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Abstract - 3D modeling is an intricate and laboriously process which
requires considerable investment of time to master. Researchers have
long pondered on creating systems that would automate the steps
Jfollowed by skilled 3D artists to generate detailed and realistic 3D
models. Sketch Based Modeling (SBM) is a very broad area within
the field of Computer Science spanning several sub-fields such as
Computational Geometry, 3D Shape Retrieval, Computer Vision,
Computer Graphics, and Object Oriented Programming to name a
Jew. The interpretation of skefches fo assist artists to create 3D
models serves as the main idea behind efficient SBM systems. In this
paper we have reviewed and analyzed recent and salient state-of-art
techniques in Sketch Based Modeling. We have provided a
classification of these techniques and pointed out their advantages
and disadvantages.

1. Introduction

3D modeling is an infricate and laboriously process
which requires considerable investment of time to
master. Most skilled 3D artists generally possess years of
modeling experience and thorough understanding of
drawing skills (human anatomy, still life, environments,
machinery, vehicles etc) which allow them to create 3D
models quickly and accurately. Researchers have long
pondered on creating systems that would automate the
steps followed by skilled 3D artists to generate detailed
and realistic 3D models. Professional modeling packages
such as Maya [Maya], ZBrush [Zbrush] and Mudbox
[Mudbox] are loaded with tools that make modeling
easy, fun and swift for artists of intermediate to expert
levels, however these packages have steep learning
curves for beginners, purely work on 3D input data and
does not support the interpretation of sketched lines and
curves info 3D geometry thus limiting the scope of
adding details to 3D models.

Sketch Based Modeling (SBM) is a very broad area
within the field of Computer Science spanning several
sub-fields such as Computational Geometry, 3D Shape
Retrieval, Computer Vision, Computer Graphics, and
Object Oriented Programming to name a few. The
interpretation of sketches to assist artists to create 3D
models serves as the main idea behind efficient SBM
systems. The research in SBM can be traced back to as
early as the mid 1980°s. Among the early works, John
Canny published his seminal work in edge detection
famously known as Canny Edge Detection algorithm
[Canny 1986]. This algorithm is used to extract feature
curves from 2D images including silhouette and local
feature curves. Researchers have explored many avenues
in computational geometry, and computer vision to

create powerful tools for 3D artists. We will discuss
about some of these notable algorithms in this survey

paper.

Sketch Based Modeling has undergone considerable
amount of research over the past two decades with
researchers investigating novel and innovative techniques
at a rapid pace. So far researchers in the field of SBM
have aimed their research on organic and inorganic
modeling (architectural and mechanical) as stated by
[Rivers et al. 2010]. Therefore, the research in SBM has
been broadly divided into Organic Sketch Based
Modeling and Inorganic Sketch Based Modeling.
Inorganic SBM involves CAD/CAM  systems,
architectural / building modeling systems and computer
aided automobile design system. Notable examples of
inorganic SBM systems are Google SketchUp
[SketchUp]. [Schmidt et al, 2009], and more recently
[Rivers et al. 2010]. On the other hand organic sketch
based modeling systems provide tools to create character
models mainly using smooth feature curves, and
suggestive contours [DeCarlo et al. 2003] etc. Organic
modeling systems also provide tools for creating 3D
models from simple primitives such as ellipsoids and
using inflation techniques to inflate a closed 2D region /
sketch (e.g. a circle, oval etc) such as Teddy [Igarashi et
al. 2007]. and FiberMesh [Nealen et al. 2007].

In order to effectively investigate and experiment new
techniques in SBM, it is very important to possess a basic
understanding of how traditional artists draw sketches of
human characters, and how 3D artists model human like
characters. Studying the process of sketching and
drawing by artists can be found in a study by Cole et al
[Cole et al, 2008]. Several excellent surveys are available
on sketch based modeling techniques including [Olsen et
al, 2009], and [Cook & Arvin, 2009].

Sketch based modeling techniques are usually
categorized into construction based and recognition
based as indicated by Olsen et al (Olsen et al. 2009).
Construction based techniques tend to generate a 3D
model directly from 2D sketched feature curves while
recognition based techniques uses 3D search engines to
retrieve 3D models from the database which are similar
to the 2D input sketches by applying shape descriptors to
the input or matching feature curves to their counterparts
in the 3D model database. Some notable example of 3D
search engines are Princeton 3D search engine
[Funkhouser et al, 2003]. Konstanze University (CCCC)



3D benchmark, McGill Shape Benchmark (MSB)
[Zhang et al, 2005], National Taiwan University
database (NTU) [Chen et al, 2003], and CEASAR human
shape database [Allen et al, 2003]. A major problem
faced when designing sketch based modeling techniques
is the reconstruction of 3D objects directly from very
limited information. Olsen et al [Olsen et al, 2009] have
also concluded in their survey that a hybrid system that
contains a substantial shape memory, robust creation
rules, and perhaps even a capacity to learn new shapes,
hold the most potential for approaching human-like
sketch understanding.

