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Hey, my name is John.



| work at a big
accounting
consulting company.



Today is a bad day.



Investigate an audit of a
big firm.



Done in 1995. No digital
trace.



L etters.



Receipts.



Invoices.



Emalils.



Thousands of them.



How it feels like?
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Region-Based &

Classification Model First Steps Classification Model Preprocessing

Task

Holistic CNNs
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Region-Based &

Classification Model Dataset First Steps Classification Model Preprocessing Holistic CNNs

Dataset

e RVL-CDIP dataset

JeA—— iy
W e e o P — IS

e SR : —— — i= 7 | Il, "’”"‘“‘"11‘.':"‘“"','""".”“'-.% . [14]
Letter Memo Email Filefolder Form Handwritten Invoice Advertisement

@ aidrich chemicalco. - WHTHINIL

- am A e—— I | TheEfects of Cigarette Smoking on
. the Human Placenta: a Light and Electron

rie o

usa
Topie: Seund Stae of Business & Sowrces of Growth
vizam

(Gt " Thank you, Dinny, and Good
Moring:

I'd like to weicome you all to our
manufacturing facility here in Richmond.
And, We are excited to have this

g o i —
' ' o e e e [15]
Budget News Presentation Scientific Questionnaire Resume Scientific Specification

Article Publication Report 18



Region-Based &

Classification Model First Steps Classification Model Preprocessing Holistic CNNs

First Steps

Graph-Based ., Content-Based Image-Based .
[12]
+ Unconventional approach + Very good accuracy + State-of-the-art
+ Simple preprocessing
- Complicated preprocessing - Complicated preprocessing + Matches our project goals

- Hard to implement
- Training time
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Region-Based &
Holistic CNNs

Classification Model First Steps Classification Model Preprocessing

Classification Model

N\
_—
i Bottom CNN
N
- N\
‘,:?" Header CNN
‘ N
R . )
—> Preprocessing| ———> Holistic CNN > H
N Output Layer
Right CNN > N
N Fully Connected Layer
Left CNN |———

e Validation accuracy: 0.98
* Test accuracy: 0.98
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Region-Based &

Classification Model Dataset First Steps Classification Model Preprocessing Holistic CNNs

Preprocessing

Bottom Header Holistic Left Right

Caaomini@®

Baltzmannstrate 3
83748 Garching

28.00.2018,

O, icarto Ackvedo-Catra
Facuty Msthemates
S
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Region-Based &
Holistic CNNs

Classification Model Dataset First Steps Classification Model Preprocessing

Region-Based & Holistic CNNs

N
> Convolutional Part of —_—> —_—> >
VGG16
\_ Output Layer
Input Layer
N

1st Fully Connected Layer

Transfer Learning |

2nd Fully Connected Layer .
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Pipeline Preprocessing & Postprocessing Usefulness

[llustration

RADIO TV REPORTS, INC. PROGRAM HEWS 60 secs. STATION CBS
41 EAST 42nd STREET, NEW YORK, N.Y. 10017, (212) $99-$500
DATE JUNE 11, 1968 7:21 PM ciTy NEW YORK
PROGRAM NEWS 60 secs. STATION 4:H
DATE JUNE 11, 1968 7:21 PM ary NEW YORK

KENT CIGARETTES 803231

(SFX TRAIN WHISTLE)

(Music)

MAN: Here's the story they still tell around the rallroad yard,
about one night when Casey Jones was drivin' extra hard. Another , {5 Fx .ERAI N: “H I-S'I'LE']
train ahead, but watch out. An accident! But Casey wouldn't jump [HUSI C}

cause he was haulin' Kent. Roarln' towards the blgaest wreck In all

MAN: Here's the story they still tell around the railroad yard,

the universe. Casey grabbed the throttle and pulled In reverse. He
bullt up such a head of steam, It was magnificent., Backed all the

about one night when Casey Jones was drivin' extra hard, Another

way to Santa Fe, Just to save the Kent.

VOICES: He saved the traln. .
train ahead, but watch out. An accident! But Casey wouldn't Jjump

MAN: For the taste of Kent.

VOICE: He saved the train.
MAN: For the taste of Kent.

VOICE: He saved the train.

MAN: For the taste of Kent.
VOICES: He saved the tralin!

MAN: For the taste of Kent.

