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Introduction

- Document Digitization has become very
easy.

- Optical Character Recognition allows us
to extract text from documents and use
NLP techniques these documents

- We are hence able to enable new
experience like Search, Summarization
and more on scanned documents.
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However OCR on scanned Docs is far from
ideal
This is due to the noise in those documents



The Problem

RIS

Analog Documents

Errors in OCR Process Hampers
Downstream NLP tasks

Text output from OCR is noisy that
results in incorrect input to NER Models

Search Indices are Inaccurate

Cannot mine Information
From Documents Accurately

Users Create Search Indices in Cognitive Search Using Text Enrichments
Cannot find accurate information in their documents



Our Goals

Create Noise Robust NER
Model

Improve performance
on Noisy Data

Using certain techniques, we try to make NER Models perform
Well even when OCR Output is noisy

Generate Synthetic Data

Simulate OCR Noise

There is no Explicit NER Annotated OCR Data



Our Approach

- Measure NER F1 (Baseline NER Score)
==
Measure CER/WER (Metric of OCR Performance)
- Measure F1 NER (Degraded NER Score)
- Measure CER/WER on restored text (Metric for restoration performance)
- Measure NER F1 (Impact of restoration NER)
- Measure NER F1 (Impact of restoration NER)
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Experimental setup




Genalog

- a platform-independent python package for generation of synthetic
document images with custom degradations:

- Capabilities
- Create synthetic documents in with HMTL & CSS
- Add degradations to simulate real world scans
- Extract text from documents using Azure OCR
- Efficient text alignment implementation for long document

- We are open-source on GitHub!
- Please visit our documentation: https://microsoft.github.io/genalog/

‘ ' Microsoft/genalog



Genalog in Action

from genalog.pipeline import AnalogDocumentGeneration
from genalog.degradation.degrader import ImageState

sample_text = "sample/generation/example.txt"

STYLE_COMBINATIONS = {

“font_family" : ["sans-serif"],
"font_size" : ["14px"],
"text_align" : ["center"],
"language"” : ["en_US"],
"hyphenate” : [True],

HTML_TEMPLATE = "text_block.html.jinja"

DEGRADATIONS = [

Time magazine , in a move to reduce the costs of wooing new subscribers , is lowering
its circulation guarantee to advertisers for the second consecutive year, increasing its
subscription rates and cutting back on merchandise giveaways . In an announcement to
its staff last week , executives at Time Warner Inc. 's weekly magazine said Time will **
dramatically de-emphasize " its use of electronic giveaways such as telephones in tele-
vision subscription drives ; cut the circulation it guarantees advertisers by 300,000 , to
four million ; and increase the cost of its annual subscription rate by about $ 4 to $ 55 .
In a related development , the news - weekly , for the fourth year in a row , said it wo n't
increase its advertising rates in 1990 ; a full , four - color page in the magazine costs
about $ 120,000 . However , because the guaranteed circulation base is being lowered ,
ad rates will be effectively 7.5 % higher per subscriber , according to Richard Heine-
mann , Time associate publisher . Time is following the course of some other mass - cir-
culation magazines that in recent years have challenged the publishing myth that main-
taining artificially high , and expensive , circulations is the way to draw advertisers . In
recent years , Reader 's Digest , New York Times Co. 's McCall 's , and most recently
News Corp. 's TV Guide , have cut their massive circulation rate bases to eliminate mar-
ginal circulation and hold down rates for advertisers . Deep discounts in subscriptions
and offers of free clock radios and watches have become accepted forms of attracting
new subscribers in the hyper-competitive world of magazine news - weeklies . But Time
, as part of the more cost - conscious Time Warner , wants to wean itself away from ex-
pensive gimmicks . Besides , Time executives think selling a news magazine with a clock
radio is tacky . ** Giveaways just give people the wrong image , " said Mr. Heinemann .
** That perception takes the focus off the magazine . "' Time magazine executives pre-
dictably paint the circulation cut as a show of strength and actually a benefit to advertis-
ers . What we are doing is screening out the readers who are only casually related to
the magazine and do n't really read it , ' said Mr. Heinemann . ** We are trying to create
quality and involvement . "' However , Time executives used the same explanation when
in October 1988 the magazine cut its guaranteed circulation from 4.6 million to 4.3 mil-
lion . And Time 's paid circulation , according to Audit Bureau of Circulations , dropped
7.3 % to 4,393,237 in the six months ended June 30, 1989 . Still , Time 's move is being
received well , once again . " It 's terrific for advertisers to know the reader will be pay-
ing more , "' said Michael Drexler , national media director at Bozell Inc. ad agency . "~ A
few drops in circulation are of no consequence . It 's not a show of weakness ; they are
improving the quality of circulation while insuring their profits . '* Mr. Heinemann said the
changes represent a new focus in the magazine industry : a magazine 's net revenue per
subscriber , or the actual revenue from subscribers after discounts and the cost of pre-
miums have been stripped away . ** The question is how much are we getting from each
reader , " said Mr. Heinemann . Time 's rivals news - weeklies , Washington Post Co. 's
Newsweek and U.S. News & World Report , are less reliant on electronic giveaways , and
in recent years both have been increasing their circulation rate bases . Both magazines
are expected to announce their ad rates and circulation levels for 1990 within a month .




Handling Noisy Text

Now, imagine we have obtained a noisy version of the grouth truth text through the OCR process, for example. The

problem becomes: how can we label the noisy tokens?

NER Labels:

GT Text:
Noisy Text:
NER Labels:

Text
Alignment

B-P I-P 0 O
New York is big

New Yo rkis big
? 2 ? ?

