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D-Scribe — Automatic Authorship Identification
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D-Scribe — Automatic Authorship Identification

Postal roots

Postal recognition tasks represent
a difficult proving ground

Siemens reads everything on a
letter in <1 second

150 Billion mail pieces per year
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Y “ i “! .,] ‘
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Cyrillic

Region of Interest

Recognition results of chars
bW X B K R iE e E 195 5 7B B2 2

Interpretation results
(City, district, road, block, number), (Building, house, floor)
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D-Scribe — Automatic Authorship Identification
Use cases

Questions to be answered by biometric handwriting detection

Which handwriting from a group is similar to a given handwriting sample?

How similar are two handwriting samples?

How many authors wrote a set of documents, and how can these be
organized by author?
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Database (4K per
writer)

Statistical Content
Line and Word Generation
Segmentation

By Structured Feature
Extractor
Matcher
(classifier)
Angle
Measurements

Pre-Processing === IAEENECIIE

Extractor
T Sub-Character Normalized
Segmentation Weighted Features Clusterer
mage All h Feat
Acquisition oglieipii [HeEuliiE

Extractor
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Input document Oure Lomoow Busivelt 15 6w, Bur yieme ang

l Birun are @uitz. MR. D, Wevp has Gomt 70 SwiTaiRA~D

ANO I hopé Fmr GOOD Néws. He will be there Fun 4 wetle

AT 7996 2eomurr ST AND THin GuEs 70 Touw ANO RUVL AND
Wite doin (o) PARRY Ao ARRIve AT Bruswd , 67 &€&, Nov T >
Ot DeC. 2% Lgrrt@d Jpowp BE  ADPREWID 1 jamly dames
Bruo 3540. We &Pty Charks € V.)Hy Tverpny, Do L m¢ Quarp

ArD Reberk Unbin, €10, Pt on e XX €XPREI Towint,

Input document (200 DPI gray)
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Input document Oure Lowoow Busived 15 Gup, Bor v, enrc anp

Birun nre ouier, MR. D, LLoYD hat Gomt 70 SwiTeirinen
ANO I hoeé Fem GOOD Néwd. He will be there Fun A ween
Pre—processing AT 7996 2 eimurr ST0 AND THEN GUE 7V Tutuw AND RIME AND
Wite doin (ol PARRY Anp ARTUve AT Armend | 6 EecE | Nov QT
Ot DEC 2% Lir7iRd JHovp BE ADPREWMID ¢ ety dames

Bruo 35%0. “e &per Charly € Sl Tuepny, Dr L m( Quain

AD  Roberk  Unbin , C5¢, CiFt on e XX €YPRET Towtnr

Binarized Document/Line Removal/Skew Correction
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D-Scribe — Automatic Authorship Identification

Structured Feature Extractor (3/4)

Oure Lowoow Busivedr ¢ G0, Bur Y, eara anp

‘ Binun ane guisz, MR D ligyp had Gome 70 SwiT2ira~D

AN T hooe hw 60D N He will be thore Fun 8 e

M 7996 Zeimorr ST AND Then Gubr 70 Ty ANO RiVE MO

Wiee Yon Col PARRY Anp ARive AT Armend | BT £6CE Nou a7 2

Line and W.Ord Ot DEC 2% Lertd JHowp BE  ADOREMID i Jamty dames
segmentatlon

Brvo 350, e &by Chaks € Blly Tvepsy, P L me uain

AMiD  Roberk Uwnbin , <50, CiFt ov me Y X7 €XPrES Torur

Structured
feature extraction

'

Template
Generator /OCR
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D-Scribe — Automatic Authorship Identification

Structured Feature Extractor (4/4)

[statistic/docfeature/n_lines 8

[statistic/docfeature/avg_height_of line 69.000000

‘ J[statistic/docfeature/avg_length_of line 2091.125000

J[statistic/docfeature/avg_blackness_of line 0.079064

Jstatistic/docfeature/avg_runlength_x_of line 5.692302

J[statistic/docfeature/avg_runlength_y of line 6.725820

[statistic/docfeature/avg_slope of line 0.012695

J[statistic/docfeature/avg_segdist_of line 28.944444

[statistic/docfeature/avg_n_words_per_line 3.125000

Structured
feature extraction

Line and word features

Template
Generator / OCR
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Pre processed
image

Contour direction
comparison

* RACKOROUND

Contour
Direction PDF
(Bulacu, 2007)
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o, /5 e v"’f" (Bulacu, 2007)
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Contour Hinge PDF

Pre processed
(Bulacu, 2007)

image

Contour direction
comparison

& HA KGRI

writer 1 - sample 1 writer 2 - sample 1 CH Histogram

Contour hinge Pldy, 0) ploy, 0g) Comparison
comparison 0.06 (Bulacu, 2007)

) ) ) Bulacu, M. L. (2007). Statistical Pattern Recognition for Automatic Writer Identification
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Direction Co-
Occurrence PDF
(Bulacu, 2007)

Pre processed
image

Contour direction
comparison

& RACECIRCHN * RATKCRIND

writer 1 - sample 1 writer 2 - sample 1 Direction COO
Contour hinge p(04, 03) h plo, 0g) h Histogrqm
comparison 0.06; 0.06, Comparison

