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Abstract

Contour Completion plays an important role in visual
perception, where the goal is to group fragmented low-level
edge elements into perceptually coherent and salient con-
tours. This process is often considered as guided by some
middle-level Gestalt principles. Most existing methods for
contour completion have focused on utilizing rather local
Gestalt laws such as good-continuity and proximity. In
contrast, much fewer methods have addressed the global
contour closure effect, despite that many psychological ev-
idences have shown the usefulness of closure in perceptual
grouping.

This paper proposes a novel higher-order CRF model to
address the contour closure effect, through local connect-
edness approximation. This leads to a simplified problem
structure, where the higher-order inference can be formu-
lated as an integer linear program (ILP) and solved by an
efficient cutting-plane variant. Tested on the BSDS bench-
mark, our method achieves a comparable precision-recall
performance, a superior contour grouping ability (mea-
sured by Rand index), and more visually pleasing results,
compared with existing methods.

1. Introduction

Extracting perceptually-salient contours from images is
a fundamentally important task for vision systems [16].
While much progress has been made recently, it remains
a challenging task to automatically extract image contours
with a computer such that the obtained results are consis-
tent with human perception [2]. On the other hand, human
vision system seems to be able to extract salient image con-
tours effortlessly.

It is well recognized that human vision system has made
substantial use of some mid-level perceptual grouping rules
(known as Gestalt principles), such as “proximity”, “good
continuity” and “closure” etc., during contour grouping. A
particular challenge in using Gestalt principles is how to ef-
fectively enforce these by-and-large non-local interactions
in a coherent framework and to generate contours as human

Figure 1. The goal of this paper is to extract perceptually-salient
and closed contours from an image. Left: result of the contour-
cut algorithm [10]. Right: this paper’s result.

perceives.
Many computational models for contour completion

have been proposed in the past decades, for example,[6, 8,
7, 13, 24, 10], to cite but a few. Most of the existing meth-
ods, however, only utilize a very small subset of the Gestalt
rules, and primarily the good-continuation and proximity
rules since they involve mostly relatively-local interactions.
In contrast, fewer work have elaborated on the global effect
of contour-closure.

The closure effect has been observed by numerous psy-
chological studies (see [16] and references therein), that
have confirmed the usefulness and importance of the clo-
sure effect in perceptual organization. Kovacs and Julesz
once claimed [12]: “a closed curve is much more than an
incomplete one”. Our work is aimed at addressing the close
effect. In particular, we notice that, most existing methods
(for computer contour completion) either produce isolated
or disconnected curve segments, or fail to handle cases of
occlusion (e.g. [13]). While some other methods do empha-
size the closure effect, they often do so at individual contour
level ([23]). Unlike the relatively-local Gestalt principles,
the closure principle is “more global”, making it not an easy
task to enforce such condition.

In this paper, we propose a new higher-order Conditional
Random Field (CRF) model for solving the contour group-
ing problem, based on a novel representation of image con-
tours and their interactions. To approximate the closure ef-
fect, we introduce a set of contour connectedness condition,
represented as some hard inequality constraints, in addition
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to a set of soft constraints capturing good-continuity and
proximity etc. represented as potential energy terms.

Although our CRF model relies on higher-order cliques,
it however does not suffer from solving otherwise a gen-
erally NP-hard inference task. By carefully exploiting the
special connectedness constraints that we propose, we have
simplified the overall structure of the higher-order poten-
tial function, reducing it to linear order subjecting to glob-
al constraints, which consequently enables us to formulate
the CRF inference as an ILP (integer linear programming)
problem which can be solved rather efficiently.

We have tested our method on both synthetic data and
real images. Experiments show that it can extract multi-
ple connected contours without loose end. On BSDS300
benchmark [14], our model achieves higher performance
than previous CRF-based models, showing that the pro-
posed method is able to complete local edges without sac-
rificing the accuracy. Moreover, the extracted contours are
not only connected, but also clean and visually pleasing,
perhaps suggesting that the results close to human’s percep-
tion.

