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Abstract
The development of network and information technology has brought changes to the production

environment of scientific and technological information, leading to the integration of multi-type scien-
tific and technological information, which has become one of the primary research focuses in the cur-
rent field of scientific and technological information analysis. This article proposes a basic mode to
realize the fusion of multi-type scientific and technological information, expounds the corresponding
basic construction method, and applies it to the scientific and technological topics identification in
the field of artificial intelligence (AI). The research results show that the multi-type scientific and
technological information fusion mode proposed in this article has certain feasibility in specific appli-
cation scenarios, which lays a foundation for the subsequent research work.
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0　 Introduction

The development of network and information tech-
nology brings great convenience to the acquisition of
scientific and technological information, but the in-
creasingly large scale and different types of scientific
and technological data bring challenges to the analysis
of scientific and technological information. In recent
years, the analysis object of scientific and technological
information has changed from a single-type scientific
and technological information to a multi-type scientific
and technological information. Because multi-type sci-
entific and technological information have their own
characteristics in terms of data and content, it is neces-
sary to realize the multi-type scientific and technologi-
cal information fusion in specific application scenarios.
The research and application of information fusion
method in the field of sensor and automation are rela-
tively mature, but research and application of scientific
and technological information analysis is still in the ex-
ploration and research stage. In recent years, some
scholars have classified the types of scientific and tech-
nological information and put forward the application
direction of scientific and technological information fu-
sion[1-2]; some scholars try to combine data and geo-
space for fusion of scientific and technological data [3],

or explore the fusion of multi-source heterogeneous in-
formation from the level of data features[4] . However,
there is no consensus on how to conduct the mode and
methods of scientific and technological information fu-
sion. This article analyzes and summarizes the existing
problems in the existing scientific and technological in-
formation fusion research, combined with the specific
application scenarios, puts forward a three-layer basic
mode of multi-type scientific and technological informa-
tion fusion, and carries out its application of relevant
methods.

1　 About the information fusion research

Information fusion is a technology that integrates
information from the same types and structure or differ-
ent types and structure to obtains unified results. It
originates from multi-sensor applications in the field of
military and automation. Based on multi-sensor data,
scholars have developed a series of information fusion
methods to achieve tasks such as situation recognition.
Subsequently, the concept and method of information
fusion have been continuously expanded to remote
sensing, transportation and other fields, and the ‘ in-
formation’ sources used for fusion have also been ex-
tended from multi-sensor data to automated systems,
data warehouses. Taking the algorithm concept as the
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standard, this article divides the information fusion
method into the following three types. ( 1 ) Method
based on the physical model. This method is based on
the physical features of the identified object, which is
usually of high complexity. It is mostly used for sensing
and detection research[5], and it is difficult to be ap-
plied to the field of scientific and technological infor-
mation analysis. (2) Method based on the parameter
classification. The method integrates the input informa-
tion based on statistical theory and information theory.
The fusion algorithm based on statistical theory in-
cludes classical reasoning method, Bayesian algorithm,
Dempster-Shafer ( D-S ) evidence theory algorithm,
etc. Classical reasoning method is only applicable to
the judgment between two assumptions. Bayesian algo-
rithm has difficult prior probability definition[6] . D-S
evidence theory algorithm as a generalized expansion of
Bayes theory, considers the overall uncertainty, but
there are also ‘exponential explosion’ and ‘ evidence
conflict’ problems[7] . (3) Method based on the cogni-
tive model. The method mainly includes fuzzy set theo-
ry, knowledge system. Fuzzy set theory can solve the
problems of imprecise, incomplete and unreliable fu-
sion results under the condition of complex environ-
ment, noise interference and unstable recognition sys-
tem. In the process of fusion, the importance of the in-
formation source is considered, which is highly practi-
cal, and is mostly modeled through ontology in practi-

cal application. In the field of scientific and technolog-
ical information analysis research, at present multi-
types scientific and technological information fusion is
still lack of unified mode and construction method,
most related researches focus on the level of relation-
ship fusion. Some scholars integrate references, cited
relationship of patent and paper data to evaluate emer-
ging technology[8], and in other levels of information
fusion research are in the exploration stage, in addition
to specific information fusion methods need to be com-
bined with specific application. Therefore, it is very
necessary to carry out the fusion mode and application
research of multi-type scientific and technological infor-
mation.

