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Angular Pattern and Binary Angular Pattern
for Shape Retrieval

Rong-Xiang Hu, Wei Jia, Member, IEEE, Haibin Ling, Member, IEEE, Yang Zhao, and Jie Gui

Abstract— In this paper, we propose two novel shape descrip-
tors, angular pattern (AP) and binary angular pattern (BAP),
and a multiscale integration of them for shape retrieval. Both AP
and BAP are intrinsically invariant to scale and rotation. More
importantly, being global shape descriptors, the proposed shape
descriptors are computationally very efficient, while possessing
similar discriminability as state-of-the-art local descriptors. As
a result, the proposed approach is attractive for real world
shape retrieval applications. The experiments on the widely used
MPEG-7 and TARI-1000 data sets demonstrate the effectiveness
of the proposed method in comparison with existing methods.

Index Terms— Shape retrieval, angular features, binary
pattern, multi-scale representation.

I. INTRODUCTION

W ITH the rapid increase of archived images captured
by various of acquisition devices, there is an urgent

demand for effective and efficient image retrieval algorithms.
For large image databases, textual annotation-based image
retrieval is often impractical and inefficient, due to the require-
ment of intensive human labor. Consequently, content-based
image retrieval (CBIR) systems have received great attention
in recent years. Instead of using textual annotation, CBIR
systems typically rely on automatically extracted visual fea-
tures for image representation. Shape information often plays
a key role in human cognition system due to their strong
discriminative power. Despite a great amount of previous
research in shape analysis, it remains a challenging task to
design a shape-based retrieval system that is both effective
(in terms of retrieval accuracy) and efficient (in terms of
responding time). As a result, shape-based image retrieval
systems are generally less popular than appearance-based ones.
In a typical shape-based CBIR system, image segmentation
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is first usually performed to obtain (binary) shapes, and then
shape descriptors are extracted from them for comparison.
Normally, in order to achieve desirable retrieval performance,
shape descriptors are required to be insensitive to similarity
transformation and to tolerate a small degree of non-rigid
distortion.

Due to the importance of shape information in image
understanding, many shape comparison algorithms have been
proposed [1]–[19], which can be roughly divided into two
categories: contor-based and region-based. The contor-based
methods are much more popular than the region-based ones
in the past decade, and they can be further classified into two
subcategories: global and local.

In global shape comparison, a shape is usually represented
by a feature vector extracted from the whole contor, and shape
comparison is conducted by comparing such representation
vectors. A classic global shape representation is the curvature
scale space (CSS) [3], which has been recommended by the
MPEG-7 community as one of the standards. In CSS, the
zero-crossings of the contor curvature function are located
at different scales. These zero-crossings form a CCS image,
and the maxima of such CCS image contors are used for
shape matching. Another example of global method is the
polygonal multi-resolution and elastic matching (PMEM) [9],
in which three primitives of each contor segment are extracted
at different scales. Then, the sum of absolute differences
(SAD), improved by the elastic matching, is used to measure
the similarity between shapes. Another recent global method
is the contor points distribution histogram (CPDH) [19], which
represents a shape by the spatial distribution of contor points
in the polar coordinate system and compares such distributions
using the Earth Mover’s Distance (EMD) [29].

In local shape comparison, a shape is typically represented
by a set of local descriptors such that each descriptor captures
only local shape information. Shape similarities are then
derived by two layers of comparison: the low-level similarities
between local descriptors and the high-level comparison on
top of such similarities. A classic example in this category
is the shape context (SC) [1], which uses 2-D histograms
to capture the spatial context around each landmark point,
and compares two shapes by matching two sets of such
histograms. SC becomes very popular because of its powerful
descriptive ability and is extended in various ways. One such
extension is the inner distance shape contexts (IDSC) [5],
which replaces the Euclidean distance with the inner distance
to achieve robustness against articulation. In addition, in [5]
dynamic programming (DP) is used to utilize the continuity
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Fig. 1. Illustration of Angular Pattern (AP). Dashed line indicates the shape
contor.

constraint on contor points. In [10], hierarchical Procrustes
matching (HPM) is proposed to capture shape information
across different hierarchies. The shape tree (ST) in [2] also
captures hierarchical geometric propensities of a shape, and it
utilizes a tree matching method for shape comparison. In [16],
a descriptor named contor flexibility (CF) is proposed which
describes each contor point by its deformable potential. CF
also uses DP for shape matching. Recently, a novel shape
descriptor using height functions (HF) is proposed in [23] and
DP is again used for matching such descriptors.

Local shape descriptors usually outperform global ones in
terms of shape matching accuracy. However, such superiority
is typically at a cost of reduced efficiency in terms computation
time. By contrast, global methods achieve better run time
efficiency thanks to the simplicity in their shape representation
and associated shape matching algorithms. Modern CBIR sys-
tems often deal with large image datasets, and are therefore in
favor of fast query response. Consequently, both effectiveness
and efficiency are desired by such systems [20]. In fact,
MPEG-7 has set several criteria [21] to evaluate a shape
descriptor, including high retrieval accuracy, feature compact-
ness and low computational complexity. Notice that in recent
years, the multi-scale framework [2], [9], [10] introduced in
many methods has been proved to be able to enhance the
performance of the original single-scale method. It is worth
to mention that most of the existing methods rely on scale
normalization to achieve scale invariance and circular shifting
to achieve the rotation insensitivity, both of which request extra
computational time.

