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Knowledge graph (KG) as a popular semantic network has been widely used. It provides an effective way to describe semantic
entities and their relationships by extending ontology in the entity level. This article focuses on the application of KG in the
traditional geological field and proposes a novel method to construct KG. On the basis of natural language processing (NLP)
and data mining (DM) algorithms, we analyze those key technologies for designing a KG towards geological data, including
geological knowledge extraction and semantic association. Through this typical geological ontology extracting on a large number
of geological documents and open linked data, the semantic interconnection is achieved, KG framework for geological data is
designed, application system of KG towards geological data is constructed, and dynamic updating of the geological information
is completed accordingly. Specifically, unsupervised intelligent learning method using linked open data is incorporated into the
geological document preprocessing, which generates a geological domain vocabulary ultimately. Furthermore, some application
cases in the KG system are provided to show the effectiveness and efficiency of our proposed intelligent learning approach for KG.

1. Introduction

Geological data is a variety of data and information accumu-
lated in the geological research work and practical activities.
Generally, the types of geological data are in a wide variety,
including geological documents, geological books, geological
information and journals, physical specimens, and electronic
file data [1-3]. Due to the technical reasons, traditional
storage modes may lead to the operations inefficient in
queries, statistics, and updates; then they are not conducive
to the application of checking, querying, and mining, which
means the low ability of data services.

With the increasing economic and society, in the field of
geological survey, geological data sharing service has become
an important tool to measure the level of social and business
management, which is significant in ensuring the sustainable
development of geological work. The features of geological
data include increasing volume, complex type, and long
response time. Aiming at the geological application problems,

the intelligent analysis and deep mining of geological data
could reduce the repetitive working and the risk of geological
survey [4, 5].

In recent years, knowledge service based on the knowl-
edge graph (KG) technology and the search technology of
semantic web has become a research hot spot in information
service. In this case, the KG arises at the historic moment
[6-10]. Drawing KG and conducting intelligent search based
on KG have formed a mature methodology. For example, in
Chinese, Sogou Knowledge Cube is the first KG introduced
into the domestic search engine [11], which makes a reopti-
mization of search results through the integration of massive
Internet fragmented information, and presents the core of the
information to users. Baidu Zhixin is a new generation of
Baidu search engine technology based on its KG [12]. There
are four steps in the process of constructing the KG, including
the named entity mining, attribute-value pair (AVP) min-
ing, upper and lower relation mining, and related entity
mining. Although there are some successful applications, it
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still has room for developing KG, and the applications still
should be further strengthen, especially for the geological
data.

In this article, the KG construction technology is applied
in geology to implement intelligent analysis and deep mining
of geological data. Through an unsupervised knowledge
learning method for open data sources, we not only achieve
self-learning process for a set of documents, but also form
a geology glossary and complete the construction of KG.
Through the research along this topic, promoting the geolog-
ical materials information and social services has important
value for the realization of intelligent geological survey.

The contributions of this article are as follows:

(1) On the basis of linked open data and ontology learning
strategy, we achieve the unsupervised learning and
geological knowledge extraction for geological docu-
ments. Through the processing steps of word segmen-
tation, web crawler, keywords extraction, and relation
extraction, the processing of geological documents
and the deep mining of geological information are
implemented.

(2) Through the use of geological data sample, the geo-
logical ontology library, including entities, geology
dictionary, and semantic link are obtained. Firstly,
we analyze the features of the geological data and
acquire the geological ontology based on the geolog-
ical knowledge extraction. Meanwhile, considering
the specificity of the geological data, we design the
corresponding entities combining with the geolog-
ical dictionary and other specific documents. Sec-
ondly, through the processing of documents and
web crawler using online encyclopedia, an expanded
dictionary of geology and complete interconnection
of semantic relations are proposed.

(3) The KG towards geological data is proposed and the
application system under Browser/Server (B/S) schema
is also achieved. Through the optimization of semantic
relations and the storage of our knowledge base, we
develop a framework for the application of the KG
towards geological data, on the basis of the self-
processing and self-expanding technologies towards
geological documents. Combined with HTMLS5, JSP,
Servlet, JDBC, and other advanced technologies, a
B/S-based application system of KG is designed to
realize the documents importing and processing, the
intermediate results presenting, and expert interven-
ing.

The rest of this article is organized as follows. Section 2
provides an analysis for background regarding the features of
geological data and KG. The details of the intelligent learning
scheme for KG, including framework, key technologies,
and algorithms, are proposed in Section 3. Furthermore,
the evaluation for our developed KG is conducted on two
application experiments in Section 4. Finally, a conclusion is
provided in Section 5.
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2. Backgrounds

2.1. The Features of Geological Data. In recent years, with the
increasing demand of geological data in production units and
social masses, the geological data services are facing the dual
demands of “digitization” and “socialization.” It is necessary
to improve the contents and methods of geological data ser-
vices, promoting the government departments to adapt to the
development of the situation and achieve the transformation
from the archival results to the service product [13]. Due
to the features of reusability, reprocessing, and long-term
service, the data information in mining industry, which has
been accumulated over the years, could be called “big data.”
Generally, geological data is mainly composed of structured
and unstructured diversity data generated from geological
actions. Its features are summarized as “5V,” that is, volume,
variety, value, velocity, and veracity.

The requirement of maintaining the type and quantity of
geological data grows with the long-term accumulation for
data. It includes various types of electronic file data, such as
documents, maps, database (map database, spatial database,
and attribute database), pictures, charts, videos, audio, which
might be structured, semistructured, and unstructured. Due
to the technical reasons, this storage mode makes data query,
statistics, updates, and other operations to the data not only
inefficient, but also detrimental to the application, such as
check, query, and mining, which leads to the low capability
to the data service. Hence, it is significant to exploring how
to apply the concept and technology of big data to organize
massive geological data in the field of geology effectively and
achieve the corresponding services [14].