Most artists require tools that could provide them the
feeling of sketching on a canvas in a free hand manner.
To address this fact, many SBM systems have been
published and patented which give the users an
experience of free hand sketching. In ILoveSketch [Bae
et al. 2008]. the authors have designed a curve sketching
system that allows artists to draw strokes on a 3D
canvas, and automatically approximates the strokes using
NURBS. Several mouse inputs are mapped to navigation
of the 3D canvas. Several gestures are provided for
aligning the curves with other curves, scaling, rotation,
and erasing curves.

2. SBM Pipeline

Generally speaking, SBM systems follow a systematic
pipeline [Olsen et al, 2009]. with each step employing
several unique algorithms. The main steps in the pipeline
are: 1) Sketch Acquisition, 2) Sketch Filtering, and 3)
Sketch Interpretation.

2.1. Sketch acquisition: Sketch acquisition involves
making choices about the medium and input devices for
acquiring and drawing a sketch. Recent techniques have
supported pen as input medium and drawing tablets as
drawing canvas [Bae et al, 2008]. More haptic ways of
3D sketching have also emerged such as
SPACESKETCH [Nam et al, 2012]. SPACESKETCH is
a unique application that performs shape modeling by
using 2 space wands in a 3D environment. By using a
3DTVdisplayas shown in Figure 1, sketching an object
in a stereoscopic space is made possible.

2.2. Sketch filtering: Before a given sketch can undergo
processing to be promoted to a 3D model, most state-of-
the-art techniques perform pre-processing on the input
curves or strokes. This step is necessary to refine the
input curves to be ready for processing. Denoising is an
important class of algorithms for sketch refinement being
employed heavily in SBM systems.

2.3. Sketch Interpretation: Sketch interpretation
involves the transformation of 2D sketched contours into
3D surface mesh. This is the main component of an SBM
system which includes several algorithms for generation
of 3D geometry from input strokes.

Fig 1: 3D Sketching with SPACESKETCH. (Reproduced fiom
[Nam et al, 2012])

In this paper, we have categorized the techniques into the
following major classes. 1) Single View systems, 2)
Multi-View Systems, 3) Curve Networks Based Systems,
4) Data Driven Systems

3. Single View Systems

Single view SBM systems allow the artists to create
models using just one sketch. These systems make use of
algorithms to create surfaces which give an appearance
of different parts of the human body, such as an ellipsoid
which is an inflated silhouette of a 2D ellipse.

3.1. Teddy: a sketching interface for 3D [freeform
design: Tgarashi et al [Igarashi et al, 2007], pioneered the
research in inflated geometrical surfaces to create simple
organic toy like character models. Their interface is
designed to quickly and easily model freeform surfaces
for creating stuffed animals or other organic models. The
system includes tools to add 3D geometry to the model
when the user sketches the outline. The algorithm first
finds the spine of the silhouette by using the chordal axes
introduced in [Prasad 1997]. The system then wraps the
spine with the polygonal mesh and then uses constraint
Delaunay triangulation of the polygon. Pruning of
insignificant branches is performed using [Prasad 1997].
The algorithm progresses through several refinement
steps to obtain a smooth and symmetric 3D surface.
Their system also provides tools for extruding and
cutting of the mesh. Extrusion on the 3D surface is
implemented wusing a sweeping algorithm. Some
disadvantages of the Teddy system are: 1) it does not
accepts complex and unexpected strokes such as T-
junction strokes and cusps. 2) The features provided are
limited it was not suited to modeling complex and
production ready models. In figure 2, note that where the
neck contour passes behind the chin, we see a T shape in
the projected contour (called a T-junction), and the chin
contour ends abruptly (called a cusp). T-junctions and
cusps indicate the presence of a hidden contour;
Williams [86] has proposed a method for using these to
infer hidden contour lines in an image.
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Fig 2: T-junction and cusp. (Reproduced fiom [Sketch-based
modeling: a survey])

3.2. SmoothSketch: 3D free-form shapes from complex
sketches:  Several researchers have  proposed
improvements to the Teddy system. Karpenko & Hughes
[Karpenko & Hughes, 2006] have addressed the problem
of T-junctions and cusps by introducing an efficient
algorithm extended from the work by William [Williams
& Allen, 1996] for inferring shapes with hidden
contours, on figural completion of hidden contours
containing T-junctions to contours containing cusps as
well. It should be noted that SmoothSketch does not
offers a complete SBM system; instead this work can be
used as a component to be embedded in SBM systems.
Williams® thesis included 3 steps to find the 3D surface
to fit the given contours. These were 1) Drawing
completion by inferring hidden contours, 2) Map the
contours to the abstract topological surface and map the
surface to R?, and 3) Lift this mapping to a smooth
surface in R®, whose projection is the mapping to R”.

