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Abstract. In this paper, we evaluate performance of IR-UWB positioning sys-
tem, which is based on the angle-of-arrival (AOA) and time-of-arrival (TOA) 
estimation techniques, with different IR-UWB waveforms, such as root raised 
cosine pulse, 5th order Gaussian mono-pulse, 4th modified Hermite pulse 
(MHP), and sine-type prolate shperoidal pulse. For ranging performance eval-
uation, the minimum mean square error (MMSE) technique is employed to re-
solve the multipath components, and the ranging performance is evaluated with 
various waveforms. For high precision angle estimation, the multiple signal 
identification and classification (MUSIC) method is employed. Simulation re-
sults show that the MHP pulse outperforms other considered waveforms in a 
hybrid TOA/AOA based IR-UWB positioning system. 

Keywords: TOA, AOA, IR-UWB, MMSE, MUSIC. 

1   Introduction 

Recently, the high precision ranging techniques become an issue because of its vari-
ous applications such as enhanced 911, U-health service, context aware service, navi-
gation, high precision robot control and so on. In indoor environment, the time-of-
arrival (TOA) and the angle-of-arrival (AOA) techniques are well known schemes for 
a high precision ranging system. Generally, the TOA based ranging scheme has better 
accuracy than the AOA based ranging scheme, because the AOA requires line-of-
sight (LOS) wireless communication environment. However, the AOA system is 
more costly effective than the TOA system because the TOA system provides two-
dimensional (2-D) positioning information with minimum three base stations (BSs), 
while the AOA system requires only two BSs. The proposed joint TOA and AOA 
positioning scheme requires only one BS for 2-D positioning information. By using 
the proposed hybrid TOA/AOA based IR-UWB positioning scheme, thus, we can 
precisely estimate the location of target with relatively less costs as compared with the 
existing methods using minimum three BSs or the estimating cell ID with one MS [1].  

The TOA based ranging scheme experiences always multipath problem because of 
its signal’s reflection, extinction, and so on. Once a signal passes multipath channels, 
a BS receives a combined signal that has many different phases [2]. To estimate more 
accurate distance, it is required to resolve the multipath channel accurately. In indoor 
positioning scheme, if ranging guarantees high precision, the performance of a hybrid 
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TOA/AOA location scheme is highly trustful. Although the short pulse duration of 
IR-UWB waveform enables to resolve multipath channels accurately, the perfor-
mance of ranging system under the condition of different waveforms is not studied 
enough. Since the IR-UWB waveform influences on the performance of IR-UWB 
ranging system, the ranging performance is evaluated with various waveforms in this 
paper. The MMSE are employed to resolve the multipath components for high preci-
sion ranging in the considered TOA scheme, while the MUSIC method is employed 
to measure the angle of target mobile terminal in the considered AOA scheme. The 
performance of proposed scheme is evaluated through the computer simulation over 
the channel models produced by IEEE 802.15.4a [3]. 

2   System Description 

A simplified transceiver structure for TOA/AOA based IR-UWB positioning system 
is shown in Fig.1. The channel impulse response (CIR) can be estimated by applying 
the inversion or pseudo inversion of the known signal matrix. Then, the estimated 
channel matrix is applied to the TOA estimation process. Each antenna of antenna 
array receives an emitted signal with different delays caused distance gap on each 
antenna and the angle of target is estimated with the AOA scheme. 

As mentioned in previous section, a pulse signal experiences multipath channel and 
a receiver receives an overlapped signal. Fig. 2 shows the comparison of various re-
ceived signals according to interval of multipath in no noise communication condi-
tion. In the figure, we assumed that the pulse width is 2ns and the amplitudes of de-
layed signals are all the same. As shown in the figure, the multipath components are 
overlapped except for the Fig. 2-(d). The overlapped signals can cause to increase the 
error rates in ranging estimation.  

 

 

Fig. 1. The hybrid TOA/AOA positioning system design 

Fig. 3 shows an example of received signal in a realistic TOA based IR-UWB 
ranging estimation system. As shown in the figure, the received signal consists of 
multiple multipath components and it is generally difficult to resolve the multipath 
components. If the overlapped multipath components can be resolved by using a re-
ceived signal and already known transmitted signal, however, we can provide a higher 
precise TOA ranging performance. 