Generally, the diversified fragmentation of complex geo-
logical unstructured data is one of the most striking features.
There are mainly three contents that reflect to the data anal-
ysis and mining processing, including the establishment of
content index library, search, and clustering recommendation
[15]. Although it has achieved some results on this aspect [16,
17], with the development of the intelligent geological survey,
multicategory whose content extension organization and
search application are based on geological domain ontology
will be an important direction of geological data repository
construction in the future [18]. In view of this aspect, we
can try to use the semantic link technology based on KG
to eliminate the ambiguity of search, which could make
the search engine use the search based on entity instead of
character string. In addition, the Internet could also be used
to provide rich resources for the KG, in order to realize the
semantic link of big data, intelligent analysis, and mining of
the geological large data accurately and effectively.

2.2. Knowledge Graph (KG). KG is also known as science
knowledge graph, knowledge domain visualization, and
knowledge domains map. It is a series of various graphs
that show the development process of scientific knowl-
edge and the structure relation [19]. It could describe the
knowledge resource and its supporter, excavation, analysis,
and construction and draw and display the knowledge and
the mutual connection between them by using the visu-
alization technology [6, 20, 21]. KG is a research method
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combining the theory and method of applied mathematics,
graphics, information visualization technology, information
science, and other disciplines with metrology citation anal-
ysis, cooccurrence analysis, and other methods to show the
core framework, the history of development, the frontier
domain, and overall knowledge structure of the discipline
through visual graph. It shows the dynamic development of
knowledge and the complex domain knowledge through data
mining, information processing, knowledge measurement,
and graphics rendering.

Most works regarding the KG originated from Google
KG. It is essentially a semantic network. The nodes represent
entities or concepts and the edges represent a variety of
semantic relations between entities and concepts. Moreover,
the motivation of KG is from a series of practical applications,
including semantic search, machine answering, information
retrieval, electronic reading, and online learning. Now, some
companies, such as Baidu, Sogou, have launched their own
KG.

Our researchers have developed many applications
around KG, while illustrating different perspectives in their
process. For example, in the process of visual analysis of
Chinese science literature, it showed the time sequence
distribution, journal distribution, and author distribution of
scientific literature during the past 30 years [22]. According to
cocitation analysis for the authors of the quotation in 24 kinds
of information science core journals, the KG of information
science was drawn [23]. Based on the example of education in
China, KG was drawn to evaluate excellent scientific research
institutions through word frequency analysis, high frequency
author statistics, high yield author cooperative network, and
other methods [24].

In addition to the above applications, many scholars
have also carried out some works in KG. Hook showed
that KG has four purposes (i.e., discovery, understanding,
communication, and education) and six aspects of applica-
tion (i.e., microcosmic display of specific areas, macroscopic
visualization of subject, assisting in the education course
teaching, saving document knowledge in coordination, facil-
itating the use of digital library, and displaying knowledge
dissemination) [25]. It indicated that KG could be used in
displaying the overall structure of the domain knowledge,
analyzing retrieval result visually, grasping the overall knowl-
edge of discipline and evolution situation of visualization
knowledge, and grasping the rapid variation of the knowledge
[26]. Meanwhile, information fusion as a key issue plays
an important role in developing a KG. To deal with this
issue, a novel approach was proposed for exemplar extraction
through structured sparse, considering not only the recon-
struction capability and the sparsity, but also the diversity
and robustness [27]. Furthermore, based on previous work,
a joint kernel sparse coding model was developed to solve
the multifinger tactile sequence classification problem, where
all of the coding vectors were encouraged to share the same
sparsity support pattern [28].

KG applications increase rapidly in recent years, which
cover some disciplines of natural science and social science,
and show the osmotic tendency towards other disciplines.
Drawing KG and mining KG have formed a high mature

methodology. However, the function of KG has not been
fully applied, and the application still needs to be further
strengthened. So far, only little attention has been paid to the
geological data field. Hence, it is necessary and important to
consider these particular objects.

3. Intelligent Learning for Knowledge Graph

3.1. The System Framework. The construction of KG towards
geological data consists of two logical components: knowl-
edge extraction and knowledge management. The for-
mer mainly learns the corresponding geological knowledge
through unsupervised processing and including five steps,
which are word segmentation, frequency statistics, web
crawler, keywords extraction, and relation extraction. The
latter is basically composed of two parts: knowledge graph
storage and retrieval. The specific processes are shown in
Figure 1.

3.2. Knowledge Extraction. Knowledge extraction is a key
step in the construction of knowledge graph, as well as in the
processing of geological documents. Knowledge extraction
in this article, through an unsupervised knowledge learning
method based on an open source, and the geological domain
vocabulary and knowledge graph would be formed through
the automatic learning of a large number of geological
documents. The flow of knowledge extraction is shown in
Figure 2.

Knowledge extraction has three major steps, including
data sources analysis, entity/concept extraction, and relation
extraction.

3.2.1. The Analysis of the Available Data Sources

(1) Text. Texts are the most abundant data source. It is difficult
to learn knowledge from texts due to their nonstructural
property. In this article, we obtain a large number of geologi-
cal professional texts from library.

(2) Internet Encyclopedia. Internet encyclopedias (e.g.,
Wikipedia, Baidu baike, and Baike.com) are the large-scale
free encyclopedias that allow users to edit almost any article
accessible. Through technical tools such as web crawler, we
obtain knowledge from Internet encyclopedias continuously,
which could be updated and expanded automatically.

