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IMPACT – Technical deliverable documentation 
D-TR4.3 Word Spotting prototype 

1) Partner 

NCSR (National Centre for Scientific Research "Demokritos") 

 

2) Deliverable 

D-TR4.3, No 63  

 

3) Background 

Historical printed documents contain a vast amount of valuable information. A robust indexing of these documents is 

essential for quick and efficient content exploitation of the valuable historical collections. Traditional approaches in 

document indexing usually involve an Optical Character Recognition (OCR) step [4]. OCR is widely used in a variety 

of applications [9] and it performs well in modern printed documents and documents of high quality printing. In the 

case of printed historical documents OCR, several factors affect the final performance like low paper quality, paper 

positioning variations (skew, translations, etc), low print contrast, typesetting imperfections. Usually, printed OCR 

systems involve a character segmentation step followed by a recognition step using pattern classification algorithms. 

Due to document degradations, OCR systems often fail to support a correct segmentation of the printed historical 

documents into individual characters.  

In the literature, two general approaches can be identified: the segmentation approach and the global or 

segmentation- free approach. The segmentation approach requires that each word has to be segmented into 

characters while the global approach entails the recognition of the whole word. In the segmentation approach, the 

crucial step is to split a scanned bitmap image of a document into individual characters [8]. A segmentation-free 

approach is followed in [3], [5], [10], [11], [13], [16] and [22] where line and word segmentation is used for creating an 

index based on word matching. In [16], a discussion on different approaches to word matching is given. In [3], Ulam’s 

distance is used for image matching by identifying the smallest number of mutations between two strings. In [5], a 

two-dimensional image is converted into a one-dimensional string. The method describes how to extract information 

from the strings and compute the distance between them resulting in similar matches. In the segmentation-free 

approach of [22], word matching is based on the vertical bar patterns. Each word is represented as a series of 

vertical bars that is used for the matching process. Word image matching is also applied in [13] using the weighted 

Hausdorff distance. Before applying the matching process using the Hausdorff distance a normalization scheme is 

used for each word. Word matching is also performed in [11] where global and local features based on profile 

signatures and morphological cavities are used for each word characterization. Matching of whole words in printed 

documents is performed in [2]. In this approach, a Dynamic Time Warping (DTW) based partial matching scheme is 

used to overcome the morphological differences between the words. Another segmentation-free approach which 

uses HMMs and statistical language models for handwritten text is described in [20]. In [7] a holistic approach is used 

in order to digitize natural history cards containing both printed and handwritten information.  
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In the case of historical documents, Rath and Manmatha [18] presented a word matching scheme where noisy 

handwritten document images are preprocessed into one-dimensional feature sets and compared using the DTW 

algorithm. Rath et al. [17] present a method for retrieving large collections of handwritten historical documents using 

statistical models. Lavrenko et al. [12] present a holistic word recognition approach for handwritten historical 

documents. They performed a series of experiments showing the performance of this segmentation-free approach 

applied to degraded historical documents where the segmentation of words into characters is not feasible.  

In [14] and [15] a method for word spotting is presented 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. Typing all unique words as well as constructing an index is an almost impossible task for 

large document collections.  

 

4) Outline of functionality 

In order to overcome the above difficulties, in the IMPACT project we developed a prototype that utilizes an 

alternative technique for historical document indexing based on spotting words directly on document images with the 

help of efficient word matching while avoiding conventional OCR procedure. Word segmentation is first applied to the 

full set of the document pages and then a spotting of the most interesting words (keywords) is addressed directly on 

the document images. The keywords may be important names, places, terms etc. giving obvious synergies with the 

work taking place in WP-EE2 Lexicon Structure & Tools.   

Figure 1 illustrates the distinct steps of the Word Spotting system architecture. The main steps of the Word Spotting 

framework include: (1) query definition; (2) efficient word segmentation and feature extraction for each image word 

and (3) a retrieval procedure that is improved by user’s feedback.  

Step (1).  The query definition can be realized in three distinct ways. First, a query could be a synthetic keyword 

which is built online (free text), second, it could be an artificially created keyword which is built offline and is related to 

a pre-defined list of keywords (artificial keyword query) and third, the query is a single word image selected by the 

user from any document image that includes this word (query by example).  

