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AUTOMATIC TABLE DETECTION 

A method for automatically detecting table data in a docu 
ment that is described by a page de?nition language and 

converting the table data into a markup language represen 
tation. The document may have one or more pages. The page 

de?nition language description of the document provides a 
list of Words, the position of the each on a page With respect 
to a predetermined reference point, and the siZe of each 
Word. The present invention automatically identi?es table 
data in the document by utilizing one or more table-identi 

fying features. A ?rst table-identifying feature may be the 
number of Word clusters on a line. A second table-identify 

ing feature may be the vertical alignment of Word clusters 
betWeen lines. A third table-identifying feature may be the 
changes in text density or space density betWeen lines. 
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AUTOMATIC TABLE DETECTION METHOD AND 
SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method for 
recognizing tables Within a document, and more speci?cally, 
to a method for automatically detecting tabular data in 
semi-structured documents using text coordinates. 

BACKGROUND OF THE INVENTION 

[0002] In a time When documents can exist in many forms 
and formats, the need for automatic document conversion 
softWare that can convert betWeen these different formats 
has increased dramatically. One type of information in 
documents that is dif?cult to detect and convert accurately 
are tables. As explained herein beloW, the prior art 
approaches to convert tables offer only tolerable solutions 
that have much to be desired. 

[0003] This is unfortunate since tables are useful in con 
veying much information in a compact format. One reason 
for the effective nature of conveying information through 
tables is that part of the information is presented by the 
structure of the table and is in fact inherent in the table 
structure. For example, column headings, roW headings, 
table title, and the grouping of the information all can 
convey important information. 

[0004] Since tables by their very nature convey informa 
tion by their structure, it is important that any document 
conversion softWare accurately re?ect the original structure 
in the converted form. As Will be described herein beloW, 
some conversion softWare cannot handle the table structure 
and presents the table data as regular text, thereby stripping 
the structure that existed in the original table. As can be 
appreciated, much information is lost in such an approach. 
Other softWare attempts to convert the table and retain the 
structure, but do so poorly. For example, if a conversion 
softWare handles tables poorly, information can be presented 
inaccurately. For example, if a converted table has values 
that actually belong in a ?rst column (i.e., the values are in 
the ?rst column in the original document) mistakenly trans 
ported to another column, then the converted table provides 
incorrect data. In the best case, the information is obviously 
Wrong and can be easily detected as such, and ignored by 
one Who reads the document. HoWever, in a more detrimen 
tal case, if the error is not obvious, then the one reading such 
a document can rely on the erroneous information to his or 

her peril. From the above, it can be seen that the accurate 
detection and conversion of tables from a document in a ?rst 
format to a document in a second format are important tasks 
that, unfortunately, pose challenging problems to existing 
conversion softWare. There are currently several unsatisfac 
tory approaches to this problem. 

[0005] US. Pat. No. 5,841,900, entitled “Method for 
Graph-Based Table Recognition,” describes a bottom-up 
approach for recogniZing tables in documents. In this 
approach, the document is ?rst transformed into a layout 
graph With nodes and edges that represent document entities 
and their interrelations, respectively. Next, the layout graph 
is re-Written using a set of rules based on apriori document 
knoWledge and general formatting conventions. The graph is 
then utiliZed to locate tables in documents. 
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[0006] This bottom-up approach has several disadvan 
tages. First, although the ’900 patent provides a more 
ef?cient Way of transforming documents into corresponding 
layout graphs, this approach is nevertheless more computa 
tionally intensive than an approach that does not need a 
layout graph. In addition, segmenting every document into 
a corresponding layout graph With its objects is a generally 
complex programming process and is not easily imple 
mented. Second, the step of re-Writing the graph requires 
access to a set of rules and formatting conventions that 
consume additional memory. 

[0007] Some document conversion programs attempt to 
perform automatic document conversion from one format to 
another. For example, there are commercial products that 
attempt to convert text in Adobe Portable Document Format 
(PDF) to Hypertext Markup Language (HTML) Unfortu 
nately, these products handle tables very poorly. In fact, 
these products “?atten the table” (i.e., these products rep 
resent tables as straight text With no structure Whatsoever). 
For example, a table having four roWs and four columns 
Would be converted to four lines of straight text. As dis 
cussed previously, it is undesirable to remove the table 
structure since removing the structure causes important 
information conveyed by the table structure or inherent 
therein to be lost. 

[0008] Other document conversion softWare programs 
require a user to manually identify Where the tables are in a 
document so that the tables can be converted to a structured 
form. For example, document conversion softWare pro 
grams, such as Gemini from Iceni Technology Limited of 
NorWich, England or RedWing from DataWatch, Inc. of 
LoWell, Mass. both require manual intervention in order to 
perform table conversion. Manual intervention is undesir 
able for at least tWo reasons. First, manual intervention 
consumes a user’s time and effort. Second, manual inter 
vention prevents the ability to process document conversion 
off-line, such as by utiliZing batch processing. Batch pro 
cessing is particularly important in instances Where there are 
numerous documents to convert from one form to another. 