Although the contents of encyclopedias exist with the
form of web pages, there are still a lot of structured informa-
tion. Since all of encyclopedias have their own classification
system, category labels are used to organize a large number
of entries. In general, each entry has category label, which
could be used to label its own type. In addition, most of
entries have multiple labels. For example, the category labels
of “Steve Jobs” could be “20th-century American business
people,” “American billionaires,” “American computer busi-
ness people,” and many others in Wikipedia.

This article mainly focuses on Chinese information in
Internet encyclopedias. Wikipedia is considered the Internet’s
largest and most popular general reference book. However,
Chinese content in Wikipedia is not perfect. On the one
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FIGURE 1: The logical structure of knowledge graph construction towards geological data.

hand, the total number of entries is insufficient. And, the
contents of the articles in Wikipedia are also relatively
short, and some parts of them are translated from other
languages directly, which are lacking the expression exactly
in Chinese. Consequently, we make use of Baike.com instead
of Wikipedia as the data source of web crawler in this
article.

3.2.2. Entity/Concept Extraction. Entity/concept extraction
mainly starts from these two data sources. We could filter
out entities or concepts of geology directly by combining
the information after text processing with category labels of
Baike.com. Therefore, the entity/concept extraction includes
four bottom-up steps: word segmentation, frequency statis-
tics, web crawler, and keywords extraction.

The technology of HanLP could be used in the word
segmentation, stop word filtration, and frequency statistics.
Motivated by the TextRank algorithm, word segmentation
used in this article is as follows. First of all, we use HanLP
standard tokenizer to process documents, which are divided
into different parts of speech words. Secondly, the custom
data dictionary and extended stop list are designed. Finally,
we filter out the word with little relevance to retrieving
content and only retain the designated part of speech through
the method of TextRank algorithm. Meanwhile, we also filter
out the stop words, so as to achieve the effect of keyword
extraction.

In terms of web crawler, we mainly consider to crawl
the category labels of entries in the Internet encyclopedia
by an automated tool Selenium, which could open the
HtmlUnit browser, search entries, and access to class label
information via programming by custom. Specifically, the
method for online encyclopedia crawler is as follows. When
we want to get information about a word “n,” we should open
our browser first. Then, we search and open encyclopedia

interface of “n.” We can locate and save category label
elements by XPath finally.

In terms of the keywords extraction, according to the
geological dictionary and the category labels, we could
exactly determine whether the words in the segmentation
results belong to the geological keywords or not. Through
the statistical characteristics of Wikipedia category labels,
we extract some keywords, including geography, mining,
marine, rock, hydrology, environment, natural disasters,
biology, city, air, oil, roads, plants, energy, metallurgy, and
civil. We put all crawled category labels into a map collection.
By calling the containsKey method of map, we can determine
whether the collected object contains the keywords, if the
answer is yes, this object is defined as a geological entity.

3.2.3. Relation Extraction. The purpose of relation extraction
is nontaxonomic relation extraction of the association rule
analysis in data mining and the Internet encyclopedia. The
correlation between two geological terminologies is acquired
by association rule analysis. And the category relationship of
terminologies is acquired through crawling Internet encyclo-
pedia.

The basic principle of association rule is that if the
two concepts or entities frequently appeared in the same
unit (e.g., a document, a paragraph, or a sentence), we
could make sure there exist some relationships between
them. We do not care about the specific semantic relations
between two concepts, but the correlated degree between
them. Hence, judging the correlated degree between two
concepts through cooccurrence analysis in a document
is more important. With the increase of the number of
documents processed, there would be a higher correlated
degree if the two concepts frequently appeared together. This
method is also motivated by the process of human reading
and learning. However, this method is just suitable to be
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FIGURE 2: The flow of knowledge extraction.

employed for dealing with large number of documents; when
the number of documents is small, this method would be
inefficient.

Meanwhile, the purpose of crawling Internet encyclope-
dia is to obtain relationships between concepts and entities
by making use of the open data source in the online
encyclopedia. As mentioned above, here we mainly consider
the category relationships.

Using the above two methods, the rule of our relation
extraction is as follows. In terms of correlated degree, we set a
relational degree R for each concept, where the initial value of
Ris 0. After processing a document, the correlation between
all the words which appeared in the document is increased by
1. The value of R updates once in the process of dealing with
document each time. Furthermore, each concept has category
labels as their property.
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TaBLE 1: The attributes of tables in background database.

Table name Attribute 1 Attribute 2 Attribute 3 Attribute 4 Attribute 5
“articles” ID Content Date Path —
“words” ID Content Frequency Label —
“re_words_articles” ID ID1 ID2 Frequency —
“re_words_words” ID ID1 ID2 ID3 Count
“dictionary” Name Label — — —

3.3. Knowledge Management. Knowledge management con-
siders how to show the knowledge acquired through above
steps in a visualized way. The main technical methods are the
database storage and retrieval.

3.3.1. Database Storage. Considering the actual needs of the
geological field, the system uses MySQL database as the
background database. MySQL database is one of the best
relational database management systems in web application,
which has a small size, fast storage and retrieval speed, and
low cost.

In our system, the entities and relationships acquired
by processing geological documents are stored in a spe-
cial database. Through JDBC technology, the background
database operations, such as CRUD, are allowed. There
are five tables in our database. Table “articles” stores the
information about the documents processed, including ID,
name, added time, and local storage path of documents. Table
“words” stores the information about the words filtered out
from the results of segmentation, including ID, content, fre-
quency, and category labels of words. Table “re_words_words”
stores the correlation information between two geological
terms.