Instead of designing new shape descriptors and/or shape
comparison methods, some recent studies improve shape
retrieval by exploring retrieval techniques, such as in
[24]–[26]. These methods can be viewed as post-shape-
matching enhancement and can be divided into three cat-
egories: context-based, knowledge-based and fusion-based.
More details about these methods can be found in [27].

Motivated by the above discussion, in this paper we pro-
pose novel global shape representations that are efficient
for shape retrieval. The key idea is to capture the angular
information among contor points using the proposed angular
pattern (See Fig. 1), and then build rich shape descriptors
using such patterns. Angular patterns are naturally invariant
to similarity transformation, including scaling and rotation,
which means neither normalization nor circular shifting is
required when comparing related descriptors. In addition to
the original angular pattern, another variation named binary
angular pattern is proposed inspired by the recent success

Fig. 2. Illustration of multi-scale AP.

of binary texture descriptors [22]. Furthermore, we organize
the angular information in a multi-scale framework to further
improve its discriminative power.

The proposed descriptors are tested for shape retrieval
tasks using two public benchmark datasets. Being a global
shape descriptor, our method runs much faster than popular
local shape descriptors with only marginal sacrifice in shape
matching accuracy. That said, our approach outperforms previ-
ously proposed global shape descriptors in retrieval accuracy.
In other words, our method achieves a promising balance
between retrieval accuracy and retrieval speed, and is therefore
attractive for large scale shape retrieval applications.

II. ANGULAR PATTERN AND BINARY ANGULAR PATTERN

A. Angular Pattern

Given n uniformly sampled points on a contor, geometric
features (e.g., curvatures and distances to the centroid) are
often used for shape description. Neither curvature nor dis-
tance to a shape centroid, however, is invariant to scale or
can be easily extended to multi-scale [20]. To overcome this
limitation, we introduce a novel angular feature for each contor
point as illustrated in Fig. 1. It should be noted that the dashed
line in the figure is the shape contor and the shadowed region
represents the interior part of the shape (assuming that contors
are anticlockwise).

Given a point O on the contor, let A and B be two points
before and after O respectively on the contor and they have
the same distance to O. The anticlockwise angle θ (ranging
from 0 to 2π) between vector OA and vector OB can be used
to describe the geometric properties of point O. This angular
feature can be extended to multi-scale naturally. Specifically,
let As and Bs points that are s points away from O in the
index order for an integer s ranging from 1 to floor((n−1)/2).
Then, as shown in Fig. 2, we define θs as the angle between
OAs and OBs . Finally, given a shape with n contor points
and a specific s, n such angles can be drawn, and these
angles capture the geometric property of the shape at scale s.
We call the representation the Angular Pattern (AP) of the
shape. Obviously, for a contor with n points, we can extract
in total floor((n−1)/2) APs at different scales, and these APs
are all invariant to scale and rotation.

To use these angular features for efficient shape retrieval, a
histogram of AP, denoted as H , is generated according to the
following steps:
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Fig. 3. Illustration of the simplest BAP.

Step 1: Given a contor with n points and a spe-
cific s, we extract n angular features of this contor, i.e.,
APs= {APs(i), i= 1, 2, . . . , n}.

Step 2: We uniformly divide [0, 2π] into K bins.
Step 3: We construct the histogram H = {h(k), k =

1, 2, …, K }, with each bin as:

h(k) = card{a|a ∈ APs,
k−1

K
· 2π< a ≤ k

K
· 2π},

k = 1, 2, . . . , K (1)

To compare two AP histograms, namely HS1 and HS2, we
use the χ2 distance defined below:

D(HS1, HS2) ≡ 1

2

∑

1≤k≤K

[hS1(k) − hS2(k)]2

hS1(k) + hS2(k)
(2)

where hS1(k) and hS2(k) are the k-th bin of the corresponding
histograms, and K is the number of histogram bins. Vary-
ing the scale s from 1 to floor((n−1)/2), we can construct
floor((n−1)/2) AP histograms, and each of them can be used
to retrieval shapes independently. However, using one scale
alone may not generate satisfactory performance due to the
lack of sufficient discriminant information. We will latter
describe how to integrate AP over different scales to enhance
the discriminant power.

B. Binary Angular Pattern

By definition, AP does not capture the relations between
the adjacent angular features. Recently, in computer vision
and pattern recognition, an emerging useful idea is to capture
local intensity relations (also called local structural pattern)
for applications such as texture classification. A representative
example is the Local Binary Pattern (LBP) [22]. In LBP,
intensities of pixels within a region are compared with the
intensity of the pixel in the center of the region. A pixel is
coded with 1 if its intensity is larger than the intensity of the
central pixel, and 0 otherwise. By this way, a binary pattern
describing the local region is generated and a histogram of
different patterns is constructed over the image. The histogram
of LBP is proven to be capable of capturing the local intensity
context and has produced superior performance in texture
classification. Inspired by the idea, we propose the Binary
Angular Pattern (BAP) to encode structure information among
contor points.

