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Has the Al renaissance solved handwritten
document transcription?
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Objectives

Segment the text

Produce a faithful plaintext transcription of what appears
on the page

Perform machine translation

Explore a text's broader context via distant reading
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punctuation
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Machine Learning

Learn a model for a task based on training data

Success is often more related to data than the chosen
learning algorithm
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Sam Anthony  Ken Nakayama David Cox

Perceptual Annotation: Measuring Human
Vision to Improve Computer Vision

IEEE T-PAMI, August 2014




Supervised Learning

A “sink or swim” approach

Class Label:
; “Triangle”

| Class Label:
“Circle” :

No effort to tailor the learning to the human ability to learn from particular images.
13




Perceptual Annotation

o Much information about human capacities can be of
direct value for machine learning:

o Some images are learnable, and some are not.
o Learnabillity varies with experience.

o Some things are easily learned, other things take more time.

e Such detailed information reflecting human capacity is
what we call a perceptual annotation.




Visual Psychophysics

Probe psychological and perceptual thresholds
through controlled manipulation of stimuli.

Careful management of stimulus construction, ordering and presentation
allows for precise determination of perceptual thresholds.

Goren et al 1975




Perceptual Annotation

Response
Time

Psychometric
Curve

>

Face Area Visible’

Accuracy

4. Penalty for margins not
consistent with human data

2. Pattern of human

performance is

modeled

> Py(2)

3. Human
weighted loss
function

X1,X2, .., Xn, Y1, V2, .. Vn) 5. Resulting sparse solution

FY @ §
“‘ visual recognition tests on the web

Crowd of Annotators

makes predictions more
consistent with human decisions

|. Citizen scientists participate in




TestMyBrain.org
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TestMyBrain
foils

TestMyBrain

/ faces

Hinge loss:
¢n(z) = max(0,1 — 2)
where 2z — yf(:z:)




Re-weight
TestMyBrain : Re-weight
foils \ 5k TestMyBrain

faces




New boundary is farther from
easy images and closer to
tough ones

Re-weight \
TestMyBrain H Re-weight
foils \ TestMyBrain

faces

Human-weighted loss:
oy (x, 2) = max(0, (1 — z) + M(z, z))




Accuracy

Accuracy

[ [ \ //"JJ\\ ~__

7 M 7 \\\\/\ - -
1 2 3 45 6 7 8 910 1 23 456 7 8 9 10
Fold Fold
AFLW, HWL (acc.), bio-inspired feat. Simoncelli, HWL (RT), HOG feat.
AFLW, HL, bio-inspired feat. Simoncelli, HWL (acc.), HOG feat.

AFLW, HWL (acc.), HOG feat. Simoncelli, HL, HOG feat.
mmmm AFLW, HL, HOG feat.
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Perc. Annotation, Bio-Inspired

Perc. Annotation, HOG

SURF Cascade

Subburaman et al.

300 400

False Positives

Perceptual Anno

tation




Bingyu Shen

Verba Volant, Scripta Manent: An Open Source
Platform For Collecting Data To Train OCR Models
For Manuscript Studies

Digital Humanities, July 2018




Measurements From Expert Annotators

Bounding boxes at multiple levels
Pixel-level annotation

Reaction time

_ikert scale rating of difficulty




The Homer Multi-Text Project
http://www.homermultitext.or

| HMT Digita

Graecus Z. 45 22) (Vene
Hiad1.1-125

(Image linked to view zoomable up to full resolution.)

-

Venctas A: Marcianus Graccus Z. 454 (« 822), folio 12, recto.

