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Ground Truth Data

e Definition:
The term "ground truthing" refers to the process of

gathering the proper objective data to prove or
disprove research hypotheses.[1]

It serves as the highly representative reference data for
continued research.[2]

For Optical Character Recognition, the characters of an
image along with their aligned text constitute the
ground truth data.
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Applications

Detailed performance evaluation of an OCR
System.

Accuracy comparison of different OCR
techniques.

Text to image mapping.
Connected Component image extraction.

Extraction of erroneous subsets of data for
system analysis and improvement.
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Properties of Ground Truth Data:

The ground truth data must be at least one order of
magnitude more accurate than the expected output of
the system [3].

A large amount of ground truth data has more
significant impact on the overall success of an optical
character recognizer [4].

The ground truth data must be realistic and
comprehensive [5].

The ground truth data must be able to support an in-
depth evaluation methodology for an OCR [5].

The ground truth data set should also be flexibly
structured, so that it can be easily searched for selecting
subsets with different layout conditions, for more
focused evaluation [5].
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xisting Ground Truth Datasets

A fast recursive text alignment scheme (RETAS) [6] has been used
to align the ground truth e-texts, obtained from Project Gutenberg
website with their corresponding OCR output. The OCR accuracy
of real scanned 100 books in English and 20 books in French,
German and Spanish respectively has been evaluated by using this
approach.

Sofia-Munich Corpus [7] has been reported for Eastern European
languages.(text along with metadata)

An automatic layout generation system for newspapers [8] has
been used to generate synthetic ground truthed images.

A recognition based ground truthing approach has been used for
annotating Chinese handwritten document images, for text line
segmentation, character segmentation and labeling [9].

A database for handwritten Arabic script [10] has been presented,
which contains ground truth information for 26459 Tunisian
town/village names, written by 411 writers.(metadata and text)
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Xisting Ground [Truth Datasets for
Urdu

 The development of ground truth data has been
carried out for a handwritten Urdu database [11]
containing isolated digits, numerical strings
with/without decimal points, 5 special symbols, 44
isolated characters, 57 Urdu words and Urdu dates in
different patterns.(includes metadata information
only).

 An Urdu handwritten sentence database[12] has been
developed, with line level ground truth data for 400
handwritten forms, written by 200 different writers
and contains 23833 printed Urdu words in 2051 lines of
text.(line level coordinates information only).
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omplexities of Nastalique Writing
Style

ugjﬁ_.,%ﬁ?&ju@inﬁ!b@ﬂéu‘@

Vertical Overlapping between ligatures

b LGUA

(a) Character shaping of < class in Naskh writing style (b)
Contextual character shaping of « class in Nastalique writing style.
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Miethodology

Data Collection
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Methodology

* Naming Convention:

The naming of scanned images has been done
in such a way that their meta data information
l.e. book identifier, page number and font size
of the printed text, can be obtained from the
Image name.

G(Grayscale) E(Edited) C(Cropped) B<Book
ID>_P<Page Number>_F<Font size>.jpg
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 For each scanned image, a typed text file has been prepared,
which contains typed text of the corresponding scanned image.

* The typed text file is in UTF-8 .txt format, which is an open
format and can be easily accessed on different platforms.

* Each typed file has been assigned the same name as that of its
corresponding scanned image.
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Ground Truth File Format:

Line |Ligature Ligature| Base Recogniz [Diacritics(Diacritics| Ligature Error
Number | Number |Font Size)] TBLR |Ligature| MBID er ID TBLR ([Sequence ID Ligature| Code
T_1366_B_1 T_1359 B_1 /‘/
415_1_1283 366_L_1319
1 31 F14 _R_1345 / 4775 1 _R_1326 1001 643 11
346

143

150

380

166 .—'—— T_346_B_380 L 143_R_166

385
El}ja <"—— T_385_B_393_L_150_R_158

393
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Verification

Select File D:\Release 7\Binarized Images _140G_B2001 _P12_F14 bmp
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Special Cases

* Broken Connected Components:

i. Broken Main Body

ii. Broken Diacritics

* Joined Connected Components:

i. Joined Main Bodies

ii. Main Bodies Joined with Diacritics

iii. Main Bodies Joined with Incorrect Diacritics
iv. Joined Diacritics

 Special Symbols

* Noise Attached with Connected Components
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Broken Connected Components

Broken Main Body:

1. Get TBLR of the bounding box containing all
pieces of complete main body stroke from
TBLR Extractor utility.

2. Write the desired ligature string in the
respective column.

3. Enter the tag, "Broken_MB" in the respective
column.
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| Y g.;j:/’.

Distorted shape of S due to broken main body.

Syl

a';Zr.'..Sl

The main body of J has two colors instead of one color in color coded image,
indicating that it has a broken main body.

Lum?war Q’/"JJ“;FU'

The broken piece of W is associated with its main body
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_:/J;lfu:fi.«wlu?béh!v

The broken piece of X is associated with the main body of sl as a
diacritic.

M...x-m" ru“.la-u/fﬂ

The pieces of the broken main body of U are marked as noise
(in black color).

- u!.u/;’\j'df

The shape information is almost lost due to poor printing
quality for the main bodies of \&, 2S, &, S, Band s,

b P "
NI
< UAIY/ 1
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Broken Connected Components

 Broken Diacritics:

1. Get TBLR of the bounding box containing all
pieces of complete diacritic stroke from the
TBLR Extractor Utility.

2. Write the desired diacritic identifier in the
respective column.

3. Enter the tag, "Broken_Dia" in the respective
column.
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JQ’LJIM_J&_!

