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Abstract GPS based car navigation systems show significant problems in such environment as a tunnel, a road
surrounded by high buildings. In this study, we thus propose a method to determine positions and attitudes using only
in-vehicle sensory data without a GPS. To check the feasibility of this method, we constructed a system to acquire
in-vehicle sensory data and reference data simultaneously. We acquired test data using this system, estimated the
trajectory based on the proposed method and evaluated the accuracy of both the sensory data and the trajectory. The
speed and angular velocities provided by the in-vehicle sensors include 1.1 kmv/h and 0.8 deg/s RMS errors,
respectively. The estimated trajectory using these data shows 20.8 m RMS errors for a 15 minute drive. In future, if we
further combine additional sensors such as a camera and a GPS, we can achieve a high accurate navigation system at

a low cost without an expensive high-grade external IMU.
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Figure 1. Low GPS accuracy section in parallel road junction
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Table 1. Examples of in-vehicle sensory data

ID (HEX)| Data name |Resolution| Unit |Period [ms]
oxipp | “heel 0.125 | km/h 20
velocity
lateral/longi
tudinal 5
0x220 . 0.01 m/s 10
acceleration
speed
0%220 yaw-rate 0.01 deg/s 10
0x316 speed 1 km/h 10
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Figure 2. Car position and attitude estimation
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Figure 3. Example of dead reckoning using in-vehicle data
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Figure 4. System configuration
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Reference Device  Acquisition Device

Figure 5. System mounted on the roof of a car
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Table 2. Reference device accuracy

Accuracy
X, Y [m] 0.020
Z [m] 0.050
Roll, Pitch [°] 0.015
Heading [°] 0.020

Figure 6. Test site and trajectory
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Table 3. Example data of in-vehicle sensors

Time ID Value
252764 0x316 0x5 0x12 0x62 Oxc 0x12 Oxe 0x0 0x0
252765 0x220 0x2 0x4 Oxff 0x3 0x0 0x0 0x5 0x10
252766 0x329 0x40 Oxaa 0x80 0x94 0x9 0x20 0x0 0x14
252766 0x43f 0x0 0x40 0x60 Oxff 0x70 0x80 Oxb 0x0
252773 0x2b0 0x35 0x0 0x0 0x7 0x32 0x0 0x0 0x0
60 ‘ ‘ ‘ ‘ . ‘ ‘ 4

T T
In-vehicle
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velocity [km/h]
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Figure 7. Velocity derived from in-vehicle sensor (left) and differences between in-vehicle sensor and reference
data (right)
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Figure 8. Yaw-rate derived from in-vehicle sensor (left) and differences between in-vehicle sensor and reference
data (right)
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Table 4. Difference between in-vehicle sensor and
reference data

Velocity [km/h] | Yaw-rate [deg/s]
Mean -0.68 -0.01
STD 0.86 0.80
RMS 1.10 0.80
Max 3.87 7.20
Min -4.55 -6.19

Table 5. Trajectory comparison result according to At

At | Mean | STD | RMS | Max. | Min. |Computation
[ms]| [m] | [m] | [m] | [m] | [m] | Time [ms]
1 | 0.04 | 0.03 | 005 | 0.12 | 0.00 0.0027
2 10.07 | 0.05 | 0.09 | 0.21 | 0.00 0.0042
3 |017 | 0.12 | 0.21 | 0.47 | 0.00 0.0042
4 1025|019 | 032 | 0.74 | 0.00 0.0024
5 1074 1029|079 | 1.25 | 0.00 0.0045

64

7125018 9] heading 2ke] AHolE HEH A7ke] 2
o] Lhro] & A} ghe AL ER AT o|3
dofl 7)EHolE o 2T} 4SS Y2 HA
olele} Hlmro.en A W A Hollo] Hat

2 AFUt of W WS oF 1587F FAsHA
A= ol S Helstel doldl g ol gt
Figure 7, 89] () U5 AN 24 H5H &eiu
4wg F9 A7kl otet Lheh 8ol Figure
7, 89] (b 5 ARRlel W - dlolE o] £eiut 24
= 2Jo] g LFEh e o]ck. Table 4= 71 Zjo] 3t
ol Tgt Eolu] RMS= %22 Likmh, 2452 0.8degls
.