This image was derived from an original ©2007, Biblioteca Nazionale Marciana, Venezie, Italia. The derivative image is ©2010, Center for Hellenic
Studics. Original and derivative are licensed under the Creative Commons Attribution-Noncommercial-Share Alike 3.0 License. The CHS/Marciana
Imaging Project was directed by David Jacobs of the British Library

Cite & Quote Image
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http://www.homermultitext.org/

Image Citation Tool
Right-click here to copy URN NI
um:cite:hmt:vaimg. VAOI2RN-0013@0.17.0.2515,0.325,0.0263

Focus on Selection | See Selection | Selection in Context

".V/ﬁ‘m :u-n I W"";')‘“.l“.m}‘:.‘*"‘ l(&y ’”

oy L Uy xuliagb 68 Ly

Christopher Blackwell and Neel Smith, https://github.com/cite-architecture/ict2




grieggs / Psychometric-Annotator

<> Code Issues 0 Pull requests 0 Projects 0 Wiki Insights Settings

A software package designed to facilitate the creation of ground truth data for Medieval Manuscript OCR.

digital humanites data collection annotations Manage topics

D 43 commits V¥ 1 branch 0 releases

Create new file

Branch: master v New pull request

grieggs Update README.md

B .idea
ImageArchive

B ImageHandler
Psychometric-Annotator
data
database

B output

scripts

© Unwatch~ | 1

Upload files

* Star | 0 Fork 0

22 1 contributor
|

Find file Clone or download ¥

Latest commit 85d8d7c 4 minutes ago




Line Selector v
Address will go here
Draw a rectangle around each line of text. Press "C" to begin. Make sure to select every line of the main body of text on the page, in order from top to bottom. When finished, press submit. The image might take

amoment to load.

Line URNs
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Word Selector v

Draw a rectangle around each word. Press "C" to begin. Make sure to select each visible word in the order in which they should be read based off of the source material. When finished, press submit. The
image might take a moment to load.

Word URNs

» [x] umn:cite2:ecod:vaimg.v

» [x] um:cite2:ecod:vaimg.v1:einstif

m;patmbma diritha [W | S

Jm:cite2:ecod:vaimg.v

Document: Einsiedeln, Stiftsbibliothek, Codex 629(258), f.4r — [Jacobus de Voragine] Legenda aurea sive
lombardica (http://www.e-codices.unifr.ch/en/list/one/sbe/0629) License: CC-BY-NC




Character Selector v.0.0.1

Trace out each individual letter to segment them. To start on to the next letter click the "Add Annotation” button. Include accents with the characters they are most associated with. Press submit when finished.

Annotations:

(accent)

Add Annoation

Annotation Tools:

CITE/CTS is ©2002-2017 Neel Smith and Christopher Blackwell. Thi; tware is based off of the tool for working with images cited via CITE2 URNs which is ©2017 by Christopher Blackwell. This software and Christopher Blackwell's ICT2 are available for
use, modification, and distribution under the terms of the GPL 3.0 lice This software is based on Openseadragon

Reset Active Annotation Undo last mark
Delete Active Annotation

Submit.




Character Selector v.0.0.1

Trace out each individual letter to segment them. To start on to the next letter click the "Add Annotation" button. Include accents with the characters they are most associated with. Press submit when finished.

CITE/CTS is ©2002-2017 Neel Smith and Christopher Blackwell. Thi

use, modification

and distribution under the terms of the GPL 3.0 licens

tware is based off of the tool for working with images cited via CITE2 URNs which is ©2017 by Christopher Blackwell. This software and Christopher Blackwell's ICT2 are available for
This software is based on Openseadragon.

Annotations:

aa
Fro

%,

(accent)

Add Annoation

Annotation Tools:

Reset Active Annotation

Undo last mark

Delete Active Annotation

Submit




Character Selector v.0.0.1

Trace out each individual letter to segment them. To start on to the next letter click the "Add Annotation" button. Include accents with the characters they are most associated with. Press submit when finished.

Annotations:

by

3
9%

mn

N
n

fsg

z

tq

q

.
(accent)

Add Annoation

Annotation Tools:

CITE/CTS is ©2002-2017 Neel Smith and Christopher Blackwell. Thi tware is based off of the tool for working with images cited via CITE2 URNs which is ©2017 by Christopher Blackwell. This software and Christopher Blackwell's ICT2 are available
use, modification, and distribution under the terms of the GPL 3.0 lice This software is based on Openseadragon.

Reset Active Annotation Undo last mark

Delete Active Annotation




Character Selector v.0.0.1

Trace out each individual letter to segment them. To start on to the next letter click the "Add Annotation" button. Include accents with the characters they are most associated with. Press submit when finished.