594 N. Kim et al. 

Fig. 2. Comparison of 

 

 

various received signals according to interval of multipath 
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At the receiver, the received signal over the multipath fading channel can be ex-
pressed as follows: 

 

(1)

 

 

Fig. 3. Example of received signal with multiple multipath components 

where ܮ௣  is the total number of multipath channels, ߙ௞  and ߬௞  are the amplitude 
and the propagation delay of the k-th path, respectively. sሺ·ሻ is the transmitted pulse 
shape and w(t) is the additive white Gaussian noise with mean zero and variance ߪ௪ଶ  . 
By applying the harmonic signal model, (1) can be represented in frequency domain 
as follows [4][5]: 

 

(2)

The discrete measurement data of (2) can be obtained by sampling at L equally spaced 
frequencies and is given by 

 

(3)

where m ൌ 0, 1, ڮ , ܯ െ 1, ଴݂ is center frequency, and ᇞ ݂ is the sampling interval 
in frequency domain. Since we use harmonic model in L frequency samples, the N 
samples are divided into M consecutive segments of length L, where M = N - L + 1. 
Therefore, the transmitted signal S is formed into a ܯ ൈ  matrix and the sampled ܮ
signal of (3) can be rewritten as follows: 
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܀ ൌ ۶܁ ൅ ܅ ൌ ܉܄܁ ൅ ܅ ,  (4)

where ܀ ൌ  ሾܴሺ0ሻ ܴሺ1ሻ ڮ ܴሺܯ െ 1ሻሿ୘, 

܁ ൌ  ൦ ܵሺ0ሻ ܵሺ1ሻ … ܵሺܮ െ 1ሻܵሺ1ሻڭ ܵሺ2ሻڭ ڰ… ܵሺܮሻܵڭሺܯ െ 1ሻ ܵሺܯሻ ڮ ܵሺܯ ൅ ܮ െ 2ሻ൪, 

 ۶ ൌ ሾܪሺ ଴݂ሻ ሺܪ ଵ݂ሻ ڮ ሺܪ ௅݂ିଵሻሿ୘, ܅ ൌ ሾܹሺ0ሻ ܹሺ1ሻ ڮ ܹሺܯ െ 1ሻሿ୘, ܄ ൌ ሺ߬଴ሻܞൣ  ሺ߬ଵሻܞ ڮ ሺ߬௞ሻܞ ,ሺ߬௅೛ିଵሻ൧ܞ ൌ ሾ1 ݁ି௝ଶగᇞ௙ఛೖ ڮ ݁ି௝ଶగሺ௅ିଵሻᇞ௙ఛೖሿ୘, ܉ ൌ ଴݁ି௝ଶగ௙బఛబߙൣ ଵ݁ି௝ଶగ௙బఛభߙ ڮ  . ௅೛ିଵ݁ି௝ଶగ௙బఛಽ೛షభ൧୘ߙ
3   Channel Models and IR-UWB Pulses 

3.1   Channel Models 

The CM1 and CM3 of IEEE 802.15.4a UWB channel model are considered. The 
CM1 represents a LOS environment of less than 4m and the CM3 is for a LOS envi-
ronment of 4-10m. In this paper, we assumed the direct path is the multipath compo-
nent having the strongest amplitude because of LOS environment. 

3.2   Various IR-UWB Pulses 

Various IR-UWB pulses are considered for IR-UWB positioning system. We em-
ployed the RRC pulse, the 5th order Gaussian mono-pulse, the 4th MHP pulse [6], and 
a sine type of PS pulse [7].     

