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Abstract—This paper reports research results on developing a
machine vision system to assess the quality of row crop plants.
Comparing to the prevalent machine vision system employed in
agricultural industry for weed-crops classification as well as
plant density evaluation, the proposed machine vision system is
able to detect the location of plants (weed / crops) and calculate
the leaves’ area for plant quality assessment, even if the leaves
are overlapped with each other.

The developed machine vision system involves a camera
system and an image processing system. The camera system uses
a coaxial camera constructed by a RGB sensor and near infrared
(NIR) sensor, which cooperate with a white front lighting and
NIR front lighting respectively. Plants are firstly captured by the
coaxial camera. The plants are segmented from background on
RGB image; the overlapping edges of leaves are detected on NIR
image. Afterwards the overlapping leaves are separated and
assigned to the assessed stem position of plants. At last, based on
the assigned leaves, the plants are separated, and the area of
plant canopy is calculated. A set of experiments have been made
to prove the feasibility of the proposed machine vision system.

Keywords—quality assessment; machine vision; crop plants;
plant segmentation, plant localization, plant quality

I. INTRODUCTION AND STATE OF THE ART

Automatic detection of weed within agricultural fields has
gained greater importance in the past years. The main purpose
of farmers is to increase the turnout of their fields. Therefore it
is very necessary to eliminate weed which could be done by
either pulling out mechanically or usage of herbicide. In this
paper a set up for a vision system will be proposed which is
able to recognize weed from crop plants as well as to estimate
the position of weed and crop plants with a high accuracy. The
development was made for outdoor environment; therefore all
the factors like wind, varying light condition, rain and so on
were taken into account. In the last years several methods and
systems based on machine vision have been developed. Most
achievements have been made in the cultivation of cereal crops
[1, 3 and 9], tomatoes [5], soybeans [10] and sugar beet crops
[2]. The purpose is to develop an optimized automated process
in which weed are detected among the rows of plants and
automatically sprayed with herbicide in order to eliminate
them. Comparing to the manual handling, it saves a lot of
work, time and money. In addition, there are not only
economical, but also ecological advantages due to a high
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amount of chemicals that are saved and not wastefully sprayed
on the fields [2].

The developed procedures are very similar to each other. In
the first step images of the rows of plants are captured by a
digital camera e.g. connected to the linkage of a tractor [2].
Alternatively in [4] the vision system is directly embedded in a
small remotely piloted aircraft in order to conduct
measurements in the fields. The camera type may vary in each
system since it depends on the attribute of the plant which is
used to distinguish between weed and crop. A color camera is
used by comparing the leaf color (green) with the color of the
soil cover [2]. Other attributes are e.g. leaf shape [11], the
spectral signature or the texture [9] of the plant. Afterwards the
images are analyzed by an appropriate algorithm which
evaluates how much of the area is covered by leaves on soil
respectively. The individual areas are expressed by percentage
compared to the total area size in the image.

There are many possibilities to develop an appropriate
algorithm. In the field of image processing there are several
different tools which are able to recognize plants in an image.
A common method is to use neural networks for the process of
detecting weeds [2, 7, and 8]. Cooperating with a NIR-filter,
the neural networks may segment plants with higher accuracy
than the conventional threshold techniques [7, 8]. Other
possibilities are Support Vector Machines [9] cooperating with
the NDI-filters which are compared to the Bayesian
classification in [12]. All these image processing algorithms are
working in a similar way. During the binarization a black-and-
white picture is created in which the crop is displayed white
and the soil black. Therefore undesirable plants are detected
more easily due to a higher contrast [3]. In general the accuracy
is very high. At the automatic detection of volunteer potato
plants within sugar beet fields based on neural networks it
comes up to 97%. Using the Bayesian classification 85% of the
volunteer potato plants is correctly classified.

