Erid
o Ve
2radley
T mNY

Sl o S
r “

L LD A ATy

/D j"

25TH INTERNATIONAL CONFERENCE
ON PATTERN RECOGNITION (ICPR 2020)

e
(O

Vision-Based Layout Detection from
Scientific Literature using

Recurrent Convolutional Neural Networks

Huichen Yanqg, William H. Hsu

Laboratory for Knowledge Discovery in Databases
http://www.kddresearch.org

Department of Computer Science, Kansas State University, USA

KSU LABORATORY FOR DEPARTMENT OF COMPUTER SCIENCE
KNOWLEDGE DISCOVERY IN DATABASES KANSAS STATE UNIVERSITY


http://www.kddresearch.org/

5% MOTIVATION

® Unstructured scientific literature contains huge
valuable information

® Rate of published scientific literature is growing rapidly
Into huge dataset

® Lack of metadata information extraction for existing
tools, e.g., OCR

® Scientific literature layout detection presents a solution
of automatic construction of large corpus for
downstream tasks of NLP
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D% CONTRIBUTIONS

® Consider scientific literature layout detection (SLLD) as
object detection task of computer vision

® Purpose an end-to-end learning framework based on two-
stage object detection framework Faster R-CNN

® Present a novel approach to detect the main regions of
scientific articles, and output blocks and their
corresponding labels

® Create synthesis dataset for scientific literature
documents layout detection (SLLD) task
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Enhanced Hydrothermal Stability and Catalytic Performance of
HKUST-1 by Incorporating Carboxyl-Functionalized Attapulgite
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B INTRODUCTION

MOFs are highly porous and crystalline solids whose
framework ® constructed from metal jons and organic
ligands, =" Owing to their high surface area, tunable
functionality, and diverse structure, MOFs show interesting
pmpenbes{orfnuonpe " and separation,™ " as well as use
as catalysts' 71 and sensors ' However, MOFs are formsed
by metal-organic coordination boads, and their hydrothermal
stability & pooe. Taking MOF-$ as an example, the cdhpn ol

Amapuigite isa kind ofnuunl clay and hmp‘ o hydreus

!ovmuh o( nupulglu h Al,l\l;_SuO:o(OH)a(OH,)‘
4H,0,"7" There are significant attapulgite reserves in various
counteies soch as China, America, and Spain. In recent yeass,
much attention has beon given to the appl
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Effects of growth temperatures on the characteristics of n-GaN

nanorods-graphene hybrid structures
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owing ‘o its ccodriendly nature, Jow-cost, and pummhr

The of Igite is shown I Figure
St in Suppoﬂmg ln(ernulbn. n v&n:h two bands o!’ M‘llu
letrahdra are linked by jons in

structure occuns hmmbly when cxposed to an
covironment for 10 min.'| Water moleculex can attack the
<oordination bonds in the fra ks of MOFs, lting in

ddigionally, there are abund active OH
youp-u\lhc surface mumhudiorumdiﬁuum""‘
fbrous hol and

In addition, the stracture i

Since lbc discovery of MOF:, many methodl have b«n

cach Sber hu a length ranging from several hundred
nanometers 10 several mxtom«trs, - diplayed in Frgires
52 and S3, dhile, MOFs

P e

with 3 crystal size

56 the drawback of weak hydroth Rave:a three-ditiensional network
uzbiky Onehthemodxﬂmhn of ligands,” ™" in which that varkes from nanometers to micrometers and even to
d: ligands are duced to prevent the coordination endlisneters.

bonds from being attacked by water molecules. Annnh«
method is the hyhidhuhn of MOFs with some

T Taking HKUST-1 as an example, it is a typical
mcmbvr of vho MOF family and composed of 1,35
(H.B‘I'C) organic linkers bound by a

incloding sifica,”” _graphite cuide (GO), U and carbon
bes (CNT)." =7 Hybrids <an improve the proper-
ties such as capacity or hydrothermal stability.

However, these silica and carbon hybeids requice artificial
synthesls, and the use of low<ost and ecofrendly natural
materials is highly desiced.

di b fary buslding unlt
(SBU), HKUST-1 has an octahedral shape with a width of 15~

Nowadays. semiconductor-graphene hybrid structure | i1 is
an arca of research which s being studied extensively. As we
know. graphene |4 ] has excelient electrical conductivity
and can act as a highly efficient transport medium of charge carti-
ers [2.590 and is therefore ideal to be used in electronic devices.

