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Deep Learning for Document Image Analysis

The Task

textesearches on induced tooth movement of ani-
nals and humans using bisphosphonates were con-
ucted considering the type of bisphosphonates, dos-
ge, admunistration route, experimental period and
nodel of induced tooth movement. Neither of them
ssert nor reveal evidence that this type of drug con-
aindicates orthodontic treatment.**** There is no
cientific support, methodologies, evidence or out-
comes that allow such statement. The same 15 applied
o the process of osscointegration.

title Yosphonates and the risk of maxillary
teomyelitis during dental treatment:
biological or scientific evidence
text patients with malignant neoplasm, tumor cells re-
ase mediators that simulate the action and effect pro-
uced by parathormone on bone tissue. This occurs asa
sult of molecular similanoes among mediators. Thus,
tents with malignant neoplasm have extremely ac-
celerated bone resorption and mereased serum calcium
vels, which is highly life-threatening. For this reason,
is condition is known as malignant hypercalcemia.
text sphosphonates can control uncontrolled bone
esorption in oncological patients and, as a result, re-
uce or remove malignant hypercalcemia. One of the
nost important effects of bisphosphonates on malig-
ant hypercalcemia is the elimination of intense pain-
ul symptoms, typical of this systemic condition.
text tents undergoing treatment of malignant neo-
lasm make use of several types of medication, includ-
ng strong antibiotic, analgesic and anti-inflammatory
rugs. They also make use of cytostatic and cytotoxic
nedication that act against malignant cells remaming
t the lesion site as well as in other parts of the bady,
creby killing them or hindering their proliferation.
text nfortunately, these medications produce anti-
oplastic side effects that decrease the production
pf leukocytes, the cells of our immune system. This
appens because the bone marrow continuously pro-
uces these defense clements at an accelerated pace;
wever, when in contact with cytostatic and cyto-
xic medications, it slows down and strongly impairs
tient's immune system. Due to the same reason —
w cellular proliferative capacity — regenerative re-
Ir processes are compromised.

T e W e

The use of bashapronae: Soes not contrandicate crthodant: and oher type: of trestmers

text oplasms; for instance, in case of maxillary neo-
lasm. During treatment, patients are not able to fully
eact against minor offending agents, especially mi-
crobial ones. Irradiated tssues have even lower capac-
ty, especially maxallary bone tssues which are more
usceptible to a particular type of ostcomyelitis also
nown as osteoradionecrosis.
text evertheless, many non-irradiated patients also
ften have osteomyelitis resulting from antincoplas-
ic treatment, given that their mouth is more suscep-
ible to receiving a large amount of different species
f microorganisms.
text condary osteomyelitis in patients with malignant
coplasm reflects a condition that has been acknowl-
dged for decades; however, due to well-known fre-
uency and ctiology, has been rivialized and under-
eported in the literature.
text atincoplastic treatment protocols including the:
se bisphosphonates caught the attenton of some
clinicians who began to associate ostcomyelitis with
isphosphonates side effects.
textsed in isolaton, bisphosphonates do not re-
veal any evidence of suscepubility to ostcomyeli-
is. On the contrary, patient’s impaired immune;
ystem and tissues with low reactional capacity, as
well as the ctytostatic and cytotoxic side effects of
he drug, essential for antincoplastic therapy, do re-
veal evidence of susceptibility to osteomyelitis. In
cases of normal patients, bisphosphonates have even
ower chances of making individuals suscepuble to
nandibular or maxillary ostcomyelitis. Bisphos-
honates do not decrease the efficiency of panent’s
mmune system as inflammation and immunologic
esponse do. Furthermore, not only they do not de-
crease cell proliferation, but also are not cytotoxic
for bone cells.

title N does jaw osteomyelitis occur?]

text Vv osteomyehtis occurs almost exclusively under’
wo major clinical conditions:
list!) In patients with systemic disorders such as ane-
12, uncontrolled diabetes mellitus, leukemia, alcohol
consumption, immunodepression, malignant neo-
lasm, among others:
b) In patients with bone discases and sclerosing jaw’
esions; for mstance, cases of Florid Cemento-Osse-
us Dysplasia and Paget discase.

Dertat Prass J Orrod 2014 duby-Aug
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Deep Learning for Document Image Analysis

[ —XCIting Progress J J

Large datasets
42%

Better computation infrastructure

More work focus on DL, pushing SOTA

% of ICDAR Papers mentions
Deep Learning in the abstract*

177%

2015 2017 2019

* We count papers with either Deep Learning, DNN, or Neural Network appeared in the abstract. Source data is from Semantic Scholar.



Deep Learning for Document Image Analysis

Challenges

Model code exists in different GitHub repos,

using inconsistent DL backends & APIs
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[ Challenges J

Hard to be incorporated to existing DIA pipelines
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[ Challenges J

Hard to be incorporated to existing DIA pipelines
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Deep Learning for Document Image Analysis

[ Challenges J

The research advances becomes less accessible

28

o —— e

for DIA researchers for end users

hard to reproduce the results & improve models who might come from non-technical backgrounds



What should an ideal toolkit be?

[Simple] (Comprehensive) [Customizable] [ —xtensiblej

[ Open Platform )
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Layout Parser usage example

[ Installation J

I $ pip install layoutparser

$ python
>>> 1mport layoutparser as lp

>>> # Ready to go!



Layout Parser usage example

[Optical Charactel

Layout Detection

>>> model =
Lp.DetectronZlLayoutModel

>>> 1image = load_image()

>>> Layout =
model .detect(1mage)

 (b) Main Page Annotation Example 2

(a) Main Page Annotation Examp

(c) Index Page Annotation Example
- =N Em ==

Figure 7: Annotation Examples in HJDataset. (a) and (b) show two examples for the labeling of main pages. The boxes
are colored differently to reflect the layout element categories. Illustrated in (c), the items in each index page row are

categorized as title blocks, and the annotations are denser.

tion over union (IOU) level [0.50:0.95]2, on the test data. I

general, the high mAP values indicate accurate detection of’

the layout elements. The Faster R-CNN and Mask R-CNN
achieve comparable results, better than RetinaNet. Notice-
ably, the detections for small blocks like title are less pre-
cise, and the accuracy drops sharply for the title category. In
Figure 8, (a) and (b) illustrate the accurate prediction results
of the Faster R-CNN model.

5.2. Pre-training for other datasets

'We aiso examine how our dataset can heip with a reai-
world document digitization application. When digitizing
new publications, researchers usually do not generate large
scale ground truth data to train their layout analysis models.
If they are able to adapt our dataset, or models trained on
our dataset, to develop models on their data, they can build
their pipelines more efficiently and develop more accurate
models. To this end, we conduct two experiments. First we
2xamine how layout analysis models trained on the main
pages can be used for understanding i ndex pages. More-
over, we study how the pre-trained models perform on other
historical Japanese documents.

Table 4 compares the performance of five Faster R-CNN
models that are trained differently on index pages. If the
model loads pre-trained weights from HJDataset, it includes
information learned from main pages. Models trained over

“This is a core metric developed for the COCO competition | ] for
evaluating the object detection quality.

all the training data can be viewed as the benchmarks, while
training with few samples (five in this case) are consid-
ered to mimic real-world scenarios. Given different train-
ing data, models pre-trained on HJDataset perform signifi-
cantly better than those initialized with COCO weights. In-
tuitively, models trained on more data perform better than
those with fewer samples. We also directly use the model
trained on main to predict index pages without fine-
tuning. The low zero-shot prediction accuracy indicates the
dissimilarity between index and main pages. The large
increase in mAP from 0.344 to 0.471 after the model is

Table 3: Detection mAP @ IOU [0.50:0.95] of different
models for each category on the test set. All values are given
as percentages.

Category ’ Faster R-CNN Mask R-CNN* RetinaNet

Page Frame 99.046
Row 98.831
Title Region 87.571
Text Region 94.463
Title 65.908
Subtitle 84.093
Other 44.023

* For training Mask R-CNN, the segmentation masks are the quadri-
lateral regions for each block. Compared to the rectangular bounding
boxes, they delineate the text region more accurately.




