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ABSTRACT 

Images form a rich information source, which remains under-
utilized in biomedical document classification. We present here 
work that uses both image- and text-based features in order to iden-
tify articles of interest, in this case, pertaining to cis-regulatory 
modules in the context of gene-networks. Extending on our new 
idea, which we have recently introduced, of using OCR-based 
features to identify DNA contents in images, we combine image 
and text based classifiers to categorize documents as relevant or 
irrelevant to cis-regulatory modules. Using a set of hundreds of 
articles, marked by experts as relevant or irrelevant to cis-
regulatory modules, we train/test image and text based classifiers, 
as well as classifiers integrating both. Our results indicate that the 
latter show the best performance with Recall, F-measure and Utili-
ty measures all above 0.9, demonstrating the significance of incor-
porating image data, and specifically OCR-based features, into the 
document categorization process. Moreover, the use of character 
distribution properties to represent images is directly relevant to 
other biomedical images containing text (e.g. RNA, proteins). Dia-
grams and other images containing text are also prevalent outside 
the biomedical domain, hence the work stands to be applicable and 
beneficial in other application areas. 

Index Terms—image-based features, OCR, document classi-
fication, document-representation, bioinformatics 
 

1. INTRODUCTION 
A fundamental task in biomedical research is the identifica-
tion of documents relevant to a specific study area. Given 
the sheer number of biomedical documents published an-
nually, automating this task is becoming ever more impor-
tant. The vast majority of methods used for identifying rele-
vant documents rely on text categorization, so far with li-
mited success [13,24,27]. Notably, while images provide 
significant cues for deciding relevance [25], image-
information has gone largely untapped by automatic docu-
ment classifiers.  

A few relatively recent efforts started to examine the val-
ue of using images within articles for several biomedical 
tasks [8,14,25]. Murphy’s group [6,16,20] was among the first 
who used images within articles to study protein subcellular 
localization, employing standard image-based features such 
as gray-level histograms and edge-direction statistics [9]. 
While Murphy’s work focuses on protein-subcellular lo-
calization, Rafkind et al. [21] explored more generally the 
retrieval of biomedical images and text. In the context of 
identifying regulatory regions from the literature, Aerts et 

al. [2] examined the extraction of complete DNA sequences 
directly from text (not images) to aid in the cis-regulatory 
annotation process. In contrast, we focus on the classifica-
tion task of identifying articles pertaining to cis-regulatory 
elements, rather than DNA annotation.  

Other work seeks to take advantage of text that is asso-
ciated with the images. Regev et al. [22] explored using text 
from figure captions as well as text referencing the image 
from within the article. Xu et al. [30] and Rodriguez et al. 
[23] proposed to use complete words extracted from images 
to help retrieval of documents. A similar approach was pro-
posed by Gunjan et al. [10] in the broader context of classi-
fying images based on words appearing in them. While 
words within images may provide an additional source for 
indexing, correctly identifying complete words through opt-
ical character recognition (OCR) is prone to errors, because 
individual characters in images are often mis-recognized, 
introducing noise into the word extraction process. 

The classification task addressed here originates from the 
CYRENE project [7], which aims to obtain highly reliable 
information about cis-regulatory genomics and gene regula-
tory networks. We develop document classifiers to identify 
cis-regulatory related articles, by integrating image and text 
features, and show significant improvement in performance. 
Our approach is novel and different as we use OCR to ex-
tract individual characters – as opposed to complete words – 
from images [26]. Properties of the character-distribution 
within the image are used for representing and classifying 
images. This approach is more robust in the face of OCR 
noise, because misidentifying some characters does not have 
much impact on the whole character distribution obtained.  

