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ABSTRACT

The premise of intelligent table processing in Word is to extract the table structure and text information. By using visual 
studio tools for Office (VSTO) to obtain the extensible markup language (XML) information of the table, the structural 
relationship of the table and the text format of each cell can be further recognized. Compared with Visual Basic for 
Applications (VBA) technology, VSTO technology is slower in handling Word, but it has better extensibility and efficiency than 
VBA. VSTO technology can effectively recognize the structure of the table and extract information, providing possibilities for 
subsequent intelligent processing.

Key words: table, visual studio tools for Office, journal, editor

INTRODUCTION

Tables are common representations in documents, with 
the compact and easy-to-understand format that allows 
for faster retrieval and comparison of information. They 
are widely used in science and technology (hereinafter 
abbreviated as sci-tech) academic journal papers and 
they are important data objects within documents. 
Identifying tables can assist with information input, 
reducing time and labor costs. In fields such as scientific 
research and statistics, the extracted structured data from 
table recognition results have wide applications, such as 
query and response systems,[1] construction of scientific 
research rankings,[2] and extraction of biological 
exper iment  features,[3] e t c .  When ed i t ing  and  

proofreading sci-tech academic journals, editors often 
need to modify the tables, such as flipping tables,[4] 
making three-line tables,[5] and verifying table data.[6] 
These tasks consumed a lot of time and inevitably led to 
various editorial errors. Intelligent processing of tables 
can not only reduce a large amount of repetitive work 
but also improve the editing and proofreading quality of 
journals. The first step in intelligent table processing is 
to extract the structure and text format information. The 
tables have various styles of structures and different text 
formats in sci-tech academic journals. In recent years, 
parsing document tables and performing table 
recognition and extraction has become a research hot 
spot. Scholars have explored the use of optical character 
recognition (OCR) for document page image table 
detection and recognition. According to different logical 
inputs, non-structured images are located, tables are 
detected, the logical structure of each cell is further 
reconstructed, and the text content of each cell is 
identified. Finally, structured table data is output.[7–10] 
However, previous research has mainly focused on 
image-based documents and PDF documents, and there 
has been little research on the automation processing of 
editable text in sci-tech academic journal editing and 
proofreading work. The logical modes used are diverse 
and of limited value for reference. Wang et al.[6] used 
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visual basic for applications (VBA) to extract 
information from tables in Word, but it had certain 
limitations in practical work. This paper explores to use 
visual studio tools for Office (VSTO) technology to 
achieve recognition of tables' structure and text format 
information.

WHY SELECT VSTO TECHNOLOGY

VBA technology is more convenient for simple Word 
automation operations, especially since Word itself 
provides macro recording functions that can be 
modified to speed up development. However, VBA is 
still a scripting language, and its execution depends on 
the parent application program, such as Excel, Word, etc. 
At the same time, its extension has limitations,[11] and it 
belongs to a document-level application, which poses 
certain security issues. Currently, the rapid development 
of artificial intelligence (AI) proofreading and the 
emergence of various natural language processing (NLP) 
models make VSTO, as a program-level application 
development, more advantageous.

TO OBTAIN DOCUMENT OBJECTS

In VSTO, you can create a project using Word add-ins 
to operate documents by loading them as Word add-
ins,[12] or you can create a general form application and 
reference the “Microsoft.Office.Interop.Word” assembly 
to create and open Word documents within the form 
application. Both methods applications can obtain the 
“Microsoft.Office.Interop.Word.Document” object (the 
variable “doc” represents this object throughout the 
code), which can be used to perform various operations 
on the document.

TO OBTAIN TABLE OBJECTS

E x e c u t i n g  t h e  c o d e  “ T a b l e s  t a b l e s  =  

doc.Range().Tables;”, the program will obtain the 

collection of tables in the document, which is saved in the 

collection variable “tables”. Specific table objects can be 

obtained using their index. In VSTO, the numbering of 

document element objects starts from “1” instead of “0”, 
so the first table object is “tables [1]”. The variable “table” 

will be used to represent the operation table object.

TABLE STRUCTURE RECOGNITION

Issues with table structure recognition
For a regular table without merged cells, the information 
of each cell can be obtained and the table structure can 
be extracted by iterating through rows and columns 
using the “Cell (int Row, int Column)” method of the 
table. However, when dealing with tables that contain 
merged cells, this method will prompt error messages.[13] 

Lin proposed a solution to first obtain the object of the 
first cell in the table “table.Cell(1,1)”, and then traverse 
all the cells through the “Next” property of the cell 
object, recording the row index “RowIndex” and 
column index “ColumnIndex” of each cell, and 
extracting the column width information of each cell.[13] 
The table structure can be obtained by designing an 
algorithm. This method frequently accesses Word 
element information and is suitable for VBA 
development, but it runs less efficiently for desktop 
programs that use communication with the Word 
process to obtain information.

