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v’ lIsolated Persian/Arabic word spotting by label embedding, Journal of Engineering
Research (JER), Decumber 2016, Accepted.

v Segmentation-free Word Spotting on Persian Multi-writer Handwritten image documents.
Ready to submit.

v" Line-based Persian word spotting by label embedding. Ready to submit.
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Latent semantic indexing (LSI)

Regularized discriminant analysis (RDA)

Joint representation

Content-based image retrieval (CBIR)

Part of arabic word (PAW)

Fisher vector (FV)
Dymanic time wraping (DTW)

Compatibility function

Canonical correlation analysis (CCA)
Kernelized canonical correlation analysis (KCCA)
Maximum likelihood estimation (MLE)

Optical character recognition (OCR)
Document image analysis and recognition (DIAR)
Flexible sequence matching (FSM)

Label embedding

Input embedding

Word spotting

Out of vocabulary (OOV)

Attribute

Precision

Attribute-based classification

Common subspace regression (CSR)
Bag-of-visual-word (BoVW)

Scale invariant feature transform (SIFT)
Recurrent neural network (RNN)
Bidirectional long short-term memory (BLSTM)
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Codebook

Character shape coding(CSC)

Word shape coding (WSC)

Query by example (QBE)

Query by string (QBS)

Min average horizontal distance (MAHD)
Min average vertical distance (MAVD)
Exemplar SVM

Ground Truth

Discriminative model

Generative model

Hidden markov model (HMM)
Semi-continuous hidden markov model (SC-HMM)
Gussian mixture model (GMM)

Platts Scaling

Mean average precision (Map)
Connected components reduction rate (CCRR)
Detection rate (DR)

Pixel level hit rate (PLHR)

Spatial pyramid of characters (SPOC)
Histogram of gradient (HOG)

Persian pyramid histogram of characters (PPHOC)

Persian pyramid histogram of positional characters (PPHOPC)

Persian pyramid histogram of positional signs (PPHOPS)

Patch

Zero-shot learning
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1 Document image Analysis and Recognition (DIAR)
' Content-Based Image Retrieval (CBIR)

3 Optical Character Recognition (OCR)

¥ Layout analysis

5 Word spotting
6 Keyword spotting
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' Hidden Markov Model (HMM)
¥ Dymanic Time Wraping (DTW)
3 Attribute-based classification

4 Label embedding
5
6

Common Subspace Regression (CSR)
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Pq 10000-1 S 011110

uv 000100 W 000210

X 011110 y 01010-1
z 011000
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Character Code Designation
J-S-L-) h Ascender
hq Ascender +Down Diacritic

|

L) ph Up Diacritic —Ascender

J hj Ascender +Descender

5 bh Loop +Ascender

5 bph | Loop +Up Diacritic +Ascender

3 hbh | Ascender +Loop+ Ascender

2 hp Ascender +Up Diacritic

T 19 Descender +Down Diacritic

S-2-O-i-A-L [ p Up Diacritic

i ip Descender +Up Diacritic

-l PP Up Daicritic =Up Diacritic

8-¢-J-0 P Descender +Up Diacritic

e PP Up Diacritic ~ Up Diacritic -
Descender

s bpy Loop + Up Dracritic + Descender

e R e bp Loop +Up Diacritic

3 pby Up Diacritic — Loop + Descender

- q Down Diacritic

S-)-o-F-r 1 Descender

z 19 Descender + Down Diacritic

bl - - b Iﬁop

- bb Loop +Loop

poUD -3 A by Loop +Descender

S hh Ascender +Ascender

- pb Up Diacritic =Loop

- pbi Up Diacritic — Loop + Descender

3 bip Loop + Descender + Up Diacritic

P hbhp | Ascender + Loop — Ascender + Up
Diacritic

q hbgh | Ascender~Loop~Down Diacritic+
Ascender
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1 Gradient, Structural and Convexity (GSC)
2 Correlation measure
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Semi-continuous hidden Markov model (SC-HMM)
Codebook

Generative

Discriminative

Recurrent Neural Network (RNN)

Vanishing gradient problem

Long Short-Term Memory (LSTM)