The ability to characterize images through a character-
based distribution provides a straightforward and general 
way to identify images that depict DNA in which the letters 
A, C, G, T are over-represented (as well as other forms of 
text-patterns, e.g. RNA, protein sequences, and other) within 
documents. The work presented here builds on the idea that 
such images can be identified, and shows how DNA-rich 
images form the basis for improved categorization of docu-
ments discussing cis-regulatory regions. In Sections 2 and 3 
we describe the representation of documents and the clas-
sifiers used; we examine both image and text based classifi-
ers as well as the combination of the two. Our experiments 
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Fig. 1. Two images containing characters are shown on the left. Image
A [19] with DNA sequences, and image B [17] with other text. The
character histogram for image A (top right) shows four distinct peaks,
at A, C, G and T, while the one for image B (bottom right) does not. 

and results, presented in Section 4, demonstrate the utility of 
the image-based features for identifying relevant documents. 

2. DOCUMENT REPRESENTATION 
As a starting point, the CYRENE team has identified 271 
articles that contain high-quality validated information about 
cis-regulatory modules, from prominent journals relevant to 
the field, such as Molecular and Cellular Biology. Of these, 
264 had a full-text PDF file available from which we could 
obtain images. These 264 articles form the positive set of 
relevant articles for training and testing our classifiers. The 
CYRENE team also initially surveyed 78 articles that 
proved irrelevant, which were kept as a negative set. To 
overcome the scarcity of irrelevant articles in the overall 
dataset, additional 143 negative examples from the Journal 
of Molecular Cellular Biology were selected, by scanning 
through the same volumes in which the relevant articles 
were found. A total of 220 negative articles with an accessi-
ble PDF file form the negative set for training and testing. 
Choosing the negative set this way, helps ensure that the 
general discourse and style of writing remains consistent 
across the relevant and the irrelevant articles. That is, there 
is no shift in time and overall areas of current interest be-
tween the relevant and the irrelevant corpus. Such a shift 
may over-simplify the learning task of separating between 
relevant and irrelevant documents [5].  

Thus, the final dataset for training and testing classifiers 
through a 5-fold cross-validation scheme comprises 264 
relevant articles in the positive set and 220 irrelevant articles 
in the negative set. Further details on the CYRENE Project 
can be found elsewhere [7,12]. We next describe the repre-
sentation methods used for articles and for images. 
2.1. Image-Based Representation of Articles 
Figures in biomedical publications often consist of multiple 
sub-figures or panels (e.g. Fig.1 has 4 panels,) where each 
panel is an individual image [16,31]. Thus, before using fig-
ures to represent documents, we separate figures into indi-
vidual panels using a tool we have specifically developed 
for this purpose based on the Xerox Rossinante utility [29].  

As cis-regulatory modules are regions on the DNA, image 
panels showing DNA segments are typically over-
represented in relevant articles discussing such modules. 
Therefore we hypothesize that automatically identifying im-
ages displaying DNA fragments, and finding articles that 
have an over-abundance of such images, is likely to be use-
ful in identifying the relevant articles. Our experiments in-
deed support this hypothesis. We refer to an image panel 
that shows DNA regions as DNA-rich image panel. In our 
preliminary experiments [26], we have trained a decision-
tree classifier to identify DNA-rich panels with an average 
precision of about .93 and average recall of about .90. The 
image-classifier relies on a novel OCR-based representation 
of the image panels, as described in Sec. 2.2 below. 
    Given an article d, we create an image-based representa-
tion for it by tagging each image panel within it as DNA-
rich or non-DNA-rich. We count the number of DNA-rich 

panels in the article, denoted Ad, and the number of panels 
that are non-DNA-rich, denoted Nd. An article d is then 
represented as a 2-dimension vector <Ad /(Nd+Ad), Nd 

/(Nd+Ad)>; that is, the article is represented based on the 
relative frequency of its DNA-rich panels and its relative 
frequency of non-DNA-rich panels. Using relative frequen-
cy, rather than absolute counts, better generalizes to docu-
ments of different lengths and varying numbers of images. 