The specif ic implementation of table 
recognition
Starting from Word 2007, Word saves documents in the 

OpenXML format with a file extension of “.docx”. The 

document structure is described using extensible markup 

language  (XML).  The  XML  code  of  a  table  can  be  

ob t a i n ed  by  us ing  t h e  code  “ t ab l e .Range .  

WordOpenXML”. By analyzing the XML code, the table 

structure and text formatting information can be obtained. 
OpenXML  is  an  XML-based  document  format  

specification proposed by Microsoft, which became an 

open international standard and is applied starting from 

Word 2007.[14]
 OpenXML software development kit 

(SDK) is a collection of classes that can create and process 

documents following the OpenXML document format.[15]
 

It can be imported through the NuGet package manager in 

the  Visual  Studio  development  environment.  The  

development version is written in C# language, and 

developers can use C# to generate various safe and reliable 

running programs in .NET.[16]

Nesting relationship of table XML elements
Base on this framework, the “w:tbl” element represents 
a table, the “w:tr” element represents a row in the table, 
and the “w:tc” element represents a cell in the table. The 
nesting relationships of these elements are shown in 
Figure 1.

Figure 1. The nesting relationship of the extensible markup language 
document structure for tables.

Extraction of table cells' merging information
The coding using VSTO technology can extract 
information regarding merged cells in a table. As shown 
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in Figure 2, the table has merged cells both horizontally 
and vertically. The XML code snippet for this table is 
shown in Figure 3. If the “tc” element contains a 
“gridSpan” node, it indicates that there are merged cells 
in the row direction, with the “val” attribute value 
indicating how many cells are merged from the current 
cell (including the current cell). If the “tc” element 
contains a “VMerge” node, it indicates that there is a 
merging in the column direction, and if the “val” 
attribute is “restart”, it indicates the starting cell. Based 
on this information, the merging information for the 
entire table can be extracted. The pseudocode for 
extracting merged cell information from tables is shown 
in Figure 4.

Figure 2. Table with merged cells in rows and columns.

Figure 3. extensible markup language code snippet for a table with merged 
cells. (1) The first row. (2) The first cell in the first row. (3) Merge two 
cells in the row direction. (4) Merge cells in a column direction starting 
from the cell. (5) The second row. (6) The first cell in the second row. (7) 
This cell has already been merged in the column direction.

Extraction of cell text format information
The text in a cell is saved in the “w:r” element. If the “r” 
element contains a node with the attribute value of 
“superscript”, then the text is represented as superscript. 
If the attribute value is “subscript”, then the text is 
represented as subscript. If the “r” element contains a 
“w:i” or “w:iCs” element, then the text is represented as 
italic. The specific information for the text is stored in 

the “t” element, as shown in Figure 5. For more 
information on other formatting options, please refer to 
the Microsoft official documentation.

DISCUSSION

The significance and existing problems of 
table processing
Tables can be divided into two categories according to 
their functions: information processing tables and 
mathematical calculation tables.[17] Both types of tables 
can be found in sci-tech academic journals. Currently, 
the standardization of Chinese sci-tech academic journal 
tables requires that they should be self-explanatory, with 
a focus on simplicity of structure, and logical subject-
predicate relationships between horizontal and vertical 
labels.[18] The subject is on the left side of the table and 
the predicate is on the right side of the table. Generally, 
the format uses three-line tables.[18] In the current editing 
work, there are a large number of non-standard tables 
that need to be manually processed, which causes a lot 
of difficulties for editors. Errors are inevitable in the 
manual adjustment process, making the urgent need for 
automated processing of editable text tables. The current 
researches on table detection and recognition mainly 
focus on image documents or portable document format 
(PDF) documents, using OCR technology based on 
heuristic rules[19] or deep learning methods such as Faster 
Region-based Convolutional Neural Network (R-CNN),
[20] You Only Look Once version 3 (YOLOv3),[21] Fully 
Convolutional Networks (FCN),[22] Graph Convolutional 
Networks (GCN), and Deformable Convolutions[23] to 
detect and recognize tables that meet specific conditions. 
Although these recognition models have achieved good 
results, their research achievements are far from the 
editing work. For OCR technology recognition of 
editable text in sci-tech academic journals editing and 
proofreading, additional conversion into an image or 
PDF document is required for processing, and the 
accuracy is poor, so its usefulness is limited. How to use 
existing NLP technology to solve practical problems in 
editing work is one of the more practical directions in 
editing studies. Wang et al.[6] used VBA technology to 
explore information extraction from tables. The results 
showed feasibility, but the tables in that literature 
required a simple and recognizable structure or needed 
to undergo editing and processing. This idealized state is 
far from the actual workload of sci-tech academic 
journal editors. In this study, we included natural source 
manuscripts that were not edited or processed by 
editors. Based on the inherent logic of the tables, we 
transformed them into software logic using VSTO 
technology for research and exploration, and the results 
showed that automated processing was feasible and 
effective. Therefore, we believe that VSTO technology 
can effectively identify table structures and extract 
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Figure 4. The pseudocode for extracting merged cell information from tables.

