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Transmission Probability Control Scheme in FSA-
based RFID Systems

Intaek Lim, Member, KIMICS

Abstract—This paper proposes a transmission probability
control scheme for enhancing the performances of FSA-
based RFID system. In order to maximize the system
performance, the number of tags attempting to transmit
their identifiers in a frame should be kept at a proper level.
The reader calculates the transmission probability according
to the number of tags within the identification range of
reader and then broadcasts it to tags. Tags, in which their
slot counter values reach to zero, attempt to transmit their
identifiers with the received probability. Simulation results
show that the proposed scheme can offer better throughput
and delay performance than the conventional one regardless
of the number of tags.

Index Terms—RFID system, Framed slot ALOHA, Anti-
collision algorithm, Transmission probability

I. INTRODUCTION

A reader in RFID system broadcasts a request message
asking for the tag identification codes. Upon receiving
this message, all tags within the identification range of
reader send their response back to the reader at the same
time. If only one tag answers, the reader receives just one
message which is correctly decoded. If two or more tags
answer, they will collide on the RF channel and cannot be
correctly received by the reader. This may lead to mutual
interference, which is referred to as a collision. A
technical scheme that handles multiple-access without any
interference is called as an anti-collision algorithm [1][2].

In RFID systems, there are two main types of anti-
collision algorithms: deterministic and probabilistic
algorithms [3][4]. The first ones are ALOHA-based
protocols; the second ones are tree-based protocols.

In the deterministic algorithm, the reader queries all the
tags within the identification range of reader for the next bit
of their identifiers [5]. On detecting collision, the reader
mutes subsets of tags that are involved in a collision and
queries again until there is only one tag response. The main
advantage of deterministic algorithm is its effectiveness,
which means that all tags can be successively identified
even when the number of tags is large. However, it requires
a lot of query cycles to identify all tags. Also, the tags may
need complex circuit and memory. The deterministic
algorithms are used in EPCglobal Class-0 and ISO/IEC
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18000-6 Type B, which uses binary tree-walking scheme
[6].

Almost all the probabilistic algorithms use framed slot
ALOHA (FSA), which has been advanced in function by
adding slotting and framing on ALOHA protocol. The
tags send their identifiers at a randomly selected slot.
When collisions occur, tags that are involved in collisions
retransmit their identifiers in the next identification round.
The probabilistic algorithms may have limitations on the
completeness of tag identification because there is still a
probability of failing to be identified in a limited time
period. Almost all the 13.56 MHz RFID systems use FSA
algorithms [7]. The performance of FSA algorithm is
dependent on the frame size and the number of tags
within the identification range of reader. If there are a lot
of tags in spite of small frame size, the identification time
will increase because of the frequent collisions. On the
other hand, when the number of tags is small in the
system with large frame size, the number of wasted slots
increases. The tag identification time and system
efficiency depend mainly on the frame size and the
number of tags. EPCglobal Class-1 Gen-2 and ISO/IEC
18000-6 Type C use the probabilistic algorithm as the
standard [8][9].

If the number of tags in the identification range of
reader is larger than a frame size, the messages received
by the reader may collide. If the number of tags to be
identified in a frame can be remained close to a level that
the system can support, it is expected to achieve the best
system performance. Therefore, the number of tags
attempting to transmit needs to be limited with the use of
transmission control scheme. In this paper, we propose a
scheme to control the transmission probability based on
the number of tags.

This paper is organized as follows. Section II describes
the system model for the proposed scheme. The proposed
transmission control scheme is explained in Section III,
and simulation results are presented in Section IV.
Concluding remarks are presented in Section V.

II. SYSTEM OPERATION

The reader begins an identification round by sending a
Begin Round command. After issuing a Begin Round
command to initiate an identification round, the reader
transmits one or more Fix Slot or Close Slot command
according to the tag’s reply. Fig.1 shows the operation for
the proposed scheme. At first, the reader initializes the
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transmission probability into 1.0. And it transmits a Begin
Round command to start an identification round. Begin
Round command contains a slot-count parameter.

