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Abstract: This study focuses on technology hotspots, frontier identification, and trend analysis of high-tech foresight, and proposes 
a more complete analysis method based on previous studies. In the study, the authors consider robot technology as an example to 
identify hotspots and frontiers in conjunction with their development trends. The findings are immensely significant for the proposal 
of a technology list and for the allocation of the technology industry with respect to China’s engineering science and technology 
development strategy 2035.
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1  Introduction

In the year 2015, the “Research on China’s Engineering Sci-
ence and Technology Development Strategy 2035” project was 
jointly launched by the National Natural Science Foundation 
Committee and Chinese Academy of Engineering at the Chinese 
Academy of Engineering. The project aims include performing 
top-down systematic research, absorbing the collective wisdom 
of science and technology, industry, economy, and relevant man-
agement departments, condensing the strategic demand of Chi-
na’s industrial upgrading and economic and social development, 
scanning major common technologies and key scientific issues, 
and putting forward policy tools and management measures to 
promote and support engineering technology development in 
China [1]. Technology foresight is a technology development 

strategy assessment method used world-wide, and it strongly in-
fluences the technology list and technical industry layout in the 
2035 development strategy research of engineering science and 
technology in China.

Technology foresight is a systematic evaluation method. Its 
evaluation object corresponds to the scientific and technological 
field that significantly impacts industry competitiveness, the 
level of social development, and improvement in the quality of 
individual lives [2]. The aims of the evaluation method include 
more accurately analyzing future development trends in science 
and technology, making a more rational strategic plan for the 
development of science and technology in the region and in in-
dustry, combining the development of the country, society, and 
economy as well as the development of science and technology, 
optimizing the allocation of resources, and gaining competitive 
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advantage in science and technology [3,4]. In the complete 
evaluation process, identifying hotspot technologies and frontier 
technologies and predicting technological development trends 
are the most important issues of technical foresight that lead to 
increased research interest at home and abroad [5].  

In the present study, robot technology is considered as the re-
search objective to analyze the general process and basic idea of 
technology hotspots, frontier identification, and trend analysis. 
The thought and process of the analysis include a significant pro-
motion function and reference significance to the development 
of problems related to technology foresight. Furthermore, the 
analysis results provide strong support for the experts to put for-
ward a 2035 technical list and plan an industrial strategic layout.

2  Related works

The main aim of technology hotspots and frontier identifica-
tion, and trend analysis in current technology foresight mainly 
involves patent data by means of citation or cluster analyses and 
using indexes to determine technologies that are hotspots as well 
as frontier technologies and analyze the trends of these technol-
ogies. Hou et al. [6] used keywords and cited relationships to 
analyze the hotspots in wind turbine technology. Luan [7] ana-
lyzed a Boeing technology distribution based on high-frequency 
keyword extraction and patent quantity statistics. Huang et al. [8] 
used CiteSpace software to achieve patent reference clustering 
and analyzed technology hotspots and frontiers in the research 
area of air conditioning based on keyword frequencies, Burst 
value, and other development indexes. Common technology 
hotspot identification, frontier identification, and trend analysis 
indexes are as follows [9]:

(1) Patent quantity. The total number of patents in the same 
technical point reflects the richness of the invention activity 
of the corresponding technology industry. An increase in the 
number of patents indicates that invention activities of the corre-
sponding technology industries are more abundant [10]. 

(2) Technology maturity coefficient α. α = a/(a + b), in which 
a indicates the amount of invention-type patent application and b 
indicates the amount of utility model patent application. The in-
creasing proportion of utility model patent application indicates 
that the technology displays a tendency to mature [11]. 

(3) Technology aging coefficient β. β= (a + b)/(a + b + c), in 
which a indicates the amount of invention-type patent applica-
tion, b indicates the utility model patent application, and c indi-
cates the amount of the design patent or trademark application. 
The increase in the proportion of patent applications for designs 
indicates that technology development displays a tendency to 
stagnate [11].

(4) Invention patent rate. Invention patent rate = total amount 
of technology invention patent/total amount of the technology 
patent, and this is used to measure the level of technology devel-
opment. The difference between the index and the technology 

maturity coefficient involves evaluating the overall development 
level without considering the time change [12]. 

