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Abstract--For a full-region sensorless control based on the
current derivative, modifying the pulse-width modulation
(PWM) eliminates the dead zone at a low modulation index
(MI). This paper proposes and analyzes the various PWM
methods for the full-region sensorless control of permanent
magnet synchronous motor (PMSM). The position estimation
error is extracted from the current derivative in one active
voltage vector (AVV), and the actual rotor position is
obtained using a Luenberger observer. To achieve a sufficient
AVYV for current derivative measurement, four types of
PWM methods are introduced. The performance of each
PWM method is analyzed and compared in terms of the
motor drive and position estimation. In addition, the
implementation of each PWM using the digital signal
processor (DSP) is explained, and the compensation methods
are applied to improve the drive performance. The
effectiveness of the proposed method is verified by a 1 kW
PMSM drive system, and the results show that the rotor
position is accurately estimated within an error of less than
0.2 rad.

Index Terms — Current Derivative measurement, pulse
width modulation, sensorless drive .

I. INTRODUCTION

To reduce the high cost and size of the position sensor,
the position sensorless control of the permanent magnet
synchronous motor (PMSM) has been studied in past
decades [1]. Significantly, the fundamental pulse-width
modulation (PWM) based sensorless control method is

getting attention for a full-region sensorless control [2]-[3].

Using the PWM based method, the rotor position is
estimated using the value of the current derivative at a
certain voltage vector, while no additional filters are
required for the signal processing [4].

Due to the parasitic components of the motor driving
system, an oscillation of the phase current occurs at a
switching instants [5]. As the current oscillation is
detrimental to an accurate measurement of the current
derivative, the phase current is sampled a little after the
switching instant. Accordingly, the duration of the voltage
vector for the current derivative measurement needs to be
secured sufficiently. However, in the conventional PWM
methods, the duration of the voltage vector is not secured
at a certain operating point, and therefore the sensorless
control is not applicable. The previous research tried to
overcome this issue by modifying the fundamental PWM
[6]-[13]. In [6], the measurement vector was inserted

between the fundamental PWM sequence, while the
discontinuous PWM was utilized. Meanwhile, the current
derivative was measured in three voltage vectors among
the PWM sequence, while the space vector PWM
(SVPWM) was modified and an asymmetric PWM
method was applied for the sensorless control [7]-[9].
Moreover, a method combining the modified PWM and
the conventional SVPWM according to the modulation
index (MI) was proposed [10]. In [11], the multi-SVPWM
based sensorless control method was proposed, where the
six active voltage vectors were all utilized. Also, the
asymmetric and symmetric PWM methods using the four
active voltage vectors for the sensorless control were
proposed [12]-[13].

In this paper, the PWM methods for the PMSM
sensorless control are proposed, analyzed, and compared.
The sensorless control method proposed in the previous
research is introduced [13]-[14], and the dead zone is
analyzed when the conventional PWM is utilized. Then,
various PWM methods such as R3PWM, R4PWM, and
T4PWM are proposed, which effectively eliminate the
sensorless dead zone of the conventional PWM. Moreover,
the proposed PWM methods are analyzed in terms of the
motor drive and position estimation performance. The
carrier-based implementation of each PWM and its
practical issue is explained. At last, the proposed PWM
methods are validated by the experimental results of a 1
kW PMSM sensorless control.

II. SENSORLESS CONTROL METHOD OF PMSM BASED ON
CURRENT DERIVATIVE
A. Position sensorless control algorithms
The position estimation method employs a rotor field-

oriented (RFO) reference frame f:lq and an estimated

field-oriented (EFO) reference frame f;q, as shown in Fig.

1. The error of the actual and estimated position and speed,
and the transformation matrix between the reference frame
are expressed as
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Meanwhile, the motor equation of PMSM using the RFO
reference frame is expressed as
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Using (3) and (4), the pre-presented research derived the
estimated position value [13]. Assuming the speed error is
sufficiently small, the difference between the actual and
estimated position is derived as
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Noticeably, the estimation error gr is expressed only in
the EFO reference frame, which only requires the
estimated position. In addition, all the terms in (0) are the
instantaneous values of voltage, current, and current
derivative. Accordingly, the sampling of the phase current
is required in only one active voltage vector.