Layout Parser usage example

>>> OCr_model =

Optical Characte

Lp.TesseractAgent()

>>> OCr_text =

ocr_model .detect(1mage)

>>> ocr_text.to_json()

(a) Mam Page Annotation Example |

(b) Mam Page Annotation Example 2

(c) Index Page Annotation Example

Co Co . — =
—Text Region __ . . 1
Pag&rame «Row g TitleRegion —Title. Subtitle Other

Figure 7: Annotation Examples in HIDataset. (a) and (b) show two examples for the labeling of main The boxes

are colored  differently to reflect the layout element categomnes.

categorized . ttle blocks, and the annotations ... denser
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examine how layout analysis models tramed , the main
pages can be used for understanding index pages. More-
over. we study how the pre-tramed models perform , other
historical Japanese documents.

Table 4 compares the performance of five Faster R-CNN

models that , . tramed differently on index pages. If the

model loads pre-tramed  weights from HJDataset, it includes

mformation  leamed from mam  pages  Models  tamed gy

2This 45 , ore metric developed for the COCO competition [|] for
evaluating the object detection quality.

pages.
Ilustrated m (c), the items m each index page row are

all the traming data ,, be viewed ., the benchmarks, while
traming  with few samples (five m this case) L, consid-
ered o mumic real-world SCenarios. Given different  trai

mg data, models pre-tramned on HJDataset  perform  signifi-
cantly Dbetter than those imtialized with COCO  weights. In-
tuitively,  models tramned ,, ;.ore data perform  better than
those with fewer samples. We also directly . the model
tramed . main to predict  index pages without fine-
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Deep Learning Models for Layout Detection

Challenges

No standard way for sharing and re-using existing models
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[ Standardized Modeling AP j




Deep Learning Models for Layout Detection

[ Standardized Modeling AP j

>>> config = "lp://PubLayNet/mask_rcnn_R_50_FPN_3x/config"”

|
>>> model = lp.DetectronZlLayoutModel(config)

>>> layout = model.detect(1mage)



Deep Learning Models for Layout Detection

[ Challenges ] [ Standardized Modeling API J [ Model Zoo J

V¥ Specify the model configuration

>>> model = Llp.DetectronZlLayoutModel(config)

>>> layout = model .detect(1mage)



Deep Learning Models for Layout Detection

allenges J [ Standardized Modeling API ] [ Model Zoo j

V¥ Training Dataset Name

>>> conflg = "1p://-mask_rcnn_R_S@_FPN_3x/conFig"

>>> model = lp.DetectronZlLayoutModel(config)

>>> layout = model.detect(image)



Deep Learning Models for Layout Detection

[ Challenges ] [ Standardized Modeling API ] [ Model Z00 ]

V Model Architecture Name

o config - "p://publayNet, SRS o,

>>> model = lp.DetectronZlLayoutModel(config)

>>> layout = model .detect(1image)



Deep Learning Models for Layout Detection

[ Challenges ] [ Standardized Modeling API ] [ Model Zoo J

>>> config = "lp://PubLayNet/mask_rcnn_R_50_FPN_3x/config"

>>> layout = model.detect(image) A Standardized Model Initalization



Deep Learning Models for Layout Detection

[ Standardized Modeling AP j

DetectronZ

A The Deep Learning Backend Name



Deep Learning Models for Layout Detection

[ Challenges ] [ Standardized Modeling API ] [ Model Zoo J

>>> config = "lp://PubLayNet/mask_rcnn_R_50_FPN_3x/config"

|
>>> model = lp.DetectronZlLayoutModel(config)

A Standardized Model Detection API



Deep Learning Models for Layout Detection

[ Standardized Modeling AP J [ Model Z00 j

What if we want to make some changes?

| >>> config = "lp://PubLayNet/mask_rcnn_R_50_FPN_3x/config"
>>> model = lp.DetectronZlLayoutModel(config)

>>> layout = model.detect(1mage)



Deep Learning Models for Layout Detection

[ Challenges ] [ Standardized Modeling API ] [ Model Z00 ]

Switch to a different model architecture?

| >>> config = "lp://PublayNet /fastersrenn RESOSEPNESX / config’

>>> model = lp.DetectronZlLayoutModel(config)

>>> layout = model.detect(image)



Deep Learning Models for Layout Detection

,asi] [ Standardized Modeling AP ] [ Model Zo0o j

Switch to models trained on another dataset?

| >>> config = "1p:/_/mask_rcnn_R_S@_FPN_Sx/config"

>>> model = lp.DetectronZlLayoutModel(config)

>>> layout = model.detect(image)



Deep Learning Models for Layout Detection

[ Challenges ] [ Standardized Modeling API ] [ Model Zoo ]

Switch to a different model architecture from another DL backend?

| >>> config = “Ip://PublayNet/ppyoLovesrs@vd-dens365e/ config’
>>> model = Lp _LayoutModel(conFig)

>>> layout = model.detect(image)



Deep Learning Models for Layout Detection

[ Standardized Modeling AP j

Even simpler!

| >>> model = lp.AutolLayoutModel("lp://detectronZ/publaynet™)
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Model Z00

Layout Parser has pre-trained models on 6 datasets, including:

textesearches on induced tooth movement of
nals and humans using bisphosphonates were con-
ucted considering the type of bisphosphonates, dos-
ge, admunistration route, experimental period and
nodel of induced tooth movement. Neither of them
ssert nor reveal evidence thae this type of drug con-
aindicates orthodontic treatment.***~* There is no
cientific support, methodologies, evidence or out
romes that allow such statement. The same is applied
o the process of osscointegration.

title1osphonates and the risk of maxillary|
teomyelitis during dental treatment:
o biological or scientific evidence
text patients with malignant neoplasm, tumor cells re-
-ase mediators that simulate the action and effect pro-
uced by parathormone on bone tissue. This occurs asa
esult of molecular similarities among mediators. Thus,
tents with malignant neoplasm have extremels
relerated bone resorption and mcreased serum calcium
vels, which is highly life-threatening. For this reason,
is condition is known as malignant hypercalcemia.
text sphosphonates can control uncontrolled bone
esorption in oncological patients and, as a result, re-
uce or remove malignant hypercalcemia. One of the
nost important effects of bisphosphonates on malig-
hant hypercalcemia is the elimination of intense pain-
toms, typical of this systemic condition.

lasm make use of several types of medication, includ-
ng strong antibiotic, analgesic and anti-mflammatory
They also make use of cytostatic and cytotoxic
nedication that act against malignant cells remaining
t the lesion site as well as in other parts of the body,
creby killing them or hindering their proliferation.
textnfortunately, these medications produce anti-
oplastic side effects that decrease the production
pf leukocytes, the cells of our immune system. This
appens because the bone marrow continuously pro-
uces these defense clements at an accelerated pa
owever, when in contact with cytostatic and cyto-
oxic medications, it slows down and strongly impairs
tient’s immune system. Duc to the same reason —
low cellular proliferative capacity — regenerative re-
ir processes are compromised.
text any patents undergoing oncological therapy also
ecewve radiotherapy, es)

for mstance, n case of maxallary neo-
lasm. During treatment, patients are not able to fully
eact against minor offending agents, especially mi-
crobial ones. lrradiated ussues have even lower capac-
y, especially maxallary bone tssues which are more
usceptible to a particular type of osteomyelitis also
nown as osteoradionecrosis.
text evertheless, many non-irradiated patients also
pften have ostcomyelins resulting from antineoplas-
ic treatment, given that their mouth is more suscep-
ible to receiving a large amount of different species

uency and etiology, has been riviahzed and under-
reed in the literature.
textatncoplastic treatment protocols including the
se bisphosphonates caught the attention of some
clinicians who began to associate osteomyelins with
isphosphonates side effects.
textsed in isolation, bisphosphonates do not re-
veal any evidence of susceptibility to ostcomyeli-
is. On the contrary, patient’s impaired immune
ystem and tissues with low reactional capacity, as
tatic and cytotoxic side effects of
ntial for antincoplastic therapy, do re-

cases of normal patients, bisphosphonates have even
lower chances of making individuals susceptble to
nandibular or maxillary osteomyelitis. Bisphos-
honates do not decrease the efficiency of patent’s,

m as inflammation and immunologic
esponse do. Furthermore, not only they do not de-
crease cell proliferation, but also are not cytotoxic