The attributes of those tables in our background database
are in Table 1.

3.3.2. Knowledge Graph Retrieval. Retrieval can be carried
out by users only after storing the knowledge extracted from
documents in our database. Based on B/S working schema,
the browser makes a post request to the back-end server after
users input the search words. Meanwhile, back-end server
responds to the request, getting the words submitted and the
number of nodes that need to be rendered (it is set to 20 as
a default value). The retrieved words are set to the key nodes
and retrieved in our database. Then, it returns the results to
the browser. The returned contents include ID, content and
category labels of node, and ID of correlated documents.

3.3.3. Backstage Management System of KG. Backstage man-
agement system of KG is designed to facilitate the process of
documents and the operation of database for users, mainly
including login page, geological documents processing page,
and expert intervention page.

Two login modes could be chosen when users enter the
login page by inputting the URL in the browser. Users could
enter the geological document processing page if logged
in as an administrator. Users also could enter the page of
expert intervention if logged in as an expert. The browser
submits the form, including name, password, and login mode.

Subsequently, the users authorization would be checked by
server, and users could enter the relevant page after verified.

On the page of geological documents processing, users
could input the document name and storage path. And
background module gets the form data submitted by users
when the button “submit” is clicked on. The background
module enters the stage of document processing and the
results are stored in background database if all of this input
data is valid. On the page of expert intervention, the experts
have the right to add and delete the correlation between
two words. For example, when adding a correlation, the
experts enter the two words in the input box and click the
button “submit.” The browser submits these two words to
the background module, and the background module judges
whether there is a correlation between them or not. If the
association does not exist, the background module would add
a correlation, which is defined as “expert-defined.”

3.4. The Key Algorithms. The prototype system of KG towards
geological big data is designed and accordingly implemented
using B/S architecture and HTTP protocol, which includes
natural language processing (NLP), data mining, web appli-
cation development, and other related technologies. Key
technologies and solutions involved during the process of
system development are described as follows.

3.4.1 'The Automatic Chinese Segmentation Technology:
HanLP. HanLP is a Java toolkit composed of a series of
models and algorithms, whose target is to promote the
application of NLP in the production environment. HanLP
supports Chinese word segmentation. Its functions include
N shortest path word segmentation, CRF word segmenta-
tion, index word segmentation, and user defined dictionary.
Specifically, they are named entity recognition, keyword
extraction, phrase extraction, Pinyin conversion, conversion
between simplified and complex, and dependency parsing
(i.e., MaxEnt dependency parsing, CRF dependency parsing).
The characteristics of HanLP are perfect function, efficient
performance, clear architecture, new corpus, and being cus-
tomizable.

(1) TextRank Algorithm. Making the use of TextRank for
Chinese word segmentation mainly includes word segmen-
tation, delete stop words, and iterative voting. The basic
idea of TextRank Chinese word segmentation is as follows:
dividing the original text into sentences first, filtering out the
withdrawal in each sentence, and only retaining the specified
part of speech word. From it, we could get a set of sentences
and a set of words. Then each word would be as a node



Scientific Programming

4 [= dictionary
4 [~ custom

ChinesePlaceDictionary.txt
CustomDictionary.txt
|5 CustomDictionary.txt.bin
ModernChineseDictionary.txt
OrganizationDictionary.bxt
PeopleMameDictionary.bxt
PlaceMameDictionary_Shanghai.txt

FIGURE 3: User defined dictionary.

in the TextRank by using the method of matrix iterative
convergence [29]. The window size is set to K, and we assume
that a sentence is constructed by the following words:

Wy, Wy, Wy, Wy, W, o . ., Wy, @)

where w;, W, ..., Wy, Wy, W3, ..., Wiy, W3, Wy, ... Wy, are
all in a window. There is an undirected and unweighted
edge between any two words corresponding to the node in
a window.

With the above composition diagram, we could calculate
the weight of each word node. Then, the iterative formula in
TextRank algorithm is as follows:

WS(V,)=(1-d)+d
wj; (2)

X D s WS(V)),
V;€ln(V;) zVkEOut(Vj) Wik

where d € [0, 1] is a damping factor, V; is a given node, In(V;)
are the set of nodes that point to it (predecessors), Out(V;)
is the set of nodes that node V; points to (successors), and
WS(V;) is the weight of node V.

(2) User Defined Dictionary. HanLP word segmentation sup-
ports the function of custom dictionary, where our custom
dictionary designed is shown in Figure 3.

We add a large number of words that could help the
word segmentation of geological documents in the cus-
tom dictionary effectively. Here, the “CustomDictionary”
includes 21,742 geological words, the “OrganizationDic-
tionary” includes 31,926 institutional nouns, the “Chinese-
PlaceDictionary” includes 90,558 place names, the “People-
NameDictionary” includes 50,192 personal names, and the
“ModernChineseDictionary” includes 207,964 modern Chi-
nese additional words. Among them, “CustomDictionary” is
a dictionary defined by a global user which could add, delete,
and affect all word segmentation at any time.

3.4.2. Internet Encyclopedia Crawler Based on Selenium. On
the basis of our analysis mentioned above, it is effective
and efficient to integrate the online encyclopedia crawler
technology into the processing flow of geological documents,
which need to get the category labels of words obtained by
word segmentation in Wikipedia. The mainstream method of
crawler is implemented using URL address webs which can

be obtained through depth or breadth first search strategy.
Here, the web site that we need to crawl is fixed (i.e.,
http://www.baike.com/), and we already have the target word
(i.e., word segmentation results). Then, it is available to
introduce the automated crawler technology. Here, we use
Selenium automated crawler.