For a closed-loop estimation, the actual rotor position is
derived from the position error using the third-order
Luenberger observer as described in Fig. 2. The state

equation of the observer is expressed as
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Fig. 1. Diagram of the rotor field-oriented reference frame (blue) and
estimated field-oriented reference frame (red).
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Fig. 2. Block diagram of closed-loop estimation using the sensorless
control algorithm and third-order Luenberger observer.

where J, B each refers to the inertia and viscous damping

of the machine and L;._; refers to the observer gain.

B. Current derivative measurement

For an accurate measurement of the current derivative,
the multi-point current sampling (MPCS) is utilized, which
is robust to the measurement error. Meanwhile, the phase
current is sampled later than the switching instant by the
current oscillation time. Therefore, the duration of the
current sampling voltage vector (CSVV), t,,,,, has to be
longer than the sum of the oscillation time ¢, , the
analog-to-digital conversion (ADC) time t,;. for the

current sensing and the dead time ¢t;,,; of power switches,
which is expressed as
tesvy = tosc + Nstadc + Lgead (7)
= Lin-
N, indicates the number of the current sampling, which is
determined by the computing time of the control system.
Using the sensorless control algorithm, only one CSVV is
selected between the fundamental PWM sequence and is
required to satisfy the minimum time in (0), which reduces
the constraints on the modulation method.
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Fig. 4. Switching state of each PWM method at the space vector region in Fig. 3.

ITI. ANALYSIS OF PWM METHODS FOR SENSORLESS
CONTROL

A. Deadzone analysis and modified PWM for
sensorless control

Since the conventional SVPWM is advantageous for the
DC-link voltage utilization, it is widely used for various
PMSM drive applications. However, at a low MI condition,
the zero voltage vector (ZVV) accounts for most of the
switching state [2]. Thus, an operating point exists where
the active voltage vector (AVV) does not satisfy the
condition (0), and the sensorless control is not applicable.
The dead zone of sensorless control using SVPWM is
described in Fig. 3.

In order to eliminate the dead zone, various PWM
methods are proposed as shown in Fig. 3. The first one is
a right-angled triangular PWM (R3PWM), where the
duration of the shortest AVV, which does not meet (0), is
lengthened. To synthesize the fundamental voltage, the
complementary voltage vector of the shortest AVV is
added. The next one is a rectangular PWM (R4PWM),
where all the AVVs not satisfying (0) is lengthened. To
synthesize the fundamental voltage, the complementary
voltage vectors of all the stretched AVVs are added.
Moreover, the voltage of which MI is lower than 0.577 is
able to be synthesized using the four rectangular AVVs
without rotating the rectangle according to the space vector
region. The PWM using the rotating rectangle is called
R4PWM, while the PWM using the constant rectangle is
called constant-R4PWM (C-R4PWM). While the R3PWM
and R4PWM lengthen the AVVs, the trapezoidal PWM
(TAPWM) does not modify the AVVs but substitutes the
part of ZVVs with two complementary AVVs. The
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Fig. 5. Block diagram of closed-loop estimation using the sensorless
control algorithm and third-order Luenberger observer.

TABLE I
PERFORMANCE ANALYSIS OF PWM METHODS
Nf‘:gll:fis THD of Phase Current [%] Polsalgg? g;zlén [aot]l on
R3PWM 1.14 0.18
R4PWM 1.40 0.14
C-R4PWM 2.07 2.66
T4PWM 1.62 2.56

duration of the additional AVV is set according to the
condition (0) and is utilized for the CSVV.

Fig. 4 shows the sawtooth-shaped carrier function and
the switching state of each PWM method at the space
vector region described in Fig. 3. For an average current
sampling, the PWM occurs symmetrically. Moreover, the
phase current derivative is measured at the CSVV in each
PWM and utilized for the position sensorless control.