4   Channel Impulse Response Estimation 

The CIR can be estimated by applying the inversion or pseudo inversion of the known 
signal matrix. By multiplying both sides of (4) by the inverse of the signal shape ma-
trix ܁ା , where ܁ା ൌ ܁۶ሼ܁ · ۶܁ ൅ ሺોܟ૛ ሻ · ۷ሽି૚ is for MMSE, it can be rewritten as  
follows:            ܁ା܀ ൌ ۶܁ା܁ ൅ or ۶෩ ܅ା܁ ൌ ۶ ൅ ෩܅ , (5)

where I represents an identity matrix. Then, the estimated channel matrix ۶෩ is ap-
plied to the TOA estimation process and the frequency response of the estimated noi-
sy CIR from (5) can be written as follows [4]: 
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(6)

where  ݖ௞ ൌ ݁ି௝ଶగᇞ௙ఛೖ with ᇞ ݂ ൌ 1 ܮ ·ᇞ ⁄ݐ . 

 

Fig. 4. Difference of detected signal depending on location of antenna in array antennas 

5   AOA Estimation Using MUSIC 

The direction of propagation of a radio-frequency wave can be estimated by the an-
tenna array. Fig. 4 indicates the difference of detected signals depending on location 
of an antenna in array antennas. When a transmitted signal arrives to array antennas, 
each antenna receives the signal with different delays caused from distance gap on 
each antenna. The received signals between antennas are phase-shifted and they can 
be defined as follows:  eି୨ଶ஠୤∆୲ ൌ eି୨ଶ஠୤ୢୡ୭ୱ஘/ୡ ൌ eି୨ଶ஠ୢୡ୭ୱ஘/஛ ൌ eି୨୩ୢୡ୭ୱ஘ ൬k ൌ 2πλ ൰, (7)

and the relation of detected signals on S0 and S1 is expressed as follows; S1 ൌS0eି୨୩ୢୡ୭ୱ஘. Thus, the detected signals on the array antenna can be defined as steering 
vector given by [8]: sሺθሻ ൌ ൣ1   eି୨୩ୢୡ୭ୱ஘    eିଶ୨୩ୢୡ୭ୱ஘ ··· eି୨ሺ୒ିଵሻ୩ୢୡ୭ୱ஘൧୘

, 
(8)

where N is number of antennas in array. 

5.1  MUSIC Algorithm 

The MUSIC super-resolution techniques are based on eigen-decomposition of the 
autocorrelation matrix of the received signal vector. The received signal vector can be 
expressed as follows: R ൌ SH ൅ W, (9)
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where 
Sൌ  ሾݏሺߠଵሻ ݏሺߠଶሻ  ڮ ܪ ,ெሻሿߠሺݏ  ൌ ሾHଵHଶ  ,Hெሿ் ڮ

and M is number of multipaths. The matrix S is N ൈ M matrix. 
The autocorrelation matrix of received signal is expressed as follows: 

 Rோோ ൌ EሼRܴுሽ ൌ VAܸு ൅ ௪ଶߪ I ൌ R௦ ൅ ௪ଶI, (10)ߪ

where R௦ ൌ  VAܸு 

A ൌ ቎ܧሾ|ܪଵ|ଶሿ 0 ڮ 00 ଶ|ଶሿܪ|ሾܧ ڮ 00 0 ڮ  ெ|ଶሿ቏ܪ|ሾܧ

The signal covariance matrix, R௦, is clearly a N ൈ N matrix with rank M. Therefore, 

it has N-M eigenvectors corresponding to the zero eigenvalues. Let ݍ௠ be such an 
eigenvector. Then,  R௦ ݍ௠ ൌ  SAܵுݍ௠ ൌ 0, 

                    ֜ q௠ு SAܵுݍ௠ ൌ 0,                        (11) 

 ֜ ܵுݍ௠ ൌ 0   

The last equation of (11) is valid since the matrix A is clearly positive definite. The 
equation (11) implies that all the N – M eigenvectors ሺݍ௠ሻ of R௦ corresponding to 
the zero eigenvalues are orthogonal to all the M signal steering vectors. Let ܳ௡is the N ൈ ሺN െ Mሻ  matrix of these eigenvectors, then the MUSIC plots the pseudo-
spectrum as follows: ܲெ௎ௌூ஼ሺఏሻ ൌ ଵ∑ |ௌಹሺఏሻ௤೘|మಿషಾ೘సభ ൌ  ଵୱಹሺఏሻொ೙ ொ೙ಹ௦ሺఏሻ ൌ  ଵหொ೙ಹ௦ሺఏሻหమ,                (12) 

Since the eigenvectors making up ܳ௡ are orthogonal to the signal steering vectors, 
the denominator becomes zero when θ is a signal direction. Therefore, the estimated 
signal directions are the M largest peaks in the pseudo-spectrum. 

