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Abstract— This study presents an in-service non-intrusive
diagnosis methodology for the detection of incipient faults in the
induction motor’s (IM) stator windings. The failure identification
(FI) algorithm is based on the application of mathematical
morphological gradient (MMG) technique on the stator’s current
in the time domain. The IM under study is driven by the direct
torque control (DTC). Comprehensive investigation of harmonics,
inter-harmonics and sub-harmonics content is conducted to
compare between the FI based on the classical motor current
signature analysis (MCSA), and the proposed technique. The
proposed MMG based FI routine is fast, online, and easy to
implement on digital controllers. The FI technique was validated
through the co-simulation between the physics based finite
element (FE) model of IM, and the voltage source inverter (VSI),
DTC controller, and FI logic. The co-simulation have the merit of
simulating the IM with all the harmonic content to improve the
reliability of the FI. Moreover, it represents a trustworthy
alternative to the experimental platform, which accelerate the
ageing rate of the IM. Simulation reinforced by experimental
results depicted the robustness of the FI method.

Keywords— Direct Torque Control, Diagnosis, Induction
machine, Mathematical morphological gradient, FEA, Inter-Turn
failures

L INTRODUCTION

Inter-turn failure (ITF) in stator’s windings is the second
most frequent fault in induction motors (IM), after bearing
faults [1]. The online detection of ITF at its embryonic stages
is a vital key for the protection of the asynchronous motor drive
system [2]. Consequently, online techniques of ITF fault
identification (FI) are pervasive in literature.

The IM system could be categorized into three types:
connected directly on-line (DOL), fed from open-loop
controlled voltage source inverter (VSI), and fed from closed-
loop VSI. The latter can be categorized on scalar and vector-
controllers. The vector control algorithm employed in the
majority of the high performance motor drive industries is the
direct torque control (DTC), due to its robustness and could be
implemented easily [3]. However, its robustness overburden the
detection of ITFs at their initial stages, as the DTC controller
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hides the signatures present at the asymmetrical DOL
connected IM.

Frequency spectrum investigation is widely used in online
diagnosis of asynchronous motors stator’s failures [4]. That
investigation is commonly done for the stator’s current (i), and
denoted as motor current signature analysis (MCSA).
Monitoring the third order harmonic of iy, proved to be
ineffective in detecting the incipient stator’s fault, especially in
the low voltage IMs, as supply unbalance or inherit IM
asymmetries mimic the fault signatures, and could result in
false FI [5]. Consequently, other harmonic orders were used to
detect ITFs in DOL connected IM. In [6], three order harmonic
components at 90,120 and 150 Hz were used to detect ITF in
DOL fed IM, with supply frequency of 60 Hz. A model was
developed in [7] for the induction motor (IM) with ITF to
explore the interaction between the saturation in the
asymmetrical machine and the spectral content of ig. ITF
detection based on the radiated magnetic flux captured via an
external magnetic loop for DOL connected IM was presented
in [8]. The researchers claimed that FI based on the radiated
flux is more accurate than MCSA, as the ITF creates its own
current, and its own magneto-motive force. However, that
claim was not supported by comparative analysis between both
techniques.

Due to the fact that frequency domain transformations (FFT)
are limited in their applications to stationary signals only,
detection of ITF based on time-frequency domains gained
popularity recently in literature. In [9]-[11] wavelet
transformation (WT) was adopted to detect IM stator’s fault.
Whereas in [12], wavelet transformation was done over the
radiated external magnetic flux from the IM for FI. The IM
considered in the four aforementioned studies were DOL
connected.

Stator’s winding fault recognition is more vital in VSI fed
IMs. The abrupt voltage transitions (dv/dt) accompanying
high switching frequency (f;) of the VSI intensifies the electric
field stress over the insulations, which by its role accelerates the
ITF propagation. Moreover, with the rapid growth in the
electric vehicles industry [13], more attention should be given
to FI of ITFs in vector controlled IMs, especially the DTC
driven ones.

