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Initial Operation Results of Artemis-1 CubeSat EQUULEUS
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EQUULEUS (EQUilibriUm Lunar-Earth point 6U Spacecraft) is a deep space 6U CubeSat that explores the Earth—
Moon Lagrange point, demonstrating low-energy trajectory-control techniques within the Sun—Earth—Moon region by the
flight to the EML2 (Earth—Moon second Lagrange point). The spacecraft was jointly developed by JAXA and the
University of Tokyo and will be launched by NASA’s SLS (Space Launch System) Artemis-1 mission. EQUULEUS also
carries three scientific observation missions: imaging of Earth's plasmasphere by extreme UV wavelength, lunar
impact-flash observation on the far side of the moon, and micrometeoroid flux measurements in the cis-lunar region. While
all these missions have their own scientific objectives, they will also contribute to future human activity and/or
infrastructure in the cis-lunar region. After being launched into a lunar transfer orbit by SLS Artemis-1 on November 16,
2022, the spacecraft completed checkout operations for all of its bus functions in just one day and successfully performed
an orbital maneuver and subsequent trajectory correction maneuvers. This enabled a precise lunar flyby as planned and
successful insertion into the orbit toward EML2, which will be an approximately one-year voyage taking advantage of

multiple lunar gravity assists and the gravity of the Sun.
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1. Introduction

Universities, private companies, and space agencies are
beginning to explore deep space using nano-satellites (1-10
kg) and micro-satellites (~50 kg)."? As the first step of these
attempts, the University of Tokyo and the Japan Aerospace
Exploration Agency (JAXA) jointly developed and launched
the 50-kg-class deep space exploration micro-spacecraft
PROCYON (PRoximate Object Close flYby with Optical
Navigation) in December 2014, which became the world’s
smallest full-scale deep space probe. During its one-year flight
in deep space¥, PROCYON successfully demonstrated a
50-kg-class deep space exploration bus system and performed
scientific observations in deep space.*> These successes
demonstrated the capability of the ultra-small spacecraft for
performing a deep space mission by itself and also
demonstrated that it can be a useful tool for deep space
exploration. Since then, there has been a trend to challenge
deep space exploration with smaller spacecraft, or CubeSat,
and two 6U CubeSats MarCO-A and MarCO-B, launched
with InSight Mars mission in 2018, became the first CubeSat
to successfully operate in the vicinity of Mars.®

Recently, more and more small deep space missions are

being planned using CubeSats. 10 CubeSats were launched as
secondary payloads onboard the first flight of NASA’s SLS
(Space Launch System) in November 2022. SLS is NASA’s
next-generation heavy launch vehicle to carry astronauts
beyond Earth’s orbit to an asteroid and eventually to Mars.
The first flight, called “Artemis-1” provided accommodations
for thirteen 6U CubeSats into a lunar flyby trajectory, whose
size are about 10x20x30cm and weight is limited to 14kg.
JAXA provided two 6U CubeSats named EQUULEUS
(EQUilibriUm Lunar-Earth point 6U Spacecraft) and
OMOTENASHI (Outstanding MOon exploration
TEchnologies demonstrated by NAno Semi-Hard Impactor).
This paper provides an overview of the EQUULEUS mission,
the spacecraft design and development results, and the initial
operation results of the mission to the Earth—-Moon Lagrange
point.

