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ABSTRACT

In this paper, we present a sparsity-based approach for
target location and velocity estimation using a network of
distributed dual-frequency radar units. A single dual-
frequency radar can only estimate the range and radial
velocity component of the moving target. The distributed
configuration permits not only target localization in cross-
range and downrange, but also provides Doppler velocity
diversity, which enables the estimation of the horizontal
and vertical target velocity components. We develop a
linear signal model for the distributed radar network con-
figuration under dual-frequency operation, and perform
joint optimization for simultaneously recovering the target
location and motion parameters. Supporting simulation
results are provided, which validate the effectiveness of
the proposed method.

Index Terms— Dual-frequency, moving target, local-
ization, sparse reconstruction

1. INTRODUCTION

Target detection and localization are highly desirable in
urban radar sensing applications, such as surveillance and
reconnaissance, survivor search in natural disasters, and
hostage rescue missions [1]. To this end, ground-based
urban radar systems typically employ physical or synthet-
ic apertures, which are deployed in a co-located configu-
ration on a vehicular platform. More recently, distributed
configurations of man-portable radar units, equipped with
a limited number of transmitters/receivers, have emerged
as an effective and flexible alternative to vehicle-mounted
large-aperture systems for localizing targets in urban sens-
ing applications.

For moving targets, a distributed network of man-
portable radar units provides Doppler velocity diversity,
which enables the estimation of the horizontal and vertical
target velocity components. The individual radar units can
be wideband radars, such as linear frequency modulated
or pulse-Doppler radars, or dual-frequency radars [2, 3].
The latter provides a viable solution to address the opera-
tional constraints on cost and system complexity in urban
radar sensing [4, 5].

Sparse signal reconstruction techniques have been ex-
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tensively applied to radar applications, including urban
sensing [6]. Such techniques have been shown to outper-
form least squares and backprojection based approaches
when the scene being interrogated is sparse [7-9]. The
scene can be sparse in space and/or Doppler. The former
includes sparsity in downrange and crossrange, and for the
latter, the sparsity can be in velocity and/or acceleration.
Sparse reconstruction techniques can be applied when
electromagnetic sensing is performed using either co-
located or distributed sensor configurations [6].

In this paper, we consider a multiplicity of dual-
frequency radars for moving target localization and veloc-
ity estimation in urban environments using sparsity-based
techniques. The radar units are deployed in a distributed
configuration around a sparse scene of a few moving
targets, which allows the sensors to view the targets from
different aspect angles. This provides Doppler velocity
diversity, which enables estimation of the horizontal and
vertical target velocity components. The measurements
are made at each individual unit in a stand-alone fashion,
which are then communicated to a central processing unit
where they are combined using sparse reconstruction.
Specifically, we develop a linear signal model for the
distributed dual-frequency radar network and perform
joint optimization for simultaneously recovering the target
location and motion parameters. Supporting simulation
results are provided, which validate the effectiveness of
the proposed method.

The remainder of the paper is organized as follows.
The signal model is presented in Section 2. Section 3
describes the proposed sparse reconstruction approach for
target localization and motion estimation. Supporting
simulation results are provided in Section 4, followed by
concluding remarks in Section 5.

2. SIGNAL MODEL
2.1. Single Radar Unit

Consider a dual-frequency radar unit, operating at the two
carrier frequencies, f; and f,, and located at position vec-
tor X, = (X, Vim). Assume a single target is present at
initial position xy = (X, y,), moving with uniform veloc-
ity v in the direction 8, as shown in Fig. 1. Let v, =
v cos(f) and v, = vsin(@) denote the horizontal and
vertical target velocity components, respectively. The
target is assumed to be undergoing linear motion, with the
range-to-motion given by
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Fig. 1. Free-space scene geometry, (a) Case 1, (b) Case 2.

