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as a study object, an impact rule of a casting temperature and a
cooling speed on the microscopic structure of the seme-soid
sgueeze casting AZ8O Mg-alloy 1§ analyzed.

1 Test material and process

1.1 Test materials

The test materials are commercial pure magnesiwm, pure
aluminum, pure zinc, Al-Mg intermediate alloy, and the like.
To prevent combustion of the magnesium alioy, 1% of Ca was
added to the Mg-alloy, to unprove the igniion point of the
Mg-alloy and reduce slag mclasion of the alloy due to
axidization. The AZ80 Mg-alloy mgot adopted 1 the test was
in an original state without any treatment. For the cheniical
composition of the AZ8O Mg-alloy, see Table 1.

..... At Me o Cuo o Fe Ny dp Moo
7.9 £).41- 0.§5- <003 AR <3004 NER I Batuance
‘31 {(1.50 (3.5()

Smelting was performed with a 3kW resistance furnace. The
resistance turnace was preheated to 400°C, to add

was 1300 kN, and parameters of extrusion forming are shown
(it Table 2
Tab. 2 The process parameters for squeeze casting

Sguenze Syneere Pressure Temperattre  Mold
tewaperature pressure hodding time holding time emperature
s ) [ VP /s /5 FC
20-44) 80-110 5-15 }3-23 §30-250
2 Impact of casting temperatore on structure of
AZ30 alloy

‘The impact rale of temperature variations on the macroscopic
structure of the semi-solid sgueeze casting AZS0 Mg-alloy was
anadyzed by using different casting temperatures. When the
casting temperatare was too high, the alioy hquid was oxidszed
more severely during casting, and oxude inclusion was maxed
casify (the biack rvegion m FIG. 1{c}), causing a deciine in the
density ot the mgot. The clustering of the impurtties ipcreadsed.
temperature fusther causes burrs, increasing the comraction of
the afloy. Defects such as shrmkages, puffs and cracks
occusred eastly imnside the ingot, reducing the properties of the
of the melt, and affecting the proceeding of the semi-solid
sgueeze casting process. Therefore

| A | B C | D B F i G H
t | Squeeze |  Squeeze Pressure niainitain | Temperature maintain Moid
| speed pressure time | {1me temperatuce |
2 1 [fmmesh /MPa /s /s /°C
31 2040 80-114 5-15 15-2! 150-250 |
4 g
S Al Zn | Mn Cu Fe Ni | S Mg
61 7991 1 041-089 | 015050 | OO0 001 L <(1,004 | <0.01 | Balance
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METHOD FOR TABLE EXTRACTION FROM
JOURNAL LITERATURE BASED ON TEXT
STATE CHARACTERISTICS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 USC § 119(a) to
Chinese Application No. 201911179649 .3 filed on Nov. 27,
2019, which application 1s herein incorporated by reference
in 1ts entirety.

BACKGROUND OF THE DISCLOSURE

Field of the Invention

The present mmvention relates to the technical field of
information extraction from Portable Document Format
(PDF) files, and 1n particular, to a method for table extraction
from journal literature based on text state characteristics.

Description of the Related Art

The Portable Document Format (PDF), with a fixed page
presentation effect and a powertful capability of reproducing
the original across platforms, 1s an international file format
for transmission and storage of journal literature. As one of
the major means for spreading scientific knowledge and
data, journal literature grows in number year by vyear.
However, a large amount of eflective data in the journal
literature 1s not fully used.

Scientific data 1s an important basic strategic resource for
the national scientific and technological innovation as well
as soclo-economic development. Especially, the scientific
research and technological innovation 1n the era of big data
are more dependent on massive, systematic, highly credible
scientific data. As a visual knowledge expression model, a
table can describe a logic relationship between complex data
in a simple and clear way, and 1s one of the most common
methods for constructing and expressing data with a high
information density. Data presented in a table form 1s
common 1n academic literature. Therefore, automatic acqui-
sition of table data (namely, table extraction) from PDF files
1s an indispensable part of a scientific data extraction task,
and 1s also foundation work for deep mining and analysis of
data. To study table extraction in PDF journal literature 1s of
great significance for construction and sharing of scientific
databases.