2. Mission Overview

The primary objective of the mission is the demonstration
of the trajectory control techniques within the Sun—Earth—
Moon region (e.g. low-energy transfers using weak stability
regions) for the first time by a nano-spacecraft. For this
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purpose, the spacecraft will fly to a libration orbit around the
Earth—-Moon L2 point (EML2) by using multiple lunar gravity
assists (LGAs).” An illustrative example of the trajectory
design is shown in Figure 1¥, which includes three orbital
maneuvers (DV1, 2 and 3) and three lunar gravity assists
(LGAL, 2 and 3). After the spacecraft is injected into the lunar
transfer orbit by the launch vehicle, it must perform the first
orbital maneuver operation (DV1) to raise the perilune
altitude and remain in the Earth—-Moon system after the first
lunar flyby. Otherwise, the spacecraft will escape into deep
space via the lunar swing-by. After successfully completing
this most critical orbit maneuver operation, the spacecraft will
fly within the Earth—-Moon system, occasionally performing
orbital maneuvers, to reach a libration orbit around EML2.”
After performing various scientific observation missions in
EML2, the spacecraft will leave the Earth—-Moon system to
complete the mission.
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Fig. 1. Illustrative example of EQUULEUS trajectory design to EML2.

EQUULEUS  carries three scientific  observation
missions'?: imaging of Earth's plasmasphere by extreme UV
wavelength, lunar impact-flash observation on the far side of
the moon, and micrometeoroid flux measurements in the
cis-lunar region. While all these missions have their own
scientific objectives, they will also contribute to future human
activity and/or infrastructure in the cis-lunar region. These
missions are performed during the flight to EML2 and after
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arrival at EML2.
3. Spacecraft System Design and Development Results

Figures 2 and 3 show the exterior and interior views of the
spacecraft.
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Fig. 2. External view of EQUULEUS.Y
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Fig. 3. Internal structure of EQUULEUS.®

The spacecraft system was developed jointly by JAXA and
the University of Tokyo.” The attitude control system and
solar array paddles were procured from Blue Canyon
Technologies (BCT) and MMA Design, respectively, with
slight customizations to their off-the-shelf products. Most of
the other onboard components were developed using COTS
parts, leveraging the heritage of PROCYON and other 50 kg
class LEO missions. The deep space X-band transponder
which had been demonstrated on PROCYON!D was
redesigned to significantly reduce its volume to fit within the
CubeSat envelope. The propulsion system had to be
developed almost entirely from scratch. AQUARIUS (AQUA
Reslstojet propUlsion System), a resistojet propulsion system
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using water as a propellant, was developed to satisfy the
EQUULEUS mission requirements while using a safe
propellant.'?

Development of the spacecraft began in 2016, with PDR
completed in September 2016, CDR in June 2018, and PQR in
December 2020, and the completed spacecraft was delivered
to NASA in July 2021.

4. Initial Operation Results

After EQUULEUS was delivered to NASA in July 2021,
troubles with the launch vehicle, SLS, and weather problems
caused the launch attempts on August 29 and September 3,
2022, to be postponed, with the final launch on November 16,
2022, from the Kennedy Space Center.

Table 1 shows the timeline for the critical operation phase
immediately after launch. It reflects the actual operational results.
Due to trajectory design constraints, the first orbital maneuver
operation (DV1) had to begin approximately one day after launch,
and checkout of all necessary functions of the spacecraft,
including the newly developed propulsion system, had to be
completed by then. Operations were planned to be performed not
only from the JAXA deep-space ground stations (UDSC, USC,
and MDSS), but also from NASA's DSN during the hours when
the spacecraft would not be visible from the JAXA stations, but
this operation was still very time-critical. Prior to launch, backup
procedures were prepared for various anomalies, and a backup
trajectory was designed in case the propulsion system did not
perform as expected. The operations team conducted many
pre-launch operational training to increase their skills and
proficiency.

Table 1. Critical operation timeline reflecting the actual operation
results. The time in the table is in UTC.

[ start___|End __|station | Operationevent __|

11/16 6:47 Launch

11/16 10:28 EQUULEUS separated, automatic sun
acquisition control started

Initial checkout (SADA, sun sensor, STT, heater)
Initial checkout (heater)

11/1610:33  11/1613:05  Madrid
111616:50 11/1618:20  Goldstone

Transition to three-axis attitude control, propulsion system

11/16 18:25  11/17 4:25
checkout, test maneuvers

USC(JAXA)
Madrid
Goldstone
UDSC (JAXA) DV1(~6.4m/s) (Completed during visible period)
USC (JAXA) DELPHINUS checkout

USC (JAXA) TCM1(~0.84m/s)

11/2111:00  11/2113:05  Madrid Preparation for lunar surface imaging

11/21 16:25

DV1 preparation (DV1 FDIR parameter adjustment, etc.)

