
A. Kuri-Morales and G.R. Simari (Eds.): IBERAMIA 2010, LNAI 6433, pp. 542–551, 2010. 
© Springer-Verlag Berlin Heidelberg 2010 

A Driving Assistance System for  
Navigation in Urban Environments 

Leandro C. Fernandes, Maurício A. Dias, Fernando S. Osório, and Denis F. Wolf 

USP – University of São Paulo / ICMC – SSC 
LRM – Mobile Robotics Laboratory  

São Carlos, SP - Brazil 
{lnd,fosorio,denis}@icmc.usp.br,  

macccdias@gmail.com 

Abstract. Mobile robot navigation in urban environments is a very complex 
task. As no single sensor is capable to deal with these situations by itself, sensor 
fusion techniques are required to allow safe navigation in this type of 
environment. This paper proposes an approach to combine different sensors in 
order to assist a driver in a cooperative manner. An adaptive attention zone in 
front of the vehicle is defined and the driver is notified about obstacles 
presence, identifying dangerous situations. Experiments using a commercial 
vehicle loaded with GPS and a LIDAR sensor have been performed in real 
environments in order to evaluate proposed approach.  
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1   Introduction 

Mobile robotics is a multidisciplinary research area that aims to develop machines 
capable to use sensors to perceive the environment, make decisions, and move 
autonomously to complete assigned tasks. Although most research work in this field 
deals with autonomous systems, there are several other applications for the perception 
and decision making algorithms used in robotics.  

Autonomous vehicles development has been receiving considerable attention by 
robotics community in the last five years. Initiatives like DARPA Grand Challenge 
[1], DARPA Urban Challenge [2] and ELROB [3] have been concentrating efforts of 
several universities and research institutes to push the state of the art in outdoor 
navigation algorithms. Although autonomous cars are not yet available commercially, 
several techniques developed by robotics researchers can already be applied in day by 
day problems.  

Car accidents are one of the major causes of death in the world. Traffic accidents 
are already the major cause of death of young people in U.S. According NHTSA (US 
National Center for Statistics and Analysis) [4]. In United States (2002) occurred 6.3 
million cars crashes, 2.9 million people got hurt and 42,600 people died. In Brazil the 
number car crashes are up to 1.5 million with 35 thousands deaths per years. In large 
cities, like São Paulo, statistics demonstrate that more peoples die by urban traffic 
crashes than by attacks or natural causes [5]. 
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Fig. 1. Causes of accidents resulting in deaths or serious injury [6] 

Based on [6], 71% of the car crashes that result in death or severe injury happen 
due to delayed recognition of the scene by the driver, 43% are due to failure to check 
safety, and 28% failure to watch the road ahead (Fig 1). Many road accidents could be 
avoided if the driver were notified of a dangerous situation. In many cases, this task 
can be performed by sensors that provide information about the environment and a 
computational system capable of interpreting the sensor data. 

Another important application to driving assistance systems is making driving 
easier to elderly and handicapped people. As the overall population becomes older, 
the number of older people driving in the streets has increased. A research carry of 
Johns Hopkins [7] evaluated vision, cognition, and health alterations among 1200 
drivers with age into 67 and 87 years. Around 1.5% of them gave up to drive by 
themselves and more 3.4% reduced intentionally their time at the steering well 
motivated by visual capacity reduction. In these cases, a system capable of notifying 
the driver of a possible collision can substantially reduce the risk of a car accident.  

Automotive industry has put a considerable effort in the development of new 
systems to improve safety; however most of these systems do not perform in a 
proactive manner. Recently, Volvo developed the LKS (Lane Keeping Support), 
which generates an alarm in case of drowsiness or fatigue of the driver and when a 
unexpected route changes is detected. This system also assists in a maneuvering by 
signaling the presence of other vehicles in blind spots. ImapCar [8] is also a 
commercial systems capable of detecting the presence of people, obstacles and other 
cars ahead of the vehicle, as well as identifying a traffic lane crossing like. In this 
case, a video camera is used to acquire information about the surroundings. As the 
camera cannot estimate the distance to the obstacles, the precision of obstacle 
detection is very limited. 

The techniques developed in the DARPA challenges and EUROB are very 
efficient for autonomous navigation in urban environments. On the other hand the 
cost of such systems is well above 1 million dollars, which is prohibitive for most 
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commercial applications. It is also necessary very accurate GPS information of the 
traffic lanes, crossroads and other details of the environment to use these techniques 
appropriately. Other simpler approaches have also been developed like [9], which 
consists of a low cost detection and obstacle avoidance based on ultra sound sensor 
system. However only very close obstacles (5 or 6 meters away) are detected.  