[0009] Based on the foregoing, it is clearly desirable to 
provide an apparatus and method for ef?ciently and auto 
matically detecting and converting tables in documents. In 
particular, it is desirable to provide a method for ef?ciently 
and automatically detecting tables in documents that are 
semi-structured (i.e., described by a page description lan 
guage) and for converting these tables into a markup lan 
guage. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides a method for auto 
matically detecting table data in a document that is described 
by a page de?nition language and converting the table data 
into a markup language representation While preserving the 
structure of the table. The document may have one or more 

pages. The page de?nition language of the document, Which 
can be the Portable Document Format, provides a list of 
Words, the start position of each Word on the page With 
respect to a predetermined reference point located on that 
page, and the siZe of each Word. 

[0011] According to the method, the present invention 
automatically identi?es table data in the document by uti 
liZing one or more table-identifying features. A ?rst table 
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identifying feature may be the number of Word clusters on 
a line. Asecond table-identifying feature may be the vertical 
alignment of Word clusters betWeen lines. A third table 
identifying feature may be the changes in text density or 
space density betWeen lines. In addition, the automatic 
identi?cation technique of the present invention may also 
use one or more heading roWs at the top of the table as a 

fourth table-identifying feature. Also, a ?fth table-identify 
ing feature can be the draWing lines that separate different 
data elements in the table. 

[0012] In the presently preferred embodiment, the align 
ment of Word clusters betWeen lines is utiliZed to automati 
cally generate a table bounding box for each table. Next, the 
table bounding box is then expanded in a ?rst direction 
based on changes in Word density among the lines imme 
diately preceding the top edge of the table. For example, the 
table bounding box can be expanded in a ?rst direction to 
encompass a previously marked line that had a signi?cant 
change in text density. 

[0013] The table bounding box is also expanded in a 
second direction based on changes in Word density among 
the lines immediately succeeding the bottom edge of the 
table. For example, the table bounding box may be expanded 
in a second direction to encompass a previously marked line 
that had a signi?cant change in text density. 

[0014] This step expands the table bounding box in the 
positive and negative y-directions to more accurately re?ect 
the true beginning and end of the table. The text that is 
encompassed by the expanded table bounding box is then 
converted to a markup language representation With table 
tags, thereby preserving the structure of the table. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The present invention is illustrated by Way of 
example, and not by Way of limitation, in the ?gures of the 
accompanying draWings and in Which like reference numer 
als refer to similar elements. 

[0016] FIG. 1 is a block diagram of a system Which may 
be programmed to implement the present invention. 

[0017] FIG. 2 is a How chart illustrating steps for auto 
matically identifying and converting table data. 

[0018] FIGS. 3A and 3B illustrate a How chart that shoWs 
step 204 of FIG. 2 in greater detail. 

[0019] FIG. 4 is a How chart shoWing the step 206 of FIG. 
2 in greater detail. 

[0020] FIG. 5 is a How chart shoWing the step 208 of FIG. 
2 in greater detail. 

[0021] FIG. 6 illustrates an exemplary document and hoW 
the method of the present invention can be applied thereto to 
automatically detect table data in the document in accor 
dance With one embodiment of the present invention. 

[0022] FIG. 7 illustrates an exemplary document With a 
table and hoW the present invention expands the table 
bounding box in accordance With one embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0023] A method and apparatus for automatically detect 
ing table data in an electronic document and converting the 
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table data into a markup language While preserving the table 
structure are described. In the folloWing description, for the 
purposes of explanation, numerous speci?c details are set 
forth in order to provide a thorough understanding of the 
present invention. It Will be apparent, hoWever, to one 
skilled in the art that the present invention may be practiced 
Without these speci?c details. In other instances, Well-knoWn 
structures and devices are shoWn in block diagram form in 
order to avoid unnecessarily obscuring the present inven 
tion. 

[0024] FIG. 1 illustrates a computer system 100 in Which 
the automatic table detection program 130 of the present 
invention can be implemented. The system 100 includes a 
processor 104 for executing program instructions and a 
media 108 that is accessible by the processor 104. The 
automatic table detection program can be embodied on 
media 108, Which may be incorporated in of?ce equipment 
(e.g., a personal computer) or separate from of?ce equip 
ment. When incorporated in office equipment, the media 
108, having the automatic table detection program 130 
embodied therein, can be in the form of a memory (e.g., 
random access memory (RAM), read only memory (ROM), 
etc.). When incorporated separate from the of?ce equipment, 
the media, having the automatic table detection program 130 
embodied therein, can be in the form of a computer-readable 
medium, such as a ?oppy disk, compact disc (CD), etc. 

[0025] In the currently preferred embodiment, the present 
invention is related to the use of computer system 100 to 
implement the automatic table detection program 130. The 
automatic table detection program 130 automatically iden 
ti?es table data in electronic documents that are described by 
a page description language (PDL), Which has no provision 
for representing tables. One such page description language 
is the Portable Document Format (PDF) language. 

[0026] The automatic table detection application includes 
a table bounding box generation module 134 for receiving a 
page description language representation 132 of a document 
Without table structure, and based thereon, generates a table 
bounding box 136 for each table in the document. An 
expansion module 138 is coupled to the table bounding box 
generation module 134 for receiving the table bounding box 
136, and based thereon, selectively expands certain edges of 
table bounding box to generate an expanded table bounding 
box 140. It is noted that in some cases, expanded table 
bounding box 140 is identical to the table bounding box 136. 
A conversion module 144 is coupled to the expansion 
module 138 for receiving the expanded table bounding box 
140, and based thereon, converts the Words encompassed by 
the table bounding box into a markup language representa 
tion 146 With table structure. For example, once the tables 
have been identi?ed, the table data may be converted to a 
markup language, such as the Extensible Markup Language 
(XML) While preserving the table structure. The markup 
language representation 146 can then be vieWed by utiliZing 
a vieWer 150 (e.g., a HTML broWser program) or used for 
further processing. The process of automatically detecting 
the table data in the electronic document and of converting 
the table to a markup language shall noW be described in 
greater detail. 