CITE/CTS is ©2002-2017 Neel Smith and Christopher Blackwell. This software is based off of the tool for working with images cited via CITE2 URNs which is ©@2017 by Christopher Blackwell. This software and Christopher Blackwell's ICT2 are available for
use, modification, and distribution under the terms of the GPL 3.0 license. This software is based on Openseadragon.

Annotations:

(accent)

Add Annoation

Annotation Tools:




Character Selector v.0.0.1

Trace out each individual letter to segment them. To start on to the next letter click the "Add Annotation" button. Include accents with the characters they are most associated with. Press submit when finished.

CITE/CTS i 002-2017 Neel Smith and Christopher Blackwell. This software is based off of the tool for working with images cited via CITE2 URNs which is ©2017

use, modification, and distribution under the terms of the GPL 3.0 license. This software is based on Openseadragon.

y Christopher Blackwell. This software and Christopher Blackwell's ICT2 are available for

Annotations:

(accent)

Add Annoation

Annotation Tools:




Character Annotator v

Simply input the character shown into the text box and then rate on a scale of 1-10 how difficult it was to transcribe. Click The button below to start
Note that the button might take a moment to load

Character Input

Ccls'dn

hy' {f
% P

Py

.

) .
’
-—) h
(accert) other

Difficulty (0 being very easy and 7 being very difficult




dn?'v Uns-u.unmnm
morh namen Lll.‘ll:clll'

nra (o ngriy nomen =ffufin




Measuring Human Perception to Improve
Handwritten Document Transcription

arXiv, April 2019




Objective: Psychophysical Loss for Neural
Networks

e |ncorporate measurements of human vision into the
training process of a CNN

o Original perceptual annotation approach only applied to
classifiers

e Build a transcription pipeline that really works

o Too much emphasis on beating datasets in this area




Perceptual Annotation for a Neural Network

[alp cdef

Shiikl

mpnopq

r{Tuxy

Measured reaction times
for different hand drawn ‘a’s

m
E
3]
£
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c
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S
@
D
12

Individual ‘a’ samples

i Psychophysical Loss
M E(SL‘Z, lia €5 Z@)

v
predicatur dnt.
nunc morti...
claudebatur ang...




Assigning Penalties for a Reading Task

:_\w 2 =m — 2852 = 27148

2852 ms
Larger Cost
@ Smaller Cost
z = m — 24008 = 5992

24008 ms

max. time = m = 30000




CTC Loss

Sequence Produced by Network

I

Lere =— ) log p(lily:)

xz; ZGX

_

Training Image Ground-Truth Label Training Data Set
Sequence

Shi et al. T-PAMI 2017




Psychophysical Loss

Calculate a psychophysical penalty for images

Sorted reaction times: R={ri,...,mn}

Maximum reaction time:  m = max(R)

Psychophysical penalty: 2; = 1T — T;




Psychophysical Loss

Lpsych = Z - log p(Lily:) + (€ X 2i)

CCq‘,,Eq},lz'EX /

Associated
Character
Error Rate




Network Architecture

mcendium-admeliora vanfferre in cendium ad meliora transfftirre incendium ad meliora transferre

| embedding |

resize :

mrmdlumvddme{fommnffﬁ’T? »DD@ Bi-LSTM S ‘ attention }—»

,,,,,,,,, TT—I

= ;
| Bi-LSTM ~ BiLSTM 3

| s T
ﬁ embedding \

Language Model

/

Pluggable Module Optional




Another choice for
transcription: CRNN

Shi et al. T-PAMI 2017

Transcription
Layer

Recurrent
Layers

Convolutional
Layers

"state"
*

[=[s|-]t[-[ala]t]t[e]

t*
1
AN

Predicted
sequence

Per-frame
predictions
(disbritutions)

Deep
bidirectional
LSTM

Feature
sequence

Convolutional
feature maps

Convolutional
feature maps

Input image







He slapped himself in the face and cuffed the sides of his head. Then by degrees the
rotating objects slowed, and coming into focus took the form of the furnishings in
Dan Brown's living room. He stood up unsteadily and looked about the room, trying
to gather his wits. Outside the dusk was settling over Dow's Lake and the heights
beyond were in silhouette, already a solid black.