1.1. Related work

Learning-based methods have been used recently for
low-level image edge detection, which achieve improved
accuracy, and are getting closer to human’s perception
(e.g. [14, 17, 11]). Based on these local detectors, some
mid-level contour grouping models have been proposed
to improve the detection precision [25, 10, 2]. Howev-
er, the contour topology is either overlooked or left to
post-processing by these models. On the other hand,
important attempts have been made to exploit the Gestalt
grouping principles and to ensure the contour closure, e.g.
[6, 13, 23, 24, 20]. However, their contour models are often
coded for isolated curves, and not very suitable for cases
with occlusion. Some of them do handle multiple contours,
but via an iterative procedure in a greedy way(e.g. [13]). In
paper [1], contour closedness is explicitly enforced in the
domain of edgelets as the boundary of small regions (i.e.
superpixels). However, our model is purely contour-based,
an we deliberately avoid to use any region segmentation
information such as used by the GPb or GPb-owt-ucm [2].
There are other methods prefer closed contours to open
ones, e.g. [19] and [11], but they do so in a “soft” way, by
e.g. introducing penalty to open curves whenever found.
In contrast, our model allows a joint optimization over all
contours simultaneously, subject to hard connectedness
constraints.

This paper is organized as follows. In the next section
(i.e. Section-2) we describe how to construct our new CRF
model, and how to use it to represent multiple image con-
tours. Section-3 explains the CRF’s potential function de-

L-Junction T-Junction

Figure 2. Top left: The original image overlayed with its thresh-
olded Pb edges. Top right:The proposed T-junction completion
edgelets shown in green, and the observed Pb gradient edgelets
shown in blue. Bottom left:The proposed L-junction completion
edgelets are shown in red. Bottom right: Zoomed-in view of the
completion edgelets: L-junction(left) and T-junction(right). Best
viewed in color.

sign. Section-4 is devoted to the proposed inference algo-
rithm. The final two sections are experiments and conclu-
sion.

2. Modeling multiple contours

To facilitate contour completion, we need to design a
proper representation that allows mid-, and long-range in-
teractions among local edge elements. For this purpose, we
first construct a graph of boundary segments based on the
output of local boundary detector, such as the Pb detector
in [14]. On this graph, we then propose a higher-order CRF
that integrates local evidences with global constraints based
on the Gestalt properties of contours at a scene level.

2.1. Boundary segment graph

Our graph is built in two stages. We first form a set
of short boundary segments using Pb detector followed by
a line fitting process, as done in [19]. We refer to those
line segments as the gradient edgelets or G-edgelet in short.
Normally, there are many gaps among the G-edgelets, due
to occlusions and miss-detections. So at the second stage,
we introduce two new types of virtual completion edgelets
(or C-edgelet in short) aiming to fill in the gaps and hence
complete the contour.

In more details, we first shorten each gradient edgelet by
several pixels at its two endpoints such that it does not touch
other gradient edgelets. The first type of C-edgelets, called
as the L-junction edgelet, is proposed to link two neighbor-
ing gradient edgelets accounting for the good-continuation
principle. The second type of C-edgelets, called as the T-
junction edgelets, is used to capture the occlusion relation-
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ship between contours. A T-junction edgelet is placed be-
tween an endpoint of a gradient edgelet and another gradi-
ent edgelet if the extension of the former intersects the latter
without crossing other gradient edgelets. See Figure-2 for
an illustration of gradient and completion edgelets. For con-
sistency, we treat image borders as gradient edgelets.

To build a graph of boundary segments, we view each
edgelet as a graph node (i.e. graph vertex). We use the same
connectivity as we propose the completion edgelets. Note
that in our graph the neighboring C-edgelet and G-edgelet
always appear alternatingly. Compared with the CDT (Con-
strained Delaunay Triangulation) graph proposed in [19],
our graph model accepts higher order of connectivity, and
it also explicitly encodes richer types of junction relations
(such as occluding/occluded) among contours. Moreover,
we have experimentally confirmed that the proposed graph
is able to recall 95% of the ground-truth boundaries on the
BSDS300 dataset.