[0027] OvervieW of Automatic Identi?cation and Conver 
sation 

[0028] The automatic identi?cation and conversion tech 
nique employed by the present invention shall be explained 
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With reference to electronic documents that are described by 
a page description language and converted to a markup 
language. HoWever, there are other electronic documents 
described using other descriptive languages that are equiva 
lent to documents described by a page description language. 
The document may have one or more pages. The present 
invention utiliZes the folloWing as inputs: a list of Words, the 
position of each Word on a page With respect to a predeter 
mined reference point on the page, and the siZe of each 
Word. 

[0029] These inputs can be speci?ed by a page de?nition 
language description of the document or any other document 
description. Also, there are other languages, beside the 
markup language to Which the present invention can convert 
the table data. Consequently, the techniques described herein 
apply to all documents With table data, Whether or not such 
documents are actually described in a page description 
language representation. HoWever, it is important that the 
representation of the document include position information 
for each Word in the document. In addition, the techniques 
described herein apply to all forms of table data Whether or 
not the table data are ?nally described in a markup language 
representation. 

[0030] In general, the table detection technique of the 
present invention detects tables by (1) receiving a descrip 
tion of the document (e.g., list of Words, and the siZe of each 
Word, and the position of the Word With respect to a 
particular page); 2) determining one or more table-identify 
ing features based on the description of the document; (3) 
detecting the table data based on at least one of the table 
identifying features; and (4) converting or transforming the 
table data into a second format. While the description of the 
table is changed during the transformation, the neW descrip 
tion of the table preserves the structure of the original table. 

[0031] Referring to FIG. 2, in step 202, a document that 
is described by a page description language (PDL) is 
received. The PDL representation speci?es the position and 
format of each Word on the page. From the PDL represen 
tation the folloWing parameters can be obtained: (1) a list of 
the Words in the document, (2) the location (e.g., coordinates 
in X-y space With reference to a page origin) of each Word, 
and (3) the siZe of each Word. The page origin can be the 
loWer left comer of the page. The siZe of each Word can be 
represented by a Word bounding boX that speci?es the Width 
and height of the Word With reference to a Word origin, 
Which can be the loWer left comer of the Word bounding boX. 

[0032] In step 204, a table bounding boX is determined for 
each table in the document. The table bounding boX is 
determined based on the number of Word clusters in each 
line and the alignment of Word clusters betWeen lines. The 
Word clusters on each line can be determined by utiliZing the 
position of the Words. In step 206, the table bounding boX for 
each table is eXpanded based on the change in teXt density 
betWeen lines or the number of Word clusters on a line. In 
step 208, the teXt that is encompassed by the table bounding 
boX is described by a markup language, and the table 
structure is preserved. Alternatively, the step of eXpanding 
the table bounding boX based on teXt density differences 
(step 206) can be omitted, and step 208 can be processed 
immediately after step 204. The advantage of including step 
206 in the processing is that the start and end points of the 
tables can be more accurately detected. 
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[0033] 
[0034] The present invention utiliZes one or more table 
identifying features to automatically identify a table bound 
ing boX for each table. A table bounding boX includes a table 
origin With respect to a predetermined reference point on the 
page and speci?es the siZe (e.g., the Width and height) of the 
table With respect to the table origin, Which can be the loWer 
left comer of the table bounding boX. These table identifying 
features can include, but are not limited to, the alignment of 
Word clusters betWeen lines of teXt, the differences in teXt 
density betWeen lines of teXt, draWing lines separating 
different elements in the table, and one or more heading 
roWs at the top of the table. The alignment of Word clusters 
and the teXt density betWeen lines are described in greater 
detail hereinafter With reference to FIGS. 3A and 3B. 

Identi?cation of Table Bounding Box 

[0035] According to the method, the present invention 
automatically identi?es table data in the document by uti 
liZing one or more table-identifying features. One table 
identifying feature is the number of Word clusters on a line. 
A second table-identifying feature is the alignment of Word 
clusters betWeen lines. Athird table-identifying feature is the 
differences in teXt density (or space density) betWeen lines. 
In addition, the automatic identi?cation technique of the 
present invention may also use one or more heading roWs at 
the top of the table as a fourth table-identifying feature. For 
eXample, for certain applications, the Words in a table title 
can be utiliZed to detect the beginning of a table. Also, a ?fth 
table-identifying feature can be the draWing lines that sepa 
rate different data elements in the table. For eXample, the 
vertical draWing lines betWeen columns of a table can be 
utiliZed to detect the beginning of neW clusters of Words on 
a line. Similarly, the horiZontal draWing lines betWeen roWs 
of a table can be utiliZed to detect the roWs of a table. 