e Lapped himiedf

Marti, U-V., and Horst Bunke. "The IAM-database: an English sentence database for offline
handwriting recognition." International Journal on Document Analysis and Recognition 5.1
(2002): 39-46.




mrumn di furYa” eucf?:lg-l
arum di furlYee euefhiqo pfec

/3
A. Fischer, V. Frinken, A. Fornes, and H. Bunke. Transcription alignment of latin
manuscripts using hidden Markov models. In Proceedings of the 2011 Workshop
on Historical Document Imaging and Processing, pages 29-36. ACM, 2011.
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St. Gallen, Stiftsbibliothek, Cod. Sang. 159, p. 22 — Hieronymus, epistolae; Orlgenes Sermones;
Cassiodorus, de anima (https://www.e-codices.ch/en/list/one/csg/0159)




Does it work?

O wpagis Yo tlure of 3 qubadiged dilie

dnfadmemoria 1lhiuf dedaramit

comporing the farlure of a qubsidiged dukle

domins ad memoriem illius dedarauit

composing the failure of a subsidized duke

dominus ad memoriam illius dedarauit

comparing the failure of a subsidized duke

dominus ad memoriam illius declaravit

® Pkoe [ W 2»«/505! [‘aA a/ ne W(LQ /é o vt

&mffif poftwrum di leganirt eum Aduempre deuore rogard’”

-

a grey superimposs fion of sesectsia lity over

et missis post virum dei legatis eium ad venire devuote rogaret

a grey superimposition of sessentiality over

et missis post virum dei legatis eius advenire devote rogaret

a grey superimposition of respectability over

et missis post virum dei legatis eum advenire devote rogaret

/Q 077:}"/._4_02 /(o/éur >/£‘j OCD= rece 474’% OOQ;(/?/

L\rg‘l.ﬁrur.v norfimilrrudinem aunfacaemaf; nonbabemufaurum;

theoriginal colocer of Sis ocern nalasal vowels ,

largiatiur nossimilitudehnem auri faciemus non habemus aurum

the original coloner of his occern natural vowels ,

largiatur nos similitudinem auri faciemus non habemus aurum

the original colour of his own natural vowels ,

largiatur nos similitudinem auri faciemus non habemus aurum




What impact does psychophysical loss have?

474
"WER (% Improvemen) | 283 | 313 | 376 | 3.65 | 6.46 | 3.4

Practical impact: average of 598 character errors and
295 word errors were eliminated




What impact does the language model have”

CRNN w/ Language Model Correction | URNN w/ Language Model Correction
w/o Psych. Loss w/ Psych. Loss w/o Psych. Loss w/ Psych. Loss




Off-the-Shelf tools popular in Digital Humanities

e Tom CRNN + LM URNN + LM

 AllLatin_| 909 | 1382|629 | 942 | 5169 | 12409 12.4 (12.87) | 440 (374) | 10.4 (1063) | 347 30.51)




Where do we go after we transcribe

the registers?




Tesserae Project

TESSERAE

Sort decreasing k2 by score

Show 100 [ results at a time

target phrase

1.21 dique deaeque omnes, studium quibus arva tueri,

1.40 da facilem cursum atque audacibus adnue coeptis

423 et lactae pecudes et ovantes gutture corvi.

Jeff Kinnison

target phrase

verg. g. 1423 et laetae pecudes et ovantes gutture corvi.

source phrase

cat. 108.5 effossos oculos voret atro gutture corvus,

and formatas htm
= matched on

uttur, coruus
737 results in 8 pages g '

Gotopage: 1 =2 4 xt

source phrase matched on

cat. 28.14 at vobis mala multa di deaeque dea-deferuesco, deus-dius

cat. 68b.48 coeperat ad sese Troia ciere viros, ad, coepi

cat. 108.5 effossos oculos voret atro gutture corvus, guttur, coruus

https://tesserae.caset.buffalo.edu/
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