The first reaction of the DTC controller to the ITF is the
increase in the 3™ order harmonic component of iy, to counter
balance the oscillatory component in the developed torque [14]-
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[15]. That’s the reason why in [16] MCSA was used and the 3™
order harmonic component was adopted for FI. Whereas in
[17], beside the MCSA, the authors used the increase in the
positive sequence components (SC) of ig in the synchronous
rotating frame to counter-balance the negative SC due to ITF as
FI. The latter technique was implemented on DSP controller in
[18]. As the ITF will introduce a 2" order harmonic component
in the developed torque [15], the developed power will inherit
the same signature. Consequently in [19], the FI was based on
monitoring of the 2" order harmonic component of the
developed power, for DOL connected IM and DTC driven IM.
The signatures were much more obvious in the DOL connected
IM than the DTC driven one, due to the compensatory nature of
the DTC controller. Finally, the FI or ITFs in DTC driven IMs
based on the off-diagonal components of the symmetrical
components impedance matrix was presented in [20]. The FI
routine has the advantages of being in time domain, and
immune against sensor errors and motor inherited asymmetries.
However, the fundamental frequency got affected by the
stator’s fault, hence a robust frequency estimation technique is
required in that FI routine.

From the aforementioned literature surveys, it is obvious that
the 5 researches have investigated FI of ITFs in DTC driven
IMs were either in frequency domain completely, or require
frequency estimator for the transformation. None of the
aforementioned researches dealt with the signal directly in the
time domain (T-domain). Among the various T-domain signal
processing routines, mathematical morphological gradient
(MMG) theory, that was initiated for image processing
applications [21], showed promising results in detecting broken
bar faults [22], and ITFs [23] for DOL connected IMs.

The contribution of this study to the current state-of-the-art
is the development of a non-intrusive, non-destructive online FI
technique based on MMG filters applied on ig for DTC driven
asynchronous motors. Moreover, physics based co-simulation
is presented for FI in DTC controlled IM, through the coupling
between: finite element analysis (FEA) of IM and VST and DTC
models. Simulation and experimental results demonstrating the
FI technique is able to detect ITSC faults. Furthermore,
comparative analysis is given between the proposed FI and the
MCSA based FI.

II.  OVERVIEW OF DTC

The co-simulation platform and the FI routine of the DTC
driven asynchronous motor under study is shown in Fig.1. The
DTC algorithm is based on two hysteresis controllers , the first
is a two-level one to control the developed torque (T,), while
the other is a three-level one used to control the magnitude of
the flux-linkage (|A4|). In this article the DTC controller is
implemented with a fixed switching frequency (f; = 10 kHz).
It’s noteworthy to mention that T, and |A| are not measured by
the DTC controllers, they are estimated. The DTC algorithm
procedure could summarized in the following 7 steps:

1)  Measurement of VSI signals’

The first step is the measurement of the DC-link voltage
(Vp¢) and the motor’s line current(iy).

2) Transformation into aff coordinates

The measured values are transformed from the three-phase
stationary frame of reference abc into the two-phase stationary
frame of reference a8 via Clark’s transformation.

3) Stator’s voltage estimation

The space-vector (SV) output voltage of the VSI (¥g) could
be estimated through the knowledge of V¢ and the switching
sequence ([d;] = [dia  dip  dic]").

4) Estimation of T, and A

Using ¥ and iy, the developed torque and the flux-linkage
could be estimated by (1) and (2), respectively. R, is the stator
resistance.

Te = SELL_": (isﬁjsa - isaisﬁ) (1)
2s = f(vs - Rsis)dt (2)

5) Controllers action

The error between the estimated and reference values of T,
and A; are the inputs for the aforementioned hysteresis
controllers. 8|A| = Aref — |4,| and 8T, = Ty.op — T, are the
errors in Ag and T, respectively. The output of the hysteresis
controller are the (1, T signals) indicate to the switching table
(Look-up Table) the requirements, as in Fig. 2.

6) Sector detection

Based on 7 and 9, the sector (S,, wherex = {1 — 6} ) where
the flux-linkage lies is determined.
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7)  VSI switching signals

Via the detected sector S, and the controllers output signals
(1, t), the output switching signals to the gates of the VSI
switches are determined based on the DTC look-up table,
shown in Table I.