All these image processing methods are preceded by a
supervised learning process in which data is gathered in order
to create a pattern that realizes a standardization of the image
classification. Thereby the algorithm learns from the
environmental conditions in the agricultural fields. It is able to
adapt to most daytime conditions, such as light changes, source
temperature and soil type [6]. After the classification and the
detection of the weed the robotic spraying system, which is
also embedded in the machine linked to the tractor, is able to



spray chemicals on the weeds. This procedure reduces the
amount of used chemicals up to 95% and the crop is not
affected. Moreover the ground is not burdened with much
pesticide.

The paper is structured as followed. In Section II, the
challenges faced in this work to detect the plants and assess the
quality automatically under an out-door condition is discussed.
In Section III, the machine vision system for assessment of
plant quality is introduced, which involves the camera system
and image processing algorithms. In Section IV, the
experimental results are presents and a set of improvement are
suggested in the future work. At last, it is summarized up in
Section V.

II. REQUIRED WORKS AND CHALLENGES

To realize good results by using a vision system it is
important to generate images with high repeatability (due to the
constant imaging environment). Most vision systems are used
indoor, so it is easy to establish stable conditions. This paper
focuses to develop a vision system which can be used in
agricultural industry. Due to this demand it is necessary to
handle outdoor conditions. What are the main challenges one
has to handle in such an environment? The first and most
important one is light condition. The illumination situation of a
plant changes continuously during a day because of the
position of the sun, clouds, fog and so on. Furthermore, shade
of other plants could change the illumination situation. The
inspection of plants may take place in a limited time slot in
each year due to the plant growth; therefore it may be
necessary to apply the vision system on both day and night in
order to complete a big amount of works during a limited time
slot. The second challenge is wind. The wind causes plant
movement which results in blurred images of plants. The third
challenge is dirt on the plants which can change the appearance
of leaves color and leads to difficulties to segment leaves from
the background in images. The fourth challenge is the
background itself. Affect of varying terra color and presence of
foreign objects like straw, wood and etc. have to be eliminated
by the image processing system. The last challenge is the plant
itself. Due to its growth it can happen that leaves overlap each
other which make it difficult to recognize a single leaf.

By taking all this challenges into account the required work
is to build up a stable image processing system which can
handle varying light conditions, problems caused by wind,
changing plant background and dirt on leaves. The aim is to
measure the plant position with high accuracy and to evaluate
the plant quality depending of its growth.

III. MACHINE VISION SYSTEM FOR ASSESSMENT OF PLANT
QUALITY

In this section, the machine vision system to realize the
assessment of plant quality will be discussed.

A. Work Definition

Firstly, it is reasonable to clarify the main objectives of the
vision system. The vision system should carry out the
following two tasks:

e task 1 - measurement of plant position
e task 2 - assessment of plant quality

The plant position is usually understood as the stem
position. However, in certain tolerance range, the center of
plant canopy can be considered as the plant position. In
contrast to plant position, plant quality is a fuzzy concept. With
respect to variant purposes, the plant quality is expected to be
defined by plant height, number of leaves, plant canopy (differ
from leaf area index, which is related to unit ground surface
area) or biological characteristics. In this paper, the plant
quality is specified by the area of plant canopy.

Related to the previous clarification, the workflow of the
proposed vision system can be represented in Fig. 1. By using a
camera system, a target plant is captured; the obtained image is
then pre-processed, e.g. histogram processing, noise reduction,
in order to highlight the desired information and meanwhile
suppress the non-relevant information. From the pre-processed
image, the plant position is measured by three procedures: (1)
the plant is firstly segmented from background; (2) the
overlapped leaves are separated from each other; (3) based on
the detected leaves, the stem position is assessed. After plant
position (stem position) is measured, plant quality is then
assessed by assigning leaves to their corresponding stems (in
order to separate the individual plant), and calculating the area
of plant canopy.

B. Preparation
To realize the proposed methods, a set of preliminary

experiments has been made, which concerns camera
perspective, illumination direction, camera types, and so on.