£ systemic disorders such as ane-
nia, uncontrolled diabetes mellitus, leukemia, alcohol
consumption, immunodepression, malignant neo-
lasm, among others;
n patients with bone diseases and sclerosing jaw
for mstance, cases of Florid Cemento-Osse-
us Dysplasia and Paget disease.
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on. It is a sad day indeed for democrac:

hen smart people start pulling for bot]

ides to lose. )

jut there’s another

and the south are conspi
from the national agenda. Only in pass/
ing does the region feature in campaign
speeches, and there are few premium spots
for southerners on the political parties’
parliamentary-candidate lists. True com:
mitment to solving the problems of the
“Mezzogiorno™—as Italy’s eight southern:
most regions are known—is clearly not
considered a vote getter. Yet for reasons
that transcend geography, turning around
the south ought to be Italy’s most pressi
national priority. Youth unemployment
in the Mezzogiorno is a staggering 36%;
and between 1991 and 2005, according tg
one recent study, the Interior Ministry dis+
solved 154 local city councils in the area
because of Mob infiltration. These condi:
tions have caused a steady exodus of the
region’s most promising youth to points
northandabroad. |

E] lormation of a caretaker grand coal
ol

100 often, Ttalian politicians have a
dressed the south as an isolated regional
problem: some say too much public mong
is frittered away there, while otherssay !
14 million southerners among Italy’s poj
ulation of 59 million need more support.
That’s all beside the point, says Domenic
Cersosimo, an economics professor at the
University of Calabria. “We shouldn't s
this as a country divided in two,” he says.
*The maladies of the Mezzogiorno are the
‘maladies of Italy. It's just a question of
gree: what is gray in Italy is black in th
south.” Indeed, entrenched nationwid
ills like tax evasion, cumbersome bureau:

and a self-serving political class

in Italy, as they have been elsewhere i
Europe, explains Fabrizio Barca, a senio
Italian Economy Ministry official. “The
north has found ways to compensate fo:
this, and can be competitive in spite of the
state of country,” he says. “It is the n
that is the anomaly, not the south. l::q
and its ministries operate like the s

Fixing the south means fixing Italy.”

nicipal program under the grand slogan

‘Amendolara wants to be in Italy, in

Europe, in peace.” Funded by ¢

million a yearin local property

axes and $630,000in revenue
traffictickets—plusad-

ditional grants from Rome

o strike a nice balance between dyna:
ism and coastal pleasantness, favori
ocal sports facilities, for instance, oves

utsized tourist lodgi

riculture and sufficient air
and highway connections

great plag
e the street cleaner,
e has spent the last decade on tem
ary public-works contracts—dee:
‘socially useful” jobs by a state welfa:
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Modellek alkotisa ( figgvény modell): a linedris és az exponencidlis novekedés/csokkenés
ének Osszevetése konkrét, valos problémdkban (példdul: népesség,
jdrvanyok).

iggvények grafikonja, jellemzésiik.
v inverze. Fliggvénynek és inverzének a

A szamsorozat fogalma. A figgvény értelmezési tartomanya a pozitiv egész szimok halmaza.
» lettel.
Szamiani sorozat, az n. tag, az ¢lsd n tag Osszege, Matematikatorténet, Gauss, A sorozat
roblémamegoldis sordn.

Mértani sorozat, az n. tag, az elsd n tag Gsszege. A sorozat felismerése, a megfeleld képletek
oldds sordn. A szimtani sorozat mint linedris fliggwvény és a mértani

sorozat mint exponencidlis fliggvény Gsszehasonlitisa.

Kamatoskamat-szdmitds. Modellek alkotdsa: befektetés &s hitel: kilonbozd feltételekkel

meghirdetett befektetések és hitelek vizsgdlata; a hitel kSltségei, a torlesztés modjai. Kordbbi

ismeretek mozgositdsa (pl. szizalékszzamitds).

A szivegbe 1ibbs: n bedgyazott, kbzvetert moddon megfogalmazott informaci

kategdridk azonositdsa.

Kulesfogalmak/ | Szinuszfuggvény, koszinuszfliggvény, tangensfiiggvény . Exponencizilis

fogalmak flggvény, logaritmusfiiggvény. Exponencidlis folyamat. Szimsorozat.
Rekurzid. Szimtani sorozat, mértani sorozat.

2 ismeretek. Ponthalmazok,
nevezetes ponthalmazok ismerete. Haromszog nevezetes vonalai,
pontjai, korei. Haromszogekre, specidlis hiromszdgekre vonatkozé
tételek. Egybevigdsig, hasonldsig, szimmetria.
szbgfiiggvényei. Ekvivalens egyenlet. Elséfoki és masodfoki
egyenlet, kétismeretlenes i
Alapszerkesztések, 5

1 kapesolatosan. Vektorok, vektormiiveletek. Hasdb,
henger, gila, kilp, gdmb felismerése. Felszin, térfogat szemlé

Tijékozodis a térben. Tdjékozddas a vilig yiségi
viszonyaiban: tivolsdgok, szogek, teriilet, kerillet. felszin és térfogat
kiszdmitdsa. A matematika két terliletének (geometria és algebra)
asszekapesoldsa: koordindta-geometria, Emlékezés, korabbi
ismeretek rendszerezése, alkalmazisa.

TableBank

the action of the field [} Using standard (non-rigorons) meth-

s of quantum field theory a number of new and unexpected mathematical
restlls have heen been derived from lopolog resulls which in
many cases have then been [ully pr d malthematical

but which would probably not d without the
n early appearance of topo-

due to Belavin,

of the power-

Id be more than wi
1e for the simplest
briefly some recent work Ty TTra
al quantization of topolo, ¢

Some rigorous results on pach inte (t! unctional integrals in
aquantum mechanics) are known. The basi ] resnlt ich is deseribed
by Simon in [6]) for a particle of unit mass mov
Hamiltonian

tor on A

tion rather than simply Brownian motion,

ent space geometry play ial part in the the The present
anthor has further extended these methods by developing a flaf space theory
of fermionic path integrals [9] and marnying it with DBrownian morion on
manifolds to give Brownian motion on supermanifolds in a suitable form for

2

Math Formula Detection



What if we need to post-process model outputs?
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Layout Parser Infrastructure APls

[Layout Data Structuresj ization ] [Load & Storage]

Convenient APIs that simplify postprocessing

BENVOBIN — model .detect(image)



Layout Parser Infrastructure APls

Layout

Data Structures [ OCR

—Nngine Suppcrt] [ Layout Vi

Celectimyuiud Rigitrat mrtheifgfpostpmnessing

>>> layout

model .detect(1mage)

>>> Width, height = 1mage.s1ize

>>> left_column

\

lp.Interval(0, width/2, axis="x"
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L----------------------------------

(a) Main Page Annotation Example 1

----------------------------------‘

(c) Index Page Annotation Example

Sigure 7: Annotation Examples in HJDataset. (a) and (b) S"IOW two examples for the labeling of main pages. The boxes
are colored differently to reflect the layout element categori!:s. Mlustrated in (c), the items in each index page row are

categorized as title blocks, and the annotations are denser.

tion over union (IOU) level [0.50:0.95]4, on the test data. Ir
the layout elements. The Faster R-CNN and Mask R-CNN
achieve comparable results, better than RetinaNet. Notice-
ably, the detections for small blocks like title are less pre-
cise, and the accuracy drops sharply for the title category. Ir.
Figure 8, (a) and (b) illustrate the accurate prediction results
of the Faster R-CNN model.

5.2. Pre-training for other datasets

We aiso examine now our dataset can neip with a reai-
world document digitization application. When digitizing
new publications, researchers usually do not generate large
scale ground truth data to train their layout analysis models.
[f they are able to adapt our dataset, or models trained on
our dataset, to develop models on their data, they can build
‘heir pipelines more efficiently and develop more accurate
models. To this end, we conduct two experiments. First we
>xamine how layout analysis models trained on the main
pages can be used for understanding index pages. More-
over, we study how the pre-trained models perform on other
nistorical Japanese documents.

Table 4 compares the performance of five Faster R-CNN
models that are trained differently on index pages. If the
model loads pre-trained weights from HJDataset, it includes
information learned from ma in pages. Models trained over

“This is a core metric developed for the COCO competition | | for
¢valuating the object detection quality.

general, the high mAP values indicate accurate detection of

h-------------------------

all the training data can be viewed as the benchmarks, while
training with few samples (five in this case) are consid-
ered to mimic real-world scenarios. Given different train-
ing data, models pre-trained on HJDataset perform signifi-
cantly better than those initialized with COCO weights. In-
tuitively, models trained on more data perform better than
those with fewer samples. We also directly use the model
trained on main to predict index pages without fine-
tuning. The low zero-shot prediction accuracy indicates the
dissimilarity between index and main pages. The large
increase in mAP from 0.344 to 0.471 after the model is

Table 3: Detection mAP @ IOU [0.50:0.95] of different
models for each category on the test set. All values are given
as percentages.

