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The Microfilm Problem
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Scanning the Granite Vault

2.5 Million rolls of microfilm

~ 1300 1images per roll
Up to 25 Megabytes per image
1300 x 25,000,000 x 2,500,000

= 81.25 Petabytes



The Digital Microfilm Pipeline* BYU
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The Digital Microfilm Pipeline

What s inside
the box?
psl=

What processing steps have to happen
in between?




The Digital Microfilm Pipeline et g
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We envisioned a sequence of processing
steps that needed to happen
— like the Henry Ford Assembly line
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Cropping — 2017 Tensmeyer et al é

BYU

PageNet — Fully Convolutional Network




10 Terabytes/day
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(Left) Original scanned record (Right) After Enhancement



Threshold Enhancement
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(Left) Original scanned record (Right) After thresholding for
Bleed-through removal, with Enhancement, and Antialiasing



Stroke Enhancement

(Left) Original scanned record (Right) After
Matched Filter Stroke Enhancement



Family History Technology
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About the Workshop

The Family History Technology Workshop has been held for 17 years, at both BYU
and at RootsTech in Salt Lake City. Attendees include researchers, software
developers, and professionals, brought together by their shared passion for
improving family history technology.
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BYU created conference with FamilySearch: RootsTech @

February 28— March 3,
2018

rootstech®
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Salt Palace Convention Center
Salt Lake City, Utah

For Non-Credit or Non-BYU Employees
You may register at rootstech.org '

RootsTech

Register Now (&'

Online Registration Closes: Mar 3, 2018

Brigham Young University is pleased to participate with FamilySearch in

redesigning three former conferences, the Conference on Computerized

Family History, the Technology Workshop, and the FamilySearch Developers

Conference, all together into the new RootsTech and offering even more to those Manage My Continuing Education

interested in family history. Account (@

Employees may qualify for free
admission.

For more information,
visit rootstech.org &

BRIGHAM YOUNG UNIVERSITY

BYU
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Family History Technology Lab

The BYU Family History Technology Lab is a
non-profit student research lab sponsored
by Brigham Young University's Computer
Science department.

We're dedicated to creating simple, usable,
and enjoyable family history apps. E|

v %a

Watch a Training Video Q%.%
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Binarization
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Median Filter Subtraction for background elimination




Binarization
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The Digital Microfilm Pipeline BYU
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Registration
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Documents must be aligned, rotated and scaled to register them



Registration — Hutchison 2003 BYU
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Fourier-Mellin Transform for detection of rotation and shear



Registration — Hutchison 2003

Log-r Histogram of x-Axis in DFT (For Two Images)
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Segmentation & Zoning
- Nielson 2003
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Candidate Line Identification
- Nielson 2003
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Local “Snapping”

* Adjust the position of the
mesh line to the digitized
line

 For each line segment in
the mesh, compute its
filtered profile

« Calculate line strength
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s(x)=e

Ips(x)

« “Snap” to the location
maximizing s(x)
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Line detection and local refinement for document zoning



Z.oning by Consensus

Consensus from 28 frames



Z.oning by Consensus

Final Zone Template



Free-form Line Detection
- Kennard, 2006
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Label Handwriting BYU
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[Example]

Labeled Image
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Zoned and Labeled Image

Nore.—Draw the pen of the words of the healings as are inappropriate.

BYU



The Digital Microfilm Pipeline BYU

Searchable
Crop Binarize Zone OCR Database
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- N D deck Sk b 3 i Sl - —E
Enhance Register Label Handwriting
‘ v / Recognition

Waypointing : Index/ : Full
:  Search Text
by : Index/

Intelligent & __ :
Indexing ﬁ;’ — : Word E Search
: *ROI

e Pattern

Intelligent Browsing

Visual Index/Search by Zone, Label, ROI



Machine-Printed OCR

A solved problem?
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Must detect Machine Print before recognizing it



Machine vs. Hand Print

- Pinson 2005, 2011

Your marriage record Is vital
Be sure the information you give 1s complete and accurate