1) Camera perspectives: Firstly it is important to
determine what kind of perspectives benefits the purposes of
(1) plant position measurement and (2) plant quality
assessment. Fig. 2 shows the three different perspectives: top-
down, forward and lateral perspectives. The challenges on the
top-down perspective are, the stems are obscured by leaves,
which leads to the difficulties in measurement of plant
position; the plant leaves are overlapped by each other, which
leads to the difficulties in area assessment of plant canopy, the
number of leaves. The forward perspective exacerbates these
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Fig. 1. Representation of workflow.
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Fig. 2. Variant camera perspectives.

two challenges. Using the lateral perspective, camera can
although detect the stem postions, however with the distored
perspective it is difficult to assess the plant canoyp area.

2) Hlumination direction: The front lighting can hightlight
the leaves and the overlapped edges with respect to another
illumination collocation. Therefore, a camera with top-down
perspective and front lighting source is chosen for image
acquisition.

3) Grayscale or colorscale camera: The constrast of
leaves to soil, wood, defoliation, stones, straw on grayscale
images in different illumination spectrum are calculated
respectively. It is concluded that, it is impossible to segment
plants by using the monochrom infromation on the grayscale
images. Therefore, a color camera is recommended for
segmenting plants from background. In addition, the grayscle
camera highlight the overlapping edge much more than
colorscale camera. Therefore, a grayscale image is
recommended for detecting overlapping edges.

4) Spectrum of illumination: Due to the application of a
color camera, the visable spetrum is naturely expected.
Therefore the white LED, or halogen light can be utilized as
illumination. A near infrared (NIR) lighting coperated with the
grayscale camera is also ulitzed to detect overlapping edges.

5) Potential Application of 3D Camera: 3D technique is
prevalent nowaday. A set of experiments of stereo, kinect,
light structured cameras has been made. However, due to
groove structure, unevenness of field, low depth resolution of
3D camera, 3D cameras will not be considered in this work.
Fig. 2 shows the 3D images by BumbleBee XB3.

Based on the preliminary work, a camera system with the
camera-illumination collocation shown in Fig. 4 is proposed to
be used for the assessment of plant quality. The camera system
consists of a coaxial camera, and two front lighting - white
lighting and infrared lighting. The coaxial camera includes a
RGB CCD sensor, a NIR CCD sensor and a coaxial objective.
The coaxial objective will transmit the reflected light to both
two sensors. However, to RGB sensor, the infrared spectrum is
filtered out; while to NIR sensor, the visible spectrum is
filtered out.

In the next section, the detailed works will be introduced.
The step image pre-processing mentioned in Fig. 1 aims at
reduction of noise reduction, and highlighting of desired
information is in this paper not to be discussed.
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Fig. 3. Images captured by BumbleBee XB3.
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Fig. 4. Camera-illumination collocation.

C. Plant Position Measurement

1) Plant segmentation

The plant segmentation is an importance process to locate
the plant and its boundary in images in order to enable the
further analysis e.g. assessment of stem position, leaves area,
etc. Due to the complex background (presence of foreign
objects, e.g. wood, withered leaves, straw, stones, even plastic),
variant techniques have been applied. By directly using
thresholding in the RGB / HSL color space, the plants can be
segmented, since they appear green with respect to the foreign
objects. However this is not reliable in case over- and
underexposures. In [1, 7, 13, and 16], the methods concerning
ExG, ExG-ExR, I;L,I;, and IV,;V,, which are derived from the
basic color space, are applied. As result, by thresholding V;
channel in the color space of IV,V, is a stable method to
segmented plants in outdoor condition. Fig. 5 shows the
segmentation results of three plant images captured by different
degrees of exposures. One can observe that, by using IV,V, the
plants are stably segmented from background.

Some green weeds have the same color channel like crop
plants, therefore through the segmentation of plant, the weeds
is not eliminated. For distinguishing the weeds and plants from
segmented images, the pre-knowledge is needed to distinguish
the weeds based on the shape of leaves, the location of weeds
(crop plants are only planted in regulated lines).

