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Abstract

In this paper, we propose a novel segmentation-free
approach for keyword search in historical typewritten
documents combining image preprocessing, synthetic
data creation, word spotting and user's feedback
technologies. Our aim is to search for keywords typed
by the user in a large collection of digitized typewritten
historical documents. The proposed method is based
on: (i) image preprocessing for image binarization and
enhancement, noisy border and frame removal,
orientation and skew correction; (ii) creation of
synthetic image words from keywords typed by the
user;,  (iii) word segmentation using dynamic
parameters; (iv) efficient feature extraction for each
image word and (v) a retrieval procedure that is
optimized by user's feedback. Experimental results
prove the efficiency of the proposed approach.

1. Introduction

Indexing historical typewritten documents is
essential for quick and efficient content exploitation of
the valuable historical collections. Our research
focuses on keyword search in historical typewritten
Greek documents (see Fig.la) that date since the
period of Renaissance and Enlightenment (1471-1821)
and are among the first Greek typewritten historical
documents. This work is developed under the
framework of an integrated system that will manage
and provide access to old Greek historical typewritten
documents.

Traditional approaches to document indexing
usually involve an OCR step [1]. In the literature two
general approaches can be identified: the segmentation
approach [2] and the global or segmentation-free
approach [3]. The segmentation approach requires that
each word has to be segmented into characters while
the global approach treats each word as a single entity.
Due to document degradations, it is not often feasible
to get a correct segmentation of the typewritten
historical documents into individual characters.
Therefore, a segmentation-free approach must be

employed. Such an approach is followed in [4] where
line and word segmentation is used for word matching.
In the segmentation-free approach there are works
where word matching is based on the vertical bar
patterns [5], as well as on weighted Hausdorff distance
[6]. In the case of historical documents, Manmatha and
Croft [7] presented a method for word spotting
wherein matching was based on the comparison of
entire words rather than individual characters. In this
method, an off-line grouping of words in a historical
document and the manual characterization of each
group by the ASCII equivalence of the corresponding
words are required. The volume of the processed
material was limited to a few pages. This process can
become very tedious for large collections of
documents.
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Figure 1. A typical page from the historical typewritten
Greek document collection. (a) Original image; (b)
Resulting image after frame removal

To eliminate this tedious process, we propose a
novel method for keyword search in historical
typewritten documents which is based on: (i) image
preprocessing; (ii) creation of synthetic image words
from keywords typed by the wuser; (iii) word
segmentation using dynamic parameters; (iv) efficient
feature extraction for each image word and (v) a
retrieval procedure that is supported by user's
feedback. The synthetic keyword image is used to
initialize the word spotting procedure and is matched
against all detected words. The results are optimized
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by the user's feedback. Combination of synthetic data
creation and user's feedback leads to improved results
in terms of precision and recall.

In the following sections, we present our workflow
for keyword search in historical typewritten
documents, as well as experimental results that
demonstrate the efficiency of the proposed workflow.

2. Preprocessing
2.1. Image Binarization and Enhancement

Binarization is the starting step of most document
image analysis systems and refers to the conversion of
the gray-scale image to a binary image. Since historical
document collections are most of the times of very low
quality, an image enhancement stage is essential. The
proposed scheme for image binarization and
enhancement is based on the work of [8] and consists
of five distinct steps: a pre-processing procedure using
a low-pass Wiener filter, a rough estimation of
foreground regions, a background surface calculation
by interpolating neighboring background intensities, a
thresholding by combining the calculated background
surface with the original image and finally a post-
processing step that improves the quality of text
regions and preserves stroke connectivity. Fig. 2
illustrates image binarization and enhancement.
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Figure 2. Image binarization and enhancement
example. (a) Original gray scale image; (b) Resulting

image after binarization; (c) Resulting image after
image enhancement.

2.2. Orientation and skew correction

It is necessary to identify and correct the text
orientation (portrait or landscape) and skew before
proceeding to the word segmentation phase. Text
orientation is  determined by applying a

horizontal/vertical ~ smoothing, followed by a
calculation procedure of vertical/horizontal black and
white transitions [9]. For skew detection, we use a fast
Hough transform approach based on the description of
binary images using rectangular blocks [10].