(5) Technology growth rate. Technology growth rate = the 
number of invention patents in a specific year/the total number 
of invention patents over the past 5 years. Technology growth 
rates are used to measure the evolution of technological activity 
and reflect on the rapid or slow change in technological innova-
tion over time [13]. 

(6) Number of authorized patents in the United States. The 
number of patents in which the priority country corresponds to 
the United States reflects the technical content of the technolo-
gy level since the United States patent application procedure is 
complex, involves high cost, and only patents with economic 
costs matching their technical results are applied in the United 
States [14].

(7) Current impact index (CII). CII = the sum of citation fre-
quencies of patents filed in the past five years, related to a spe-
cific hotspot in the current year / the sum of citation frequencies 
of all patents related to the technology field under consideration 
(robot technology) in the current year. The index reflects the 
impact and leadership of a specific technology in the technology 
field under consideration [15]. 

(8) Technical impact index (TII). TII = (the number of pat-
ents in the top 10% in the year of the technology/the number of 
patents in the year)/(the number of top 10% patents in which the 
technology was cited/the number of patents). This index better 
reflect the degree of technological leadership than the CII. An 
increase in the index increases the lead of the technology [16]. 

(9) Technical strength (TS). Technical strength = current im-
pact index × number of patents. An increase in the index increas-
es the technical strength [17]

(10) Technical independence. Technical independence = 
technology patent self-cited times/technology patent total cited 
times. This index reflects the degree of dependence of the tech-
nology on other technical points and its independent research 
and development (R&D) level. An increase in the technical 
independence index decreases the technology’s dependence on 
other technologies and increases the independent research and 
development level [18]. 

(11) Number of forward citations. This refers to the number 
of times that a patent is cited to measure the extent to which the 
technology affects subsequent technological developments. An 
increase in the index increases the importance of the technology 
[19].  

(12) Scientific relevance. This refers to the average number of 
patents cited in citing scientific literature that reflect the degree 
of relevance between the technology and scientific research. An 
increase in the index indicates a stronger relationship between 
technological innovation and scientific research [20].

(13) Burst value. By dividing the frequency of appearance of 
a keyword in a specific period by the frequency of the last peri-
od, a series of ratios is obtained, and the highest of these ratios 
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is considered as the Burst value of the technical field represented 
by the keyword. For example, if the number of occurrences of 
the word “pressure” before 2001 is N1, the number of occurrenc-
es between 2001 and 2005 is N2, and the number of occurrences 
between 2005 and 2010 is N3, Burst = Max ((N2/N1), (N3/N2)). 
The Burst value reflects the degree of sudden increase in patents 
in a technical field, and a higher Burst value indicates a higher 
proportion of recent patents in this field as a result of an increase 
in the patented research in that field.

In addition to using the index system to evaluate technology 
development, existing technology foresight studies typically use 
the Delphi method used in the first round of developing the tech-
nical foresight 2035 alternative technology list. However, the 
simple use of expert knowledge in decision-making has obvious 
problems. If the knowledge of technical experts is limited, then 
it is easy to form erroneous views, expectations, or assumptions 
at the outset. The results may cause difficulties in the conver-
gence of the prediction analysis, and this ultimately leads to the 
inability to effectively support decision-making. Therefore, with 
respect to expert analysis and foresight, it is necessary to provide 
experts with reliable data support such as technical development 
indexes.

The fore-mentioned indexes often target a single problem 
such as the effect of number of patents on the enrichment of 
technological inventions or the effect of growth rate on the tech-
nology development speed. Previous studies have examined the 
characteristics of single aspects, and thus, there is a paucity of a 
comprehensive and systematic analysis that considers several as-
pects. Therefore, in this study, we synthesize several indexes that 
are commonly used to reflect the technical development level, 
form a technical development level index system, and synthesize 
multiple factors to identify hotspots and frontiers in technology 
along with their development trends. The current scenario of 
technology development is more comprehensively presented to 
experts, so that experts can have a more detailed reference with 
regard to technical analysis and foresight and can make more 
accurate judgments.