[0036] In the currently preferred embodiment, the present 
invention utiliZes both alignment of Word clusters betWeen 
lines and horiZontal spacing (e.g., teXt density betWeen 
lines) to automatically identify the table bounding boX for 
each table. It is noted that other table identifying features, 
such as table heading and table lines separating the elements 
in the table can be utiliZed in conjunction With Word cluster 
alignment and teXt density to automatically identify the table 
bounding boX. 

[0037] Referring to FIGS. 3A and 3B, a document 302 
described in a ?rst description language (eg a PDL lan 
guage) is received as an input. In step 304, a list of Words 
(hereinafter referred to as “Word list”) for a particular page 
is generated based on the PDL document 302. For eXample, 
in the PDF language, a pre-de?ned function, PDWordFind 
erAcquireWordList( ), can be utiliZed to return a list of 
Words associated With a particular page When the function is 
provided With the folloWing input parameters: (1) a page 
number, and (2) the type of order. Preferably, a default order 
can be speci?ed in Which the returned list of Words are 
provided in the order in Which the Words Were inputted by 
the creator of the document. The list of Words includes 
position and siZe information for all the Words for the 
requested page. 

[0038] The processing performed by the method of the 
present invention preferably operates line-by-line on all 
lines of teXt for a particular page. Accordingly, in step 308 
the Word list for a particular page is sorted into lines of teXt 
based on a ?rst coordinate (e.g., the y-coordinate). For 



US 2004/0093355 A1 

example, all Words having the same y-coordinate Would be 
sorted into the same line of text. 

[0039] In step 312, the Words on a line are clustered into 
one or more Word clusters, and cluster coordinates are 
computed for each Word cluster. Clustering the Words of a 
line of text into one or more clusters involves examining the 
space betWeen the Words. If the space betWeen Words of the 
line increases by more than a predetermined amount, a neW 
cluster is detected. For a line of text Without any table 
information, the entire line of text is determined by the 
present invention to be a single cluster of Words because the 
spacing betWeen the Words in regular text is generally 
uniform (i.e., there Will be no sudden increases or jumps in 
the spacing betWeen Words). HoWever, for a line of text With 
table information, the line of text is determined by the 
present invention to have multiple clusters of Words, Where 
the number of Word clusters corresponds to the number of 
columns of table data in that line. The present invention 
utiliZes the differences in text position to detect tabular data 
since the spacing betWeen text in a table is generally greater 
than the spacing betWeen Words in regular text (i.e., non 
tabular text). 

[0040] Computing the cluster coordinates involves deter 
mining the beginning point of the cluster, the mid-point of 
the cluster, and the end point of the cluster, Which are used 
to compare With clusters determined from another line as 
described in greater detail hereinafter. 

[0041] In step 312, a text density for the current line is also 
calculated. The calculation of the text density for the current 
line is based on the average spacing betWeen the Words on 
that line. 

[0042] In decision block 316, a determination is made 
Whether the change in text density from the previous line to 
the current line is greater than a predetermined threshold 
(e.g., a change in text density of ?ve times). If yes, in step 
320, the change in text density is recorded by generating a 
text density tag. The text density tag can be a markup 
language tag that speci?es the value of the change in text 
density. This tag is used during the table bounding box 
expansion. If no, in decision block 324, a determination is 
made Whether the process is in a look-ahead mode. If no, in 
decision block 328, a determination is made Whether the 
cluster coordinates have been saved. If yes, processing 
continues at step 352 Where the current cluster coordinates 
are compared With saved cluster coordinates. 

[0043] If the cluster coordinates have not been saved, a 
determination is made Whether the number of clusters in the 
current line is greater than a predetermined cluster number 
(e.g., tWo) in decision block 334. If yes, in step 336, the 
cluster coordinates for the current line are saved. The cluster 
coordinates can be saved by utiliZing a cluster tag that can 
be a markup language tag for specifying the start point (e.g., 
the column or x-coordinate Where each cluster begins), 
mid-point (e.g., the column or x-coordinate of the middle of 
the cluster), and end-point (e.g., the column or x-coordinate 
Where each cluster ends) of each cluster in the line. If the 
number of clusters is not greater than a predetermined 
cluster number, processing proceeds to decision block 338 
Where it is determined Whether the end of Word list has been 
reached. If the end of Word list has not been reached, 
processing jumps back to step 308 in order to process the 
next line. 
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[0044] If the end of Word list has been reached, a deter 
mination is made Whether the end of the document has been 
reached in decision block 344. If yes, a markup language 
representation 348 of the document having table structure 
preserved therein is provided as an output. For example, in 
an HTML representation, the document includes a plurality 
of broWser commands that control the placement, format, 
and display of text. If the end of the document has not been 
reached, the state is reset, and the page is incremented in step 
350. The processing jumps back to step 304 in order to 
process the next page in the document. 

[0045] Referring to decision block 324, if it is determined 
that the process is in a look-ahead mode, processing pro 
ceeds concurrently to both step 352 and step 328. At this 
point, the process of continuing to look for lines in the 
current table and the process of checking for a start of a neW 
table are performed concurrently. For example, tWo separate 
processes can be utiliZed to perform these steps in parallel. 
Alternatively, if a single process is utiliZed, measure should 
be taken to differentiate betWeen variables in the different 
steps. 