2.3. Noisy Border removal

It is very frequent, the images resulting from
scanning to be framed either by a solid or stripped
black border (see Fig. 3a). In the preprocessing phase,
we remove this border by employing a “flood-fill”
based algorithm that moves from the outside noisy
surrounding border towards the text region [11].
Additionally, image projections are used at the de-
skewed image in order to remove noisy text from
neighboring pages. Fig. 3 illustrates the application of
our preprocessing scheme to a historical document
suffering from skew and noisy border.

(b)

Figure 3. Document preprocessing. (a) Original gray
scale image; (b) Resulting image after preprocessing.

2.4. Average Character Height Estimation

The average character height estimation is required
mainly for the smoothing process described in Section
3. For the calculation of the average character height
we take the following steps:

STEP 1: We take a random pixel (xa,ya) that has at
least one background pixel in its 4 connected
neighborhood.

STEP 2: Starting from pixel (xa,ya), we follow the
contour of the connected component that pixel (x,y)
belongs to.

STEP 3: We repeat steps 1, 2 for all existing
connected components until we have a maximum
number of samples. During this process we calculate
the histogram of the surrounding rectangles height at
the corresponding connected components.

STEP 4: We compute the maximum value of the
histogram which expresses the average character
height.
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2.5. Frame removal

To ease the segmentation process we remove
potential frames around the text areas. The process of
frame removal is based on the work of [12] and it is
described in the following:

STEP 1: A sub-sampled version of the image is taken.

STEP 2: Two gray scale images Fy and F) are
extracted out of the sub-sampled image. In F}y every
pixel has a value which corresponds to the length of
the corresponding row of the sub-sampled image while
in Fy every pixel has a value which corresponds to the
length of the corresponding column.

STEP 3: The set of line segments that belong to a
frame is characterized by an a priori known minimum
length and maximum width. Images resulting from the
above step are thresholded so that the only remaining
pixels belonging to line segments whose length/width
is larger/smaller than a threshold, respectively. The
frame removal procedure is demonstrated in Fig. 1.

3. Segmentation

Our workflow involves the segmentation of the
typewritten historical document images into words.
This is accomplished with the use of the Run Length
Smoothing Algorithm (RLSA) [13] by using dynamic
parameters which depend on the average character
height as it is described in section 2.4. RLSA examines
the white runs existing in the horizontal and vertical
directions. For each direction, white runs having length
less than a threshold 7, are eliminated. In the
proposed method, the horizontal length threshold is
defined as half of the average character height while
the vertical length threshold is set to a 10% value of
the average character height. The application of RLSA
results in a binary image where characters of the same
word get connected to a single connected component
(Fig 4a). In the sequel, a connected component
analysis is applied using constraints which express the
minimum expected word length (Fig 4b). This will
enable us to reject stop-words and therefore eliminates
undesired word segmentation.

4. Synthetic Data Creation

Synthetic data creation concerns the synthesis of the
keyword images from their ASCII equivalences. A
prerequisite is to have stored for all of the required
characters their corresponding image template. During
the manual character marking, an adjustment of the
baseline for each character image template is supported
in order to minimize alignment problems.
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Figure 4. Segmentation process: (a) Resulting image
after RLSA application; (b) Final word segmentation.

5. Word Retrieval

The word retrieval phase consists of two distinct
steps; feature extraction and word matching. The
segmented words are first set in a normalized bounding
box preserving their aspect ratio.

5.1. Feature Extraction

The technique to carry out the word matching
consists of extracting a set of features from the word
images. Several features and methods have been
proposed based on strokes, contour analysis etc.
[14][15]. In our approach, we use two different types
of features. The first one, which is based on [1],
divides the word image into a set of zones and
calculates the density of the character pixels in each
zone. The second type of features is based on the work
in [15]; in the proposed method we calculate the area
that is formed from the projections of the upper and
lower profile of the word.