ARFE W5 AA dlolEel £e3t A4 Es
oz S 4 (5), (62 olgdte] A Ty A=
E5 A oln) ko] 7% 91X - KAl
3H= POS-LVE o] 8% A& 37 24skach 4
(5), (6)% ol &3te] AR 24 A A(FAZI)Y 2
710l ufet Abe] smEls Agk} 24 Az} et
Atk dejE AR A7 2AARY JeES 1

%2l

o

600 |

500

400+

300

200

y [m]

100+ /’/

At=0.1ms
At=1ms
At=2ms
At=3ms
At=4ms
At=5ms

00l I

-200

-300 -
I
-200 0

I I
600 800

c
400
X [m]

I
200

Figure 9. Trajectory comparison according to At

Reference data
Method 1
Method 2
Method 3

L L L A
400 600 800 1000

X[m]

L L
-200 o 200

Figure 10. Trajectory comparison between reference
data and in-vehicle sensor data



AtE g F Q7} Qlek Figure 9= At7} 0.1ms

B2t ImsFH Sms7HA] 1ms¥] HIA|ZIS o
4% Zzolck 0.1ms7} g BHe A7toleia B
24 A28 W o 13T olule] 27
ATE ImsPE Sms7AAe] AT v]a ok
th. Table 5= o]&gt AR Y AaE A3t Fo|t
o A3 s AUt 2 ahe Az el Aol
7F A AR AoE HArh ®£3 smsPE = 1
Aot 2 Zom ARE AL Yzt 4 Ak o)
3 A7} ek ol g dolEel HE Fleh B
2o] itk ) AL Alssle] A9 Aakel £
3 ZH5E7) 217} toms 5712 S EI e A
&8 3o ZkEw 7 2o 4 st
Gol g7l 271ER AEA o1 g olle] gre
2ol ARE ke T2 Agsi. Tene A
of ARg-E= HlolEl &) AIREEA et oF Sms 7} &
o, o]g Hlo|¥ FH59] A7t 54 "ol Sms 52
1 oo AR ALRE o1 W =4H AR o4
7v 2A YojuA Fok =3 Alitel] 2aEe A
ol A} =E Ao A 0.0027mso)| A 0.0045ms
o] At /\]‘_E Hoj Ate]] g 20 Ak 2
o7k QS &l & 4= qlSlck o3t ARE v
O =2 ImsE AL A A2 AJZFo] AMEHA =
BAE ArY e Aok #dEe] Az 24 A
Ate] gho= AR

o e @
&z @

=)

=

233 249 329 Y= A3

A R AN HolE g olgdte] 2AT ATke
24517] $I8) 712 Blollel POS-LVE}O] ]
OH X—L?.Q—E 7420 /\sﬂo}oﬂq- :LEh;ﬂ 7] 1:1]0]]—:{“:_
9127} Aol HIAR ool A Qi A R A
dlolelo] A% At HHEAR o)A ek Lm
2 % golg ] ulmE $IaAE dlole L o] o]
HEAZ AANAAFE o] Basith o] 919
A 5 A dolE 2 RE 245 4z 27 9
X, Wz AR oIk Bk B oA 2]
%9} WaZhe A 913 Al 7 B AL
sgon] zzke] WHe ol gstel Awg 45k
T AR gk vlme) Bokeh A WA T F
WO A 27] 91Xk ulwElolE o] A& $1x)¢}
71—71] HX—]SH A 1:]— ?:i__ '8]:71-9] ﬁo i% tﬂzz]] H]-I:H
o uaolEet 27] FAARI} GASHES Wz}
AR T AR o) Wk 3 uA)
W R R B EEo e} Ak R RS
S AASAG 27] FAH 27}

il

of 1

]I

mlo r

fuj

27] Wgzte

65

A - AH AR AR 7E W9 B

ok Al A S =5 A= vl H
2219 E-2- 3K Similarity Transformation)S ©]-83}
of AAstqict o] wf =HHE H=9 94 HolgE

302 AOE FE543 o] HoE S 2 Az A
Sd v Hole s olgatelon] 1 A o o
o} MRS ol §sto] A ARG vlwat
M AHEHTE B MBS ALgT 1AL ol
A (3 2k ol Aol (o, y)i= HlEelE,

1
)= W AR E o]83te] F43 F 2 HlolHE
O] %‘]% o]%é}oﬂ Qy15 Qyoy Tys Yy 47H9‘] %1]:'9_
THAAL o5 olg3to] H2 HekR, 7 M 55
7&1 o