III. MCSA:ITF EFFECT AND DTC REACTION THROUGH
HARMONIC INSERTION

ITF results in escalating the positive SC, and insertion of
negative SC in i [14]-[15]. Thereby, ig will be as in (3):

iy = Lple/ 0 Pior) 1 |0t oin)  3)

where |Ip| and |I 5| are the magnitudes of the positive and
negative SC of i, respectively, w = 2rf. It’s noteworthy to
mention that those SCs are observable by the DTC via the
current transducers.

Based on (2), /TS will inherit a negative SC, and will suffer
of suppression in the positive SC. A, in the space-vector
notation will be as in (4):

A = ool @ 920) 4 |Zple 7@ Pan) (4

where |/Tspl and |/T5N| are the magnitudes of the positive and

negative SC of /TS, respectively. But T, could be written as in
(5) instead of (1):
& 3DPLmy. (3 *;
T, = Egzlm{as i} (5)
Consequently, from (3) and (4) in (5), T, will have two
terms in summation, as in (6): the first is constant (observable
static error), while the second represents the oscillatory
component at 2w, (observable dynamic error).
. 3PL,
=12
¢ 221 (
DTC tends to compensate the observable error through
introducing a 3f component in is (and hence in A;). The
aforementioned 3" order harmonic will counterbalance the
oscillatory torque error observed by the torque controller.
Stator’s fault introduces inter-harmonics in the stator’s
current at frequencies (firsc) [19], as in (7):

frrse = fl5 (1 =) 1] ™

where, m =0,1,2..,1=0,1,3,5 ....

The interaction between the TIF, and the saturation in the
stator as its result, produces third-order-related inter-harmonic
components as in (8) [7].

fan =L (A=) %3] ®

where R is the number of rotor’s slots.

Various other harmonics/inter-harmonic components appears
in the stator’s current, even for healthy IMs, as a result of the
rotor slot effects, its interaction with saturation, switching
activity of VSI, etc. Those harmonic components and their
causes are explained in details in [15], and could be
summarized as in Table II. It was proven experimentally in
[15], the difficulty of FI based on MCSA due to the numerous
harmonics/inter-harmonics existence.

Tstat_obs + |Tdyn_obs| Sin(zwet + Y)) (6)

TABLE II. SUMMARY OF PREDICTED HARMONICS DTC DRIVEN

FAULTY IM.

Generated harmonics in stator’s Current
firrus = f [1 - %(1 - S)] ®
furmns = f[1+20=9] (0
fasusae = f[LE 2022 =9)] (1)
firsc =f [% 1-9+ l] @)
fa=flia-9+3  ®

fore reaction = 3f 12

Cause

Rotor slots effect

Saturation effect
ITSC effect

ITSC and Saturation effect
DTC reaction

IV. MATHEMATICAL MORPHOLOGICAL GRADIENT
ALGORITHM FOR FI

Mathematical morphology (MM) can be defined as a
technique for the analysis of spatial structures, based on set
theory, integral geometry and lattice algebra [21]. The main
application of the MM is the image and video processing. It is
totally different from the methods that are based on integral
transform, such as Fourier Transform (FT) and Wavelet
Transform (WT), in basic principles, algorithmic operations
and approach. In contrast to the theory of linear signal
processing, such as FT/WT, MM is non-linear signal processing
technique [25]. Furthermore, it depends on the shape of a signal
waveform in the time domain rather than the frequency domain.

The main purpose of morphological operators is to extract
related structures of a set. The extraction is performed by
interaction between the set of the signal data and another
probing set, which is called Structuring Element (SE). The
shape of the SE is pre-defined according to some priori
information about the morphological form of the signal.

There are two basic morphological operators, dilation and
erosion, which form a pair of dual transforms. The logic behind
the mathematical morphological gradient (MMG) theory is to
recognize the pattern in a non-linear signal in the time domain
by adapting it through the interaction with the MMG operator.
This interaction is done via the basic logical operators of MMG:
dilation () and erosion (¢). Let m denote a signal and g denote
a SE, and the length of g be noticeably shorter than that of m.
The signal is defined as a single dimension gray-scale image
and it is proceeded by dilation operation as in (13):

8 = (m®g) = max {m(x +s) + g(s)|(x +5) € Dy, s € Dy} (13)
where @ dilation operator means m dilated with g to produce
the dilated signal 6. Whereas Dy, D are the definition domain
of m and g respectively, and x is the samples of signal m. In
the case under study, the signal m is the stator’s current i.
Erosion can be described as shrinking of the shapes
contained in the input signal by using the SE [21]. Erosion is
labelled the same equation but instead of supreme will be
replaced by minutest as in (14),
e=(mO g) =min{m(x +s)+ g(s)|(x +5) € Dy, s € Dg} (14)
where © erosion operator means m eroded with g, and € is
the eroded signal.