A table 1n a PDF file 1s formed by frame lines and specific
content that are spliced together through coordinates, and 1s
not stored as an integrated object. Most of current PDF table
extraction technologies depend on the recognition of table
frame lines, to achieve positioning of table regions and data
extraction. However, such technologies cannot authentically
restore tables with few frame lines (especially three-line
tables), and cannot accurately reconstruct logic structures of
the tables. Besides, 1f cell merging occurs, such technologies
cannot desirably achieve the correspondence between data.

Therefore, by particularly studying tables 1n journal lit-
erature, a PDF table extraction method based on text state
characteristics 1s designed, to extract a variety of table
layouts in PDF files and restore a row-column logic rela-
tionship between cells.

SUMMARY OF THE INVENTION

An objective of the present mmvention i1s to provide a
method for table extraction from journal literature based on

10

15

20

25

30

35

40

45

50

55

60

65

2

text state characteristics, to solve the technical problem that
existing table extraction from a PDF file has a low restora-
tion degree and cannot accurately reconstruct a logic struc-
ture of a table.
A method for table extraction from journal literature
based on text state characteristics includes the following
steps:
step 1: constructing a table model according to charac-
teristics of tables 1n journal literature, the table model
including two parts: a table caption and table content;

step 2: building of a text line set: decoding a stream of
PDF page content 1n units of pages by using a tool, to
obtain all parameter information related to text, includ-
ing a character font, a font size, a character width, a
character height, a character spacing, horizontal and
vertical coordinates and a scale factor thereof, and
defining a text line clustering rule to cluster characters
belonging to the same line as a text line;

step 3: table detection: defining a regular expression of

table captions, traversing the text line set Line, marking
all text lines meeting the regular expression to form
candidate title text lines, screening meanings of all the
candidate title text lines by using a semantic ontology
model, and marking title text lines of which the mean-
ings meet a requirement, to build a title line set Title,
where tables irrelevant to the requirement are filtered
out by constructing the semantic ontology model for
table captions;

step 4: table data positioning: separating the table content

from other content according to line spacing variations
of the text and variations of character state parameters,
determining a border of the table content, and marking
table data till the border of the table content or the end
of current-page characters; and

step S: table reconstruction: building a cell data set,

restoring data of merged cells, checking the cell data
set, and outputting the table data.

Further, in step 1, the table caption includes an English
title and a Chinese title, the Chinese title 1s 1n a format of
table+table sequence number+space+table caption, the Eng-
lish title 1s 1n a format of Tab(le)+table sequence number+
space+table caption, and information of the table content 1s
configured as a two-dimensional array with fully filled rows
and columns.

Further, 1n step 2, the PDF page content includes body
text, table content and picture content that are formed by
individual characters respectively, the body text includes
title content of chapters, all individual characters on the page
are clustered according to vanations of character coordi-
nates, to build the text line set Line, and text state parameters
corresponding to each line of text are stored.

Further, in step 2, the scale factor of the horizontal and
vertical coordinates 1n the parameter information 1s directly
proportional to the font size of the character, that 1s, a
character with a larger font size has a larger scale factor of
horizontal and vertical coordinates; two adjacent lines with
a larger line spacing correspond to a greater vertical-coor-
dinate diflerence, and the difference 1s definitely greater than
the character height; horizontal coordinates of characters in
the same line sequentially increase from left to right; a
vertical-coordinate diflerence between a superscript and a
main character 1s 3 to 5 units, and a vertical-coordinate
difference between a subscript and a main character 1s 1.5 to
2 units; therefore, a vertical-coordinate difference between
characters 1n the same line 1s not greater than 6 unaits.

Further, in step 3, the regular expression is ("Table{0,}[1

~91+{0.}(*)) and ("Tab(le)[1{0,}[1 —9]+{0.}(*)).
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Further, 1n step 3, the semantic ontology model 1s con-
structed by summarizing concepts of keywords related to the
table captions and corresponding English expressions
according to a table extraction requirement, that 1s, when
journal literature includes tables of various data types, one
type of table or several types of tables may be obtained.