This work proposes an approach to a driver assistance system based on GPS and 
LIDAR sensors. The GPS provides global position of the vehicle (allowing for 
trajectory anticipation), while the LIDAR can accurately detect the presence of 
obstacles ahead of the vehicle. An adaptive attention zone in front of the vehicle is 
defined and the driver is notified about presence of obstacles, identifying dangerous 
situations. 

2   DAS Hardware and Software Implementation 

The proposed Driving Assistance System (DAS) is composed by a commercial 
vehicle (Fig. 2) equipped with an integrated hardware and software system capable 
of detecting and warning the driver about frontal obstacles. The hardware is 
composed of three different types of sensors (LIDAR, GPS and Compass), a CPU 
(embedded PC), and a software system. This set work together to sensing the 
environment, logging and fusion data, generating obstacles detection and to emit 
collision warnings.  

 

Fig. 2. Vehicle used in experiments equipped with a frontal Sick LMS 200 Laser sensor and 
with a compass and GPS system 

2.1   Sensors Used 

A SICK LMS291 [10] is a LIDAR (Light Detection and Ranging device) sensor used 
to detect obstacles. It has been set with a maximum range of 80m, covering 180 
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degrees at 37,5Hz. Using an infrared laser beam, this sensor type can detect obstacles 
accurately even in the complete darkness, compensating some human vision 
limitations. The LIDAR sensor has been mounted in front bumper of the vehicle 
where it is capable to detect obstacles ahead of the car. We also had tested other 
configurations using the sensor on the top of the vehicle, pitching it down to detect 
bumps and depressions. However, this is beyond the scope of this paper. 

A Garmin GPS 18x-5Hz [11] was also part of the experimental setup. Although the 
GPS provides latitude, longitude, altitude, heading and velocity, the accuracy of this 
information depends largely of the number of satellites available and proximity 
between them (Dilution of Precision). Usually, the horizontal error in the position 
estimation ranges from 3 to 10m in a clear sky situation. In order to increase the 
heading precision from GPS receiver, a TNTC Revolution [12] digital compass has 
been used. 

2.2   System Implementation 

The implemented system uses the data acquired by the LIDAR sensor and fusing with 
GPS and Compass data to establish a differentiated attention zone, as demonstrated in 
Fig. 3. One important particularity of this system is the fact that GPS data have been 
previously collected in the very same path we are expecting to follow using the 
vehicle.  

Initially the distances from the vehicle to any obstacles in a range of 180 degrees 
with a radius of 80 meters are measured, resulting into a vector of 361 distance 
measurements readings (0o to 180o with step of 0.5o). Then, the GPS position and 
compass orientation is obtained in order to determine the vehicle positioning related 
to a previously defined path.  

 

Fig. 3. LIDAR sensor data and obstacle detection 

This data set allows us to estimate the vehicle path (as indicated in Fig. 3) and to 
focus the attention on potential obstacles present in this path. Note that several 
obstacles are detected by the laser sensor but many of them are not in the vehicle 
route. Due to this approach we are able to reduce significantly the number of false 
alarms of dangerous obstacles in the vehicle trajectory.  
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2.3   Obstacles Detection 

The obstacle detection can occur in three ways: i) Global Detection: detect all the 
obstacles that are around the vehicle in the LIDAR sensorial range; ii) Fixed 
Rectangular Region: detect only the obstacles that are in the frontal area of the 
vehicle; iii) Adaptive Region: use an intelligent algorithm to detect only the obstacles 
that are in the frontal area of the vehicle and also inside the adaptive region obtained 
by data fusion and analysis of vehicle path.  
 
Global Detection 
 

As presented in Fig. 4(B), any obstacles that are in the laser sensorial range are 
detected and considered as potential harmful objects. Once the laser has an 180o wide 
scanning (see Figs. 3 and 4(A)), all the obstacles in a radius of 80 meters inside the 
ahead scanned area are detected. This approach is not practical since we detect several 
obstacles that do not represent a significant menace to the car neither to the driver, as 
for example, trees and lampposts that are side by side with the vehicle (not in the 
vehicle trajectory). 

 

Fig. 4. Obstacles detection using sensor fusion, fixed and adaptive windows: (a) LIDAR visible 
region; (b) LIDAR detection of obstacles; (c) LIDAR only based fixed rectangular window for 
frontal obstacle detection; (d) LIDAR and GPS fusion: GPS estimated path (way-points); (e) 
False alarm caused by obstacles which are out of the estimated vehicle trajectory; (f): Sensor 
Fusion: adaptive window used to avoid false alarms.  

