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Saturated dg-Axis Inductance Offline Identification Method for SynRM Based
on a Novel Active Flux Observer Orientation

Tong Jin“, Wei Sun

Abstract—The precision of motor parameters directly affects
the control performance of SynRMs drive system. Currently,
high-frequency injection methods often generate noise and are
unsuitable for high-power and low carrier wave ratio scenarios.
Meanwhile, model-based methods can only identify the saturation
characteristics of the L, without calibration bench loading. This
letter proposes an identification method based on a novel active
flux observer orientation, which does not require high-frequency
injection or calibration bench loading to identify the saturation
characteristics of dg-axis inductance. During identification L 4, the
active flux observer adopts d-axis orientation and identifies the
saturation values of L, by applying different i;. When identifying
the L, the active flux observer adopts negative g-axis orientation,
and the output of the speed loop is used as the input for the d-axis
currentloop. By applying different i , the saturation values of L, are
identified. Experimental results show the validity of the proposed
method.

Index Terms—Active flux observer, parameter identification,
rotating state, synchronous reluctance motor.

I. INTRODUCTION

UE to the scarcity of rare Earth resources, synchronous
D reluctance motors have garnered widespread attention in
industrial systems in recent years, owing to their advantages of
being devoid of permanent magnets and possessing a simple
structure [1], [2], [3].

Due to the serious saturation effect of synchronous reluctance
motors, the inductance parameters of SynRMs exhibit signifi-
cant variations at no-load and full-load conditions. The satu-
ration characteristics of inductance have a considerable impact
on sensorless control algorithms based on motor mathematical
models [4], [S], [6]. To achieve excellent control performance
of sensorless algorithms for synchronous reluctance motors,
it is necessary to identify inductance parameters considering
saturation effects.
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Fig. 1. Schematic diagram of the relative positions of the flux—speed axis, d-gq
axis, and 1§ in two scenarios.

The existing identification methods mainly include high-
frequency injection-based methods, model-based methods, and
methods for online identification. In [7], [8], and [9], the high-
frequency injection method is employed for motor parameter
identification. However, this approach is somewhat constrained
due to its tendency to generate noise and its inapplicability
in high-power motor and low carrier wave ratio scenarios. In
[10], parameter identification is conducted through the use of
a calibration bench loading. But when the motor lacks load-
ing from the calibration bench, model-based offline parameter
identification in rotating states can only recognize the saturation
characteristics of the d-axis inductance, while unable to identify
the saturation characteristics of the g-axis inductance. In [11]
and [12], motor parameter calibration is conducted using a
calibration bench. Nevertheless, this method also necessitates
loading from the calibration bench and requires the collection of
extensive data, making its operational procedure quite complex.
In [13] and [14], a method is mentioned that converts the circuit
of permanent magnet synchronous motors (PMSMs) into a series
circuit of resistance and inductance and identifies the induc-
tance parameters by injecting a step voltage signal and solving
the first-order differential equation response. This method can
identify the saturation characteristics of the inductance when
the motor is in a static state. In [15], [16], and [17], binary
function models for inductance concerning dg-axis currents are
both proposed, with parameter identification conducted through
genetic algorithms. Undoubtedly, this approach significantly
increases the complexity and cost associated with identification.
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Different from traditional identification methods that rely on
either calibration benches or high-frequency injection, as well as
online identification, this letter proposes an offline identification
method for inductance in rotating states based on active flux
observer. This method employs a new active flux observer ori-
entation mode to address the inability to identify the saturation
characteristics of the g-axis inductance due to the absence of
loading on the calibration bench. Finally, the proposed method
is validated through experiments.

The main contribution of this letter lies in the offline identifi-
cation of saturation characteristic curves of inductance without
the need for high-frequency injection or calibration benches.

II. TwO DIFFERENT ORIENTATION METHODS FOR ACTIVE
FLUX OBSERVER

The relevant content of the active flux observer is referenced in
[18]. In contrast to the traditional orientation method of the active
flux observer, this letter proposes a new orientation method. The
specific description is as follows.

The torque equation of the SynRM can be expressed as shown
in the following:

3
2"

The introduction of field-oriented control in motor control
aims to decouple the dq currents, thereby enabling one current to
control torque while the other current controls flux. In traditional
control methods, the d-axis current controls the flux while the
g-axis current controls the torque. However, for SynRM with
torque equations, as shown in (1), this control rule can be
reversed (i.e., the d-axis current controls the torque while the
g-axis current controls the flux).