Further, a specific process of step 4 includes: marking
table data, where table data marking 1s started by using each
text line 1n the title line set Title as a start point; text state
parameters of the title line are obtained first, and then a
query 1s started 1 a text line next to the title line; 1t the
character font size and the scale factor of the horizontal
coordinate of the text line are both less than or equal to the
corresponding parameters of the title line and the vertical
coordinate of the text line 1s greater than the vertical
coordinate of the table caption line, the text line 1s marked
as a table data line; the next text line 1s continued to be
checked, until the font size parameter and the coordinate
parameters of the text line do not meet restrictive conditions,
or 1t 1s retrieved that the next text line 1s a marked table
caption line, or the end of current-page text lines 1s reached,
and then table data marking is stopped; and

screening table data, where the marked table data lines
need to be screened because there 1s table-irrelevant content
in the marked table data lines; the marked data lines are
queried to check corresponding coordinate parameters; each
data line of which the line spacing increases abnormally and
the horizontal and vertical coordinates change abruptly 1s
removed, to finally obtain a table data line set denoted by
Data.

Further, a specific process of building the cell data set in
step 5 includes: splitting text lines, where a lower limit of a
spacing between cell data columns 1s set to be 2.5, horizontal
coordinates of adjacent characters are calculated, and the
text lines 1n the table data line set Data are split one by one
according to formula (1), to build the cell data set Cell,

(1)

where X, represents a horizontal coordinate of the i”
character 1n the text line, X, _, represents a horizontal coor-
dinate of the (i+1)” character, and width represents a char-
acter width;

calculating horizontal-coordinate differences between last
characters of all cells and first characters of next cells of the
line according to a splitting result, and taking a minimum
difference as a column spacing estimate Col of the cells;

merging wrapped text: calculating vertical-coordinate dif-
ferences DY of all adjacent lines 1n the cell data set Cell, to
obtain a most frequent vertical-coordinate difference DY
and vertical-coordinate diflerences that differ from DY, by
no more than 5, and calculating a mean value of the obtained
differences as a basic line spacing DK) of the table; and

if there 1s a vertical-coordinate difference DY less than the
line spacing DY, obtaining horizontal coordinates of the
first and last characters of data 1n two cells of adjacent lines
corresponding to DY, and determining whether ranges of the
two cells overlap; i yes, merging text in the two cells, and
updating the cell data set Cell.

Further, a specific process of restoring data of merged
cells and checking the cell data set in step 5 includes:
restoring data of merged cells, where for a cell determined
as a merged cell, a data structure 1s restored and the cell data
set Cell 1s updated;

determining whether there 1s any merged cell column
according to formula (2); 1t yes, restoring two cells with
identical data from the merged cell column, where horizon-
tal coordinates of the two cells are equal to those of cells B2
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and C2 respectively, B2 and C2 represent cell code numbers,
and vertical coordinates of the two cells are equal to that of
a merged cell B; and repeating this process to sequentially
restore cell data of all the merged columns;

|xB ﬁ“ﬂﬂf_xﬂ zﬁ“ﬂﬂf I~ |xB E‘P?{IT_ICEEH{IT | (2)

where X represents an X-axis coordinate at the front of
the cell B, X;Z _represents an X-axis coordinate at the front
of the cell B2, ;{ﬂ;ﬂd represents an X-axis coordinate at the end
of the cell B, x, represents an X-axis coordinate at the
end of the cell Cfﬂ

determining whether there 1s any merged cell row accord-
ing to formula (3); if yes, restoring two cells with 1dentical
data from the merged cell row, where horizontal coordinates
of the two cells are equal to that of a merged cell F, vertical
coordinates of the two cells are equal to those of the cells Fl
and E2 respectively, and E1 and E2 represent cell code
numbers; and repeating this process to sequentially restore
cell data of all the merged rows;

(3);

where v ., represents a vertical coordinate at the bottom of
the cell E2, y,. represents a vertical coordinate at the bottom
of the cell F, y., represents a vertical coordinate at the
bottom of the cell E1, and Height represents a height of the
cells E1 and E2; and

checking the cell data set: obtaining the number of rows
Row of cell data rows, obtaining the number of cell data
columns of each row, taking a maximum column number
Col . and finally outputting an array of RowxCol _ ;
sequentially determining whether the number of cell col-
umns 1n each row 1s equal to Col . and 1f not, searching
for a data missing position of the row; sequentially com-
paring horizontal coordinates of this row of cell data with a
row of which the number of columns 1s equal to Col  _, to
obtain a position without a shared horizontal coordinate
range, and filling the position with null.