2.2. A higher-order CRF for contours

Based on the graph of boundary segments in Section 2.1,
we build a CRF model to capture both local properties of
individual contours, and the global interactions between
neighboring contours. In particular, our model is focused
on four aspects of contour properties, including 1) local im-
age contrast; 2) smoothness and good continuity; 3) contour
closure, and 4) overall model-complexity.

We formulate our model mathematically as follows. Let
an image I have a boundary segment graph G = (V,E)
with edgelets as its node set V . We associate a binary
label variable with each edgelet, and denote the label of
the entire image as Y = {yi ∈ {0, 1}, ∀i ∈ V }. The
edgelet variables are divided into two sets: the gradient
edgelets Yg = {yi, i ∈ Vg} and the completion edgelets
Yc = {yi, i ∈ Vc}. When we need to differentiate two
types of completion edges, we use V l

c and V t
c to denote

the sets of L-junction edgelets and T-junction edgelets,
respectively. Each edgelet is connected to neighboring
edgelets at the vicinity of its two endpoints. To capture the
“good continuity” and “closure” rules, we need to consider
both near-range and longer-range interactions between
the edgelets, by introducing the following three types of
cliques in the graph:

1. For every connected edgelet pair, we have a “pairwise
clique”, and denote the set of pairwise cliques as CP ;

2. We assign every completion edgelet (no matter it is L-
type or T-type) a triple-node clique that includes itself
and two neighboring gradient edgelets, and this type of
clique is called “junction clique”, and the entire set of
such junction-cliques is denoted as CJ ;

3. At an endpoint of a given gradient edgelet, all

Junction 
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Complexity  
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Data potential 

Closure/Junction 
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,i gy i V∈
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Figure 3. The factor graph representation of our CRF model. The
circle node represents represent the variables in the model and the
squares are potential functions (i.e. factors). The gradient edgelets
are shown in blue and the completion edgelets are in red or green.
Some connections are not shown for clarity and see text for details.

the edgelets connecting to this endpoint induce a
higher-order clique, and we refer to the set of such
higher-order cliques as CH .

Our CRF defines a joint distribution of the labels Y giv-
en the input observation X, denoted as PY|X for short,
which includes four types of potential functions,

PY|X =
1

ZX
exp

{
−
( ∑

i∈Vg

φD
(
yi,x

d
i

)
+

∑
q∈CJ

ψJ (Yq,Xq)

+
∑

q∈CP∪CH

ψΓ (Yq) +
∑
i∈Vc

ψM (yi,x
m
i )

)}
,

(1)

where ZX is the partition function, and the potential
functions φD (data term), ψJ (junction term), ψΓ (glob-
al closure/connectedness effect term) and ψM (model-
complexity term) are used to describe different aspects of
desirable contour properties. We use Yq to represent the la-
bel variables associated with clique q. A factor graph rep-
resentation of the CRF model is shown in Figure 3.

3. Design of potential functions

3.1. Unary data term φD

The unary potential φD
(
yi,x

d
i

)
computes the likelihood

score that the ith edgelet lies on a contour based on the out-
put of local Pb detector. The data term is defined as a linear
function of a boundary feature vector xd

i :

φD
(
yi,x

d
i

)
= αwT

d x
d
i yi, (2)

where wd is the weight for image features and α is an
overall weight for the data term. In this work, we uses the
lengths of edgelet li, the logarithm of the average Pb value
of edgelet Pbi, and their product as input features.
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image features description

Xl
q(1) li effective distance(smooth)

Xl
q(2) l̃i effective distance (corner)

Xl
q(3) ai(θi,j + θi,k)

2 angular completion
Xl

q(4) bi(θi,j − θi,k)
2 angular completion

Xt
q(1) li effective distance

Xt
q(2) li/lj relative distance

Xt
q(3)

min(lak,l
b
k)

lak+lbk
intersection position

Xt
q(4) (θi,k − π/2)

2 intersection angle
xd
i (1) li length of edgelets

xd
i (2) log(Pbi) average log(Pb) response

xd
i (3) li log(Pbi) sum of log(Pb) response

Table 1. Summary of image features used in the junction potential
functions (c.f. Fig-4). For completeness, we also include the unary
data term features xd

i .

jy iy
ky

,i jθ ,i kθil
il�

iy

jy

kya
kl

b
kl

,i kθ
il

jl

↓ →
→

↙

Figure 4. Two types of completion edgelet. Left: an L-junction
edgelet and its image feature description; Right: a T-junction
edgelet and its image feature description.