1117 19:14  11/18 5:11
11/1819:30  11/195:11
1119 19:34  11/20 5:20

closest approach to the moon
TCM2(~0.20m/s)

11/2220:48  11/23 5:04 UDSC (JAXA)

11/25 9:35 11/2522:53 UDSC (JAXA) CLOTH checkout

Despite these careful preparations, the checkout operation
proceeded very smoothly after the first contact with the spacecraft,
and the performance of the propulsion system was confirmed to
be as expected, enabling DV1 to be carried out as planned. After
DV1, a trajectory correction maneuver (TCM1) was performed
after precise orbit determination by DDOR (Delta-Differential
One-way Range), and the first lunar flyby was successfully
completed with the planned geometric conditions.

To demonstrate that the lunar flyby was executed as planned,
the day-night boundary area on the far side of the Moon was
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photographed by the onboard camera at the time of the closest
approach to the Moon (Figure 3). The captured area of the lunar
surface was as expected, indicating that the spacecraft's orbit and
attitude were precisely controlled.

The second trajectory correction maneuver (TCM2) was
performed immediately after the lunar flyby, and EQUULEUS
was confirmed to have been injected into its nominal trajectory
toward EML2. The spacecraft is scheduled to arrive at EML2 by
the end of 2023.

Fig. 3. The day-night boundary area of the far side of the moon captured
by EQUULEUS at 5:05 p.m. on Nov. 21 UTC during the lunar flyby
(5550 km).!»

5. Conclusion

Many research institutes and private companies are trying to
explore deep space with nano-/micro-satellites. In this context, 10
6U CubeSats were launched into the lunar transfer orbit by
NASA's SLS in November 2022.

One of the 10 CubeSats is EQUULEUS, jointly developed by
JAXA and the University of Tokyo, which will fly to the second
Earth-Moon Lagrange point (EML2) to demonstrate efficient
orbit control technology in the Sun—Earth-Moon region and
conduct various scientific observation missions. EQUULEUS’
mission is extremely challenging, as the first orbital maneuver
must begin approximately one day after launch, but the operation
of EQUULEUS went very smoothly, and the spacecraft was
successfully inserted into its nominal trajectory toward EML2
with extremely high accuracy. The successful precise orbit
control by EQUULEUS has raised the technological level of
nano-/micro-satellites to a higher level, and we believe that more
and more advanced exploration missions will be realized by such
small satellites in the future.

-2023-f-17 -



2023--17

ISTS2023
7) Ryu Funase, Satoshi Ikari, Kota Miyoshi, Yosuke Kawabata,
Acknowledgments Shintaro Nakajima, et al., "Mission to Earth—-Moon Lagrange Poir}t
by a 6U CubeSat: EQUULEUS", IEEE Aerospace and Electronic
Systems Magazine, V0.35, No.3, pp.30-44, March 2020.
The authors would like to thank the NASA DSN for providing 8) Ryu Funase, Satoshi Ikari, Yosuke Kawabata, Shintaro Nakajima,
. : i . et al., "Flight Model Design and Development Status of the
their valuable time for EQUULEUS critical operation. We also Barth-—Mo Ogn Lagrange Poir%t Exploration (ljaube Sat EQUULEUS
acknowledge the contributions of many graduate students who Onboard SLS EM-1", 32nd Annual AIAA/USU Conference on
have been involved in the development of EQUULEUS. Small Satellite, Utah, USA, 2018.
9) Kenshiro Oguri, Kenta Oshima, Stefano Campagnola, Kota
Kakihara, Naoya Ozaki, Nicola Baresi, Yasuhiro Kawakatsu, Ryu
References Funase, "EQUULEUS Trajectory Design", The Journal of
Astronautical Sciences, January 2020.