Further, a specific process of outputting table data in step
5 includes: sequentially storing the cell data into the array
according to an ascending order of horizontal coordinates

and an ascending order of vertical coordinates:

Ver—Vrl=lyz - (yz—Height)|

( C11 Clny |

, Cml " Cmny,

where ¢ represents obtained data, and in this way, a
table extraction result of this page can be obtained.

By using the foregoing techmical solution, the present
invention achieves the following technical effects:

The method of the present invention 1s particularly
designed based on characteristics of tables such as three-line
tables widespread in PDF journal literature, which can
realize accurate and correct extraction of specific tables in
the PDF journal literature, and especially can ensure a logic
relationship of a three-line table. The whole process neither
requires manual imtervention or interaction nor requires table
selection, so that the whole extraction process 1s automatic.
Because an ontology 1s used to assist in table filtering, this
method 1s also widely applicable. By setting and changing
ontologies in different fields, the method can be used for
extracting tables of a specified class 1n PDF files of different
fields, thus solving the technical problem that the existing
table extraction from a PDF file has a low restoration degree
and cannot accurately reconstruct a logic structure of a table.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a flowchart of a method according to the present
invention.

FIG. 2 1s a schematic diagram of a table information
expression model according to the present invention.

FIG. 3 1s a diagram of building a text line set of a page
according to the present invention.

FIG. 4 1s a diagram of constructing a semantic ontology
model according to an embodiment of the present invention.

FI1G. 5 1s a diagram of a column spacing of cells according,
to the present invention.

FIG. 6 1s a schematic diagram of wrapped text according
to the present invention.

FIG. 7 1s a diagram of column merging according to the
present mvention.

FIG. 8 1s a diagram of row merging according to the
present mvention.

FIG. 9 1s a diagram of example verfication according to
the present mnvention.

DETAILED DESCRIPTION

In order to make the objectives, technical solutions, and
advantages of the present invention clearer and more com-
prehensible, the present invention 1s described in further
detail with reference to referred embodiments. However, 1t
should be noted that many details listed in the specification
are merely used to help a reader to understand one or more
aspects of the present invention thoroughly, and the aspects
of the present invention can also be implemented without
these specific details.

As shown 1in FIG. 1, a method for table extraction from
journal literature based on text state characteristics includes
the following steps:

Step 1: this method abstracts tables 1n journal literature
into the following model according to characteristics of the
tables 1 journal literature, and the present invention 1s
established on this basis. The abstract table model of the
journal literature includes two main parts: a table caption
and table content. A Chinese title of a table satisfies a format
of “table+table sequence number+space+table caption”, and
an English title satisfies a format of “Tab(le)+table sequence
number+space+table caption”. Regardless of changes in

structures of cells, table content information 1s considered as
a two-dimensional array with fully filled rows and columuns,
as shown i FIG. 2.

A PDF table extraction method based on the foregoing
model 1includes four steps: building of text lines, table
detection, table data positioming, and table structure resto-
ration.

Step 2: build a text line set.

A stream of PDF content 1s decoded 1n units of pages by
using a tool such as PDFBox, to obtain all parameter
information related to text, including a character font (Font),
a Tont size (FontSize), a character width (Width), a character
height (Height), a character spacing (WidthOfSpacing),
horizontal and vertical coordinates (X, Y) and a scale factor
(XScale) thereof, and the like. A text order obtained by
decoding PDF content 1n order 1s a normal reading order.
Text state parameters have the following varnation rule:

the scale factor of the horizontal and vertical coordinates
1s directly proportional to the font size of the character, that
1s, a character with a larger font size has a larger a scale
factor of horizontal and vertical coordinates;
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two adjacent lines with a larger line spacing corresponds
to a greater vertical-coordinate difference, and the difference
1s definitely greater than the character height; and

horizontal coordinates of characters 1n the same line
increases from ledt to right; a vertical-coordinate diflerence
between a superscript and a main character 1s 3 to 5 units,
and a vertical-coordinate difference between a subscript and
a main character 1s 1.5 to 2 umnits; therefore, a vertical-
coordinate difference between characters in the same line 1s
not greater than 6 units.