PLEASE PRINT - USE BLACK INK
1 FIRST NAME OF GROOM

GROOM (MALE) DAV

3 USUAL RESIDENCE  STREETADDRESS AND CIT

Zpcode F 3203 A4Z Narigy Vseoi

§ FATHER FULLNAME FIRST MIDDLE LAST

Home Ph# (21 -4403 DeNsamin DA 5

6 MOTHER  FULL NAME FIRST MIDDLE MAIDEN NA!

oficePh# 533-400 y o0 4 SrmeaeT

7 FIRST NAME OF BRIDE

BRIDE (FEMALE) ets 1

9 USUALRESIDENCE ~ STREETADDRESS AND CIT
Zip Code nwesten

11 FATHER  FULLNAME FIRST MIDDLE LAST
Home Ph # ‘3 6 5¢

12 MOTHER  FULLNAME FIRST MIDDLE MAIDEN N;
Office Ph # M ar

Blood relation hip of groom %n r:rlh:t 1stand do.s

to bride N ONE I(.

FORWARDING ADDRESS

(After Mamage) 2442 \JP(LLE‘( \Jﬁ
Ccop

NUMBER OF THIS
IF PREVIOUSLY MARRIED LAST!
SUPPLEMENTARY  MARRIAGE
DATA FIRST SECOND BY DEATLH DIVORCE ~ DATE ENDED

ETC (SPECIFY)  ANNULMENT (specfy) MONTH / YEAR

GROOM 26b

25 2%
(MALE) P RST — e

Your marriage record Is vital MA
Be sure the information you give 1s complete and accurate
TOBEF
PLEASE PRINT - USE BLACK INK (Plea
1 FIRST NAME OF GROOM
GROOM (MALE) Davd

3 USUAL RESIDENCE  STREET ADDRESS AND CIT

Zpcode 3203 42 Narigy ey

5 FATHER FULLNAME FIRST MIDDLE LAST

Home Phi (21 -4403 DENMAN DAL 5
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BRIDE (FEMALE) ets 1

9 USUAL RESIDEN STREETADDRESS AND CIT
Zip Code westoen

11 FATHER FULL NAME FIRST MIDDLE LAST
Home Ph # Ubfﬁ ’ L]n

12 MOTHER  FULL NAME FIRST MIDDLE MAIDEN N

Office Ph # Mﬂf A’

Blood relation hip of groom On whatisland do'
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to bride Nong : MIK )
FORWARDING ADDRESS
(After Marmage) 41 \JA— WEY Uﬁ'
cor
NUMBER OF THIS
IF PREVIOUSLY MARRIED LAST!
i< plad e BY DEATH DIVORCE
DATA FIRST SECOND DATE ENDED
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ETC (SPECIFY)  ANNULMENT (specify) MONTH / YEAR
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PCA Classification

Machine Print

26 fonts
273K CCs
6000Templates

Hand Print

2100 writers
~600K CCs

ev . . .
i 155 Perform Principal Component Analysis
on set of machine print connected components

. IM w m m Treat connectgd )
[H I B R D tyoer-mension space<>
BAHEZC —
SADKXP |

(a) Machine print
connected components e

€ e

(c) M' Hyper-dimensional (character) space

Project representative machine print
templates into character space

Set of representative machine print templates

° . Project large sets of
machine print and handwriting
templates into character space

€

(e) Automatic local distance threshold selection
by connected component radial density and
user-specified target machine print precision

(d) Projection of machine print representatives
into character space



Precision BYU

Machine Print — 94% Hand Print — 89%

Many Errors from Touching characters:

quanfitative method 1s Mean
hod takes note that |an|origirjal

was| interpolated using a magni

However |asl|lan| enhankement

to ardas|of the image that have




Split Touching Characters

Set of unknown
connected component templates Project split connected
N\ |2 w components into character space
10U
: “ ez T OU C H

ecursive Touching Character Segmentation using graph-cut seeding of outside pixels

(@R
€ Split connected components ) B
classified as handwriting 0 l I <l ‘ : H e
'YX
ooo
00

(f) Method identification by
Euclidean distance in character space
® Projected machine print representatives
Character space within local distance threshold of machine print representatives
e Projected handwriting from B / Projected unknown connected component classified as handwriting
® Projected machine print from A / Projected unknown connected component classified as machine print

i



Machine-Printed OCR — Barzee ’96
- Posting Paper on the Web

* First-generation print

* Font-specific OCR

* Grayscale attributes

* Multiple character prototypes for
kerned and touching characters

 Lexicon/contextual error correction

 User interaction to recognize problem words

| |
99.8% compared to 99.94% (human)