Fixed Rectangular Region 
 
As presented in Fig. 4(C), it is possible to define a rectangular bounding box in front 
of the vehicle. Only the obstacles that are inside of this rectangular window are 
considered as possible harmful obstacles. The user can set it up the dimensions of this 
fixed rectangular area in front of the vehicle, as for example, defining a rectangular 
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Fig. 5. Obstacles detection using a fixed rectangular region  

area of 20m x 3m (Length x Width) which is used to limit the inspected sensorial area 
searching for possible obstacles. This approach reduces significantly the total number 
of detected obstacles. 

The problem of adopting a fixed rectangular bounding box in front of the vehicle is 
the fact that usually the driver has a predefined path to be followed, and there are 
several other obstacles surrounding the vehicle, which are not blocking or harming the 
specified trajectory. For example, as presented in Fig. 4(D) and in a real situation 
during experiments (Fig. 5), when the vehicle turns, all the obstacles that are in front 
of the vehicle, after passing the turning point, should not be considered (e.g. trees, 
people crossing the street, buildings etc.). As it can be observed in Fig. 4(E), 
depending upon the vehicle trajectory, several obstacles can produce false alarms 
when present in front of the vehicle, even if these obstacles do not represent any 
danger related to the vehicle trajectory. 
 
Adaptive Region 
 

Our proposal is to intelligently integrate the GPS and Compass data that describes the 
vehicle estimated path within the LIDAR sensor data that are showing the obstacles 
present in the environment. The sensor fusion allows a better adjust of bounding box 
used to identify potential obstacles in the vehicle path. The Figure 4(F) presents an 
example of the rectangular bounding box resizing when the vehicle was preparing to 
turn right. Note that some obstacles are in front of the vehicle, but they are in a region 
out of the vehicle path. So, after the intelligent adjust of attention zone, they are not 
considered as possible harmful obstacles, resulting in a reduction in the number of 
false alarms. 
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2.4   Intelligent Attentional Algorithm: Adaptive Region Selection 

The proposed algorithm is presented bellow (see Algorithm 1):  

Algorithm 1. Adaptive Region Selection 

Adaptive 
Region 

Algorithm 

Inputs: 
 
Outputs:    

LIDAR Data: Vector [] – Angle/Distance measurement points; 
GPS Position: Latitude Longitude and Compass Heading 
GPS Way-Points:  Vector [] - Lat., Long., Heading 
Obstacles: Vector [] – Angle/Distance measurement points 

1. Find the closest GPS way-point (Pi) related to the present GPS position (Pt) 
2. Considering ‘N’ GPS way-points starting at Pi  (from Pi to Pi+N) 

2.1 Transform the absolute coordinates of Pi+j (Lat., Long, Head.) to relative 
coordinates measuring distances and orientations relative to the frame of 
the LIDAR sensor.   

2.2 Plot the LIDAR range obtaining an half-circle (180o x 80m radius) 
2.3 Plot each LIDAR Data according to Angle/Distance measured 
2.4 Plot the transformed GPS points  Pi+j inside the LIDAR range area 

3. Considering the vehicle width W, create a rectangular bounding box, defining 
the maximum limits of each laser beam (max. distance) 
3.1 Find the last point k of the GPS points Pi+j that remains inside the 

rectangle borders defined by the vehicle width W (left/right borders)  
3.2 Using the GPS point Pk, obtain the maximum distance of this point related 

to the origin of the frame of the LIDAR sensor. Use this distance Dk to 
adapt the length of the adaptive region selection 

3.3 Plot the rectangle defined by the vehicle width W and length Dk inside the 
LIDAR range area 

3.4 Select all LIDAR data points that remain inside this rectangle and copy 
them to the Obstacles Vector (Output) 

 

3   Experimental Results 

The experiments have been carried out at the University campus. The path chosen for 
data collection corresponds to a very diverse circuit with 840 meters of campus 
internal streets (Fig 6). The passage comprised by points A and B is a straight street, 
with width equivalent to two cars and two-way orientation. In the left side there is an 
area reserved for upright vehicles parking, and in the right side, a walkway and a large 
building that occupies the entire block. 

Between points B and C there is an open area with trees and some information 
signs. The segment between C and D is composed of crossing routes and also some 
tracks for pedestrian crossing. Section D and E is mostly a straight way with grass on 
both sides, while the last (E and F) is wide open. At the F point, there is an 180deg 
turn in front of the campus entrance.  
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Fig. 6. Area used for the experimental tests 

The Table 1 describes the experimental results obtained to route comprised by 
AEA segment: 

Table 1. Experimental Results  

DATASET 1 
Global 

Detection (GD) 
Fixed Rect. 

