Journal of Korean Society of Industrial and Systems Engineering
https://doi.org/10.11627/jksie.2023.46.1.068

Vol. 46, No. 1 : 68-75, March 2023
ISSN : 2005-0461 / EISSN : 2287-7975

A Simulation Evaluation of Aisle Design and Operation

Policies for an Automated Storage and Retrieval System
with Narrow-/Wide-Width Racks

Bosung Kim - Jeongtae Park - Soondo Hong+

Department of Industrial Engineering, Pusan National University

0ss 29l Asel

25320] 0 o ujx] o

=3 gA Alseold F7t

71:} E"é l;g

341

B!

&
o
i
ki

¥

S~
of{
Lot
©

T H

In an automotive plant, an automated storage and retrieval system (ASRS) synchronizes material handling flows from a part

production line to an auto-assembly line. The part production line transfers parts on small-/large-sized pallets. The products on

pallets are temporarily stored on the ASRS, and the ASRS retrieves the products upon request from the auto-assembly line.

Each ASRS aisle is equipped with narrow-/wide-width racks for two pallet sizes. An ASRS aisle with narrow-/wide-width racks

improves both storage space utilization and crane utilization while requiring delicate ASRS aisle design, i.e., the locations of

the narrow-/wide-width racks in an ASRS aisle, and proper operation policies affect the ASRS performance over demand fluctuations.

We focus on operation policies involving a common storage zone using wide-width racks for two pallet sizes and a storage-retrieval

job-change for a crane based on assembly-line batch size. We model a discrete-event simulation model and conduct extensive

experiments to evaluate operation policies. The simulation results address the best ASRS aisle design and suggest the most effective

operation policies for the aisle design.
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<Figure 1> Automated Storage and Retrieval System with
Separated 1/0 Depots and Two-Types of Racks [3]
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Chapter 1, 2 Chapter 3.2, 3.4

Define problem; Experimental design;
idendtify the requirements for an identify experimental scenarios
automated storage and retrieval —»reflecting system environments and [€—

system for different sizes of parts, design experiments to evaluate the
i.e., SDTR-ASRS, in the factory operation policies

Chapter 2, 3.4 ¢ Chapter 4 ¢

Set objectives;
ensure stable parts
replenishment for auto-assembly
lines minimize response time
of storage requests minimize travel
time of S/R crane

Evaluate operation policies;
run experiments of scenarios and
analyze experimental results

Chapter 2, 3.3 ‘L
Design operation policies;
ASRS aisle design for
narrow-/wide-sized racks, utilization!
of common storage zone, and yes
storage-retrieval job change based
on assembly-line batch size

Chapter 3.1 ¢ Chapter 5

Simulation Modeling;
identify specifications of SDTR-
ASRS, develop the simulation |—
model and operaiton poilcies, verify’
the model

Decision making;
select the best operation policies or
the combination of policies and
real-world system implementation

<Figure 2> Procedure for Simulation Study of Operation
Policies of SDTR-ASRS [7, 15]
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<Table 1> Specifications of SDTR-ASRS

Two-sided storage aisle configuration

Number of aisles 1

Number of bays 20

Number of narrow-width rack bays 14

Number of wide-width rack bays 6

Number of tiers 16
Narrow-width rack size L: 3, H: 2 (m)
Wide-width rack size L: 4, H: 2 (m)

Number of types of pallets 2 (Small, Large)

Small-sized pallet size L: 2.8, H: 1.8 (m)

Large-sized pallet size L: 3.8, H: 1.8 (m)

Pick-up/deposit time 1 (sec)

S/R crane speed 1 (m/sec)

Single and dual command mode of S/R crane

Chebyshev distance

Random open location storage

FCFS for storage and retrieval requests

Infinite buffer for storage and retrieval requests queue
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<Table 2> Operational Environment of SDTR-ASRS
Storage operating time 16 (hour/day)
Retrieval operating time 24 (hour/day)
Arrival rate of storage (a) 120 (sec)
Arrival rate of retrieval (|3) 192, 180, 168, 156 (sec)
Distribution of arrival rate Exponential
Ratio of small/large-sized parts 7:3
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A. In-depot side layout