3.3. FiberMesh: designing freeform surfaces with 3D
curves: Nealen et al have introduced a system called
FiberMesh [Nealen et al, 2007] which is based on Teddy,
but overcomes some of its limitations. Unlike Teddy. the
user-drawn strokes stay on the model surface and serve
as handles for controlling the geometry. The user can
add, remove, and deform these control curves easily, as
if working with a 2D line drawing. The curves can have
arbitrary topology: they need not be connected to each
other. For a given set of curves, the system automatically
constructs a smooth surface embedding by applying
functional optimization. The system also provides tools
for model deformation such as adding ridges and creases
to the 3D surface, and also cutting, extruding, pulling
and tunnelling the geometry of the model using simple
mouse movements. Figure 3 shows all the operations that
FiberMesh offers to be performed on a mesh.

FiberMesh is a research bred SBM system that can be
utilized for modeling organic models. An advantage of
its interface is that the user does not need to worry about
the topology of the curves. Traditional methods require
the user to cover the entire surface with triangle or quad
regions. In FiberMesh curves need not be connected to
other curves and much fewer curves can represent simple
geometry. It is also important that, instead of providing
individual points as an interface, the interface treats
curves as continuous entities. Its main disadvantage is
that it is not suited for production ready models that can

be modelled with professional modeling packages such
Maya or ZBrush.
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Fig 3: Sketching operations in FiberMesh (from top to bottom):
creation, cut, extrusion and tunnel. (Reproduced from [Nealen
et al, 2007])

3.4. Structured annotations for 2D-fo-3D modeling: In
[Gingold et al. 2009]. Gingold et al have used
generalized cylinder and ellipsoids for modeling of
organic models directly from a single view model. The
authors have used geometric primitives: Generalized
Cylinder, and Ellipsoid to quickly model a simple low-
polygon model. Moreover the authors have provided
annotations to make it easier for the authors to create
plausible character with easy to use tools. The
annotations—same-lengths and angles, alignment, mirror
symmetry, and connection cwurves—allow the user to
communicate higher level semantic information; through
them their system builds a consistent model even in cases
where the original image is inconsistent.. Figure 4 shows
an overview of this approach. One disadvantage of this
system is that it provides a limifed set of tools to the
artist for modeling and only provide two primitives
(cylinder and ellipsoid). Most artists make use of more
primitives to model a human character. One important
primitive used by artists is the box primitive as
demonstrated in tutorial video by the leading comic artist
Stan Lee (www.youtube.com/watch?v=vhJ9CNU723A).
In this tutorial, he tells us how easily one can decompose
a human body into simple primitive geometric forms.
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Fig 4: Modeling process of [Gingold et al. 2009]. The user

places primitives and annotations on an image resulting in a 3D
model. (Reproduced from [Gingold et al. 2009])



3.5.  Automatic  single-view  character model
reconstruction: Buchanan et al [Buchanan et al. 2013]
have demonstrated a system which generates low-
polygon models directly from input character sketches
without any interactivity by the artist. Their algorithm
first computes a skeleton from the image and then draws
cross section curves along the skeleton using a novel
proposed heuristic. The overall benefit of the technique
is to create a complete low-polygon base mesh model
with the single click of a button, however since it doesn’t
provide enough interactivity to the user; this tool is not
suitable for modeling high-resolution character models
with well-defined feature curves. Their approach also
demonstrates a shell-based meshing algorithm that
allows for the ability to change the cross-sectional profile
of the model based upon the type of character and even
the type of limb in the model. Additionally, it contains a
low complexity automatic skeletonization algorithm for
raster images, with an optional user-controlled
complexity parameter. The algorithm converts 2D
outlines to 3D meshes using a heuristic that balances the
skeletal relevancy of the mesh against reduced visual
artefacts, using line style metrics to influence the 3D
style of the generated mesh. By extracting a skeleton
structure, approximating the 3D orientation and
analysing line curvature properties, appropriate centre-
points can be found around which to create cross-
sectional slices and build the final triangle mesh. This
technique can be useful for rapidly generating sub parts
of the human character, such as limbs and torso as these
parts are not very complicated anatomically. Figure 5

shows an overview of the process in [Buchanan et al.
2013].
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Fig 5: Overview of process in [Buchanan et al. 2013].
(Reproduced firom [Buchanan et al. 2013)

3.6. Geosemantic Snapping for Skefch-Based
Modeling: In [Shtof et al, 2013] Shtof et al have
introduced a snapping technique which automatically
reshapes and snaps simple 3D geometric primitives to
2D sketch primitives, then improves the model globally
by inferring geosemantic constraints that link the
different parts. The authors have used non-linear non-
convex optimization techniques (Augmented Lagrangian
Method) to accomplish the task. The system requires the
user to manual place the 3D primitives to their
appropriate places as humans are better at this task than
computers. The computer performs the tedious and
precise alignments and snapping in real-time. The
automatic identification of geosemantic relationships
between the primitives such as co-planarity and
continuity is an attractive feature of this system. The
snapping behaviour of this system can be utilized to
model several complex muscles of the human character

which otherwise can be a tedious task. Figure 6
demonstrates an overview of [Shtof et al, 2013].
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Fig 6: Overview of the process in [Shtof et al, 2013].
(Reproduced from [Shtof et al, 2013])