© 2015 Flsevier BV, All rights reserved

attention from researchers mainly because of thelr outstanding
properties ke wide direct band gap 3.4 eV), high thermal conduc-
tivity (1.3 Wem 'K ') and high saturated electron velocity |

To be cost-effective, the vapor-liqudd-solid (VLS) technigue |
using metal organic chemical vapor deposition (MOCVD) |14 s
ideal for growing GaN nasorods. The MOCVD technique also offers
precise growth control and mass prodection.

Thus, graphene integrated with direct band gap sei
may offer photoconductive devices with enhanced pcv(nmun(n
and these hybrid structures have the patential for low.cost mass
production. Foe example, in the case of solar cells, high charge car-
vier mobility in the graphene Layer can enhance the rate of collec-
tion of photo-gencrated carmers and so its efficiency (1012
Undoubtedly, semiconductor nanorods (NRs) (1315 are
among those diverse quantum structures which are being studied
actively. In this article, the photoconductive belavior of GaN NRs
Integrated with graphene s explored. Over the last decade,
GaN-based nano-scale semiconductor devices have drawn much
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The of the p it presence of the underfying gra
phene Layer in the NRs-graphene hybrd structure is 4 must foe
efficient photoconduction in the device, In most cases, upon com
pletion of nanorod growth on graphene. the graphene layer is
found to be impaired or the semiconductor properties of the Nits
are compromised. Our present stucly deals with this challenge
and saucceeds in presenting an n-GaN NRs-graphene hybeid struc-
ture on Si substrate keeping the original properties of GaN NRs and
graphene (ntact, n-GaN NRs were synthesized on graphene wsing
the MOCVD technique and the effects of varation of growth tem
perature of n-CaN NRs were studied

The hybrid device structures under study are ideal for develop-
Ing photoconductive devices of high efficiency. Morcover, to avold
contamination, no metal-catalyst was used to grow n-GaN NRs

6’ ACS Publications  © 216 Ameican Chemecl oy 16457
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kﬁb SCIENTIFIC LITERATURE LAYOUT
DETECTION FRAMEWORK
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METHODOLOGY
BACKBONE

® Use pre-trained VoVnet-v2 [Huang et al., 2017] on
MS COCO dataset as backbone for feature
extraction

#* Better performance — aggregate concatenation
feature only once in last feature map

#* Residual connection enables to train deeper
networks

#* Squeeze-and-Excitation (eSE) attention module
Improves feature extractor performance
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METHODOLOGY
ASPECT RATIO SELECTION

® Anchors aspect ratio selection

#* Analyze distribution bounding box sizes-based
ground truth synthesis dataset

#* Use K-means cluster anchor box selection to get
aspect ratios for different blocks ranging from 0.1 to
4.0

Distribution of Width Distribution of Height Distribution of aspect ratio(Height / Width)
700

15 20 25
Height / Width
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DATASET

® Propose synthesis dataset to relieve imbalance
Issue

¥ Region annotations dataset — 822 images from 100
PDF scientific literature [Soto and Yoo, 2019]

#* |CDAR-2013 — 150 table images from 76 PDF
documents [Gobel et al., 2013]

#* GROTOAP- 113 annotated PDF scientific literature
[Traczyk et al., 2012]

® Final synthesis dataset
#* 1550 images from 363 PDF documents
#* Convert images to fixed size — 612 x 729 at 200 dpi
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s EXPERIMENT
DATASET LABELS

® Use 10 labels to classify major regions from scientific
literature
#* Title: the title and subtitles
#* Authors: the author names

* Address: the affiliation information of authors, including authors’
address, email, etc.

%* Abstract: an abstract section

* Keyword: the selected keywords

%* Body: the main block of articles

* Figure: all figures but excluding logos or icons from publishers.
* Table: the tabular contents

% Caption: the captions for both figures and tables

»*

Reference: the bibliography information, excluding post-references
notes
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DATASET COMPARISON

Instances comparison between region annotations dataset and our dataset by labels

10000

2347
1275 1100
1000

419

487 472
361 365 344 344 304 394 366
136 148
100 100 93 105
= Original
2
I W Synthesis

TITLE AUTHORS ADDRESS ABSTRACT KEYWORD BODY FIGURE TABLE CAPTION REFERENCES
Instance Categories

100

Instance Number

1
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0= EVALUATION

® Detector performance is evaluated with loU (intersection of
unit)
#* Data setl(D1): original data set [2] - 600 image for training, 222 images
for testing