1) Jody Singer, Joseph Pelfrey and George Norris, "Enabling Science 10) Satoshi lkari, Masahiro Fujiwara, Hirotaka Kondo, Shuhei
and Deep Space Exploration Through Space Launch System Matsushita, Ichiro Yoshikawa, Kazuo Yoshioka, et al., "Solar
Secondary Payload Opportunities", 14th International Conference System Exploration Sciences by EQUULEUS on SLS EM-1 and
on Space Operations, Daejon, Korea, 2016. Science Instruments Development Status", SSC19-WKV-04, Small

2) Joshua Schoolcraft, Andrew T. Klesh, and Thomas Werne. Satellite Conference, Logan, Utah, USA, 2019
"MarCO: Interplanetary Mission Development On a CubeSat 11)  Yuta Kobayashi, Atsushi Tomiki, Taichi Ito, Daisuke Kobayashi,
Scale." 14th International Conference on Space Operations, Makoto Mita, Taku Nonomura, Hiroshi Takeuchi, Yosuke
Daejon, Korea, 2016. Fukushima, Ryu Funase and Yasuhiro Kawakatsu, "Low-cost and

3)  Ryu Funase, Takaya Inamori, Satoshi Ikari, Naoya Ozaki, Shintaro Ultimately-downsized X-band Deep-space Telecommunication
Nakajima, ‘Hiroyuki Koizumi, Atsushi Tomiki, YuFa Kobayashi System for PROCYON Mission", IEEE Aerospace Conference,
and Yasuhiro Kawakatsu, "One-year Deep Space Flight Result of Montana. USA. 2016.
the’ World's First Full-scale SOkg-class Deep Space Probe 12) Keita Ni’shii jun Asakawa, Akihiro Hattori, Yuji Saito, Kosei
PROCYON and Its Future-Perspectlve", 30th Annual ATAA/USU Kikuchi. M "k AKi ’ ihane W Y i ho Atak 1\/1
Conference on Small Satellite, Utah, USA, 2016. tkucht, Martko 1¥ama, Qihang ang,' asu .0 ta.a, 'asay.a

4)  Yoshiharu Shinnaka, Nicolas Fougere, Hideyo Kawakita, Shingo Murohara, Kot.a .Kaklhara, Kaqta Yianaglda, Hiroyuki Koizumi,
Kameda, Michael R. Combi, Shota Ikezawa, Ayana Seki, Masaki Ryu Funase, Kimiya Komurasaki, "Flight Model Development of a
Kuwabara, Masaki Sato and Makoto Taguchi, "Imaging Water Resistojet Propulsion System: AQUARIUS Installed on a
observations  of the  hydrogen coma  of  comet 6U CubeSat: EQUULEUS", 2019-f-49, International Symposium
67P/Churyumov-Gerasimenko in September 2015 by the on Space Technology and Science, Fukui, Japan, 2019.
PROCYON/LAICA", The Astronomical Journal, Vol.153, No.2, 13) EQUULEUS Twitter,
pp.76-81,2017. https://twitter.com/EQUULEUS_en/status/1595261621454401536

5) S. Kameda, S. lkezawa, M. Sato, M. Kuwabara, N. Osada, G. (accessed May 29, 2023)

Murakami, K. Yoshioka, I. Yoshikawa, M. Taguchi, R. Funase, S.
Sugita, Y. Miyoshi, M. Fujimoto, "Ecliptic north-south symmetry
of hydrogen geocorona", Geophysical Research Letters, Vol.44,
Issue 23, 2017.

6) Andrew T. Klesh, John Baker and Joel Krajewski, " MarCO: Flight
Review and Lessons Learned", 33rd Annual AIAA/USU
Conference on Small Satellite, Utah, USA, 2019.

4
34th ISTS Organizing Committee. -2023-f-17 -




<<
  /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