Machine-Printed OCR — Barzee ’96
- Posting Paper on the Web

* Paper in -> HTML out

* Own OCR

* Graphics detection

* Captions detection

* Automatically generated links
* 99.8% OCR

* 99.96% - human proof reading
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The Digital Microfilm Pipeline BYU

Searchable
Crop Binarize Zone OCR Database
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Enhance Register Label Handwriting
‘ Y / Recognition

Waypointing : Index/ : Full
:  Search Text
by : Index/

Intelligent & __ :
Indexing ﬁ;’ — : Word E Search
: *ROI

e Pattern

Intelligent Browsing

Visual Index/Search by Zone, Label, ROI



Handwriting Recognition

NOT a solved problem
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All current approaches must segment words/lines
before recognition 1s attempted




Segmentation in tabular
documents — Davis 2015




Segmentation in tabular

documents
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3D cut overview

* Take subsection

* Find slopes

* Project image to 3D
using slopes

* Graph cut




Graph creation

Pixels are assigned slope

values in a fill manner.

— Pixels can receive
multiple assignments.

3D distance map

computed.

Source and sink

connections based on

severing points.




Peal Apart Strokes BYU




So how well does this all work?&vU

Horizontal
segmentation: l {MWMMM
« 92.6% accuracy on our
application dataset.
« 89.5% accuracy on lines . S
of the ICDAR2013 ?N“(, E“‘“J- .
Handwriting

Segmentation Contest




et

So how well does this all © ——
work?

Vertical segmentation
(without 3D cut):

« 80.7% accuracy on our
application dataset.




Handwriting Recognition

Handwriting Recognition

by Word Warping
- Doug Kennard - 2012




Word Warping




Handwriting Recognition
- using Word Warping

Single author
in vocabulary —91-92%

Single author
in vocabulary and
out of vocabulary — 69-72%

Multi-author in vocabulary — 66%
Multi-author in+out of vocab — 56%



The Digital Microfilm Pipeline BYU

Searchable
Crop Binarize Zone OCR Database
SN . o A”*”f/' s WHIRE BOXN e EFE ]
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> e B L b S o 23 Borowrt - e
Enhance Register Label Handwriting
‘ Y / Recognition

Waypointing : Index/ : Full
:  Search Text
by : Index/

Intelligent & __ :
Indexing ﬁ;’ — : Word E Search
: *ROI

e Pattern

Intelligent Browsing

Visual Index/Search by Zone, Label, ROI



Handwriting Recognition with
Deep Learning Networks — 16
Wigington, Davis, Stewart

§ =T e S ST

- Expert Transcription:

» An die herrn gehaimen Rath
» Our system:

« An die herrn gehaimen Rath



Handwriting Recognition with
Deep Learning Networks — 16
Wigington, Davis, Stewart

° %}Zrl‘;\/‘ -m&.;g«ﬁ /A-:

- Expert Transcription:
Abgefertigt. vnd gebeten
« Our system:

Abgefertigt. vnd gebetcl



Handwriting Recognition with
Deep Learning Networks — 16
Wigington, Davis, Stewart

1 e, R ™ m. P

Expert Transcription:
werden, Ine Carara aus
Our system:

werden, Ine Carara aus



Handwriting Recognition with
Deep Learning Networks — 16
Wigington, Davis, Stewart

Expert Transcription:

seiner: bei sich habenden welsch
Our system:

seiner. bei sich habenden welsch



Handwriting Datasets

German (15th-18th Century) #f-—ees, I~ £/
George Washington \’“\W\Jﬁ £ wwniiacy
Smith Journals nilired. praclined

IAM (Multi-Author) Lefe_ l?e couse Jaall

MNIST (Numbers) 2@/




German

» 1470 - 1805

(' - N, 7/" - - A A ?\.,'(‘ _

i s A - Bleed Through

] N e o .»//?.« 4.— (i / "."P.-" ‘ .