3  Methods

To obtain the results of the analysis to provide support and 
reference for identifying important technologies in the 2035 
technology foresight list and inspire experts to better comple-
ment and adjust the list of alternative technologies, the present 
study adopts a series of patent analysis methods including auto-
matic thesaurus construction and keyword frequency analysis in 
the field of robot technology. In the analysis, the patent quantity, 
CII, TII, US authorized volume, TS, and other indexes were 
used to reflect on research in robotics technology and use the 
technology growth rate, technology maturity coefficient, inven-
tion patent rate, and other indexes to reflect on the technological 
frontiers of this single technology considered in the study. The 

research process is broadly divided into the following three 
steps: data acquisition, technical topic division, and identifica-
tion and trend analysis of technology hotspots and frontiers. The 
research process is shown in Fig. 1

3.1  Data source

The data used in the study are from the Thomson Innovation 
(TI) database of Thomson Reuters. The TI database contains all 
Derwent World Patents Index (DWPI) patents and information 
on 80 million patents from more than 90 countries and regions. It 
contains an entire PDF of the original data and title information, 
legal status information, and other deep-processing data includ-
ing the International Patent Documentation Center (IN-PADOC) 
legal status information. The use of the TI database as the data 
source ensures the adequacy and reliability of data.

Based on the “robot” theme, we formulated a query contain-
ing 336 Derwent manual codes, 185 patent classification num-
bers, and 53 keywords, and ruled out 19 Derwent manual codes 
and 95 patent classification numbers. To enter a query in the TI 
database search, all the years are selected to obtain a TI database 
that contains ‘robot’ theme patents. Information related to a total 
of 128 279 patents was retrieved, and the search date was March 
15, 2016.

3.2  Technical topic division

In patent analysis, the patent classification number is often 
used to classify the patented technical topics. However, there is 
a difference between the standard of patent classification and the 
classification of the problem that is examined. For example, it is 
difficult to connect the patent of a “robot joint” with a specific 
technology in the field of robotics. Therefore, the study uses 
the method of constructing the thesaurus to classify technical 
topics in the field of robotics. According to the Journal Citation 
Reports (JCR) Division Handbook of the Chinese Academy 
of Sciences, 2015, we selected the topics related to the robot-
ics domain only from the journal The International Journal of 
Robotics Research (which is the only journal in section A). We 
traversed all the keywords in the journal based on the frequency 
and breadth of technology to manually select 118 keywords in 

Data
acquisition

TI patent
data

Technical
topic division

Extract
keywords

Technology hot
spots, frontier

identification and
trend analysis

Top
journal
papers

Fig. 1. Flowchart of the research process.



137

Strategic Study of CAE  2017 Vol. 19 No. 1

the technical topic thesaurus.
All patent information was traversed based on the manual 

selection of technical topic thesaurus. If a word in the thesau-
rus appears in the patent Derwent abstract, then the content of 
the patent is considered as related to the word. The main patent 
content involves describing the corresponding technical point of 
the keyword and recording the term of the patent’s public time, 
priority countries, and patent priority person information for use 
in the subsequent analysis. 

3.3  Hotspot and frontier identification and trend analysis

3.3.1  Overview
After searching for keywords in the 128 279 patents and de-

termining that 33 220 patents contain keywords in the robotics 
thesaurus, the analysis was restricted to the 33 220 patents. Fig. 2 
shows the change in the number of patents with time. A small 
number of patents appeared in 1985, and the number of patents 
gradually increased with time. The development was smooth 
prior to 1993. There was a steady increase from 1993 to 2009, 
and the growth was faster in 2009–2013. The number of patents 
peaked in 2013 and then began to decline. A patent has a 3-year 
publicity period, and thus, it remains to be seen as to whether 
the number of patents after year 2013 has decreased. Generally, 
there is an increase in the number of patents in the field of robot-
ics.

3.3.2  Hotspot identification
It is necessary to understand the hotspots in the field of robot-

ics to identify the areas with issues in robotics, grasp the current 
state of robotics, and better develop technology layouts.

The number of patents in the field of robotics, the United 
States authorized volume, CII, TS, TII, forward citations, and 
scientific relevance indexes reflect the maturity of technologies 
in this field and these indexes are the focus of the study. All tech-
nical indexes are sorted by the patent number, and the top 20 are 
considered (Table 1).

