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Abstract—In this paper, a vision guidance system for 

automated weed detection robot is presented. The developed 
vision system use series of image processing techniques to detect 
the inter-row space between the crops and then calculate the 
current pose and orientation with the help of Hough transform. 
The dynamic model is used for evolution of values over time and 
to predict the changes in pose and orientation from frame to 
frame.  The vision system is implemented and simulated in 
Matlab, and it is observed that the developed system 
successfully detects and calculates the pose and orientation of 
the crop boundaries on both real and synthetic images. 
 

Index Terms—weed detection robot, vision system, image 
processing, Hough transform 
 

I. INTRODUCTION 
  The economy of Pakistan is largely depends on agriculture. 
There is approximately 22.14 million hectares area under 
cropping in Pakistan [1]. During a past few decades, Pakistan 
has achieved notable agricultural growth. However, this 
agricultural growth lacks the organic approach in agricultural 
field, which is the primary concern today in agriculture. 
Organic approach is a minimization of the adverse impacts on 
the environments, by avoiding the use of material such as 
inorganic chemicals that impact on soil health, food safety, 
cause water pollution and increase population of healthy 
worms, and other soil organisms. The inorganic chemicals 
are mainly used to eliminate the weeds in agricultural fields 
and to increase and protect the crop production. The presence 
of weeds in agricultural fields has lead to competition 
between weeds and planted crops [2]. A weed is unwanted 
plants that limit the growth of the crop by blocking light or 
using up nutrients and space. Therefore, it is necessary to 
remove the weeds for better crop growth. The two widely 
used methods for weed control are chemical weed control 
and non chemical weed control. The first method is a 
chemical weed control that use herbicides for immediately 
eliminated the weeds without replication. It requires less 
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energy input however, the excessive use of herbicides also 
effects the environments. The second method is a 
non-chemical weed control that use thermal and mechanical 
technique for organic food production [7]. All these methods 
require labors for hand weeding which is expensive, 
exhausted and often difficult to obtain. Therefore, it is 
required to develop a system that can automatically detect 
and control the weed. Due to the recent advancement in 
technologies, the application of AGV in agriculture, gained 
tremendous attention [3]. Different autonomous vehicles and 
guidance algorithms have been developed for agricultural 
applications [5]. Besides their efforts, the applications of 
autonomous vehicle for agriculture research is mostly limited 
to autonomous tractor control and very less work have been 
done for weed detection and control application. The vision 
system developed so far for inter row guidance relay on 
multiple sensor configuration, and the robustness of the 
system depends on sensor performance [4], [6]. In addition, 
the image processing techniques used for guidance are 
computationally expensive or they required supervisory input 
for automatic guidance [11].  

In this paper a vision guidance system for a weeding 
detection robot is presented. The objective is to enabling the 
weed detection robot to navigate autonomously between the 
inter-row spaces of crop for automatic weed control, reduce 
labor cost and time. The vision guidance system use model 
based approach and series of image processing techniques 
that are not only computationally inexpensive, it also provide 
robust detection and tracking of the inter-row spaces. The 
main components of the develop vision system are the 
modified parameterized Hough transform and the dynamic 
model. The parameters calculated using the Hough transform 
use for pose and orientation calculation of an autonomous 
vehicle. The dynamic model is used to evolution of values 
over time and to predict the changes in values from frame to 
frame.  

The rest of the paper is organized as follows: section II will 
discuss the Scene model for the navigation purpose. Section 
III will present the various components of vision systems. 
Section IV discusses the results and finally section V end the 
paper with conclusion and future works. 

 

II. SCENE MODEL 
The tracking or guidance of any object can be categories 

either feature based approach or model based approach. The 
feature based approach utilize feature such as color, edge, 
landmarks, corner etc., for the tracking purpose. This 
technique may fail if the features change due to occlusions 
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and noise. On the other hand, model based approach based on 
the prior knowledge of the scene. Model based approach use 
2D projection model like straight lines, parabolic curve, or 
spline model of 3D scene. It requires few features and the 
extracted features such as edges are match with the scene 
model for the tracking purpose. In this way, model based 
approach are more robust against noise, occlusion and 
missing data and hence selected for navigation of 
autonomous vehicle. The perspective view of the agricultural 
field is shown in Fig. 1. This perspective view used as a 
reference scene model and the measurement obtained using 
the vision system will be compare with this reference model. 
If the robot is centered with respect to the left and right crop 
boundaries and facing forward, θ1 will always less than 90 
and θ2 will always greater than 90 along the x-axis in 
anti-clockwise direction? Where Dr is a distance between the 
crop boundaries. The distance Dr can be calculated using the 
equation 1.  
 

| Dr |= ρ1 – ρ2                   (1) 
 

where ρ1 and ρ2 are the position of the left and right crop 
boundaries respectively. The tracking parameters θ and ρ are 
calculated using the Hough transform and will discuss 
section III.     