Category | Faster R-CNN Mask R-CNN* RetinaNet

99.046
98.831
87.571
94.463
65.908
84.093
44.023

Page Frame
Row

Title Region
Text Region
Title
Subtitle
Other

" For training Mask R-CNN, the segmentation masks are the quadri-
lateral regions for each block. Compared to the rectangular bounding
boxes, they delineate the text region more accurately.
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Layout Data Structures gine Support ] [ Layout Vi

Select layout regions in the left column:

>>> selected = layout.filter_by(
left_column, center=True)

>>> selected.sort()
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(a) Main Page Annotation Example 1

categorized as title blocks, and the annotations are denser.

tion over union (IOU) level [0.50:0.95]%, on the test data. In
general, the high mAP values indicate accurate detection of
the layout elements. The Faster R-CNN and Mask R-CNN
achieve comparable results, better than RetinaNet. Notice-
ably, the detections for small blocks like title are less pre-
cise, and the accuracy drops sharply for the title category. In
Figure 8, (a) and (b) illustrate the accurate prediction results
of the Faster R-CNN model.

We also examine how our dataset can help with a real-
world document digitization application. When digitizing
new publications, researchers usually do not generate large
scale ground truth data to train their layout analysis models.
If they are able to adapt our dataset, or models trained on
our dataset, to develop models on their data, they can build
their pipelines more efficiently and develop more accurate
models. To this end, we conduct two experiments. First we
examine how layout analysis models trained on the main
pages can be used for understanding index pages. More-
over, we study how the pre-trained models perform on other
historical Japanese documents.

Table 4 compares the performance of five Faster R-CNN
models that are trained differently on index pages. If the
model loads pre-trained weights from HJDataset, it includes
information learned from main pages. Models trained over

2This is a core metric developed for the COCO competition [ ] for
evaluating the object detection quality.

----------------------------------ﬁ

(b) Main Page Anibtation Example 2

k----------------------------------‘.

(c) Index Page Annotation Example

Page Frame Row Text Region Title Region Title Subtitle Other

Figure 7: Annotation Examples in HJDataset. (a) and (b) s}wW two examples for the labeling of main pages. The boxes
are colored differently to reflect the layout element categoriles. Iustrated in (c), the items in each index page row are

all the training data can be viewed as the benchmarks, while
training with few samples (five in this case) are consid-
ered to mimic real-world scenarios. Given different train-
ing data, models pre-trained on HJDataset perform signifi-
cantly better than those initialized with COCO weights. In-
tuitively, models trained on more data perform better than
those with fewer samples. We also directly use the model
trained on main to predict index pages without fine-
tuning. The low zero-shot prediction accuracy indicates the
dissimilarity between index and main pages. The large
increase in mAP from 0.344 to 0.471 after the model is

Table 3: Detection mAP @ IOU [0.50:0.95] of different
models for each category on the test set. All values are given
as percentages.

Category l Faster R-CNN Mask R-CNN® RetinaNet

99.046 99.097 99.038
98.831 08.482 95.067
87.571 89.483 69.593
94.463 86.798 89.531
65.908 71.517 72.566
84.093 84.174 85.865
44.023 39.849 14.371

81.991 81.343 13225

Page Frame
Row

Title Region
Text Region
Title
Subtitle
Other

mAP |

* For training Mask R-CNN, the segmentation masks are the quadri-
lateral regions for each block. Compared to the rectangular bounding
boxes, they delineate the text region more accurately.
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[ OCR Engine Support J ‘ Storagej

Interaction between layout regions and OCR
>>> layout = model.detect(image)

>>> ocr_text = ocr_model.detect(image)



Layout Parser Infrastructure APls

[ oc

q

—Ngine Support J

Pedach @Chetoresachaotkegions and OCR

letect(1mage)

>>> for block 1in layout:

segment = block.crop_image(segment)

block.text

ocr_agent.detect(segment)

Dad & Storage]




Layout Parser Infrastructure APls

Highly configurable visualization

>>> draw_box(image, layout)
show_element_type=True)
show_element_1d=True)
box_width=4,
color_map={...})

>>> draw_text(image, ocr_text)

with_box_on_text=True,
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Layout Parser Infrastructure APls

[ Load & Storage J

Exporting L oading

>>> layout.to_csv() >>> layout = lp.load_csv()
>>> layout.to_json() >>> layout = lp.load_json()
Currently supports More formats will be added:

CSV JSON PAGES METS/ALTO hOCR



What if we want better models?
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Deep Learning Model Customization

()

How different is the target data? e
I Very Similar Very Different



Deep Learning Model Customization

()

How different is the target data? EEEEE—
I Very Similar Very Different
Accuracy/efficiency requirements? e

Very Accurate Very Efficient



Deep Learning Model Customization

()

How different is the target data? EEEEE—

I Very Similar Very Different
Accuracy/efficiency requirements? N

Very Accurate Very Efficient

How much training data is available? @&————

None More



Deep Learning Model Customization

=
Similar Different
Oft
=
Accurate Efficient

> training data
_._
None More



Deep Learning Model Customization

Target Data Difference ( Multi-backend Support J
.—

Similar

00 Detectron2 BRI

| Accuracy/efficiency trade-oft
——_

Efficient Effi cientDet Efficient

/35 PaddleDetection

And more in the future
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> training data
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Target Data Difference Model Fine-tuning

——————————
Different

@ github.com/Layout-Parser/layout-
& Layout-Parser [ layout-model-training L\ Notifications ¥ Star 49

<> Code (©) Issues 1 1 Pull requests (*) Actions ["1] Projects [ wiki () Security [~ Insights

¥ master ~ Go to file About

The scripts for training
‘ lolipopshock Merge pull request #2 from nasheedyasin/master ... onJun20 22 Detectron2-based Layout

Models on popular layout
[0 configs/prima Add the prima model configuration 14 months ago analysis datasets

scripts Add the script for prima training 14 months ago 0 Readme

tools Addressing the comments. 2 months ago

utils Addressing the comments. 2 months ago Releases
.gitignore Update gitignore 14 months ago No releases published
README.md Add documentation for prima training 13 months ago

requirements.txt Add library requirements 14 months ago Packages

No packages published
README.md

Contributors 2

Scripts for training Layout Detection Models
using Detectron2

Availapble training data T o

Usage

g lolipopshock Shannon Shen

Languages

e |In tools/ , we provide a series of handy scripts for converting data formats and
+ training the models.
® Python 96.7%

e In scripts/ , it lists specific command for running the code for processing the

. o Shell 3.3%
given dataset. ’

e The configs/ contains the configuration for different deep learning models, and is

More
. Layout Parser comes with the script that fine-
tunes existing models to new datasets.
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Target Data Difference

——————————
Different

Accuracy/efficiency trade-oft

 —
Accurate Efficient

Avallable training data

r—
None More
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Prediction Confidence Slider
Filter boxes that are within the confidence range

T e |
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e S —
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2. SALK POLIO VACCINE MADE
§ BY CUTTER FIRM RECALLED
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Sweep Plains |

@ The Labeling Canvas
Where different box colors are for different classes

A [ayout Parser incorporates labeling toolkits from existing
resources to streamline the labeling and improve efficiency.
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Model choices for a type of layout

Document Layout Coverage
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Current Layout Parser

Model choices for a type of layout

Document Layout Coverage
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If we share;
Models trained on different datasets

Enrich the layout coverage

Model choices for a type of layout

Document Layout Coverage
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5 N If we share:

S 3

3 : & | .

s S Models of different architecture/backend
-

§

Document Layout Coverage
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Ultimately:

Make it easier to find the ideal model

Model choices for a type of layout

Document Layout Coverage
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14 models for 6 datasets, 2x In the past year, with the help of community

14

Total Modals

QO

Dataset coverage

August, 2020 August, 2021 August, 2020 August, 2021
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DIA pipelines have multiple steps:

Preprocessing
Layout Detection
Character Recognition

Postprocessing
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Storage
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DIA pipelines have multiple steps:

Layout Detection
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[ Share DIA Pipelines J

DIA pipelines have multiple steps:

Can we share them as a whole?