Single-view sketch based modeling: Andre and Saito
[Andre & Suguru, 2011] have proposed a single view
SBM system which is also based on the sweeping
algorithm (generalized cylinders) but requires the user to
draw two outlines (cross section of the shape and a
closed curve perpendicular to the cross section) and an
optional silhouette. In return the system sweeps the cross
section along the silhouette outline curve. The attractive
feature of this system is that the user draws the shape in
the desired pose and uses a single view. This system is an
important contribution towards SBM as it provides a
very easy interface to the artist where the artist merely
draws the 3D models as if they are drawing on a piece of
paper, as their approach mimics the way most
professional artists draw cartoonish characters.
Unfortunately the models created from this method are
rough and when modeling complex shapes made up of
several sub-shapes, do not mainfain smooth topology
from one sub-shape to another in an organic manner, and
therefore this system alone is not suitable for organic
modeling of characters. Figure 7 demonstrates an
overview of the process of this approach.

Fig 7: Overview of process in [Andre & Suguru, 2011].
(Reproduced from [Andre & Suguru, 2011])

3.7. 3-Sweep: Extracting Editable Objects from a
Single Photo: In [Chen et al, 2013]. the authors have
demonstrated a 3D model reconstruction technique from
single photos, by automatically fitting the boundaries of
generalized cylinder to the boundaries of the subject in
the image. It requires the users to first draw a profile
curve of the generalized cylinder, which are essentially
an ellipse in 3D space. The user then drags the mouse
over the 2D shape and the system renders a generalized
cylinder along the path swept by the mouse/pen and
snaps it to the outline of the 2D shape. The algorithm
contains computing the 2D shape, its projections and ifs



relations to other shapes in the image using energy
minimization methods, thus simulating the cognitive
ability of humans. This system makes the daunting task
of extracting objects simple, and snapping the 3D object
to the 2D image outline. Thus this system comes out to
be an intelligent and useful system for our research topic
of sketch based modeling of realistic character models.
This system is focused towards modeling of objects
made up of pipes and cylinder such as vases, telescopes,
binoculars, pots and other similar solid body mechanical
object, and doesn’t suit organic modeling. This is an
important limitation of this approach.

4. Multi-view systems

Several multi view 3D reconstruction techniques are
available which transform a set of images taken from
different views of a model into a complete 3D model
such as (Lin et al. 2010), and Autodesk 123D catch
(www.123dapp.com/catch).

4.1. 3D modeling with silhouettes: Rivers et al [Rivers
et al, 2010] have proposed a new and simple algorithm
towards computing the silhouette cylinders to compute
the 3D Constructive Solid Geometry (CSG) by
leveraging the special properties of silhouette cylinders.
The main idea behind their approach is that the
silhouettes of the sub-parts of a 2D drawing from two
different views (front and side) can give enough
information to create a 3D model. In their interface, a
user specifies the silhouettes of a part from front, side, or
top views. Once two or more silhouettes have been
specified its 3D shape is automatically constructed.
Although each part is axis-aligned, parts can be rotated
in 3D relative to each other, such that the model as a
whole need not be axis-aligned. The system targets the
modeling of man-made objects, as they typically can be
decomposed into axis-aligned subparts. Organic models
are not well suited to this approach. The algorithm
combines the parts of the 3D shape using Boolean
operations. Figure 8 shows the overview of the process
in [Rivers et al, 2010].

Fig 8: Overview of the process in [Rivers et al, 2010].
(Reproduced from [Rivers et al, 2010])

The algorithm implemented by the authors proceeds in
the following steps: 1) Find the intersection of each
silhouette cylinder ¢ with the plane. 2) Label these
intersection polygons i.. 3) For each silhouette, also find
the intersection of the surface of the silhouette cylinder
with the plane (as opposed to the interior), labelled s,
which is a subset of i.. 4) Apply 2D Boolean operations
to the intersection and surface polygons corresponding to

a set of silhouette cylinders to compute i and c for the
solid resulting from a Boolean operation applied to the
corresponding silhouette cylinders. In general, the
authors have shown that Boolean operations can be
computed for any two solids for which i and s, the
interior and surface polygons, are known for every plane,
to yield the i and s of the resulting solid for each plane,
allowing further operations to be applied to the derived
solid. For smoothing of the 3D models, the authors have
adopted the smoothing algorithm from FiberMesh. This
smoothing operation generates a surface that
approximates the surface minimizing the variation of
Laplacian magnitude
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Fig 9: Modeling using Boolean operations. (Reproduced from
[Rivers et al, 2010])

5. Curve Networks Based Systems

Sketch based modeling systems have benefited
substantially with the 3D space available to the artists to
draw strokes. A curve network as the name suggests is a
network of strokes that the artist draws on a 2D canvas
and they are transformed into 3D curves by underlying
algorithms. In this section we will look into two systems
based heavily on curve networks drawn in 3D space.