As shown in FIG. 3, the page content mainly includes
body text, table content and picture content that are formed
by individual characters respectively. All individual charac-
ters on the page are clustered according to varnations of
character coordinates, to build a text line set Line, and text
state parameters corresponding to each line of text are
stored.

Step 3: table detection.

Regular expressions of the table caption are defined as
“("Table{0,}[1 =9]+{0,}(-*))” and “("Tab(le)[-]{0,}[1 -9]+
{0:}('}1{))”-

The text line set Line 1s traversed, and all text lines
meeting the regular expressions are marked to form candi-
date title text lines. Meanings of all the candidate title text
lines are screened by using a semantic ontology model, and
title text lines of which the meanings meet a requirement are
marked, to establish a title line set Title.

The semantic ontology model 1s constructed by summa-
rizing concepts of main keywords related to the table
captions and corresponding English expressions according
to a table extraction requirement (generally, journal litera-
ture includes tables with various types of data, and only a
certain type of table may be obtained). For example, 1f
process parameters ol squeeze casting are to be obtained, 1t
1s determined that a research boundary 1s the squeeze casting
field, and related keywords are process parameter, material
composition, and properties. Possible synonymous key-
words as well as their levels and constraint relations are
defined, as shown in FIG. 4.

Tables irrelevant to the requirement 1s filtered out by
constructing the semantic ontology model for table captions.
For example, 1f 1t only needs to obtain tables of process
parameters of squeeze casting, and the focus 1s only on table
data related to the process parameters 1n the literature, only
a concept ontology related to the process parameters of the
squeeze casting needs to be constructed.

Step 4: table data positioning.

The table content 1s separated from other content accord-
ing to line spacing variations of the text and variations of
character state parameters, and a border of the table content
1s determined. Table data 1s marked till the border of the
table content or the end of current-page characters.

1) Marking Table Data

Table data marking 1s started by using each text line in the
title line set Title as a start point. Text state parameters of the
title line are obtained first, and then a query 1s started in a
text line next to the title line; 1f the character font size and
the scale factor of the horizontal coordinate of the text line
are both less than or equal to the corresponding parameters
of the title line and the vertical coordinate of the text line 1s
greater than the vertical coordinate of the table caption line,
the text line 1s marked as a table data line; the next text line
1s continued to be checked, until the font size parameter and
the coordinate parameters ol the text line do not meet
restrictive conditions, or 1t 1s retrieved that the next text line
1s a marked table caption line, or the end of current-page text
lines 1s reached, and then table data marking 1s stopped.
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2) Table Data Screening

There may be table-irrelevant content 1n the marked table
data lines, for example, header and footer text, and figure
notes. Therefore, the marked table data lines need to be
screened.

As shown 1 FIG. 3, regardless of changes in the table
structure, the table content has a border, and for coordinates
of data lines belonging to the same table, their horizontal and
vertical coordinate values definitely fall within a certain
range. Therefore, the marked data lines are queried to check
corresponding coordinate parameters; each data line of
which the line spacing increases abnormally and the hori-

zontal and vertical coordinates change abruptly 1s removed,
to finally obtain a table data line set denoted by Data.

Step S: table reconstruction.

1) Establish a Cell Data Set.

(1) Split Text Lines.

Alower limit of a spacing between cell data columns 1s set
to be 2.3, horizontal coordinates of adjacent characters are
calculated, and the text lines 1n the table data line set Data
are split one by one according to formula (1), to build a cell
data set Cell.