It is important to note that the average frequency of DNA-
rich panels in a relevant document is significantly higher 
than that observed in an irrelevant one (12.7% vs. 1.5%, 
p<0.001). This substantial difference in abundance of DNA-
rich panels between cis-regulatory-relevant and irrelevant 
papers strongly supports the idea of using the frequency of 
DNA-rich image panels as an informative component. 
2.2. OCR-based Representation of Images 
To represent images in a way that reveals their DNA con-
tent, we use an OCR-based representation of image panels, 
capturing distributional properties of characters in images. 
To the best of our knowledge, no other group has used OCR 
in this way or utilized this idea for image representation. We 
employ the ABBYY Finereader tool [1] to extract all char-
acters from each image panel, and count the number of 
times each character (A-Z, 0-9, Other) occurs. Each panel is 
then represented as a 37-dimensional feature vector 
<w1,...,w37>, where wi denotes the frequency of the ith cha-
racter in the panel. An alternative representation can use 
fewer characters, e.g. a 5-dimension vector, maintaining the 
frequencies of the DNA characters A, C, G, and T while 
collapsing all characters into “Other”. Fig. 1 shows DNA-
rich panel (A) with a clearly distinct distribution of charac-
ters from that of the non-DNA-rich panel (B). Specifically, 
four distinct peaks at A,C,G, and T are associated with the 
DNA-rich panel, which are not present for the non-DNA-
rich panel. Such representation is robust in the face of OCR 
errors; noise in reading some of the characters has only a 
small impact on differences between character distributions. 
2.3. Text-Based Representation of Articles 
The text-based representation follows a standard bag-of-
words model that is commonly used in biomedical informa-
tion retrieval and classification, as we have used in other 
contexts [3]. Titles and abstracts of all 484 articles are toke-
nized to build a dictionary of terms consisting of single 
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words (unigrams) and consecutive words (bigrams). Stan-
dard stop-words are removed from the set, as well as rare 
and frequent terms. The remaining set of terms is further 
reduced by selecting only terms whose probability to occur 
in the positive set is statistically significantly different from 
their probability to occur in the negative set (as estimated by 
the Z-score test [3]); we call such terms distinguishing 
terms. This process gives rise to a set of 1030 terms. Each 
document d is then represented as an n-dimensional vector 
<dt1,...,dtn>, where n=1030 is the number of terms and dti is 
an indicator variable whose value is 1 if the term ti occurs in 
the document d, and 0 otherwise. 

3. CLASSIFIERS 
We trained and tested several classifiers including naïve 
Bayes, decision trees, and random forests, as well as ensem-
ble methods. Bayesian network models were also built, but 
are not discussed here as results were similar to those from 
naïve Bayes. All training and testing employed stratified 5-
fold cross validation. To ensure stability and statistical sig-
nificance of the results, we executed five distinct sets of 5-
fold cross validation runs, each using a different 5-way split 
of the data (for a total of 25 training/test runs per classifier). 
We briefly describe each classification method below. 
3.1. Naïve Bayes  
The naïve Bayes classifier [15] is based on the assumption 
that each feature Fi is conditionally independent of every 
other feature Fj (j≠i) given the class (in our case, the classes 
are relevant vs. irrelevant articles). To determine if a given 
article d is relevant, we compare the posterior probability 
P(d|relevant) to the posterior probability P(d|irrelevant) and 
classify the article as relevant if P(d|relevant) is greater, and 
as irrelevant otherwise. The conditional independence as-
sumption allows for a simple calculation of these probabili-
ties using Bayes’ rule. Due to its simplicity and speed, this 
classifier is useful for high-dimensional data, and we there-
fore use it for text-classification. 
3.2. Decision Trees and Random Forests 
Decision trees are based on viewing classification as a tra-
versal of a tree-like structure, in which each internal node 
corresponds to a feature, each branch is labeled by a feature 
value, and the leaves correspond to classes. For classifying 
our documents, the leaves correspond to the two classes, 
relevant vs. irrelevant. In contrast to the naïve Bayes, de-
cisions trees are more suited for low-dimensional data, and 
we employ them for classifying the documents under the 
image-based representation. 

