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Structure of the presentation

®  Document understanding
®  Documentimage analysis
®m  Object-level analysis of PDF
®m  “Rule-based” systems
®  Machine learning
®  Revisiting explainable algorithms
®  Generative Al

®m  Comparison and conclusions
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Document image analysis (1)

N ' ff df
E:Si;:j:do oreground from ﬁabﬁab[ bg? ﬁ 5‘
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nacb emtr %%xr[cﬁ&
@me ‘Doﬂ'e mzt @e{ang -
- nad ciner Burlest @abﬁab[ bgr ﬂ

®  Thresholding or binarization @me gpvﬁ'e mlt @ffang
~ nad einer %vt[eﬁi’ﬁ

Source: Don Juan Archive, Vienna
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Document image analysis (2)

m Horizontal and

vertical projection

profiles

B  Resultsin lines of

text and blocks

i

Source: Wahl et al.: Block Segmentation and
Text Extraction in Mixed Text/Image Documents,

CGIP 20 (4), pp. 375-390 ° = PDF
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Document image analysis (3)

®  Segmentation into individual characters often poses problems

el OIS
20010

Source: Ray Smith: An Overview of the Tesseract Engine, ICAR 2007
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Document image analysis (4)

®  Multiple segmentation hypotheses

®m  Segmentation-free and window-based recognition methods

motgenlandifchen
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Character classification

m  Aclassifier, trained on ground-truthed data, returns the character code
and corresponding confidence measure

®m  Typically convolutional neural networks are used

®  Obtained words checked against the dictionary and/or linguistic rules

®  Finalresultis the best combination of segmentation, classification and
linguistic corrections
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Processing PDF directly?

BT (begin text)

100 150 Td (move to coordinates)

[(T) 30 (hisis a ty) 20 (pic) 40 (al sen) -10 (ten) -10 (ce.)] TJ

ET (end text)

[ (AWAY again)]TJ

AWAY again

[(A) 120 (W) 120 (A) 95 (Y again) ] TJ

AWAY again
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Text fragments example
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Object-based layout analysis
|

UPDATE

®

In other news Daring to create
m In former Soviet states, leaders

watch uneasily as the call for Mayor Bertrand Delanoé has

democracy widens. Page 3 worked hard to make his city a con-

temporary masterpiece. “Paris is a

m Rebellion at La Scala ends as museum, and

Riccardo Muti resigns as musical that is a priv-

director after 19 years. Page 8 ilege,” he says. =
“But if it wants
® A UN envoy says Syria has vowed to be loyal to its
to pull out all military and history, it needs
intelligence units from Lebanon by  to innovate, to
the end of April. Page 9 dare — it needs |
to move into 3
® Iraqi lawmakers elect aSunni Arab  the 21st centu-
as speaker of Parliament. Page 9  ry.” Page2

On the Web: www.iht.com
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Graph-based multi-level representation

C I H HOH )

paragraph

lines

text fragments
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Potential problems

m  Text does not have to be in reading order
®  Operators intended for kerning can

be used to ju mp across columns Matrox p!’OdUCt selection table
®  Character encoding may be unknown AxioLE Ao HD  AxaSD  HIXG
Capture/editing tormats
®  Overprinting to simulate boldness HDY 10 & 3
Hi 7200 % A % DGXE G
DVCPRO MHD P X X =
L, DVCPRT, DVZAM X X X N
VCPRORD X X X
Pz $XF - OVCPROSO, CVCPRO HD < X % =
ADOAM MEE — DVOAM, INA % A b
®  and, of course, text may be part of XDGAM HD ME, 18,75, 3okl 1 \
. . . MPEG-2 4:2:2 |-frame SD* LC-EQrbRs. oS0 mbps. AC-30.irh0s.. AC-28 iriny
an image object (or not recognized icorpressed £t 507 : %

by OCR...)
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Table recognition (1/4)

Phosphorus (yellow or white) 7723-14-0 Only if it is a yellow or white form.
Sulfuric acid (acid acrosols including mists, vapors, gas, fog, and 7664-93-9 Only if it is an acrosol form as
other airbome forms of any particle size) defined.

Vanadium (except when contained in an alloy) 7440-62-2 Except if it is contained in an alloy.
Zinc (fume or dust) 7440-66-6 Only if it is in a fume or dust form.

The qualifier for the following three chemicals is based on the chemical activity rather than the form of the chemical. These chemicals
are subject to EPCRA section 313 reporting requirements oaly when the indicated activity is performed.