e s R =, « Overlapping strokes
oyt boi g wens, 4. /

S aisais ";;:.";/ B - 95% Character

J LN AT J«.(J/ ey S

OL, /4 e R

e Accuracy
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George Washington

Single Writer Word Examples
- 99.3% Character Accuracy
- 98.4% Word Accuracy
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Smith Journals

Single Writer Word Examples
- 98.3% Character Accuracy I
- 97% Word Accuracy L e




IAM Handwriting Dataset

657 Writers Word Examples
- 97.2% Character Dunond — btons
Accuracy Ao ceudo N HShaexe
0 W S
- 95.03% Word Coicra
00 vk
Accuracy PowweW 1 Gorinance]

U ed Svod] GOODW aan ik
fu an Lagosaclor

coanclmn e Mean [Cormaual s« AN
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Uit snd?| callod) NOGUsS




MNIST Handwritten Digits

500 Writers Examples
- 99.62% Character 9 14 Ay O] |7
A
ccuracy g 3 5 - SR
4 > 06
A2 ) >
' 2
g 4/ o O
Vg
[l A
7 j 2




100

Handwriting Datasets

Good

o—
80

7
6
5
4
3
2
1

O O O o o o o o

BYU

| "_" | Enough?

German George Smith Journals 1AM Multi-Author MNIST
Washington

B Character Accuracy B Word Accuracy
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The READ Dataset
- ICDAR 2017 Competition

Multiple languages
- German

- French

- English

No word-level segmentations

50 training images with line-level
segmentations and transcriptions

10,000 training images with only transcriptions

100-200 year old open format letters

75



Handwriting Recognition:

BYU
o ICDAR 2017 HWR Competition
43.3
41.4
40 -
)
e
©
X 3
-
o)
t e ——
Character /ECO )
Error S

Rate

/v
=
l 1

BYU ParisTech LITIS

76



Handwriting Recognition: a

BYU

100
% Word Error Rate (WER)

~1000 Documents

Median
Error

Rate

77



0 Errors German Handwriting Recognitio‘

BYU
Automated Transcription

Hochgeachteter Herr Président!

Ich habe mit der Beantwortung lhrer
verehrlichen zwei letzten Zuschriften bis
heute zugewartet, in der Hoffnung

heute in der Lage zu sein, Etwas
Néheres (ber die Antrédge des Hrn.
Bundesrath Schenk mittheilen zu kénnen.
Da aber der erwartete Brief noch

ausgeblieben, will ich nicht ldnger
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Automated Transcription

Gouvernement Italien. En me dit dailleurs que tout le monde, en Italie

sait que les Corps moraux auxquels on s'est adressé refuseront de participer
a la nouvelle subvention et que par suite de cela le Gouvernement Italien
compte mettre cette subvention a la charge des nouvelles Compagnies avec
lesquelles il est dans ce moment en tractations concernant I'exploitation

des chemins de fer italiens.

La seconde raison que fait valoir M. le Commandeur Valsecchi

est que la Suisse n'a pas jusqu'a présent envoyé son adhésion au Procés-
verbal de Lucerne. M. Valsecchi est dans l'erreur: le Conseil fédéral

Suisse, en notifiant au Gouvernement ltalien I'adhésion de I'Allemagne,

s'est déclaré prét, aussitét que I'ltalie aura fait connaitre son adhésion,

a convoquer une Conférence des Représentants de I'Allemagne et de ['ltalie
accrédités aupreés de lui, pour transformer le Procés-verbal final de Lucerne
en un supplément & la Convention internationale du 15 Octobre 1869. Il

cnto g e 4 // T e B A en résulte évidemment que le Conseil fédéral donne son adhésion au dit
P ///,/ e /m Al e Procés-verbal, comme I’Allemagne I'a fait de son cété.
Has, Cloriss iy P et e bkl ol Aomiite iy Il n'y a donc aucune raison pour que ['ltalie tarde davantage
,//a/ ie_ceraaitie oo 400 Ministére est favorable.
snesid > liiioss’ % Word Error Rate (WER) 8s tout ce qui s'est passé
o o afiis e gu 80 ~1000 Documents naintes et maintes fois.
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German Handwriting Recognition
5.8% CER 15.6% WER