Selenium automation test browser is mainly applied to the
automated testing of the web application, while supporting all
management task automation based on web. By embedding
the Selenium IDE plug-in into the browser, the recording and
playback functions of a simple browser operation could be
achieved.

It should be noted that Selenium provides a highly rapid
and convenient way for the fixed web crawler. Here, we use
Selenium to control HtmlUnit, a virtual browser that Java
comes with, which serves the purpose of automated crawler.
The specific process mainly includes opening the HtmlUnit
browser, reading a search word “n,” retrieving by opening
the encyclopedia interface of the retrieved word “n,” getting
category labels according to category label elements by XPath,
and finally closing the browser.

Implementation details of Internet encyclopedia crawler
are as follows:

(1) Open HtmlUnit browser: static final WebDriver driver
= new HtmlUnitDriver()

(2) Open the interface of search word “n”™: driver.get
(“http://www.baike.com/wiki/”+n)

(3) Locate the label element:

List<WebElement> elements = driver.findElements(By.
xpath(“//dL[@id="show_tag’]/dd/a”))

3.4.3. Java Web Development Based on Servlet and Java Server
Pages (JSP). Java Servlet is a Java program that extends the
capabilities of a server. Although Servlets could respond to
any types of requests, they implement applications hosted
on web servers usually. Such Web Servlets are the Java
counterpart to other dynamic web content technologies, such
as PHP and ASPNET.

Servlets are often used to process and store a Java
class in Java EE that conforms to the Java Servlet API, a
standard for implementing Java classes which could respond
to the requests. And, Servlets could communicate over any
clientCserver protocol, but they are often used with the HTTP
protocol. So, “Servlet” is often used as shorthand for “HTTP
Servlet.” Thus, a software developer should use a Servlet
to add dynamic content to a web server by using the Java
platform. The generated content is HTML but may be other
data such as XML. Servlets could maintain state in session
variables across many server transactions by using HTTP
cookies or rewriting URLs.

Servlets could be generated from JSP by the JavaServer
pages compiler automatically. Architecturally, JSP could be
viewed as a high-level abstraction of Java Servlets. It allows
Java code and certain predefined actions to be interleaved
with static web markup content, such as HTML, with the
resulting page being compiled and executed on the server
to deliver a document. JSP are translated into Servlets at
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TABLE 2: The Servlets and their key functions.

Servlet name Key functions

It is used in the retrieval of KG, and it gets
the form data submitted by the user and
retrieves them.

“Myservlet.java”

It is used in the second retrieval. When
clicking on some word in the page, the user
can get the graph of this word.

“Myservlet2.java”

It is used in the login function of the
, backstage management system of KG, and it
gets the form data submitted by the user and
enters the response page.

“LoginServlet.java’

It is used while adding a relationship in

“AddServlet.java” . .
expert intervention page.

It is used while deleting a relationship in

“DelServlet.java” . .
expert intervention page.

It is used while showing the intermediate

“CoreServlet.java” . ?
processing for geological documents.

runtime, and each JSP Servlet is cached and reused until the
original JSP is modified.
Servlets can complete the following tasks:

(1) The web container initializes the Servlet instance;
then the Servlet instance could read data that has been
provided in the HTTP request.

(2) The Servlet instance could create and return a dynam-
ic response page to the client.

(3) The Servlet instance could access server resources,
such as files and database.

(4) The Servlet instance could prepare dynamic data for
the JSP and create a response page with JSP.

In this article, the Servlets and their key functions that we
design under com.servlet package are shown in Table 2.

In summary, the software platforms and development
environments in our system are as follows. Operating system
is Windows 7. Programming language is Java. Programming
environment is MyEclipse 10. Web development environment
is Tomcat + Severlet + JSP. Web crawler environment is
Selenium + HtmlUnit.

4. Experiments and Evaluation

4.1. Processing for a Single Document. Processing for a single
geological document is as shown in Figure 4. We can see
that user who logs as the administrator enters the document
processing page. Then, the user inputs the name and storage
path of document and clicks on the submit button. A
background module gets the form data submitted by the
administrator and determines if this document exists in
the local path. The background module enters the stage
of document processing when all of this input data are
valid. The document is converted into a long string. Then
the background module would cut word segmentation by
HanlLP, filter out stop word, and select out the geological
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terminologies. The result after intermediate processing is
showed in the document processing page.

The document is processed using the similar method in
[30].

4.1.1. The Result Analysis of Segmentation

(1) Some results of segmentation in our KG system are
shown in Figure 5. After translating it from Chinese
into English, the updated version of Figure 5 is shown
in Figure 6.

(2) Some results of segmentation by NLPIR systems
of Beijing Institute of Technology [31], which is a
popular NLP system, are shown in Figure 7. After
translating it from Chinese into English, the updated
version of Figure 7 is shown in Figure 8.

According to the process in [30], some results of segmen-
tation in our KG system are showed in Figure 5. Meanwhile,
Figure 6 shows some results of segmentation in NLPIR
systems. By comparing these two figures, we can find that
the results processed in our system are more valuable and
satisfactory. For example, to these geological terminologies,
such as “f¢ 4k [ Bt (North China craton),” “& T H- 21
(Gaoyuzhuang Formation),” “F & & 2H (Xiamaling For-
mation),” “¥% % #H (Tieling Formation),” and “F& %1% 5f)
(Luliang Movement),” our KG system can accurately cut word
segmentation. However, in NLPIR systems, many geological
terminologies are cut inaccurately.