Region (FRR) 
Adaptive 

Region (AR) 
Total Data Points detected 
inside the attention area 

5861 604 82 

Total of Warnings for 
different obstacles 

>> 100 27 2 

 
Considering the tabled results, we can observe that the proposed method can 

drastically reduce the number of false alarms. Using the adaptive region we are able 
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to reduce from hundreds of possible harming obstacles to only 2 alarms of dangerous 
obstacles. When observing the Global Detection results (no fusion, all sensorial 
range), we get a large number of alarms and elements detected, as expected. The 
Fixed Region Rectangle Fig. 7 (left) where had no fusion, fixed rectangular bounding 
box of 3 meters width and 20 meters length, resulted in 604 collision data points, and  
estimated occurrence of 27 different alarms for unique obstacle count. The proposed 
approach of using Adaptive Region using a sensor fusion Fig. 7 (right), reduced the 
alarms to only one situation when 2 different obstacles were detected. Observing the 
video captured from the experiment, these two obstacles are really dangerous 
elements that are very close to the vehicle path, and the warning emitted in this 
situation probably will be well accepted by the driver. 

 

   

Fig. 7. Screenshots of DAS System taken during experiments 

4   Conclusion 

This work presented an approach to combine GPS and laser scanner data in order to 
focus the attention to significant possible collision data points that are in the vehicle 
estimated path. Through sensor fusion an intelligent algorithm can adjust the 
perception area and differentiate potential harmful objects of real dangerous 
obstacles. The proposed approach allowed a significantly reduction in the number of 
false alarms of possible collisions, as demonstrated in our practical experiments 
based on real data acquired using a vehicle equipped with LIDAR, GPS and 
Compass sensors.  
 
Acknowledgments. The authors acknowledge the support granted by CNPq and 
FAPESP to the INCT-SEC (National Institute of Science and Technology - Critical 
Embedded Systems - Brazil), processes 573963/2008-9 and 08/57870-9. 



 A Driving Assistance System for Navigation in Urban Environments 551 

References 

1. Thrun, S., Montemerlo, M., Dahlkamp, H., Stavens, D., Aron, A., et al.: Stanley: The robot 
that won the darpa grand challenge. Research Articles. J. Robot. Syst. 23(9), 661–692 
(2006) 

2. Urmson, C., Anhalt, J., Bagnell, D., Baker, C., Bittner, R., et al.: Autonomous driving in 
urban environments: Boss and the urban challenge. J. Field Robot. 25(8), 425–466 (2008) 

3. ELROB: The European Robot Trial, http://www.elrob.org/ (last visited June 
2010)  

4. Subramanian, R.: Motor Vehicle Traffic Crashes as a Leading Cause of Death in the U.S., 
2002 – A Demographic Perspective. NHTSA Technical Report. Springfield, VA (June 
2005) 

5. Rossi, J. and Maia, H.: Mortes no trânsito se iguala a homicídios. Jornal da Tarde 
(06/18/2008), http://carros.wordpress.zap.com.br/ 
ultimas-noticias/mortes-no-transito-se-iguala-a-homicidios-
20080618/ (last Visited June 2010)  

6. ITARDA: What Sort of Human Errors Cause Traffic Accidents? Institute for Traffic 
Accident Research and Data Analysis. Technical report. Japan (2001) 

7. Keay, L., Munoz, B., Turano, K.A., et al.: Visual and Cognitive Deficits Predict Stopping 
or Restricting Driving: The Salisbury Eye Evaluation Driving Study (SEEDS). 
Investigative Ophthalmology and Visual Science 50, 107–113 (2009) 

8. Kyo, S., Okazaki, S.: In-vehicle vision processors for driver assistance systems. In: Design 
Automation Conference, ASPDAC Seoul, Korea, pp. 383–388 (April 2008) 

9. Agarwal, V., Murali, V., Chandramouli, C.: A Cost-Effective Ultrasonic Sensor-Based 
Driver-Assistance System for Congested Traffic Conditions. IEEE Transactions on 
Intelligent Transportation Systems 10(3), 486–498 (2009) 

10. Sick Ag Inc.: Quick Manual for LMS communication setup, Germany (March 2002) 
11. Garmin International Inc.: GPS 18x Technical Specification 190-00879-08 Revision B. 

Kansas, USA (January 2008) 
12. True North Technologies LLC.: Revolution Compass User’s Guide. Document No. 1554-

D. Massachussets, USA (2008) 


	A Driving Assistance System for Navigation in Urban Environments
	Introduction
	DAS Hardware and Software Implementation
	Sensors Used
	System Implementation
	Obstacles Detection
	Intelligent Attentional Algorithm: Adaptive Region Selection

	Experimental 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