[0046] In step 352, the current cluster coordinates are 
compared With the saved cluster coordinates. For example, 
the Word clusters determined from the current line of text 
can be compared With the Word clusters of the previous line. 
It is noted that the text in each column of a table can be left 
justi?ed, right justi?ed or centered With respect to the 
column Width. Preferably, the present invention determines 
the beginning point, end point, and midpoint of each Word 
cluster so that table data is automatically detected regardless 
of the particular format of the text in the table. 

[0047] For example, the beginning point of the cluster of 
the current line can be compared With the beginning point of 
the cluster of the previous line to detect the alignment 
betWeen the Word clusters having left-justi?ed text. Simi 
larly, the mid-point of the cluster of the current line can be 
compared With the midpoint of the cluster of the previous 
line to detect the alignment betWeen the Word clusters 
having centered text. In a similar manner, the end point of 
the cluster of the current line can be compared With the end 
point of the cluster of the previous line to detect the 
alignment betWeen the Word clusters having right-justi?ed 
text. 

[0048] After step 352, in decision block 360, it is deter 
mined Whether the number of aligned clusters is greater than 
a predetermined number of aligned clusters (e.g., tWo 
aligned clusters). If yes, in decision block 362, it is deter 
mined Whether the process is in table mode. If yes, in step 
364, neW saved cluster coordinates are generated by forming 
the union of the saved cluster coordinates With the current 
cluster coordinates. The present invention utiliZes a union 
operation in order to determine accurately a table bounding 
box for sparse tables (i.e., tables that have missing infor 
mation or blanks in one or more columns. In the event the 
current line does not include data for a particular column in 
the table, by using the union operation, those columns that 
have missing information for one or more roWs are never 

theless captured by the present invention. If no, in step 366, 
the current line is marked as “start-of-table”, and table mode 
is entered. Processing then proceeds to step 364. 

[0049] After processing step 364, in decision block 368, a 
determination is made Whether look-ahead mode has been 
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entered. If yes, in step 370, the end-of-table ?ag or status for 
the current line is canceled, and look-ahead mode is exited 
because the process is noW continuing to ?nd lines for the 
current table. Processing then continues to decision block 
338. 

[0050] If it is determined in decision block 360 that the 
number of aligned clusters is not greater than a predeter 
mined number of aligned clusters, processing proceeds to 
decision block 374. In decision block 374, it is determined 
Whether table mode has been entered. If no, in step 376, the 
saved cluster coordinates are reset, and processing proceeds 
to decision block 338. If yes, in decision block 384, it is 
determined Whether look-ahead mode has been entered. If 
look-ahead mode has not been entered, the current line is 
marked as a possible “end-of-table”, and look-ahead mode 
is entered in step 386. Thereafter, processing proceeds to 
decision block 338. 

[0051] If look-ahead mode has been entered, then it is 
determined Whether the number of look-ahead lines is 
greater than a predetermined number of look-ahead lines 
(e.g., ?ve) in decision block 394. If the number of look 
ahead lines is not greater than the predetermined number of 
look-ahead lines, processing proceeds directly from decision 
block 394 to decision block 338. If the number of look 
ahead lines is greater than a predetermined number of 
look-ahead lines, it is determined Whether the number of 
table lines is greater than a predetermined number of table 
lines (e. g., tWo) in decision block 396. If the number of table 
lines is greater than a predetermined number of table lines, 
the markup language for table data is generated in step 398. 
This step involves the generation of a table bounding box 
that sets the bounds of the table and the column start and end 
points. The table bounding box and the column boundaries 
can be represented by table tags. Table tags may be a markup 
language tag for specifying the edges that encompass the 
table (e.g., a reference point, and the length and Width of the 
table With respect to the reference point) and the column 
boundaries therein. 

[0052] Step 398 is described in greater detail hereinafter 
With reference to FIG. 5. If the number of table lines is not 
greater than a predetermined number of table lines, the state 
is reset in step 399, and processing proceeds to decision 
block 338. 

[0053] Exemplary Document With a Table 

[0054] FIG. 6 illustrates a sample document 610 and hoW 
the present invention can be applied to automatically detect 
a table 620 in the document 610. The boxes shoWn in FIG. 
6 (e.g., box 640 or box 644) represent clusters of Words on 
each line of the document. The document 610 has a table 620 
With three roWs and ?ve columns. The present invention 
processes the document 610 one line at a time. The present 
invention utiliZes step 312 to cluster Words on a line, to 
compute cluster coordinates, and to compute the change of 
text density betWeen lines. Those lines having a signi?cant 
change in text density are marked to indicate that the line is 
a possible start of a table. The ?rst line 630 is processed ?rst. 
In step 312, the text density of the ?rst line 630 is deter 
mined. Also, Words in the ?rst line 630 are clustered (step 
312). In this case, since the ?rst line 630 has regular text 
(i.e., non-tabular data), only one Word cluster is detected. 
Since the number of clusters is less than the predetermined 
number (e.g., less than tWo), the cluster coordinates associ 
ated thereWith are not stored (decision block 334). 
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[0055] Next, the second line 634 is processed. The text 
density of the second line 634 is determined, and a differ 
ence or change in the text density betWeen the ?rst line 630 
and the second line 634 is determined. The change in text 
density is then compared With a threshold (decision block 
316). In this example, the change in text density betWeen the 
?rst line 630 and the second line 634 is less than the 
threshold. Accordingly, the second line 634 is not marked 
(decision block 316). Similar to the ?rst line 630, it is 
determined that there is a single Word cluster in the second 
line 634. 