5.2.1. Features based on zones. The image is divided
into horizontal and vertical zones. In each zone, we
calculate the density of the character pixels (see Fig.
5).
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Figure 5. Feature extraction of a word image based on
zones. The top frame shows the normalized word
image while the bottom frame depicts the valuation of
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the extracted features. Darker squares indicate higher
density of character pixels.

5.2.2. Features based on word (upper/lower) profile
projections. The word image is divided into two
sections with respect to the horizontal line y = y, which
passes through the center of mass (x, y;) of the word
image. Upper/lower word profiles are computed by
recording, for each image column, the distance from
the upper/lower boundary of the word image to the
closest character pixel [15]. The word is divided into
v, vertical zones. For each upper/lower word profile
we calculate the area in the upper and lower sections
that correspond to the desired features (see Fig. 6).

‘ xlymoie

‘ wlvieiy

Figure 6. Top frame: The normalized word image;
Middle frame: Upper and lower word profiles; Bottom
frame: The extracted features. Darker squares indicate
higher density of zone pixels.

5.3. Word Matching

The process of word matching involves the
comparison/matching of a synthetic keyword with all
the segmented words found in all documents. Word
matching is performed using the Manhattan Distance.
Results are ranked and displayed accordingly (see Fig.
7a).

6. User’s Feedback

User's feedback is an efficient mechanism for
drastically improving the results of the matching
process. The user selects the correct results from a list
produced after the word matching process as described
in Section 5.3. Then, a new matching process is
initiated taking into account only those words that have
been selected. The critical impact of the user’s
feedback in the word retrieval process lies upon the
use of both real and correct data selected by the user.
Furthermore, in our approach user interaction is
supported by a simplified and wuser friendly
human/machine interface that makes the word
selection procedure an easy task. Fig. 7 illustrates the
matching results before and after the user’s feedback
process.

7. Experimental Results

In order to evaluate the performance of the
proposed method for keyword search in historical
typewritten documents, we used the following
methodology. We created a ground truth set by
manually marking certain keywords on a subset of our
document collection. The performance evaluation
method used is based on counting the number of
matches between the words detected by the algorithm
and the marked words in the ground truth. For our
experiments we used a sample of 50 document pages.
The total number of words detected is 13,799. The task
is to search for the Greek words W1 (“kivnoig”) and
W2 (“copata’).

cupars cupare
[T cwikaTeE
TWRATE FupeT
cwpari TupzTR
TwgaTy TwiLate
TWRATOS CWRATE
CupeTE cupRara
ruusTR funata
quparog CupaTa
CORKTA rupara
Cwparz CupaTa
TWRETO] . TwitaTa
(a) (b)

Figure 7. Searching for the Greek word “cwpuarta” with
user’'s feedback: (a) Initial results list using synthetic
data. Marked results indicate the user’s selection of the
correct words; (b) The final results of the word matching
process.

Evaluation is performed using precision versus
recall curves. Precision is the ratio of the number of
relevant words to the number of retrieved words.
Recall is the ratio of the number of relevant words to
the number of total words marked on the images. We
have used a variety of answer sets by a step of 10% of
the total word instances in the dataset of the
corresponding class.

The size of the normalized word images used is
300x30. In the case of features based on zones, the
word image is divided into three horizontal and ten
vertical zones. In the case of features based on word
(upper/lower) profile projections, there are ten vertical
zones and two horizontal zones. The total number of
word instances is 60 for W1 and 37 for W2.

Fig. 8, 9 show the precision-recall rates for word
images W1 and W2, respectively. In all cases when the
user’s feedback is applied, the precision/recall rates are
improved. Combination of synthetic data creation and
user's feedback leads to satisfactory results in terms of
precision and recall. Furthermore, the use of features
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based on word (upper/lower) profile projections gives
better results than using features based on zones.

8. Conclusions

This paper proposes a novel approach for keyword
search in historical typewritten documents based on
several distinct steps. By using a method of creating
synthetic word images from their ASCII equivalences
we achieved word search while avoiding the process of
character recognition that occurs in traditional
indexing systems based on OCR. The user is able to
further improve the results by selecting the most
relevant words from the list of the results and feed
them back to the system. User’s feedback enables the
transition from synthetic queries to real data queries.
This transition is fast and resources saving.