B. Out-depot side layout
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.

C. Central layout

|
|
|
In //// Out

D : Narrow-width rack

: Wide-width rack

<Figure 3> Four Aisle Designs of ASRS Basis on Wide-sized
Racks: A. In—-depot side, B. Out-depot side,
C. Central, D. split layout
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<Figure 4> Two Cases of Empty Travelling of S/R crane:
A. Storage-to-retrieval, B. Retrieval-to-storage
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{Table 3> Performance Metrics

Response variables Units
Response time of storage requests sec
Empty travel time of S/R crane sec
Utilization of S/R crane %
(=] X = sl O
. 2 AlEtiolM & FH 2t
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<Figure 5> SDTR-ASRS simulation configuration at run time:
L = Central layout, / = 52.5%

<Table 4> Experimental Factors of Simulation

Factors Levels

Retrieval/Storage rate ratio, [3/a 1.6, 15,14, 1.3

In-depot side,
Out-depot side,
Central, Split

Narrow-/wide-with racks aisle design, L

Utilization of common storage zone, U (%) 0, 17.5, 35, 52.5

Assembly-line batch size, R (unit) I, =, 15
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{Table 5> Simulation Results of Average Response Time of Storage Requests (Avg. Res) and Average Utilization of
S/R Crane (Avg. Util) for Different B/a and L (U = 0%)

Layout In-depot side Out-depot side Central Split
Bla Avg.Res. Avg.Util. Avg.Res. Avg.Util. Avg.Res. Avg.Util. Avg.Res. Avg.Util.
(sec) (%) (sec) (%) (sec) (%) (sec) (%)
1.6 997.4 63.3 816.0 62.9 957.2 63.5 849.4 62.8
1.5 1205.8 65.3 916.9 65.3 1118.5 65.7 987.2 64.9
1.4 1715.2 67.6 1343.5 67.6 1665.3 68.1 1438.7 67.3
1.3 2625.4 70.0 2473.1 70.0 2735.0 70.4 2374.7 69.6
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<Figure 6> Average Response Time of Storage Requests over Aisle Designs: A. 5/a = 1.6, B. 3/a = 1.3
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<Figure 7> Average Empty Travel Time of S/R Machine for
Different Operational Environments
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<Figure 8> Average Response Time of Storage Requests
for Different Operational Environments
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<Table 6> A Comparison of Response Time of Storage Requests with the Most Effective Policy Combination (Effect.Res)
13

