provided from 

phase to neutral measurements at the fault location in an 

ungrounded system and can be considered either as dips or 

swells. Type H is caused by phase to ground fault and type I is 

caused by double phase to ground fault. 

From the presented voltage dips, four of them are 

characterized with major drop in one of the phases (B, D, F, 

H). They are called single phase voltage dips. Four dips are 

characterized with major drops in two of the phases and are 

called double phase dips (C, E, G, I). The dip type A is called 

three phase dip. 

III.  SPACE VECTOR CHARACTERISTICS FOR SAGS AND SWELLS 

ANALYSIS 

In this section, space vectors are defined, and their 

representation in the complex plane is described. Then, space 

vector characteristics and zero sequence voltage are 

theoretically evaluated for normal system operation conditions 

and in the case of voltage dips/swells. It is proved that each 

voltage dip type is characterized by specific features, which 

are further used for voltage dips segmentation, classification 

and characterization. 

A.  Space vector definition 

Space vector transformation can be directly derived from the 

Clarke transformation [12], defined as:  
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,where the coefficient 
3

2
 is used to conserve magnitudes 

between the two coordinate systems. 

The first two components of the Clarke transformation form 

the space vector (2) and the third one represents the zero 

sequence voltage (3): 
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In terms of first harmonic, the three system voltages can be 

viewed as sinusoidal quantities before, during and after the 

fault.  Under this assumption and using Euler’s formula, they 

can be represented as the sum of two contra rotating phasors 

with angular frequency ω . For example: 
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The space vector is derived from the previous voltages and 

consequently, can be described as the sum of positive and 

negative angular frequency phasors: 
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where px  and nx  are complex numbers: 

pj
pp exx

ϕ=  and nj
nn exx

ϕ=  

When magnitudes and initial phases of positive and negative 

angular frequency phasors are different, the corresponding 

space vector follows an ellipse shape in the complex plane 

(Fig. 2). Major axis majr , minor axis minr  and inclination 

angle incϕ  of this ellipse depend on previous phasors 

magnitudes and phases [13]: 
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Fig. 2  Representation of the space vector as the sum of two contra rotating 

phasors with positive and negative angular frequency, different magnitudes 

and initial phases 

 

Note that if positive and negative angular frequency rotating 

phasors have the same magnitudes, 0min =r and the space 

vector is a straight line in the complex plane. Moreover, if the 

magnitude of one of these phasors is zero, majrr =min and the 

space vector becomes a circle. 

In order to easily characterize the shape followed by the space 

vector in the complex plane, a shape index is introduced as 

follows: 
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Its value indicates the correlation coefficient of the space 

vector shape to a circle: 

1=SI   : circle 

10 << SI  : ellipse 

0=SI   : straight line 

B.  Space vector in case of sags and swells 

In a balanced sinusoidal three phase system, the three voltages 

have same magnitudes and their relative phase angle shift is 

3

2π
. As a result, the space vector is only composed of a 

positive angular frequency phasor, and represents a circle with 

radius equal to the nominal voltage in the complex plane. 

Voltage dips lead to changes in the space vector form. This 

paragraph demonstrates that for a three phase balanced dip, the 

space vector follows a circle with a radius smaller than the 

nominal voltage. On the contrary, the space vector is 

composed of positive and negative angular frequency phasors 

for unbalanced dips, and then follows an ellipse in the complex 

plane. The different types of unbalanced dips can be 

distinguished by using the ellipse parameters and the zero 

sequence voltage. In the particular case of dips with rise of the 

voltage in the not faulted phase(s), the space vector follows a 

circle in the complex plane with radius equal to the nominal 

voltage, as in the case of non-faulted systems. In this case, 

only the zero sequence voltage is used for voltage dips 

analysis. 

The space vector and zero sequence voltage characteristics for 

all types of voltage dips are determined in this paragraph. Dips 

are divided into single-phase, double-phase and three-phase, 

and swells are treated separately. 

    1)  Single phase voltage dips 

Single phase dip types without swells are B, D and F. It is 

demonstrated in [14] that their space vector is composed of 

positive and negative angular frequency phasors and describes 

an ellipse in the complex plane (Fig. 3). Its characteristics and 

zero sequence voltage are presented in Table 1, where d  is the 

dip depth and n denotes the phase affected by the fault. 