The simplest BAP is illustrated in Fig. 3. Given a point O
on the contor and its equal distance point pairs (A, B) and
(C , D), a segment containing five points can be constructed.

Fig. 4. Illustration of the BAP feature to small degrees of non-rigid distortion
which does not affect the binary angular relations: (a) all patterns are [1 1];
(b) all patterns are [0 0].

Obviously, three angular features, i.e., θO , θA and θB can be
calculated. Then, θA and θB are compared with θO . If the
angle θA or θB is larger than θO , the corresponding point is
coded with 1, otherwise, it will be coded with 0. Consequently,
for this segment with five points, a two-bit binary pattern can
be generated, which is robust to a small degree of non-rigid
distortion. As shown in Fig. 4(a) and (b), for θO = π , there
are two cases. First, θA and θB are greater than θO , and in
this situation the BAP of point O is always coded as [1 1] for
all three deformed contors depicted in Fig. 4(a). Similarly, the
BAP of point O in Fig. 4(b) is [0 0] for all three contors for
the second case in which both θA and θB are smaller than θO .

Since AP is multi-scale, the proposed simplest BAP can also
be extended to multi-scale. If the pattern is constructed with
O, As , Bs , Cs and Ds as defined before, then the computed
two-bit binary pattern will capture another scale of angular
relations. Finally, floor((n−1)/2) scales of BAP with two-bit
pattern can be extracted for a contor containing n points.

To use these angular relations for efficient shape retrieval,
a histogram of BAP is generated. Since there are only two
bits in the simplest BAP pattern as illustrated in Fig. 3, the
histogram may contain only 4 bins corresponding to all the
4 patterns ([0 0], [0 1], [1 0] and [1 1]). Obviously, the number
of bins is too small to provide sufficiently discriminative
information; thus, we introduce BAP features with more bits.
For the sake of convenience, we call a pattern BAPmP if it
contains m bits, where m angular features of neighbor points
are compared with the angular feature of the central point
respectively and result in m-bit binary pattern. As illustrated
in Fig. 5, patterns of 4-bit, 6-bit, 8-bit, 10-bit and 12-bit can
be extracted. Consequently, the histograms of these patterns
contain 16, 64, 256, 1024 and 4096 bins, respectively. To index
bins of the histogram, each bit is assigned with a weight as
shown in Fig. 5, and the weighted sum of values of bits is
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Fig. 5. Illustration of BAPmP while s = 1.

Fig. 6. Illustration of BAP4P in two scales s = 1, s = 2 and s = 3.

the index. It should be noted that m is an even number due to
the bilateral symmetry of the points around the central point.
Additionally, patterns larger than 12 bits are not considered in
this paper, because in common shape representation there are
at most a few hundreds of points, and a histogram of larger
pattern would contain more than 10 thousand bins and would
not be robust enough. It is worth mentioning that extracting
BAP feature of m bits will intrinsically involve m+3 points,
i.e. one central point and m/2+1 points on each side of the
central point for extracting basic AP feature.

The BAPmP can also be extended to a multi-scale repre-
sentation. In particular, the BAPmP with a specific scale s
is constructed as follows: Firstly, given a central point, the
AP features are extracted from points whose distances to the
central point are t × s, where t is a positive integer and varies
from 1 to m/2. Secondly, these AP features are compared
with the AP feature (also with scale s) of the central point
to form the m bits binary pattern. This way, m-bit binary
patterns of all points on the contor can be extracted with the
scale s.

An example including three scales (s =1, s=2 and s =3)
of BAP4P is shown in Fig. 6. In the figure, the red points are
the central point whose BAP4P feature will be extracted, and
black dots are neighboring contor points. For the case of s = 1,
the AP features with scale 1 are firstly extracted from four

larger black points around central red point. Obviously, the
distances from these four points to central point are 1 and 2,
respectively, since t = {1, 2} and s = 1. Then, these four AP
features are compared with the AP feature (with scale 1) of
the red central point to form the 4-bit binary pattern. For the
case s = 2, the AP features with scale 2 are firstly extracted
from the four larger black points, from which the distances
to the red central point are 2 and 4 (here, t = {1, 2} and
s = 2), respectively. Obviously, those smaller black points
are not involved in the computation. After comparing the four
AP features of the larger black points with the AP feature of
the red central point, the 4-bit binary pattern of BAP4P with
scale 2 are obtained. Similarly, for the case s = 3, the AP
features with scale 3 are firstly extracted from the four larger
black points whose distances to the red central point are 3 or 6
(here, t = {1, 2} and s = 3), respectively. These AP features
are then compared with the AP feature of the red central point
to form the 4-bit binary pattern of BAP4P with scale 3. In all
scales, the 4-bit binary patterns are weighted by 20, 21, 22

and 23, respectively.
Following the above example, the multi-scale represen-

tations of BAPmP features for other m can be extracted
similarly. Histograms of such BAPmP features can then be
calculated and used for shape retrieval. In particular, after
constructing these histograms, the χ2 distance is used for
comparing them and consequently for shape matching. It is
worth noting that for the scale s of BAPmP, m/2 · s is upper-
bounded by floor((n−1)/2), since the number of bins of the
BAPmP pattern shall not exceed the number of contor points.
Using BAPmP features alone may not generate satisfactory
results for shape retrieval, due to the discarding of more
precise values of angular features. In the next section, we will
describe how to integrate multi-scale AP and BAP together to
address this issue. It is worth noting that the proposed BAP is
intrinsically invariant to scale and rotation.

