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Abstract— This paper concerns with real-time local obstacle 

avoidance for mobile robots. We use probabilistic clearance 
approach to avoid obstacles efficiently and for sharper turning 
and more time for the navigator to detect additional nearby 
obstacles. A combination of probabilistic clearance matrix with 
a Gaussian weighing is used to overcome sudden increase in 
probabilistic clearance value, which is mainly because of errors 
in the reading due to low-cost sensors such as the ultrasonic 
proximity sensors, thus making the algorithm suitable for 
developing low cost navigators as well. Before taking any 
decision for movement, the algorithm takes into consideration 
the nearby environment also for better results. The algorithm is 
designed in such a way that the navigator chooses a path having 
less number of obstacles thus reducing the probability of 
collision to a very high extent. 

The Algorithm has been successfully implemented and 
extensively tested on an autonomous robot at Delhi College of 
Engineering, India. 

 
Index Terms— Gaussian, Probabilistic Clearance, Navigator, 

Obstacle Avoidance 
 

I. INTRODUCTION 
Obstacle avoidance is in itself a challenging field of 

Robotics and the most basic requirement of any autonomous 
navigator. While talking about an autonomous navigator we 
are concerned about its real time capabilities. A navigator 
should be robust enough to avoid obstacles efficiently in real 
time to avoid any undesired collision.  Just avoiding an 
obstacle is not enough but avoiding it smoothly and 
efficiently in both indoor and outdoor environment is what is 
needed. We are interested in high speed operation of outdoor 
and indoor mobile robots for various applications. The main 
problem behind autonomous navigation is detecting and 
locating obstacles and steering between the obstacles 
efficiently. Here we consider issues related to collision 
avoidance while navigation so that a robot can avoid 
obstacles in front of it in sufficient time. 

Real time collision avoidance for mobile robots is an 
interesting concept, and a large number of methods have been 
developed for different applications. In case of indoor robots, 
they move at speeds where we do not bother about the 
dynamics of the robot [3]. The remarkable methods for these 
kind of robot navigation are Borestein and Koren’s Vector 
Field Histogram (VFH) [7][8], dynamic window approach [6] 
and the curvature lane approach [4]. Fajen and Warren have 
proposed a model for obstacle avoidance by humans [5] 
which was again modified by Hammer et al [3]. 

Puneet et al [1] proposed a probabilistic clearance 
approach which takes into account the effective clearance 
value which in turn is a function of relative angle with respect 

to the present heading and the distance of the obstacle for 
each region. The sector with the highest value of probabilistic 
clearance is decided as the destination sector. The approach 
successfully avoids obstacles in real-time but the major 
drawback of this algorithm is that due to its greedy approach 
it succumbs to isolated high values which are generally 
erroneous readings or undesired calculated values. Here we 
present a solution for this problem by using a modified form 
of Gaussian weighing function. The proposed approach 
incorporates the probabilistic clearance values of the 
neighboring sectors in order to avoid traps due to sudden rise 
in the clearance value.  

The paper is organised as follows. Section II explains and 
critically analyses the previous approach. It also explains the 
new approach along with the different weighing functions. 
The results are discussed in section III while the last section 
gives the references 

 

II. THE DESCRIPTION 

A. System Architecture 
The algorithm proposed has been successfully tested on an 

autonomous robotics platform at Delhi College of 
Engineering, India. We used PGR library and Intel OpenCV 
Library along with Microsoft Visual Studio for programming. 
The robot is equipped with Ultrasonic Sensors, Stereo Vision 
Camera, Laser Range Finder and GPS. 
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B. The algorithm 
Taking range data in the form of (r, theta), we can calculate 

the probabilistic clearance value [1] of a particular sector 
using following equation: 
 

Pi =  ሺ࢏ࡾሻࢻ ሺ|ܛܗ܋ ሺીܑሻ|ሻࢼ∑  ሺܒ܀ሻહ   ሺ|ܛܗ܋ ሺીܑሻ|ሻܒࢼ૓ષ                 (1) 
 

Where, Pi  is the probabilistic clearance value of the ith sector, ࢏ࡾ is the range value of ith sector, ીܑ  is the angle of the ith 
sector with respect to heading of the robot and ષ represents 
the set of all sectors. ࢻ  and ࢼ  represents the tuning 
parameters. Here the forward movable area is divided into n 
angular sectors each of width φ such that n= 180/φ. 

Here the probabilistic clearance value is calculated for 
each sector using the effective coordinate and alignment 
values. The sector with the maximum range and least angular 
separation to the robots heading is supposed to be the sector 
with the highest probability clearance. The robot at each step 
then moves to the sector with highest probability clearance. 
In spite of the simplicity of this algorithm it works efficiently 
in many real-world scenarios. But an inherent drawback of 
the algorithm is its greedy approach. At each step, it moves to 
the region with highest probability clearance without any 
thought of the clearance in neighboring sectors. This 
increases the chance of collision due to two major factors, (1) 
an isolated high probabilistic clearance value which is 
actually due to a noisy data that is received from the sensor, 
(2) the navigator finally reaches an environment dense with 
obstacles and avoids an alternate path having lesser obstacles. 