5.1. ILoveSketch: Bae et al [Bae et al., 2008] have
developed a robust and feature rich system for 3D
sketching. The salient features behind the design of this
system are:

e Visually smooth complex curves for design
exploration

e Minimal interruption to sketching by GUI and
gestures
Minimal set of gestures with intrinsic affordances
Immediate and easy access to 2D/3D navigation
Dynamic information display to assist 2D/3D
sketching

e Focus on geometric objects rather than UI
components

The basic “feel” of the system borrows from that of a
physical paper sketchbook. This system provides
designers with a virtual sketchbook with tools for smooth
navigation of multiple canvases with interactions such as:
tearing, peeling, panning, zooming, and rotation. The
system also support automatic dynamic rotation of the
virtual sketchbook based on the users’ input strokes to
make further multi-stroke sketching biomechanically
comfortable. However according to the case study



mentioned in the paper, one artist did not find the
automatic dynamic rotation of view convenient and
rather distracting. Figure 9 shows some models created
using [Bae et al. 2008].

Fig 9: Models created using [Bae et al, 2008]. (Reproduced
from [Bae et al, 2008])

The authors have provided five different 3D curve
sketching methods along with the notion of sketchability
— a view dependent scalar measure that helps determine
how good a given viewing angle is for a given 3D curve
sketching method. Sketchability-based automatic 3D
rotation increases a designer’s throughput, by reducing
the need for explicit 3D navigation to find a suitable
view in which to sketch. A minimal gesture set is
provided for command input, and audio feedback is used
to support gesture confirmation. As a whole, these
methods result in a coherent 3D curve sketching
workflow that does not rely on menus, icons, or tool
palettes that could clutter the screen. Thus, as argued by
the authors the user’s focus of attention can stay on the
artwork at all times. One limitation of this system is that
it is not suitable for modeling organic character models
as most of the models demonstrated using this system are
mechanical in nature such as aircrafts, cars, and
spaceships etc.

5.2. JustDrawlt: Similar in spirit with the ILoveSketch
[Bae et al, 2008] system, Grimm & Joshi [Grimm &
Joshi, 2012] have proposed ‘JustDrawlt’. It is a 3D curve
sketching system based on existing and novel techniques.
JustDrawlt provides an interface to the artists to draw 2D
strokes and then the system converts the strokes into 3D
curves. The system support “snapping” together curve
networks and specifying normal in order to create
consistent curves from which surface models can be
generated. Figure 10 shows the modeling process of
JustDrawlt.

Fig 10: Modeling process of [Grimm & Joshi, 2012].
(Reproduced fiom [Grimm & Joshi, 2012])

At the core of this system lies the stroke inference
engine, which infers the stroke, refines it and transform
into curves. The system requires the users to roughly
input some strokes from the input device such as a pen.
Artists when drawing usually draw in a discontinuous
fashion. Back and forth, over-sketched, multi-stroking
and disjoint strokes are common in traditional drawing
practices. The system tolerates these rough user inputs of
strokes and converts the strokes into curves. The user is
able to perform different manipulation operations on the
curves such as (dragging. scaling, rotating, smoothing,
erasing some or all) by clicking on a curve, and selecting
the desired option from the curve menu.
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Fig 11: Stroke joined into curves and stroke refinement [Grimm
& Joshi, 2012]. (Reproduced fiom [Grimm & Joshi, 2012])

After the user has drawn a few curves, he/she can
proceed towards adding depth (in 3D) to the curve by
dragging the curve in the view direction (z-axis).

In contrast with TLoveSketch, this system does not use
epipolar constraints [KHR04, BBS08] to specify depth
values along non-planar curves. Instead, but treats the
problem as one of oversketching [CMZ+99]. It is very
difficult for a user to envision what a curve would look
like from two different views, so instead this system
always create a 3D curve. The user can then change the
view and oversketch or continue that curve from the new
view. The authors have used a novel depth interpolation
and extrapolation technique to make the new stroke
consistent (in depth) with the existing curve. For 3D
surface creation the system provides visualization and
interface support for automatically and semi-
automatically snapping curves together and orienting



them. In particular, a novel ribbon rendering method is
used, which makes visualizing and editing the curve
orientation (which direction is “out™) easier.

JustDrawlt benefits from its 2D drawing interface which
is easy and intuitive for the artists to learn, however its
main disadvantage is in its 3D cwrve drawing aspect,
which has a steep learning curve. Also the artists have
also stated that they have not performed a formal user
study and only tested the system with four experienced
users and allowed them to experiment with it.

6. Data Driven Systems

Researchers have proposed several novel morphing
techniques and found them to be attractive techniques
towards generating 3D models from several posed
models in a database, and 2D images. These systems are
essentially 3D search engines making heavy use of 3D
and 2D shape databases to guide the user towards
modeling plausible 3D models. These systems employ
2D and 3D shape descriptors to retrieve parts of the
models from databases as well as complete models.
Several good surveys exist that give an excellent
overview of state-of-art shape descriptors such as [2],
[Zhang & Lu, 2004]. [Zhang et al, 2007], [Yang et al,
2007], and [Kazmi et al, 2013]. In this section we will
discuss a recent and powerful SBM systems based on 3D
search engines.