III. VISION SYSTEM 
This section will discuss the developed vision system for 

weed detection robot. Fig. 2 outlined the components of the 
developed vision system. The brief discussions on these 
techniques are as follows. 

The first stage in any vision-based system is the image 
acquisition. In this paper, still images from the open sources 
are used as shown in Fig. 3a [8].  Conventionally, the 
autonomous vehicle equipped with color camera that can 
provides color information relative to the local object. Colors 
are very important feature and used to discriminate between 
crops, weeds and soil. Color segmentation technique is used 
next to classify the soil and crop by their color difference in 
RGB color space. The goal of color segmentation is to 
provide a partially processed image that includes only crops 
and soil information. K-mean clustering algorithm is used to 
perform the color segmentation. To improve the clustering 
result and reduce the fine details in an image the Gaussian 
filtering is used. The Gaussian filtering reduces the details in 
an image by applying the image blurring operation.  

After image filtering, the RGB image is converted into the 
CIELAB space, and then a and b components of the CIELAB 
space are used for the clustering. The K-mean distribution is 
used to calculate the segmentation image. The k-mean 
algorithm uses a two-phase iterative algorithm for 
minimizing the distance between the members of an output 
set within the space of the entire data set. To optimize the 
speed and the processing, the number of iteration is set to 3. 
The result of the k-mean algorithm is shown in Fig. 3b. 

After segmenting the image, ROI is used to restrict the 
image processing and to reduce the processing time. This 
ROI selection is set automatic as shown in Fig. 2. Once the 
crop boundaries have been detected using the Hough 
transform, the image processing is restricted to the ROI. If the 

 
 

Fig. 1  Perspective view of 2D model of 3D scene 
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Figure 4: Automatic ROI Selection 

selected ROI does not contain the crop boundaries and the 
Hough transform fail to detect boundaries N times than the 
ROI is widen to the whole image. The term B_miss in Fig. 2 
refer to the boundary miss and the N is set to 5. The ROI is set 
to 50% to the center bottom of the image and shown in Fig. 4.  

After ROI selection, the image is converted into the 
grayscale as shown in Fig. 5. Grayscale images are typically 
stored with 8 bits per sampled pixels, which shrinks the 
number of operation by two third and further simplifies the 
image processing step. This grayscale conversion is 
performed using the Intel image processing formula and 
shown in equation 2. 
 

Y = 0.212671R + 0.715160G + 0.072169B         (2) 
 

After converting the image into the grayscale, edge 
detection is performed. To optimize the processing speed and 
better edge information, Sobel edge detection is used. The 
Sobel edge detection is computationally simple and easy to 
implement. The vertical and horizontal Sobel gradient 
operator is used to perform a spatial gradient measurement in 
two dimensions. Both gradient operators are slightly 
modified for better edge calculation and shown in Fig. 6. 
Finally, the edge detection result is shown in Fig. 7.  

To obtain the tracking parameters, parameterize Hough 
transform is executed [9]. The tracking parameters are (θ1, ρ1) 
and (θ2, ρ2) which represent the orientation and position of 

the crop boundaries with respect to the image center. The 
Hough transform used is optimized for speed by processing 
the 1000 edge pixels at a time. After transforming the edge 
pixels in Hough space, peak detection is performed and all 
the immediate neighborhood of the maximum found are 
suppressed to zero. Once sets of candidate peaks are 
identified in the accumulator, start and end points of line 
segment associated with those peaks are identified. Two line 
segments associated but separated by less than predefined 
gap threshold, are merged into a single line segment. 
Furthermore the lines that have both θ and ρ parameters 
within the predefined threshold are also merged to avoid 
multiple line on the same locations. The start and the end 
points of line segments computed in this step represent the 
outline of the crop boundaries. Fig. 8 shows the result of all 
three steps of Hough transform.  
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Figure 3: (a) Crop field image 
 

 
Figure 3:(b) Color segmentation using k-mean algorithm 

 Figure 5:  Gray scale conversion on ROI image.  
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Figure 6: Sobel edge detector a) Vertical Sobel Mask 
b) Horizontal Sobel Mask 

 

 
Figure 7: Edge detection result using Sobel edge detector on ROI image 
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Figure 8: Steps of Hough Transform 
 

 
Figure 9: Various scenarios of the crop field  
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Figure 10:  Tracking Results (a) Translation Error, (b) Orientation Error. 