3.2. Junction potential ψJ

For every completion edgelet yi, i ∈ Vc and the asso-
ciated triple-node clique q ∈ CJ , we define a junction
potential ψJ(Yq,Xq) to encode the continuity property.
For L-junctions, we design an L-potential to impose the
principle of good-continuation; For the T-junctions, we de-
sign a T-potential to express the likelihood of the occlud-
ing/occluded relationships. For both cases, we define an
image-dependent triplet potential function involving both of
the central completion edgelet yi and its two direct neigh-
bors {yj , yk}, as shown below (and in fig-4):

ψJ (Yq,Xq) = ψJ(yi, yj, yk,Xq) = wT
JXqyiyjyk, (3)

where wJ is the weighting coefficient for the correspond-
ing junction feature vector Xq which is extracted from the
neighborhood of clique q. Note that this potential assigns a
score of wT

JXq to the case that the whole triplet is on, and
0 otherwise.

The set of image feature vectors that we are using in this
work is summarized in Table-1 (for notation please refer to
Figure-4). For L-junction case, we denote the features by
Xl

q, and for T-junction case we use Xt
q. This special design

is inspired by [21].

3.3. Contour closure potential ψΓ

The contour closure effect is important to visual percep-
tion, but is also difficult to capture by local potential func-

Figure 5. Examples of valid/invalid configurations w.r.t. the con-
tour closure potential. Blue:Gradient edge; Red/Green: Comple-
tion edge. Left: A valid configuration satisfies the closure poten-
tial. Middle: A configuration that violates the completion con-
straint (i.e. Eq-(4)). Right: A configuration that violates the ex-
tension constraint (i.e. Eq-(5) ).

tions. In this paper we approximate the global closure ef-
fect by a sequence of (relatively local) connectedness con-
straints. At an endpoint of an edgelet we can identify two
types of such connectedness constraints, each of them is for-
mulated as a set of linear inequalities given follows:
(1) Completion Constraint ensures that no completion
edgelet can turn on without its neighboring gradient edgelet
being on. That is, at either endpoint of a completion edgelet
yi, i ∈ Vc, its neighboring gradient edgelet yj , j ∈ Vg
should satisfy the inequality,

yi ≤ yj , ∀i ∈ Vc, j ∈ Vg, (i, j) ∈ CP . (4)

(2) Extension Constraint ensures that if a gradient edgelet
is on, then at least one of its neighboring completion edgelet
should be on so that it can be extended. Formally, at either
endpoint of a gradient edgelet yj , j ∈ Vg , all the edgelets
incident to that endpoint, which forms a clique q ∈ CH ,
should satisfy the inequality,

yj ≤
∑

i∈q∩Vc

yi, ∀j ∈ Vg, q ∈ CH (5)

Figure-5 illustrates some configurations that either sat-
isfies all the above constraints, or violates one of the con-
straints. Together, inequality-4 and -5 ensure the connect-
edness of contours, and hence in the solution space, no con-
tour will be extracted with loose end.