2) Leaves segmentation

The most challenges of leaves segmentation is that, the
leaves overlap with each other. Therefore, the critical issue of
leaves segmentation is to detect the overlapping edges. For this
purpose, two principles for choosing a proper camera system
must be grasped:

o  Suppress the texture information of leaves



Fig. 5. Segmentation results by using IV1V2 color space. The first column
shows three original images in different degree of exposure; the second
column presents the corresponding segemented images; the third column
presents the outer contour of plants.

e Suppress the fake edges caused by e.g. shadowing,
wrinkle

A set of experiments have been made with multispectral
camera - Nuance EX, color camera Marlin F-080C, and 3D
camera - BumbleBee XB3. Due to the low depth resolution and
high noise, the most of 3D camera will not be considered.
Color camera facilitates the segmentation of plants from
background; however it doesn’t suppress the leaves’ texture
and fake edges. From the experiments with multispectral
camera, it is found that the edges emerge with high contrast in
near infrared spectrum. Therefore, a grayscale camera with
NIR front lighting is recommended to detect overlapping
edges.

Fig. 6 shows process of separating leaves by detecting
overlapping edges. With help of mask image (it is a binary
image indicating the segmented plants) obtained in the
previous step plant segmentation, plants can also be segmented
in NIR images. Outer contour of plants can be easily extracted
by applying morphological close- and open-operators on the
mask images. In contrast, the extraction of the inner edges (the
overlapping edges is a kind of inner edges) is tedious. In [17],
variant edges extraction techniques are present, e.g. laplacian
detector, Marr-Hildreth edge detector, canny edge detector, and
so on. Besides in [18], the phase congruency is discussed. In
this paper, it is recommended to apply canny filter or phase
congruency to detect the inner edges in case of homogeneous
or inhomogeneous illumination respectively. Furthermore, the
inner edges include not only the overlapping edges, but also
fake edges and edges caused by texture changing. However,
the overlapping edges have the following specific
characteristics: (1) the overlapping edges are connecting with
outer contour; (2) the overlapping edges connect with outer
contour with sharp angles. Cooperated with this information,
the edge tracking technique can be applied to filter out the non-
relevant edges. At last the separated leaves are obtained by
applying watershed to the filtered images with outer contour
and inner edges.

3) Stem position assessment

Outer contour

Separated leaves

Fig. 6. Separating leaves by detecting the overlapping edges.

Due to the top-down perspective, the stems are often
obscured by leaves, or appear perpendicularly to camera. For
these reasons, stem positions are difficulty to be detected
directly from images. In this paper, the stem position
assessment is realized by the following procedures:

e Extracting the symmetrical axis of leaves. If a leaf
doesn’t appear symmetrically, the bisecting line in the
direction of maximum feret diameter is extracted
instead.

e  Generating the intersection of each symmetrical axis /
bisecting line. Fig. 7 shows the intersections of
symmetrical axis of leaves.

e Filtering out the non-relevant intersection by the
constraints: (1) intersections should locate in the range
of image; (2) intersections should near the alignment of
row crops; (3) intersections should locate at one end
(with a certain distance) of a leaf.

e Determination of remain intersection as the real stem
position.

These processes are also illustrated in Fig. 8. In the last
images, three stems are determined.

D. Plant Quality Analysis

Based on the obtained stems position, the leaves should be
assigned to their relevant stems in order to separate the plants.
Then the quality assessment of individual plants is possible.
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Fig. 7. Intersection of symmetrical axis of leaves.



Intersections of bisecting lines Stem position

Fig. 8. Stem position assessment by using the intersection of symmetrical
axis / bisecting line of leaves.

Leaves should be near their stems as well as the direction of
their symmetrical axis / bisecting lines. After leaves
assignment, the area of leaves (plant canopy) can be easily
calculated. Fig. 9 illustrates the plant quality analysis. The
accuracy of leaves assignment is very dependent on the
accuracy of stems position. If the stem position has been wrong
determined, the leaves may not correctly be assigned
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Fig. 9. Plant quality analysis based on the found stems position.