The ellipse inclination depends on the phase with major drop: 

2

πϕ =inc  for a drop on phase a (Fig. 3a), 
6

πϕ =inc  for a drop 

on phase b (Fig. 3b) and 
6

5πϕ =inc  for a drop on phase c (Fig. 

3c). 
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Fig. 3  Space vectors for a single phase dip type B on phase a, b and c 

respectively  

 

The differentiation between the three single phase voltage dips 

is realized by the zero sequence voltage and the ellipse major 

axis. Indeed, dip type B is the only one for which 00 ≠x , and 

dip types D and F can be distinguished by using the ellipse 

major axis ( Vrmaj =  for dip type D and Vrmaj <  for dip type 

F). 

 
TABLE 1 SINGLE PHASE VOLTAGE DIPS CHARACTERISTICS 
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    2)  Double phase voltage dips 

The three main double phase dip types are C, E and G. Their 
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corresponding space vector characteristics and zero sequence 

voltage are given in Table 2, where n  denotes the phase not 

affected by the fault. Note that for dip types C and G, the 

variable d  is a function of the phase angle shift and the drop 

of the phases in fault, and does not exactly represent the dip 

depth. However, for small phases drops, d  can be considered 

as identical to the dip depth. 

For the three double phase voltage dips, the space vector is 

represented by a sum of two contra rotating phasors, and 

describes an ellipse in the complex plane with inclination 

angle: 0=incϕ  for voltage drops on phases b and c, 
3

πϕ =inc  

for drops on phases a and b and 
3

2πϕ =inc  for drops on phases 

a and c. Table 2 shows that the three types of double phase 

dips can be distinguished thanks to two parameters. The first 

one is the zero sequence voltage, which is different from zero 

for dip type E only. The other parameter is the ellipse major 

axis, which is equal to the nominal voltage for the dip type C 

and inferior to the nominal voltage for the other two dip types. 

 
TABLE 2 DOUBLE PHASE VOLTAGE DIPS CHARACTERISTICS 

Space vector Type 
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    3)  Three phase voltage dips 

The space vector in the case of three phase voltage dips is only 

composed of one positive frequency phasor: 
)(

)1()(
ϕω +−= tj

Vedtx
r

. It follows a circle shape ( 1=SI ), with 

radius depending on the dip severity ( Vdrr maj )1(min −== ). 

This dip characteristics are presented in Table 3. 
 

TABLE 3 THREE PHASE VOLTAGE DIP CHARACTERISTICS 

Space vector Type 

SI  
incϕ  minr  majr  

Zero sequence voltage 

A 1  - ( )Vd−1  ( )Vd−1  0  

 

    4)  Voltage dips with rise in the non-faulted phases 

Voltage dip types H and I are also characterized with rise in 

the non-faulted phase. For a dip type H the voltage change 

along the real axis only. For a dip type I two change directions 

are observed: for 
4

0
V

d ≤≤  voltages change only along the 

real axis and the dip is denoted as I*; for Vd
V ≤≤
4

 voltages 

change first along the real axis and then along the imaginary 

axis, the dip is denoted as I**. The two cases are considered 

separately since they do not have the same characteristics. 

The space vector for voltage dip types H and I* follows a 

circle in the complex plane with radius equal to the nominal 

voltage, as in the non-faulted case. These dips can be classified 

and characterized thanks to the magnitude and initial phase of 

the zero sequence voltage. For the dip type I**, the space 

vector follows an ellipse shape with inclination ( )
3

1
π

n− , 

where n  denotes the phase not affected by the fault. It can be 

differentiate from dip types C, E, and G thanks to the 

magnitude of the zero sequence voltage and the ellipse major 

axis.  

 
TABLE 4 CHARACTERISTICS OF DIPS WITH SWELLS 
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    5)  Conclusion 

It has been shown in this section that space vector and zero 

sequence voltage are useful to discriminate and identify 

voltage dips and swells. It can further be noted that the ellipse 

minor axis minr  and the magnitude of the zero sequence 

voltage can be used to detect the occurrence of a voltage dip. 