As shown in Table 1, “motion control” is the keyword found 
in maximum number of patents filed in the field of robotics, and 
the number of related patents and various indexes are higher. 
Thus,  it is considered that the relevant research fields already 
possess a certain degree of technical maturity. The hotspot is 
followed by “mobile robot” that represents recent research in 
hot mobile robot technology. The number of patents related to 
“remote control” is ranked third, and this represents remote con-
trol technology. The number of patents in these two areas is also 
high, and their respective areas of technology tend to mature. 
There are a few other keywords with higher frequency in tech-
nical fields such as “flexible arm” and “position control.” They 
appear in several patents. However, the technical impact indexes 
are low, and it is necessary to further improve the respective ar-
eas of technical maturity.

3.3.3  Frontier identification
An understanding of the frontiers of robotics aids in identify-

ing emerging areas and cutting-edge trends in robotics develop-
ment and development, and in the better deployment of research 
and development technology. 

The patent change rate, technology growth rate, technology 
maturity coefficient, and invention patent rate in the field of 
robot technology reflect the development of technology in this 
field and help understand the frontier and development trends 
in the technology field. The first 20 of the technical points are 
sorted by the Burst value as listed in Table 2. To reduce the in-
terference wherein the publicity period of patents is not counted, 
the technology growth rate and other indexes are calculated for 
the year 2013.

As shown in Table 2, the Burst value, invention patent rate, 
and patent change rate for an “autonomous robot” are all higher; 
the research concerns increase rapidly, and the various indexes 
indicate that the technology is still in the development stage. It is 
considered that the related research field corresponds to the fron-
tier field. The hot words “dexterous hand” and “pneumatic sys-
tem” follow the same trend. The Burst values of these two fields 
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are also higher, the indexes reflect that these technologies are 
still in the development stage, and their areas of technology cor-

respond to frontier fields. There are a few technical fields with 
higher Burst values including “range finder” and “biped robot” 

Table 1. Indexes of the top 20 hotspot technologies.

Hotspot technology Number of patents Us authorized 
volume CII TS TII Forward citation Scientific 

relevance

Motion control 4 315 1 051 1.973 8 512.942 0.004 22 138 1.644

Mobile robot 3 511 452 2.808 9 859.703 0.003 21 933 1.857

Remote control 2 917 365 1.884 5 495.639 0.003 14 860 1.155

Robot hand 2 214 80 0.320 708.314 0.002 8 172 0.209

Laser scanner 2 013 325 0.338 679.788 0.002 9 725 0.551

Flexible arm 1 333 332 0.213 284.307 0.001 7 052 0.157

Motor control 1 056 147 0.711 750.758 0.001 4 295 0.452

Position control 1 036 86 0.196 202.548 0.001 5 325 0.261

Walking robot 918 21 1.138 1 044.236 0.001 2 686 0.365

Humanoid robot 900 87 0.604 543.873 0.001 2 799 1.049

User interface 806 473 0.196 157.581 0.001 10 880 4.362

Underwater robot 756 15 1.226 927.143 0.001 1 086 0.278

Force sensor 755 103 0.498 375.734 0.001 3 386 0.706

Service robot 644 52 2.577 1 659.701 0.001 1 497 0.475

Climbing robot 612 10 1.831 1 120.378 0.001 772 0.248

Parallel robot 427 11 0.906 387.056 0.000 1 157 0.330

Neural network 414 151 0.249 103.016 0.000 4 350 2.222

Artificial muscle 408 64 0.231 94.271 0.000 2 139 0.814

Robot manipulator 368 68 0.000 0.000 0.000 2 710 0.717

Ultrasound 362 189 0.018 6.434 0.000 4 713 2.367

Table 2. Indexes of the top 20 frontier technologies.