Fig. 10. Two examples of plant quality assessment.

IV. EXPERIMENTAL RESULTS AND FUTURE WORK

Due to the lack of a coaxial camera system, a grayscale
camera of Marlin F-145B2 and a colorscale camera Marlin F-
080C are used instead in this work. The proposed method was
programmed in LabVIEW 2009 and C++. The program runs in
a computer with the CPU of 3GHz, the RAM of 4GB RAM.
The time of total image processing takes about 1 second per
image.

The propose method performs with perfect result if the
plants are planted with an enough distance. However if the
plants are planted in a small and irregular distance, the method
may misassign the stem position. The images shown in Fig. 10
improve this argument.

There are lots of ways to improve the results:

e The plants can be planted in a certain distance, such
that, the intersections within this distance can be
considered as fake stem position.

e The plants can be planted in an enough distance, such
that, the plant will not grow to each other, which may
alleviate the overlapping’ problem.

e To apply an additional camera, that performs the
lateral perspective. Although the lateral perspective
may miss the stems, if the stem is not high enough and
obscured by leaves. Fig. 11 shows the plants images
from lateral perspective, from which the stem position
is in a sense detectable.

In real agricultural industry, the proposed method should
work in out-door condition. In order to ensure the stable
working of the propose method, some improvements should be
made to the camera system. Under the out-door condition, the
lighting condition is affected by movement of sun and cloud,
which may lead to under- and overexposure. To prevent, an
auto-iris objective is recommended, which is able to adjust the
iris size to adapt the changing condition of lighting. Wind is
another problem under out-door condition. The slight wind
may wobble the leaves, which leads to the blurred images of
plants. Besides, the weather, e.g. raining, is also a critical
impact to the proposed method. To prevent these problems, a
shield is recommended to be imposed on the camera system.
Based on these improvements, the recommended components
of camera system in the future are summarized in Table 1.

Originalimage

Segmented image

Fig. 11. Plants in lateral perspective.



TABLE L. RECOMMENDED COMPONENTS

Components Remarks

A coaxial camera constructed by a RGB sensor

Coaxial camera and NIR sensor; top-down perspective

White LED front lighting and NIR LED front

Illumination lighting

Two colorscale cameras for detecting the stem

Auxiliary camera position; lateral perspective

Auto-iris objective; preventing over- /

Objective
underexposure

Preventing from wind / raining / varying

shield lighting condition

V. CONCLUSION

In this paper, a machine vision system is proposed to assess
the plant quality of growth. Differ from the traditional vision
system used in agricultural industry, that concerns the weed-
crops classification or plants density assessment, the proposed
machine vision system aims at detecting the plant location, and
assess its quality. The main work for developing the machine
vision system, and corresponding experimental results are
present in this paper. It improves that, the proposed machine
vision system is feasible and can be considered to the
application in agricultural industry.

The proposed machine vision system involves a camera
system and an image processing system. The camera system
consists of a coaxial camera constructed by a RGB and near
infrared (NIR) sensor, which cooperate with a white front
lighting and NIR front lighting respectively. Combining the
information of RGB and NIR images, plants (even overlapped
plants) can be segmented with each other and then the sizes of
plants are assessed. The machine vision system can be utilized
in the variant applications. For instance, in order to protect crop
plants (e.g. vegetable) from weeds, the field should be
examined regularly. The weeds should be detected and
eliminated by spraying herbicide on it at an early growing
stage. The propose method in this paper can carry out this task.
It can detect the position of weeds, and spray the herbicide
directly on the stem positions rather than on the entire leaves.
This method prevents the extensive usage of herbicide, it on
the one hand reduces the investment, on the other hand reduces
the pollution of environment. In agricultural industry,
sometimes, the plants which grow slowly should be detected
and uprooted earlier in order to ensure and enhance the
growing of remain plants. The propose method in this paper is
also much recommended to this task.

