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Deux taches

Déeterminer les relations entre les symboles
- indice, exposant ... .
subscript  inline  superscript

- on peut s'aider des \
classes des symboles en jeu ﬂ l —
\small

ascending T
descending

small

Determiner les classes des symboles
- ascendant (t, b, k, ...), descendant (p, v, ...),
petit (a, s, n, ...), ...
- on peut utiliser le contexte (e.g. la position
relative
de l'exposant)



Motivations de l'approche proposee
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Le probleme "g-9"

Erik G. Miller and Paul A. Viola.

Ambiquity and constraint in mathematical expression recognition. In
AAAI '98/IAAI '98: Proceedings of the fifteenth national/tenth
conference on Atrtificial intelligence/lnnovative applications of artifcial
intelligence. 1998.

Disposition similaire dans des

cpp r P A
contextes differents h h{
Kam-Fai Chan and Dit-Yan Yeung.
Mathematical expression recognition: A survey.
In International Journal on Document Analysis and Recognition, Eﬂ rd @ L
1999. B




Hypotheses simplificatrices

e On n'utilise qu'un nombre restreint de symboles et de relations

e On se concentre principalement sur des équations produites par un
ordinateur (type Latex)

e On suppose que tous les symboles sont des composantes connexes

e On suppose qu'un symbole fils (indice, exposant, ...) ne se trouvera jamais
plus a gauche que son pere
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Classification des symboles
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Manque de contexte

Ratio based Classifier
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Classification des relations
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Fuzziness

7 Régions

Eﬂ , Regions construites "a la main" a partir
des statistiques issues du jeu de
données
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Lighes de base

Score inversement proportionnel a la 07
distance a la ligne de base "mere"
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Processus de reconnaissance
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Processus de reconnaissance

a hé = dn A

Classification des relations (1/2)



Processus de reconnaissance
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Jeux de données

Pour la phase d'apprentissage

features
Generation of Sagmentation Extraction of the Recognition of extraction Population of the
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Jeux de données

Pour la phase de tests

e Création de six jeux de données contenant 94 expressions
mathématiques fictives

e |lIs contiennent des expressions de complexité différentes, avec
des styles différents

e Etiquetage a la main
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Evaluation des performances

Indicateurs

e Erreurs
o Erreur de parent (Ep) : proportion de symboles associés au mauvais
pere
o Erreur de symbole (ES) : proportion de symboles associés a la
mauvaise classe
o Erreur de relation (Er) : proportion de mauvais étiquetage de
relations

e Justesse (correctness)
o Justesse de symbole (Cs) : score du symbole dans la "vraie" classe
o Justesse de relation (Cr) : score de la relation dans la "vraie" classe
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Evaluation des performances

Comparaison a l'étiquetage par un humain
Sous forme d'un quizz internet (101 réponse obtenues)

Classify the symbols in the following expressions

have any trouble understanding or answering the guiz, please [ # Sce examples... } or go [ 2l Back to the explanation

Field of smdv/research/worlc : | |

http://mscproject.tbluche.

com
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Resultats
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Resultats

Table 6.3: Test Sets Scores

Testset Symbol Parenting Relationship | Symbol Relationship
Classi- (%) Recognition | Correctness | Correctness
fication (%)

(%)

testset( 66.67 95.24 84.52 0.362 0.537

testsetl 87.78 95.04 95.04 0.404 0.922

testset2 81.63 95.92 90.48 0.392 0.777

testset3 78.79 90.91 91.67 0.390 0.922

testsetNL 61.02 94.92 89.84 0.347 0.826

testsetHW 70.37 96.30 92.59 0.381 0.852
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Parametres

Classifieur de symboles

Table 4.5: Parameters of the Symbol Classifiers

Classifier Parameters Number of examples | Accuracy

Parent-based Learning rate: 0.3 | 2981 72.2%
Momentum: 0.2
Epochs: 500

Inline child based | Learning rate: 0.3 | 1553 T0%
Momentum: 0.2
Epochs: 500

Other child based | Learning rate: 0.3 | About 800 About 98%
Momentum: 0.2

Epochs: 500

Ratio : 0.35
Parent : 0.10
Enfants ;: 0.55

(Chaque enfant : 0.20)



Parametres

Classifieur de relations - NN

y
. . . . . . Itp
e H - the relative size of the child to its parent: H = —=
"‘l(‘
: L. : .. _ : Yp — Y
e D - the relative vertical position of the child: D "r} =
,I;,
IMNATy — TIMiT,
¥ .

e V - the relative honzontal position of the child: V
.‘1'!.’