Step (2). This step is initialized by an efficient word segmentation procedure which results into distinct word images 

for all document images in a repository. For each word image, feature extraction is used for efficient word matching. 

In the literature, several features and methods for word representation have been proposed based on strokes, 

contour analysis, zones, projections etc. In our approach, we involve an efficient and reliable feature extraction 

scheme appropriate for historical newspapers and books. 
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Figure 1 Word Spotting system architecture 

 

Step (3). In this step, a retrieval procedure based on word matching that can be improved by user’s feedback is used. 

The process of word matching involves the comparison/matching between the query word and all the indexed 

segmented word images. In order to achieve highly accurate results, we introduce a user intervention where the user 

selects the correct results from the list produced after the initial word matching in order to initiate a new matching 
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process. The critical impact of the user feedback in the word spotting process lies in the transition from synthetic to 

real data. 

The Word Spotting system is provided as a Graphical User Interface application that incorporates all the visual 

modules for efficient searching, navigating, viewing and administrating the system. 

System description 

The overall system consists of the following main parts: 

Query definition module 

This module supports three query types namely “query by keyword”, “query by example” and “free text”, respectively. 

In the first type, the query consists of a synthetically created keyword which is related to a pre-defined list of available 

keywords. In the second type the query is a single word image selected by the user. The third type allows the user to 

type the query keyword in plain text and the synthetic keyword image is built online. In the case of “query by 

keyword” and “free text”, the user selects example image templates for each character prior to the creation of 

synthetic image words from keywords. This selection is performed “once-for-all” and can be used for entire books or 

collections. The creation of synthetic image words from keywords typed by the user refers to the artificial creation of 

the keyword images from their ASCII equivalences. Thus, an image template for all required characters has to be 

previously defined and stored to the system. During the manual character template marking, an adjustment of the 

baseline for each character image template is supported in order to correctly align the character templates when 

constructing the synthetic word image (Figure 2).  

 
Figure 2 Defining a character template and its baseline 

 

Word Segmentation 

The word segmentation methodology used in the Word Spotting system is the Run Length Smoothing Algorithm 

(RLSA) [22] which is applied by using dynamic parameters that depend on the average character height as described 

in [23]. RLSA examines the white runs existing in the horizontal and vertical directions. For each direction, white runs 

with length less than a threshold are eliminated. In the proposed method, the horizontal length threshold is defined as 

50% of the average character height while the vertical length threshold is defined as 10% of the average character 

height [30].  The application of RLSA results in a binary image where characters of the same word become 
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connected to a single connected component (Figure 3a). In the sequel, a connected component analysis is applied in 

order to extract the final word segmentation result (Figure 3b).  

  

(a) (b) 

Figure 3 RLSA results segmentation 

 

Feature extraction 

The segmented words of the historical document as well as the synthetic query word are described by features which 

are used during the word retrieval phase in order to measure similarity between word images. The feature extraction 

phase consists of two distinct steps; (i) normalization and (ii) hybrid feature extraction.  

The normalization process is dedicated to preserve scale invariance for word images. In particular, for the 

normalization of the segmented words we use a bounding box with user-defined dimensions. The segmented words 

are resized to fit in the bounding box while preserving their aspect ratio. The size of the bounding box concerning 

both width and height is the same for all words. Thereafter, exact positioning of the word in the bounding box is 

achieved by placing the geometric center of the word in the center of the bounding box. 

Several features and methods have been proposed in the literature for word image matching based on strokes, 

contour analysis, etc [6], [19]. Some methods perform the matching process based on features extracted from the 

word images, while others perform matching directly in image space based on characteristics of the image itself. In 

order to proceed to word matching a hybrid feature extraction scheme is applied. The first component is realized by 

dividing the word image into a set of zones and calculating the density of the character pixels in each zone while the 

second component is based on word (upper/lower) profile projections. We built a set of 270 features based on zones 

and a set of 60 features based on profile projections, leading to a total of 330 features for each word image. Figure 4 

shows both components of the hybrid features. 
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Figure 4 (a) Features based on zones; (b) features based on word profile projections 

 

 

Word matching 

The process of word matching involves the comparison/matching between the synthetic query word image and all the 

indexed segmented words. Ranking of the comparison results is based on calculating the Euclidean distance metric 

between the features of the query and the features of each segmented word. As a result, an initial list of words is 

produced where the segmented word images of the document are ranked according to their similarity to the query 

word image. These results are refined in the user’s feedback phase. 