[0056] Next, the third line 638 is processed. Since the text 
density of the third line 638 is signi?cantly different than the 
text density of the second line 634 (i.e., the change in text 
density betWeen the lines is at or above the predetermined 
threshold), the third line 638 is marked With a text density 
tag that is utiliZed for table box expansion. In general, When 
considering the space betWeen Words, a table generally 
exhibits a greater number of spaces betWeen Words than a 
normal line of text. Similarly, the number of letters (density 
of the number of letters) in a table is generally less than the 
number of letters in a normal line of text. 

[0057] As described above, as each line is processed, the 
present invention also determines the number of Word 
clusters for each line. For example, for lines 630 and 634, it 
is determined that there is a single Word cluster. HoWever, 
for third line 638, it is determined that there are three clusters 
640, 644, and 648. Since the number of Word clusters 
exceeds a predetermined number of Word clusters, the 
position information of each Word cluster is stored. For the 
fourth line 650, it is determined that there are three clusters 
652, 654, and 656. Since the number of Word clusters 
exceeds a predetermined number of Word clusters, the 
position information of each Word cluster is stored. 

[0058] It is noted that the ?rst roW of the table 620 has only 
three entries, and second roW of the table 620 has only three 
entries making the table 620 a sparse table. The present 
invention utiliZes a sparseness handling mechanism (pro 
cessing step 364) to form the union of the saved cluster 
coordinates from a previous line and the cluster coordinates 
of the current line so that all columns of the table can be 
detected and captured. 

[0059] For example, a union operation (processing step 
364) is utiliZed so that the cluster information of the third 
line 638 is also included. As can be seen, the present 
invention captures the column position information of the 
third and ?fth columns even though no data is provided in 
those columns in the third line 638. Similarly, the present 
invention captures the column position information of the 
?rst and fourth columns even though no data is provided in 
those columns in the fourth line 650. 

[0060] The ?fth line 660 includes ?ve Word clusters (662, 
664, 666, 668, and 669). At this point, even though a union 
operation is utiliZed, all column positions have already been 
calculated in the processing for the previous line 650. The 
sixth line 670 exhibits a signi?cant change in text density 
and is accordingly marked by the present invention. The 
sixth line 670 also only has a single Word cluster. The 
present invention then enters look-ahead mode to determine 
if the true end of table has been reached. In this example, the 
seventh line 680 con?rms that there is an end of table and 
look-ahead mode is exited. 
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[0061] According to one embodiment of the present inven 
tion, the top edge of the table bounding box 690 is then 
expanded in the positive y direction to encompass the 
previously marked line (i.e., the third line 638) that exhibited 
a signi?cant change in text density. The bottom edge of the 
table bounding box 690 is then expanded in the negative y 
direction doWn to the previously marked line (i.e., the sixth 
line 670) that exhibited a signi?cant change in text density. 
In this case, the top and bottom edges of the table bounding 
box 690 are already positioned correctly (i.e., the case Where 
the ?rst line of the table determined by the number of Word 
clusters corresponds to the line marked by a signi?cant 
change in text density) and so no expansion is needed. 

[0062] HoWever, in other cases, the ?rst line of the table 
determined by the number of Word clusters is different from 
the line marked by a signi?cant change in text density. In 
these cases, the top edge of the table bounding box is 
expanded to encompass the line that Was previously marked 
by present invention as having a signi?cant change in text 
density, and the bottom edge of the table bounding box is 
expanded doWn to the line that Was previously marked by 
present invention as having a signi?cant change in text 
density. For example, if line 638 Were to have only tWo 
clusters, Which is beloW the threshold set forth in decision 
block 334, line 638 Would not be marked as a start of table, 
but Would instead be marked as having a signi?cant change 
in text density. This signi?cant change in density tag Would 
be detected by the expansion module 138 of the present 
invention, Which in turn, Would extend the table boundaries 
to include line 638 in the table bounding box. 

[0063] Expansion of the Table Bounding Box 

[0064] FIG. 4 is a How chart shoWing the step 206 of FIG. 
2 in greater detail. In one embodiment, the step of expanding 
the table bounding box for each table can include the 
folloWing steps. In step 402, a ?rst bound (e.g., the upper 
y-bound) of each table bounding box is expanded in a ?rst 
direction (e.g., the up direction) to the ?rst line above the 
table that either has a single Word cluster or has been 
previously marked as having a signi?cant change in text 
density, Whichever comes ?rst. In step 404, a second bound 
(e.g., the loWer y-bound) of each table bounding box is 
expanded in a second direction (e.g., the doWn direction) to 
the ?rst line beloW the table that either has a single Word 
cluster or has been previously marked as having a signi?cant 
change in text density, Whichever comes ?rst. 

[0065] FIG. 7 illustrates a document 700 that has a table 
Where the present invention utiliZes table bounding box 
expansion to expand the top and bottom of the table bound 
ing box based on changes of text density. Based on the 
number of Word clusters the bounding box 710 that has a top 
edge 712 and a bottom edge 716 is generated. During the 
processing of lines, line 720 and line 730 are marked as 
having a signi?cant change in text density. During the table 
box expansion, the present invention expands the top and 
bottom edges to neW top edge 714 that encompasses line 720 
and a neW bottom edge 718 that comes doWn to line 730. 