We also performed experiments with random forests, 
which are ensembles of decision trees that use only a subset 
of the features – selected at random – for each node in a 
decision tree [4]. The classifier’s output is a plurality vote 
based on the individual decision of each tree. We used a 
forest size of 2000 decision trees, and a feature subset size 
of 90. Notably, while the random forest classifier chooses a 
small subset of features, the selection is done independently 
at each node in a tree. Thus, features that are more informa-

tive are more likely to appear in the tree. Our experiments 
show that the image-based feature was utilized by every tree 
in the forest. 
3.3. Combination Classifier 
We also conducted experiments combining image-based and 
text-based representations. A simple way to combine image 
and text data is to directly represent each document as a 
vector including both features. We apply both naïve Bayes 
and random forest classifiers to data represented this way, 
and also use the union of the two as a combination classifier. 
Another way to integrate classifiers, is to combine results 
obtained from classifiers that are trained separately, as an 
ensemble or a union. As the simplest combination, we con-
sider the union of the image-based decision tree and the 
text-based naïve Bayes: if any one of the individual classifi-
ers identifies a document as relevant, the union classifier 
tags it as relevant. In contrast, both classifiers must tag a 
document as irrelevant for the union classifier to deem it 
irrelevant. We also built an ensemble classifier combining 
the decision tree image-based classifier, naïve Bayes text 
classifier, and random forest text classifier, using a majority 
vote among their outputs to assign the label; if two or more 
of the classifiers tag a document as relevant, the document 
is classified as relevant; otherwise as irrelevant.  

4. EXPERIMENTS AND RESULTS 
We conducted two sets of experiments. The first set sepa-
rately examines the performance of a decision tree classifier 
(J48) trained on image-based representation, and of a naïve 
Bayes classifier (NB) trained on text-based representation. 
The second set examines classifiers combining image and 
text-based features, as described in Sec. 3.3. We used the 
Weka software suite [28] to train/test our classifiers. The 
seven classifiers used are listed in the leftmost column of 
Table 1.  
 As mentioned before, we employ five complete sets of 
stratified 5-fold cross validation (a total of 25 runs) for 
training and testing each classifier. Notably, the feature se-
lection step for each of the text classifiers uses only the 
training part of the data and is repeated as part of each cross-
validation run. This ensures that the test set is never used for 
feature selection and is completely excluded from the repre-
sentation and the classification process. 
4.1. Evaluation Measures 
We use the standard measures that are widely employed for 
classification evaluation: Precision, Recall, F-measure (F), 
and overall accuracy (Acc) [18, 24]. In biomedical research, 
Recall is often more important than precision because while 
an irrelevant article may impose some extra burden on the 
researcher, missing published information may compromise 
the integrity of the CYRENE project. Hence, we include the 
utility measure introduced by TREC Genomics, which bi-
ases the evaluation in favor of high recall [11]. We use two 
versions of this measure: One as originally introduced in 
TREC, Utility-20, which gives 20 times the weight to true 
positives (where a positive instance is a CYRENE-relevant 
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Table 1. Results obtained from 7 classifiers: 1) D
text data (txt); 4) NB on txt and img; 5) Random
5; 8) Ensemble of classifiers 1, 3, and RF on txt
validation runs. The top two performing classifie

 
CLASSIFIER 
J48 [img] 
NB [img] 
NB [txt] 
NB [img txt] 
RF [img txt] 
Union (J48 [img] + NB [txt]) 
Union (NB [img txt] + RF [img txt]) 
Ensemble (J48 [img]+NB [txt] + RF[txt]) 

article). The other, Utility-10, assigns on
weight to true positives. The respective form
10 and Utility-20 are:  

 Utility-10  , Utility-20

where TP is the number of true positives, F
of false positives, and Pos is the number o
relevant (i.e. TP + FN). To evaluate the st
ance of performance differences among th
sifiers, we use the two-sample paired t-test [
4.2. Results 
Table 1 summarizes the results obtained f
seven classifiers, averaged over five inde
stratified 5-fold cross validation. Fig. 2 de
tained from six of these classifiers along t
sion, F-measure, and Utility-20 measures. 