User’s feedback 

From the initial ranking we obtained the words of the document that are similar to the “artificial keyword” query. 

These results might not present high accuracy because a synthetic keyword cannot a priori perform a perfect match 

with a real word image. User feedback is an efficient mechanism for drastically improving the matching process. The 

user selects as input query one or more correct results from the list produced after the initial word matching process. 

Then, a new matching process is initiated. The segmented words are ranked according to their similarity to the 

selected word(s) which, in this case, are not synthetic but real words of the document’s corpus [28], [29]. As shown in 

the example of Figure 5 the critical impact of the user feedback in the word spotting process lies upon this transition 

from synthetic to real data. 

 

(a) 

 

(b) 

 

(c) 

Figure 5 (a) Synthetic query word (b) Initial ranking of segmented words. The highlighted words denote correct words 

selected by the user (c) Ranking after user’s feedback. 
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Searching 

The individual user of the word spotting system can search the existing documents corpus for instances of a 

predefined list of query keywords that have already undergone the user feedback process. The user selects one of 

the processed keywords and the application shows all the instances of this keyword in the documents corpus. The 

application supports two more alternative methods for search, that are based either on a Query by Example or on a 

Free Text query. In the case of ‘Query by Example’ the user defines the query image by cropping a document’s sub 

area that corresponds to a word image. The feature extraction process is applied to the query image and the query 

features are compared to the features of all the segmented words. The results are ranked by similarity and the most 

similar segmented words are shown to the user. The selection of the most similar segmented words is based on a 

similarity threshold which is a system parameter and can be properly tuned according to the document corpus under 

consideration. In the case of using a ‘Free Text’ query, the user may type the query in plain text. The query image is 

constructed by replacing each ASCII character by a letter template image. The letter template images have already 

been predefined and each of them correspond to a typical instance of a letter in the given document corpus. Similarly 

to the Query by Example case, the query image is compared against the segmented words and the results are 

nked by similarity. Both Query by Example and Free Text mode do not involve any user feedback interaction. 

 

ser Interface  

ystem is also utilized allowing classified access to certain parts of the system’s 

functionality. Specifically, two user levels are supported, namely Guests and Administrators. The functionality 

prov  level is as follows: 

(1) Guest

ned list or by providing 

 example as query, or by typing the query in plain text format 

ances  

(2) Adminis

rganize the collection into groups, books and pages  

ra

 

Graphical U

1. Overview 

IMPACT Word Spotting is a multi purpose application for spotting keywords in text documents using a variety of 

searching methods. The system allows the determination of keyword instances in the document corpus by 

incorporating a user’s feedback process that refines the searching criteria leading to improved retrieval performance. 

The application provides full functionality for the organization, management and administration of the documents 

collection. A two level authorization s

ided to each

s 

(a)  Navigate throughout the documents collection 

(b)  Search the documents corpus for instances of keywords using a predefi

an image

(c)  View the resulting documents having highlighted any keyword inst

trators 

In addition to the above operations, an Administrator can also: 

(a)  Import the documents and o
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(b)  Segment the documents pages 

(c)  Define the list of keywords 

(d)  Define letter templates for each group 

running on the 

host system and holds all data related to the IMPACT Word Spotting. No data are stored locally in the file system. 

formation regarding the installation process see the README.txt file in the installation file. 

When IMPACT Word Spotting starts, a login window is shown which prompts for authentication, as shown in Figure 

6. 

(e)  Apply the Word Spotting and user feedback process  

(f)  Perform Administrative tasks  

IMPACT Word Spotting uses a database system which provides quick and reliable storage and retrieval functionality. 

For this purpose, a MySQL server is installed during the installation of the application. The server is 

For more in

2. Login 

 

Figure 6 User authentication 

3. The main application window 

Upon successful login the main application form appears (Figure 7). It consists of five tabs: Search, Prepare, 

Matching, Administration and About. The layout depends on whether the user is Administrator or not. If a user 

selected document. Scrollbars are promptly 

hen the image exceeds the Page area. Moreover, by right clicking on the image a popup menu appears 

NOTE:  

Maximizing the IMPACT Word Spotting application increases the available area in the Page panel. 

enters the system as Guest then only tabs Search and About are shown. 