We collectively represent all the connected-
ness constraints by the contour-closure potential as∑

q∈CP∪CH ψΓ(Yq) =

M(
∑

(i,j)∈CP

i∈Vc,j∈Vg

(1− yj)yi +
∑

q∈CH

j∈Vg

yj
∏

i∈q∩Vc

(1− yi)),

where M is a very big positive number (i.e. the big-M trick).
Note that ψΓ(Yq) = 0, if and only if the corresponding
inequality is satisfied.
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3.4. Model complexity potential ψM

In natural images, image contours often have multiple
levels of details, depending on the scale at which a scene is
perceived. To reflect this, we introduce a fourth-type poten-
tial function, which can be viewed as adding a preference
towards reducing the total effective length of the comple-
tion edgelets, hence controls the overall model complexity:

ψM (yi,x
m
i ) = τwT

mxm
i yi, (6)

where xm
i is a feature representing the effective length of

completion edgelet yi, wm the (negative valued) weighting
coefficients, and τ is a user-specified global scalar control-
ling the overall model complexity. Details will be given
in the following sections. Note that this term is simply a
weighted “label cost” used in [5], which is a global higher-
order term.

3.5. Energy function simplification

After combining the four potential functions together, we
obtain a (very) higher-order CRF model. To directly solve
(i.e. inference) on this higher-order CRF is very difficult.
First of all, unlike previous CRF models, our graph con-
struction allows much larger sized cliques to form. There-
fore, it is non-trivial to apply message-passing algorithm-
s, such as Loopy BP, to the problem. Secondly, it is easy
to prove that the higher-order inequality constraints in ψΓ

makes the whole energy function non-submodular under
very mind conditions (a detailed proof can be found in the
author’s website). This non-submodularity property of our
energy function, joint with the higher-order potential terms,
makes it very difficult to apply graph-cut based [4] or QP-
BO method [9] to the inference.

Fortunately, due to the speciality of our potential func-
tions, especially noting that the yi in are 0-1 boolean vari-
ables, we realize that when Eq. (4) is true, then the cubic-
term triplet junction potential in Eq. (3) can be reduced to
linear terms, i.e.:

wT
JXqyiyjyk = wT

JXqyi, ∀i ∈ (q ∩ Vc), q ∈ CJ .
(7)

This reduction is significant, as it greatly simplifies our en-
ergy function. Now, except for the higher-order terms of
ψΓ, all the other terms are reduced to be unary and linear.
Moreover, even the higher-order terms ψΓ are in linear for-
m, because they are nothing but the linear inequalities in
Eq. (4) and -(5).

In summary, the inference problem become solving the
following integer linear program (ILP), subject to a set of
linear constraints:

min
Y

α
∑
i∈Vg

wT
d x

d
i yi +

∑
q∈CJ ,

i∈(q∩Vc)

wT
JXqyi + τ

∑
i∈Vc

wT
mxm

i yi

s.t. ψΓ (Yq) = 0, ∀q ∈ CP ∪ CH . (8)

4. Inference

We compute the MAP estimate of the model distribu-
tion to infer the surface contours in an image. Formally, we
search the optimal configuration of boundary edgelets by
solving the above ILP problem.

While there exist many general-purpose off-the-shelf
ILP solvers, such as that based on branch-and-bound, they
are incapable to handle large-scale problems such as our
case (where there typically have thousands of variables and
closure constraints to be solved). We therefore propose a
tailored optimization approach, which combines the ideas
of cutting-plane method and coordinate-descent.

Our inference algorithm goes as follows. We firstly solve
a linear relaxation of the original integer program. Usually,
after each round some variables have fractional values and
we sequentially add more constraints such that those frac-
tional variables have to be 0 or 1. Unlike the convention-
al cutting-plane method, we directly add the integral con-
straint to a small subset of fractional variables instead of
searching for a cut. In particular, we randomly select Nmax

fractional variables, and add their integer constraints into E-
q. (8). Then we solve a mixed integer linear programming
(MILP) that generates integer solutions to the selected sub-
set of fractional variables. Once a solution to the MILP is
found, we fix the values of the selected subset of variables
and search an optimal configuration for the remaining vari-
ables iteratively in a similar way.

It can be verified that the above procedure always con-
verges, in finite number of iterations, to a feasible solution
to the Eq.-(8). On the BSDS300 dataset, our algorithm of-
ten converged in no more than 10 iterations.