 
Once the tracking parameters are calculated, the goal is to 

guide the weed detection robot in autonomously following 
the crop boundaries. It required some mechanism to relate the 
position and orientation of the crop boundaries to the vehicle. 
The scene model described earlier is used as a reference 
position and orientation of the vehicle relative to the crop 
boundaries. It is desirable that the vehicle maintain the 
position into the center of the crop boundaries. This reference 
position can be calculated by using the equation 3.  
 

PR = Dr/2                    (3) 
 

where Dr is the reference distance of the crop boundaries 
as shown in Fig. 1. Once the reference position is calculated, 
the parameters ρ1 and ρ2 are used to calculate the current 
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position of the vehicle. The current position of the vehicle 
relative to the crop boundaries is shown in equation 4. 
 

PC = | ρ2 – ρ1|/2          (4) 
 

The current displacement of the vehicle with respect to the 
reference position can be calculated using equation 5. 
 

TX = PC – PR                   (5) 
 

It is obvious that the positive value of TX refer to the 
vehicle as it translates to the right and negative means that 
vehicle is translating toward the left side.  

Similar to the translation measurement, the reference 
orientation of the vehicle is measure using the scene model. 
The reference orientation angle θR can be calculated using the 
equation 6.  
 

θR = (θR1 + θR2)/2             (6) 
 

It is observe from the various scenarios of the crop 
boundaries as shown in Fig. 9 that the reference orientation 
θR is always approximately equal to the 90. The required 
orientation of the vehicle refers to the crop boundaries are 
calculated using the equation 7.       
 

θX = min(θR – θ1, θ2 – θR)              (7) 
 

The minimum value for orientation is select to avoid any 
big change in one time step. Once the translation and 
orientation of vehicle with respect to the reference are 
measured, the vehicle has aligned and orientated itself in crop 
field. The weed detection vehicle subsequently starts moving 
in the crop field and begins autonomous navigation.   

After calculating the tracking parameters, dynamic model 
is used to expect the tracking behavior over time. Accurate 
modeling of the target dynamics can improve the prediction 
of the location of the target while visual support is 
insufficient due to occlusion, noise, or visual clustering. In 
this work, autoregressive process is adopted to model the 
motion of the vehicle with respect to the crop boundaries in 
an image sequences. Autoregressive process is a time series 
modeling strategy that takes into account the historical data to 
predict the current value. In this model, the current value only 
depends on the previous states with a deterministic mapping 
and stochastic disturbance. The simplest autoregressive 
model is the linear model with the assumption of the constant 
velocity with respect to the object. Equation 8a and 8b 
describe the second order autoregressive model for weed 
detection robot as [10]:  
 

TX(t) = TX (t – 1) + (TX (t – 1) – TX( t – 2)) + bεt        (8a) 
 

θX(t) = θX (t – 1) + (θX (t – 1) – θX( t – 2)) + bεt      (8b) 
 

where TX and θX are the translation and orientation of the 
vehicle respectively, b is the regression coefficient and εt is 
the stochastic disturbance.  

IV. RESULTS & DISCUSSION 

This section present the results obtained from the 
developed vision system for the weed detection robot. 
Although the results of individual image processing 
components are already presented, this section provides the 
results of tracking and navigation of the vehicle in the inter 
row space of crop field. The vision system is implemented in 

the MATLAB and executed without the code optimization. 
To check the robustness of the tracking system, synthetic 
images are used. These synthetic images are not lengthy due 
to the impossibility of finding long sequences, they contain 
wide range of scenarios and conditions of the crop field.  The 
output of the vision system has not used to correct the 
vehicle’s course, instead the vision system is tested to 
calculate the tracking parameters TX and θX, required to 
generate the navigational command for the vehicle. Fig. 10a 
and Fig.10b show the result of the tracking system with and 
without the dynamic model. It can be observed from Fig. 10 
that the tracking without the dynamic model shows minim 
error compare to tracking with the dynamic model.  The 
reason of high error using dynamic model is the stochastic 
drift. However, this stochastic drift required to predict the 
position of the vehicle refer to the crop boundaries. If the 
tracking system fails to detect the crop boundaries, the 
boundaries position and orientation is predicted using 
dynamic model.  However, if the system fail to detect the 
crop boundaries B_Miss = N times then the image processing 
is performed on whole image. Fig. 10a and Fig. 10b also 
shows that the overall error of the tracking within the 
envelope of ±5 pixels for translation and ±5 degree for the 
orientation. These value shows that the proposed tracking 
system can effectively track the crop boundaries for weed 
detection robot.  