X, 1—X;|-width>2.5

(1)

where X, represents a horizontal coordinate of the i”
character in the text line, X, , represents a horizontal coor-
dinate of the (i+1)” character, and width represents a char-
acter width.

Horizontal-coordinate differences between last characters
of all cells and first characters of next cells of the line are
calculated according to a splitting result, and a minimum
difference 1s taken as a column spacing estimate Col of the
cells, as shown 1n FIG. §.

(2) Merge Wrapped Text.

Data 1n different lines may belong to the same cell, that 1s,
wrapped text in the same cell, as shown 1 FIG. 6.

Vertical-coordinate differences DY of all adjacent lines 1n
the cell data set Cell are calculated, to obtain a most frequent
vertical-coordinate difference DY = and vertical-coordinate
differences that differ from DY _ by no more than 5, and a
mean value of the obtained differences 1s calculated and used
as a basic line spacing DK) of the table.

If there 1s a vertical-coordinate diflerence DY less than the
line spacing DY, horizontal coordinates of the first and last
characters of data in two cells of adjacent lines correspond-
ing to DY are obtained, and 1t 1s determined whether ranges
of the two cells overlap. If ves, text in the two cells 1s
merged, and the cell data set Cell 1s updated.

2) Restore Data of Merged Cells.

The cell data set Cell obtained at this point does not have
the original structure of the table, and cannot express a logic
relationship between data, especially in the case where
several rows or columns are merged. For a cell determined
as a merged cell, a data structure 1s restored, and the cell data
set Cell 1s updated.

Using FIG. 7 as an example, whether there 1s any merged
cell column 1s determined according to formula (2). If vyes,
two cells with 1dentical data are restored from the merged
cell column, where horizontal coordinates of the two cells
are equal to those of cells B2 and C2 respectively, B2 and
C2 represent cell code numbers 1n FIG. 7, and vertical
coordinates of the two cells are equal to that of a merged cell
B. This process 1s repeated to sequentially restore cell data
of all the merged columns.

(2)

|xB f}’t}ﬂf_xﬂ zfr‘ﬂﬂf =~ |xB Eﬁd_xcze?ﬂ{f |

10

15

20

25

30

35

8

Using FI1G. 8 as an example, whether there 1s any merged
cell row 1s determined according to formula (3). If yes, two
cells with 1dentical data are restored from the merged cell
row, where horizontal coordinates of the two cells are equal
to that of a merged cell F, vertical coordinates of the two
cells are equal to those of cells E1 and E2 respectively, and
E1l and E2 represent cell code numbers 1in FIG. 8. This
process 1s repeated to sequentially restore cell data of all the
merged rows.

Veo—Vrl=lyg,—(y—Height)| (3);

3) Check the Cell Data Set.

The number of rows Row of cell data rows 1s obtained, the
number of cell data columns of each row 1s obtained, and a
maximum column number Col_ __ 1s taken. Finally, an array
of RowxCol _  1s outputted. It 1s sequentially determined
whether the number of cell columns 1n each row 1s equal to
Col . and if not, a data missing position of the row 1s
searched for. Horizontal coordinates of this row of cell data
1s sequentially compared with a row of which the number of
columns 1s equal to Col . to obtain a position without a
shared horizontal coordinate range, and the position 1s filled
with null.

4) Output Table Data.

Finally, the cell data 1s sequentially stored into the array
according to an ascending order of horizontal coordinates

and an ascending order of vertical coordinates.

b

(C11 "+ Clpy

 Cml """ Cmny,

In this way, a table extraction result of this page 1s
obtained. Example verification 1s shown 1n FIG. 9, where (a)
represents an input text fragment, and (b) 1s an output result.

The method 1s particularly designed based on character-
istics of tables such as three-line tables widespread in PDF

40 journal literature.

45

50

55

60

65

The method can realize accurate and correct extraction of
specific tables in the PDF journal literature, and especially
can ensure a logic relationship of a three-line table. The
whole process neither requires manual intervention or inter-
action nor requires table selection, so that the whole extrac-
tion process 1s automatic. Because an ontology 1s used to
assist 1n table filtering, this method 1s also widely applicable.
By setting and changing ontologies i different fields, the
method can be used for extracting tables of a specified class
in PDF files of different fields.