B. Performance analysis of PWM methods
To evaluate the PWM methods for the PMSM
sensorless control, two types of performance index are
introduced: drive index (DI) and estimation index (EI). DI
indicates the impact of the PWM in terms of the motor



driving, such as the total harmonic distortion (THD) of the
phase current and the effect of the dead time on the voltage
synthesizing. EI indicates the effectiveness of the position
estimation using each PWM method. The performance
analysis of the PWM is conducted by the PLECS
simulation results, as described in Fig. 5 and Table 1. The
THD of the phase current is related to the output torque
ripple and loss in the motor drive system. The R3PWM has
the least current THD, since the additional AVV is
minimized among the PWM methods. Meanwhile, the
RMS of position estimation error is minimized in R4APWM,
since the transition of the CSV'V is the least.

IV. EXPERIMENTAL RESULTS

The overall block diagram of the proposed PWM based
sensorless control is shown in Fig. 6. In the digital signal
processor (DSP), the MPCS of the phase current is
performed using the ADC peripheral, the estimated rotor
position is extracted by the sensorless algorithm and
observer, and the modified PWM signal is produced using
the PWM peripheral.

The experiment setup is described in Fig. 7, and the
parameters of the driving system and target PMSM are
listed in Table II. Fig. 8 and 9 show a part of the simulation
and experimental results of the proposed PWM based
sensorless control. The R3PWM method is applied at a low
MI with a rated load in Fig. 8. The position estimation error
is within 0.01 rad at the steady-state operation and within
0.03 rad at the dynamic operation. Also, the T4PWM
method is implemented using DSP and applied at a low MI
with a rated load in Fig. 9. The position estimation error is
within 0.1 rad at the steady-state operation and within 0.2
rad at the dynamic operation. The results represent that the
proposed PWM based sensorless control is effective in
various driving conditions.

V. CONCLUSION

In this paper, the PWM methods for the PMSM
sensorless control are introduced. For a full-region
sensorless control, the fundamental PWM sequence is
modified by securing the sufficient duration of CSVV. The
performance of R3PWM, R4PWM, C-R4PWM, and
T4PWM is analyzed and compared in terms of the
sensorless control. The proposed PWM methods are
implemented using DSP and are verified by the 1 kW
PMSM drive system.

TABLE II
PARAMETERS OF TARGET PMSM
Symbol Parameter Nominal Value
P Pole 8
Vac DC Link Voltage 150V
T atea Rated Torque 6.4 Nm
P atea Rated Power 1kw
R, Stator Resistance 0.9Q
Ly D-axis Inductance 9.4 mH
L, Q-axis Inductance 18.1 mH
As Flux Linkage 183 mV-s
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Fig. 6. Block diagram of proposed PWM based sensorless control.
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Fig. 7. (a) Motor drive system (b) Target PMSM and load machine.



0.04

0.02 |

-0.02

-0.04

Fig. 8.

I
0 0.2 0.4 0.6 0.8 1

T
b @y @y [r/min] i
s

L T

-0, Irad] 1

| | | Time [s] |

Simulation result of sensorless drive with varying speed

codition: w,_,, = —60to 60 r/min, T, = 1p.u, using RAPWM.

REFERENCES

G. Wang, M. Valla, and J. Solsona, "Position Sensorless
Permanent Magnet Synchronous Machine Drives—A
Review," IEEE Transactions on Industrial Electronics,
vol. 67, no. 7, pp. 5830-5842, 2020.

Q. Gao, G. M. Asher, M. Sumner, and P. Makys, "Position
Estimation of AC Machines Over a Wide Frequency
Range Based on Space Vector PWM Excitation," /IEEE
Transactions on Industry Applications, vol. 43, no. 4, pp.
1001-1011, 2007.

M. X. Bui, M. F. Rahman, and D. Xiao, "A Hybrid
Sensorless Controller of an Interior Permanent Magnet
Synchronous Machine Using Current Derivative
Measurements and a Sliding Mode Observer," [EEE
Transactions on Industry Applications, vol. 56, no. 1, pp.
314-324, 2020.

S. Jung and J.-I. Ha, "Analog Filtering Method for
Sensorless AC Machine Control With Carrier-Frequency
Signal Injection," I[EEE Transactions on Industrial
Electronics, vol. 62, no. 9, pp. 5348-5358, 2015.