4.1.2. Word Frequency Statistics. The results of word fre-
quency statistics are as shown in Figure 9. After translating
it from Chinese into English, the updated version of Figure 9
is shown in Figure 10. We can see that our system can count
word frequency correctly for the result set of segmentation,
such as “1 41 (Yangzhuang Formation)/13,” “ T 214 4H
(Xiamaling Formation)/8,” “f 41 A1 9% b & (Feldspathic
Quartz Sandstone)/1,” and “[F]{7 ZF# (Isotope Age)/1”

4.1.3. Keywords Extraction. Figure 11 shows the results of
keywords extraction. We normally consider that the termi-
nologies contained in the title and subtitles are basically the
keywords for the document. Therefore, the result of keywords
extraction in Figure 11 includes the critical position “&]k[if;
B (North China Craton),” three key stratigraphic units “/=
T H“H (Gaoyuzhuang Formation),” “1%H=4H (Yangzhuang
Formation),” and “ I & &4 (Xiamaling Formation),” the
key stratigraphic unit “JL 7 5 (Proterozoic Erathem),” and
the major stratigraphic relationship “/N# & i (Unconfor-
mities).” In summary, our keywords extraction has satisfying
results.

4.1.4. Internet Encyclopedia Crawler. The results of category
labels crawled from the Internet encyclopedia (http://www
.baike.com/) are as shown in Figure 12, including geological
terminologies of segmentation result sets and the category
labels. After translating it from Chinese into English, the
updated version of Figure 12 is shown in Figure 13.


http://www.baike.com/
http://www.baike.com/
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Input name and local path of document |(7

User’s input is right?

Call Apache POI and convert word
documents into a long string

)

| Word segmentation

!

| Filter stop words

n € geological dictionary

For n,n € result set
of segmentation?

n ¢ geological dictionary

Acquire category tables of words by

crawling internet encyclopedia

Category labels €
geological terms?

Yes No

Update table

Re_Words_Aticles

Add n and its category labels

into geological dictionary Abandon

End of the “for” cycle

)

Update correlated degree between
words in table Re_Words_Words

End

FIGURE 4: Processing for geological documents.

e /At /TER /EE /BT MR O/RE /A% /EX /4
B /% /mER /BER /B /REE /ARE /HR /AEE )
BT /ES /EFE /4N RE /ER /5% /ETEH /RS /HEE
JRE /ABE SBFE /E /ER /KRS /RE /& /ARER
/igR /BRI /SR /E /TmE /EE /TR /FE JRE
FE /ARF /AX /TBRE R /AT /AR RS /KR ks /
HifE /€A /=Y /2 /BRES /B /B8 /&3 /Columbia
/KB /EE /mER /R At hs% /EREEE SRR BR /
e osa ks /g /TER /R /EIE /ER /EEEE /F
F /R /RRE /KE /R /ERE /REE /mREE /EE /K /
BTMLE /EMEE /figE /ALTE /AR /&RE /BEE /BREE
/EE /o SRS /ER /ETWE /ETEL /BEE /FRUE /%
KEL /HeE /ER /TEH O /BREE /LE /RE /RR /87E /P
& /& /FEAN /ETHE /RGE /&t /BE /BREE /A /
RE /EEEE /RE /THRA /REH /KLE /JEFE /SR O/ES /T
DiH /BT /EF S TDRE /&R O /FE HE /R /%
& /#x sER R /T /EH S JTRRE /BT /EY )
B /T /RF RS Ak FR /AR R /BFE /RALERSE
#® /EEE /EE /B /RE /BRI /ME /R /ETEE /R
#H /FE /A /4% /HE O /SENEE /ETEL /R

FIGURE 5: Some results of segmentation.

Gaoyuzhmang Formation / bottom / Yangzhuang Formation / bottom / unconformity / sea
fevel / change / cause / continental margin / inside / highland / hiatus / coast / overlap /
sedimentation / results / Tieling Formation / top / ormity surface / possible / environment /
occur / extrusion / uplift/ relating to / Xiamaling Formation / sedimentation / uplift / maybe /
adjacent / continental / block / collision / effect / product / experience / Lvliang movement /
North China Block / become / global /Columbia / supercontinent / since ancient times /
Proterozoic / late stage / North China Block / edge / extensional tectonics / environment /
formation / rift basin / North China block / north edge / Proterozoic / the Great Wall / Jixian
‘County / is / the extensional tectonic / background / form / development / the Great Wall /
Jixian County / thick / clastic rock / carbonate / combination

FIGURE 6: The updated version of Figure 5 after translating it from
Chinese into English.

4.2. Searching in KG. The specific process of retrieval in KG
is shown in Figure 14. We can see from this figure that the
first step users need to do is to input the retrieved word
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FIGURE 7: Some results of segmentation in NLPIR system.