Upon receiving a Begin Round command, participating
tags pick a random value, and load this value into their
slot counter. If tags that their slot counter reaches zero are
permitted in transmission, they backscatter their
identifiers. When the reader receives an identifier, it
acknowledges the tag with a Fix Slot command and
assumes that this tag is successfully identified. After that,
it reads from or writes to the identified tag. At the end of a
frame, the reader checks that all tags within the
identification range are identified. This is accomplished
by whether all the slots are idle or not. If unidentified tags
still remain in the identification range of reader, the reader
calculates a new transmission probability with the scheme
proposed in this paper. And it starts a new identification
round at the next frame. Tags that are not permitted at
their reply slots do not transmit their identifiers and waits
until next frame.
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Fig.1. Flow descriptions.

Fig.2 shows the simplified state transition diagram of
tag. Tags which enter the energizing or signaling field,
when they have sufficient power for operation, wait
before replying in a Ready state for the reception of one
of several commands. Upon entering an energizing RF
field, a tag that is not killed enters Ready state and
remains in Ready state until it receives a Begin Round

command. When tags receive a Begin Round command,
they draw a number from their random number generator,
load this number into their slot counter. Tags in the Ready
state transition to the Arbitrate or Reply state according to
their slot counter value and transmission probability. If
the slot counter is zero and transmission is permitted, it
transitions to the Reply state. Otherwise, it enters into the
Arbitrate state.

A tag in the Arbitrate state decrements a slot counter
every time it receives a Fix Slot or Close Slot command.
It transitions to the Reply state and backscatters an
identifier when its slot counter reaches zero and
transmission is permitted. Upon entering Reply state, a
tag backscatters an identifier. If the tag receives a valid
acknowledgement, i.e. Fix Slot command, it enters the
Acknowledged state. If the tag fails to receive a Fix Slot
command within the specified time, or receives a Close
Slot command, it returns to the Arbitrate state. After
acknowledging a tag, a reader can choose to access it.
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Fig.2. Simplified tag state diagram.

III. TRANSMISSION CONTROL SCHEME

As shown in Fig.1, tags that their slot counter reaches
zero transmit identifiers with the transmission probability
P.. The reader calculates a transmission probability based
on the estimated number of tags at every frame. The tag
number estimation is performed as followings.

The reader estimates the number of tags by combining
the information obtained after a read cycle with the result
of probabilistic analysis. Let N, and N, be the number of
idle and successful slots observed after the identification
round, respectively. If we assume that the number of idle
slots and successful slots observed after an identification
round is equal to their expected values, respectively, then
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N, and N; can be given as follows [10].
1 n
N,=N (1 - j )
N

1 n—1
N, = n[l - j (2
N

where N and n are the number of slots in a frame and
number of tags, respectively.

By solving Eq.(1) and (2) for the number of tags, we
can obtain

n=(N- 1)& 3)
N@

The number of tags that will be involved in the next
identification round is equal to the number of colliding
tags n.. Therefore, the number of colliding tags can be
estimated by subtracting Ns from Eq.(3) as follows.

n, =(N—Ne—1)& “
Ne

Because the reader can obtain the number of successful
slots and idle slots after an identification round, it also can
estimate the number of unidentified tags from Eq.(4). But,
as shown in Eq.(4), if there are neither successful slots nor
idle slots, we cannot use the above equation. Therefore,
we supplement the result of probabilistic analysis for the
exact estimation.

If we let o be the average number of tags in each
collision slot, & can be given by

i ZJN@UVMI_JIVJ )
R

The optimal performance for the identification delay
and efficiency can be obtained when the frame size is
equal to the number of tags. Therefore, from Eq.(5), the
average number of tags in each collision slot is about 2.4.
If we let N, be the number of collision slots, the number
of colliding tags with the probabilistic analysis is give by

n, =2.4N, (0)

By combining the observed result in Eq.(4) with the
probabilistic result in Eq.(6), we can estimate the number
of unidentified tags as following.

N
N-N,-)—=% if N,#N_ #0
nc=( e )Ne SN, # Ny # (7)

24N, , otherwise

With the estimated number of unidentified tags, the
reader calculates the transmission probability as follows:

1 ifn, <N ®)
F= E, otherwise
n

c

In the proposed scheme, if the number of unidentified
tags is less than the frame size, all the tags should be
allowed to transmit their identifiers. If the number of
unidentified tags becomes more than the number of slots
in a frame, the reader sets P, as the values at which the
total number of tags becomes A, in order to minimize the
collision rate.