 The image-based J48 classifier demonst
ly higher recall and utility measures than 
text classifier. The differences are also sta
cant (p<0.05). The precision of the text-b
higher (and this difference is also highly sta
cant, p<0.005). By introducing image featur
Bayes text classifier (NB [txt img] in Tab
mance improves according to all measure
ment in recall, F-measure, accuracy, and u
cally significant (with p<0.05 or better). 

Both of the union classifiers (J48[img] +

Fig. 2. Performance obtained on several classifier
tions: 1) J48 on image data; 2) NB on text data; 
ers 1 and 2; 4) Ensemble of classifiers and RF on
text and image data; 6) RF on text and image dat
F-measure, and utility-20 are shown from left 
indicate ± 1 standard deviation. 

0.75

0.8

0.85

0.9

0.95

1

Recall Precision F-Measure Utility-2

Decision tree (J48) on image data (img); 2) Naive Bayes classi
m forests (RF) on txt and img; 6) Union of classifiers 1 and 3; 7
t. Type of data is listed in brackets. The performance measures 
ers in each column are shown in boldface. Standard deviations ar

 
RECALL PRECISION F-MEASURE ACCURACY 

 

0.890 (.013) 0.868 (.005) 0.878 (.009) 0.865 (.009) 
0.614 (.009) 0.916 (.005) 0.735 (.006) 0.760 (.005) 
0.850 (.007) 0.893 (.001)  0.870 (.004) 0.862 (.003) 
0.868 (.011) 0.896 (.005) 0.880 (.006) 0.872 (.006) 
0.946 (.004) 0.870 (.001) 0.906 (.002) 0.893 (.002) 
0.976 (.004) 0.855 (.005) 0.911 (.004) 0.896 (.005) 
0.976 (.003) 0.865 (.002) 0.917 (.002) 0.903 (.003) 
0.937 (.006) 0.893 (.003) 0.914 (.002) 0.904 (.003) 

nly 10 times the 
mulae for Utility-

 , 

FP is the number 
f articles that are 
tatistical signific-
he different clas-
[32]. 

from each of the 
ependent runs of 
epicts results ob-
the recall, preci-

trates significant-
the naïve Bayes 

atistically signifi-
ased classifier is 
atistically signifi-
res into the naïve 
le 1), the perfor-
es; the improve-

utility are statisti-

+ NB[txt], as well 

as NB[txt img] + RF[txt img]) dem
call,  along with highest utility va
among the top in terms of overall a
but have relatively low precision (as
tion of the union). The ensemble cla
image-based classifier and two text
a relatively high performance acros
is not the top performer according t
demonstrates a good balance betwee

5. DISCUSSION AND C
Two different ways of incorporatin
classification were shown in our w
age-based and text-based classifiers
a source of additional features th
document text features within a si
representation. Both methods de
with respect to image or text-only 
performance measures. Notably, o
high recall levels along with well 
particularly relevant and useful. Wh
sifiers sacrifice precision for high
that the vote-based ensemble class
high level of precision while retainin
 The work presented here uses 
image panels as DNA-rich vs. DNA
for image-based document catego
classification scheme for image pa
genomic sequence contents that can
a novel promising direction within
Biomedical images contain much 
(RNA, DNA, and proteins). Such i
distinguishable from one another b
bution, and as such lend themselve
representation and classification, si
in this work. In turn, the identified
the basis for document representatio
  Future work includes the applica
other types of images and domains,
sive exploration of image-text integ
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rs and their combina-
3) Union of classifi-

n text data; 5) NB on
ta. Recall, precision,
to right. Error bars

20

J48 [img]

NB [txt]

Union (J48 [img] 
+ NB [txt])

Ensemble (J48 
[img] + NB [txt] 
+ RF [txt])
NB [img txt]

RF [img txt]

fier (NB) on img; 3) NB on 
7) Union of classifiers 4 and 
are averaged over 25 cross-
re shown in parentheses. 