2　 Basic mode and construction method of
scientific and technological information
fusion

This article suggests that scientific and technologi-
cal information fusion can be divided into three essen-
tial phase: data level, relationship level and content
level according to the different levels of scientific and
technological information fusion. Based on these three
levels, this article proposes a three-layer basic mode of
scientific and technological information fusion, which
includes feature integration, relationship fusion and
cluster fusion, as shown in Fig. 1.

Fig. 1　 Three-layer basic mode of multi-type scientific and technological information fusion
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2. 1　 Construction of feature integration
Feature integration refers to the integration of the

internal features ( such as title, abstract, key words,
etc. ) and the external features (such as author, pub-
lic time, time cited, etc. ) of multi-types scientific and
technological information into a unified framework, as
shown in Fig. 2. The construction of feature integration
includes three steps: feature matching, feature split-
ting, and data filtering. (1) Feature matching is the
analysis and feature mapping of data with the same fea-
ture but different identities. For example, the title field
of a certain paper is characterized as ‘PIANMING’ in
CNKI(China National Knowledge Infrastructure) data-
base and ‘ TIMING’ in WANFANG database. For
such paper data, it is necessary to unify the title field.
It means that the title fields are unifiedly named ‘ ti-
tle’, and then researcher adopts a way of heterogene-
ous weighted to achieve linear fusion of the papers.

(2) Feature splitting. Feature split includes two cases
such as multi-value same feature and multi-value dif-
ferent feature. Multi-value same feature such as au-
thor, organization, keywords and other features needs
to be split. Multi-valued different feature such as the
cooperative patent classification (CP) field in the De-
went database contains both the patent number and the
author of the reference patent. This field contains dif-
ferent data features and needs to be split. (3) Data fil-
tering. Different types of data are consistent in con-
tent, so many data are repeated. For example, many
of the same journals are included in Science Citation
Index ( SCI) and Engineering Index (EI) databases.
The key of data filtering is to determine the unique
identification of data and remove duplicate data. For
example, Digital Object Identifier (DOI) can be used as
a unique identification for data. The unique identifiers for
different types of data are different and need to be inte-
grated according to the specific situation of the data.

Fig. 2　 Feature integration framework

2. 2　 Construction of relationship fusion
Relationship fusion aims to obtain the relation-

ships of different types of data, such as structural rela-
tionship ( such as citation, classification, co-citation,
co-author, etc. ), theme relationship ( subject word
co-occurrence), semantic relationship, etc. , and then
integrate multiple relationships into a new relationship.
There are two main methods of relationship fusion.
(1) Calculate the multiple distance matrices to obtain
the relationship fusion matrix. Some scholars according
to the different research scenarios of the author-litera-
ture matrix, literature-journal matrix, word co-occur-
rence matrix, word-literature matrix, references-litera-
ture matrix, author co-occurrence matrix, author-insti-

tutions co-occurrence matrix and institutions-country
matrix, respectively in the field of subject classifica-
tion, knowledge creation and process analysis among
scientific publications, summarizes the field of knowl-
edge exchange mode in application scenarios[9-10] . (2)
Use the theme model method as Latent Dirichlet Allo-
cation (LDA) for relationship fusion. The method in-
troduces two attributes of author and publication time
based on LDA, which is used to explore the implicit
themes in the scientific and technological literature and
the law of the author􀆳s research interest over time[11] .
Integrate the author cooperative network and the patent-
inventor network into a new heterogeneous network,
and use the network to rank the importance of invent-
ors[12] . Different types of data have different relation-
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ships, so the relationship needs to be constructed ac-
cording to the specific situation of the data. This article
adopts a new method of relationship fusion, as shown
in Section 3.