Indeed, the ellipse minor axis is smaller than the nominal 

voltage for all dips types from A to G, and the zero sequence 

voltage has an important value for dips H and I. These two 

characteristics will therefore be used for the segmentation of 

recorded voltage waveforms, and the determination of the dip 

time area. They can also be useful to evaluate the severity of 

the voltage dip since they directly depend on the dip depth d. 

The previous results and remarks will be used in the following 

section to develop algorithms for dips and swells 

segmentation, classification and characterization, and finally 

elaborate a complete method for voltage dips and swells 

analysis. 

IV.  METHOD FOR SAGS AND SWELLS ANALYSIS 

The voltage dips analysis can be considered as composed of 

several steps: feature extraction, segmentation, classification 

and characterization (fig.4).  

In the feature extraction, the key information from the space 

vector and the zero sequence voltage is captured and supplied 

as input of the other steps. In the next stage, the recorded 

voltage waveforms are segmented and the area where the dip 

occurs is determined. This segment is further analyzed and the 

dip/swell signature is estimated. At the last stage of voltage 

dips analysis the severity of the measured power quality 

disturbance is evaluated. 
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Fig.4  Steps of voltage dips analysis 

 

In the following paragraphs, each of these steps will be 

explained in details. 

A.  Feature extraction 

At this step, the space vector characteristics and the zero 

sequence voltage are evaluated.  

The space vector characteristics can be directly determined by 

using the space vector shape in the complex plane. However, 

this direct estimation leads to inaccuracy in the voltage dips 

analysis, as measured voltages are often disturbed (noise, 

harmonics) and the space vector projection in the complex 

plane is not always characterized by an ideal shape.  

This phenomenon can be illustrated with the example of the 

measured dip voltages in Fig. 5a., which present a harmonic 

distortion. The corresponding space vector represents a 

disturbed ellipse in the complex plane (Fig 5b); its spectrum 

(Fig.5c) confirms the presence of small harmonics and noise. 

a)  

b)  c)  

Fig. 5  A measured voltage dip (a),  corresponding space vector in the 

complex plane (b) and space vector spectrum (c) 

 

The negative impact of additive noise and harmonic distortion 

can be minimized by applying the Discrete Fourier Transform 

(DFT) to the space vector. The complex values given by the 

space vector Fourier transform at ±50Hz correspond to 

positive and negative fundamental angular frequency phasors 

xp and xn defined in Eq. (5). Their magnitudes and phases are 

then used to calculate space vector characteristics majr , minr , 

and incϕ . 

In the same way, the phase and the magnitude of the zero 

sequence voltage are determined by the value of its DFT at 

±50Hz.  

Both variables (space vector and zero sequence voltage) are 

evaluated at each sample of the recorded voltage waveforms 

by using one-cycle sliding window, shifted across the time 

axis. 

B.  Segmentation 

The segmentation process refers to the decomposition of a 

given signal into stationary or weakly non stationary segments. 

It is a common problem in many engineering fields: speech 

processing, image processing, biomedical engineering and 

many others. 

In the case of three phase voltage dips, one segmentation 

algorithm is usually applied to each of the three phases, 

because the phases changed during the dip are not known a 

priori. Afterwards, the results obtained on each phase have to 

be compared in order to make a segmentation decision for the 

recorded voltage waveforms. 

In this section, an algorithm for voltage dips detection and 

segmentation based only on two variables is proposed. The 

first variable is the ellipse minor axis, which is equal to the 

nominal voltage during normal operating conditions and less 

than the nominal voltage for dip types from A to G. The 

second variable is the zero sequence voltage used for the 

segmentation of dip types H and I. This variable is equal or 

close to zero in normal system conditions and not equal to zero 

in case of dip types H and I. 

The algorithm for voltage dip segmentation is graphically 

presented in Fig. 6. 
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Fig.6  Algorithm for voltage dips segmentation 

 

First, the ellipse minor axis is estimated from real data as 

explained previously. Then, changes in its mean value are 

detected by the two-sided Cusum (Cumulative Sum) algorithm 

[15], chosen thanks to its good performance, great simplicity 

and optimal properties. This algorithm automatically 

determines different segments during which minr  can be 
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considered has a constant. These constant values are estimated 

by averaging minr  on each of these segments, and compared to 

a threshold of 0.9pu in order to determine the segments, where 

voltage dips occur. 