6.1. BoF+GALIF: Eitz et al [Eitz et al, 2012] have
developed a 3D search engine which utilizes existing and
novel algorithms in its pipeline. This system accepts a
rough user sketch as input and matches the sketch with
several sketched renderings of the 3D model present in
the database. A 3D model in the database is first subject
to different camera view captures. Then each view is
rendered as a line drawing using Suggestive Contours
algorithm introduced in [DeCarlo et al. 2003]. Then a
shape descriptor is computed using all line drawings
using Gabor Filters algorithm. A visual vocabulary is
developed from all the models in the databases using the
Bag-of-Features approach. The input sketch is also
subject of Gabor Filters and then the feature vector is
matched with the visual vocabulary to find the closest
matches.

Fig 12: Suggestive contours algorithm applied to the David
statue 3D model [DeCarlo et al, 2003]. (Reproduced from
[DeCarlo et al, 2003])

6.3. A Data-Driven Approach fto Realistic Shape
Morphing: This is a data-driven approach that aims at
computing morphed models by using models already
present in the database. The models in the database are
clustered to form local shape spaces. To find the
closeness between the pairs of models in the clusters, a
simple distance metric is used. The morphing problem is
then solved by solving a global optimization problem of
finding a minimal distance path within the local shape
spaces. For producing the final models, an extended as
rigid as possible interpolation is used. The authors have
casted the morphing problem as a global optimization
problem of finding a shortest path from the source to the
target with intermediate models from the local shape
spaces using the distance measure.

7. Morphing based systems

7.1. Modeling from Contour Drawings: In this approach
by [Kraevoy et al, 2009]. a contour drawing is used as an
input drawing and a correspondence is found between the
given drawing and a template model to produce the final
model. To produce the final morphed model. an
optimization problem is solved using Hidden Markov
Model to find the optimal correspondence between a
sequence of 2D stroke points and 3D template vertices.
The second contribution of the authors is that they have
develop an iterative correspond and deform framework
which is key to making this sketch based modeling work.
The input drawing is represented as a sequence of points
with associated outward pointed normals. The task of
finding a correspondence between a sequence of 3D
vertices for every sketched contour stroke, i.e. finding a
continuous sequence of vertices that best match with the
continuous sketched contours. This calls for solving an
optimization problem because the aim here is to
minimize the transition costs when the distances travelled
along the drawn contour and between 3D vertices are
equal. To solve this optimization problem, the authors
have used the Hidden Markov Model and Viterbi
algorithm (dynamic programming solution).



For the HMM, the points are treated as a set of
observation states, while the 3D vertices to be inferred
are treated as a set of hidden states. HMM requires
emission probabilities and transition probabilities. These
are solved using the formulas given in the paper. The
deformation of the template model to match the sketched
contours is performed iteratively using mean value
encoding.

Figure 13: Overview of morphing process of [Kraevoy et al,
2009). (Reproduced from [Kraevoy ef al, 2009])

One of the limitations with the proposed technique is the
use of HMM technique to solve the optimization
problem, which is slow to compute and can take up to 1
to 2 minutes to find the optimal correspondence.

7.2. What Shape are Dolphins? Building Morphable
models from 2D images: In this approach from Cashman
et al [Cashman et al, 2013], the authors have used several
images and a template model as inputs, fo compute a
morphable model. Given a set of images, the approach
first extracts the silhouette of the image and the
silhouette is sampled with discrete points and associate
normal with these normal. Each image is also
accompanied with user specified point constraints, which
help to direct the optimization into the correct energy
well. Each image is also associated with camera
projection parameters to represent each image to lie in
the xy plane facing the z-axis. With this setup, the
authors have proposed an optimization algorithm, and
the formulation of an objective function / energy
function. The optimization algorithms match the image
silhouette with the template model.

7.3. Human shape correspondence with automafically
predicted: landmarks In (Wuhrer et al. 2012), the authors
have proposed a new approach for finding the
correspondence between two 3D models in a database by
automatically predicting the landmarks. The approach is
composed of 3 main steps 1) Predicting landmarks, 2)
Finding point-to-point  correspondence, and 3)
Evaluating the accuracy of the comrespondence between
the 3D models. At the core of this approach is the use a
human body database CEASAR. This database is
composed of thousands of scanned high resolution and
realistic human models. For the prediction of landmarks,
the authors have used a modified version of the
algorithm proposed by Azouz et al in (Azouz et al.
2006). This algorithm identifies 73 landmarks on the

human body by learning from a pairwise Markov
Network. The actual correspondence between a template
model and a scanned model is found by using a 2 step
alignment process. Firstly the authors have utilized
Radial Basis Functions (RBF) and secondly their
approach deforms the template model using a non-linear
optimization algorithm based on Broyden-Fletcher-
Goldfarb-Shanno quasi-Newton approach (Liu &
Nocedal. 1989) to solve the optimization problem. The
final step of the approach is ‘Evaluation’, in which the
accuracy of the proposed approach is conducted over a
large database of 500 human body scans. The accuracy is
found using 3 measures: compactness, generalization,
and specificity. The authors used a modified version of
the landmarks prediction algorithm by compromising
some amount of accuracy but gaining some amount of
speed in computation. Loss of accuracy is one
disadvantage the authors have mentioned in paper. One
of the advantages of Radial Basis Function is that it is
easy to compute and implement as it is a Neural Network
that can be solved using simple linear algebra
computations.