LBP is known to be very effective for texture and
appearance representation. How will AP and BAP perform
for shape matching? To answer this question, two simple
examples of AP and BAP2P are illustrated below. Generally
speaking, shape consists of three types of elements: flat area,
outward (convex) strands and inward (convace) strands, and
the proposed AP and BAP can provide certain geometry
constrains to depict these elements. The first type is shown in
Fig. 4, which can be well described by combining AP with
BAP2P and is robust to small non-rigid shape distortion which
does not change angular relations. For the second type, the
examples of outward strands are shown in Fig. 7. Two cases
are given to illustrate the geometric constrains of AP and
BAP2P, where both BAP2P features of point O are [1 1]. In
Fig. 7(a), θO is fixed to 4

3π . If θA and θB vary simultaneously,
to maintain the same BAP2P feature, the diamond shape
outward strands are expected. While in Fig. 7(b), θA, θA

and θB vary simultaneously, geometric constrains of AP and
BAP2P will also result in certain outward strands. Similarly,
in Fig. 8 two cases of inward strands are given, which belong
to the third type, and both cases are under the geometric
constrain that BAP2P of point O is [0 0]. From the above
examples, we expect that different combination of AP and
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Fig. 7. Illustration of the AP and BAP2P to describe certain outward strands:
(a) θ0 does not change; (b) θ0 changes.

Fig. 8. Illustration of the AP and BAP2P to describe certain inward strands:
(a) θ0 does not change; (b) θ0 changes.

BAP can accommodate different geometric constrains and
hence describe different structures of the shape.

C. Multi-Scale Integration

We propose a score-level fusion for multi-scale integration
of AP and BAP. Given M shapes, for any specific scale of AP
and BAP, a distance matrix D of size M × M is computed
with each element measuring the distance between two of
the M shapes. The matrix is then normalized to a matrix
DN with zero-mean and regularized standard deviation, i.e.,
z-score normalization.

DN (i, j) = D(i, j) − mean(D)

std(D)
, i, j = 1, 2, . . . , M (3)

Assuming there are in total L normalized distance matrices
from AP and BAP denoted as DNl , l = 1, 2, . . . , L corre-
sponding to L scales of AP and BAP, it is desirable to select
some of them to form a new distance matrix, denoted as D∗,
that best retrieves the known shapes. Then, as the combination
of DNl is determined, so is the selection of scales of AP
and BAP. We use the Sequential Forward Selection (SFS) to
solve this problem. All DNl are considered as candidates at
the beginning and none is selected. The entries of D∗ are
initialized to zeros. In each iteration, the candidate distance
matrices are added to D∗ in turn, and the one that achieves
the best retrieval performance is chosen. The scale at which a
candidate corresponding to the best performance is accepted as
a newly selected scale. The selected candidate matrix is then
removed from the candidate set. This process continues until
no new candidate is accepted, which means that integrating
one more scale will hurt the retrieval performance. Finally the

output is the recorded indexes of scales. SFS may not find the
best subset of scales of AP and BAP, but it is effective and
efficient. In practice, the multi-scale AP and BAP can achieve
a much higher retrieval rate than the single-scale counterparts.
Notice that in real applications, the multi-scale subset of AP
and BAP is trained from known shapes and then fixed for
retrieval, so the SFS will not affect the retrieval efficiency of
the proposed method.

III. EXPERIMENTS AND DISCUSSIONS

We first test the single-scale AP and BAP on the MPEG-7
dataset to show that they are unable to provide satisfactory
performances. After that, the multi-scale versions are tested to
demonstrate that integrated patterns are much more effective
and are comparable with several state-of-the-art approaches
on the MPEG7 dataset. Then, the proposed approach is tested
on the TARI-1000 dataset, to reassure the effectiveness of the
proposed approach. Finally, we validate the robustness of the
proposed approach to rotation.

For evaluation we use the widely used criterion named the
Bull’s eye retrieval rate (BER), which is the ratio of the
total number of correct matches to the maximum number
of correct matches. Specifically, each image is used as a
query, and the number of images belonging to the same class
is counted in the 40 images that are most similar to the
query one. In all experiments, a five-fold cross validation
is conducted: the shapes of each class are orderly divided
into five separate splits, and for each fold one split is used
for validation and the rest for training. The SFS is applied
on training subsets to choose scales for each pattern. Then
samples from each validation subset are tested for BER on the
whole dataset using the scales selected from the corresponding
training subset. The final BER is the average BERs over all
samples.

For constructing the proposed shape descriptors, 200 points
are uniformly sampled along each shape contor, and the
number of possible scales of AP and BAPmP are determined
accordingly. There are 99 scales of AP, 99 scales of BAP2P,
49 scales of BAP4P, 33 scales of BAP6P, 24 scales of BAP8P,
19 scales of BAP10P and 16 scales of BAP12P. In total, there
are 339 scales of AP and BAPmP. The number of bins of the
histogram of AP is experimentally fixed to 24.