MMG is defined as the arithmetic difference between the
dilation and erosion of a signal by the SE. The MMG aims at
removing the steady state components and highlights the
transient’s ones. The MMG is represented as in (15),
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MMG =6 —¢ (15)

Meanwhile dilation and erosion using a flat SE return the
maximum and minimum of the signal samples, for each point,
its morphological gradient reflects the change between
maximum and minimum obtained within the samples of the SE.

V. CO-SIMULATION RESULTS

A 1 HP WEG IM of M19 USS iron cored stator with 36 slots
is used in this study. The rotor has 44slots, and aluminum bars
of 3.8X 1070/m. The IM has an air gap of 0.31 mm. Each
phase total number of turns per phase is N, = 510. Four taps
were done on the physical IM and the FEA model to study the
ITF. The fault severity factor (uf) is a ratio between the number
of turns short-circuited and Ng,.The four faulty cases (C; — C,)
are for py = 1.08%, 2.68%,3.98% and 4.7%, respectively.
The fault resistance Ry = 0.67 Q). The nameplate ratings and
parameters of the IM are shown in Table III. Co-simulation
environment was realized via the interactive coupling between
the DTC-VSI models in Simulink/MatLab environment and the
FEA model of IM in MagNET/Infolytica. For both experimental
and Co-simulation test, the torque reference value was Tyop =
2 Nm.

A. FI based on MMG

TABLE III. NAMEPLATE RATINGS OF THE 1 HP WEG IM
UNDER STUDY.
Param. Value | Param. Value |Rating Value| Rating Value
Ly (mH) 321 | Ry(Q) 9292 |P.(W) 746 | PF 0.8
L,,(mH) 37.0 R.(Q) 7.231| V(v) 460 | poles 4
Ln(H) 0.895 |J,,(Kgm?) 0.053 | I, (A) 1.47 |n, (rpm) 1730
S (a) Healthy —Cl1 (b)
A q
AL A , l
2 I
-\)MWWWWMIW‘WVW*‘C “ubw i
S0 166333 50
0.0 . D
. © 5 @
g 2 g 1
e w
0 0
0 16.6 333 50 0 16.6 33 50
(e)
3 s U]
~ —~ |
=3 2 ~
5 210 =
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Fig. 3. FEA Co-Simulation results for healthy and C1 faulty case (a): i in T-
domain, (b): Zoom-in of i at zero-crossing at at the peak, (c): Dilataed
signal, (d): Eroded Signal, (¢): MMG, (f): Accumulated energy.

The stator’s current was obtained for healthy and C; faulty
conditions from the FEA co-simulation environment, as shown
in Fig. 3(a). Zooming of ig of both are shown in Fig.3(b). The
dilation and erosion of the obtained signals are displayed in Fig.
3(c) and Fig. 3(d), respectively. As Fig. 3(c) shows, the
maximums of the faulty cases are larger than those for the
healthy case. Whereas in Fig. 3(d), the eroded signal has higher
value in the healthy case if compared to C;. Thereby, MMG, has
higher value in C; case if compared to the healthy, as in Fig.
3(e). To discriminate the ITFs, the area under the curves of Fig.
3(e) are calculated and denoted as ‘Energy’, as in Fig. 3(f). The
ITFs detection is based on the end value of the energy at the
processing window. That energy end value was 9.185 A. s and
13.5 A. s for healthy and C; cases, respectively