REFERENCES

[1] J. Rasmussen, M. Norrenmark, B. M. Bibby, “Assessment of leaf cover
and crop soil cover in weed harrowing research using digital images,”
Weed Research, vol. 47, pp. 299-310, August 2007.

[2] A. T. Nieuwenhuizen, “Automated detection and control of volunteer
potato plants,” Dissertation, Institute of Farm Technology, Wageningen
University, 2009.

[3] G. Pajares, A. Tellaeche, X. P. Burgos-Artizzu, A. Ribeiro, “Design of a
computer vision system for a differential spraying operation in precision

agriculture using Hebbian learning,” IET Computer Vision, vol. 1, pp.
93-99, 2007.

[10]

(1]

[14]

[15]

[16]

[17]

[18]

C. Gee, J. Bossu, G. Jones, F. Truchetet, “Electronic Imaging & Signal
Processing - Detecting crops and weeds in precision agriculture,” SPIE
Newsroom, 2008.

W. S. Lee, D. C. Slaughter, D. K. Giles, “Development of a machine
vision system for weed control using precision chemical application,”
Proceedings of Int. Conf. on agricultural machinery engineering, 1996,
Korea, pp. 802-811.

L. F. Tian, D. C. Slaughter, “Environmentally adaptive segmentation
algorithm for outdoor image segmentation,” Computers and Electronics
in Agriculture, vol. 21, pp. 153-168, 1998.

F. D. Smedt, I. Billauws, T. Goedeme, ‘“Neural networks and Low-Cost
optical filters for plant segmentation,” International Journal of Computer
Systems and Industrial Management Applications, vol. 3, pp. 804-811,
2011.

R. Brivot, J. A. Marchant, “Segmentation of plants and weeds for a
precision crop protection robot using infrared images,” IEEE Process-
Vis. Image Signal Process, vol. 143, no. 2, pp. 118-124, 1996.

A. Tellaeche, X. P. Burgos-Srtizzu, G. Pajares, A. Ribeiro, “On
Combining Support Vector Machines and Fuzzy K-Means in Vision-
based Precision Agriculture,” World Academy of Science, Engineering
and Technology, vol. 28, pp. 33-38, 2007.

B. L. Steward, L. F. Tian, “Real-time machine vision weed-sensing,”
Annzual International Meeting ASAE, no. 983033, 1998.

S. D. Noble, R. B. Brown, “Spectral band selection and testing of edge-
subtraction leaf segmentation,” Canadian Biosystems Engineering, vol.
50, pp. 2.1-2.8, 2008.

D. S. Shrestha, B. Steward, “Segmentation of plant from background
using neural network approach,” Proc. of ANNIE, pp. 903-908, 2001.

H. J. Jeon, L. F. Tian, H. P. Zhu, “Robust crop and weed segementation
under uncontrolled outdoor illumination,” Sensors, vol. 11, pp. 6270-
6283,2011.

J. Ronghua, “Real-time plant image segmentation algorithm under
natural outdoor light conditions”. New Zealand Journal of Agricultural
Research. vol 50, pp. 847-854, 2007.

B. L. Steward, L. F. Tian, “Machine-vision weed density estimation for
real-time, outdoor lighting conditions,” Transactions of the ASAE, vol.
42, pp. 1897-1909, 1999.

L. F. Tian, D. C. Slaughter, “Environmentally adaptive segmentation
algorithm for outdoor image segmentation”, Computers and Electronics
in Agriculture, vol. 21, pp. 153-168, 1998.

R. C. Gonzales, R. E. Woods, Digital image processing, Prentice Hall
International, 2007

M. S. Nixon, A. S. Aguado, Feature extraction and image processing,
Amsterdam, Elservier Press, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /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
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /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
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LingoesUnicode
    /LithosPro-Black
    /LithosPro-Regular
    /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
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NIVision
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /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 0.76
    /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 200
  /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 0.76
    /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 400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /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 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