The above said problem can be explained mathematically 
as follows: Consider the following Probabilistic clearance 
value P(x) versus sectors graph: 
 

 
Fig 1 

As is clear from the graph, P(x) has a maximum value at 
the fourth sector i.e. point A. Using the earlier approach [1], 
the robot will choose this as the destination sector. Although 
it is easy to tell that the robot should navigate to sector 24 
where although P(x) is slightly less but its neighbors have 
high probability clearance and hence the robot is in a clear 
and safe area. 

Another problem is that when ultrasonic sensors are used 
on the robot, there is a high chance of getting erroneous 
readings [2]. Since P(4) i.e. point A, is an isolated high value, 
it might be that it is an error.  

To overcome the above said problems we need to take into 
account the probabilistic clearance of the neighboring sectors 
while calculating the probabilistic clearance of a particular 
sector. In this approach first of all the probabilistic clearance 
matrix is calculated using equation 1. Then the value of P(x) 
is modified in accordance with the value at its neighbors (x-1), 
(x+1), (x-2), (x+2) and so on to obtain modified probabilistic 
clearance matrix Q(x). To obtain sector values of this 
modified matrix, we take weighted average of the original 
matrix with a weighing function Gxi(x) centered at sector xi. 
In a nutshell, we calculate new probabilistic clearance value 
for a particular sector by taking a weighted average of values 
of the neighborhood sectors. Mathematically, it is 
represented as: ܳሺ݅ݔሻ ൌ  ∑ ܲሺݔሻ כ ሻ௡௫ୀ଴ݔሺ݅ݔܩ                     (2)           ܳሺݔሻ ൌ  ∑ ܳሺ݅ݔሻ௡௫௜ୀ଴                        (3) 

 
Here, Gxi(x) denotes the value of weighing function at 

point x when it is centered at point xi.  

C. Weighing Function 
The novelty in the new improved approach is the 

introduction of a Weighing function. As is clear from the last 
section, the desired properties of the weighing function Gxi(x) 
are: 
 

1) The weighing function Gxi(x) denotes the weight at 
point x for the function centered at point xi. 

2) The weight/value of the function at a point should 
depend on the Euclidian distance of the point from 
its center. 

3) The value should be unity at the center and should 
decrease with an increase in distance. The value 
being approximately zero for points at large 
distances. 

4) Equidistant points should have equal weights. 
Hence the value of the weighing function at points 
(x+t) and (x-t) should be same. 

 
Considering these factors, a modified Gaussian function in 

one-dimension is found to be the best option. It is represented 
mathematically as:  

ሻݔሺ݅ݔܩ  ൌ expሺെሺݔ െ  ሻଶሻ                      (4)݅ݔ
It is centered at (xi) and equals unity at the center. Also for 

sufficiently large Euclidean distance of point (x) from point 
(xi), the function approximately equals zero. Some of the 
values of this function are: 
 expሺെ1ሻ ൎ 1.0000 expሺെ4ሻ ൎ 0.3679 
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expሺെ9ሻ ൎ 0.0183 expሺെ16ሻ  ൎ 0.0001 expሺെ25ሻ ൎ 0.0000 
 

Hence it is found that,  
 
ሻݔሺ݅ݔܩ      ൎ  0, ݔሺ    ݄݊݁ݓ െ ሻ݅ݔ ൐ 4 
 

It possesses all the required characteristics but, there are 
many more functions which satisfy these criteria. Some of 
them are as follows: ݅ݔܩሺݔሻ ൌ ௔ሺ௫ି௫௜ሻೖା௔                            (5) 
ሻݔሺ݅ݔܩ  ൌ 1 ൅ ሺݔ െ  ሻି௞                        (6)݅ݔ

ሻݔሺ݅ݔܩ  ൌ ଵ൫ଵାሺ௫ି௫௜ሻ൯ౡ                          (7) 

 
For sample, probabilistic clearance matrix P(x), 

corresponding modified probability clearance matrix Q(x) is 
obtained. Out of various weighing functions, the Gaussian 
function is the best suited. Only Gxi(x) = 1/(1+(x-xi)^2) 
comes close to the Gaussian function as is clear from the 
figure 2, but this function decreases very slowly in 
comparison to the Gaussian function and hence gives a 
significant weight to even far-off neighbors. This is 
computationally extensive as well since a lot of neighbors are 
considered. For Gaussian function, not more than 4 neighbors 
on either side are taken into consideration as explained 
above. 
 
 

 
Fig 2 

 

 
Fig 3 

 
In figure 3, solid blue color line graph represents the 

probabilistic clearance graph using the previous approach [1] 
and broken red color line graph represents the probabilistic 
clearance graph using the proposed approach. Clearly, in the 
modified probabilistic clearance matrix Q(x), obtained after 
using Gaussian weighing function, the effect of an isolated 
high peak at point A in P(x) has been reduced to point B and 
now the point D has the highest value showing the destination 
sector as the sector number 24 which is the most suitable 
sector for the movement of the navigator. 
 