UTIL-10 UTIL-20 
0.876 (.013) 0.883 (.013) 
0.608 (.009) 0.611 (.009) 
0.839 (.007) 0.844 (.007) 
0.858 (.010) 0.863 (.010) 
0.932 (.004) 0.939 (.004) 
0.959 (.004) 0.968 (.004) 
0.961 (.003) 0.968 (.003) 
0.926 (.006) 0.932 (.006) 

monstrate the highest re-
alues. They also perform 
accuracy and F-measure, 
s expected, by the defini-
assifier that comprises an 
-based classifiers, retains 
ss all measures. While it 
to any of the measures, it 
en precision and recall. 
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hat directly augment the 
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our results, which show 
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hile most combined clas-
h recall, we demonstrate 
sifier shows a relatively 
ng a high recall. 
the pre-classification of 

A-poor as the main basis 
orization. This particular 
anels, which is based on 
n be detected via OCR, is 
n the biomedical domain. 

character-sequence data 
image panels are readily 

based on character distri-
es to the character-based 
milar to the images used 

d image classes can form 
on and classification. 
ation of our methods to 
 as well as a more exten-
ration methods.  

HS’s and CK’s NIH Award 
C Discovery Award 298292-

4454



REFERENCES 
[1] ABBYY Finereader for OCR, http://finereader.abbyy.com/, 
2013. 
[2] S. Aerts, M. Haeussler, et al., “Text-Mining Assisted 
Regulatory Annotation,” Genome Biology, vol. 9, no. 2, pp.2–31, 
2008. 
[3] S. Brady, H. Shatkay, “EpiLoc: a (working) text-based system 
for predicting protein subcellular location,” Proc. of the Pacific 
Symposium on Biocomputing (PSB08), pp. 604–615, 2008. 
[4] L. Breiman, “Random Forests,” Machine Learning, vol. 45, no. 
1, pp. 5-32, 2001. 
[5] A.M. Cohen, R.T. Bhupatiraju, and W.R. Hersh, “Feature 
Generation, Feature Selection, Classifiers, and Conceptual Drift for 
Biomedical Document Triage,” in Proc. of the Text Retrieval Conf. 
(TREC), 2004. 
[6] Z. Kou, W. Cohen, and R. Murphy, “Extracting Information 
from Text and Images for Location Proteomics,” Proc. of the 3rd 
ACM SIGKDD Workshop on Data Mining in Bioinformatics 
(BIOKDD’03), pp. 2–9, 2003 
[7] CYRENE, 
http://www.brown.edu/Research/Istrail_Lab/cyrene.php. 
[8] D.Demner-Fushman, S. Antani, et al., “Annotation and 
Retrieval of Clinically Relevant Images,” International Journal of 
Medical Informatics: Special Issue on Mining of Clinical and 
Biomedical Text and Data, vol. 78, no. 12, pp. e59–67, 2009. 
[9] R. Gonzalez, R. Woods, Digital Image Processing, Prentice-
Hall, 2002. 
[10] J. Gunjan, B. Prateek, et al., “ScanDroid: Automatic 
Classification of Document Images on Android Mobile Devices,” 
International Journal of Managment, IT and Engineering, vol. 3, 
no. 6, pp. 528–37, 2013. 
[11] W. Hersh, A. Cohen, et al., “TREC 2005 Genomics Track 
Overview,” in Proc. of TREC Notebook, pp.14–25, 2005. 
[12] S. Istrail, R. Tarpine, et al., “Practical Computational Methods 
for Regulatory Genomics: A cisGRN-Lexicon and cisGRN-
Browser for Gene Regulatory Networks,” Methods in Molecular 
Biology, vol. 674, pp. 369–99, 2010. 
[13] M. Krallinger, M. Vazquez, et al., “The Protein-Protein 
Interaction Tasks of BioCreative III: Classification/Ranking of 
Aticles and Linking Bio-ontology Concepts to Full Text,” BMC 
Bioinformatics, vol. 12, no. 8, pp. 3-4, 2011. 
[14] T. Kuhn, T. Luong, and M. Krauthammer, “Finding and 
Accessing Diagrams in Biomedical Publications,” AMIA Annu 
Symp Proc, pp. 468–74, 2012. 
[15] T. Mitchell, Machine Learning, McGraw Hill, 1997. 
[16] R. Murphy, M. Velliste, et al., “Searching Online Journals for 
Fluorescence Microscope Images Depicting Protein Subcellular 
Location Pattern,” Proc. of the 2nd IEEE Int. Symp. on Bio-
Informatics and Biomedical Engineering (BIBE01), pp. 119–28, 
2001. 
[17] H. Nishi, T. Nakada, et al., “Hypoxia-Inducible Factor 1 
Mediates Upregulation of Telomerase (hTERT),” Mol. Cell. Biol., 
vol. 24, no. 13, pp. 6076–6083, 2004. 
[18] D. Powers, “Evaluation: From Precision, Recall and F-
Measure to ROC, Informedness, Markedness and Correlation,” 
Journal of Machine Learning Technologies, vol. 2, no. 1, pp. 37–
63, 2007. 
[19] C. Puppin, I. Presta, et al., “Functional Interaction among 
Thyroid-specific Transcription Factors: Pax8 Regulates the 
Activity of Hex Promoter,” Mol Cell Endocrinol, pp. 214, no. 2, pp. 
117-25, 2004. 