2. 3　 Construction of the cluster fusion
Cluster fusion refers to the fusion of multi-type da-

ta content. The clustering algorithm can use the same
clustering algorithm or different clustering algorithm,
fusion method mainly uses fusion cluster to get the final
clustering results, the basic construction process of
cluster fusion can be described as follows: considering
N data types of dataset, X = {x1,x2,…,xN}, xi =

{ xi1, xi2,…, xiH}, i represents the ith data type
i = 1,2,…,N( ), H is the number of Hth data types.

Dataset X yields a cluster membership set of N cluster
results, β = {β1,β2,…,βN}, where the cluster result
of the ith data type, βi = { ci1, ci2,…,
cik} i = 1,2,…,N( ), k is the number of clusters of
cluster members. The purpose of cluster fusion is to
fuse all the cluster members ( β1, β2,…, βN ) into a
new cluster result βθ through the fusion function θi, as
shown in Fig. 3. The content of different dataset is dif-
ferent, so it is necessary to choose the appropriate
cluster fusion algorithm according to the specific appli-
cation situation.

Fig. 3　 Cluster fusion process

3　 Construction example and application of
multi-type scientific and technological in-
formation fusion mode

The construction of scientific and technological in-
formation fusion mode is closely related to the specific
application. This article takes the study of topic identi-
fication in the scientific and technological field as an
example to explain the specific construction process of
this mode. Due to the increasingly abundant sources of
scientific and technological information, the informa-
tion available for topic identification is more diverse,
so how to correctly identify topic from multi-type scien-
tific and technological information is one of the re-
search hotspot of scientific and technological informa-
tion analysis, and it is also the basis of scientific and
technological prediction. Therefore, this article uses
the basic mode and construction method of multi-type
scientific and technological information fusion men-
tioned above for the research of topic identification.
The specific implementation process is shown in Fig. 4.

3. 1　 Realization of the construction process of sci-
entific and technological information fusion
mode

As shown in Fig. 2, this article selects scientific
and technological papers ( journal papers and confer-
ence papers), patents and science and technology pro-
jects as multi-type data, and expounds the specific im-
plementation methods of information fusion from three
levels of feature integration, relationship fusion and
cluster fusion.

(1) Feature integration. Select a scientific and
technological field as the analysis object, and collect
the data of conference papers, journal papers, patents
and science and technology projects from various
sources in the field. After feature matching, feature
splitting and data filtering, the title, abstract, key uni-
fied words, classification code and other features are
integrated into a consistent form.

(2) Relationship fusion. Relationship fusion needs to
obtain different relationships according to different applica-
tion scenarios. It mainly forms a text similarity matrix based
on semantic, classification and citation relationship.
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Fig. 4　 Implementation process of scientific and technological topic identification based on multi-type information fusion mode

　 　 Step 1　 Build the text vector to obtain the seman-
tic relationships. Firstly, extract the title and ab-
stracts, classify, stop words, and select Doc2vec mod-
el[13] as the text vectorization technique to construct
text vector.

Step 2　 Construct the classification vector to ob-
tain the classification relationship. Firstly, the classifi-
cation information of the literature is obtained. For ex-
ample, the papers are downloaded from EI database
that contains the EI classification number, and the arti-
cles are downloaded from Web of Science that contains
the research direction, so the classification information
of the article can be obtained from the EI classification
number and research direction from Web of Science.
The classification information of the patent can be ob-
tained from the International Patent Classification
(IPC) number of Dewent database. The classification

vector is then constructed by using the acquired classi-
fication information. The element values of a vector are
the common classification strength between this litera-
ture and other literature, that is, the ratio of the num-
ber of common classification number between the two
literatures to the classification number of the two ele-
ments. The higher the number of common classification
numbers in the two literatures, the more similar the re-
search topics of the two literatures are. The calculation
formula of the classification vector element value is

　 　 Aij =
B ij

C ij
(1)

where i, j represent the ith and jth literature respec-
tively; Aij represents the jth-element value of the i liter-
ature; B ij represents the number of common classifica-
tion numbers in the ith and jth literature; and C ij repre-
sents the union number of classified numbers in the ith
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and jth literature.
Step 3 　 Build a reference vector to obtain refer-

ence relationships. The reference vector is constructed
according to the reference of the literature, and the el-
ement value of the vector is the common citation inten-
sity value of the literature and other literature, that is,
the ratio of the number of common references to the
union number of both references. The formula for cal-
culating the vector element values can refer to
Eq. (1). 　