D. The Flow Chart 
 

 
Flowchart 
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III. CONCLUSIONS AND RESULTS 
The proposed approach has been successfully 

implemented and tested on an autonomous robot– an 
Unmanned Ground Vehicle at Delhi College of Engineering, 
India. This approach effectively avoids all obstacles in real 
time. An added advantage from the last approach is that apart 
from just avoiding obstacles, it also finds itself in a clear and 
safe environment. This advantage is particularly useful in 
case of dynamic obstacles. If the robot maneuvers very close 
to obstacles then there is a high probability that if the obstacle 
shifts even slightly, it will collide with the robot. 

Also, the robot responds to a cluster of high probabilistic 
clearance value while ignoring single (possibly erroneous) 
data points. This prevents the robot to be trapped due to 
positive peaks depicting sudden clearance in environment, 
which is effectively due to noise in sensor data.  

ACKNOWLEDGMENT 
We are highly thankful to the faculty and staff at the 

Department of Computer Engineering, Delhi College of 
Engineering, Delhi, who have always supported us in our 
research. 

REFERENCES 
[1] Puneet Kumar, Neha Kumari, Shivangi Srivastava, “Probabilistic 

approach for Autonomous Navigation using Stereo Vision,” The 
proceedings of the 2009 International Conference on Software 
technology and Engineering, indexed by world scientific, ISBN-13 
978-981-4289-97-9 (pbk), pp184-188.  

[2] J. Borenstein, Y. Koren, “Obstacle Avoidance with ultrasonic sensors,” 
IEEE Journal of Robotics and Automation, Vol. RA-4, No. 2, pp. 
213-218. 

[3] Bradley Hamner, Sanjiv Singh, and Sebastian Scherer, “Learning 
obstacle avoidance parameter from Operator Behavior,” Journal of 
Field Robotics 23(11/12), 1037-1058(2006), Wiley Inter science. 

[4] R. Simmons, “The curvature velocity method for local obstacle 
avoidance,” IEEE International Conference on Robotics and 
Automation, Minneapolis, MN, April 1996.  

[5] B. Fajen, W. Warren(2003), “Behavioral dynamics of steering, 
obstacle avoidance, and route selection,” Journal of experimental 
psychology: Human perception and Performance, 29(2), pp. 343-362. 

[6] D. Fox, W. Burgard, S. Thrun, “The dynamic window approach to 
collision avoidance,” IEEE Robotics and automation Magazine 1997, 
4(1), pp. 23-33. 

[7] J. Borenstein, Y. Koren, “The vector field histogram – Fast obstacle 
avoidance for mobile robots,” IEEE Journal of Robotics and 
Automation Vol 7, No 3, June 1991, pp. 278-288. 

[8] J. Borenstein, Y. Koren, “Motion Control Analysis of a Mobile Robot,” 
Transactions of ASME, Journal of Dynamics, Measurement and 
Control, Vol. 109, No. 2, 1987, pp. 73-79. 

 
 
 
 
          

Puneet Kumar completed his Bachelors of 
Engineering from Department of Computer 
Engineering, Delhi College of Engineering, Delhi 
University, India in 2009.  
Currently he works as Scientist ‘B’ at Defence 
Research and Development Organisation (DRDO).  
During his studies, he worked as an intern at Indian 
Institute of Sciences(IISc), Bangalore and Indian 
Institute of Remote Sensing(IIRS), Dehradun. He 
has a number of publications in National and 
International conferences and Journals on topics 

ranging from Autonomous navigation to Image Processing. His research 
interests include AI, Image processing, Localization, Path Planning and 
Machine learning. 
Mr. Kumar is a member of IEEE, CSI and IACSIT. E-mail ID: 
puneetkumar.dce@gmail.com  

Nikhil Jindal was born in Delhi, India on 18th 
May, 1989. He is pursuing his B.E. from 
Department of Computer Engineering at Delhi 
College of Engineering, Delhi University, India. 
His current research areas include: Autonomous 
Navigation, Algorithm Design and Artificial 
Intelligence. 
E-mail ID: nikhiljindal18@gmail.com 
 
 

 
 

Akhil Jindal was born in Delhi, India on 18th 
May, 1989. He is pursuing his B.E. in Computer 
Engineering from Delhi College of Engineering, 
Delhi University, India. His current research areas 
include: Path Planning, Algorithm Design and 
Artificial Intelligence. 
E-mail ID: akhil89@gmail.com 
 
 

 
 

Sidharth Chhabra is pursuing his  B.E. from 
Department of Computer  Engineering at Delhi 
College of  Engineering, Delhi University, 
India.His current research areas include:  Algorithm 
Design, Artificial  Intelligence and Image 
Processing. 
 E-mail ID:  sidharth.chhabra2011@coe.dce.edu 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FangSong_GB2312
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