A. Experiments on MPEG-7 Dataset

The proposed method is firstly tested on the widely used
MPEG-7 dataset (the MPEG-7 CE-Shape-1 Part B). The
dataset contains 70 shape classes, and each class has 20 differ-
ent shapes. Thus, this dataset contains 1400 samples in total.
Since there are 20 shapes in one class, the maximum number
of correct matches for a single query image is 20, and the total
number of correct matches is 1400 × 20 = 28000. Notice
that for each training subset using five-fold cross validation
there are only 16 shapes in one class, the maximum number
of correct matches for a single query image is 16, and the
total number of correct matches is 1400 × 16 = 22400. Some
examples of this dataset are shown in Fig. 9.
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Fig. 9. Some examples of MPEG-7 dataset.

Fig. 10. BERs of 99 scales of AP.

1) Experiments of Single-Scale AP and BAP: We first the
effectiveness of each scale of AP and BAP. In Fig. 10, the
BER of each scale of AP is given, and the best performance of
57.90% is achieved when s = 10. In Fig. 11, the performances
of BAPmP features are given. The BERs of all scales of
BAP2P, BAP4P, BAP6P, BAP8P, BAP10P and BAP12P are
shown in Fig. 11(a-f), showing that the performances of
single-scale BAPmPs are still unsatisfactory. BAP2P can only
achieve an average BER around 20%, and BAP4P a bit higher
than 40%. Other BAPmP features can achieve more acceptable
BERs around 60% at most scales.

The highest BER, 65.70%, of all APs and BAPs is achieved
by BAP10P when s = 10. In all AP and BAP the scale
of s = 10 provides the top-level performance. Consequently,
the scale s = 10 is regarded as the best scale for AP and
BAP. From the experimental results, it can be seen that
the single-scale AP and BAP fail to provide satisfactory
performances.

As mentioned previously, a histogram of AP has 24 bins,
and histograms of BAP2P and BAP4P only have 4 bins
and 16 bins, respectively. For there are 200 points to be
distributed to these bins, which is large enough to make the
histograms robust. How are the situations for BAP6P, BAP8P
and BAP10P? Here we give some examples extracted from
shapes in the dataset. As shown in Fig. 12, a histogram of
BAP6P is well distributed, and there are about 10 occurrences

for noticeable bins. While for BAP8P, there are 5 to 10
occurrences for noticeable bins. As for BAP10P, there are
about 5 occurrences for noticeable bins, which is still robust to
some extent. The situation of BAP12P is not shown here, since
the number of occurrences for noticeable bins will drop to less
than 3, making the descriptor unstable for shape matching.
It can be seen that the patterns of straight zeros and the patterns
of straight ones both have more occurrences in all cases,
which means that these patterns are more common for all
shapes.

2) Experiments of Multi-Scale AP and BAP: To demonstrate
the effectiveness of multi-scale representation, an integration
of AP and BAPmP of their own scales is firstly tested. The
BERs are reported in TABLE I. It can be seen that after inte-
gration all patterns achieve significantly improved BERs, and
AP is the best one among them. Among all BAPmP features,
BAP6P and BAP8P achieve the top-level performances. The
performances of BAP2P and BAP4P are relatively weak due
to the low dissimilarity of their histograms, while BAP10P
and BAP12P suffer from the instability due to too many bins
in their histograms.

Secondly, the integration of AP with one BAPmP is tested to
determine the supplementation of each BAP pattern to AP. The
BERs are shown in Table II. It can be seen that all integrated
patterns achieve more satisfactory BERs than using an individ-
ual pattern, and BAP8P demonstrates its best supplementation
to AP with the highest BER.

The third experiment is to test the performance of the
integration of some subsets from all 339 scales of AP and
BAPmP features. The results are shown in TABLE III. Symbol
“
√

” and “×” indicate if a certain pattern is included in the
candidate set or not, respectively. The best performance is
achieved when BAP10P and BAP12P are excluded, and the
second best performance is achieved by using all patterns. It
can also be seen that AP+BAP6P+BAP8P achieve a BER
only 0.01% lower than that the combination with additional
BAP10P and BAP12P. These observations confirm that though
BAP10P and BAP12P are discriminative they are not very
robust. So these two patterns can be neglected for real appli-
cation. On the contrary, though BAP2P and BAP4P are not
very discriminative as TABLE I shows, they are, however,
robust and provide good supplementation to other patterns, as
demonstrated by the results from the third to the fifth rows in
TABLE III.

In Fig. 13(a), the top three performances in TABLE III are
described in detail, where the BERs versus the number of
selected scales are plotted. It can be seen that the BERs reach
80% with less than 5 scales and 85% with less than 10 scales.
After that, steady but slow growths are observed. For the best
performance, the first 5 selected scales for each training subset
all include 3 scales of AP, which are shown in Fig. 13(b). The
specific scales selected from different training subsets are very
similar. Considering that adjacent scales have similar retrieval
performances, as shown in Figures 11 and 12, we conclude
that the scales selected by SFS are stable to a small range and
AP plays the key role among all patterns.

3) Comparison With Existing Methods: In this subsection,
the proposed method is compared with some existing methods.
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Fig. 11. BERs of all scales of BAP: (a), (b), (c), (d), (e) and (f) correspond to BAP2P, BAP4P, BAP6P, BAP8P, BAP10P and BAP12P, respectively.