[0066] Conversion of Table Data 

[0067] FIG. 5 is a How chart shoWing the step 208 of FIG. 
2 in greater detail. In one embodiment, the step of converting 
the table data to a markup language can include the folloW 
ing steps. In step 502, the list of Words is divided into a set 
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of lines that is ordered by their y-coordinates. In step 504, 
for each line, the Words of that line are divided into clusters 
based on the spacing betWeen the Words. The start point and 
end point (e.g., the x-coordinate of the start point and the 
x-coordinate of the end point) of each Word cluster are 
determined. In step 508, the x-y coordinates of each Word 
cluster are checked to determine if the Word cluster belongs 
to a table (i.e., falls Within any of the table bounding boxes). 
If yes, in step 512, the roW and column of the table to Which 
the Word cluster belongs are determined. Steps 504 to 512 
may be repeated until all the lines have been processed. In 
step 514, table data is converted into a markup representa 
tion With table structure. For example, markup commands 
that format the tables may be generated based on the 
locations in the tables of all Word clusters that belong to 
tables. These markup commands are speci?c and de?ned by 
the particular markup language utiliZed. The commands for 
formatting data in table format are knoWn as “table tags” and 
are generally Well knoWn by those of ordinary skill in the art. 
For example, in the HTML language, there are HTML table 
tags (i.e., speci?c HTML commands that instruct a broWser 
to display data in a table format). These commands can 
include instructions for starting a table, starting a particular 
roW, ending that roW, starting a particular column, ending 
that column, and ending the table. 

[0068] In step 516, non-table data is converted into a 
mark-up representation Without any table structure. It is 
noted that other methods can be utiliZed to convert non-table 
text from a page de?nition language into a markup language. 
For the sake of brevity and since this description is directed 
to a method for automatically converting table data from a 
page de?nition language into a markup language, these 
methods for converting non-table text from a page de?nition 
language into a markup language, Which are knoWn by those 
of ordinary skill in the art, are not discussed herein. 

[0069] As can be appreciated, once the table data has been 
automatically converted into a markup language represen 
tation by the present invention, data can be more easily 
extracted from the table as compared to table data in a page 
de?nition language representation Without table tags. 

[0070] With the proliferation of information readily acces 
sible on the World Wide Web (WWW), manufacturers are 
desirous of publishing information regarding their products 
on their Web pages so that its customers or potential cus 
tomers can have immediate access to the information. For 
example, electronic component manufacturers desire to pub 
lish their data sheets corresponding to their electronic com 
ponents. HoWever, these data sheets typically have multiple 
tables that describe the mechanical characteristics, electrical 
characteristics, and operating conditions of the electrical 
component. These data sheets are generally created in a page 
de?nition language, such as the PDF language, Which does 
not have table-identifying tags. Accordingly, one application 
of the present invention is to utiliZe the present invention to 
automatically convert the information in data sheets from 
the page de?nition language representation into a markup 
language representation, such as HTML, Without human 
intervention and While preserving the table structure in the 
markup language representation. 

[0071] Preserving the table structure is important because 
valuable information Would otherWise be lost if the table 
Were “?attened” or if the table structure Were altered from its 
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original form. The ability to automatically detect table data 
and convert the table data from a page de?nition language 
representation into a markup language representation With 
out human intervention is important to enable ef?cient 
processing (e.g., batch processing) of large amounts of data 
sheets. Once in the markup language representation, the 
table data in the data sheets can be easily eXtracted and 
entered into a database. 

[0072] In the foregoing speci?cation, the invention has 
been described With reference to speci?c embodiments 
thereof. It Will, hoWever, be evident that various modi?ca 
tions and changes may be made thereto Without departing 
from the broader scope of the invention. The speci?cation 
and draWings are, accordingly, to be regarded in an illus 
trative rather than a restrictive sense. 

What is claimed is: 
1. A computer-implemented method of identifying table 

data in a document comprising the steps of: 

a) receiving a page description language representation of 
the document for providing a list of Words in the 
document and position information for the Words; and 

b) automatically identifying table data in the document 
based on the page description language representation 
of the document and at least one table identifying 
feature. 

2. The method of claim 1 Wherein the step of automati 
cally identifying table data in the document based on the 
page description language representation of the document 
and at least one table identifying feature further comprises: 

b1) dividing the document into one or more pages; 

b2) dividing each page into a plurality of lines; 

b3) for each line, clustering the Words of the line into one 
or more Word clusters; 

b4) automatically identifying table data in the document 
based on the number of Word clusters for each line and 
the alignment of the Word clusters betWeen lines. 

3. The method of claim 2 Wherein the step of automati 
cally identifying table data in the document based on the 
number of Word clusters for each line and the alignment of 
the Word clusters betWeen lines further comprises: 

b4i1) using the Word clusters to generate column posi 
tion information; and 

b4i2) updating the column position information by per 
forming a union operation betWeen the column position 
information of the previous line and the column posi 
tion information of the current line. 

4. The method of claim 1 Wherein said step of automati 
cally identifying table data in the document based on the 
page description of the document and at least one table 
identifying feature comprises: 

b1) automatically determining a table bounding boX for 
each table in the document; 

b2) eXpanding each table bounding boX based on a teXt 
density feature; and 

b3) converting the table data encompassed by each table 
bounding boX to a markup language representation. 