Chemical/ Chemical Category CAS Number Qualifier

Dioxin and dioxin-like compounds NA Only if they are manufactured at the

(manufacturing; and the processing or otherwise use facility; or are processed or otherwise

of dioxin and dioxin-like compounds if the dioxin used when present as contaminants in a

and dioxin-like compounds are present as chemical but only if they were created

contaminants in a chemical and if they were created during the manufacture of that chemical.

during the manufacture of that chemical.)

Isopropyl alcohol {only persons who manufacture 67-63-0 Only if it is being manufactured by the

by the strong acid process are subject, no supplier strong acid process. Facilitics that process

notification) or otherwise use isopropyl alcohol are pot
covered.

Saccharin (only persons who manufacture are £1-07-2 Only if it is being manufactured.

subject, no supplier notification)

There are no supplier notification requirements for isopropyl alcohol and saccharin since the processors and users of these chemicals
are not reauired to renort. Manufacturers of these chemicals do not need ta natifv their custaomers that these are renartahle EPCRA
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Phosphorus (yellow or white) 7723-14-0
Sulfuric acid (acid aerosols including mists, vapors, gas, fog, and 7664-93-9
other airborne forms of any particle size)

Vanadium (sxcept when contained in an alloy) 7440-62-2
Zinc (fume or dust) 7440-66-6

After candidate column finding (2/4)

Only ifitis a yellow or white form.

Only if it is an acrosol form as
defined.

Except if it is contained in an alloy.

Only if if i in a fume or dust form.

The qualifier for the following three chemicals is based on the chemical activity rather than the form of the chemical. These chemicals
are subject to EPCRA section 313 reporting requirements only when the indicated acfivity is performed.

Chemical/ Chemieal Cat

Dioxin and dioxin-like compounds
{manufacturing; and the processing or otherwise use
of dioxin and dioxin-like compounds if the dioxin
and dioxin-like compounds are present as
contaminanis in a chemical and if they were created
during the manufacture of that chemical.)

CAS Number
NA

Isopropyl aleohol {only persens whoe manufacture
by the strong acid process are subject, no supplier
notification)

67-63-0

Saccharin (only persons who manufacture are R1-07-2

subject, no supplier nefification)

Oualifier

Only if they are manufactured at the
facility; or are processed or otherwise
used when present as contaminants in a

chemical but only if they were created
during the manufacture of that chemical.

Only if it is being manufactured by the
strong acid process. Facilities that process
or otherwise use isopropyl alcohol are not
covered!

Only ifit is being manufactured.

There are no supplier notification requirements for isoprepyl alcohel and saccharin since the processors and users of these chemicals
are not reauired to renort. Mannfacturers of these chemicals do not need to notifv their cnstomers that these are renortable FPCRA
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After horizontal merging (3/4)

are not reauired to renort. Manuﬁcmrem of these chemicals do not need to notfv their cuxﬁﬁ < that these are renortable EPCRA
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Final result (4/4)

AU UG 1V vl "llly ycuu\.lv Sy ad ULiuIvG.
Phosphorous (yellow or white) 7723-14-0 ?or:zlz ifitis a yellow or white
Sulfuric acid (acid aerosols including mists, vapors, gas. fog, and other Only if it is an aerosol form

: : . 7664-93-9
airborne forms of any particle size) as defined.
Vanadium (except when contained in an alloy) 7440-62-2 fﬁ:spt if it is contained in an
Zinc (fume or dust) 7440-66-6 g,r:,lz ifitis in a fume or dust

The qualifier for the following three chemicals is based o @ ll rical activity rather than the form of the chemical. These
chemicals are subject to EPCRA section 313 reporting re 1 8 only when the indicated activity is performed.

. . TAS .
Chemical/ Chemical Category Number Qualifier
Dioxin and dioxin-like compounds (manufacturing; and the Only if they are manufactured at the facility; or
processing or otherwise use of dioxin and dioxin-like are processed or otherwise used when present
compounds if the dioxin and dioxin-like compounds are NA as contaminants in a chemical but only if they
present as contaminants in a chemical and if they were created were created during the manufacture of that
during the manufacture of that chemical.) chemical.
Only if it is being manufactured by the strong
Isopropyl alcohol (only persons who manufacture by the acid process. Facilities that process or
. . . e 67-63-0 . .
strong acid process are subject, no supplier notification) otherwise use isopropyl alcohol are not
covered.
Sacclllarm ((.mly persons who manufacture are subject, no 81-07-2 | Only if it is being manufactured.
supplier notification) -

There are no supplier notification requirements for isopropyl alcohol and saccharin since the processors and users of these
chemicals are not required to report. Manufacturers of these chemicals do not need to notifv their customers that these are
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Limitations of conventional approaches

Living PDF

“Knowledge gap:” Rules are inflexible and work in isolation on one level

of granularity

Difficult to backtrack
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technology
The ver¢

CURRENCIES | New York

Tuesday 4 P.M. Previous
€1= $1.3315 $1.3369
£1= $1.9128 $1.914
$1= ¥104.49 ¥104.925
$1= SF11645 SF11594

Full currency rates | Page 14

OIL| New York

Tuesday 4 P.M.