The foregoing descriptions are only preferred implemen-
tations of the present invention. It should be noted that for
a person ol ordinary skill in the art, several improvements
and modifications may further be made without departing
from the principle of the present invention. These improve-
ments and modifications should also be deemed as falling
within the protection scope of the present invention.

What 1s claimed 1s:

1. A method for table extraction from journal literature
based on text state characteristics, comprising the following
steps:

constructing a table model according to characteristics of

tables 1n journal literature, the table model comprising
two parts: a table caption and table content;

decoding a stream of Portable Document Format (PDF)

page content 1n units of pages by using a tool, to obtain
all parameter information related to text, comprising a
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character font, a font size, a character width, a character
height, a character spacing, horizontal and wvertical
coordinates and a scale factor thereof, and defining a
text line clustering rule to cluster characters belonging
to the same line as a text line;
defiming a regular expression of table captions, traversing,
the text line set Line, marking all text lines meeting the
regular expression to form candidate title text lines,
screening meanings of all the candidate title text lines
by using a semantic ontology model, and marking title
text lines of which the meamings meet a requirement, to
build a title line set Title, wherein tables irrelevant to
the requirement are filtered out by constructing the
semantic ontology model for table captions;

separating the table content from other content according
to line spacing variations of the text and vanations of
character state parameters, determining a border of the
table content, and marking table data to the border of
the table content or the end of current-page characters;
and

building a cell data set, restoring data of merged cells,

checking the cell data set, and outputting the table data.

2. The method for table extraction from journal literature
based on text state characteristics according to claim 1,
wherein the table caption comprises an English title and a
Chinese title, the Chinese title 1s 1n a format of table+table
sequence number+space+table caption, the English title 1s 1n
a format of Tab(le)+table sequence number+space+table
caption, and information of the table content 1s configured as
a two-dimensional array with fully filled rows and columns.

3. The method for table extraction from journal literature
based on text state characteristics according to claim 1,
wherein the PDF page content comprises body text, table
content and picture content that are formed by individual
characters respectively, all individual characters on the page
are clustered according to variations of character coordi-
nates, to build the text line set Line, and text state parameters
corresponding to each line of text are stored.

4. The method for table extraction from journal literature
based on text state characteristics according to claim 1,
wherein the scale factor of the horizontal and wvertical
coordinates 1n the parameter information 1s directly propor-
tional to the font size of the character, that 1s, a character
with a larger font size has a larger scale factor of horizontal
and vertical coordinates; two adjacent lines with a larger line
spacing correspond to a greater vertical-coordinate differ-
ence, and the difference 1s definitely greater than the char-
acter height; horizontal coordinates of characters 1n the same
line sequentially increase from leit to rnight; a vertical-
coordinate difference between a superscript and a main
character 1s 3 to 5 units, and a vertical-coordinate difference
between a subscript and a main character 1s 1.5 to 2 unaits;
and a vertical-coordinate difference between characters 1n
the same line 1s not greater than 6 units.

5. The method for table extraction from journal literature
based on text state characteristics according to claim 1,
wherein the regular expression is ("Table{0,}[1 -9]+{0,}
(*)) and ("Tab(le)[-[{0,}[1 —9]+{0,}(-*).

6. The method for table extraction from journal literature
based on text state characteristics according to claim 3,
wherein the semantic ontology model 1s constructed by
summarizing concepts ol keywords related to the table
captions and corresponding English expressions according
to a table extraction requirement, when journal literature
comprises tables of various data types, one type of table or
several types of tables are obtained.
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7. The method for table extraction from journal literature
based on text state characteristics according to claim 1,
further comprising: marking table data, wherein table data
marking 1s started by using each text line in the title line set
Title as a start point; text state parameters of the title line 1s
obtained first, and then a query 1s started 1n a text line next
to the title line; 1f the character font size and the scale factor
ol the horizontal coordinate of the text line are both less than
or equal to the corresponding parameters of the title line and
the vertical coordinate of the text line 1s greater than the
vertical coordinate of the table caption line, the text line 1s
marked as a table data line; the next text line 1s continued to
be checked, until the font size parameter and the coordinate
parameters of the text line do not meet restrictive conditions,
or 1t 1s retrieved that the next text line 1s a marked table
caption line, or the end of current-page text lines 1s reached,
and then table data marking 1s stopped; and