A_utomated Transcription

S e B P ATy auf mich einen bef3ern Eindruk
D I als die friihern Combinationen,
el e A e o immerhin vorausgesetzt, dal3 die
S b B B> Mot il erstellten Arbeiten wirklich den
il s G e e Werth des geforderten Betrages
B haben. —
Ui A Ve Genehmigen Sie bei diesem An-
O e fw/;'r/ ”/ lalBe den erneuerte Versicherung
R e D | Ayesfon gt e ausgezeichnetster Hochachtung
e P e ss00 Fw Doy @iy, v. Ihrem freundschaftlich
. P e ergebenen
> Z/{” no b Dy B I /%”V Luzern d. 20 Juni 1866. J. Zingg.
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German Handwriting Recognition
49.25% CER  71.93% WER

. ; Automated Transcription
ﬂf‘:ﬁﬂ/ w/ \/ -/ /g%jm:;?%/}@ G. Bellinzona 12 6Agai

7 Lieber Freund!
v, A. Stelle mit
Rhein heutiges Telegramm zeigte Dir an-
bei diesem Anlass unser Stich-
dafl3 wir in das leizte Stadium unserer Auf-
gabe gelangt sind. Das zweite eben
vollendete war langedauernd, wechselvoll
& schwierig. Ich enthalte mich einer einlai3-
sich nicht unterung desselben, so weit
lichen Erérterungen in Bern
willf. nicht schon durch meine Aufe.
der unterblieben bin vollstédndig
Mittheilungen zeigen zu beste
ten gemacht sein sollte. Dann fiir
klar ist den zweiten Stadium, ist
dal3 unser allen zweiten Tel3in wieder
selbst der Sonnelles der
& die Mehrheit der Sie sich
von den die Erwarten einmiithigen Vor-
schldgen denselben angelangt ist & den-
bleiben. Erweiterungen &
selben verschiedene einverleibt hat. Die
Abénderungen ein kann man die

/ so-
% Word Error Rate (WER) befinden
~1000 Documents lin den

ahnen insbesondere

71.93%



Word Error Rate

Handwriting Recognition:

BYU

e “Data Augmentation for Recognition of Handwritten Words and Lines

using a CNN-LSTM Network”, ICDAR 2017

e Competitions: ICFHR 2016 and ICDAR 2017

IAM Word Recognition
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The Digital Microfilm Pipeline BYU

Searchable
Crop Binarize Zone OCR Database
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Enhance Register Label Handwriting
‘ v / Recognition

Waypointing : Index/ : Full
:  Search Text
by : Index/

Intelligent | € :
Indexing ﬂ;’ = . +Word : Search
: ! «ROI

e Pattern

Intelligent Browsing

Visual Index/Search by Zone, Label, ROI



Recommendation System
W ¥ e

=7/

Click on any that don't match to remove.
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Intelligent Indexing
- Robert Clawson 2014

Intelligent Indexing Video
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Recommendation System

Leveraging the Label



ion System

Recommendat

Leveraging the Label



L~ . | ! =
Are the following also male? (y/n)

Leveraging the Label



The Digital Microfilm Pipeline BYU

Searchable
Crop Binarize Zone OCR Database
SN . o A”*”f/' s WHIRE BOXN e EFE ]
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Enhance Register Label Handwriting
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Intelligent Browsing
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Search by Subwords/Patterns
- Davis 2018

<header:
Name fields
Place fields
Date fields
Regions of Interest:

Partial Word Search:
Subwords
Regions of Interests
Logical Groupings
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N-Gram Word Spotting for
Computer-Assisted Transcription
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The Digital Microfilm Pipeline BYU

Searchable
Crop Binarize Zone OCR Database
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Full Text Database Search

HOUSES AGE last

g%E%T, In-  Unin- Birthday i

&c, habit- habited RELATION [con- | Rask O i Db
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Family History Technology Lab boted

thl.byu.edu
Fan Chart




Elastic Paper

Elasticpaper.org

Fan Chart




Where are we going?