Light sweet crude $55.05 ‘& $0.10
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Machine learning for structure detection

®  Variety of approaches, mostly for images:
®  Object recognition (e.g. YOLO)
®  Pixel-based classification
m  Corner/feature detection
B Pre-segmentation of image
®  Transformation of image
®  Excelinsimplertable structures and unclean documents
®  Black box; difficult to patch; no direct link to PDF content stream
®  Require huge dataset for training

Living PDF - PDF
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Document analysis as an Al optimization problem

®  Two components: flow

B Document model with evaluation
table

criteria (moderate)
m  Search through plausible /\
: . h I
interpretations (hard!) paragrap row\ymn
. cell
®  Which structures do we want to detect?
®  Common to a wide variety of documents .
text-line
character

== PDF
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Guided search procedure (1/3)

m  Search space

== PDF
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Guided search procedure (2/3)

®  Greedy search

[]
== PDF
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Guided search procedure (3/3)

® Guided search

l.: PDF
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Rule-based vs Al optimization strategies

Rule-based Al optimization
® Limited accuracy due to error ®  Good accuracy for all
propagation documents supported by
®m  Easytoimplement model
®  Fast ®  Evaluation returns a
®  Appropriate if source is known confidence measure

®  |mplementation is complex
®  Processing time is longer,

depending on search strategy

Living PDF - PDF
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Aside: No domain knowledge
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Generative Al option 1
|

Text
representation

Layout Table
: —> .
analysis location
e

Living PDF

Document understanding

Data
extraction
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Text representation

Differences with respect to Germany Portugal Greece Spain Italy France

Q2 2006 — Q1 2010** 0.33 0.51 0.31 0.18 0.05

Q1 2009 — Q4 2009 -0.01 0.45 0.21 0.18 0.05

Q4 2009 0.17 0.70 0.26 0.09 -0.01

Q12010 0.64 0.72 0.56 0.43 0.25
Differences with respect to Germany Portugal Greece Spain Italy France
Q2 2006 - Q1 2010%x 0.33 0.51 0.31 0.18 0.05
Q1 2009 - Q4 2009 -0.01 0.45 0.21 0.18 0.05
Q4 2009 0.17 0.70 0.26 0.09 -0.01
Q1 2010 0.64 0.72 0.56 0.43 0.25

“According to the following table, what was the figure for Spain in Q4 2009?”

Source: ICDAR 2013 Table Competition Dataset

== PDF
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Generative Al option 2
|

LLM with vision model
(e.g. ChatGPT 4.0)

== PDF
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Vision model

Here is the HTML representation of the table shown in your image:

Differences with respect to Germany Portugal Greece  Spain Italy France html
Q2 2006 — Q1 2010** 0.33 0.51 0.31 0.18 0.05
Q12009 - Q4 2009 -0.01 0.45 0-21 0.18 0-05 <table border="1" cellpadding="5" cellspacing="0">
Q4 2009 0.17 0.70 0.26 0.09 -0.01
Q12010 064 072 056 043 025 L
<tr>
<th>Differences with respect to Germany</th>
<th>Portugal</th>
\ <th>Greece</th>
<th>Spain</th>
<th>ltaly</th>
“According to the following table, what was e
the figure for Spain in Q4 2009?” Jheac
<tbody>
<tr>

<td>Q2 2006 — Q1 2010**</td>

“Please output the attached table in HTML <033

Living PDF

format.”
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<td>0.51</td>
<td>0.31</td>
<td>0.18</td>
<td>0.05</td> J
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Explainable vs generative Al strategies

Al optimization (explainable)

Living PDF

Good accuracy for all documents u
supported by model
Fully explainable result

Evaluation returns a confidence |
measure u
Implementation is complex u

Typically requires less processing
power than GenAl B
Typically no domain knowledge

Generative Al (RAG with vision model)

Generally good accuracy for all
documents typically found on the
Web

Generally no confidence measures
Easy to implement

May require greater processing
power than Al search

May hallucinate; can be combined
with other approaches to detect
such cases

== PDF
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Combining GenAl with explainable methods

®  Resort to generative Al when explainable methods fail to find a suitable
result (with sufficient confidence)

B might be stuckin a local maximum

®  Use the explainable method’s evaluation component to verify the
plausibility of the GenAl result

Living PDF - PDF
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Tamir Hassan
tamir@tamirhassan.com