#* Data set2(D2): synthesis data set - 1225 images for training, 325
Images for testing

Detector Backbone Data Set mAP AP0 AP75  APs APm APl AR
Soto et al.(30 epochs) [28] ResNet101 DI - 70.30 - - - - -
Faster R-CNN (baseline)  ResNet50_FPN DI 69.76 8746 76.49 - 51.65 7141 62.70
Faster R-CNN ResNet50_FPN D2 7748 9239 8442 3500 63.32 77.65  69.50
Mask R-CNN ResNet50_FPN DI 7068 &7.60 82.90 - 52.05 75.05  63.50
Mask R-CNN ResNet50_FPN D2 7766 9179 8580 40.00 64378 75.604 69.50
YOLOV3 (49 epochs) [28] - DI - 68.90 - - - - -
YOLOV3 DarkNet33 D2 4590 66.50 57.10 - - - 46.33
Faster R-CNN VoVNetV2-39 DI 67.12 89.01 7284 - 4766 7356 6030

Faster R-CNN (ours) VoVNetV2-39 D2 7639  95.02 8646 75.00 6225 7422  68.80
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Briigger-Andersen et al. Thrombosis Journal 2010, 8:1
httpy//www.thrombosisjournal.com/content/8/1/1

DETECTION RESULTS

m THROMBOSIS
JOURNAL

ORIGINAL CLINICAL INVESTIGATION

Open Access

The activity of pregnancy-associated plasma
‘protein A (PAPP-A) as expressed by
'immunohistochemistry in atherothrombotic
‘plaques obtained by aspiration thrombectomy in
‘patients presenting with a ST-elevation
'myocardial infarction: a brief communication

oo 100} o Y . = =
Trygve Briigger-Andersen'*’, Leif Bostad*, Dagny Ann Sandnes’, Alf Inge Larsen™, Vernon VS Bonarjee'”,

Stale Barvik'?, Tor Melberg'~?, Dennis WT Nilsen'?

ST-segment elevation myocardial infarction (STEMI)

onset of symptoms and prepared for IHC analysis.

of staining for PAPP-A was found in the thrombi

Trial i i gi i.no1846

Background: The expression of pregnancy-associated plasma protein A (PAPP-A) was identified by
immunohistochemistry (IHC) in culprit atherothrombotic plague specimens harvested from patients admitted with

Methods: The atherothrombotic samples were collected from a consecutive cohort consisting of 20 individuals
admitted with STEMI to Stavanger University Hospital, Norway, from 2005-2006, presenting angiographically with
an acute thrombotic occlusion of a coronary artery characterized by TIMI flow 0. The atherothrombotic plaques
were obtained by aspiration thrombectomy during percutaneous coronary intervention within 12 hours from the

Results: In the IHC analysis staining for PAPP-A occurred in the extracellular matrix of the plaques and no evidencel

Conclusion: Our results indicate that in vivo PAPP-A is strongly expressed in atherothrombotic plaques harvested
from patients admitted with STEMI, as documented by IHC

nd
Pregnancy-associated plasma protein A (PAPP-A) is a
zinc-binding matrix metalloproteinase that can be
detected in the blood of patients with acute coronary
syndromes (ACS) [1,2]. There is histological evidence,
using specific monoclonal antibodies, that PAPP-A is
abundantly expressed in both eroded and ruptured cor-
onary plaques, but not in stable plaques, in patients who
have died suddenly of cardiac causes. Furthermore,
| accumulating evidence suggests that PAPP-A may play a

Ragermar

W;le in the development of atherosclerosis and
subsequent plaque instab in ACS patients [1].

In a prior study we have assessed the immediate effects
of coronary reperfusion procedures on the plasma concen-
trations of PAPP-A in patients admitted with ACS and
ST-elevation myocardial infarction (STEMI) [3]. However,
existing data does not allow us to define the exact role of
PAPP-A in plaque disruption. Although, this metallopro-
teinase has been shown in earlier studies to be expressed
in ruptured plaques, these results were limited by the fact
that the histological samples were collected postmortem
[1]. Therefore, we wanted to identify the expression of
PAPP-A by immunohistochemistry (IHC) in culprit

ss article distributed under the term

which permits unrestricted u

o

PR g Tuture questionnaires and research. ACT
participants were drawn from a cohort of individuals usually
tested because of a family member with AAT deficien
Individuals identified through the Alpha-1 Foundation Reg
istry were drawn from a group of 3090 registry participants
with severe AAT deficiency or the carrier state. Since
individuals with symptoms are more likely to be tested
for AAT deficiency, the participants of the ACT Study and
the Research Registry do not represent population-based
cohorts. Therefore, to approximate the same biases in a
control population, each individual with the PiSS genotype
was randomly age, sex, race, and US state matched to an ACT
participant with the PIMM genotype as a control.