Preprocessing

4

Layout Detection

4

Character Recognition

4

Postprocessing

4

Storage
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CMJECF - District of Minnesota - Live - Docket Report

b 3
Defendant

Minnesota Beef Industries, Inc.

Interpleader
Sheila Kutz

OMPLAINT - Summons issued. Assigned to Senior Judge David S. Doty p

Entered: 04/17/2002)

JOTICE given to atty admission clerk to mail a Govt PHV to out of state

htips://eef.mnd.uscourts.gov/cgi-bin/DKRpLI?637175371107253-L 9... (CM/ECF - District of Minnesota - Live - Docket Report https://ecf.mnd.uscourts.gov/cgi-bin/DKRpLPI?637175371107253-L 9... (CM/ECF - District of Minnesota - Live - Docket Report hutps:/ecf.mnd. uscourts.gov/cgi-bin/DkiRpLPI?637175371107253-L 9...

ences from standard formulations of these ences from standard formulations of {bl’ . ,bm}

- , tasks, and report empirical results for each these tasks, and report empirical . :
| e e fask. T i Groups'poston informaion
| Py Wan adodtt il oL Iy task. The methods described in this pa results for each task. The methods i

ATTORNEY TO BE NOTICED T = D ORDIR for o -
Fox Ipg(s) (I

immons - RETURN OF SERVICE executed upon defendant Minnesota Beef (HLL) (Entered: 01/13/2004)
2)

ies on 5/1/02 2pg(s) (JMR) (Entered: 05/09/200 ; Yuan,! . . .
ustries on pa(s) UMR) (Entere NOTICE OF FINAL SETTLEMENT CONFERENCE (Magistrate Judge Susan waleedaballenai.org per are used to enable semantic features in described in this paper are used to
|| ANSWER by defendant 4pg(s) (JMR) (Entered: 05/17/2002) R. Nelson / 1/13/04) final settlement conference set for 9:30 a.m. on 4/8/04, 2 A — L
5) ce: all couns: tional attachmen(s 02672 Institute for Arificial Inteligence, Scattle . ] g 9
05/21/2002 (OTICE OF PRETRIAL CONFERENCE (Magistrate Judge Susan R Nelson / (pfkf:;_ (‘?m:“;?;'m‘;,g%) Additess! sidro) acosd o0 10382004 "Northwestern University, Evanston IL 60208, USA .semanticscholar. org. enable semantic features in
8  pretrial conference set for 2:30 6/21/02 ; Rule report ddl set for 6/10/0: .
Kpg(s) (ce: all counsel) (JMR) (Entered: 05/23/2002) TRIAL NOTICE Jury Trialsetfor 4/2612004 09:00 AM in Minncapolis - www.semanticscholar.org. [BLK] 1
- . ; : Courtroom 14W before Senior Judge David § Doty. (PIM) (Entered: 02/26/2004) - » n
A Notice Of Pretrial Conference (Magistrate Judge Susan R. Nelson / uction . 8
pretrial conference set for 1:30 6/18/02 ; Rule report ddl set for 6/10/0: Minute Entry for proceedings held before Mag. Judge Susan R Nelson : Final ‘ Introduction [ BLK] The g oal of this

¢: all counsel) (JMR) (Entered: 05/30/2002) Settlement Conference held on 4/8/2004. No Settlement Reached. (HLL)

REPORT OF RULE 26(f) MEETING by plaintif, defendant 6pgs (JMR) (Berot PHUIR000 The goal of this work is to facilitate algorithmic work is to facilitate algorithmic

Entered: 06/05/2002) Minute Entry for proceedings held before Mag. Judge Susan R Nelson :

- - ‘ Telcboe Gl o i uod Wiveover ol inkd ek g bl b ak . e - oot 3 discovery in the scientific
represcated by 202002 pretral SCHEDULING ORDER (Magistrate Judge Susan R Nel: : i e e discovery in the scientific literature. Despite no y
C imd complaint set for §/ overy set for 3/17/03 ; non-di

ket for 4/15/03 ; dis lfor&'liﬂ}:mdyforlrialse‘jl"or&/h!;}. -‘ RTINS e gy table advances in scientific search engines, data literature. Despite notable advances

positi
pa(s) (cc: counsel) (JMR) (Entered: /2002)

(OTION by movant Sheila Kutz forleave to ntervenc as plaintff (1o 5 : | mining and dlgltal libraries (C-g-, Wu et al., 2014 in scientific search engines , data
stawyers.com aafsneo fge Sean R Retnon ). 2 ) U (Enferec: TN 2002 researchers remain unable to answer simple ques mining and digital libraries (e.g.,

DECLARATION of Celeste E. Culberth re motion for leave to intervene as f

TICED plaintiff. [9-1] 15 pa(s) (JVN) (Entered: 08/09/2002) : 2017  methods used tions such as] Wu et al., 2014), researchers remain |

Amended NOTICE by movant Sheila Kutz of hearing setting hearing for motion PACER Service Center

Culbrh & Licnemann, LLP I-H. e o e o Naghre i S . Neon) 15 e e ‘ unable to answer simple questions /‘
|
|

444 Cedar St Ste 1050 . - 8 0 .

S:Pm:)l;)M;lolem 8/ RESPONSE by plaintiff to Sheila Kutz's motion to intervene [9-1] 1pg(s) (JMR) . A e AR oy : | = e —= such as: [BLK] What is the Depcentage
51-290- Entered: 08/27/2002) PACER  lhnze (Tl oo : m i depression clinical trials? of female subjects in depr‘ession

© What is the percentage of female subjects in
depression clinical trials? o

Group Encoder*

Docket  Search

otion that Sheila Kutz may intervene as plaintiff intervenor [9-1] 11pg(s)(ce: all Description; Pkl Search
Billable ' Which of my co-authors published one or more

ounsel) UMR) (Entred: 0926:2002) Which of my co-authors published one or more| clinical trials? Which of my
— gt 4 Cost: 032 - - N
et B e e e e e [papers on coreference resolution? co-authors published one or more
‘on the Retina? |

— ! o Which papers discuss the effects of Ranibizumab papers on coreference resolution?

0:02-v-00810-DSD-SRN 1

B vemats oy o Py (1D (Eam 10171 : < Ranibizumab on the Retina? [BLK] In

.l vl Rights st and refered to Magistrate Judge Susan R. Nelson Spe(s) l MENDMENT by defenan fo ol of odgment (1511 2 7 B s = S 7 on the Retina? Which papers discuss the effects of

ttomey: Gwendolyn Young Reams and Jean P. Kamp on behalf of the pltf. (

\Entered: 04/17/2002

n this paper, we focus on the problem of ex this paper, we focus on the ....

(a) Screenshot of the original PDF document (b) A segment with complex layout structures (c) I-VILA: Text inputs with layout indicators [BLK]  (d) H-VILA: Visual Layout-guided Hiera
12007 253 M S0 (259 6M 2007 (25 EM With colored boxes indicating the text blocks Text lines are illustrated in rectangles with black outlines Text are highlighted according to their semantic categories * Each group’s texts are separately encoded in the group encoder

A [ayout parser has been used for extraction tables A [ayout parser I1s used in a research project that studies how

and other layout elements in legal documents. layout information can improve scientific document analysis.
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‘Construction of the Literature Graph in Semantic Scholar
‘Waleed Ammar, Dirk Groeneveld, Chandra Bhagavatula, Iz Beltagy, Miles Crawford,
Doug Downey,' Ahmed

y," Jason Dunkelber

Elgohary, Sergey Feldman, Vu Ha,

rger,
Rodney Kinney, Sebastian Kohlmeier, Kyle Lo, Tyler Murray, Hsu-Han
Matthew Peters, Joanna Power, Sam Skjonsberg, Lucy Lu Wang, Chris Wilhelm,
Zheng Yuan,' Madeleine van Zuylen, and Oren Etzioni
waleedagallenai.org

Allen Institute for Artifici
Northwestern Uni

Abstract

We describe a deployed scalable system
for organizing published scientific litera-
ture into a heteroger

tate algorithmit

tasks (e.g., entity extraction and linking),
point out research challenges due t differ-
"ences from standard formulations of thes
tasks, and report empirical results for each
task. The methods described in this pa-
per are used to enable semantic features in
. semanticscholar. org.