Fig. 12. Examples of histogram of BAPmP: (a) BAP6P, (b) BAP8P,
(c) BAP10P.

The performances and categories of the methods are shown in
TABLE IV. It can be seen that HF has achieved the highest
BER so far, and PMEM has achieved the highest BER among
all previously proposed global methods. The proposed method
achieves a comparable BER as ST and is higher than PMEM.
It is worth mentioning that PMEM needs to use the circular
shifting procedure to acquire invariance to rotation, so it is
less efficient than the proposed method.

TABLE I

BERs USING AP AND BAPmPs ALONE ON MPEG-7

TABLE II

BERs FOR INTEGRATING AP AND ONE BAPmP ON MPEG-7

TABLE III

BERs s FOR INTEGRATING SUBSET OF ALL

339 SCALES ON MPEG-7

TABLE IV

COMPARISON WITH EXISTING METHODS ON MPEG-7

To demonstrate the drastic difference in efficiency between
global and local methods, we compare the time of applying
DP in HF and IDSC with the time of computing χ2 distance
in the proposed method, both implemented in C and can be
downloaded from the authors’ homepages. DP in HF and IDSC
costs about 116 ms and 35 ms, respectively, while the proposed
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Fig. 13. (a) BERs versus the number of selected scales of top 3 performances;
(b) The three selected scales of AP pattern in the first five selected scales from
each training subset of the best performance.

Fig. 14. Some examples of TARI-1000 dataset.

TABLE V

BERs FOR INTEGRATING AP AND ONE BAPmP ON TARI-1000

method costs only about 0.05 ms, which shows the efficiency
of the proposed method.

B. Experiments on TARI-1000 Dataset

The TARI-1000 dataset contains 1,000 silhouette images
grouped into 50 classes with 20 images per class. So the total
number of correct matches is 1000 × 20 = 20000, and for each
training subset using 5-fold cross validation the total number
of correct matches is 1000 × 16 = 16000. The dataset is
designed to have more articulation changes within each class
than the MPEG-7 dataset, and consequently IDSC achieves
better results on this dataset [26]. Examples of this dataset are
shown in Fig. 14.

Firstly, the integration of AP with one BAPmP is tested
to study the supplementation of each BAP pattern to AP.
The BERs are shown in the column labeled ‘Original’ in
Table V. It can be seen that BAP6P demonstrate the best
supplementation to AP with the highest BER, while BAP8P
performs the second best. This is a bit different from the results
on the MPEG-7 dataset, but still BAP6P and BAP8P achieve
the top-level performances due to their strong discriminability
and robustness.

The second experiment is to test the performance of the inte-
gration of some subsets from all 339 scales of AP and BAPmP.

Fig. 15. The four selected scales of AP pattern in the first five selected
scales from each training subset of (a) the best performance and (b) the worst
performance.

The results are shown in TABLE VI. The best per-
formance is achieved when all patterns are used while
AP+BAP6P+BAP8P achieves the worst one, which is mainly
in accordance with the results on the MPEG-7 dataset. It
is worth noting that, however, BAP10P and BAP12P seem
to play a more important role on this dataset, and without
them the performances drop significantly. Since TRAI-1000
has more articulation changes, it is reasonable to conclude
that BAP10P and BAP12P are more useful for comparing
articulated shapes due to their higher discriminability.

For the best performance of using all patterns and the
worst performance of using AP+BAP6P+BAP8P, the first 4
of the 5 selected scales for each training subset are shown
in Fig. 15(a) and (b). It can be seen that the specific scales
selected from different training subsets are still very similar.
This confirms again that the stability of the scale selection
by SFS.

Next, the proposed method is compared with some existing
methods. No global methods have reported results on this
newly extended dataset, so the proposed method is mainly
compared with some reported local methods. In addition,
we conduct experiment of a classic global method, Fourier
shape Descriptor (FD), and all the performances and categories
of the methods are shown in TABLE VII. It can be seen
that IDSC achieves the highest BER because its insensitivity
to articulation. The proposed method is able to achieve a
comparable result between SC and a recently proposed local
method in [28].

Finally, to validate that AP and BAP are robust to rotation,
scale and noise, we conducted experiments on the rotated,
scaled and noisy versions of the TARI-1000 dataset, respec-
tively. The images are rotated by π /8, π /6, π /4, π /3 and 3π /8,
scaled to half and double sizes, and all cases are implemented
with bilinear interpolation. The noises are randomly added to
the coordinates of contor points within 0.5%, 1%, 2%, and 5%
of the width and length of the shape. The BER performances
of all these cases are listed in Table VI. It can be seen that the
proposed features are very robust to the rotation and scale. To
our surprise, the retrieval performances on the rotated dataset
are better, which may due to the smooth effect of the bilinear
interpolation. For the noisy cases, random noise of 5% clearly
degrades the performances, while in other cases the proposed
features are still robust.
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TABLE VI

BERs s FOR INTEGRATING SUBSET OF ALL 339 SCALES ON TARI-1000

TABLE VII

COMPARISON WITH EXISTING METHODS ON TARI-1000

IV. CONCLUSION

In this paper, we proposed a global shape descriptor for
shape retrieval. The descriptor is based on the multi-scale
integration of two angular features, namely angular patterns
(AP) and binary angular patterns (BAP), both are invariant
to scale and rotation. To integrate different scales of AP
and BAP, the z-score normalization is applied for distance
matrices computed at each scale, and the normalized distance
matrices are summed together to create a new distance matrix
for shape retrieval. The Sequential Forward Selection (SFS)
scheme is used to determine a set of scales that effectively
capture discriminative information. The experimental results
on the MPEG-7 and TARI-1000 datasets demonstrate the
effectiveness and efficiency of the proposed method.