Step 4 　 Relationship fusion is the vector fusion.
The constructed text vector, classification vector and
reference vector are integrated to obtain the multi-rela-
tionship vector of the literature. If the text vector of a
literature is [a1,a2,a3,…,an], the classification vec-
tor is [b1,b2,b3,…,bn], and the reference vector is
[c1,c2,c3,…,cn], the multi-relationship fusion vector
is [a1,a2,a3,… ,an,b1,b2,b3,…,bn,c1,c2,c3,…,
cn]

(3 ) Cluster fusion. Calculate the distance and
similarity of the relationship fusion vector in space to
form the text similarity matrix, and then select the
clustering algorithm K-means[14] to cluster the text con-
tent of multi-type literature. After the clustering of text
content, the cosine similarity calculation method is
used to realize the fusion of multi-type scientific and
technological topics.

3. 2　 Experiments and analysis
Due to the lack of comparable models and meth-

ods for the multi-type information fusion, this article
validates the proposed mode and methods by analyzing
historical data and comparing them with the conclu-
sions of classic scientific and technological reports.
Based on the considerations of data availability and
completeness, this article selects scientific and techno-
logical papers, patent data, and project data in the
field of artificial intelligence (AI) as examples to ex-
plore the feasibility of the methods described above.
The data for the paper is sourced from international ac-
ademic journals recommended by China Computer Fed-
eration (CCF) in the field of AI, which is included in
the EI database. The conference paper data is obtained
from the Conference Proceedings Citation Indices (CP-
CI) database and EI database, which is the core data-
sets of Web of Science. The total number of paper is
12 230. The patent data is taken from the Derwent Pa-
tent database, with a total of 11 680 patents. The pro-
ject data is obtained from the National Science Founda-
tion (NSF) database in the United States, with a total
of 1 126 projects. The retrieval time of three types data
is from January 2017 to January 2021.

The experimental results obtained by the method
described above are shown in Table 1. Table 1 shows
the scientific and technological topics identified based
on scientific and technological papers, patents, and
project data respectively, as well as the scientific and
technological topics identified by integrating three types
data. It can be observed that the results of identifying
scientific and technological topics using a single dimen-
sion of scientific and technological information are lim-
ited in both quantity and content, while the scientific
and technological topics obtained through the use of
scientific and technological information fusion methods
have advantages in both quantity and content. In terms
of the number of topics, 11 topics can be identified
based on papers, 13 topics can be identified based on
patents, 3 topics can be identified based on projects,
and 15 topics can be identified using the scientific and
technological information fusion method proposed in
this article. From the perspective of topic content,
compared with the papers-based method, the results of
using the information fusion method proposed in this ar-
ticle for scientific and technological topic identification
have added 6 topics including intrusion and anomaly
detection technology, interpretability of deep learning,
long short-term memory neural networks, deep learning
clustering models, deep belief networks and human ac-
tion recognition technology. Compared with the pa-
tents-based method, 7 topics have been added inclu-
ding target detection and recognition technology, intru-
sion and anomaly detection technology, interpretability
of deep learning, deep neural networks, feature extrac-
tion techniques, deep transfer learning, and deep rein-
forcement learning. Compared with the projects-based
method, 12 topics have been added including image
segmentation technology,image enhancement technolo-
gy,generative adversarial networks, image reconstruc-
tion technology, deep transfer learning, deep reinforce-
ment learning, deep neural network, feature extraction
technology, long short-term memory neural networks,
deep learning clustering model, deep belief networks
and human action recognition technology and so on.