The Search tab is divided into four panels. The documents corpus is shown in the Collection panel. In the middle 

panel the user selects one of the three searching methodologies, namely, By Keyword, By Example and Free Text. 

Searching for a keyword in the document corpus is covered in detail in Section 7. The Results panel lists the 

documents that fulfill the searching criteria. The Page panel shows the 

shown w

providing several image visualization functions like zooming, fitting, etc.  
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Figure 7 Word Spotting application 

4. Defining letter templates 

The Prepare tab is used by Administrators in order to define the letter templates which are used to create the 

synthetic keywords. Initially, the user selects a document from the Collection tree view on the left. The image is 

shown on the Page panel. The template is defined by cropping a rectangle area on the image which corresponds to 

the letter. The application automatically crops the white spaces around the letter. The marked letter appears in the 

Letter Definition panel. Special attention has to be paid in the correct adjustment of the letters’ baseline using the 

buttons  and . The adjustment of the baseline for each character template is supported in order to correctly 

align the character templates when constructing the synthetic word image. This procedure is important in order to 

avoid inaccurate alignment results since there are characters whose lower end is below the text line. Figure 8 depicts 

an example of letter «q» before and after baseline adjustment. 

  

Figure 8 View of a letter before and after baseline adjustment 
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In order to store the letter template in the Available Templates list, the user enters the corresponding ASCII 

character in the Letter edit box and presses Save Letter or Enter. The letter can always be redefined. In this case 

the new template overrides the previous one. Pressing Delete Letter(s) removes one or more templates from the list. 

5. The documents collection 

5.1 Document maintenance 

The Matching tab is available only to Administrators and is used for importing and organizing the documents in the 

Word Spotting database. The documents of the collection are organized according to the following hierarchical 

structure: 

Groups 

     ∟   Books 

     ∟   Pages 

Starting from the end, a Page is an image that corresponds to a digitized document. The image has to be b/w, i.e. 

binarisation has to be applied before hand. The application supports all usual image formats (*.bmp, *.tiff, *.jpg, 

*.png, etc). A Book is a collection of pages (documents) from the same source/manuscript. A book may contain one 

or more pages. A Group is a collection of books that may share some common attributes, e.g. origin, author, time 

period, etc. Figure 9 depicts an example instance of the Collection panel. By right clicking on the tree view a popup 

menu appears that allows the user to Add, Edit, and Delete items in Collection, as shown in Figure 10. 
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Figure 9 Collection instance 

 

Figure 10 Right click operations  

The whole database can also be deleted by right-click on the Collections panel and selecting Clear database. This 

function deletes all the application data including documents, word segmentation, word features, keywords, letter 

definitions and Word Spotting results.  

NOTE:  

The letter templates are organized in group level, that is, documents belonging to a group share the same letter 

templates. However, if the Collection holds more than one group then a separate set of letter templates has to be 

defined for each group. The organization of documents into groups is critical for the creation of the synthetic keyword 

image, since each group has a different set of letter templates. Therefore, the documents in a group should share 

common typewriting attributes. 
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5.2 Segmentation 

The imported pages are segmented into words by pressing the Segment page(s) button. Segmentation is applied to 

the selected group/book/page(s) in the Collection panel. If a group or a book is selected then segmentation is 

applied to all its descendants. During word segmentation the features of each segmented word are also calculated in 

order to be used during the matching process. When a page is segmented then a check mark  appears in front of 

the page name. Figure 11 shows an example where all the pages of the first group are segmented. 

 

Figure 11 Example of document images in which the words were segmented (with checkmark) or not (without 
checkmark) 

NOTES:  

1) Word segmentation and features extraction are time consuming processes and may take several minutes to 

complete (approximately 3-5 seconds per page). 

2) Multiple documents can be selected by pressing Ctrl+left mouse click. 

3) When one or more pages are already segmented then a dialog box appears (Figure 12) requiring via a dialog box 

whether the segmentation should be re-applied or not. 
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Figure 12 Segmentation confirmation  

6. Word spotting by user feedback 

The Word Spotting process refers to the determination of all the instances of a keyword in the documents corpus. 

The user selects a keyword from the Keywords list and one or more documents of the Collection. The main steps 

of the process are: keyword definition, synthetic query image creation and keyword spotting by user feedback.  