B-P I-P O O

B-P I-P I-P O

Genalog provides efficient text alignment
algorithm for longer text based on the
RETAS method that is 100x" faster than
traditional alignment algorithms

Please see Genalog's documentation on:
Text Alignment & Label Propagation

* This number is sourced from the paper : A Fast Alignment Scheme for Automatic
OCR Evaluation of Books. And we found similar results in our experiments.



https://ieeexplore.ieee.org/abstract/document/6065412
https://microsoft.github.io/genalog/text_alignment.html
https://microsoft.github.io/genalog/ocr_label_propagation.html
https://ieeexplore.ieee.org/abstract/document/6065412

Enki Model Development



Common approaches to text restoration




Character shift problem

New York 1s wonderful ——W—Y-—————= W——————=
"z T T
Nev ork 1s onderful Nev ork 1s onderful
Bi-LSTM suffers from a cumulative character Action prediction does not have this problem

shift



Model Architecture

R
|
B | Acion - Approach:

. - Reconstruct text to remove OCR errors
Run NER on reconstructed text

- Action Prediction Restoration model:

1d convolution - For each character in the input sequence, use surrounding

context to classify whether:
- INSERT

- INSERT_SPACE

. DELETE

; - REPLACE
Char embedding . NO ACTION

Perform that action with the correct character




Restoration Results

OCR Sentence Reconstructed Sentence

No one will be able to rec- ognize her body ! No one will be able to recognize her body .
Although ! still have n’t made the final decision to go Although [ still have n’t made the final decision to go

Why do you think the North Koreans chose july Fourth /? Why do you think the North Koreans chose July Fourth /?
israel says & may abandon the peace negotiations altogether . Israel says it may abandon the peace negotiations altogether .
I will protect this cky and save it . I will protect this city and save it .




Performance of Action Prediction Model

Dataset

CoNLL 2012
CoNLL 2003
CoNLL 2012
CoNLL 2003

Degradation Type

All Degradation Light
All Degradation Light
All Degradation Heavy

All Degradation Heavy

OCR Accuracy

Char

0.986
0.989
0.900
0.900

Word

0.927
0.942
0.661
0.646

Reconstruction
Accuracy

Char

0.991
0.994
0.907
0.903

Word

0.962
0.969
0.732
0.700




Performance of NER — CoNLL 2012/2003/CNN

Dataset

CoNLL 2012
CoNLL 2003
CNN Daily Mail

Degradation Type

All Degradation Light
All Degradation Light
All Degradation Light

NER on
Clean Text

0.832
0.860
0.989

NER on
Degraded Text

0.783
0.820
0.590

NER on Relative Gap
Restored Text Reduction

0.819 73%
0.841 52%
0.895 716%



Conclusions & Learnings

- Genalog is able to generate synthetic images with realistic

- Action prediction model successfully mitigates the

- Trained on the , the action prediction model is able to
restore the text from OCR errors
- The restoration the drop in the accuracy from

OCR errors on the downstream NER task



Checkout Genalog and give it a like

Give our Paper a read

Connect with us ©




Document Generation Results

Some Research Paper: This is a
Synthetic Document

Some Research Paper: This is a
Synthetic Document

This is Shi'nao Mountain & , situated in Yangquan , Shanxi, a s

of the Zhengtai Railway back then . On August 21 , 1940 , in order to pin down
Japanese troo ationed in Yangquan and to cover for militiamen sabotaging the
western section of the Zhengtai Railway , the 129th Division of the Eighth Route
Army ordered the main regiment of its 385th Brigade , the 14th Regiment led by
Brigade Commander Chen Xilian , to head directly for Shi'nao Mountain to seize
the high ground . Like a sharp sword , civilians in the western section broke
through the strategic passage . Frustrated and angry , the Japanese army imme-
diately deployed a large number of troops in an attempt to retake Shi'nao Moun-
tain . To the enemy 's complete surprise , desolate Shi'nao Mountain had been
turned into a strong combat fortress by our troops in less than a night . Like a
lion with its mouth wide open , towering and rugged Shi'nao Mountain was con-
stantly waiting for any invaders who dared come close . The night before , we de-
stroyed the roads and cut off all electrical and railway lines , making it impossible
for it to communicate . It did not know how many of us went to destroy the roads
, whether it was the Eighth Route Army or not , the regulars , or others . It did
not know , right ? After all , its telephones had stopped working . Yeah , the roads
had been cut off , with its vehicles unable to drive back and forth . The following
seven days and nights were extremely tough tarting from the 23rd , the Ja-
panese army in Yangquan , backed by helicopters , launched nonstop fierce at-
tacks on Shi'nao Mountain using chemical weapons . During the Shi'nao Moun-
tain battle , our soldiers died in large numbers . So many died that the clean - up
was done in batches . In addition , many people were poisoned when toxic gas
was released . They were poisoned and did not know how to protect themsel
against the poison . They simply crawled on the ground and wetted handkerchiefs
in the rain to cover their noses against the poison . Eh , medics were quite busy
Several days of autumn rain turned the combat trenches extremely muddy . The
Eighth Route Army officers and soldiers soaking in the muddy water fought their
powerful enemy with utmost effort . With bombs exploding next to the trenches
they showed no fear at all . When their blood turned the yellow soil red , they ap-
plied iodine solution to their wounds and closed them with bandages . They
wrapped them with bandages , and that was it . Under the powerful offensive of
the Eighth Route Army , the enemy was only able to defend itself , without any
strength to fight back . The battle proceeded very smoothly , with the initiative
steadily in the grasp of the Eighth Route Army

Section 0:

Section 1:

Section 0:

Dear Mr/Ms

Two column Scientific Paper Two column Scientific Paper Letter Style

with Plots Block Text



Image Degradation Examples
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