Gaoyui zhuang/nr] Formationn bottomf and'cc Vangzhuangi Formations
bottony'f de/udel un/d ComFormity/ Surface iSVSH] 5ealevel/n Change/vr Eauselst
passive/a GONfHeNUS Marguy inside/t HiEAIAnAA HEpOSToNY MiSHupt and cc
coast/n exceed/v Cover/vg depositiv de/udel resultin :wf Tieling/ns Formations
top/f un/d EOHFGERIAN surface/q BESBABINE and/cc EER back'f FVIORMERtS
happen/v extrude’y lifUV fisel ielaten wf Xiamaivi lingng Formationn
fepositivl after/f de/udel EfUY fisehi Probably/v is/vshi adjacentvi mainland/n
blockin Colfision/vn effectn deudel product/n Experience leule LyLiang/ns
movement/n after/f . wd North China/ns block/n become/yl globe/n Columbia/nz
SHipeili omfnents de/udel +'m EWAE v since ancient age/d origin/q ancientft
ater periodt ./wd NGHHICHiNaNS pICiE Sl . /v northT Hargm HESEN
EiEnl SEHChEeH SeEghl and'cc WEEN many/m [l BESESH v NG
China/ns block/si northern margin/f Medium/ Proterozoic/n [The Great Wallins
[epartments and/cc FRENICoMmEE EEpERmentN B8 np thistzv am kindig
Extendls Strchurel backgrownd/ under'f BSHEA and/cc HEVEIOPAM defudel ./wj
in'rz The Great Wallins Bepartment/s and cc Fixian County/ns Geparimenty isp
a'm setlq very/ag thick/a defudel clastic’a GHipiE oG and/cc EErbonatelm
rock/ng combine/vi . )

FIGURE 8: The updated version of Figure 7 after translating it from
Chinese into English.

and click on the “search” button. Background module gets
the form data submitted by the user and sets it as the key
node. Furthermore, the background module retrieves in our
database to filter out the terminologies that have a relational
degree with the key node in top 20 (default) and shows them
in a graph.

4.2.1. The Comparison of Different Retrieval Processing Stages

(1) After processing one geological document, the results

of retrieving ““F i %5 (metamorphic rock)” are in
Figure 15.

(2) After processing100 geological documents, the results
of retrieving ““F i %5 (metamorphic rock)” are in
Figure 16.

Figures 15 and 16 show the results of the KG retrieval. The
orange node represents the retrieved word “Z% Ji{ & (meta-
morphic rock).” The blue nodes represent the terminologies,
which have a top-20 relational degree with the orange node,
such as “[FIi. Z [ (isotope age)” and “WP = (sandstone).”
When the mouse is placed on some node, we could acquire
its ID and category labels.

From the comparison of two retrieval processing stages,
we could see that the results of KG have been improved
with a growing number of documents processed. When the
number of processed documents is 1, the retrieval results have
little relevance with the retrieved word. However, when the
number is 100, we could get entities that have a very close
relationship with “Z% i % (metamorphic rock),” such as
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FIGURE 9: The results of word frequency statistics.

Xiamaling Formation 8; sandstone 2; quartz sandstone 2; extension
tectonics; sequence 1; vanilla 1; Tieling Formation 4; deposition 6; parallel
unconformity 1; Gaoyuzhuang Formation 12; profile 3; erosion 1;
weathering crust 2; Silica rock 1; Tuanshanzi Formation 1; Dolomite 12;
mainland 2; erosion surface 1; highland 1; continental margin 1; clastic rock
2; Chuanlinggou Formation 1; extrusive rock 1; coast 2; metamorphic rock
1; flint 3; crustal block 1; jixian Country 4; Proterozoic 4; Changgouzhuang
Formation 1; basin 1; Lvliang movement 1; hiatus 4. depositional
environment 2; sea level 2; rift 1; overlap 3. concordance 2; carbonate rock
4; environment 4; North China block 14; Hongshuizhuang Formation 1;
breccia 1;geology 1; region 1; Yangzhuang Formation 13; product 1;
Yangyuan 1; stromatolite 1; kuancheng 1; stratum 5; Jingeryu Formation 1:
shallow sea 1; angular unconfnrmm 1: laterite 1: < background 1; shale 2;
geological structure 3; feldspathic quartz sandstone 1; underl}mg formation
3; sandy 1; isotope age 1: conformity 2; lagoon 2; barrier island 1;
unconformity 5; Western Hill 1; Proterozoic era 2; Wumishan Formation 4;

FIGURE 10: The updated version of Figure 9 after translating it from
Chinese into English.

? I (magma),” and “’K LI (volcanic

oA ( granite),
rock).”
In addition, we could get the following information from

the above results.

(1) The top 20 geological terminologies associated with
“A5 Jit’A (metamorphic rock).”

(2) The category labels for every geological terminology.
(3) The ID of documents in which both words appear.

4.2.2. Searching More Words. Furthermore, some compli-
cated phrases and sentences can also be processed correctly.
For example, when inputting “{Z A& FIJTHE (intrusive
rock and sedimentary rock),” the background module can
cut word segmentation into two keywords “i® \% (intrusive
rock)” and “VUTFHAE (sedimentary rock),” retrieve them, and
get the terminologies that have a relational degree with the
key node in top 20. The results are as shown in Figure 17.

Similarly, we could get the following information from the
above results.

(1) We can get the top 20 geological terminologies asso-
ciated with “/f A\ & (intrusive rock)” and “VTTR &
(sedimentary rock).”
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FIGURE 11: The results of keywords extraction.
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FIGURE 12: The results of Internet encyclopedia crawler.

(2) We can get the category labels for every geological
terminology in KG.

(3) We can get the ID of documents in which both words
appear.

(4) While retrieving the two words, we can get the doc-
uments in which both words appear, and it achieves
mining of implicit related documents.

(5) In addition, we can see the following:

(i) In terms of “/% A& (intrusive rock),” there
exists a connecting line between “{Z A &
(intrusive rock)” and “TE % & (granite),” which
means that there exists a high degree of cor-
relation between them. However, there is no
connecting line between “{& A % (intrusive
rock)” and “J2 % (mudstone),” which means
that there exists a low correlation between them.

(i) In terms of “Ji #l & (sedimentary rock),”
there exists a connecting line between “J{ R
% (sedimentary rock)” and “J2 & (mudstone).”
However, there is no connecting line between
“UL T %= (sedimentary rock)” and “f€ [ &
(granite).”