Jbshich s Reke Bl dold ke ol gatol
Axket A3p 22 1.04, 77 HepF2 1.59°8 d=
% qlgit

Ilf Tim = Yim 10 ay,

Yiy Yim Ty 01 ayy

I‘Zf = Z‘Qm_me 10 xt (7)
J2f Yom  Lom 01 1

B

Figure 102 W]aEo]j e} o7 27] W2& 2%
SHe Al 7b4 WS olgstel 27 doldl H=g
23490 ol Lrer Aotk AR do] RAf
& N2 ol Fo) B AZHE ejulala welE ol
o). o] Figureol ] AMSH A, v % 758 747} A=
of WA =AYS ofnjgich, AR FHE AR
3} E2xo] SUES Fsiic. TaH] Hm
dlolg o) ¢ AT B2 Ho| FUsiA A
UARE A= U5 ALA HlolElE ol-gste] AR 4

80

— K difference
60+ — Y diference 1

distance difference [m]

time [min]

Figure 11. X, Y position difference during driving



2
o
o

AeF U ALA HlolEl S o] 88 e g A
3 41 (5), (602 ol85te] 25 el X 914
2% A9 2209 1% 2L S ek A
5 wlollo] $1%] i X, Y Aol thaAut o]
ofAlc. o] Y ML WL A9e] exp
Zon] of 158 A= FASHUA 4AS WY BE
uj obA e garhe sk
2 ojujatch, A AT A
HE Z}7F 22.77m, 20.81m, 16.
B} olgstel AAT 27] YA

7V mlaglolgef 7 F=E

=
=
=

Stz 7} GPS A% o] 2j&Zo]7] wl&

A7t WAt 9lom

St ohekel A7t X8 Folok 2 A+

£ A dst iz dA AHgEE 2

o] gl UHE AAE YA - A AA
A

olefat £
Aepol g
o Tk

rr

A U AA EolHE HER 5 e AlLEE
TSI HEE WR AlA glolEnkE o]g-ske] 9
A - AAE AAehe WS ogste] H Ao

A
S ARE 24 BT 4 A U A dlo]
B 9 24 A2 4w |zdolEete nag
B3] A% Borch Aol AHEE B A4 Hlolg
9] AL £8L 0.9km/h, ZH<EEE= 0.21deg/s AE9)
RMSE Hof AlAe] 24 7Hs4e SRIgich olefg
dolHE ol g3t 2HARY AL I5E A% 29 W
2w of 20.8Im YEo] RMSE H|i% 2 o032
2otk T ol YR A4 Hlolel W ALgE 91X

it
=
20d
>
N
N
o
ol
ok
2
2
X
i)
Ach
|z
o)
e
2]

66

rr o%

al7] wjEol Aure] 2349 914 - A E
dl, @A dol G4 NS Fvlm B
£33 97 - AN B5 5 9

& o Aot

3]
=4
3|

o
=
e

30 i
op

i3
ftlo

pil

e

-

e o 4 2

2
o2

References

[1] Andrey, S; Donald, V. 2010, Integration of GPS
and vision measurements for navigation in GPS
challenged environments, Paper presented at the
Position Location and Navigation Symposium,
2010 IEEE/ION, Indian Wells, California, May
3-6.

Applanix. 2012, POSLV Specifications, Applanix,
Accessed July 20. http://www.applanix.com/media/

[2]

downloads/products/specs/poslv_specifications12

032012.pdf.
[3] Bayoud, F. A. 2005, Vision-aided inertial navigation
using a geomatics approach, Paper presented at
the 18th International Technical Meeting of the
Satellite Division, Long Beach, September.
Byun, Y. S; Mok, J. K; Kim, Y. C. 2011, Kinematic
model of 4ws vehicle for dead-reckoning, Paper

[4]

presented at the 2011 Conference on Information
and Control Systems, Gyeongju, October 20-22.
Chang, H; Georgy, J; El-Sheimy, N. 2013, Monitoring
Cycling Performance Using a Low Cost Multi-

(5]

Sensors Navigation Solution, Paper presented at
the 8th The International Symposium on Mobile
Mapping Technology, Tainan, May 1-3.