1 Introduction

ttle WA 98103, USA

“The goal of this work is to facilitate algorithmic | i

discovery in the scientific iterature. Despite no-
table advances in scientific search engines, data
‘mining and digita libraics (c.g., W et al, 2014),

remain unable to answer simple ques-

© What is the percentage of female subjects in
depression clinical rials?
‘» Which of my co-suthors published one or more
onc

‘@ Which papers discuss the effects of Ranibizumab
Retina?

faces (e.g. Iyer et al., 2017) or to improve ranking
of results in academic search (¢.g., Xiong et al,

erature graph (sce Fig. 1). The literature graph is
a directed graph which summarizes key
information in the literature and can be used 10 an-
swer the queries mentioned earlier as well as more
‘complex queries. For example, in order to com-
pate the ErdGs number of an author X, the graph
‘can be queried to find the number of nodes on the
shortest undirected path between author X and Paul
ErdGs such that all edges on the path are labeled
“authored”,

We reduce literature graph construction into fa-
miliar NLP tasks such as sequence labeling, entity
linking and relation extraction, and address some

Proceedings of NAACLHLT 2018, pages $4-91
New Orleans, Lovisiana, Juse 1 -6, 2018. ©2017 Association for Computaional Linguistics

(a) Screenshot of the original PDF document
With colored boxes indicating the text blocks

ences from standard formulations of these]
tasks, and report empirical results for each|
task. The methods described in this pa
per are used to enable semantic features in|

www.semanticscholar.org.

1 Introduction

mining and digital libraries (e.g., Wu et al., 2014)

e What is the percentage of female subjects in
depression clinical trials?

e Which of my co-authors published one or more
papers on coreference resolution?

n this paper, we focus on the problem of ex

(b) A segment with complex layout structures
Text lines are illustrated in rectangles with black outlines

ences from standard formulations of
these tasks, and report empirical
results for each task. The methods
described in this paper are used to
enable semantic features in
www.semanticscholar.org. [BLK] 1
Introduction [BLK] The goal of this
work is to facilitate algorithmic
discovery in the scientific
literature. Despite notable advances
in scientific search engines, data
mining and digital libraries (e.g.,
Wu et al., 2014), researchers remain
unable to answer simple questions
such as: [BLK] What is the percentage
of female subjects in depression
clinical trials? Which of my
co-authors published one or more
papers on coreference resolution?
Which papers discuss the effects of
Ranibizumab on the Retina? [BLK] In
this paper, we focus on the ....

(c) I-VILA: Text inputs with layout indicators [BLK]

Text are highlighted according to their semantic categories

{b1,... b}

Groups’ postion information

Page Encoder

(d) H-VILA: Visual Layout-guided Hierarchical Model
* Each group’s texts are separately encoded in the group encoder

A [ayout parser Is used in a research project that studies how

layout information can improve scientific document analysis.
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A [ayout parser is also used for large-scale digitization of

Historical Japanese Documents
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textesearches on induced tooth movement of

nals and humans using bisphosphonates were con-
ucted considering the type of bisphosphonates, d
ge, admunistration route, experimental period and
nodel of induced tooth movement. Neither of them
ssert nor reveal evidence thae this type of drug con-
raindicates orthodontic treatment There is no
cientific support, methodologies, evidence or ou
romes that allow such statement. The same is applied
0 the process of osseointegration.

title1osphonates and the risk of maxillary|
teomyelitis during dental treatment:
o biological or scientific evidence
text patients with malignant neoplasm, tumor cells re-
case mediators that simulate the action ct pro-
uced by parathormone on bone tissue. This occurs asa
esult of molecular similarities among mediators. Thus,
tents with malignant neoplasm have extremels
relerated bone resorption and mcreased serum calcium
evels, which is highly life-threatening. For chis reason,
is condition is known as malignant hypercalcemia.
text sphosphonates can control uncontrolled bone
esorption in oncological patients and, as a result, re-
uce or remove malignant hypercalcemia. One of the
nost important effects of bisphosphonates on malig-
nant hypercalcemia is the elimination of intense pain-
ful symptoms, typical of this systemic condition.
text fents undergong treatment of malignant ne
lasm make use of several types of medication, includ-
ng strong antibiotic, analgesic and anti-inflammatory’
rugs. They also make use of cytostatic and cytotoxic
nedication that act against malignant cells remaining
t the lesion site as well as in other parts of the body,
creby killing them or hindering their proliferation.

for mstance, n case of maxallary neo-
lasm. During treatment, patients are not able to fully)
eact against minor offending agents, especially mi-
crobial ones. lrradiated tssues have even lower capac-
y, especially maxallary bone tssues which are more
usceptible to a particular type of osteomyelitis also
known as osteoradionecrosis.
text evertheless, many non-irradiated patients also
often have osteomyelitis resulting from antineopla:
ic treatment, given that their mouth is more suscep-
ible to receiving a large amount of different species’
pf microorganisms
text condary osteomyelitis in patients with malignant
neoplasm reflects a condition that has been acknowl-
edged for decades; however, due to well-known fre-
uency and etiology, has been riviahzed and under-
reed in the literature.

se bisphosphonates caught the attention of some
clinicians who began to associate osteomyelitis with
isphosphonates side effects.

veal any evidence of susceptibility to ostcomyeli-
is. On the contrary, patient’s impaired immune
ystem and tissues with low reactional c

well as the ctytostatic and cytotoxic side ef

he dru ntial for antincoplastic therapy, do re-
veal evidence of susceptibility to osteomyelitis. In
cases of normal patients, bisphosphonates have even
ower chances of making individuals susceptible to!
nandibular or maxillary osteomyelitis. Bisphos-
honates do not decrease the efficiency of patent’s,
mmune m as inflammation and immunologic
esponse do. Furthermore, not only they do not de-
crease cell proliferation, but also are not cytotoxic
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on. It is a sad day indeed for democracy
hen smart people start pulling for both
ides to lose. )
jut there's another bad ome Tid
and the south are conspicuously absent
from the national agenda. Only in pass/
ing does the region feature in campaign
speeches, and there are few premium spots
for southerners on the political parties!
parliamentary-candidate lists. True com{
mitment to solving the problems of the
*Mezzogiorno™—as Italy’s eight southern;
most regions are known—is clearly not
considered a vote getter. Yet for reasons
that transcend geography, turningaround
the south ought to be Italy’s most pressing
national priority. Youth unemployment
in the Mezzogiorno is a staggering 36%;
and between 1991 and 2005, according tg
one recent study, the Interior Ministry dis/
solved 154 local city councils in the area
because of Mob infiltration. These condi:
tions have caused a steady exodus of the

E] 'ormation of a caretaker grand coali!
i

uia piece with the south’s blight—crime
and blatant corruption. Neither the public
nor private sectors have been me ized
in Italy, as they have been elsewhere in
Europe, explains Fabrizio Barca, a senior
Italian Economy Ministry official. “The
north has found ways to compensate for
this, and can be competitive in spite of the
state of country,” he says. “It is the north
that is the anomaly, not the south. Rome
and its ministries operate like the south.

nicipal program under the grand slogai
‘Amendolara wants to be in Italy, in
Europe, in peace.” Funded by §;--~

und of southerners pleased with the
lirection in which their town is he
ne morning in March, Pasquale
ria, taking a break from his work on
ity clean-up crew, gestures toward twi
ew seaside cafés and a disco. “Ten ye:
go there was almost nothing here,” h
ys. Indeed, the town of 3,000 now sees
o strike a nice balance between dyna-
ism and coastal pleasantness, favori
ocal sports facilities, for instance, oves
utsized tourist lodgings.
TGl it wor a mistake to ge
duced entirely by the mayor’s efforts, o
by the good-life charms of the town’s refur-
bished 11th century chapel, homemad.
salami and Mediterranean breeze. For
idents are still short on
Melfi himself says a
~lack of industry, large-scale ag-

Modellek alkotisa ( figgvény modell): a linedris és az exponencidlis novekedés/csokkenés
matematikai modelljének dsszevetése konkrét, valds problémdkban (példdul: népesség,
energiafelhaszndlis, jirvin