Rm(t) = ROm + Urmt” (1)
where R, is the initial target range
Rom = v/(to = xm)? + 0o —ym)% (D)

and v,,, is the target radial velocity

Vpm = V cos(ay,). 3)

In (3), a,, is the angle between the direction of target
motion and the radar line-of-sight (LOS), as shown in Fig.
1, and is given by

U = Oy — 6, “)

where 6,, is the angle between the radar LOS and the x-
axis. For the case depicted in Fig. 1(a), 6,, is given by

— -1 (Ym—Yo
6,, = tan (_xm—xo)’ %)
whereas that corresponding to Fig. 1(b) is
_ -1 (Ym~Yo
6, = —tan (xm_xO). (6)

The baseband return, corresponding to the ith fre-
quency, can be expressed as [10]

. 4T

Sim(t) = pp, €Xp (—J

L R + vym) ), 1= 12 ()
where p,, is the amplitude of the return, which is assumed
to be frequency-independent over the bandwidth consid-
ered, and c is the speed of propagation in free-space. For
the case of K moving targets, the radar return is a super-
position of the individual target returns.

2.2. Multiple Radar Units

Let there be M dual-frequency radar units, each operating
at frequencies f; and f,, distributed around the target in
the (x,y)-plane (See Fig. 2). Since the radar unit measures
the returns from different sides, the M radar returns have

to be registered to a single reference coordinate system
before the data can be combined for target localization
and motion parameter estimation. For the radar units de-
ployed along the bottom of Fig. 2, the xy-coordinate sys-
tem, as defined in Fig. 2, is used, with the corresponding
radar return given by eq. (7). The xy-coordinate system is
chosen as the reference for registration. Let x'y’ be the
radar specific coordinate system. For the radar units inter-
rogating the scene from the top of Fig. 2, the correspond-
ing radar return is expressed as

4T

LE Ry, + u;mt)), i=12 (8)

Sin(®) = prexp

where R(,, and v),, are given by eqgs. (2)-(4) with
(Xm> Ym)» (X0, ¥o), and 6 replaced by (X, ym), (X0, o),
and 6'. Using the xy-coordinate system as the reference,
the registration process is simply an identity mapping
from the signal s;,,(t) to a corresponding signal s;,,,(t),
where the radar specific coordinates (x',y") are related to
the (x, y) coordinates by a 180° counter-clockwise rota-

tion,
x" | [ cos(m)
y' | [—sin(n)
and the target motion direction is 8’ = m + 6.

Likewise, for the radars deployed to the right and left
sides in Fig. 2, the registered signal s;,,(t) corresponding
to the signal s;,,(t) (defined in eq. (8) with respect to the
target specific coordinate system) is obtained by exploit-
ing the respective coordinate system transformations: 90°
and 270° counter-clockwise rotations relating the (x',y")
and (x, y) coordinates. The corresponding target motion
angles in the radar specific coordinate system can also be
readily calculated through geometric considerations. Once
the radar returns from the M dual-frequency radar units
have been registered, sparsity-based combining can pro-
ceed to jointly estimate the target position and velocity
components.

in(m)| (¥ _ -
sl b= ©
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Fig. 2. Distributed radar configuration.

3. SPARSITY-BASED TARGET LOCATION-
VELOCITY ESTIMATION

Assume that the scene of interest is divided into
N, XN,, pixels in crossrange (x) and downrange (y). Like-
wise, the horizontal and vertical velocity components are
sampled on a discrete grid with N,, X Ny, values. In other
words, an image with N,XN, pixels is associated with
each horizontal and vertical velocity pair considered,
resulting in a four-dimensional (4D) target space. Since
each dual-frequency radar observes the target space from
a different aspect angle, we assume an individual target
state vector of length NyNyN,, N, for each radar unit. Let

(™ denote the target state vector for the mth radar unit. If
a target exists at a specific point in the 4D space, the cor-
responding element of (™ assumes a non-zero value;
otherwise, it is zero.