0.04| (Bulacu, 2007)

0.02}

0.04}
0.02}

Direction

Co-occurrence
comparison

) ) ) Bulacu, M. L. (2007). Statistical Pattern Recognition for Automatic Writer Identification
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D-Scribe — Automatic Authorship Identification

Allograph Feature Extractor (1/2)
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SIEMENS

D-Scribe — Automatic Authorship Identification

Allograph Feature Extractor (2/2)
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Different writer:

Same writer:

sample A sample B

Bulacu, M. L. (2007). Statistical Pattern Recognition for Automatic Writer ldentification
and Verification. Dissertaties - Rijksuniversiteit Groningen
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D-Scribe — Automatic Authorship Identification

Key features

Uses advanced and proven image preprocessing algorithm basis
Image improvements
Text Line extraction
Hand/Machine decision

Advanced underline and noise removal

Simple decisions and confidences
Portable and efficient software

Small footprint

Low runtime

Enables large database analysis

Android port available
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Data Set

Language

Documents

Writers

Remarks

Arabic
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50-55 documents per writer,

large variety of documents (different
background, different pens, artificial
documents)
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D-Scribe — Feature analysis

Two feature configuration sets

4 Features:
grapheme_snn_split (500)
grapheme_snn_points (150)
hinge_improved_rotated fragment ( )
hinge_improved_broi_textline ( )

6 Features:
grapheme_snn_split (
grapheme_snn_points (150)
hinge_improved_rotated fragment ( )
hinge_improved_broi_textline ( )
simple_writing_direction (12)

hinge_contour_approximation (144)
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D-Scribe — Feature analysis
PCA Projections of the ENG and ARAB_2 Data Sets

Side effect:
Features can be used to separate
by writing system (e.g. Arabic
language from Latin)

| B
-20 0 20 40 &0

Black: Latin, Red: Arabic

-30 =10 10 30

Works also with other data sets

=30 =10 10
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Recall Purity

Restricted © Siemens AG 2013 All rights reserved.
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Final Cluster Quality Score

Purity is not as relevant as Recall, because the error putting different writers
Into same cluster is not as important as putting the same writer in different
clusters

Set of elements: S={o,...0,}  Ground Truth: X ={X;,....X,}
Cluster assignment: Y =1,,...Y,}  Purity: purity =% 2. max|y; N x|
yey i

Recall: R= Q{pairs in samesetin X and in Y}{)/(]{pairs in same set in X}{)

Harmonic Mean of Purity and Recall

rity - R Ity -
L score, =2 pur_lty R
purity + R

soores 4+ 57 puriy )+ &

Recall is B times important than purity
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Finding Optimal Cluster Method

on the ENG Data Set with 6 feature sets

The clustering parameters are a trade off
between recall and purity, requiring high recall
automatically means low purity and vice versa

The manhattan distance performs in all cases
better than the euclidian distance

The different cluster methods have different
behaviors, either single linkage or Ward's
method are considered best

—— euclidian ward
euclidian single
euclidian complete
euclidian average
euclidian mcquitty
euclidian median
euclidian centroid
manhattan ward
manhattan single

--- manhattan complete

——- manhattan average

-—-— manhattan mcquitty

—— manhattan median

- - manhattan centroid
kmeans
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Dendrogram of Clustering with Ward‘s Method
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The height in the dendrogram (intra
cluster distance) is the same for

o .
- P different samples of the data set
--- 0.2sample
------ 0.3 sample
@ - - 0.4sample
o 7 R ——- 0.5 sample
UK == 0.6 sample
—— 0.7 sample
--- 0.8sample
© _ 0.9 sample
o
@
A
T [=]
3
N AR
° Nosi T
o Ll
o
1 I I I | I 1 1 I
1e+03 5e+03 2e+04  5e+04 2e+05  5e+05
cut-height
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SIEMENS

= OCR
= Keyword screening
= Machine translation (subsystem)

= OCR combination framework (voting)

= Writer ID as a biometric

= Clustering
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SIEMENS

= OCR
= Writer ID as a biometric
= Screening an questioned document against a known document
= Document to document
= Screening documents against a watch list
= Document to documents

= Clustering

Restricted © Siemens AG 2013 All rights reserved.
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SIEMENS

= OCR

= Writer ID as a biometric

= Clustering
= Clustering handwritten and machine printed
= Clustering by writing system / language

= Clustering by author

Restricted © Siemens AG 2013 All rights reserved.
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D-Scribe — Automatic Authorship Identification

Potential Applications

OCR
Writer ID as a biometric
Clustering

Basic Triage:
Eliminating non-relevant documents
Separating Machine Printed from Handwritten
Separating documents according to writing system
Separating documents by author
Focus on potentially relevant documents
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D-Scribe — Automatic Authorship Identification
Contact information

Mike Carpenter
Product Manager
Logistics and Airport Solutions

2700 Esters Blvd., Suite 200B
DFW Airport, TX 75261

Phone: +1 (972) 947-7491
Mobile: +1 (817) 307-2228

E-mail:

siemens.com/answers
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