5. Experiments

Implementation Details. We have implemented the pro-
posed contour completion model (specifically, the ILP
based inference on our CRF) in Matlab, and tested it both
on synthetic images and on the BSDS300 image sets. The
parameters used in the inference, i.e. wd,wJ ,wm (cf. Eq-
(8)), are pre-learned by the logistic regression with piece-
wise learning strategy [22], based on a small subset of la-
beled BSDS300 ground-truth boundaries. Cross-validation
is used to choose the global parameter α in the unary ter-
m (Eq-(8)). For the L-junction potential, we estimate ai, bi
(in table-1) based on local features including the relative ef-
fective distance and the combined length of two gradient
edgelets.

5.1. Tests on synthetic images

In order to validate our contour completion model, we
test it on a number of purposely designed synthetic images.
These images are commonly used in cognitive vision.
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Figure 6. Top row: three synthetic test images (from left to right:
occlusion, clutter, closure effect). Bottom row: Our results. The
lines in blue indicate the “on” gradient-edges (G-edge); The lines
in red indicate the “on” L-junction edges (L-edge), and the lines
in green indicate the “on” T-junction edges (T-edge).

Figure-6 shows some examples where our method per-
forms nearly perfectly, extracting multiple closed contours
regardless of occlusion (1st image), clutter (2nd image),
and prefers closed contours (3rd image), just as we expec-
t. In this figure, we give the raw output of our method,
where different colors are used to indicate different type of
edges: blue stands for gradient edge (G-edge); red stand-
s for L-junction edge (L-edge); green stands for T-junction
edge (T-edge). Note that the third image is often used for
demonstrating Kanizsa’s visual illusion contours. Our mod-
el shows an evident preference over closed contours which
is similar to human’s perception. The L-junction edgelets
in-between are turned “on” because they lead to lower cost
to the energy function.

5.2. Tests on natural images

Example results. We test our model on BSDS300, and al-
so some other natural images (such as the Weizmann horse
dataset [3]etc.). Satisfactory results are obtained. Figure-7
gives some sample results of our method, with both the raw
outputs and the final outputs displayed. More results can be
found in Figure-8 and Figure-10. It is seen that our method
produces very clean, and also connected contours. Even
though each of these contours does not necessarily corre-
spond to a semantically meaningful surface region (which
would require higher level vision processing such as figure-
background segmentation), our current result does improve
over Pb’s output significantly, and will be helpful for later-
stage high-level vision processing.

Our Matlab implementation running on a 2.1 GHz Intel
Core Duo CPU, takes about 5 minutes to process a BSDS
image (excluding the time used for Pb detection).

Model complexity. In this experiment, we aim to test the
effect of our model-complexity parameter τ . By tuning this
parameter, we obtain a series of results, each with a differ-
ent level of details (complexity). Some examples are shown
in Figure-8. Clearly, when τ is getting higher, the extract-

Figure 7. Sample results of our method on real images. For every
three rows, top row: the input images; middle row: Our method’s
raw output (blue: G-edge; red: L-edge; green: T-edge); bottom
row: Our method’s final output. (Better viewed on screen with
zoom-in).

ed contour image will have less and less details, and vice
versa. It is worth noting that, in both cases, the connected-
ness of the obtained contours are always maintained, thanks
to our hard closure constraints used in the inference. This
is in sharp contrast to local methods such as Pb, for which
increasing their threshold tends to yield more-fragmented
contours.

The closure potential. This paper’s key insight is about
the closure effect. In this experiment, we deliberately ex-
clude the two sets of inequality constraints and run infer-
ence again.1 Without the inequities, our model reduces to
a fully factorized CRF, and the probability of each edge is
determined solely by its weight.

We have tested two cases, one with the closure poten-
tial, and one without, on all the 300 images in BSDS300.
Figure-9 gives a statistical comparison using the precision-
recall curve. From this figure, the effect (usefulness) of the

1This way of removing the inequalities is only a weak (approximate)
form of excluding the contour closure constraint. We do so because other-
wise we would have to minimize the original objective function containing
cubic higher-order terms.
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Figure 8. Effect of the model complexity parameter τ . Row 1:
the original images. Row 2∼5: Our method’s outputs at τ =
0, 1, 2, 3. As τ increases, the extracted contour images contain
less details, yet the connectedness is well maintained.
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Figure 9. Effect of the closure-potential. It is clear that the closure-
potential substantially boosts the model’s overall performance.

closure potential is obvious (F-index increases fromF=0.62
to F=0.65).