If there is no dip detected thanks to minr , the same approach is 

applied to the magnitude of the zero sequence voltage 0x  in 

order to detect eventual dips of type H or I. In this case, such a 

voltage dip is detected during segments where 0x  is greater 

than a small threshold chosen to be 0.1pu (see Table 4 

with 1.0=d ). 

C.  Classification 

The previous algorithm automatically determines the different 

time segments where voltage dips occur. The present one has 

to establish which type of dip occurs during each of these 

segments. 

Space vector characteristics together with the zero sequence 

voltage are used to classify the voltage dip type as explained in 

section III. The algorithm for voltage dips classification is 

presented in Fig. 7. First, the space vector is evaluated and the 

positive and the negative fundamental frequency component xp 

and xn are determined by using the Discrete Fourier Transform 

as explained in section IV-A. Then, the shape index SI defined 

in Eq. (7) is calculated and used in order to differentiate 

unbalanced dips and swells from balanced ones. The limit 

value of the shape index is estimated for a dip depth equal to 

10% of the nominal voltage (see Table 1 and 2 with 1.0=d ) 

and is set to 0.93. 

Space vector

SI

SI>0,93SI<0,93

Unbalanced dip Three phase dip or swell

Single or double phase dip

incϕ

Measured data

Discret Fourier Transform

Dip type

np xx ,

0x

Dip type

0, xrmaj

Space vector

SI

SI>0,93SI<0,93

Unbalanced dip Three phase dip or swell

Single or double phase dip

incϕ

Measured data

Discret Fourier Transform

Dip type

np xx ,

0x

Dip type

0, xrmaj

 
Fig. 7  Algorithm for voltage dips classification 

 

If the dip is classified as unbalanced, the ellipse axis and 

inclination are calculated from the space vector phasors (see 

Eq. (6)). 

The ellipse inclination determines whether the dip is single 

phase or double phase and indicates the phase(s) with major 

drop as shown in Fig. 8. Single phase dips are denoted with S, 

double phase dips with D, and phase(s) in drop are in lower 

case letters. 

Sa

Sc Sb

Dbc

Dac Dab

Dbc

Sb

Dab Sa

Dac

Sc

Sa

Sc Sb

Dbc

Dac Dab

Dbc

Sb

Dab Sa

Dac

Sc

 
Fig. 8  Ellipse inclination angle for unbalanced dip 

 

The zero sequence voltage and the ellipse major axis 

contribute to the complete dip classification, differentiating dip 

types with the same ellipse inclination. 

If the measured power quality disturbance is classified as 

balanced dip or swell, the zero sequence voltage is used for 

further discrimination. If its magnitude is equal or close to 0, 

the dip is classified as three phase balanced dip. An important 

value indicates that the measured signal is characterized with 

rise of the non-faulted phases. Furthermore, the phase of the 

zero sequence voltage indicates whether the dip type is H or I 

and which phases are affected by the fault as shown in Fig. 9.  

Ha

Hb

HcIac

Ibc

Iab

Ha

Hb

HcIac

Ibc

Iab

 
Fig. 9  Dip type as a function of the zero sequence voltage phase 

D.  Characterization 

Once the different dips classified, their severity can be 

evaluated from the space vector and the zero sequence voltage 

characteristics. For voltage dips types from A to G, dip gravity 

can be evaluated by the ellipse minor axis minr  depending 

directly on the dip depth d (see Fig. 1 and Tables 1, 2 and 3). 

For dip types H and I, the magnitude of the zero sequence 

voltage 0x  can be used since it is proportional either to the 

faulted phase(s) drop, or to the non-faulted phase(s) rise (see 

Fig. 1 and Table 4). 

Another possibility to evaluate the gravity of measured power 

quality disturbances is to estimate the surface of the space 

vector in the complex plane. The decrease of the space vector 

surface is proportional to the dip gravity. For example, for a 

given dip depth, three phase voltage dips are the most severe, 

followed by double phase and single phase dips. The dips 

characterized with swells have the same surface as in normal 

system operation conditions and are not considered as severe. 

This corresponds to the reality, because dips of types H and I 

do not propagate down to the network and are not experienced 

by loads. Indeed, they are characteristic of the medium voltage 

level, where loads are delta connected. 