A logaritmusfiggvény mint az exponencidlis flggvi
onja a koordindta-rendszerben

Szamiani sorozat, az n. tag, az ¢lsd n tag Osszege, Maremati
felismerése, a megfeleld képletek haszndlata problémamegoldis sordn.
Meértani sorozat, az n. tag, az elsd n tag Gsszege. A sorozat felismerése, a megfeleld képletek
hasznilata problémamegoldas sorin, A szamtani sorozat mint linedris fliggwvény és a mértani
sorozat mint exponencidlis figgvény Gsszehasonlitisa.
Kamatoskamat-szdmitds. Modellek alkotdsa: befektetés &s hitel: kilonbozd feltételekkel
meghirdetett befektetések és hitelek vizsgdlata; a hitel kiltségei, a torlesztés médjai. Kordbbi
ismeretek mozgositdsa (pl. szizalékszzamitds).
A szhvegbe 1Gbbszi n bedgyazott, kbzvetett mddon megfogalmazott informiciok és
kategdridk azonositdsa.
Kulesfogalmak/ | Szinuszfiggvény, koszinuszfiggvény, tangensfliggvény . Exponencidlis
fogalmak fuggvény, logaritmusfiiggvény. Exponencidlis folyamat. Szimsorozat.
Rekurzid. Szimtani sorozat, mértani sorozat.

tételek. Egybevigdsig, hasonldsdg, szimmetria.

szogfliggvényei. Ekvivalens egyenlet. Elséfokii és masodfoki
egyenlet, kétismeretlenes egyenletrendszer algebrai megoldisa.
Alapszerkesziések, egyszeril szerkesziési feladatok korrel,
hiromszoggel kapesolatosan. Vekitorok, vektormiiveletek. Hasib,
henger, pila, kip, gdmb felismerése. Felszin, térfogat szemléletes

the action of the field ing standard [non-rigorons) meth-

ods of quantum field theory a number of new and unexpected mathematical
restlls have heen been derived from lopolog s, resulls which in
many cases have then been ully proved 1 ard mathematical
but which would probably not J without the

n early appearance of topo-

due to Belavin,

of the power-

may be

briefly some recent work hy TTra
al quantization of topolo,
igorous results on path inte
are known. The

;

textnfortunately, these medications produce anti-
ncoplastic side effects that decrease the production

pf leukocytes, the cells of our immune system. This|  tjt]on does Jaw osteomyelitis occur?]

appens because the bone marrow continuously pro- rs almost exclus

e
1}

region’s most promising youth to points million a yearin local property 2 i ici i | ] 3 i i é
northandabroad. =~ | taxesand $630,000inrevenue and highway connections E ; i v ~ = ——

100 often, Ttalian politicians have ad] from traffictickets—plusad- | - means that poverty and k i HEE ! 1 3 ntirgy! Tijckozodis a térben. Ti.'m‘ a “I‘l menn’ B e g re
dressed the south as an isolated regional ~ditional grants from Rome | ° unemployment are bound ; ! 3 : 31 X viszonyaiban: tivolsigok, szogek, terdilet, keriilet. felszin és térfogat . y 1 by The
problem: some say toomuch publicmoney 2 3 to persist. “We're not some G » il ‘, . -] kiszimitisa. A matematika két terilletének {geometria és algebra) TR e g
isfrittered away there, while otherssay t ial i i kind of ‘happy island,” he : | 3 {1 ; : ] i : . rt Hamil

14 million southernersamong Italy’spop; and i il says. “We've got many of the 5 | r 4 ¢ - Emiékezés, kordbbi
¢ medications. it slows d. d strongly controlled diabetes mellitus. leuk lcohol compie «mmnau:‘:‘-:,‘::& . ulation of 59 million need more support. < same problems as the rest of Fi - { 1 ZhE ismeretek rendszerezése, alkalmazisa.
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nevezetes ponthalmazok ismerete. Haromszog nevezetes vonalai,
pontjai, korei. Haromszogekre, specidlis hiromszogekre vonatkozo
tételek. Egybevigdsig, hasonldsig, szimmetria. Hegyesszogek
szbgfliggvényei. Ekvivalens egyenlet. Elséfoki és misodfoki
egyenlet, kétismeretlenes egyenletrendszer algebrai megoldasa.
Alapszerkesziések, egyszeril szerkesziési feladatok korrel,
hiromsziggel kapesolatosan. Vektorok, vektormiiveletek. Hasdb,
henger, gila, kiip, gomb felismerése. Felszin, térfogat szemléletes
fogalma. Poliéder felszine. Szamol6 i
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ismeretek rendszerezése, alkalmazdsa.
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(a) Main Page Annotation Example 1 7 kh) Main Page Annotation Example 2 7 (c) Index Page Annotation Example
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Page Frame Row Text Region  Title Region Title Subtitle Other

Figure 7: Annotation Examples in HJDataset. (a) and (b) show two examples for the labeling of main pages. The boxes
are colored differently to reflect the layout element categories. Illustrated in (c), the items in each index page row are

categorized as title blocks, and the annotations are denser.

tion over union (IOU) level [0.50:0.95]2, on the test data. In
general, the high mAP values indicate accurate detection of
the layout elements. The Faster R-CNN and Mask R-CNN
achieve comparable results, better than RetinaNet. Notice-
ably, the detections for small blocks like title are less pre-
cise, and the accuracy drops sharply for the title category. In
Figure 8, (a) and (b) illustrate the accurate prediction results
of the Faster R-CNN model.

5.2. Pre-training for other datasets

We also examine how our dataset can help with a real-
world document digitization application. When digitizing
new publications, researchers usually do not generate large
scale ground truth data to train their layout analysis models.
If they are able to adapt our dataset, or models trained on
our dataset, to develop models on their data, they can build
their pipelines more efficiently and develop more accurate
models. To this end, we conduct two experiments. First we
examine how layout analysis models trained on the main
pages can be used for understanding i ndex pages. More-
over, we study how the pre-trained models perform on other
historical Japanese documents.

Table 4 compares the performance of five Faster R-CNN
models that are trained differently on index pages. If the
model loads pre-trained weights from HJDataset, it includes
information learned from main pages. Models trained over

2This is a core metric developed for the COCO competition [ ] for
evaluating the object detection quality.

all the training data can be viewed as the benchmarks, while
training with few samples (five in this case) are consid-
ered to mimic real-world scenarios. Given different train-
ing data, models pre-trained on HJDataset perform signifi-
cantly better than those initialized with COCO weights. In-
tuitively, models trained on more data perform better than
those with fewer samples. We also directly use the model
trained on main to predict index pages without fine-
tuning. The low zero-shot prediction accuracy indicates the
dissimilarity between index and main pages. The large
increase in mAP from 0.344 to 0.471 after the model is

Table 3: Detection mAP @ IOU [0.50:0.95] of different
models for each category on the test set. All values are given
as percentages.

Category | Faster R-CNN  Mask R-CNN® RetinaNet

Page Frame 99.046 99.097 99.038
Row 98.831 98.482 95.067
Title Region 87.571 89.483 69.593
Text Region 94.463 86.798 89.531
Title 65.908 71517 72.566
Subtitle 84.093 84.174 85.865
Other 44.023 39.849 14.371

mAP | 81.991 81.343 75.223

“ For training Mask R-CNN, the segmentation masks are the quadri-
lateral regions for each block. Compared to the rectangular bounding
boxes, they delineate the text region more accurately.

Multimodal Modeling
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Figure 7: Annotation Examples mn HJDataset. (@) and (b) show two examples for the labeling of mam

are colored  differently to reflect the layout element categores.
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tion gyer union (IOU) level [0.50:0.95]", on the test data. In
general, the high mAP values indicate ccurate detection  of
the layout elements The Faster R-CNN and Mask R-CNN

achieve comparable results, better than RetinaNet. Notice-

ably, the detections for small blocks like title are less pre-
cise, and the accuracy drops sharply for the title category. In
Figure 8. (a) and (b) illustrate  the jccurate prediction  results

of the Faster R-CNN  model

5.2. Pre-traming for other  datasets

We also examme how ., dataset ., help with , real-
world document  digitization application. When digitizing
new Publications, researchers  usually  do pot generate  large
scale ground truth data o tram therr layout analysis models
If they .. able (o adapt ,  dataset, . models tramed .,
our dataset, o develop models . their data, they .., build
their pipelmes ... efficiently and develop ;ore accurate
models. To this end, . conduct two experiments. Fist e
examme how layout analysis models trained ; the main

pages can be used for understanding index pages. More-

over, we Study how the pre-tramed  models perform  ; other
historical ~ Japanese  documents.