6.1 Keywords 

The keywords are text words whose instances are determined in all the selected documents of the Collection using 

the Word Spotting process. A new keyword is inserted by pressing the Add button. The keyword appears in the 

Keywords list, as shown in Figure 13. Pressing Delete removes the selected keyword from the list. 

 

Figure 13 Keywords list 

6.2 Synthetic keyword image 

In order to apply the Word Spotting process on a selected keyword a synthetic query image is created that 

corresponds to the selected keyword. The synthetic image is created using the letter templates that correspond to 

the ASCII equivalences of the keyword’s characters. The letter templates are taken from the group in which the 

selected document belongs. If one or more letter templates are missing then a warning message appears and the 

user has to define them in the Prepare tab. When all the templates are available the synthetic keyword image 

appears in the Synthetic word panel. 
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6.3 Initial matching 

The Word Spotting process starts by comparing the synthetic keyword image to all the segmented words of the 

selected documents. An initial list of results is produced that ranks the segmented word images according to their 

similarity to the synthetic one. The ranked results are shown in the Nearest estimated words list. Figure 14 depicts 

an example for the keyword “fait”.  The selected group is “First collection” and the letter templates for letters “f”, “a”, 

“i” and “t” are already available in the Prepare tab. The synthetic keyword image for “fait” is shown and the Nearest 

estimated words list provides the ranked results. It can be seen that there are correct instances in the top positions 

of the ranking list but there are also false results. The user feedback process that follows improves the retrieval 

efficiency. 

 

Figure 14 Nearest estimated words 

6.4 User’s feedback 

The initial ranking provided the segmented words that are most similar to the synthetic keyword image. These results 

might not present high accuracy because a synthetic keyword cannot a priori perform a perfect match with a real 

word image. User feedback is an efficient mechanism for drastically improving the matching process. The user can 

define one or more correct word(s) by double clicking on the Nearest estimated words list, as shown in Figure 15.  

The final matching process initiates by pressing Find Results.  
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Figure 15 User feedback 

The segmented words are ranked again according to their similarity to the selected word(s) which, in this case, are 

not synthetic but real words of the document’s corpus. The critical impact of the user feedback in the word spotting 

process lies upon this transition from synthetic to real data. The final list is given in the Words Spotted list. 

In order to determine the correct instances the user double clicks on the Words Spotted list and finally presses the 

Save to Database button to store the results in the IMPACT Word Spotting database. In the Collection panel an 

icon  indicates the documents for which the selected keyword has been word spotted. Moreover, the number of 

found instance is shown in the Collection on the right of each page’s title, as shown in Figure 16. 

NOTES:  

1) The spacebar on the keyboard can also be used to select entries in the Nearest estimated words list and the 

Words Spotted list. 

2)  The information in the document tree view (i.e. segmentation status, word spotting status, number of instances) is 

dynamically updated when selecting different keywords in the Keywords list. 
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Figure 16 User feedback 

7. Searching 

Keywords can be spotted in the whole document corpus using the Search tab. This tab is accessible to any user 

regardless of administrative rights. IMPACT Word Spotting provides three alternative methods for searching keyword 

in the document corpus. The first method is called Query by Keyword and searches the database in order to locate 

instances of a keyword which has undergone the Word Spotting process. The second method is called Query by 

Example and asks the user to mark a representative keyword image on a page. Then the database is searched for 

segmented words similar to this cropped keyword image. The last method is called Free Text and allows the user to 

define a query in plain text format. In the query text each ASCII character is replaced by a letter template image. The 

synthetic keyword image is compared against the segmented words and the results are ranked by similarity. Both 

Query by Example and Free Text do not involve user feedback interaction. Analytically, the three searching 

methods are: 

7.1 Query by Keyword 

In order to search the database using the Query by Keyword method, the tab By Keyword should be selected. The 

user selects a keyword from the Keywords list and the Collection tree view is dynamically updated to provide the 

Word Spotting results. For each page a counter on its right indicates the number of keyword instances that appear in 

that particular page. Moreover, in the Results panel the documents that contain instances of the keyword are ranked 

in reverse order according to the number of instances.  

By clicking on a page either in the Collection tree view or in the Results panel shows the corresponding document 

on the right. The instances are highlighted on the document, as shown in Figure 17. There are two navigation buttons 

in the bottom of the Page panel which can be used to navigate through the instances. This feature is useful when the 
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image is viewed in normal size (not fitted) since each instance is automatically located near the center of the Page 

panel. 