The rotor of a SynRM is typically oriented such that the
direction with no magnetic barrier in the physical structure is
chosen as the d-axis direction, while the axis with a leading
d-axis electrical angle of 90° is defined as the g-axis direction.
However, the stator axis system does not have any practical
physical significance. Departing from the traditional dg-axis
definition for the stator, the two command currents of the current
loop are defined as flux and speed, where flux represents the given
current value and speed represents the output value of the speed
loop PI controller. Thus, the stator axis system is defined as the
flux—speed axis, while the rotor axis system is defined as the
d-q axis. In the unloaded state of the SynRM, there are only two
possible relative positions between the stator flux—speed axis and
the rotor d-q axis, as illustrated in Fig. 1.

The formula for the 1/73 of traditional SynRM has been im-
proved to obtain (2), and the new active flux observer orientation
method proposed in this paper is based on this equation

VG = s — Ly,

Ya + jg) — La(ia + jiq)

Ya — Lyia) + (g — Laiq)

Lgiq — Lyig) + J(quq Laiq)

Lg— Ly)ia + j(Lq — Lz )iq (2)

T, = 2ny(Lg — Ly)iaiq. (1)

(
(
(
(
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where x = d, q.

A. Mode 1: Traditional d-Axis Orientation Method

When x = g in (2), % = (Lq — Ly)iq, indicating that ¢4
is oriented along the d-axis, as shown in Mode I of Fig. 1.
To achieve 153 orientation, iy cannot be zero; otherwise, 153
would be a zero vector and cannot be oriented. However, since
the motor is in a no-load condition, according to the (1), i,
must be zero. In this case, the observed angle of the active
flux observer can be directly used as the feedback angle for
coordinate transformation. The output of the speed loop serves
as the input to the g-axis current loop, while the given current
is i4. As the given value i, is not zero, the active flux observer
can perform closed-loop control normally. In this scenario, by
specifying different values of i, the saturation characteristics of
the d-axis inductance under different i; can be identified.

B. Mode 2: The Proposed Negative q-Axis Orientation Method

Whenx=din (2),4% = —j(Lg — Ly, )i,, indicating that 14 is
oriented along the negative g-axis, as shown in Mode 2 of Fig. 1.
Similarly, in this case, i, must not be zero, and i3 must be zero.
In this scenario, the observed angle of the active flux observer
needs to be increased by 7/2 to serve as the feedback angle for
coordinate transformation. Another difference from Mode 1 is
that in this case, the output of the speed loop serves as the input to
the d-axis current loop, while the given currentis i,. As explained
earlier, this situation is both existent and reasonable. Similarly,
by specifying different values of i, the saturation characteristics
of the g-axis inductance can be identified.

III. PROPOSED OFFLINE PARAMETER IDENTIFICATION METHOD
A. SynRM Model for Parameter Identification

The proposed offline parameter identification method is based
on the dg-axis voltage equation of synchronous reluctance mo-
tors

{ud = Rgig + dedt —weLgiq 3)

Ug = R Zq + Lq dt + W(:Ldld

where w. is the electrical angular velocity, i ; is the d-axis current,
iy is the g-axis current, u is the d-axis voltage, u, is the g-axis
voltage, R, is the stator resistance, L, is the d-axis inductance,
and L, is the g-axis inductance.

B. d-Axis Inductance Identification

The vector control scheme employing dual closed-loops for
speed and current is utilized, and the angle information of the
rotor is the observation angle of the active flux observer in
Mode 1. The d-axis current i,4_,.¢ command is initiated at 30%
of the rated current magnitude and is increased by 10% every
2 s until reaching the rated current magnitude. The reason for
starting from 30%]I; is that the saturation phenomenon of the
inductance is not significant at currents below 30% of the rated
current. Therefore, we chose the current range of 30%—100%1
for the identification interval. The speed reference w._yf is set
to 40% of the rated speed. The control block diagram is shown
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Fig. 2. Control Block Diagram for Identifying Ly (Mode 1I).

in Fig. 2, where w._yqp is the estimated speed of the observer, 6.
is the estimated electrical angle of the observer, u,, is the a-axis
voltage, and ug is the $-axis voltage.