5.3. Benchmark with existing methods

We compared our method with other existing methods
for contour extraction and completion. Some example re-
sults are shown in Figure-10 for visual evaluation. Com-
pared with Pb, Ren et al.’s CRF and the contour-cut algo-
rithm, our method seems produce better result in terms of
the connectedness of the contours. Of course, such a com-
parison may be seen unfair, as it is not the other algorithm-
s’ intention to generate connected contours. Nevertheless,
we find our result is visually more pleasing, which perhap-
s suggest that our result is closer to human’s perception.
We also did an overall statistical comparison among these

Figure 10. Methods comparison on real images: Top row: sample
images from the BSDS dataset[2], Weizmann horse dataset [3],
and baseball player dataset[15]. Other rows (from top to bot-
tom): Pb detector, Ren’s CRF (reproduced from [19]), contour-cut
method, and our method (τ = 0.5 ).
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Figure 11. Precision-Recall curves for 4 methods on the BSDS300
dataset (Better viewed on screen).

algorithms, based on BSDS300 benchmark. The resulted
precision-recall curves are plotted in Figure-11. Our new
model outperforms Ren et al.’s CRF model by a clear mar-
gin. In the high-precision regime, our model achieves com-
parable result with the contour-cut algorithm (using its top
10 contours only), but in the high-recall regime (this regime
is most useful for object recognition [11]) our method’s per-
formance is more consistent. We did not include Kokkinos’
method [11] in the comparison, because he used a dedicated
local edge detector (instead of Pb).

Contour Rand Index. It is interesting to compare our
method with Global-Pb (GPb) method [2] which is the best
performing contour extraction method up to date. On BS-
DS 300, our method has achieved F=0.65 on the precision-
recall curve, while the GPb achieves F=0.70 which is far
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Figure 12. Performance comparison using our Contour Rand In-
dex. Human performance is shown as the red dot.

better. This is not surprising, as the GPb makes a com-
bined use of both contour and region information. Howev-
er, it is generally recognized that the precision-recall (or the
F-index) metric does not measure the grouping error well.
To measure such grouping performance, we adapt the well-
known Rand Index metric [18] to the contour case –we call
our new metric the Contour Rand Index (CRI). Specifically,
what we did is as follows. Firstly, the correspondence of
contour points between the contour image and groundtruth
are established by bipartite matching. Then contour points
in both images are traced and grouped based on connect-
edness. We claim two contour points belong to the same
group if they lie on the same contour. Finally, the grouping
consistency of matched points is measured by the standard
Rand index. Using this novel CRI, we compare our method
against GPb on BSDS300 dataset. The result is given in
Figure-12, which shows that our method is much better than
GPb, and is very close to human’s performance.

6. Closing remarks

Understanding the mechanism for contour-completion
holds the promise to develop better-performing image seg-
mentation and object recognition algorithms relying on ob-
ject boundaries. This is however, a very challenging task,
which necessarily involves the understanding and imple-
menting many perceptual grouping principles. In this pa-
per, we have presented a higher-order CRF model attempt-
ing to mimic the effect of contour closure (via first-order
connectedness approximation). We also derived an efficient
optimization method to perform approximate inference on
the higher-order CRF. We demonstrated our model’s superi-
or performance for contour completion. We hope this work
will provide useful ideas for future perceptual grouping re-
search.
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abilistic image segmentation with closedness constraints. In Proc.
ICCV, 2011. 2

[2] P. Arbelaez, M. Maire, C. Fowlkes, and J. Malik. Contour detection
and hierarchical image segmentation. IEEE TPAMI, 33(5):898–916,
2011. 1, 2, 7

[3] E. Borenstein and S. Ullman. Class-specific, top-down segmentation.
In Proc. ECCV, pages 109–124, 2002. 6, 7