V. CONCLUSION & FUTURE WORK 
In this paper, a vision system for weed detection robot is 

presented. The developed vision system autonomously 
guides the vehicle between the inter-row space of the crop 
field for the weed detection. The weed then can be destroy 
either by using the control spray of herbicides or by using the 
thermal or mechanical technique. The control spray of 
herbicides significantly improves the organic approach in the 
agricultural field. In addition, it reduces the labors cost and 
save the significant time. The developed vision system 
successfully detects and tracks the crop boundaries and the 
errors on synthetic images are less than ± 5 pixels for 
translation and ± 10 degree for the orientation. The error can 
further reduce by using the appropriate estimator such as 
Kalman filter and particle filtering algorithm.         

REFERENCES   
 

[1] ACO (2008). Area Under Important Crops, Agricultural Census 
Organization (ACO) Available from: http://www.statpak.gov.pk/depts/ 
aco/index.html Accessed: 2008-09-07. 

[2] F. Panhwar, “Women and Organic Agriculture in Pakistan,” World 
conference on horticultural health, 17- 20 June 1998, Rome, Italy.  

[3] B. Astrand, and A.J. Baerveldt, “A mobile robot for mechanical weed 
control,” International Sugar Journal, vol. 105, No. 1250, 2003 pp. 
89-95.  

[4] T. Bak, “Vision-GPS fusion for guidance of an autonomous vehicle in 
row crops,” In ION GPS 2001, pp. 423-451. 11 – 14 September 2001, 
Salt Lake City, UT.   

[5] T. Bakker, C.J. Van Asselt, J. Bontsema, J. Müller, and G. Van Straten, 
“Path following with a robotic platform,” 2nd IFAC International 
Conference on Modeling and Design of Control Systems in Agriculture 
(Agricontrol 2007), Osijek, Croatia, 2007, pp. 153-158. 

[6] J. Billingsley, and M. Schoenfisch, “Vision-guidance of agricultural 
vehicles,” Autonomous Robots, vol. 2, 1995, pp 65-76. 



International Journal of Computer and Electrical Engineering, Vol. 2, No. 3, June, 2010 
1793-8163 

 

 

 

491

[7] A.P. Dedousis, “An investigation into the design of precision weed 
mechanisms for inter and intra-row weed control,” Ph.D. thesis, 
Cranfield University, 2007. 

[8] Fotosearch,  http://www.fotosearch.com/ Accessed: 2008-06-01 
[9] R.C. Gonzalez, and R.E. Woods, Digital Image Processing, 2nd 

Edition, New Jersey, Prentice Hall 2002. 
[10] J. MacCormick, “Probabilistic modeling and stochastic algorithm for 

visual localization and tracking,” Ph.D. thesis, Department of 
Engineering Science, University of Oxford, 2000.  

[11] D.C. Slaughter, P. Chen, and R.G. Curley, “Vision Guided Precision 
Cultivation,” Precision Agriculture, vol. 1, No. 2, 1999, pp. 199-217. 

 
 

 Muhammad Asif received B.S. degree in 
Biomedical engineering from the Sir Syed 
University of Engineering and Technology, Karachi, 
Pakistan in 2003, and M.S. degree in Electrical and 
Electronic Engineering from the Universiti Sains 
Malaysia (USM) Malaysia, in 2007. He is working 
as faculty member and researcher in the Department 
of Electronic Engineering, Sir Syed University of 
Engineering and Technology. His research addresses 
the issues and problems of industrial automation, 

navigation, mapping and design and implementation of statistical control 
algorithm for autonomous robots.  
 

 Samreen Amir, did her BS and MS from Sir Syed 
University of Engineering and Technology (SSUET) 
and held first class first position in BS. She has also 
received student of the year award for the year 2000. 
Currently she is working as faculty member and 
researcher in Sir Syed University of Engineering 
and Technology, Karachi, Pakistan. Her research 
interests are in the filed of signal and image 
processing and embedded system design.  
 

Amber Israr received her BS from N.E.D 
University of Engineering  1995 . She completed 
her MS in computrer systems Engineering from 
N.E.D University of Engineering  in 2001. 
Currently she is working as faculty member and 
researcher in Sir Syed University of Engineering 
and Technology, Karachi, Pakistan. Her research 
interests are in the filed of signal and image 
processing and  Vision Sensor.  

 

Muhammad Faraz Shaikh received his BS 
degree from Sir Syed University of Engineering 
and Technology, Karachi in 2003 and secured 3 
rd position. He completed his MS from Hamdard 
University, Karachi and got 1st position. 
Presently he is working as Assistant Professor in 
Sir Syed University. He has research interest in 
analog and digital signal processing and 
embedded system design. 

  
 



<<
  /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