IV. SIMULATION RESULTS

In this paper, the computer simulations were performed
to compare the performance of proposed scheme with the
conventional scheme with respect to the system efficiency
and identification time. The identification time is defined
as the time to identify all tags and the efficiency as the
number of tags identified in a slot. For the purpose of
performance comparison, the conventional scheme does
not have any transmission control scheme. It is assumed
that the frame structure and sot length for simulation are
same with the 13.56MHz RFID system proposed by Auto-
ID center [7].
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Fig.3. Frame structure.
TABLE 1
READ CYCLE TIMING
Items Value (usec)
Begin Round 1.623.68
Slot F 188.79
Success 2,756.48
St [ Collision 211456
Empty 226.54
Slot i Squ:e.ss 2,945.27
(i0) Collision 2,303.35
Empty 490.85

Fig.3 and Table 1 show the frame structure and the read
cycle timing of 13.56MHz RFID system for obtaining the
tag identification delay, respectively. The EPC code
length assumes to be 64 bits for the values in the Table 1.

Fig.4 shows the collision slot rate with respect to the
frame size, when the number of tags in the identification
range of reader is 200. The collision slot rate is defined as
the ratio of collision slots to the frame size. As shown in
Fig.4, the collision slot rates for the proposed scheme and
conventional scheme are 43% and 61%, respectively.
Moreover, when the frame size is small, the collision slot
rate of proposed scheme decreases more sharply than the
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conventional one by decreasing the frame size. Therefore,
as shown in Fig.5, the identification time of proposed
scheme is almost same regardless of the frame size. But in
the case of conventional scheme, the identification time
increases very sharply when the frame size is small.
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Fig.4. Collision slot rate according to frame size.
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Fig.5. Identification time according to frame size.
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Fig.6. Collision slot rate according to the number of tags.

Fig.6 shows the collision slot rate according to the
number of tags when a frame consists of 32 slots. When
the number of tags is 100, the collision slot rate for the
proposed scheme and conventional scheme is 35% and
52%, respectively. On the other hand, when there are 200

tags within the identification range of reader, the collision
slot rate for the proposed scheme and conventional
scheme is 56% and 91%, respectively. As shown in Fig.6,
when the number of tags increases, the collision slot rate
for the conventional scheme increases more than the
proposed scheme. This will be the cause of increases for
the identification time.

The identification time and efficiency according to the
number of tags in the identification range of reader are
depicted in Fig.7 and Fig.8, respectively. The proposed
scheme and conventional scheme can identify 100 tags
within 0.68 and 0.87 second. When the number of tags is
small, the identification time for both schemes is almost
same. On the other hand, as shown in Fig.7, when the
number of tags is 200, the identification time for the
proposed scheme is 4.5 times faster than the conventional
scheme. Furthermore, the efficiency for the conventional
scheme decreases more sharply than the proposed scheme.
This is because the collision slot rate of conventional
scheme increases by increasing the number of tags.
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Fig.7. Identification time according to the number of tags.
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Fig.8. Efficiency according to the number of tags.

V. CONCLUSIONS

This paper has proposed a transmission probability
control scheme for FSA-based RFID systems. In the
conventional FSA anti-collision algorithm, tags transmit
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their identifiers unconditionally when the slot counter is
zero. This may cause a high collision slot rate.

The design objective of proposed scheme is to improve
the system efficiency and identification time. In the
proposed scheme, the reader calculates a transmission
probability of tags based on the frame size and estimated
number of tags within the identification range of reader.
And it broadcasts before an identification round begins.
All the tags that the slot counter reaches zero transmit
their identifier with the received transmission probability.
The simulation results show that the proposed scheme
achieves better performances than the convention scheme
without the transmission probability control.

REFERENCES

[11 K. Finkenzeller, RFID Handbook: Fundamentals and Applications
in Contactless Smart Cards and Identification, Carl Hanser Verlag
GmbH & Co., 2002.

[2] W. Chen, and G. Lin, “An Efficient Anti-Collision Method for tag
Identification in a RFID System,” [EICE Trans. Commun.,
vol.E89-B, no.12, pp.3386-3392, Dec. 2006.

[3] Z. Wang, et al, “Anti-collision Scheme Analysis of RFID
System,” Auto-ID Labs White Paper, WP-HARDWARE-045, Oct.
2007.

[4] B. Zhen, M. Kobayashi, and M. Shimizu, “Framed ALOHA for
Multiple RFID Objects Identification,” IEICE Trans. Commun.,
vol.E88-B, no.3, pp.991-999, Mar. 2005.