NOTE:  

The instance counter appears on the right of a page only when there is at least one instance in this page. 

 

Figure 17 Query by keyword 

7.2 Query by Example 

Searching the database using the Query by Example method is enabled by selecting the By Example tab. The user 

selects a representative document from the Collection panel and crops a rectangle area which encloses the 

example keyword image. The cropped keyword appears in the middle panel, as shown in Figure 18. Alternatively, an 

automatic word detection functionality is supported, that is enabled by pressing the Auto detect toggle button. With 

this function, while the user moves the mouse over the Page preview, a highlighting rectangle indicates the word 

segment under the mouse pointer. The system uses the segmentation information to determine the bounding box of 

each word on the page (Figure 19). If the user clicks on a particular word it is used as the query keyword image. 

Having defined the query image, select the documents (pages, books, or groups) in the Collection panel on which 

the query will be applied. If a group or a book is selected then all its descendants are also selected. Pressing Search 

starts the comparison between the defined query and the segmented words in the selected documents. Pages that 

contain instances appear with a counter on the right which indicates the number of instances found. The resulting 

documents which have at least one instance are also shown in the Results panel ranked in reverse order according 

to the number of instances. By clicking on a page either in the Collection tree view or in the Results panel shows 

the corresponding document in the Page panel. 
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NOTES:  

1) Cropping is allowed only when a page is selected in the Collection panel. It has no effect in books or groups. 

2) The Auto detect function is available only for segmented documents. 

 

Figure 18 Query by example 

 

Figure 19 Auto detect function 

7.3 Free Text 

The Free Text searching method allows the user to define a query in plain text format. The user enters the text in the 

Query edit box, as shown in Figure 20. By pressing Search a synthetic keyword image is created using the letter 

templates of the selected group. The synthetic keyword image is compared against the segmented words in the 
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selected documents. The results are shown in the Collection and Results panels similarly to the Query by 

Example method. 

 

Figure 20 Free text search 

NOTE: 

If more than one group is selected then a message appears and the user is prompted to select the group whose 

letter templates will be used for creating the synthetic keyword image. 

8. Administration 

The Administration tab is available only to users with administrative rights. It consists of three panels regarding the 

user management, matching parameters and system parameters, respectively. 

8.1 User management 

An Administrator has the right to view, create and modify the user accounts in IMPACT Word Spotting. Each user is 

described by a Username, Password, Display name and its Administrative rights, as shown in Figure 21. The 

buttons on the bottom allow the navigation through the list of users. A new user can be created by pressing New 

user. A user account can also be deleted by pressing Delete user. 
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Figure 21 Administrative settings 

NOTE:  

There are two default accounts in the Impact Word Spotting database. Only the first has administrative rights. The 

default settings are:  

Account1 

username: admin  

password: admin  

Account2 

username: guest 

password: (none) 

8.2 Matching 

An Administrator can define the similarity threshold which is used during the matching process. Lower values 

correspond to stronger matching requirements while higher values lead to more relaxed matching results. The 

similarity threshold varies between 0 and 1000. The default value is 250, but, in general, this setting depends on the 

document corpus under consideration. 

8.3 General 

By default, the working folder of IMPACT Word Spotting is the installation folder. However, an Administrator can 

define another path. This option may be useful in case where there are no write permissions in the installation folder. 

NOTE:  

Several settings regarding the visualization of the application as well as the Administration settings are saved in 

WORDSPOTTING.INI file which is located in the installation folder. In order to restore the default settings, simply 

delete this file. 
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5)  Evaluation  

The Word Spotting system has been tested on two historical books, one of French and one of German origin. In both 

document corpuses the page images are characterized by a dense layout and several typesetting imperfections. 

Table 1 provides details of the two testing sets. Example images are shown in figure 22. 