screening table data, wherein the marked table data lines

need to be screened because there 1s table-irrelevant
content 1n the marked table data lines; the marked data
lines are queried to check corresponding coordinate
parameters; each data line of which the line spacing
increases abnormally and the horizontal and vertical
coordinates change abruptly i1s removed, to finally
obtain a table data line set denoted by Data.

8. The method for table extraction from journal literature
based on text state characteristics according to claim 7,
wherein a process of building the cell data set comprises:
splitting text lines, wherein a lower limit of a spacing
between cell data columns 1s set to be 2.5, horizontal
coordinates of adjacent characters are calculated, and the
text lines 1n the table data line set Data are split one by one
according to formula (1), to build the cell data set Cell,

x;, (—X;-width>2.5

(1)

wherein x, represents a horizontal coordinate of the i”
character in the text line, X, , represents a horizontal
coordinate of the (i+1)” character, and width represents
a character width:

calculating horizontal-coordinate diflerences between last
characters of all cells and first characters of next cells
of the line according to a splitting result, and taking a
minimum difference as a column spacing estimate Col
of the cells;

merging wrapped text: calculating vertical-coordinate dii-
ferences DY of all adjacent lines in the cell data set
Cell, to obtain a most frequent vertical-coordinate
difference DY, and vertical-coordinate diflerences that
differ from DY by no more than 5, and calculating a
mean value of the obtained differences as a basic line
spacing DY, of the table; and

11 there 1s a vertical-coordinate difference DY less than the
line spacing DY ,, obtaining horizontal coordinates of
the first and last characters of data in two cells of
adjacent lines corresponding to DY, and determining
whether ranges of the two cells overlap; 11 yes, merging
text in the two cells, and updating the cell data set Cell.

9. The method for table extraction from journal literature

based on text state characteristics according to claim 1,
wherein a process of restoring data of merged cells and
checking the cell data set comprises: restoring data of
merged cells, wherein for a cell determined as a merged cell,
a data structure 1s restored and the cell data set Cell 1s
updated;
determining whether there 1s any merged cell column
according to formula (2); 1f yes, restoring two cells with
identical data from the merged cell column, wherein
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horizontal coordinates of the two cells are equal to
those of B2 and C2 respectively, and vertical coordi-
nates of the two cells are equal to that of a merged cell
B; and repeating this process to sequentially restore cell
data of all the merged columns; 5

(2)

determining whether there 1s any merged cell row accord-
ing to formula (3); 1f yes, restoring two cells with
identical data from the merged cell row, wherein hori- 1,
zontal coordinates of the two cells are equal to that of
a merged cell F, and vertical coordinates of the two
cells are equal to those of E1 and E2 respectively; and
repeating this process to sequentially restore cell data
of all the merged rows;

|xB frt}Hr_xE zfmm I~ |xB Eﬂd_xczwrd |

15
(3);

checking the cell data set: obtaining the number of rows
Row of cell data rows, obtaining the number of cell
data columns of each row, taking a maximum column
number Col_ .. and finally outputting an array of
RowxCol__; sequentially determining whether the

Lax?

number of cell columns 1n each row 1s equal to Col

Veo—yrl=lyg,—(y—Height)|
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and 1f not, searching for a data missing position of the
row; sequentially comparing horizontal coordinates of

this row of cell data with a row of which the number of
columns 1s equal to Col_ __, to obtain a position without
a shared horizontal coordinate range, and filling the
position with null.

10. The method for table extraction from journal literature
based on text state characteristics according to claim 1,
wherein a process ol outputting table data comprises:
sequentially storing the cell data mto the array according to
an ascending order of horizontal coordinates and an ascend-
ing order of vertical coordinates:

wherein ¢, represents obtained data, and in this way, a
table extraction result of this page 1s obtained.

% o *H % x
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