[5] C.Law, L. Lee, and K. Y. Siu, “Efficient Memoryless Protocol for
Tag Identification,” Auto-ID Center, MIT-AUTOID-TR-003, Oct.
2000.

[6] Auto-ID Center, “860MHz-930MHz Class 0 Radio Frequency
Identification ~ Tags  Protocol  Specification  Candidate
Recommendation, Version 1.0.0,” June 2003.

[7] Auto-ID Center, “13.56MHz ISM Band Class 1 Radio Frequency
Identification =~ Tag  Interface  Specification: =~ Candidate
Recommendation, Version 1.0.0,” May 2003.

[8] EPCglobal, “EPC Radio-Frequency Identity Protocols Class-1
Generation-2 UHF RFID Protocols for Communication at
860MHz-960MHz, Ver.1.2.0,” EPCglobal Inc., Oct. 2008.

[91 ISO/IEC, “Information Technology - Radio Frequency
Identification for Item Management — Part 6: Parameters for Air
Interface Communication at 860-960 MHz, 19000-6,” ISO/IEC,
2006.

[10] I. Lim, “A Scheme for Estimating Number of Tags in FSA-based
RFID Systems,” International Journal of MICS, vol.7, no.2,
pp.164-169, June 2009.

Intaek Lim received the B.S. degree in
computer science from University of Ulsan,
Ulsan, Korea, in 1984, and the M.S. degree in
computer science and statistics from Seoul
National University, Seoul, Korea, in 1986. He
received the Ph. D. degree in computer
engineering from University of Ulsan, Ulsan,
Korea, in 1998. From 1986 to 1993, he was a
Senior Researcher at Samsung Electronics Co.,
Ltd. In 1998, he joined the faculty at Pusan
University of Foreign Studies, Busan, Korea, where he is currently a
Professor in the Department of Embedded IT. From July 2006 to June
2007, He was a visiting scholar at Cleveland State University in USA.
His research interests include the MAC protocol design, ad-hoc network,
RFID, and mobile computing.





<<
  /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
    /AmeriGarmnd-BT
    /AmeriGarmnd-BTBold
    /AmeriGarmnd-BTBoldItalic
    /AmeriGarmnd-BTItalic
    /Baskerville-BT
    /BernhardFashion-BT
    /Blippo-BlkBT
    /Bodoni-BdBT
    /Bodoni-BdBTItalic
    /Bodoni-BkBT
    /Bodoni-BkBTItalic
    /BroadwayEngraved-BT
    /BrushScript-BT
    /CentSchbook-BT
    /CentSchbook-BTBold
    /CentSchbook-BTBoldItalic
    /CentSchbook-BTItalic
    /CommercialScript-BT
    /Cooper-BlkBT
    /Cooper-BlkBTItalic
    /Courier10-BTBold
    /Courier10-BTBoldItalic
    /DomCasual-BT
    /Freehand591-BT
    /FuturaBlack-BT
    /FZWBFW--GB1-0
    /FZXKJW--GB1-0
    /GoudyOlSt-BT
    /GoudyOlSt-BTBold
    /GoudyOlSt-BTBoldItalic
    /GoudyOlSt-BTItalic
    /H_CIRNUM
    /H_EQSYM1
    /H_EQSYM2
    /H_HEBREW
    /H_KEYBD
    /H_MULTI1
    /H_MULTI2
    /H_PROSYM
    /HighlightLetPlain
    /Hobo-BT
    /JohnHandyLetPlain
    /LaBambaLetPlain
    /Liberty-BT
    /MBatang
    /MDotum
    /MekanikLetPlain
    /MGungHeulim
    /MGungJeong
    /MJemokBatang
    /MJemokGothic
    /MSugiHeulim
    /MSugiJeong
    /MurrayHill-BdBT
    /Newtext-BkBT
    /OCR-A-BT
    /OCR-B-10-BT
    /OdessaLetPlain
    /OrangeLetPlain
    /Orator10-BT
    /ParkAvenue-BT
    /PumpDemiBoldLetPlain
    /QuixleyLetPlain
    /RuachLetPlain
    /SandSm
    /SandTm
    /ScruffLetPlain
    /Swis721-BT
    /Swis721-BTItalic
    /TirantiSolidLetPlain
    /UniversityRomanLetPlain
    /VictorianLetPlain
    /WestwoodLetPlain
  ]
  /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 <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