B. FI based on MCSA

To compare with the MCSA based FI algorithms, the
harmonic spectrum of iy was obtained, up to the 8" order
harmonic (h = frequency(Hz)/f), by FFT with sampling
frequency of 20 kHz. Results showed that numerous sub-
harmonics, inter-harmonics and harmonics are present in case
of healthy and faulty IM driven by DTC controller, due to the
reasons mentioned in section III. Those harmonics are not
always greater in amplitude in case of faulty IM. As expected,
the fault will amplify the 3™ order harmonic component if the
current, due to the DTC reaction. However, that 3 order
content was present in case of healthy motor, due to inherent
asymmetries in the motor design, which makes the FI through

monitoring that component problematic.
20 : . : , ; ;

3 4 5 6 7 8
Harmonic order (h)

Fig. 4. Frequency spectrum of ig in Co-simulation enviroment

—
RN QD(‘,PMGM

Fig. 5. Experimental setup for acquisition with a dSpace 1104.

VI. EXPERIMENTAL RESULTS

The experimental test platform is shown in Fig. 5. The 1 HP
IM’s shaft is mechanically coupled to a 250 W and 42 V dc
permanent magnet (PM) machine. The dc PM machine is acting
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as a generator with variable load. A dSpace 1104 board is used
for the control and condition monitoring. The motor angular
speed is measured with a 1000 ppr coupled to the PM machine.
The healthy condition as well as the 4 faulty conditions were
run experimentally in the setup, and MMG FI routine, as well
as FFT were performed to the stator current.

A. FI based on MMG

The MMG routine is applied on iz, and the energy’s end
values (EEV) are displayed in Table IV. For better judgement
on the proposed CM technique, the EEV of the healthy cases
were taken a reference, and the EEVs were calculated as
percentage with respect to it, according to (16):

EEV —EEV
EEV (%) — ( faulty healthy) x 100 (16)
EEVhealthy
TABLE IV. MMG EXPERIMENTAL RESULTS

Nq2 1y (%) CasesEEV EEV (%)

0 0  healthy|9.18 0

6 1.08 C1 |12 3072
14 2.68 C2 | 134 459
20 398 C3 [154 67.76
24 470 C4 |164 786

As Table IV depicts, the proposed MMG technique was able
to detect embryonic faults experimentally. Even for the 1.08%
fault, the EEV as percentage was 30.7% , which is very
significant to notice that small ITF.

B. Comparative analysis between the proposed MMG based
FI and MCSA based FI

To investigate the effectiveness of the proposed technique,
comparative analysis was done in the experimental platform
between the proposed MMG based FI and the convetional
MCSA based FI for the DTC driven IM with ITFs. The setup
was run experimentally under the five conditions, and the
spectrum of i  is displayed in Fig.6. From Fig. 7 it is obvious
that none of the harmonic orders classically used for CM
(fundamental, 3, 5% 6™ and 7™ orders) was able detect and
discriminate the faults in order of uy. Per instance, the healthy
has higher fundamental component than C;and C,, but less than
C,. Whereas at the 3™ order harmonic, all the faulty cases have
higher value from the healthy one, but the difference between
the faulty ones is not significant. Moreover, at the 6" and 7%
order harmonics, the healthy case coincide with C;, and it is
hard to discriminate between them. Another interesting point is
to notice that the experimental results matched with the co-
simulation

i (dB)

3 .4 5
Harmonic order (h)

Healthy ——C1 C2—C3—C4

Fig. 6. Expiremental result: Spectrum of C4 faulty IM’s current at Ty..f ,

results, which makes the co-simulation platform convenient
alternative to avoid subjecting the machine to short-circuit that
might accelerate its ageing process.

VII. CONCLUSION

A novel MMG based FI technique was proposed to detect
stator inter-turn failures in DTC driven asynchronous motors
was presented in this study. Co-simulation results reinforced by
the experimental results showed the capability of the proposed
non-intrusive non-destructive online FI technique to detect the
TIF faults in time-domain more accurately than the
conventional MCSA. Among the advantages of the proposed
technique is: unlike the MCSA based FI, which requires
monitoring of several harmonics/inter-harmonics to detect the
fault, Mat-Morph CM is based on monitoring one value. In
addition, Mat-Morph routine in its basic concept is based on
buffering, addition and subtraction, which make it easy to
implement on digital signal processing boards.