Figure 5. Text format extensible markup language code snippet.

information, providing ideas that can be useful for the 
automation and intelligence of table processing, as well 
as representing a valuable exploration.

Table processing based on VSTO technology
In this study, we used VSTO technology to obtain the 
XML code of editable text tables, customized the coding 
program, and conducted table parsing to achieve 
automatic recognition and information extraction. 
OpenXML is an international open standard for word 
processing documents, presentations, and spreadsheets, 
which can be implemented free of charge by multiple 
applications on multiple platforms and is widely used in 
editable documents. Shen explored the use of 
OpenXML technology to batch process “.docx” file 
format checks in Word documents and applied them to 
the inspection of the document format of our school's 
graduation thesis, achieving good results.[24] Guo 
designed a file review system based on OpenXML using 
a browser/server (B/S) architecture, exploring the 
implementation of batch processing, automated format 
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review, format repair, document desensitization, task 
assessment, and level evaluation, and achieved 
preliminary results.[25] Currently, there are many domestic 
technical developments based on OpenXML, which are 
mostly used for automated format review of documents, 
encrypted file desensitization processing, etc., while for 
sci-tech academic journal table processing, improved 
VBA technology is often used. VBA technology can 
achieve one-click processing of tables, but its accuracy 
and refinement are insufficient.[26–28] We found that there 
is currently no report on the application of VSTO 
technology to automatic processing of sci-tech academic 
journal tables. VSTO technology has strong recognition 
capabilities for complex element-level cells, can achieve 
one-click modification, and can be personalized, meeting 
the basic requirements of sci-tech academic journals for 
table editing. In this study, we used VSTO technology 
based on OpenXML to create, modify, and process 
Chinese sci-tech academic journal tables, using specific 
markings and element recognition. In editable text 
documents such as Word, tables can be represented by 
the <w:tbl> element, which can contain the <w:tr> 
element. The <w:tr> element can contain the <w:tc> 
element, and the <w:tc> element can contain the <w:p> 
element, which can contain text or other elements. By 
using these elements, various complex tables were 
created and coded to automatically recognize and set 
styles. At the same time, the tables were also automat-
ically modified and processed, achieving good results.

Inherent requirements of Chinese sci-tech 
academic journals for automated processing
Chinese sci-tech academic journals have the character-
istics of fine disciplinary classification, large quantity, 
diverse writing teams, specific readership groups, and 
unique content and expression forms. Their content 
covers hundreds of subjects and cross-disciplinary fields 
in 12 categories. For example, China National 
Knowledge Infrastructure (CNKI) has collected more 
than 6500 Chinese sci-tech academic journals in 105 
disciplines.[29] However, facing massive data, intelligent 
development is restricted by the lack of basic techno-
logical foundation, resulting in limited output. The 
bottleneck problems include industry attention, interdis-
ciplinary talents, and technical barriers. The issue related 
to technology is how to design an effective and 
convenient application system to gradually overcome the 
difficulties. Currently, the application of software 
development in the field of sci-tech academic journals in 
China is still at an early exploration stage and is not yet 
mature. The application direction, foundation, mode, 
results, and technical feasibility all need further 
exploration. Zheng et al.[30] believe that the current 
flawed standard system, lack of standardization 
execution, and non-uniformity of standards in the 
domestic sci-tech academic journals are the main factors 

inhibiting the development of artificial intelligence, 
therefore, starting from the top-level design of the 
system, ample sample collection and research should be 
conducted, and existing national standards should be 
integrated and updated to formulate sci-tech academic 
journal national standards suitable for the development 
of software assistants and promote their specific 
execution standards. Tables are one of the components 
of sci-tech academic journal manuscripts, with relatively 
uniform presentation forms and writing styles, good 
standardization execution, and neat and standardized 
formatted content. Therefore, it is feasible to automat-
ically process them at the technical level.

CONCLUSION

The structure of tables and information extraction are 
the preparatory work for intelligent processing of tables. 
This article proposes a solution for extracting structure 
and text format information from common tables in sci-
tech academic journals using VSTO technology, 
providing foundational guarantees for subsequent 
intelligent table operations.
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