The baseband radar return s;,(t) after registration is
sampled at times {t,}-3. Appending the N samples at
each of the two frequencies f; and f,, we form a 2N X1
measurement vector s(™) corresponding to the mth radar
unit, which using (7) can be expressed as,

sM = wm)pm) m=12 ..M (10)

where

woo = [y ey an

is of dimension 2NXN,NyN,, N, and the (p,q)th ele-

ment of ll’i(m),i = 1,2, is equal to the complex exponen-
tial term in eq. (8) after registration.

Stacking the measurement vectors corresponding to
all M radar units results in a 2M N X1 measurement vector

s=[(s®) (s, (12)
we obtain the linear model
s=Wr (13)
where W g MV MNNyNocNoy g the dictionary matrix
given by

¥ = blkdiag(yp®

), (14)

bdiag(-) denotes a block diagonal matrix, and
r= [(r(l) )T (r(M))T]T € CMNxNyNy Ny, X1 (15)

Given the combined measurements s in (13), we aim
at recovering the target state information 7 using sparse
reconstruction. Since the target state vectors correspond-
ing to the M radar units all describe the same underlying
4D target space, the vector r exhibits a group sparse struc-
ture. That is, if a certain element in, say rM, assumes a
non-zero value, the corresponding elements in 7™, m =
2,3,:+-, M, should be also non-zero. In other words, the
target state vectors corresponding to the M radar units
share the same sparsity pattern. As such, the target state
vector can be recovered using a group sparse reconstruc-
tion approach, such as SparSA [11], group LASSO [12],
or greedy algorithms [13, 14]. In this paper, we use Simul-
taneous Orthogonal Matching Pursuit (SOMP) for recov-
ering the target space vector from the data measurements
[14].

4. SIMULATION RESULTS

Consider three dual-frequency radar units located, re-
spectively, at (-1 m, -0.2 m), (-0.1 m, -0.1 m), and (1 m, -
0.1 m) in the (x, y)-plane. The carrier frequencies used in
the simulation are 990 MHz and 1 GHz, leading to an
unambiguous range of 15 m. Two point targets are con-
sidered; the first target is at an initial position (1.5, 1) m
and moving with velocities (0.5, 0) m/s, while the second
target is initially located at (3 m, 2 m) and moving with
velocities (0, -0.3) m/s. White Gaussian noise at 10 dB
SNR is added to the radar returns at each frequency. A
total of N = 40 samples are collected with 10 Hz sam-
pling rate.

The spatial region of interest is of dimensions 5 m X
5 m, with the crossrange and downrange discretized on a
square grid with a step size of 0.1 m. The horizontal and
vertical velocity components ranging between -1 m/s are
and 1 m/s are sampled with a grid size of 0.1 m/s. There-
fore, N, = N, =51 and N, = N,,y = 21.Fig. 3 shows the
joint position-velocity estimates of the two moving targets
with noisy data using SOMP. Clearly, SOMP provides
accurate estimates of position and velocity components.
For comparison, we also employ the conventional Doppler
filtering based least squares approach, wherein M range
estimates are first obtained by comparing the phases at the
peaks of the complex Doppler spectra at the two carrier
frequencies [5, 15], followed by position and velocity
estimation through solving a non-linear least squares
problem [16]. For the considered simulation example, the
conventional approach provides target position estimates
of (1.5512 m, 0.9815 m) and (2.9751 m, 1.8765 m),
whereas the corresponding velocity component estimates
are determined to be (0.5132 m/s, -0.0023 m/s) and (-
0.0128 m/s, -0.2985 m/s). Unlike the sparse reconstruction
based results, the conventional approach provides biased
position and velocity estimates.
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Fig. 3. SOMP Joint range-velocity estimates of two moving targets. Red circles indicate the true target parameters.

5. CONCLUSION

A sparse reconstruction technique has been proposed
to provide target motion and position parameter estima-
tion using a distributed network of dual-frequency radars
for urban sensing applications. The diversity provided by
the distributed configuration allows not only the target to
be localized in crossrange and downrange, but also ena-
bles estimation of the horizontal and vertical target veloci-
ty components. We developed a linear signal model for
the distributed radar system under dual-frequency opera-
tion. The measurements from the individual radar units
are combined using sparse reconstruction techniques for
simultaneously recovering the target location and motion
parameters. Supporting simulation results were provided,
which demonstrated the superior performance of the pro-
posed approach as compared to the conventional Doppler
filtering based least squares combining method.