[4] Y. Boykov, O. Veksler, and R. Zabih. Fast approximate energy mini-
mization via graph cuts. IEEE TPAMI, 23:1222 –1239, 2001. 5

[5] A. Delong, A. Osokin, H. Isack, and Y. Boykov. Fast approximate
energy minimization with label costs. In CVPR’10, pages 2173 –
2180, june 2010. 5

[6] J. H. Elder and S. W. Zucker. Computing contour closure. In Proc.
ECCV, pages 399–412, 1996. 1, 2

[7] P. Felzenszwalb and D. McAllester. A min-cover approach for find-
ing salient curves. In CVPRW, pages 185–185, 2006. 1

[8] G. Guy and G. Medioni. Inferring global perceptual contours from
local features. In Proc. CVPR, pages 786–787, 1993. 1

[9] P. Hammer, P. Hansen, and B. Simeone. Roof duality, complemen-
tation and persistency in quadratic 0-1 optimization. Mathematical
Programming, 28:121–155, 1984. 5

[10] R. Kennedy, J. Gallier, and J. B. Shi. Contour cut: identifying salient
contours in images by solving a hermitian eigenvalue problem. In
Proc. CVPR, pages 2520–2527, 2011. 1, 2

[11] I. Kokkinos. Highly accurate boundary detection and grouping. In
Proc. CVPR, pages 2520–2527, 2010. 2, 7

[12] I. Kovacs and B. Julesz. A closed curve is much more than an in-
complete one - effect of closure in figure ground segmentation. P-
NAS,USA, 90(16):7495–7497. 1

[13] S. Mahamud, L. R. Williams, K. K. Thornber, and K. L. Xu. Seg-
mentation of multiple salient closed contours from real images. IEEE
TPAMI, 25(4):433–444, 2003. 1, 2

[14] D. R. Martin, C. C. Fowlkes, and J. Malik. Learning to detect natu-
ral image boundaries using local brightness, color, and texture cues.
IEEE TPAMI, 26(5):530–549, 2004. 2

[15] G. Mori, X. Ren, A. A. Efros, and J. Malik. Recovering human body
configurations: combining segmentation and recognition. In Proc.
CVPR, pages 326–333, 2004. 7

[16] S. E. Palmer. Vision science : photons to phenomenology. MIT Press,
Cambridge, Mass., 1999. 1

[17] S. B. Piotr Dollar, Zhuowen Tu. Supervised learning of edges and
object boundaries. In Proc. CVPR, pages 1964–1971, 2006. 2

[18] W. M. Rand. Objective criteria for the evaluation of clustering meth-
ods. Journal of the American Statistical Association, 66(336):846–
850, 1971. 8

[19] X. F. Ren, C. C. Fowlkes, and J. Malik. Learning probabilistic mod-
els for contour completion in natural images. IJCV, 77(1-3):47–63,
2008. 2, 3, 7

[20] T. Schoenemann, S. Masnou, and D. Cremers. The elastic ratio: In-
troducing curvature into ratio-based image segmentation. IEEE TIP,
pages 2565–2581, 2011. 2

[21] E. Sharon, A. Brandt, and R. Basri. Completion energies and scale.
IEEE TPAMI, 22(10):1117 – 1131, 2000. 4

[22] C. Sutton and A. McCallum. Piecewise training for structured pre-
diction. Machine Learning, 77:165–194, 2009. 5

[23] S. Wang, T. Kubota, J. M. Siskind, and J. Wang. Salient closed
boundary extraction with ratio contour. IEEE TPAMI, 27(4):546–
561, 2005. 1, 2

[24] L. R. Williams and K. K. Thornber. A comparison of measures for
detecting natural shapes in cluttered backgrounds. IJCV, 34(2-3):81–
96, 1999. 1, 2

[25] Q. Zhu, G. Song, and J. Shi. Untangling cycles for contour grouping.
In Proc. ICCV, pages 793–800, 2007. 2

836



<<
  /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 1.7
  /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