E.  Applications 

The previous method of voltage dips analysis has been 

implemented in Matlab software. Its performance are 

illustrated in this section through results obtained on different 
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measurement data performed on a medium voltage network. 

Only dips with duration over one cycle are analyzed. Phase 

voltages, zero sequence voltage and all space vector 

characteristics are given in pu. 

The proposed method is first applied to the recorded voltage 

waveforms presented in Fig. 10a. Two changes are detected in 

minr  (see Fig. 10b) and the recorded signal is decomposed into 

three segments. During the second segment, the mean value of 

minr  is under the threshold of 0.9pu and is further analyzed. 

During this segment, the space vector is composed of a 

positive frequency phasor 1580.78 j

px e− °=  and a negative 

frequency phasor 380.1 j

n
x e °= , whose complex values are 

estimated by the Discrete Fourier Transform. The shape index, 

estimated from the previous values, is 76.0=SI  and classifies 

the dip as unbalanced (see Fig. 7). The ellipse inclination 

inc 120ϕ = °  indicates that the phases a and c are in drop (see 

Fig. 8). The ellipse major axis purmaj 88.0=  and the zero 

sequence voltage magnitude pux 04.00 =  determine the dip 

type as G (see Table 2). Finally, the ellipse minor axis being 

pur 67.0min = , the dip depth is evaluated at pud 33.0=  

a)  

b)  

Fig. 10  Double phase measured voltage dip (a), ellipse minor axis and its 

segmentation (b) 

 

The second example is the voltage dip presented in Fig. 11a, 

which is characterized by a rise of the voltage in the non-

faulted phases. There is no detected change in the ellipse 

minor axis (see Fig. 11b), and therefore the zero sequence 

voltage magnitude is used for dip segmentation. One change is 

detected in its value and the measured signal is decomposed 

into two segments (see Fig. 11c). During the second segment, 

0x  is greater than the threshold of 0.1pu and is further 

analyzed. The space vector and the zero sequence voltage are 

estimated over one cycle window. The positive and negative 

fundamental frequency phasors are obtained thanks to the 

space vector DFT, and the shape index is estimated to 

96.0=SI . The measured power quality disturbance indicates 

that the dip is balanced or with a rise in the non-faulted phases 

since 93.0>SI  (see Fig. 7). Finally, the zero sequence voltage 

phasor °−= 35
0 96.0 jex , also estimated thanks to DFT, 

classifies the dip as type H with a drop on the phase c and a 

dip depth of 96.0=d  pu (see Table 4 and Fig. 9). 

a)  

b)  

c)  

Fig. 11  Measured voltage dip (a), ellipse minor axis (b), zero sequence 

voltage and its segmentation (c) 

 

The recorded voltage waveforms presented in Fig. 11a present 

a high harmonic disturbance after t = 0.12 seconds. It can be 

noted that even under such conditions, the estimated 

characteristics 
minr  and 

0x  keep constant values and the dip 

type is correctly classified and characterized. 

V.  CONCLUSION 

A new method for voltage dips and swells automatic detection 

and analysis is proposed in this paper. It is based on space 

vector and zero sequence voltage characteristics, which are 

used either for dip segmentation, classification and 

characterization.  

This method, able to analyze either voltage dips or swells in a 

unified manner, reaches very good performance even in the 

presence of wide band noise and/or harmonic distortion.  This 

particularity was illustrated thanks to measurement data, and 

the obtained results have proved its accuracy. 

Furthermore, with the help of some additional algorithms, the 
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proposed method could be used for real-time implementation 

in view of on-line power quality assessment. 

VI.  ACKNOWLEDGEMENT 

The authors gratefully acknowledge Frederic Dumas from 

Schneider Electric for his contribution with real measured 

data. 

VII.  REFERENCES 

[1] M. McGranaghan; D. Mueller; M. Samotyj, Voltage sags in industrial 

systems, IEEE Transactions on industry applications, Vol. 29, No.2, pp. 

397-403, March/April 1993  

[2] T. Andersson, D.Nilsson, Test and evaluation of voltage dip immunity, 

STRI report, Sweden, 2002  

[3] E. Styvaktakis, Automating power quality analysis, Ph.D. thesis,. 