1

Tieling Formation: Three-word geological terms, Geology of China, Earth Sciences, =
Geography, geology, geology, Geological nouns, science, natural science

Deposition: Geology of China, Two-word geological terms, Metallurgical terminalogy ,
molecular  biology, Earth  Sciences, geology, geology, Industry, Mechanics, Chinese,
physical chemistry, physical nouns, Biochemistry, science, natural science, Pharmaceutical
nouns, definition

Parallel unconformity: Geology of China, Five-word geological terms, Earth Sciences,
geology, earthquake geological terms, science, natural science

Gaoynziuang  Formation: Geology of China, Four-word geological terms, topographic
features, Earth Sciences, Geography, geographys geology, Geological nouns, science,
natural science

Profile: Geology of China, Two-word geological terms , Geophysical nouns, Earth Sciences,
Geographic Information System nouns, geology, Environmental Engineering, biochemicals ,
electronic technique, Electronic terms, science, science nouns, mafural science

Erosion: Geology of China, Two-word Geographical nouns, Two-word geological terms,
Metalurgy  nouns, Metallurgical  terminology, Earth  Sciences, geology, Astrophysics,
Mechaics, mechanical engineering, Forestry nouns, science, seience nouns, natural science

crust of weathering : Three-word geological terms, Geology of China, topographic features,
Earth Sciences, Geological nouns, science, natural science

Silicolite: Three-word geological terms, Geology of China, Earth Sciences, Geography,
geology, Gealogical nouns, rock, science, natural science

FIGURE 13: The updated version of Figure 12 after translating it from
Chinese into English.

)

Input ID and password

User’s input is right?

Call program: myservlet.java

I
Get retrieval contents:
reguest.getParameter ()

l
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Segmentation

For n,n € result set
of segmentation?

Call program: Set n as key node
myservlet.java l

Background retrieves in database
to filter out top 20 terminologies

End of the “for” cycle

Show the results in a graph

Yes

No

End

FIGURE 14: The specific process of retrieval.
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L3 4R (isotope age)

Fikilizl (Wumishan Formation )
: 3 Foxglove)
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% (shale)

I Cohiterfib -

FIGURE 15: An experimental result after processing one geological
document.

T .
o .ﬁ./_ME gramt?) fib#: (sandstone)
YL (deposition) Hiujii (geology)

kil (volcano)
HiJZ Cstratum)
) ‘

i K4 (limestone)
HAT (rock)

47 111, ode nane

i oot otesonh e, 12SEMENS T 2
Netalluzsical toominelogy, nolomdar

biology, Barth 5

i (basin)
#4% (magmas)

Wr%4t; (fracture zone)

1744 (fracture)
i (structure)

[ii4H (terrestrial facies’>

il Cextrusive rock) \
g% (clastic rock)

FIGURE 16: An experimental result after processing 100 geological
documents.

Geological professionals know that “J&& (mudstone)”
is a kind of “ULTH % (sedimentary rock)” and “f¥ X &
(granite)” is a kind of “/% A& (intrusive rock).” Hence, there
is a high correlation between “/% A% (intrusive rock)” and
“FEFd’A (granite),” as well as between “UITHA (sedimentary
rock)” and ‘Y85 (mudstone).” All the results we could see
from the KG are our acquired learning information after
processing 100 documents. Through this example, we could
indicate that our KG system could provide valuable and
accurate information in most cases. The more documents we
process, the more accurate correlations we can get from the
KG system.

4.2.3. The Formation of Geological Domain Dictionary. When
processing geological documents, new geological terminolo-
gies and their category labels are obtained from web crawler.
And they are added in our expanded geological domain
dictionary.

In our experiments, the original number of words in
geological domain dictionary is 11,062. And after processing
100 documents, the number of words in geological dictionary
is 13,227. Some results of geological domain dictionary are
in Figure 18, including geological terminologies and their
corresponding category labels.

5. Conclusion

This article proposes a novel approach to constructing KG
towards geological data. The proposed approach uses unsu-
pervised learning method with linked open data to pro-
cess geological documents and extract knowledge directly.
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FIGURE 17: An experimental result after searching several key
geological words.

Gname Gtag
185 (Aeration) WF TR EE LA TSR A KB AR ITE T S5 (chem
runoff) A MHEBE G (Higl and technolog;

j124(Side ditch) LEREBIA AR R TR TSR G R BIAE A B R
kM (ice dam) k20062 2007 BIEF.E7. Afh 21 tHEn A BIIRRR 8 AP RIER 8 L FARES
B (Sedimentyield) 7R FRATIE SEHEAL highar
i (Constant flow river) 7% IHETHE SEHAIFETIE « :@ifitechnologys Emvironmental Engir
BT (Perennial river) FAIMATIR SHEAIFEIIRE 1 . K Ztechnologys Environmenta
BiE (Tidal range) AR TEEARSEH ST F R ARRA L HF TR
B9 (Tide) $5 (Tide)

$Ri AT (City hydrology)  #138 HBEF KT 4757, 540 F(geography: geography hydrology: ec

FIGURE 18: The geological domain dictionary.

Through this approach, we accordingly achieve an effective
self-learning process for documents, form a geology glossary,
and complete the construction of KG based on the tech-
nologies of documents processing and dictionary expanding.
Furthermore, we design an application system of KG on the
basis of B/S working schema. Finally, the test on a large
number of geological documents is conducted and some
satisfactory results are obtained. In the future work, aiming
at the features of geological data, the knowledge extracting
approach in the KG is further improved to get more accurate
entities and relations.
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