6   Simulation Results 

In this section, we evaluated the performance of proposed hybrid TOA/AOA based 
IR-UWB positioning system with various waveforms. As channel models, the CM1 
and the CM3 of IEEE 802.15.4a standard were employed for computer simulations. 

Fig. 5 depicts the position estimation error of hybrid TOA/AOA based IR-UWB 
system. As shown in the figures, the positioning system with MHP pulse outperforms 
the system with all other pulses for both CM1 and CM3 in high SNR region. Note that 
the positioning performance with other pulses is not remarkably enhanced as the SNR 
increase in CM3 while the positioning performance is enhanced as the SNR increase 
in CM1. 
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Fig. 5. Positioning estimation error of hybrid scheme with various waveforms 

7   Conclusion 

In this paper, we evaluated performance of hybrid TOA/AOA based IR-UWB posi-
tioning system with various shapes of waveforms. In a hybrid TOA/AOA scheme, it 
is shown that the MHP pulse outperforms all the pulses for both CM1 and CM3 in 
high SNR region. Although the accuracy of TOA scheme is better than that of hybrid 
TOA/AOA scheme, the hybrid TOA/AOA based IR-UWB positioning system re-
quires only one BS, unlike the TOA system does three BSs. If the required accuracy 
of positioning system is tens of centimeters, the hybrid TOA/AOA based IR-UWB 
positioning system with MHP pulse can be considered because of its high perfor-
mance and economic effects.  

Acknowledgment 

This research was supported by Basic Science Research Program through the National 
Research Foundation of Korea (NRF) funded by the Ministry of Education, Science 
and Technology (No.2010-0008494). 

References 

[1] Kim, N.Y.: Research on Computationally Efficient Network-based Wireless Geolocation 
Systems, doctoral dissertation, Dept. of Information and Communication Engineering, Ko-
rea Advanced institute of Science and Technology (2010) 

[2] Taylor, J.D.: Introduction to Ultra-Wideband Radar Systems. CRC Press, Boca Raton 
(1995) 



600 N. Kim et al. 

[3] IEEE 802.15 WPAN Low Rate Alternative PHY Task Group 4a, PART 15.4:Wireless 
MAC and PHY Specifications for LR-WPANs, Draft P802.15.4a/D7 (March 2007) 

[4] Manolakis, D., Ingle, V., Kogon, S.: Statistical and Adaptive Signal Processing.  
McGraw-Hill, New York (2000) 

[5] Kim, N.Y., Kim, S., Kim, Y., Kang, J.: A High Precision Ranging Scheme for 
IEEE802.15.4a Chirp Spread Spectrum System. IEICE Transactions on Communica-
tions E92-B(3), 1057–1061 (2009) 

[6] Michael, L.B., Ghavami, M., Kohno, R.: Multiple pulse generator for ultra-wideband 
communication using Hermite polynomial based orthogonal pulses. In: Proc. IEEE Conf. 
UltraWideband Syst. Technol., pp. 47–51 (May 2002) 

[7] Yin, L., Hongbo, Z.: Interference Mitigation in UWB Communications through Pulse 
Waveform Design. In: Environmental Electromagnetics, the 2006 4th Asia-Pacific Confe-
rence, August 1-4, pp. 569–572 (2006) 

[8] Gross, F.B.: Smart Antennas for Wireless Communications with Matlab. McGraw-Hill, 
New York (2005) 


	Performance Evaluation of a Hybrid TOA/AOA Based IR-UWB Positioning System
	Introduction
	System Description
	Channel Models and IR-UWB Pulses
	Channel Models
	Various IR-UWB Pulses

	Channel Impulse Response Estimation
	AOA Estimation Using MUSIC
	MUSIC Algorithm

	Simulation Results
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