Bidirectional long short-term Memory (BLSTM)
CTC Token Passing Algorithm

10 Qut of Vocabulary (OOV)
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1 Part of Arabic Word (PAW)
2 Regularized Discriminant Analysis (RDA)
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Bounding Box

Convex Hull

Histogram of Gradient (HOG)
Exemplar SVM

Fisher Vector

Scale invariant feature transform (SIFT)
Patch

Bag-of-Visual-Word (BoVW)

Latent Semantic Indexing (LSI)
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Input: Training data X € RP*N

Input: Training labels Y € {0,1}"
Input: Number of folds F
Output: Model W € R”
Output: Training data embedded onto the attribute
space A € RY
W = zeros(1, D)
A = zeros(1, N)
count = zeros(1, N)
f=1
while f < F do
Split data in train and val partitions
Trainldz, Valldz = split(N, f)
TrainData = X (:, Trainldx)
TrainLabels =Y (Trainldx)
ValData = X (:,Valldz)
ValLabels = Y (Valldz)
Learn model using training data. Use validation
set to validate the parameters.
W; = learnSVM(T'rainData, TrainLabels,
ValData, V al Labels)
Encode the wvalidation set into the attributes
space and keep track of the number of updates
A(Valldx) = A(Valldz) + W?VaEData
count(Valldz) = count(Valldz) + 1
Add Wy to the global model W
W=W+W,;
f=f+1
end while
Normalize and end
W =W/F
A = A/ecount
End
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Abstract

Word spotting is a way to index, search and retrieve words in document images. Word
spotting aims to find multiple occurrences of a query word in document images. Word
spotting is one of the major challenges in the field of document image analysis which has
recently received many attentions. Several word spotting systems have been introduced
on Latin script, but a limited number of works exist on Arbic and Persian documents and
most of them only proposed for printed documents. The goal of this thesis is to present
an end to end multiwriter Persian word spotting system which accepts, independently of
lexicon, both word images and text strings.

The number of classes in this problem is very high. Moreover very large intra-class
variability due to different writing styles, illumination, typography, etc, can make the
same word look very different. For this reason, a classification method using attributes is
needed. Attribute-based classification by sharing information between classes makes out-
of-vocabulary (OOV) spotting possible. In this approach, both word images and text
strings embeds in a common vectorial subspace. This is achieved by a combination of
label embedding, attributes learning, and a common subspace regression. In this
subspace, images and strings that represent the same word are close together, allowing
one to cast recognition and retrieval tasks as a nearest neighbor problem.

In the first step, an attribute-based method is proposed to retrieve isolated handwritten
Persian words. In this method we suggest two methods for representing Persion words
using attributes. These methods are inspired from two facts, first the appearance of a
Persian letter changes depending on its position in a word. Second, Persion letters can be
categorized based their shape of main part. To evaluate the performance of proposed
methods, two isolated world Persian handwritten datasets, Iranshar and Farsa, are used.
Mean average precision (MaP) for presented attributes in word spotting is 95.67%,
96.25% and precision for handwritten word recognition is 96.15% and 97.55%
respectively.

Then we introduce a method for segmenting handwritten documents to constitute lines.
Using a new approach we slide a window on each line of a document. The proposed
sliding window is based on connected components, so it can overcome to the problem of
basic methods based on sliding window such as determining window size and movement
step. FHT dataset is used to evaluate the proposed line-based method. MaP criterion in
this experiment for query by example and query by string is 73.67 and 81.02%
respectively.

Finally, a two-pass segmentation-free method is proposed for spotting of words in
handwritten documents. In the first pass a number of candidate regions for the query
word are selected in the document. These regions are extracted based on the proposed
spotting method at connected component level. Then considering neighboring connected
components to the candidate regions, the regions which likely match the query word are
extracted. Evaluation of this method is also performed using FHT dataset and MaP
79.45% for text query and 70.25% for image query are obtained.
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It is noteworthy that we trained the proposed line based and segmentation free methods
using Farsa and Iranshahr datasets whereas FHT dataset is used for test. This illustrates
that the proposed methods are robust to writing style. Furthermore, any word from class
of queries is not used in training phase so the proposed methods can spot and retrieve
unseen words.

Keywords: Word spotting, Persian documents, label-embedding, attribute-based
classification, connected component.
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