5. The method of claim 4 Wherein receiving a page 
description language representation of the document for 
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providing a list of Words in the document and position 
information for the Words includes receiving a PDF repre 
sentation of the document, and Wherein converting the table 
data encompassed by each table bounding boX to a markup 
language representation includes converting the table data 
encompassed by each table bounding boX to a HTML 
representation. 

6. The method of claim 4 Wherein the table bounding boX 
includes a top edge and a bottom edge; and Wherein the step 
of expanding the table bounding boX based on a teXt density 
feature comprises 

b2i1) for each line determining a teXt density measure; 

b2i2) for each line determining a change of teXt density 
betWeen the current line and the previous line; 

b2i3) if the change in teXt density reaches a predeter 
mined threshold, marking the current line With a teXt 
density tag; 

b2i4) eXpanding the top edge of the table bounding boX 
in a ?rst direction to one of a line previously marked by 
a teXt density tag and a line With a single Word cluster; 
and 

b2i5) eXpanding the bottom edge of the table bounding 
boX in a second direction to one of a line previously 
marked by a teXt density tag and a line With a single 
Word cluster. 

7. A computer-readable medium having stored thereon 
sequences of instructions, said sequences of instructions 
including instructions Which, When eXecuted by a processor, 
cause said processor to perform the steps of: 

a) receiving a page description language representation of 
a document for providing a list of Words in the docu 
ment and position information for the Words; and 

b) automatically identifying table data in the document 
based on the page description language representation 
of the document and at least one table identifying 
feature. 

8. The computer-readable medium of claim 7 further 
containing instructions Which, When eXecuted by said pro 
cessor, Would cause said processor to perform the steps of: 

b1) dividing the document into one or more pages; 

b2) dividing each page into a plurality of lines; 

b3) for each line, clustering the Words of the line into one 
or more Word clusters; 

b4) automatically identifying table data in the document 
based on the number of Word clusters for each line and 
the alignment of the Word clusters betWeen lines. 

9. The computer-readable medium of claim 8 further 
containing instructions Which, When eXecuted by said pro 
cessor, Would cause said processor to perform the steps of: 

b4i1) using the Word clusters to generate column posi 
tion information; and 

b4i2) updating the column position information by per 
forming a union operation betWeen the column position 
information of the previous line and the column posi 
tion information of the current line. 

10. The computer-readable medium of claim 7 further 
containing instructions Which, When eXecuted by said pro 
cessor, Would cause said processor to perform the steps of: 
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b1) automatically determining a table bounding box for 
each table in the document; 

b2) expanding each table bounding box based on a text 
density feature; and 

b3) converting the table data encompassed by each table 
bounding box to a markup language representation. 

11. The computer-readable medium of claim 8 Wherein, 
the computer-readable medium further containing instruc 
tions Which, When executed by said processor, Would cause 
said processor to perform the steps of: 

b2i1) for each line determining a text density measure; 

b2i2) for each line determining a change of text density 
betWeen the current line and the previous line; 

b2i3) if the change in text density reaches a predeter 
mined threshold, marking the current line With a text 
density tag; 

b2i4) expanding the top edge of the table bounding box 
in a ?rst direction to one of a line previously marked by 
a text density tag and a line With a single Word cluster; 
and 

b2i5) expanding the bottom edge of the table bounding 
box in a second direction to one of a line previously 
marked by a text density tag and a line With a single 
Word cluster. 

12. A document processing system comprising: 

a) a processor for executing programs; and 

b) a table identi?cation program for receiving a page 
description language representation of a document, the 
page description language representation providing a 
list of Words in the document and position information 
for the Words, and for automatically identifying table 
data in the document based on the page description 
language representation of the document and at least 
one table identifying feature. 

13. The document processing system of claim 12 Wherein 
the table identi?cation program further comprises: 
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b1) a bounding box generation module for receiving the 
list or Words and for automatically generating a table 
bounding box for each table in the document based on 
the number of Word clusters in each line. 

14. The document processing system of claim 13 Wherein 
the table identi?cation program further comprises: 

b2) a expansion module coupled to the bounding box 
generation module for receiving the table bounding box 
for each table in the document, Wherein each table 
bounding box has a ?rst edge and a second edge; the 
expansion module for expanding the ?rst edge in a ?rst 
direction to one of a line that has a single Word cluster 
and a line that has been previously marked With a text 
density tag and for expanding the second edge in a 
second direction to one of a line that has a single Word 
cluster and a line that has been previously marked With 
a text density tag. 

15. The document processing system of claim 13 Wherein 
the table identi?cation program further comprises: 

b3) a conversion module coupled to the bounding box 
generation module for receiving the table bounding box 
for each table in the document, and for converting the 
Words encompassed by the table bounding box into a 
markup language representation that maintains the 
table structure of each table. 

16. The method of claim 1 Wherein the step of automati 
cally identifying table data in the document based on the 
page description language representation of the document 
and at least one table identifying feature further comprises: 

b1) automatically identifying table data in the document 
based on one or more table headings. 

17. The method of claim 1 Wherein the step of automati 
cally identifying table data in the document based on the 
page description language representation of the document 
and at least one table identifying feature further comprises: 

b1) automatically identifying table data in the document 
based on one or more horiZontal lines and vertical lines 
that separate roWs or columns of the table. 

* * * * * 