* Deploying handwriting recognition technology
- FamilySearch
- Joe Price

- Mark Clement
- Humanities, Library, Department of Religion

e [.ast Session this afternoon

e Sneak Peek
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9 BIRTHPLACE

(State or country) S 3
(/r ’/;(/ 0
10 NAME OF
FATHER y (SKCONDARY)

11 BIRTHPLACE

1 ) 4 (]
)& ) v /A
{ /:20‘/'/'4'/{ Wizt
OF FATHER

(Signgd) ; ,,5
(State or country) 2 (() ¥ %(M ?J;?, 1917/ . (Address)
T

12 MAIDEN NAME *State the DiseastfCausing DEats, or, in deaths from VioLEnt Causks,
OF MOTHER . || state (1) MeaNs or INJury; and (2) whether ACCIDENTAL, SUICIDAL, or

PARENTS

l Vgl Viigisrs HOMICIDAL,
13 BIRTHPLACE - , L 18 LENGTH OF RESIDENCE (For Hospitals, Institutions, Transients,
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11 BIRTHPLACE

(Dyration)...z........

(SECONDARY)

e e ,

_l

“u (Signgd)
2] OF FATHER 4 -
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The Problem

Form V. S. No. 11—50M—8-20-17 , é STATE OF OHIO
BUREAU OF VITAL STATISTICS

CERTIFICATE OF DEATH
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1
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The Problem

BUREAU OF VITAL STATISTICS
CERTIFICATE OF DEATH

| Form V. S. No. 11—50M—8-20-17 ,
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Compounds the VIlSge O m— Frimary Reglstration District No..Z.7.ae. 0% e Sgat
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) S 117 I HEREBY CERTIFY, That I attended deceased
2ifeey A LA tromTlM=2R 0., 1018, to.... 2 1912
LT R 5T e rom VAW 9 P 191 50 E St , 1917, s
TAGE , TELESS than| that I last saw Bewa...... alive on. 7088, <= ... ;19145
o 1% and that death occurred, on the date stated above, at[ﬂ..m.
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The Problem
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CERTIFICATE OF DEATH
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1
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Automated Waypointing:

Extract content from titleboards*

Focus on key fields:

— Record type 0G0 paRROQUIA DE SANTIAGD

_ ' EN MEXICO TEMAPACHE VER. DIOCESIS
Place DE TUXPAM VER MEX.
— Date range SANTIAGO MEJIA-M 4‘0 o Nirriskt

— Repository

— Film number : e
m'p‘xcv-z;nsgf_l—d‘ | ]

OCR/Index the text

* David Ouimette, Jake
Gehring



Automated Waypointing:

Group titleboards uniformly

ElN‘G\L]A\N}D Bl\S'H" dPh SN fMNlSpR.I\P‘T‘S Archivo de:: Parroquia

— : Blapllisme ST WHRIA L b LWRG0S

DERB Y SHIRE .

Hayfield i Bu #iHI‘s ‘ VOLUMEN Nuw. Wﬂwﬂ ggg?
16627810 “‘*“Eh' SE"PH@P_% T"’ﬂl

pesicse PARROQUIA DE SANTIAGO
' EN MEXICO  TEMAPACHE VER. DIOCESIS
OE TUXPAM VER, MEX.

SANTIAGO MEJIA M 40 BAUT|SMOS

LOCALITY OF RECORD
HAWAII

" HONOLULU Wi 96801

STEVE BALDRIDGE lﬁ X

owermeo  uenrmererserin | NITH AU BIRTHS,
VNG B . DEATHS, MARR IAGE

PROJECT NUMBER ROLL NUMBER
S INCLUDED

HA00009 1| 1g62- 1896

JUN 15 1984 20

7455 4521 589 |

To facilitate collection analysis and indexing prep



Automated Waypointing:
Classity images that look alike

Example 1: There are five distinct forms used in the 1900
census. They need to be treated differently when indexing

.
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e R g
ATYTYANAN (N TN N ol

Tool for index batching and automated waypointing



Automated Waypointing:
Classify images that look alike

* Tool for waypointing and index batching
 Example 2: Create brief indexes (e.g., Rev War pensions)

Isolate images to send to indexers (e.g., a single card image
which precedes dozens of pages in a pension packet)

Waypoint entire set of images, including indexed images
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