VIII. REFERENCES

[11 X Liang and K. Edomwandekhoe, "Condition monitoring techniques for
induction motors," 2017 IEEE Industry Applications Society Annual
Meeting, Cincinnati, OH, 2017, pp. 1-10

[2] M. Riera-Guasp, J. A. Antonino-Daviu and G. A. Capolino, "Advances in
Electrical Machine, Power Electronic, and Drive Condition Monitoring
and Fault Detection: State of the Art," in IEEE Transactions on Industrial
Electronics, vol. 62, no. 3, pp. 1746-1759, March 2015

[3] S. Cheng, P. Zhang and T. G. Habetler, "An Impedance Identification
Approach to Sensitive Detection and Location of Stator Turn-to-Turn
Faults in a Closed-Loop Multiple-Motor Drive," in IEEE Transactions on
Industrial Electronics, vol. 58, no. 5, pp. 1545-1554, May 2011

[4] G. A. Capolino, J. A. Antonino-Daviu and M. Riera-Guasp, "Modern
Diagnostics Techniques for Electrical Machines, Power Electronics, and
Drives," in IEEE Transactions on Industrial Electronics, vol. 62, no. 3, pp.
1738-1745, March 2015

[5] S.M. A. Cruz and A. J. M. Cardoso, “Diagnosis of stator inter-turn short
circuits in DTC induction motor drives,” IEEE Trans. Ind. Appl., vol. 40,
no. 5, pp. 1349-1360, Sep. 2004.

[6] S. E. Pandarakone, Y. Mizuno and H. Nakamura, "Frequency spectrum
investigation and analytical diagnosis method for turn-to-turn short-
circuit insulation failure in stator winding of low voltage induction
motor," in IEEE Transactions on Dielectrics and Electrical Insulation,
vol. 23, no. 6, pp. 3249-3255, Dec. 2016

[71 S. Nandi, "A detailed model of induction machines with saturation
extendable for fault analysis," inIEEE Transactions on Industry
Applications, vol. 40, no. 5, pp. 1302-1309, Sept.-Oct. 2004.

[8] M. Irhoumah, R. Pusca, E. Lefevre, D. Mercier, R. Romary and C.
Demian, "Information Fusion With Belief Functions for Detection of
Interturn Short-Circuit Faults in Electrical Machines Using External Flux
Sensors," in IEEE Transactions on Industrial Electronics, vol. 65, no. 3,
pp- 2642-2652, March 2018.

[91 N.R. Devi, D. V. S. S. Siva Sarma and P. V. Ramana Rao, "Diagnosis
and classification of stator winding insulation faults on a three-phase
induction motor using wavelet and MNN," in IEEE Transactions on
Dielectrics and Electrical Insulation, vol. 23, no. 5, pp. 2543-2555,
October 2016.

[10] N.Rama Devi, D. V. S. S. Siva Sarma and P. V. Ramana Rao, "Detection
of stator incipient faults and identification of faulty phase in three-phase
induction motor — simulation and experimental verification," in IET
Electric Power Applications, vol. 9, no. 8, pp. 540-548, 9 2015.

[11] R. Kechida, A. Menacer, H. Talhaoui and H. Cherif, "Discrete wavelet
transform for stator fault detection in induction motors," 2015 IEEE 10th
International Symposium on Diagnostics for Electrical Machines, Power
Electronics and Drives (SDEMPED), Guarda, 2015, pp. 104-109.

[12] H. Cherif, A. Menacer, R. Romary and R. Pusca, "Dispersion field
analysis using discrete wavelet transform for inter-turn stator fault
detection in induction motors," 2017 IEEE 11th International Symposium

1022



[13]

[14]

[13]

[16]

[17]

[18]

[19]

on Diagnostics for Electrical Machines, Power Electronics and Drives
(SDEMPED), Tinos, 2017, pp. 104-109.

Hassan H. Eldeeb, Samy Faddel, Osama A. Mohammed, “Multi-
Objective Optimization Technique for the Operation of Grid tied PV
Powered EV Charging Station”, Electric Power Systems Research,
Volume 164, pp. 201-211, Nov. 2018.