When the motor operates at steady state, the derivative of the
current is zero. From (3), the calculation formula for the d-axis
inductance can be derived as follows:
ug — Ryig

Lq= “

Weld

The saturation characteristic curve of Ly under the entire
operating condition is fitted using a fourth-degree polynomial
to the eight points identified from the aforementioned steps. It
is assumed that the d-axis inductance remains unsaturated when
id_ref <30%I ;, meaning the d-axis inductance remains constant
at the value identified when i4_,of = 30%Iy. Therefore, the
fitted saturation characteristic curve equation is represented as
follows:

Lqg=La,0 <3 <30%In
Lq = ayif + bii3 + 193 + dyiqg + €1,30%In < ig < Iy
&)
where L 4; represents the value of the d-axis inductance when it
is not in saturation state; a, b4, ¢4, d;, and e; are undetermined
coefficients of the fitting curve, which can be determined using
the least squares fitting method; Iy represents the rated current.
g-axis inductance identification: Due to the unique ro-
tor structure of synchronous reluctance motors, regardless of
whether the d-axis or g-axis current vector is given, the magnetic
flux always follows the path of least reluctance (i.e., the d-axis of
the SynRM). Consequently, the rotor orientation always aligns
with the d-axis. In this scenario, for the motor in a no-load
state, the d-axis current is nonzero, implying that the g-axis
current must be zero, making it impossible to identify the g-axis
inductance parameters.

Based on the active flux observer orientation proposed in this
letter (i.e., Mode 2), the negative g-axis mode takes the output
command of the speed loop as the input command of the d-axis
current loop, and the g-axis current reference i,_,or command is
initiated at 30% of the rated current magnitude, with the speed
outer loop set at 40% of the rated speed. Every 2 s, the iy_,cr
command is increased by 10% until reaching the rated current
magnitude. This procedure enables the saturation characteristics
of L, to be obtained at different i, values by controlling the
magnitude of i,. The control block diagram is shown in Fig. 3.

IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 39, NO. 9, SEPTEMBER 2024

SVPWM| Inverter

WY

‘abc

0. <

observer | u.

Fig. 3. Control Block Diagram for Identifying L, (Mode 2).
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Fig. 4. 5.5-KW SynRM drive experimental platform.
TABLE I
SYNRM PARAMETERS
Parameter Value Parameter Value
Rated Power 5.5 KW Rated Torque 35 N'm
Rated Speed 1500 r/min Resistance 0.56643 Q
Rated Frequency 50 Hz d-axis inductance 128.15 mH
Rated Current 12.1 A g-axis inductance 23.60 mH
Rated Voltage 380 V Number of Pole Paris 2

When the motor operates at steady state, the derivative of the
current is zero. From (3), the calculation formula for the g-axis
inductance can be derived as follows:
Uqg — Rsid

L, = ©)

—Welg
Similarly, fit a saturation characteristic curve of L, using the
aforementioned method of fitting L.

IV. EXPERIMENTAL RESULT

The method proposed in this letter is validated on the experi-
mental platform shown in Fig. 4. The motor is a pure reluctance
synchronous reluctance motor from ABB, with specific param-
eters detailed in Table I.

The identification results for Ly and L, using the method
proposed in this letter are shown in Figs. 5 and 6, respectively.
In both cases, the current changes in intervals of 10% of the
rated current, from 30% to 100% of the rated current, while the
speed is maintained at 40% of the rated speed. The experimental
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Fig.5. Experimental results of offline identification of d-axis inductance using
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Fig. 8. Identification and calibration of g-axis inductance saturation charac-

teristic curve.

TABLE II
IDENTIFICATION AND CALIBRATION VALUES OF DQ-AXIS INDUCTANCE AND
THEIR ERRORS

iy i/ A 5.13 6.84 8.56 10.27 11.98 13.69 15.40 17.11
Ly w./mH 155.58 150.33 142.52 131.74 116.55 11037 99.08 92.12
La co/mH 155.08 149.96  140.15 132.95 119.78 107.54  98.53 92.68

Li /% 0.32 0.25 1.69 0.91 2.70 2.63 0.55 0.61
Ly w./mH 35.23 32.64 27.83 26.23 24.83 23.18 22.38 21.26
Ly o/mH 36.07 33.14 26.22 2498 24.01 2291 22.13 21.07

Ly /% 232 1.51 6.15 5.00 3.40 1.17 1.15 0.88

Time(5s/div)

Time(50ms/div)

Fig.6. Experimental results of offline identification of g-axis inductance using
the proposed method.

160}
140
120
100

Li/mH

80

2 4 6 3 10 12 14 16 WA
0 || L]

1.0

2.0

La Enl%

3.0

Fig. 7. Identification and calibration of d-axis inductance saturation charac-
teristic curve.

results show that the dg-axis inductances exhibit varying degrees
of saturation due to different currents.