Table 1 Evaluation corpuses 

Book A 

Title Le Dernier fils de France, ou le Duc de Normandie, fils de 

Louis XVI et de Marie-Antoinette, par A 

Year of publication 1838 

Language French 

Owner Bibliothèque national de France 

Pages in corpus 153 

Total number of words 47836 

Book B 

Title Aufschlüsse zur Magie aus geprüften Erfahrungen über 

verborgene philosophische Wissenschaften und verdeckte 

Geheimnisse der Natur 

Year of publication 1788 

Language German 

Owner Bavarian State Library [25] 

Pages in corpus 126 

Total number of words 24596 

 

We evaluated the word spotting retrieval accuracy using four segmentation methods, two feature extraction methods 

and five keywords for each book as shown in Table 2. Concerning the segmentation methods, we tested the RLSA 

based methodology that was described in System Description section against the state-of-the-art projection profiles 

method [24] as well as the first versions of two methods (USAL 1, USAL 2) that are included in the IMPACT word 

segmentation toolkit which is provided by the University of Salford, based on connected component analysis and 

projections. Regarding the feature extraction, we tested the hybrid methodology that was described in System 

Description section against the state-of-the-art method that is based on recursive subdivisions of the character image 

taking into account the center of masses of each block produced after those subdivisions [27]. 
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(a) (b) 

Figure 22 Representative document images taken from (a) book A and (b) book B. 

Table 2 Evaluation test bed 

Segmentation Features Keywords 

Projections [24] 

RLSA 
Hybrid 

USAL 1 (based on connected 

components) 

USAL 2 (based on projections) 

Center of Masses [27] 

5 keywords per book 

 

The 5 keywords used in the French document corpus where “France”, “Louis”, “famille”, “mort” and “justice”. 

Respectively, the 5 German keywords where “Menschen”, “Begriffe”, “Gottheit”, “Erscheinung” and “Sprache”. All 

these keywords are semantically significant and frequently repeated in the book. The above combination of 
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evaluation parameters leads to an overall amount of 80 experiments. Furthermore, each experiment has been 

performed without user feedback, and for 1, 2 and 3 user selected words. 

As it is shown in Figure 23, RLSA outperforms the other three word segmentation methods for both books. Taking 

into account this conclusion we used RLSA as word segmentation method in order to test the retrieval accuracy in 

word spotting in relation to feature extraction. In this respect, as it was aforementioned, two methodologies were 

taken into account out of which the hybrid was the clear winner as it is shown in Figure 24. Being concise to the 

conclusion drawn about the word segmentation and feature extraction method which can achieve the best 

performance, we tested our system in relation to the user’s feedback involvement using RLSA and hybrid methods 

for word segmentation and feature extraction, respectively. In the course of this experiment the involvement of the 

user was considered as choosing different number of user selected words ranging from 1 to 3. As it is shown in 25, 

we achieve an augmented performance as the number of selected words for the new round of retrieval (number of 

selected relevant words) is increasing. Apart from the query by keyword method that was considered in the 

aforementioned experimentation, we have also employed experiments for the other two query types which can be 

used in the word spotting system. In particular, for the query by example case, word images which correspond to 5 

different keywords for each book have been used as queries. The performance achieved by the word spotting 

system is shown in Figure 26. It is worth to note that the query by example case could be considered as equivalent to 

the artificial keyword query case using user’s feedback mechanism when one relevant word is selected. For the free 

text query case, the same experiment has been conducted taking into account the synthetic word image that 

corresponds to the free text (see Figure 27). The free text query could be considered as equivalent to the query by 

keyword case without using the user’s feedback mechanism. 

     

 
 

(a) (b) 

 

Figure 23 Average precision vs recall diagrams of word spotting in relation to word segmentation methods for  (a) 

Book A and (b) Book B. 
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(a) (b) 

 

Figure 24 Average precision vs recall diagrams of word spotting in relation to feature extraction methods for (a) Book 

A and (b) Book B. 

 

  

(a) (b) 

 

Figure 25 Average precision vs recall diagrams of word spotting in relation to the user’s feedback involvement for (a) 

Book A and (b) Book B. 
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(a) (b) 

Figure 26 Average precision vs recall diagrams of word spotting in relation to the query by example case for (a) Book 

A and (b) Book B. 

  

(a) (b) 

Figure 27 Average precision vs recall diagrams of word spotting in relation to the free text query case for (a) Book A 

and (b) Book B. 

 

 
6)  License and IPR protection 
This part of work is owned by NCSR. 

 

Free use is allowed for non-commercial purposes from IMPACT partners during the project life time. 

 

After the project ends, NCSR may exploit this engine as part of a commercial product which could be licensed under 

specific conditions and fee. 
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