It is found that the scientific and technological
topics obtained by the use of information fusion method
proposed in the article, such as reinforcement learn-
ing, interpretability of deep learning, feature extrac-
tion, image classification, object detection, generative
adversarial networks, semantic segmentation, etc. , all
appear in the AI development reports issued by impor-
tant research institutions. For example, Stanford
University􀆳s ‘ Artificial Intelligence and Life 2030 ’
points out that reinforcement learning will shift its focus
to decision-making, but it has not achieved substantial
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success in practice. The report points out that the rapid
development of deep learning has provided a strong
boost to reinforcement learning. The emergence of deep
learning has promoted the combination of reinforcement
learning and deep learning, giving rise to a new learn-
ing method, i. e. , deep reinforcement learning. The
report points out that deep reinforcement learning is
one of the research trends in the field of AI. In January
2021, the AI Research Institute of Tsinghua University
and the Tsinghua Chinese Academy of Engineering
Knowledge Intelligence Joint Research Center jointly
released the ‘Artificial Intelligence Development Re-
port 2020’, which mentioned that reinforcement learn-
ing and interpretability of AI were one of the key scien-
tific and technological directions for future develop-

ment. The report points out that deep learning net-
works are in a period of expected inflation. After 2 - 5
a, deep learning networks would enter a mature stage.
The report also pointed out that enhanced intelligence,
including image enhancement, is a new direction of
AI, which is currently in the research stage and is one
of the research directions that urgently needed break-
throughs. The 6 hot topics identified in this article,
such as deep neural networks, feature extraction, im-
age classification, object detection, generative adver-
sarial networks, semantic segmentation, etc. , all ap-
pear in the top 10 hot research topics of AI in this re-
port. This indicates that the identifying topics method
proposed in this study has certain feasibility and relia-
bility.

Table 1　 Comparison example of identifying topics before and after applying information fusion mode and method

Topics obtained
based on papers

Topics obtained
based on patents

Topics obtained
based on projects

Topics obtained after applying
information fusion mode and

method

Deep neural network Predictive algorithms
and models

Interpretability of
deep learning

Target detection and
recognition technology

Classification algorithms
and models

Image classification
technology

Target recognition and
detection algorithm

Intrusion and anomaly
detection technology

Target recognition and
detection algorithm

Object detection
technology

Intrusion detection
model Image segmentation technology

Image segmentation
technology

Long short term memory
neural network Image enhancement technology

Image enhancement
technology

Generative adversarial
networks Generative adversarial networks

Feature extraction
technology

Image segmentation
technology Image reconstruction technology

Generative adversarial
networks

Image reconstruction
technology Interpretability of deep learning

Image reconstruction
technology

Abnormal detection
technology Deep neural network

Abnormal detection
technology

Image enhancement
technology Feature extraction technology

Deep transfer learning Deep learning clustering model Deep transfer learning

Deep reinforcement
learning Deep belief network Deep reinforcement learning

Human motion
recognition technology Long short-term memory neural network

Text classification technology Deep learning clustering model

Deep belief network

Human motion recognition technology
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4　 Conclusion

At present, the relevant research of information
fusion mode and method in the field of scientific and
technological information analysis is not mature, and
there are problems such as insufficient depth of infor-
mation fusion and lack of unified fusion mode. There-
fore, building upon the review of related research on
information fusion, this article proposes a basic mode
for the fusion of multi-type scientific and technological
information from three levels: feature integration, rela-
tionship fusion, and cluster fusion. Empirical research
on the problem of topic identification is conducted.
The results show that the multi-type scientific and tech-
nological information fusion mode and method proposed
in this article are more accurate than the topic identifi-
cation methods based on a single-type of science and
scientific information, which is conducive to the better
scientific and technological prediction research in the
future.

There are still some shortcomings in the research
in this article as follows. (1) The data used in this ar-
ticle is relatively limited, so the relationship fusion of
the data in the article is not sufficient. If future re-
search can supplement the reference information of pa-
pers and patents, the identification results will be more
accurate. (2) The calculation workload of data in this
article is large, and the designed scientific and techno-
logical information fusion method needs to be further
optimized to shorten the training time.
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