e Classe du pére potentiel

e Classe de I'enfant potentiel
Learning rate : 0.2

Momentum : 0.2
Epochs : 500



Parametres

. Tmar = .c—w*(V—ov)
Fuzzy regions i = m—he@rop)

Ymaxz — m—h*(ﬁ—ap) I
. % avg(D)*h+y

hmarg - §( H. . crwp) E
L std(D)*h

Umarg — § (ﬁ wcrzsp)

Wmstd(V%(min+w"‘e|vg(V)
Fuzzy baseli b "
uzzZ aseliines 1 =
y o+ d

Possible child classifier Arbre de decision J43



Parametres

En ligne

o NN : 1
e PCC : 1
oFR: 0
eFB: 4

Autres

o NN : 1
e PCC: 2
oeFR: 4
oFB: 0



Implementation - divers

Segmentation

Creation of the
Expression

Classification

Export

Binary Image

e
pa rent/ ,

List of Symbols

Bounding Boxes
Coordinates

Context

XML Document

Tree

Symbol

Xmin, xmax, ymin, ymax

Class ID

Relationship ID

1234 !l!!

Confidence values

<expressiocn widch="

<symbeol id="6"
<boundingBox>
<¥min>43</xmin>
<Xmax>65</xmax>
<ymin>63</ymin>
<ymax>85</ymax>
</boundingBox>
<symbeclClass>
<class 1id="1">0.4303918844197614</clzas3>
<class 1d="2">0.14281401059883948</clzasz>
clazs 1d="3">0.26488460479316966</clazz>
<class 1d="4">0.161590945979867414</clazz>
</symbolClass>

I 3
<clasz id="0">0.0</class>
1">0.0</clazs>

</symbol>



MLMER - GUI

File Display Save Load Goto.. SetClass.. SetRelationship...
Segmented Image: 6/7

Interface
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<< Prev. Next >>
Classify all symbols Classify all relationships
L-to-R Parenting Select Parent
Remove Parent Relationships table '
CIE)X) [BResuits vi =
ME Properties Process input xaxis yaxis
= = - Result of ME classification:
Result of the classifications Symbol Properties Symbaol correctness score .
0.4910857714079407 ° - Symbol count: 7
123 ? o o - Symbol errors (%): 0 (0.0%)
- Parenting errors (%): 0 (0.0%)
- Relationship errors (%): 0 (0.0%)
° - Symbol correctness: 0.47967857229775557
Symbol # 47 - Relationship correctness: 0.9963667574810328
Bounding box 103, 122, 68, 90
Height/Width 22/19
ba 2k l1t3 baes 9
Ratio 0.8636363636363636
Result of ME classification:
Centre 79.0
I - Symbol count: 7
Symbol class smal - Symbol errors (%): 4 (57.142857142857146%)
Relationslip inline - Parenting errors (%): 0 (0.0%)
1234 m‘ € n - Relationship errors (%): 0 (0.0%)
Parent Class small - Symbol correctness: 0.37095964302725737
0. T 12dl- Relationship correctness: 0.9883846752162723
’ Number of symbaols ’
] Il | [*]
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[¢]
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Display -
—— B Write a formula... Q@@
Fuzzy Region Classifier
Baseline Classifier 40 42 45
Possible Child Classifier
41 b
0123 012 4 0'?!34 01234
. \ %(TI'
01234 012314 01234
40
012314 01234
File Manager
OK Cancel
01% 34
Figure 5.11: Drawing Window
o Write a formula...
What do you want to do? (batch.xmi)
Load Single Expression ]
Load All Expressions ‘\Sum_aAb P(Xl
Load Batch
Load IDs for Single Expression l 0K [ Cancel ]
Load IDs for All Expressions
Compare with Single Expression
Compare with All Expressions . = .
Figure 5.12: Latex Command Window

Figure 5.13: File Manager



Analyse des donnees

Ratio largeur/hauteur

superscript

PCLASS =1 PCLASS =2

Relations, selon la classe du
symbole pere et du symbole
enfant




Cadre du projet

Table 3.1: Symbol classes used

Symbol Class Examples

| - Small symbols 8. 0TI U 0,8 m X, cn,..
2 - Descending symbols Y. P, Q. £, ..

3 - Ascending symbols A-Z. 09 t.d h k1, ...

4 - Variasble range symbols | Y, I, U. N, -..

Table 3.2: Relationships used
Relationship Class | Examples

0 - Inline ry, tan, 42, 10z, Y " n, ...
1 - Superseript | i
2 - Subscript Pa, bu, xa, ..
3 - Upper i
4 - Under H
r




Resultats déetalllés
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