<Figure 7> 29374 x| A7) u}

x| A717}

74

o WA E oo WRN YW MG T TEE G MEE PR T AR R
) v —_ = K 3 g i T
i <2y MR ﬁo%%uoooawnL%@wrﬂx;Eh%oozu%ﬂﬁh@%oo
ZH N == JI.A;A ﬂ‘_a ‘IOT ‘HH_,A 0 = o= —~— N ‘DIH.TI O‘IEOT
ﬂﬂAonﬁ =X = g B o T T X A o) ™ o
PR LR IRTET TPEom i PRl vy s Rt bR Py
SIETERenT SINSZiarrliEaEEEeEARaTS
my Z e oF — K X o) o — W L, R 9 o UE R &y R omr KO - R N
B e Lo O E W homM.Mnmuﬂuwboux%m%%ﬁey1a]®o1drrﬂxl]ﬂn_rm
K OF = B CBRE N R — o o o BB o0 e,
R B O b T T R e R e
mmﬂ_.éawfmiomeﬁioor H_zﬁﬁommﬂ_éqﬂiz%ﬁewrﬂzu &ﬂ%@oiugﬂoiﬂﬁ
gemEda P W pUETmeeT om D eFom Tomslldwm
I ey T N %%i&rﬂ%?mﬂésﬁ .%?W@%Wﬂ.%%@%
2 T X m o R pgrasmg gl Ve aenm= X o
ZpEELD ol BBy R I R E RN Ay TR E WY LT
2 gRET e o4 mE oML M EAT R N e A e AT
EHTJI‘...D o & _— N ) ﬂ_!tq.ﬂOOt Y © ﬂﬂv .,ULO <
N TR R T Bl T Sl ls s PR Y
ApE i dee®l B AT ROY IR i o R
— ﬁ 1 < = - —_ —_ = N
B T e Ty N HehEgwtddormnTabke TR LS
i ﬂATk}quloﬂw_/dufﬂvq%_uaﬂo”%Sﬂlmm_v_zﬁ7 ngﬂ%s_zgﬂlﬂ@riim&]ﬂo
R N A Sl B il - TR A .REEW%HE&%MQ
TR AN TN LS T BB o Jodrdr P S S W 2oy e <M W 3
o Ho — ol ;o e Jriit R S SN I o]_owa - —
O m W OH o oy oY - I o ol N N EP T o) - B o e = ooy N op o T
T ey NPTy e o F e W R & F g o By
O BO Hip TR Hn B e N HoRE WO BT o % o M o ol ol T Al oK ™
Mo of o X o Tl WY oo O B oo R W X oo W T o BT oo 90 R R oo BORE T Ty M B W
aw/aﬂLW%% ﬂoﬂfrﬂowwmuﬂoiﬂdrﬂ%iﬂlmcﬂ%wﬂﬁﬂ%ﬁu
< < BE o TR oy TN = . =l = o e
) uauouuﬂa xOxmax7Wam%%drmeﬂﬂﬁMsu.worULERnxn
o) 7 B Eﬂﬂﬁoﬁﬂl_xaw_ﬂu%gﬁ w 2 M D B
L ﬂoww W B ol gy ® M g g g o o [ M T RO
= T 7o 2 Lo TO < . ~o mr ok u._. v 7O
s MR R S B N T o N N
..rmb%wauﬁoﬂ% ﬂ7lﬂﬁisw.aﬂo%7wodudr.ﬂo ,%ﬁE%So]
<oﬁou_mﬂ|_ﬂ%goje uuum\ﬂ,?ﬁol,m,WﬂdoMNlVﬂ]ot% T TN
dr.1_.07zo,_mozo\ wﬁmﬂdo,hm&orzootazﬂﬂoun«lM]Mﬁwwﬂﬁﬁﬂwﬂui
ToodTxPEl R AR T TR S XN FE g o
ﬂutMumEﬂe__ﬂuMm _ﬂimﬂwmogo?ﬂﬁmwm W%oﬁﬁgMUrMﬂdm%w”db
I~ — i = o T = ~
eEZENT ST ST ST S e
ﬂ].VPoVﬂE.do7 N w = <.ﬂu]EMﬁ1HF o#outﬂquo i@aTﬂlwfax
7o MI N E T Iy ol ~o 0 o B o [ = X B = Ny A=
i g & - o K ﬂbxmﬁiﬂ_t}oqurﬁuu% 7do_uﬁmiﬁu|o#o1r‘_1,
%o " _ G- s ~ - T
TRYE by o SRR REirm FaapdaoRalawe o
A=FTFT@mT X Liutﬂofﬂuc._oﬂ‘_wmmﬂmu%w]wuaﬂwl?m\lwimw&%ma
s — - —_— 7o K B BO — T/ To ) 2 o —~ X TR
ATQZOZ,.*O,_L_%_X N - ~ ioo ﬂ_rm:i —_— G~ CH e
© i D o 2o oy ob o JE do K Ho gy e oo
SR Moo oo B 00 S g P o o O g g oof T o N
=] i K -~ .0 o
%%i%ﬂ%%a H TEuaPsrlad s SRl g o e B
v N — N — e —_ — " MO g R = ™ — X o —
TR B X &r M%_uﬂxﬁ%ﬂ%7%ﬂﬁ_, mPEETE®OT L0
EﬂﬂmWﬂﬂW@. " %%@ﬂﬂ&@iﬂ7ﬂo%wﬂimﬂuMUM@oﬂAﬂLﬁlﬂm
)| ) - B8 — S
O Moo Z Moy BN <~ WIT B UTRRR DT P B oW E m74.%%%%ﬁ
WO TN PR HRNETSRETTSESST SN DT



A Simulation Evaluation of Aisle Design and Operation Policies for an Automated Storage and Refrieval System with Narrow—/Wide-Width Racks 75

Acknowledgement

This work was supported by the National Research
Foundation of Korea (NRF) grant funded by the Korea gov-
ernment (MSIT) (No. NRF-2020R1A2C2004320) and the
by the BK21 FOUR of the NRF funded by the Ministry
of Education (NO. 5199990914451)

References

[1] Bozer, Y.A. and White, J.A., Travel-time Models for
Automated Storage/Retrieval Systems, [IE Transactions,
1984, Vol. 16, No. 4, pp. 329-338.