Table 4 compares the performance of five Faster R-CNN
pages. I the
model loads pre-tramed weights from HJDataset, 1t includes
Models  tramed
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mformation  leamed  from mam  pages. over
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evaluating the object detection quality.
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mg data, models pre-tramned on HJDataset  perform  signifi-
cantly Dbetter than those imitialized with COCO weights. In-
tuitively,  models trained o pore data perform  better than
those with fewer samples. We also directly i, the model
trained o main to predict  index pages without  fine-
tnmg. The low zero-shot prediction  ecypacy indicates  the
dissimilarity between  index and main pages. The large
mcrease 1 mAP from 0344 o 0471 after the model 1s

Table 3: Detecion mAP @ IOU [050:095] of different
models for each category on the test set. All values ... given

as percentages.

Category | FasterR-CNN Mask R-CNN* RetinaNet
Page Frame 99.046 99.097 99.038

2
Row 98.831 98.482 95.067

Title Region §7.571 89.483 69.593

,'{lext Region 94.463 86.798 89.531
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402 4
Other 44.023 39849 14371

mAP | 81.991 81.343 75.223
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Figure 7: Annotation Examples in HJDataset. (a) and (b) show two examples for the labeling of main pages. The boxes
are colored differently to reflect the layout element categories. Illustrated in (c), the items in each index page row are

categorized as title blocks, and the annotations are denser.

tion over union (IOU) level [0.50:0.95]?, on the test data. In
general, the high mAP values indicate accurate detection of
the layout elements. The Faster R-CNN and Mask R-CNN
achieve comparable results, better than RetinaNet. Notice-
ably, the detections for small blocks like title are less pre-
cise, and the accuracy drops sharply for the title category. In
Figure 8, (a) and (b) illustrate the accurate prediction results
of the Faster R-CNN model.

5.2. Pre-training for other datasets

We also examine how our dataset can help with a real-
world document digitization application. When digitizing
new publications, researchers usually do not generate large
scale ground truth data to train their layout analysis models.
If they are able to adapt our dataset, or models trained on
our dataset, to develop models on their data, they can build
their pipelines more efficiently and develop more accurate
models. To this end, we conduct two experiments. First we
examine how layout analysis models trained on the main
pages can be used for understanding index pages. More-
over, we study how the pre-trained models perform on other
historical Japanese documents.

Table 4 compares the performance of five Faster R-CNN
models that are trained differently on index pages. If the
model loads pre-trained weights from HJDataset, it includes
information learned from main pages. Models trained over

2This is a core metric developed for the COCO competition [ ] for
evaluating the object detection quality.

all the training data can be viewed as the benchmarks, while
training with few samples (five in this case) are consid-
ered to mimic real-world scenarios. Given different train-
ing data, models pre-trained on HJDataset perform signifi-
cantly better than those initialized with COCO weights. In-
tuitively, models trained on more data perform better than
those with fewer samples. We also directly use the model
trained on main to predict index pages without fine-
tuning. The low zero-shot prediction accuracy indicates the
dissimilarity between index and main pages. The large
increase in mAP from 0.344 to 0.471 after the model is

Table 3: Detection mAP @ IOU [0.50:0.95] of different
models for each category on the test set. All values are given
as percentages.

Category | Faster R-CNN  Mask R-CNN* RetinaNet

Page Frame 99.046 99.097 99.038
Row 98.831 98.482 95.067
Title Region 87.571 89.483 69.593
Text Region 94.463 86.798 89.531
Title 65.908 71.517 72.566
Subtitle 84.093 84.174 85.865
Other 44.023 39.849 14.371

mAP | 81.991 81.343 155223

“ For training Mask R-CNN, the segmentation masks are the quadri-
lateral regions for each block. Compared to the rectangular bounding
boxes, they delineate the text region more accurately.
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LF2) Layout Parser

0 & layout-parser.github.io ¢

Layout Analysis - in 4 Lines of Code

Transform document image analysis pipelines with the full power of Deep Learning.

(L]

pip install layoutparser

What is Layout Parser?

A Unified Toolkit for Deep Learning Based Document Image Analysis

LAYOUT DETECTION
Pre-trained Model Zoo
POST-PROCESSING
Layout Data structure
Visualization
Export and Storage

CUSTOMIZATION

Train Layout Models

Efficient Data Labeling

COMMUNITY

Sharing Platform

Accurate Layout Detection with a Simple and
Clean Interface

With the help of state-of-the-art deep learning models, Layout Parser enables
extracting complicated document structures using only several lines of code. This
method is also more robust and generalizable as no sophisticated rules are
involved in this process.

import layoutparser as lp

image = cv2.imread(...)

model = 1lp.Detectron2LayoutModel( ' lp://Primalayout/mask_rcnn_R_50_FPN_3x/config")
layout = model.detect(image)

Paper with Complex Layouts Magazine Scans & Websites Historical Documents

& Website

layout-parser.github.io

I Layout Parser

Community &

DIScuSSIon

& github.com/Layout-Parser/layout-parserfissues

& Layout-Parser [ layout-parser [\ Notifications ¥ Star 2.4k % Fork 204

1 Pull requests 4 (») Actions [T1] Projects 1 [ wiki

<> Code @ lIssues 20

Q isissue is:open © Labels 10 c® Milestones 0

(® 200pen v 18 Closed

Author ~ Label ~ Projects v Milestones ~ Assignee v Sort v

(® Paragraph and titles with bigger line spacing
#55 opened 3 days ago by gevezex

© Layout Parser text boxes not properly aligned causing incorrect
sorting of text boxes ' enhancement
#50 opened on Jul 5 by farazk86

© Multi modal approach to LP's Deep Layout Parsing capability
enhancement

#49 opened on Jun 20 by nasheedyasin

© group_blocks_by_distance example addition )
#48 opened on Jun 19 by zthab

© "Ip.draw_box()" is not able to displays the result in .py file
enhancement
#47 opened on Jun 12 by vilktor370

© enforce_cpu not working )
#44 opened on May 14 by lkluo

© Ip.Detectron2LayoutModel often hangs on download step

(config/model) )

#43 opened on May 6 by Danferno

C) Github

@layout-parser

@ twitter.com/layoutparser

layoutparser
11 Tweets
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O 1
Show this thread

layoutparser @layoutparser - Apr 12
(2/6) We incorporate a new model from the Tablebank dataset and now the
model can detect table regions on various documents.

(a) Partial table at the bottom (b) Full page table (c) Partial table at the top

Q1 Q7 &

Show this thread

(1/n) Layout Parser v0.2 is out! New models, better API support, and much
more!

@ layoutparser @layoutparser - Apr 12

< Highlights +

- Add support for loading and saving with JSON and CSV.

- New shape operations between blocks (union and intersection) are
available.

- Table detection models are up for grabs!

QO 2 n O 4 &

Show this thread

O Twitter

@layoutparser

L ]
= @ Q  Search Layout-Parser @ o

Layout-... ~ @ # general v @Be s

Zejiang (Shannon) Shen 1:52 PV Thyrsday, April 8th v
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reac Hi everyone! Welcome to join the Layout rarser siack channel! Please feel free share your

B3 All DMs thoughts about this library or just discuss document digitization in general! In case you

© Drafts 3 encounter a bug, let us know in #bug-report channel or just submit an Github issue. Please
@ Mentions & reac stay tuned for more incoming updates in the near future! I
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< Slack Connect - e

More joined #general along with
e Gunee
v Channels 4 Hi! I'm working with anaconda python 3.7 on Windows, and while trying to install

layoutparser | ran into several issues: 1) the installation process stops because pycocotools
does not work. | overcome this by installing pycocotools outside (now | have pycocotools
2.0.2), however the installation process still runs into errors and does not finish. 2) While
# general installing Detectron 2 also run into errors and while looking at the documentation it clearly
papers states that it is only for linus or mac (see
https:/detectron2.readthedocs.io/en/latest/tutorials/install.html)... any ideas on how to
solve this issues? Many thanks!
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Thank you for working on this project, it's really a tremendous public good! A quick question:
Apart from the fact that it's open-source (which is a big deal), how does the functionality
here differ from Amazon Textract or Nanonets?
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This looks very promising and timing could not be better for us! Awesome! /KBLabb (National
Library of Sweden)

R
40 This is such a valuable project! Many, many thanks.

Is there a tutorial available for OCR using TesseractAgent?
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