[20] Y. Qian, R. Murphy, “Recognition of Figures containing 
Fluorescence Microscope Images in Online Journal Articles using 
Graphical Models,” Bioinformatics, vol. 24, no.4, pp. 569-76, 2008. 
[21] B. Rafkind, M. Lee, et al., “Exploring Text and Image 
Features to Classify Images in Bioscience Literature,” BioNLP 
Workshop on Linking Natural Language, Association for 
Computational Linguistics, pp. 73–80, 2006. 
[22] Y. Regev, M. Finkelstein-Landau, and R. Feldman, 
“Rulebased Extraction of Experimental Evidence in the 
Biomedical Domain: The KDD Cup 2002 (Task 1),” SIGKDD 
Explor Newsl, vol. 4, no. 2, pp. 90–92, Dec. 2002.  
[23] R. Rodriguez-Esteban, I. Iossifov, “Figure Mining for 
Biomedical research,” Bioinformatics, vol. 25, no. 16, pp. 2082–84, 
2009. 
[24] H. Shatkay, M. Craven, Mining the Biomedical Literature, 
MIT Press, 2012. 
[25] H. Shatkay, N. Chen, and D. Blostein., “Integrating Image 
Data into Biomedical Text Categorization,” Bioinformatics, vol. 22, 
no. 11, pp. e446–53, 2006. 
[26] H. Shatkay, R. Narayanaswamy, et al., “OCR-based Image 
Features for Biomedical Image and Article Classification: 
Identifying Documents relevant to Cis-Regulatory Elements,” 
ACM Conf. on Bioinformatics, Computational Biology and 
Biomedicine (BCB), pp. 98–104, 2012. 
[27] G. Tsatsaronis, M. Schroeder, et al., “BioASQ: A Challenge 
on Large-scale Biomedical Semantic Indexing and Question 
Answering,” 2012 AAAI Fall Symposium Series, 2012. 
[28] I. Witten, E. Frank, “Data Mining: Practical machine 
learning tools and techniques,” Morgan Kaufmann, 2005. 
[29] Xerox Rossinante,  
https://pdf2epub.services.open.xerox.com/, 2013. 
[30] S. Xu, J. McCusker, and M. Krauthammer, “Exploring the use 
of image text for biomedical literature retrieval,” Proc. of the 
AMIA Annu Symp, p.1186, 2008. 
[31] H. Yu, F. Liu, B.P. Ramesh, “Automatic Figure Ranking and 
User Interfacing for Intelligent Figure Search,” PLoS One, vol. 5, 
no. 10, pp. 129-83, 2010. 
[32] J. Zar, Biostatistical Analysis, Prentice Hall, 1999 
 
 
 
 
 
 
 
 
 
 

4455



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

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