In the future, we are interested in further improving the
proposed approach in several ways. First, different integration
methods may be applied, such as a different normalization
procedure can be used instead of the z-score. Second, a more
elaborate scale selection method other than the SFS may
find better set of scales of AP and BAP. Third, a cross-
bin histogram distance can be used instead of the bin-to-
bin χ2 distance to measure the similarity between shapes
more robustly.

REFERENCES

[1] S. Belongie, J. Malik, and J. Puzicha, “Shape matching and object
recognition using shape contexts,” IEEE Trans. Pattern Anal. Mach.
Intell., vol. 24, no. 4, pp. 509–522, Apr. 2002.

[2] P. F. Felzenszwalb and J. D. Schwartz, “Hierarchical matching of
deformable shapes,” in Proc. IEEE CVPR, Jun. 2007, pp. 1–8.

[3] F. Mokhtarian, S. Abbasi, and J. Kittler, “Efficient and robust retrieval
by shape content through curvature scale space,” in Proc. IDMS, 1997,
pp. 51–58.

[4] L. J. Latecki and R. Lakamper, “Shape similarity measure based on
correspondence of visual parts,” IEEE Trans. Pattern Anal. Mach. Intell.,
vol. 22, no. 10, pp. 1185–1190, Oct. 2000.

[5] H. Ling and D. W. Jacobs, “Shape classification using the inner-
distance,” IEEE Trans. Pattern Anal. Mach. Intell., vol. 29, no. 2,
pp. 286–299, Feb. 2007.

[6] T. B. Sebastian, P. N. Klein, and B. B. Kimia, “On aligning curves,”
IEEE Trans. Pattern Anal. Mach. Intell., vol. 25, no. 1, pp. 116–125,
Jan. 2003.

[7] T. Adamek and N. E. O’connor, “A multiscale representation method
for nonrigid shapes with a single closed contor,” IEEE Trans. Circuits
Syst. Video Technol., vol. 14, no. 5, pp. 742–753, May 2004.

[8] B. J. Super, “Learning chance probability functions for shape retrieval
or classification,” in Proc. IEEE Conf. CVPR, Jun. 2004, pp. 93–96.

[9] E. Attalia and P. Siy, “Robust shape similarity retrieval based on contor
segmentation polygonal multiresolution and elastic matching,” Pattern
Recognit., vol. 38, no. 12, pp. 2229–2241, Dec. 2005.

[10] G. McNeill and S. Vijayakumar, “Hierarchical procrustes matching for
shape retrieval,” in Proc. IEEE Conf. CVPR, Jun. 2006, pp. 885–894.

[11] C. Scott and R. Nowak, “Robust contor matching via the order-
preserving assignment problem,” IEEE Trans. Image Process., vol. 15,
no. 7, pp. 1831–1838, Jul. 2006.

[12] B. J. Super, “Retrieval from shape databases using chance probability
functions and fixed correspondence,” Pattern Recognit. Artif. Intell.,
vol. 20, no. 8, pp. 1117–1138, 2006.

[13] N. Alajlan, M. S. Kamel, and G. H. Freeman, “Geometry-based image
retrieval in binary image databases,” IEEE Trans. Pattern Anal. Mach.
Intell., vol. 30, no. 6, pp. 1003–1013, Jun. 2008.

[14] M. R. Daliri and V. Torre, “Robust symbolic representation for shape
recognition and retrieval,” Pattern Recognit., vol. 41, no. 5, pp. 208–220,
May 2008.

[15] L. Lin, K. Zeng, X. Liu, and S. C. Zhu, “Layered graph matching by
composite cluster sampling with collaborative and competitive interac-
tions,” in Proc. IEEE Conf. CVPR, Jun. 2009, pp. 1351–1358.

[16] C. Xu, J. Liu, and X. Tang, “2D shape matching by contor flexibility,”
IEEE Trans. Pattern Anal. Mach. Intell., vol. 31, no. 1, pp. 180–186,
Jan. 2009.

[17] H. Ling, X. Yang, and L. J. Latecki, “Balancing deformability and
discriminability for shape matching,” in Proc. Eur. Conf. Comput. Vis.,
2010, pp. 411–424.

[18] K. Nasreddine, A. Benzinou, and R. Fablet, “Variational shape matching
for shape classification and retrieval,” Pattern Recognit. Lett., vol. 31,
no. 12, pp. 1650–1657, Sep. 2010.

[19] X. Shu and X.-J. Wu, “A novel contor descriptor for 2D shape matching
and its application to image retrieval,” Image Vis. Comput., vol. 29, no. 4,
pp. 286–294, Mar. 2011.