The broken diacritic piece of u2 is marked as noise
due to small size (in black color).

ey d!’w)ﬁf"b(pg

The broken diacritic of s gets incorrectly
recognized as one dot due to shape similarity
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Joined Connected Components

 Joined Main Bodies:

1. Get TBLR of the bounding box containing
joined main bodies from the TBLR Extractor
Utility.

2. Write the ligature strings of all joined main
bodies in the respective column.

3. Enter the tag, "Joined_MB_MB" in the
respective column.
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e (e b lL/i/Ju:’Ulrl;

Joined main bodies of sand ~ are incorrectly marked as a
single main body (brown color instead of blue and brown).

027 Un s ﬁry..ﬁd/u._ﬁ?
el J/GE’JUF/’U/CTJJ‘

Joined main bodies of & and S in different lines of a
document image, incorrectly marked as noise (black in color).
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Joined Connected Components

 Main Body with Joined Diacritics:

1. Get TBLR of the bounding box containing the
complete stroke of the main body with joined
diacritics from the TBLR Extractor Utility.

2. Write the ligature string of the ligature having
joined diacritics in the respective column.

3. Enter the tag, "Joined_MB_Dia" in the
respective column.
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KU Lﬁr/ulﬂ/“

The main body of S is joined with its diacritic (14 font size).

JJ’UQ)}”N—J/)/

The main body of L has a joined diacritic in the synthesized image of a
larger font size (30 font size), indicating the property of Nastalique
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Joined Connected Components

 Main Body Joined with Incorrect Diacritics:

1.

Get TBLR of the bounding box containing the complete
joined stroke of the main body with incorrect diacritics
from the TBLR Extractor Utility.

Write the ligature string of the ligature having incorrect
joined diacritics in the respective column.

Enter the tag, "Joined_MB_IncorrectDia" in the

respective column of the ligature entry having incorrect
joined diacritics.

Write the ligature string of the ligature having incomplete
number of diacritics in the respective column.

Enter the tag, "Joined_MB_IncorrectDia" in the

respective column of the ligature entry having incomplete
number of diacritics.
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Z/)/Klud/”

The diacritic of 2 is joined with the main body of J*<, making = an
invalid ligature, and distorting the main body shape of _.
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Joined Connected Components

* Joined Diacritics:

1. Get TBLR of the bounding box containing the complete
stroke of the joined diacritics from the TBLR Extractor
Utility.

2. Write diacritic identifiers of all diacritics, separated by " "
( e.g. One Dot_Two Dots), in the respective column.

3. Enter the tag, "Joined_Dia_Dia" in the respective column.

& LJ"”A'(Q}/JB’ o191 L]

The joined diacritics of i are incorrectly marked
as noise.
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Special Symbols

Latin Script Main Bodies.
(Lavendar Hi")JJﬁJ‘);-"‘!;i o/,

Connected Components of other writing styles

f Urdu.
Orurau. e _ces,| s boa

Arabic Connected Components.
LL/,,GJ/M_.(;_":J miﬁ ;_J/_,_:. ’3

Bullets and numbering etc.
CL'_W%:"JJ).&/!’}‘_
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Special Symbols

1. Get TBLR of the bounding box containing the
complete stroke of the special symbol from the
TBLR Extractor Utility.

2. Write the ligature string of the special symbol in
the respective column. If the ligature string of
the symbol cannot be typed from key board,
write "Symbol" in the respective ligature string
column.

3. Enter the tag, "Special_Symbol" in the
respective column.

Sth May, 2015 | Center for Language Engineering (CLE)




A Ground Truth Dataset for Performance Evalyation of Urdn Nastaligue OCR

Noise attached with Connected
Components

1. Get TBLR of the bounding box containing the
main body/diacritic with attached noise from
the TBLR Extractor Utility.

2. Write the ligature string of the main
body/diacritic identifier in the respective
column.

3. Enter the tag, "Noise_Attached" in the
respective column.
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_Lézt’J J!“”

Noise attached with the main body of .

u.-rtdlfJ ];"’Vu.-»?

Noise attached with the diacritic of J.
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2nd Verification Pass
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A folder for L class, containing an instance image of 3, indicating a tagging error.
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Line [Ligature| Font |[Ligature| Base Recognizer| Diacritics (Diacritics| Ligature Error
Number | Number | Size | TBLR |Ligature MBID ID TBLR |Sequence ID Ligature | Code
T 1378 B_1
398 L 1481 o 9
1 34 F14 R 1492 5189 42 3
T 1369 B_137
4 L 1459 R 1
465
T 1398 B_140
a1 1444 R 1| 1001
457 .
T 1355 8 1 b T 1382 8 138| 2002 . ‘b
399 L 1411 8 L 1422 R_1
L " _L 1422 R_
1 33 F14 | R s | o ° 2911 1 436 1002 4093 *
T 1353 B_1 : [
399 | 1348
1 32 F14 R 1393 3868 1 7
T 1366 _B_1 T 1359 B 136 *
415 | 1283 /" 6 L 1319 R 1 /
1 31 F14 R 1345 4775 1 326 1001 643 11
T 1356 B_1 d d
406_L_1269
1 30 F14 R 1293 4306 1 113 * 11
T 1359 B_136
5 L 1252 R_1
267 .
T 1370 8.1 T 1368 8 137 1002 ’4)
399 L 1217| &< 6_L 1218 R_1
1 29 F14 R 1257 1241 1 227 1005 486
T 138 T . .
399 1| ]'\'Iay,’ 2015)| Center for Language Engineering (CLE) )
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Data Counts

Number of Pages 490
Number of Books 176
Authors 151
Domains 19
Publishers 80
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