Conclusion

3D modeling has a very long way to cover to match the
convenience of drawing on paper and expressing
imagination on paper. Interpreting different contour lines
in a sketch by a machine is one of toughest problems in
SBM. Same can be said for generating realistic 3D
characters from 2D sketches. Curve network system can
be a promising future for SBM as they provide a
paradigm and interface for 3D sketching, which in nature
shares a similar experience with 2D sketching on paper.

In this survey paper we investigated state of the art
techniques in Sketch Based Modeling and pointed out
their advantages and disadvantages and also classified
these techniques into several categories.

Acknowledgement

This research is supported by the grant of 2013 UK
Royal Society International Exchanges Scheme (Grant
no. IE131367).

References
[Maya] Autodesk Inc., Maya (www.autodesk.com/maya)
[Zbrush] Pixologic Inc., Zbrush (www.pixologic.com)

[Mudbox] Autodesk Inc., Mudbox (www.autodesk.com/
mudbox)

[SketchUp] Google Inc., SketchUp (www.sketchup.com)
[Canny 1986] Canny, J. (1986). A computational approach to
edge detection. Pattern Analysis and Machine Intelligence,
IEEE Transactions on, (6), 679-698.

[Schmidt et al. 2009] Schmidt, Ryan, Azam Khan, Karan



Singh, and Gord Kurtenbach. "Analytic drawing of 3D
scaffolds." In ACM Transactions on Graphics (TOG), vol. 28,
10. 5, p. 149. ACM, 2009.

[Rivers et al, 2010] Rivers, Alec, Frédo Durand, and Takeo
Igarashi. 3D modeling with silhouettes. Vol. 29, no. 4. ACM,
2010.

[Igarashi et al, 2007] Igarashi, Takeo, Satoshi Matsuoka, and
Hidehiko Tanaka. "Teddy: a sketching interface for 3D
freeform design." In ACM SIGGRAPH 2007 courses, p. 21.
ACM, 2007.

[Nealen et al, 2007] Nealen, Andrew, Takeo Igarashi, Olga
Sorkine, and Marc Alexa. "FiberMesh: designing freeform
surfaces with 3D curves." ACM Transactions on Graphics
(TOG) 26, no. 3 (2007): 41.

[Gingold et al. 2009] Gingold, Yotam, Takeo Igarashi, and
Denis Zorin. "Structured annotations for 2D-to-3D modeling."
In ACM Transactions on Graphics (TOG), vol. 28, no. 5, p.
148. ACM, 20009.

[Buchanan et al, 2013] Buchanan, Philip, R. Mukundan, and
Michael Doggett. "Automatic single-view character model
reconstruction.” In Proceedings of the International Symposium
on Sketch-Based Interfaces and Modeling, pp. 5-14. ACM,
2013.

[Prasad 1997] L. Prasad. Morphological analysis of shapes.
CNLS Newsletter, 139: 1-18, July 1997.

[Karpenko & Hughes, 2006] Karpenko, Olga A.. and John F.
Hughes. "SmoothSketch: 3D free-form shapes from complex
sketches." In ACM Transactions on Graphics (TOG), vol. 25,
1no. 3, pp. 589-598. ACM., 2006.

[Grimm & Joshi, 2012] Grimm, Cindy, and Pushkar Joshi.
"Just Draw it! a 3D Sketching System." In 9th Eurographics
symposium on sketch-based interfaces and modeling, pp. 1-14.
2012.

[Bae et al. 2008] Bae, Seok-Hyung, Ravin Balakrishnan, and
Karan Singh. "TLoveSketch: as-natural-as-possible sketching
system for creating 3d curve models." In Proceedings of the
21st annual ACM symposium on User interface software and
technology, pp. 151-160. ACM, 2008.

[Olsen et al, 2009] Olsen, Luke, Faramarz F. Samavati, Mario
Costa Sousa, and Joaquim A. Jorge. "Sketch-based modeling:
A survey." Computers & Graphics 33, no. 1 (2009): 85-103.

[Nam et al, 2012] Nam, Sanghun, and Youngho Chai.
"SPACESKETCH: Shape modeling with 3D meshes and
control curves in stereoscopic environments." Computers &
Graphics 36, no. 5 (2012): 526-533.

[Zhang & Lu, 2004] D. Zhang and G. Lu, “Review of shape
representation  and  description  techniques,”  Pattern
Recognition, vol. 37, no. 1, pp. 1-19. Jan. 2004.

[Zhang et al, 2007] L. Zhang, M. Fonseca, and A. Ferreira,
“Survey on 3D shape descriptors,” 2007.