[20] D. Zhang, “Review of shape representation and description techniques,”
Pattern Recognit., vol. 34, no. 1, pp. 1–19, Jan. 2004.

[21] L. J. Latecki, R. Lakamper, and U. Eckhardt, “Shape descriptors for non-
rigid shapes with a single closed contor,” in Proc. IEEE Conf. CVPR,
Jun. 2000, pp. 424–429.

[22] T. Ojala, M. Pietikainen, and T. Maenpaa, “Multiresolution gray-scale
and rotation invariant texture classification with local binary patterns,”
IEEE Trans. Pattern Anal. Mach. Intell., vol. 24, no. 7, pp. 971–987,
Jul. 2002.

[23] J. Wang, X. Bai, X. You, W. Liu, and L. J. Latecki, “Shape matching and
classification using height functions,” Pattern Recognit. Lett., vol. 33,
no. 2, pp. 134–143, Jan. 2012.

[24] X. Yang, S. Koknar-Tezel, and L. J. Latecki, “Locally constrained
diffusion process on locally densified distance spaces with applications
to shape retrieval,” in Proc. IEEE Conf. CVPR, Jun. 2009, pp. 357–364.

[25] X. Bai, X. Yang, L. J. Latecki, W. Liu, and Z. Tu, “Learning context
sensitive shape similarity by graph transduction,” IEEE Trans. Pattern
Anal. Mach. Intell., vol. 32, no. 5, pp. 861–874, May 2010.

[26] X. Bai, B. Wang, and X. Wang, “Co-transduction for shape retrieval,”
in Proc. Eur. Conf. Comput. Vis., 2010, pp. 328–341.

[27] R. Hu, W. Jia, Y. Zhao, and J. Gui, “Perceptually motivated morpho-
logical strategies for shape retrieval,” Pattern Recognit., vol. 45, no. 9,
pp. 3222–3230, Sep. 2012.



HU et al.: AP AND BAP FOR SHAPE RETRIEVAL 1127

[28] Y. Zhou, J. Wang, Q. Zhou, X. Bai, and W. Liu, “Shape matching using
points co-occurrence pattern,” in Proc. ICIG, Aug. 2011, pp. 344–349.

[29] H. Ling and K. Okada, “An efficient Earth mover’s distance algorithm for
robust histogram comparison,” IEEE Trans. Pattern Anal. Mach. Intell.,
vol. 29, no. 5, pp. 840–853, May 2007.

Rong-Xiang Hu received the B.Sc. degree in com-
puter science from the Hefei University of Technol-
ogy, Hefei, China, in 2004, and the Ph.D. degree
in pattern recognition and intelligence system from
the University of Science and Technology of China,
Hefei, in 2012. He is currently an Assistant Professor
with the Institute of Nuclear Energy Safety Technol-
ogy, Chinese Academy of Sciences, Beijing, China.
His research interests include pattern recognition,
machine learning, and image processing.

Wei Jia received the B.Sc. degree in informat-
ics from Central China Normal University, Wuhan,
China, in 1998, the M.Sc. degree in computer
science from the Hefei University of Technology,
Hefei, China, in 2004, and the Ph.D. degree in
pattern recognition and intelligence system from the
University of Science and Technology of China,
Hefei, in 2008. He is currently an Associate Profes-
sor with the Institute of Nuclear Energy Safety Tech-
nology, Chinese Academy of Sciences. His research
interests include biometrics, pattern recognition, and

image processing.

Haibin Ling received the B.S. degree in mathe-
matics and the M.S. degree in computer science
from Peking University, Beijing, China, in 1997 and
2000, respectively, and the Ph.D. degree in computer
science from the University of Maryland, College
Park, MD, USA, in 2006. From 2000 to 2001, he was
an Assistant Researcher with the Multimodel User
Interface Group, Microsoft Research Asia. From
2006 to 2007, he was a post-doctoral scientist at
the University of California Los Angeles. He joined
Siemens Corporate Research as a Research Scientist.

Since 2008, he has been an Assistant Professor with Temple University. His
research interests include computer vision, medical image analysis, human
computer interaction, and machine learning. He received the Best Student
Paper Award at the ACM Symposium on User Interface Software and
Technology in 2003.

Yang Zhao received the B.E. degree from the
Department of Automation, University of Science
and Technology of China, in 2008, and the Ph.D.
degree from the Department of Automation, Uni-
versity of Science and Technology of China, in
2013. From September 2013, he is a post-doctoral
researcher with the School of Electronic and Com-
puter Engineering, Peking University, China. His
research interests include pattern recognition and
image processing.

Jie Gui received the B.Sc. degree in computer
science from Hohai University, Nanjing, China, in
2004, the M.Sc. degree in computer applied tech-
nology from the Anhui Institute of Optics and Fine
Mechanics, Chinese Academy of Sciences, Hefei,
China, in 2007, and the Ph.D. degree in pattern
recognition and intelligent systems from the Univer-
sity of Science and Technology of China, Hefei, in
2010. Since 2010, he has been an Assistant Professor
with the Hefei Institute of Intelligent Machines,
Chinese Academy of Sciences. His research interests

include machine learning, pattern recognition, and image processing.



<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