A. E. Ginart, D. W. Brown, P. W. Kalgren, and M. J.
Roemer, "Online Ringing Characterization as a
Diagnostic Technique for IGBTs in Power Drives, " IEEE
Transactions on Instrumentation and Measurement, vol.
58, no. 7, pp. 2290-2299, 2009.

J.-Y. Chen, K.-Y. Hung, G.-R. Chen, and S.-C. Yang,
"Integration of Measurement Vector Insertion With
Discontinuous PWM to Improve Saliency-Based
Sensorless  Drive  Position  Estimation," [EEE
Transactions on Power Electronics, vol. 37, no. 12, pp.
15283-15296, 2022.

C. Wu, Z. Chen, and Q. Chen, "An Optimized
Asymmetric Pulsewidth Modulation for Sensorless
Control of Permanent Magnet Synchronous Machines,"
IEEE Transactions on Industrial Electronics, vol. 69, no.
2, pp. 1389-1399, 2022.

M. S. Mubarok and T.-H. Liu, "An Adjustable Wide-
Range Speed-Control Method for Sensorless IPMSM
Drive Systems," IEEE Access, vol. 10, pp. 42727-42738,
2022.

J.-Y. Chen and S.-C. Yang, "Saliency-Based Permanent
Magnet Machine Position Sensorless Drive Using
Proposed PWM Injection and Shunt-Based Current
Sensing for Position Estimation," I[EEE Transactions on
Industrial Electronics, vol. 68, no. 7, pp. 5693-5703, 2021.

IZOOr/min / \
0 t \

Wrm T gr

g TeEONE oy
T aaeyoutne

{ \
/ \
TL____,...___.J R | I
0.5Nm ~——
6 \

°MMJ‘M‘“‘w““““"‘”uMM“W"L[“w“w('hWﬁw;mw,wnmv».ww»,wu w»ww'mmmw’nm»WW(W”“‘M'J*M’WMMM““*““I Wil

1s

Fig. 9. Experimental result of sensorless drive with varying speed

condition: w,,, =

—200t0200r/min, T, = 1p.u., using

T4PWM.

[10]

(1]

[12]

[13]

[14]

C. Wu, Z. Chen, and Q. Chen, "Hybrid-Modulation-Based
Full-Speed Sensorless Control for Permanent Magnet
Synchronous Motors," [EEE Transactions on Power
Electronics, vol. 37, no. 5, pp. 5908-5917, 2022.

M. Gu, S. Ogasawara, and M. Takemoto, "Novel PWM
Schemes With Multi SVPWM of Sensorless IPMSM
Drives for Reducing Current Ripple," IEEE Transactions
on Power Electronics, vol. 31, 1n0. 9, pp. 6461-6475, 2016.
X. Luo, Q. Tang, A. Shen, H. Shen, and J. Xu, "A
Combining FPE and Additional Test Vectors Hybrid
Strategy for IPMSM Sensorless Control," I[EEE
Transactions on Power Electronics, vol. 33, no. 7, pp.
6104-6113,2018.

J. Lee, B. R. Park, G. C. Lim and J. -1. Ha, "Hybrid Pulse
Width Modulation with Current Derivative Measurement
for PMSM Sensorless Control," 2023 IEEE Applied
Power Electronics Conference and Exposition (APEC),
Orlando, FL, USA, 2023, pp. 1090-1096, doi:
10.1109/APEC43580.2023.10131520.

B. R. Park, G. C. Lim, Y. Han and J. -I. Ha, "Saliency-
Based Sensorless Control Using Current Derivative in
IPMSM Drives With Single DC-Link Current Sensor," in
IEEE Transactions on Industrial Electronics, doi:
10.1109/TIE.2023.3274858.



	I.   Introduction
	II.   Sensorless Control Method of PMSM Based on Current Derivative
	A.   Position sensorless control algorithms
	B.   Current derivative measurement

	III.   Analysis of PWM Methods for Sensorless Control
	A.   Deadzone analysis and modified PWM for sensorless control
	B.   Performance analysis of PWM methods

	IV.   Experimental Results
	V.   Conclusion
	References


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