A. Berzoy, O. A. Mohammed and J. Restrepo, "Analysis of the Impact of
Stator Interturn Short-Circuit Faults on Induction Machines Driven by
Direct Torque Control," in IEEE Transactions on Energy Conversion, vol.
33, no. 3, pp. 1463-1474, Sept. 2018.

H. H. Eldeeb, A. Berzoy and O. Mohammed, "Comprehensive
Investigation of Harmonic Signatures Resulting from Inter- Tum Short-
Circuit Faults in DTC Driven IM Operating in Harsh
Environments," 2018 XIII International Conference on Electrical
Machines (ICEM), Alexandroupoli, Greece, 2018, pp. 2579-2585

S. S. Refaat, H. Abu-Rub, and A. Igbal, “ANN-based system for inter-
turn stator winding fault tolerant DTC for induction motor drives,” in
2015 17th European Conference on Power Electronics and Applications
(EPE’15 ECCE-Europe), 2015, pp. 1-7.

S. M. A. Cruz and A. J. M. Cardoso, “Diagnosis of stator inter-turn short
circuits in DTC induction motor drives,” IEEE Trans. Ind. Appl., vol. 40,
no. 5, pp. 1349-1360, Sep. 2004.

S. M. A. Cruz, H. A. Toliyat, and A. J. M. Cardoso, “DSP implementation
of the multiple reference frames theory for the diagnosis of stator faults
in a DTC induction motor drive,” IEEE Trans. Energy Convers., vol. 20,
no. 2, pp. 329-335, Jun. 2005.

M. Drif and A. J. M. Cardoso, "Stator Fault Diagnostics in Squirrel Cage
Three-Phase Induction Motor Drives Using the Instantaneous Active and
Reactive Power Signature Analyses," in IEEE Transactions on Industrial
Informatics, vol. 10, no. 2, pp. 1348-1360, May 2014.

[20]

(21]

[22]

(23]

[24]

(23]

1023

A. Berzoy, H. H. Eldeeb and O. Mohammed, "Online fault detection of
stator winding faults in IM driven by DTC using the off-diagonal term of
the symmetrical component impedance matrix," 2018 IEEE Applied
Power Electronics Conference and Exposition (APEC), San Antonio, TX,
2018, pp. 2482-2487.

J. Serra and Ph. Salembier (Eds.), “Mathematical Morphology and its
Application to Signal Processing”, Int’l. Workshop on Mathematical
Morphology and its Applications to Signal Processing (ISMM), 1993.

J. de Jesus Rangel-Magdaleno, H. Peregrina-Barreto, J. M. Ramirez-
Cortes, P. Gomez-Gil and R. Morales-Caporal, "FPGA-Based Broken
Bars Detection on Induction Motors Under Different Load Using Motor
Current Signature Analysis and Mathematical Morphology," in IEEE
Transactions on Instrumentation and Measurement, vol. 63, no. 5, pp.
1032-1040, May 2014

Y. Zhang, T. Y. Ji, M. S. Li and Q. H. Wu, "Application of morphological
max-lifting scheme for identification of induction motor stator inter-turn
short circuit," in CSEE Journal of Power and Energy Systems, vol. 1, no.
4, pp. 92-100, Dec. 2015

1. Takahashi and T. Noguchi, "A New Quick-Response and High-
Efficiency Control Strategy of an Induction Motor," in IEEE Transactions
on Industry Applications, vol. IA-22, no. 5, pp. 820-827, Sept. 1986.

A. Baug, N. R. Choudhury, R. Ghosh, S. Dalai and B. Chatterjee,
"Identification of single and multiple partial discharge sources by optical
method using mathematical morphology aided sparse representation
classifier," in IEEE Transactions on Dielectrics and Electrical Insulation,
vol. 24, no. 6, pp. 3703-3712, Dec. 2017.



	MAIN MENU
	Go to Previous View
	Help
	Search
	Print
	Author Index
	Table of Contents


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: move up by 12.60 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20170126085122
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     675
     322
     Fixed
     Up
     12.6000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     6
     5
     6
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move up by 5.40 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     322
     Fixed
     Up
     5.4000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

      
       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     6
     0
     1
      

   1
  

 HistoryList_V1
 qi2base




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