Chalmers University of Technology, Sweden, 2002 

[4] M.H.J. Bollen, L.D. Zhang, Different methods for classification of 

three-phase unbalanced voltage dips due to faults, Electric Power 

Systems Research, Vol. 66, no.1 (July 2003), pp.59-69.  

[5] Bollen, M. H. J. and Styvaktakis, S., “Characterization of Three-phase 

Unbalanced Sags, as easy as one, two, three”, IEEE PES Summer 

Meeting 2000, Seattle, WA, USA, July 2000 

[6] M. Bollen, L. Zhang, A method for characterization of three phase 

unbalanced dips from recorded voltage waveshapes, IEEE 

Telecommunication Energy Conference, INTELEC’99, June 1999, pp. 

93 

[7] P. Heine, M. Lehtonen, Measured faults in an unearthed medium 

voltage network, Nordac conference 2004 

[8] L. Zhang, Three-phase unbalance of voltage dips, Licentiate thesis, 

Chalmers University of Technology, Dept Electric Power Engineering, 

Gothenburg, Sweden, November 1999.  

[9] M. Didden, E. de Jaeger, W. D’haeseleer, R. Belmans, How to connect 

a voltage sag-measuring device: phase to phase or phase to neutral?, 

IEEE Transactions on power delivery, Vol.20, No. 2, April 2005 

[10] R. Leborgne, G. Olguin, M. Bollen, The influence of pq-monitor 

connection on voltage dip measurement, IEE - MedPower, Cyprus, 

November 2004 

[11] M. Bollen, Understanding Power Quality Problems : Voltage Sags and 

Interruptions, Wiley-IEEE Press, 1999 

[12] J. Aller, A. Bueno, T.Paga, Power system analysis using space vector 

transformation, IEEE Transactions on power systems, Vol. 17; No. 4, 

pp. 957-965, November 2002 

[13] N. Bachschmid; P. Pennacchi; A. Vania, Diagnostic significance of 

orbit shape analysis and its application to improve machine fault 

detection, J. Braz. Soc. Mech. Sci. & Eng. vol.26 no.2 Rio de 

Janeiro Apr./June 2004 

[14] V. Ignatova, P. Granjon, S. Bacha, F. Dumas, Classification and 

characterization of three phase voltage dips by space vector 

methodology, FPS conference 2005 

[15] M. Basseville and I. Nikiforov, Detection of Abrupt Changes. - Theory 

and Application, Prentice-Hall, April 1993 

 

VIII.  BIOGRAPHIES 

Vanya Ignatova was born in Sofia, Bulgaria in 

1979. She received her Engineer degree from the 

Technical University in Sofia in 2002 and her 

Master degree from the the National Polytechnic 

Institute of Grenoble, France in 2003. Currently, she 

is a PhD student in the Laboratory of Electrical 

Engineering of Grenoble, France. Her main research 

interests include power quality, and especially 

voltage sags and power system harmonics. 

 

 

 

 

 

 

Pierre Granjon was born in France in 1971. He 

received the M.S. in electrical engineering from the 

University Center of Science and Technology, 

Clermont-Ferrand, France, in 1994 and the Ph.D. 

degree from the National Polytechnic Institute of 

Grenoble (INPG), France in 2000. He joined the 

Laboratory of Images and Signals (LIS) at INPG in 

2001, where he holds a position as assistant 

professor. His general interests cover signal 

processing theory such as nonlinear signals and 

filters (higher order statistics, Volterra filters), non stationary signals and 

filters (cyclostationarity, LPTV filters) and active control. His current 

research is mainly focused on signal processing applications in electrical 

engineering such as fault diagnosis in electrical machines and power 

networks. 

 

Seddik Bacha received his Engineer and Master 

from National Polytechnic Institute of Algiers 

respectively in 1982 and 1990. He joined the 

Laboratory of Electrical Engineering of Grenoble 

(LEG) and received his PhD and HDR respectively 

in 1993 and 1998. He is presently manager of Power 

System Group of LEG and Professor at the 

University Joseph Fourier of Grenoble. His main 

fields of interest are power electronics systems, 

modeling and control, power quality, renewable 

energy integration. 