Dissanayake, G; Sukkarieh, S; Nebot, E. 2001,
The aiding of a low-cost strapdown inertial measurement
unit using vehicle model constraints for land vehicle

[6

—_

applications, Robotics and Automation, IEEE
Transactions on, 17(5):731-747.

El-Sheimy, N; Nassar, S; Shin, E. H; Niu, X.
2006, Analysis of various kalman filter algorithms
using different inertial navigation systems integrated

[7

—

with the global positioning system, Canadian
Aeronautics and Space Journal, 52(2):59-67.
Hasan, A. M; Samsudin, K; Ramli, A. R; Azmir,
R. S. 2010, Comparative study on wavelet filter
and thresholding selection for GPS/INS data fusion.
International Journal of Wavelets, Multiresolution
Information Processing, 8(3):457-473.

(8]



9

[10]

[11]

[12]

[13]

[14]

[15]

Jeon, H. 2011, Trend of LBS market and industry,
National IT Industry Promotion Agency, January 19.
Jo, K. C; Chu, K. Y; Lee, K. Y; Sunwoo, M.
H. 2010, Integration of multiple vehicle models
with an IMM filter for vehicle localization, Paper
presented at the 2010 IEEE Intelligent Vehicles
Symposium, San Diego, California, June 21-24.
Jung, H. J; Lee, D. H; Kim, S. K; Kim, C. S;
Huh, K. S. 2012, Development of Vehicle Position
Estimator using Dead Reckoning Algorithm, Paper
presented at the KSAE 2012 Annual Conference
and Exhibition, Goyang, November 21-24.
Kim, M. W; Lim, J. H; Park, J. D; Kim, H. S;
Lee, H. K. 2012, Vehicle Displacement Estimation
By GPS and Vision Sensor. The Journal of Korea
Navigation Institute, 16(3):417-425.

Kim, S. B; Bazin, J. C; Lee, H. K; Choi, K. H;
Park, S. Y. 2011, Ground vehicle navigation in
harsh urban conditions by integration inertial navigation
system, global positioning system, odometer and
vision data. Radar, Sonar&Navigation, IET, 5(8):
814-823.

Kim, S. H; Lee, S. I; Lee, K. S; Cho, S. I; Park
J. H; Choi, K. H. 2009, Understanding Lane
Number for Video-based Car Navigation System.
Journal of Korea Spatial Information System
Society, 11(1):104-111.

Kim, Y. K; Lee, K. S; Cho, S. I; Park, J. H; Choi,
K. H. 2008, Real-time Identification of Traffic
Light and Road Sign for the Next Generation
Video-Based Navigation System. Journal of Korea

Spatial Information System Society, 10(2):13-24.

A

[16]

[17]

[18

—_—

[19]

[20]

(21]

HAE 0|88 9 - 44 2% A2" 75 2 7t

Langel S. E; Samer M; Chan F. C; Pervan B.
S. 2010, Tightly coupled GPS/INS integration for
differential carrier phase navigation systems using
decentralized estimation, Paper presented at the
Position Location and Navigation Symposium,
2010 IEEE/ION, Palm Springs, California, May
3-6.

Park, K. C; Chung, H. Y; Lee, J. G. 1998, Dead
Reckoning Navigation for Autonomous Mobile Robots,
Paper presented at the Intelligent Autonomous
Vehicle, Madrid, March 25-28.

Retsher, G; Hecht, T; Mok, E. 2013, Location
Capabilities and Performance of Smartphones for
LBS Navigation Applications, Paper presented at
the 8th The International Symposium on Mobile
Mapping Technology, Tainan, May 1-3.
Rogers, R. 1997, Land Vehicle Navigation Filtering
for a GPS/Dead-Reckoning System, Paper presented
at the 1997 National Technical Meeting of the
Institude of Navigation, Santa Monica, January 14-16.
Song, J. K; Park, J. S. 2011, Implementation of
Access Control System Based on CAN Communication,
The Journal of The Korean Institute of Electronic
communication Sciences, 6(6):951-956.

Yoo, J. J; Choi, J. H; Sung, K. B; Kim. J. S.
2005, Vehicular image based geographic information
system for telematics environments, Paper presented
at the 2005 Geoscience and Remote Sensing
Symposium, IGARSS '05, IEEE International,
Seoul, July 25-29.

67

©2013.10.29
©2013.12.19
©2013.12.30




<<
  /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