[2] Cardona, L.F. and Gue, K.R, Layouts of unit-load ware-
houses with multiple slot heights, Transportation Science,
2020, Vol. 54, No. 5, pp. 1332-1350.

[3] Chun, S.J. and Lee, Y.H., Travel Time Models for
Automated Storage/Retrieval Systems with Racks of
Different Size, Journal of the Korean Institute of
Industrial Engineers, 1997, Vol. 23, No. 2, pp. 421-432

[4] Chung, J.W. and Kim, P.S., A Performance Model for
Stocker Systems in Liquid Crystal Display (LCD)
Fabrication Lines, Journal of the Society of Korea
Industrial and Systems Engineering, 2011, Vol. 34, No.
3, pp. 1-7.

[5] Gharehgozli, A. H., Yu, Y., Zhang, X., and Koster, R.D.,
Polynomial Time Algorithms to Minimize Total Travel
Time in a Two-depot Automated Storage/Retrieval
System, Transportation Science, 2017, Vol. 51, No. 1,
pp. 19-33.

[6] Hur, S., Lee, Y.H.,, Lim, S.Y., and Lee, M.H., A
Performance estimation model for AS/RS by M/G/1
Queuing System, Computers & Industrial Engineering,
2004, Vol. 46, pp. 233-241.

[7] Law, AM., Kelton, W.D., and Kelton, W.D., Simulation
Modeling and Analysis, fourth ed, Mcgraw-hill, 2007,
pp. 669-671.

[8] Lee, MK. and Kim, S.Y., Scheduling of Storage/Retrieval
Orders under a Just-in-time Environment, International

Journal of Production Research, 1995, Vol. 32, No.
12, pp. 3331-3348.

[9] Lee, Y.H., Tanchoco, JM.A., and Chun, S.J, Performance
estimation models for AS/RS with unequal sized celles,
International Journal of Production Research, 1999, Vol.
37, No.l18, pp. 4197-4216.

[10] Lee, Y.H., Cheon, S.J., and Lee, M.H., Mathematical
Models and Algorithms for Optimal Design of Automated
Storage/Retrieval Systems with Different Sized Cells,
Journal of Korean Institute of Plant Engineering, 2000,
Vol. 5, No. 1, pp. 59-77.

[11] Lee, Y.H., Lee, M.H., and Hur, S., Optimal Design of
Rack Structure with Modular cell in AS/RS, International
Journal of Production Economics, 2005, Vol. 98, Issue.
2, pp. 172-178.

[12] Moon, G.J. and Kim, G.P., Improvement of AS/RS
Class-based Storage Policy by Common Zone Allocation,
Journal of the Korean Operations Research and
Management Science Society, 1999, Vol. 24, No. 3, pp.
39-47.

[13] Nam, J.G., Hur, S., Jeong, S.Y., and Kim, JK., A
Performance analysis of AS/RS with Single and Dual
Commands, Journal of the Society of Korea Industrial
and Systems Engineering, 2004, Vol. 27, No. 3, pp.
26-30.

[14] Ok, C.H., Kim, D.S, Gong, J.S., and Seo, Y.H., Study
on Integrated Storage Systems for Automated Production,
Journal of the Korea Society for Simulation, 2012, Vol.
21, No. 2, pp 91-101.

[15] Rossetti, M.D., Simulation Modeling and Arena, John
Wiley & Sons, second ed, 2015, pp 8-15.

[16] Tanaka, S. and Araki, M., Routing Problem under the
Shared Storage and Retrieval Systems with Separate Input
and Output Points, International journals of Production
Research, 2009, Vol. 47, No. 9, pp 2391-2408.

[17] Ven Den Berg, J.P. and Gademann, A.JRM., Simulation
Study of an Automated Storage/Retrieval System, Inte-
rnational Journal of Production Research, 2000, Vol.
38, No. 6, pp 1339-135.

ORCID
Bosung Kim | http://orcid.org/0000-0002-7649-5383
| http://orcid.org/0000-0002-3612-3913

| http://orcid.org/0000-0001-7817-6776

Jeongtae Park
Soondo Hong




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