L6Soraas

OFFICES IN: NEW YORK * DETROIT » LOS ANGELES « WASHINGTON, D. C. » CHICAGO = AND OTHER PRINCIPAL CITIES
Wirile Aacio TV REDETIS 1AL anGuawars 10 &85 T8 Ihe BCSutetp ol maienal Tunplad By o1 1 CENACT B8 P RDOnNDie FOd Ml anes of omeERsnn
Malarisl supplied by Radia TV Repors, Inc. may be wsad lor Nie and relsrence purposas orly. W may nol ba reproduced) seld o publicly Semonsireied of sahibid.

OFFICES IN: NEW YORK * DETROIT « LOS ANGELES * WASHINGTON, D. €. + CHICAGO » AND OTHER PRINCIPAL CITIES
[

Whia Aasie T Rapeny ing "
Malartat ubpiled by Madia Tv Repanis, Inc. mey B waed for hia 1 1STRISACE Purpeses oniy. 1 ey AU D8 FBrOdUCHd, S04 o1 publucly Sumansiroted of subibiied
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[llustration

OCR lllustration

PROGRAM NEWS 60 secs. STATION CBS
DATE JUNE 11, 1968 7:21 PM CITY NEW YORK

KENT CIGARETTES 803231

(srx TRAIN WHISTLE)

(MUSIC)

MAN: Here’s the story they still tell around the railroad yard,
about one nlght when Casey Jones was drlvin’ extra hard. Another
train ahead, but watch out. An accident! But Casey wouldn’t jump

OFFICES IN: NEW YORK.DETROIT.LOS ANGELES.WASNINGTON D
C.CHICAGO AND OTHER PRINCIPAL CITIES
While Padro TV Reoriis imc endeevors to ...

Pipeline Preprocessing & Postprocessing Usefulness

PROGRAM NEWS 60 secs. sTATIoN  CBS

DATE JUNE 11, 1968 7:21 PM ciTy NEW YORK

;(SFX TRAIN WHISTLE)
(Music)
MAN: Here's the story they s-tlll tell around the railroad yard,
about one night when Casey Jones was drivin' extra hard, Anather

‘traln ahead, but watch out. An accident! But Casey wouldn't jump

OFFICES IN: NEW YORK +» DETROIT » LOS ANGELES » WASHINGTON, D. C. *» CHICAGD » " :
Wirile Aacio TV REDETIS 1AL anGuawars 10 &85 T8 Ihe BCSutetp ol maienal WuDpiad By 1, 1 Cannol "ug?q..:qr::f.,THEn PRINCIPAL CITIES

Maisrial supplied by Aadio TV Fepons, Inc. may be wsed lor lis and relsrence purposas InanramaRans

eny. W may nal be reproduced) sald or Publicly Ssmonsireed of sahibimd.
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[llustration Pipeline Preprocessing & Postprocessing Usefulness

OCR Pipeline

X Image Preprocessing

Accuracy Metric

Output as :
Postprocessing

Document

| PyTesseract
mage
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Preprocessing & Postprocessing

Preprocessing

e Upscaling
e Sharpness
e Contrast
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Usefulness of
Preprocessing

Pipeline Preprocessing & Postprocessing

Factors trained on
1.0

g At

First smoke some of the ciz:rettzs marked N'l nnd then the cmmtes

K3 «Then compare the twn clgnrenes wiu| ench other and complc!e
qunﬂom below B

Cetsline “etsitke @isiik
'y very such moderately m.m,

5 11b. Check the box that best describes how you feel abo t the ovz'all
‘4 ol me cigarette coded K3. s

distike  glstine gtslite neitner
ch y shightly 1k

Accuracy

Usefulness
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Named Entity
. Recognition :
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Named Entity Complete Character Casing Conditional

Research BiLSTM

Recognition Architecture Representation Information Random Field

Research — NER Algorithms

e Read papers

/'NO handcrafted features ) /-Embeddings and CNN )

e State-of-the-art results _ * BiLSTM
e Mathematically interesting * 4 different papers  CRF
e Curiosity about new * Networks are comparable, e Output of NER (.json)

networks yet different

R Implementation

N ., -i5ion for NNs
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Named Entity Complete Character Casing Conditional

BiLSTM

Research " : : : :
Recognition Architecture Representation Information Random Field

Named Entity Recognition

Named Entities: Organization Location Person

31



Named Entity Complete Character Casing Conditional

BiLSTM

Research o . : : :
Recognition Architecture Representation Information Random Field

Named Entity Recognition

Named Entities: Organization Location Person

/Facebook Inc. is endowing a new institute, led by \
Christoph Luetge , devoted to the ethics of artificial

intelligence at the Technical University of Munich,

kin Germany . . /
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Named Entity Complete Character Casing Conditional