REFERENCES

[11 M.G. Amin (Ed.), Through-the-Wall Radar Imaging,
CRC Press, Boca Raton, FL, 2011.

[2] L.N. Ridenour, Radar System Engineering, MIT
Radiation Laboratory Series, vol. 1, McGraw-Hill,
1974.

[3] W.D. Boyer, “A duplex, Doppler, phase comparison
radar,” IEEE Trans. Aerosp. Navig. Electron., vol.
ANE-10, no. 3, pp. 27-33, 1963.

[4] F. Ahmad, M.G. Amin, and P.D. Zemany, “Dual-
frequency radars for target localization in urban sens-

ing,” IEEE Trans. Aerosp. Electronic Syst., vol. 45,
no. 4, pp. 1598-1609, 2009.

[5] A. Lin, and H. Ling, “Location tracking of indoor
movers using a two-frequency Doppler and direction-
of-arrival (DDOA) radar,” Digest IEEE Int. Symp.
Antennas Propag., pp. 1125 — 1128, 2006.

[6] M.G. Amin (Ed.), Compressive Sensing for Urban
Radar, Florida, CRC Press, Boca Raton, FL, 2015.

[71 M.G. Amin and F. Ahmad, “Compressive sensing for
through-the-wall radar imaging,” J. Electronic Imag-
ing, vol. 22, no. 3, 2013.

[8] A.C. Gurbuz, J.H. McClellan, and W.R. Scott,
“Compressive sensing for subsurface imaging using
ground penetrating radar,” Signal Process., vol. 89,
no. 10, pp. 1959-1972, 2009.

[9] M. Herman and T. Strohmer, “High-resolution radar
via compressed sensing,” IEEE Trans. Signal Pro-
cess., vol. 57, 1n0.6, pp. 2275-2284, 2009.

[10]P. Setlur, M.G. Amin, and F. Ahmad, “Dual frequen-
cy Doppler radars for indoor range estimation: Cra-
mér-Rao bound analysis,” IET Signal Process., vol. 4,
no. 3, pp. 256-271, 2010.

[11]S. Wright, R. Nowak, and M. Figueiredo, “Sparse
reconstruction by separable approximation,” [EEE
Transactions on Signal Processing, vol. 57, no. 7,
pp. 2479-2493, Jul. 2009.

[12]M. Yuan and Y. Lin, “Model selection and estimation
in regression with grouped variables’, J. Royal Stat.
Soc., Series B, vol. 68, no. 1, pp. 49— 67, 2007.

1804



23rd European Signal Processing Conference (EUSIPCO)

[13]Y. Eldar, P. Kuppinger, and H. Bolcskei, “Block- dual-frequency radars and time-frequency distribu-
sparse signals: Uncertainty relations and efficient re- tions,” Proc. 41" Annual Asilomar Conf. Signals, Sys-
covery,” IEEE Transactions on Signal Processing, tems, and Computers, pp. 1817-1821, 2007.
vol. 58, no. 6, pp. 3042-3054, Jun. 2010. [16]P. Falcone, F. Colone, A. Macera, and P. Lombardo,

[14]J.A. Tropp, A.C. Gilbert, and M.J. Strauss, “Algo- “Two-dimensional location of moving targets within
rithms for simultaneous sparse approximation. Part I: local areas using WiFi-based multistatic passive ra-
Greedy pursuit,” Signal Process., vol. 86, no. 3, pp. dar,” IET Radar, Sonar & Navigation, vol. 8, no. 2,
572-588, 2006. pp. 123-131, 2014.

[151Y. Zhang, M.G. Amin, and F. Ahmad, “A novel ap-
proach for multiple moving target localization using

1805




<<
  /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