[Yang et al, 2007] Y. Yang, H. Lin, and Y. Zhang, “Content-
Based 3-D Model Retrieval: A Survey,” IEEE Transactions on
Systems, Man and Cybernetics, Part C (Applications and

Reviews), vol. 37, no. 6. pp. 1081-1098, Nov. 2007.

[Kazmi et al, 2013] Kazmi, Ismail Khalid, Lihua You, and Jian
Jun Zhang. "A Swrvey of 2D and 3D Shape Descriptors.” In
Computer Graphics, Imaging and Visualization (CGIV), 2013
10th International Conference, pp. 1-10. IEEE, 2013.

[Eitz et al. 2012] FEitz, Mathias, Ronald Richter, Tamy
Boubekeur. Kristian Hildebrand, and Marc Alexa. "Sketch-
based shape retrieval." ACM Trans. Graph. 31, no. 4 (2012):
31.

[DeCarlo et al, 2003] DeCarlo, Doug, Adam Finkelstein,
Szymon Rusinkiewicz, and Anthony Santella. "Suggestive
contours for conveying shape." In ACM Transactions on
Graphics (TOG), vol. 22, no. 3, pp. 848-855. ACM, 2003.

[Kraevoy et al, 2009] Kraevoy, Vladislav, Alla Sheffer. and
Michiel van de Panne. "Modeling from contour drawings." In
Proceedings of the 6th Eurographics Symposium on Sketch-
Based interfaces and Modeling, pp. 37-44. ACM, 2009.

[Cashman et al, 2013] Cashman, Thomas J., and Andrew W.
Fitzgibbon. "What shape are dolphins? Building 3D morphable
models from 2D images." Pattern Analysis and Machine
Intelligence, IEEE Transactions on 35, no. 1 (2013): 232-244.

[Cole et al, 2008] Cole, Forrester, Aleksey Golovinskiy, Alex
Limpaecher, Heather Stoddart Barros., Adam Finkelstein,
Thomas Funkhouser., and Szymon Rusinkiewicz. "Where do
people draw lines?." In ACM Transactions on Graphics (TOG),
vol. 27, no. 3, p. 88. ACM, 2008.

[Cook & Arvin, 2009] Cook, Matthew T., and Arvin Agah. "A
survey of sketch-based 3-D modeling techniques." Interacting
with Computers 21, no. 3 (2009): 201-211.

[Funkhouser et al, 2003] Funkhouser, Thomas, Patrick Min,
Michael Kazhdan, Joyce Chen, Alex Halderman, David
Dobkin, and David Jacobs. "A search engine for 3D models.”
ACM Transactions on Graphics (TOG) 22, no. 1 (2003): 83-
105.

[Allen et al, 2003] Allen, Brett, Brian Curless, and Zoran
Popovic. "The space of human body shapes: reconstruction and
parameterization from range scans." In ACM Transactions on
Graphics (TOG), vol. 22, no. 3, pp. 587-594. ACM, 2003.

[Chen et al, 2013] Chen, Tao, Zhe Zhu, Ariel Shamir, Shi-Min
Hu, and Daniel Cohen-Or. "3-Sweep: exfracting editable
objects from a single photo." ACM Transactions on Graphics
(TOG) 32, no. 6 (2013): 195.

[Wuhrer et al. 2012] Wuhrer, Stefanie, Pengcheng Xi. and
Chang Shu. "Human shape correspondence with automatically
predicted landmarks." Machine Vision and Applications 23, no.
4 (2012): 821-830.

[Shtof et al, 2013] Shtof, Alex, Alexander Agathos, Yotam
Gingold, Ariel Shamir, and Daniel Cohen-Or. "Geosemantic
Snapping for Sketch-Based Modeling." In Computer Graphics
Forum, vol. 32, no. 2pt2, pp. 245-253. Blackwell Publishing
Ltd, 2013.

[Andre & Suguru, 2011] Andre, Alexis, and Suguru Saito.
"Single-view sketch based modeling." In Proceedings of the
Eighth Eurographics Symposium on Sketch-Based Interfaces



and Modeling, pp. 133-140. ACM, 2011.

[Zhang et al, 2005] Zhang, Juan, K. Siddiqi, D. Macrini, A.
Shokoufandeh, and S. Dickinson. "Retrieving articulated 3-d
models using medial surfaces and their graph spectra,” In
Energy minimization methods in computer vision and pattern
recognition, pp. 285-300. Springer Berlin Heidelberg, 2005.

[Chen et al, 2003] D.-Y. Chen, X.-P. Tian, Y.-T. Shen, and
M. Ouhyoung, “On Visual Similarity Based 3D Model
Retrieval,” Computer Graphics Forum, vol. 22, no. 3, pp. 223—
232, Sep. 2003

[Williams & Allen, 1996] Williams, Lance R., and Allen R.
Hanson. "Perceptual completion of occluded surfaces."
Computer Vision and Image Understanding 64, no. 1 (1996): 1-
20.




<<
  /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 /Error
  /CompatibilityLevel 1.7
  /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 true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /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
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /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
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