BiLSTM

Research o . : : :
Recognition Architecture Representation Information Random Field

Named Entity Recognition

Named Entities: Organization Location Person

/[Facebook Inc.]is endowing a new institute, led by \

[Christoph Luetge], devoted to the ethics of artificial

intelligence at the[TechnicaI University of Munich],

_nloermany o
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Named Entity Complete Character Casing Conditional

Recognition Architecture Representation Information SIS Random Field

BILSTM-CNN-CRF: Complete Architecture

Research

Character
Representation

Word | . Sequence of Labels
[ >entence { Embeddings BILSTM CRF for the Sentence ]

Casing
Information

e Validation accuracy: 94.2%
* Test accuracy: 90.8%
34



Named Entity Complete Character Casing

Research o : : :
Recognition Architecture Representation Information

CNN-Extracted Features

BiLSTM

Padding M

Tl LT

Padding

!

Character
Embeddings

CNN: Transform character-level ﬂ

information into character- /fco .MN d\\
representation L
Core
Max Pooling

Character
Representation

Conditional
Random Field
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Named Entity Complete Character Casing Conditional

BiLSTM

Research o : : : :
Recognition Architecture Representation Information Random Field

Word-Embeddings using GloVe

| GloVe: Projection into 2D
I B 1226 — _ _ _ '_____[__ | I ]
i, = ETmTmTTEEER Brooklyn
I T < L Bt
0.2 i
Word Embeddings: | 60629~ __ __
* Pretrained word embeddings with GloVe | 0.1 39186 = ~ =~ — =~~~ _______ 7= ~Chicago -
100 dimensions.
| T Eemes ‘
B
I -01F FOBIT = =iti— = o s S i
I Wil = e wan,
i 95623 — — — — — — — — — — _ ___ === dlashvile |
I - . 92804'-l ————— S ._ B B —-Anarlleim | |
I -0.6 -0.4 -0.2 0 0.2 04 0.6

(16]
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Named Entity Complete Character Casing Conditional

BiLSTM

Research o : : : :
Recognition Architecture Representation Information Random Field

Casing Information

The casing of a word contains important information

{horsq o [Murch]

Casing: numeric mainly numeric all lower all upper initial upper

[ Embedding}

. |
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Named Entity Complete Character Casing Conditional

BiLSTM

Research o : : : :
Recognition Architecture Representation Information Random Field

Bi-Directional Long Short-Term Memory

Capture context on both sides of a word of a sentence

Output

A

Backward LSTM < < <

Forward LSTM > > >

Character
Representation

Word
Embedding

Casing
Information

Artificial intelligence for document understanding 38



Named Entity Complete Character Casing Conditional

BiLSTM

Research o . : : .
Recognition Architecture Representation Information Random Field

Conditional Random Field

Which sequence of labels is most likely for the sentence?

[[...] Technical  University of  Munich, in  Germany. J

39



Named Entity Complete Character Casing Conditional

BiLSTM

Research o : : : .
Recognition Architecture Representation Information Random Field

Conditional Random Field

Which sequence of labels is most likely for the sentence?

[[...] Technical University of  Munich, in  Germany. J

Not likely:

%[[...][Technical University Munich, in [Germam&.}

Organization Person Location Location

40



Named Entity Complete Character Casing Conditional

BiLSTM

R h o : : : .
S Recognition Architecture Representation Information Random Field

Conditional Random Field

Which sequence of labels is most likely for the sentence?

[[...] Technical University of  Munich, in  Germany. J

Not likely:

%[[...][Technical University Munich, in [Germamﬂ.}

Organization Person Location Location

More likely:

[...]Technical  University of  Munich, in [Germany.

Organization Location
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Search Module
d!lé Banana QJ

SOU’ - - Dashboard [1

(3] 9]

e m
5 3], 241 : [21] i — —
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Goals and Outcomes

[0

T
OOA

Classification 4]

=

Optical Character
Recognition 5]

e

—— <

OpenNebula 7]

S

Flask s

uatomatically find name:
‘people, places, produc
\d organizations in text

ross many languages.

Named Entity
Recognition (6]

— Jenkins (9]

P
(o o)
Search Module \~—/

v
_/ \
R R
Continuous Integration
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Cloud Structure (Flask)

Named
Entity
Recognition
(NER)

Optical
Character
Recognition
(OCR)

Image
Classification

Open Nebula

Controller
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Thank you for your Attention
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