Study participants were telephone interviewed by a
certified genetic counselor, from November 2007 through
February 2009, with a standardized questionnaire to identify
ldemographic features, cigarette smoking history, medication
history, past and present clinical diseases, and surgeries. A
detailed pedigree was obtained, including race/ethnicity and
a history of fetal demise or stillbirth. Social history including

vocation and artistic experience was collected.

Statistics were performed by JMP (SAS Institute, Cary,
INC). A two-tailed Student’s t-test for continuous variables
and Pearson’s Chi-Squared test for categorical variables were
used for comparative statistics when comparators had more
than five observations. A P-value <.05 was accepted as
significant. No correction for multiple comparisons was
made.

The Hardy-Weinberg statistics were applied to the geno-
types detected in the ACT study to calculate the S allele
frequency in that study population. The total number of S
alleles detected in the ACT study (812) was divided by the
total number of alleles (15320) thus determining the S allele
frequency (5.3%). The S allele frequency was squared and
then multiplied by the total number of participants in the
ACT study (7660) to determine the predicted number of
individuals with the PiSS genotype (21).

A comprehensive literature review was conducted by two
investigators (DM, CS). A recent meta-analysis of chronic
obstructive pulmonary disease (COPD) risk associated with
PiS alleles [4] was the starting point for our evaluation since
the 119 articles reviewed in detail reported only seven art
that mentioned cases of the PiSS genotype. These seven
articles were reviewed for any other clinical information in
addition to COPD. In addition, testing studies that reported
loutcomes on more than 100 patients were reviewed from
the dataset of de Serres [5] to ascertain if information was
included on individuals that were Pi References of articles
that discuss cases of PiSS were indexed and translations
of articles in other languages from English were obtained.
Tables of general population and disease specific testing were

les

constructed.

3. Results

The ACT study and the Alpha-1 Foundation Research
Registry enrollments by genotype as of January 1, 2008 are
shown in Table 1. The ACT study identified 34 individuals

Pulmonary Medicine

S MM SS MM SS

onal/ Medication Both
environmental

: Percentage of seasonal/environmental allergies, medi-
cation allergies, or both seasonal/environmental and medication
allergies in the study cohort (N = 19) compared to the controls

B!
(N = 29)

MM S MM S MM SS

Bronchodilators  Corticosteroids Psychiatric

SRR 2: Lifetime medication use percentage in the study cohort
(N = 19) compared to the controls (N = 29).

IR bisS genotype. Eight of these individuals chose
to not continue in the longitudinal outcome study after
receiving their results per study protocol [6], and contact
information was not available. Sixteen of the remaining 26
individuals were interviewed. One of the 26 identified indi-
viduals died prior to being interviewed. The remaining nine
individuals were not interviewed due to incorrect contact
information (N =6) or did not return three telephone calls
(N=3).

I individuals in the Registry were identified with
the PiSS genotype. One of these five individuals was also
in the ACT study. Therefore, four additional individuals
were identified for the current study. Three individuals
were interviewed. The remaining person did not return the
researcher’s phone calls on three occasions but reported
asthma in the Registry database. Therefore, 19 individuals
comprise the current PiSS study cohort.

3.1. Participants of Current Study. Table 2 shows patient
demographics for the cohort of the PiSS genotype and
the control participants with the PIMM genotype. Eigh-
teen participants were non-Hispanic Caucasian. One ACT
study participant was Hispanic. There was no difference

in smoking status, smoking duration, secondhand smoking
incidence, or secondhand smoking duration between par-
ticipants with the PiSS genotype and the PIMM genotype.
Table 3 lists physician-reported diagnoses for COPD, asthma,
and hepatic steatosis (fatty liver) and self-reported jaundice,
frequent pneumonia, and bronchitis. Lung disease symp-
toms, present in 11 of 19 (57.9%) participants from the
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