Precision - Recall rates for word W1
(Samples used: 12,24,36,48,60)
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Figure 8. Precision - Recall rates for word image W1.

Precison - Recall rates for word W2
(Samplos used: 7,14,21,28,37)
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Figure 9. Precision - Recall rates for word image W2.

9. References

[1] M. Bokser, “Omnidocument technologies”, Proc. of the
IEEE, 80(7), 1992, pp. 1066-1078.

[2] B. Gatos, N. Papamarkos and C. Chamzas, “A binary tree
based OCR technique for machine printed characters”,
Engineering Applications of Artificial Intelligence, 10(4),
1997, pp. 403-412.

[3] D. Guillevic and C.Y. Suen, “HMM word recognition
engine”, Proc. of the 4™ Int. Conf. on Document Analysis
and Recognition (ICDAR’97), 1997, pp. 544-547.

[4] A. Marcolino, V. Ramos, M. Armalo and J.C. Pinto,
“Line and Word matching in old documents”, Proc. of the 5
IberoAmerican ~ Sympsium on  Pattern  Recognition
(SIARP’00), September 2000, pp. 123-125.

[5]1 H. Weihua, C.L. Tan, S.Y. Sung and Y. Xu, “Word shape
recognition for image-based document retrieval”, Proc. of the
Int. Conf. on Image Processing, ICIP'2001, October 2001,
pp. 8-11.

[6] Y. Lu, C. Tan, H. Weihua and L. Fan, “An approach to
word image matching based on weighted Hausdorff
distance”, Proc. of the 6™ Int. Conf. on Document Analysis
and Recognition (ICDAR’01), September 2001, pp. 10-13.
[71 R. Manmatha and W.B. Croft, “A Draft of Word
Spotting: Indexing Handwritten Manuscripts”, Intelligent
Multimedia Information Retrieval, MIT Press, Cambridge,
MA, 1997, pp. 43-64.

[8] B. Gatos, 1. Pratikakis and S.J. Perantonis, “An adaptive
binarisation technique for low quality historical documents”,
IARP Workshop on Document Analysis Systems
(DAS2004), Lecture Notes in Computer Science(3163),
September 2004, pp. 102-113.

[9] P.Y. Yin, “Skew detection and block classification of
printed documents”, Image and Vision Computing 19, 2001,
pp. 567-579

[10] S.J. Perantonis, B. Gatos and N. Papamarkos, "Block
decomposition and segmentation for fast Hough transform
evaluation", Pattern Recognition, vol. 32(5), 1999, pp. 811-
824.

[11] B.T. Avila and R.D. Lins, “A new algorithm for
removing noisy border from monochromatic documents”,
Proc. of the 2004 ACM Symposium on Applied Computing,
2004, pp. 1219-1225.

[12] B. Gatos, S.L. Mantzaris, S.J. Perantonis and A. Tsigris,
“Automatic page analysis for the creation of a digital library
from newspaper archives”, International Journal on Digital
Libraries (IJODL), vol. 3(1), 2000, pp. 77-84.

[13] R. Kasturi, S. Bow, W. El-Masri, J. Shah, J. Gattiker
and U. Mokate, “A System for Interpretation of Line
Drawings”, IEEE Trans. Patt. Anal. Mach. Intell. 12, 1990,
pp. 978-991.

[14] D. Doerman, “The detection of duplicates in document
image databases”, Proc. of the 4™ Int. Conf. on Document
Analysis and Recognition (ICDAR’97), 1997, pp. 314-318.
[15] T.M. Rath and R. Manmatha, “Features for word
spotting in historical documents”, Proc. of the 7" Int. Conf.
on Document Analysis and Recognition (ICDAR'03), 2003,
pp. 218-222.

Proceedings of the 2005 Eight International Conference on Document Analysis and Recognition (ICDAR’05)
1520-5263/05 $20.00 © 2005 IEEE

YF]',F.

COMPUTER

SOCIETY




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