Taking Fig. 5 as an example. Because the denominator in the
voltage equation identification process cannot be zero, and the
motor starts slower when the current is too low, the minimum set
current is defined as 30% of the rated current. Furthermore, the
saturation effect of the SynRMs is minimal at low currents, lead-
ing to the assumption that the change in inductance parameters
at low currents is negligible.

Therefore, based on the identified eight values of inductance,
the inductance values ati; = 0,10%I n,20%I jy are artificially set
to the value identified at iy = 30%Iy. This approach results in
11 d-axis inductance values. The saturation characteristic curve
fitted from these 11 values using a fourth-degree polynomial is
shown in Fig. 7. Fig. 7 reveals that under the condition of i; = 0,
L, decreases as i4 increases due to magnetic saturation.

Similarly, Fig. 6 shows the identified eight values of L. Fig. 8
shows the saturation characteristic curve fitted for L,. From
Fig. 8, it can be observed that under the condition of iy = 0,
as i, increases, L, decreases due to magnetic saturation.

The motor inductance is calibrated using a test bench. The
calibration method involves operating the “Drag Motor” in speed
mode and the “Test SynRM” in torque mode. By providing
different dg-axis currents to the “Test SynRM?”, the correspond-
ing dg-axis inductances under various saturation levels are ob-
tained. The calibrated inductance corresponding to saturation
levels similar to those in the identification conditions is then
selected as a reference. (Although the cross saturation effect
has a certain impact on motor parameters under light load,
the control accuracy under light load is minimally affected by
parameter errors). The calibrated values of L and L, are listed in
Table II. Comparing the identification results with the calibration
results, the average identification error for Ly is 1.21%, with a
maximum error of 2.70%. The average identification error for
L, is 2.69%, with a maximum error of 6.15%. In addition, the
dg-axis inductances of the “Test SynRM” obtained through the
self-learning function of a General-Purpose Inverter from ABB
are Ly = 125.54 mH and L, = 23.45 mH. It is evident that
the self-learning function can only obtain the inductance values
under specific saturation levels and cannot obtain the saturation
characteristic curve of the inductance.

V. CONCLUSION

This letter proposes a novel offline parameter identification
method based on two different orientation modes of the active
flux observer. By orienting the vector Jg in the negative g-axis
direction, the method resolves the problem of traditional meth-
ods being unable to identify the g-axis inductance saturation
characteristics of SynRMs. Compared to traditional methods,
this approach fully considers the effects of magnetic saturation
and accurately identifies the dg-axis inductance and its satu-
ration characteristics without the need for position sensors or
calibration benches. Furthermore, the identification strategy has
discarded the high-frequency injection method, which is not
suitable for high-power and low carrier wave ratio scenarios.
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The saturation characteristics curve identified by the proposed
method can be utilized for the design of position sensorless
control systems.

(1]

[2]

[3]
[4]

(5]

(6]

(71

(8]

[91

REFERENCES

M. Murataliyev, M. Degano, M. Di Nardo, N. Bianchi, and C. Gerada,
“Synchronous reluctance machines: A comprehensive review and tech-
nology comparison,” Proc. IEEE, vol. 110, no. 3, pp. 382-399, Mar. 2022,
doi: 10.1109/JPROC.2022.3145662.

A. Vagati, M. Pastorelli, and G. Franceschini, “High-performance control
of synchronous reluctance motors,” IEEE Trans. Ind. Appl., vol. 33, no. 4,
pp- 983-991, Jul./Aug. 1997, doi: 10.1109/28.605740.

H. Heidari et al., “A review of synchronous reluctance motor-drive ad-
vancements,” Sustainability, vol. 13, no. 2, 2021, Art. no. 729.

S. Morimoto, M. Sanada, and Y. Takeda, “Mechanical sensor-
less drives of IPMSM with online parameter identification,” IEEE
Trans. Ind. Appl., vol. 42, no. 5, pp. 1241-1248, Sep./Oct. 2006,
doi: 10.1109/TTA.2006.880840.

M. Hinkkanen, P. Pescetto, E. Molsd, S. E. Saarakkala, G. Pellegrino,
and R. Bojoi, “Sensorless self-commissioning of synchronous reluctance
motors at standstill without rotor locking,” IEEE Trans. Ind. Appl., vol. 53,
no. 3, pp. 2120-2129, May/Jun. 2017, doi: 10.1109/TTA.2016.2644624.
Shinji Ichikawa et al., “Sensorless control of synchronous reluctance
motors based on extended electromotive force model and inductance
measurement,” Elect. Eng. Jpn., vol. 160, no. 4, pp. 70-80, 2010.

