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Computational Humanities at the Pattern Recognition Lab

Document Analysis

Art Analysis
3-D Document Digitization
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Motivation

• Where? When?

Script Type? Document Category?

• Who?

How many writers?

• What?

⇒ Need expert in history / paleography / forensics!

Source: CLaMM’16 [1], id: IRHT_P_009806; Nuremberg Letters of Correspondence, id: 1_0054.png
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Motivation

Problem: mass digitizations

Medieval manuscripts:

≥ 84 000 Bibliothèque nationale de France

≥ 97 000 Manuscripta Mediaevalia

≥ 18 165 DVL DigiVatLib

⇒ Time and cost intensive

⇒ (Semi-)Automatic methods needed
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Motivation

• Where? When?

Script Type? Document Category?

→ Document classification

• Who?

How many writers?

→ Writer Identification
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→ Handwritten text recognition
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Writer Identification/Retrieval



Writer Identification vs. Writer Retrieval

...

Database

Query

Writer Identification

Most similar writer

Metric: Top-1 accuracy

Writer Retrieval

Retrieve k most similar documents

· · ·

Metric: mean average precision (mAP)

Source: ICDAR13 dataset, QUWI15 dataset, freepik.com
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Challenges: Internal Factors

Writer A Writer B Writer C

• Within-writer variability

Source: CVL dataset [2], img-ids (left to right): 0001-7, 0022-7, 0021-7
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Challenges: External Factors

Source: Göttingen Academy of Sciences and Humanities, JL 4490, 4671.

• Pen

• Document Material

• Artifacts

Vincent Christlein | Scribe Identification and Document Classification September 11th, 2019 7



Methodology



Methodology

Sampling Local Descriptors Encoding Similarity

Keypoints

Dense

Contour

Hand-crafted

Learned

VLAD
...

Cosine

SVM

E-SVM

?
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Sampling Keypoints Restricted keypoints

Dense Contours

Binary image
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Feature Extraction

Sampling Local Descriptors Encoding Similarity

Keypoints

Dense

Contour

Hand-crafted

Learned

VLAD
...

Cosine

SVM

E-SVM

?
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Learning-based Features

Convolutional Neural Network Activation Features (CNN AF)

Input
Layer 1

Layer 2

Layer K

. . .

C
la

ss
ifi

ca
tio

n
la

ye
r

Activation features

⇒ Surrogate task: classify writers of the training set

• Use CNN as feature extractor
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Encoding

Sampling Local Descriptors Encoding Similarity

Keypoints

Dense

Contour

Hand-crafted

Learned

VLAD
...

Cosine

SVM

E-SVM

?
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Global Representation

Feature extraction

Sampling

...

Local Descriptors

Global

Descriptor

Encoding
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Similarity

Sampling Local Descriptors Encoding Similarity

Keypoints

Dense

Contour

Hand-crafted

Learned
...

VLAD
...

Cosine

SVM

E-SVM

?
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Similarity

Training set N Test set

Exemplar Classifier

A
A

B

B

C
CD
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E
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G

H
H

G
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Similarity
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Historical Dataset

ICDAR17 competition dataset

• Letter collection (University library Basel)

• Train: 394 writers x 3 images

→ 1182 images

• Test: 720 writers x 5 images

→ 3600 images

Source: ICDAR17 Historical-WI, ID: 2056-IMG_MAX_320331, 1146-3-IMG_MAX_1207684

S. Fiel, F. Kleber, M. Diem, V. Christlein, G. Louloudis, N. Stamatopoulos, and B. Gatos, “ICDAR2017 Competition on Historical Document Writer Identification”, in ICDAR, 2013
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Comparison with State of the Art – ICDAR’17 Historical WI

• Test: 720 writers à 5 document images → 3600 samples

ICDAR’17 Competition Fiel’13 Mohammed’18 Christlein’15a Christlein’17b

88.986.085.681.4
76.476.174.4

67.167.0

47.8To
p-

1
[%

]
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Failure Cases?

• Bad binarization

Source: Historical-WI: 999-IMG_MAX_116383
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Failure Cases?

• Same ID, probably other scribes

Source: Historical-WI: 21-IMG_MAX_966414, 21-IMG_MAX_1006529

Vincent Christlein | Scribe Identification and Document Classification September 11th, 2019 19



Script Type Classification



Classification of Latin Medieval Manuscripts (CLaMM’16)

• 12 script types

• 2000 training images, 1000 testing images

Caroline Cursiva Half-Uncial

Humanistic Humanistic cursive Hybrida

Praegothica Semihybrida Semitextualis

Textualis Textualis meridionalis Uncial

F. Cloppet, V. Églin, V. C. Kieu, D. Stutzmann, and N. Vincent, “ICFHR2016 Competition on the Classification of Medieval Handwritings in Latin Script”, in ICFHR, 2016
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CLaMM Examples
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ICFHR’16 Competition1

Method Top-1

C
om

pe
tit

io
n DeepScript (VGG16) 76.5

FRDC-OCR 79.8

NNML 83.8

FAU (SIFT + i-vector) 83.9

[Tensmeyer’17] 86.6

[Christlein’19] 88.6

1F. Cloppet, V. Églin, V. C. Kieu, D. Stutzmann, and N. Vincent, “ICFHR2016 Competition on the Classification of Medieval Handwritings in Latin Script”, in ICFHR, 2016.
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t-SNE Visualization

Caroline
Cursiva
Half-Uncial
Humanistic
Humanistic cursive
Hybrida
Praegothica
Semihybrida
Semitextualis
Textualis
Textualis meridionalis
Uncial

[Kestemont-Christlein-Stutzmann’17]
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t-SNE Example
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Font Classification



Font Classification

Project: Development of a Model Repository and an Automatic

Font Classification for OCR-D

• JGU Mainz, Buchwissenschaft
• Nikolaus Weichselbaumer
• Saskia Limbach

• Universität Leipzig
• Gregory Crane
• Rui Dong

• FAU
• Mathias Seuret

• Vincent Christlein
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Current OCR Output Font-Dependent

: Font classification necessary

: Individual model training necessary
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Font Groups

Antiqua Italic Textura Rotunda

Bastarda Schwabacher Fraktur Gotico-Antiqua

Hebrew Greek
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Font Groups II

Other font Not a font
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Classification

DenseNet-121

"antiqua" : 0.7
"italic" : 0.15
"fraktur" : 0.05
"bastarda" : 0.1
...
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Neural Network Training
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Classification Granularity

“Not a font” Rotunda

Source: Jacobus de Voragine: Legenda aurea (...). [Burgos: Juan de Burgos, about 1499?]. London, BL: IB.53312. (ISTC: ij00183500 GW: M11551), p. 10.
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Demo

It’s demo time!

Code open source:

https://github.com/seuretm
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Summary & Outlook

(Semi-)automatic Methods for

• Writer identification/retrieval

• Script type/font group classification

Outlook

• Increase robustness against noise/artifacts

• Fine-grained identification/classification
• Line-based
• Word-based

• Script evolution over time (and possibly location)

Source: Göttingen Academy of Sciences and Humanitie, JL 4490
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