K. Yu and Z. Wang, “Online decoupled multi-parameter identification of
dual three-phase IPMSM under position-offset and HF signal injection,”
IEEE Trans. Ind. Electron., vol. 71, no. 4, pp. 3429-3440, Apr. 2024,
doi: 10.1109/TIE.2023.3273256.

Q. Wang et al., “An offline parameter self-learning method considering
inverter nonlinearity with zero-axis voltage,” IEEE Trans. Power Electron.,
vol. 36, no. 12, pp. 14098-14109, Dec. 2021.

S. Liu et al., “Virtual-axis injection based online parameter identification
of PMSM considering cross coupling and saturation effects,” IEEE Trans.
Power Electron., vol. 38, no. 5, pp. 5791-5802, May 2023.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

B. Stumberger, B. Kreca, and B. Hribernik, “Determination of parameters
of synchronous motor with permanent magnets from measurement of load
conditions,” IEEE Trans. Energy Convers., vol. 14, no. 4, pp. 1413-1416,
Dec. 1999, doi: 10.1109/60.815082.

G. Pellegrino, B. Boazzo, and T. M. Jahns, “Magnetic model self-
identification for PM synchronous machine drives,” IEEE Trans. Ind.
Appl., vol. 51, no. 3, pp. 2246-2254, May/Jun. 2015.

M. Cao, J. Egashira, and K. Kaneko, “High efficiency control of IPMSM
for electric motorcycles,” in Proc. IEEE 6th Int. Power Electron. Motion
Control Conf.,2009, pp. 1893-1897, doi: 10.1109/IPEMC.2009.5157705.
D. Pengcheng, X. Dianguo, W. Bo, and Y. Yong, “Offline parameter iden-
tification strategy of permanent magnet synchronous motor considering
the inverter nonlinearities,” in Proc. 25th Int. Conf. Elect. Machines Syst.,
2022, pp. 1-5, doi: 10.1109/ICEMS56177.2022.9983312.

Q. Wang, G. Zhang, G. Wang, C. Li, and D. Xu, “Offline parameter
self-learning method for general-purpose PMSM drives with estimation
error compensation,” IEEE Trans. Power Electron., vol. 34, no. 11,
pp. 11103-11115, Nov. 2019, doi: 10.1109/TPEL.2019.2900559.

T. -G. Woo, S. -W. Park, S. -C. Choi, H. -J. Lee, and Y. -D. Yoon,
“Flux saturation model including cross saturation for synchronous re-
luctance machines and its identification method at standstill,” IEEE
Trans. Ind. Electron., vol. 70, no. 3, pp.2318-2328, Mar. 2023,
doi: 10.1109/TIE.2022.3174233.

A. Accetta, M. Cirrincione, M. Pucci, and A. Sferlazza, “A saturation
model of the synchronous reluctance motor and its identification by
genetic algorithms,” in Proc. IEEE Energy Convers. Congr. Expo., 2018,
pp. 4460-4465, doi: 10.1109/ECCE.2018.8558250.

A. Accetta, M. Cirrincione, M. C. Di Piazza, G. La Tona, M. Luna,
and M. Pucci, “Analytical formulation of a maximum torque per ampere
(MTPA) technique for SynRMs considering the magnetic saturation,”
in Proc. IEEE Energy Convers. Congr. Expo., 2019, pp.4024—4029,
doi: 10.1109/ECCE.2019.8912653.

I. Boldea, M. C. Paicu, and G. -D. Andreescu, “Active flux concept
for motion-sensorless unified AC drives,” IEEE Trans. Power Electron.,
vol. 23, no. 5, pp. 2612-2618, Sep. 2008.


https://dx.doi.org/10.1109/JPROC.2022.3145662
https://dx.doi.org/10.1109/28.605740
https://dx.doi.org/10.1109/TIA.2006.880840
https://dx.doi.org/10.1109/TIA.2016.2644624
https://dx.doi.org/10.1109/TIE.2023.3273256
https://dx.doi.org/10.1109/60.815082
https://dx.doi.org/10.1109/IPEMC.2009.5157705
https://dx.doi.org/10.1109/ICEMS56177.2022.9983312
https://dx.doi.org/10.1109/TPEL.2019.2900559
https://dx.doi.org/10.1109/TIE.2022.3174233
https://dx.doi.org/10.1109/ECCE.2018.8558250
https://dx.doi.org/10.1109/ECCE.2019.8912653


<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