Hotspot technology Growth rate in 
2013

Maturity coefficient in 
2013

Patent change rate in 
2013 Invention patent rate Burst 

value

Autonomous robot 0.007 −1.333 1.150 0.968 6

Dexterous hand 0.026 −0.600 1.333 0.852 6

Pneumatic system 0.000 0.000 1.667 0.805 6

Torque control 0.002 0.800 0.529 0.938 6

Robot sensing −0.014 0.000 0.000 0.667 5.5

Biped robot −0.002 1.100 1.000 0.838 5

Range finder −0.005 3.800 0.963 0.891 5

Sensor fusion −0.009 0.000 1.500 0.786 5

Visual odometry 0.000 0.000 0.500 1.000 5

Wheeled robot −0.003 −0.600 0.800 0.917 5

Minimally invasive surgery 0.013 0.100 1.100 0.939 4.5

Adaptive control 0.011 0.000 1.400 0.961 4

Data fusion 0.035 −0.667 3.250 0.881 4

Formation control 0.022 −1.400 1.000 0.844 4

Image registration 0.000 0.000 0.200 0.971 4

Impedance control 0.000 0.000 0.833 1.000 4

Inertial measurement unit 0.032 0.000 1.889 0.950 4

Inertial navigation 0.019 −1.467 1.000 0.874 4

Linear programming 0.029 0.000 3.000 1.000 4

Reconfigurable robot 0.133 −0.6 0.571 0.769 4
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with a high Burst value. However, their technology growth rate 
and patent growth rate are not high while the technology maturi-
ty coefficient is high. This indicates that these technologies pre-
viously corresponded to frontier technology. Nevertheless, they 
are no longer considered as the frontier technology since their 
development is considered as mature.

3.3.4  Trend analysis of high-frequency technical fields
To analyze the relationship between the technical fields asso-

ciated with high-frequency keywords and the change in time, we 
selected five keywords with high frequencies that were plotted 
in Fig. 3 and Fig. 4 based on the relationship between the num-
ber of patents and the change in the technology growth rate with 
time, respectively. 

Fig. 3 and Fig. 4 show that the trend of patent quantity over 
time of “motion control,” “mobile robot,” and “remote control” 

technology fields is approximately the same as that of the total 
number of patents in the field of robotics. These technology 
fields are considered as fundamental in the field of robotics, 
and their development trend reflects the overall development 
of robotics. Furthermore, “robot hand” and “laser scanner” 
technologies were patented since 1985 and generally developed 
smoothly. These conclusions are consistent with the conclusions 
obtained in section “3.3.1 Overall overview” and further demon-
strate the rationality of the conclusions.

3.3.5  Distribution of the patentees in high-frequency technologies
To analyze the high-frequency keywords corresponding to 

technical areas that belong to certain companies, we selected 
six of the high-frequency terms based on the keyword statistics 
listed in Table 3. As shown in Table 3, the companies that master 
these basic technologies and hotspot technologies are mostly 
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Japanese companies such as Yaskawa, Honda, Canon, and Toy-
ota. Thus, Japanese companies mastered the basic technology 
of robotics and also conducted thorough studies on hot technol-
ogy; they constitute the robot technology patent power. Korean 
companies including Samsung Group and LG Electronics also 
have more patents mainly concentrated in the “mobile robot” 
and “remote control” technology research. The results show that 
Japanese researches and developments in robotics display more 
advances, although South Korea also displays strong potential in 
industrial robots and follows Japan.

4  Support for the 2035 technical list

The results of patent analysis in the field of robotics were 
submitted to an expert group working on “Research on China’s 
Engineering Science and Technology Development Strategy 
2035,” and the approval and support of the experts was obtained. 
In the process of modification of the technology foresight list, 
the analysis results of this study are considered as an import-
ant reference that provide data support for expert analysis and 
judgment. This support is mainly embodied in the following two 
aspects.

First, the results of the study provide support and reference to 
determine the importance of a particular technology in the list of 
alternative technologies. The technology related to “minimally 
invasive surgery” is highly correlated with the specialist surgical 
robot technology, and an “underwater robot” technique is highly 
correlated with underwater autonomous robot technology as well 
as “autonomous robot” and “adaptive control” technology that 
are highly correlated with the autonomous behavior technology 
of robots. Additionally, the new sensing technology, namely 
“artificial muscle” technology, is based on the fusion of life/elec-
tromechanical systems and is identified as a hotspot or a frontier 
to provide a strong support for the rationality of the alternative 
technology list, identify the possible sub technology hotspots 
and frontiers of the relevant technical points, and provide a ref-
erence for experts to determine further technical development 
descriptions and layouts.

Conversely, the results of the study inspired experts to sup-
plement and revise the list of alternative technologies. The 
research method identified the technology hotspots of “mobile 
robot,” “remote control,” “walking robot,” and technology fron-
tiers of “biped robot” and “adaptive control” that are highly cor-
related to space exploration robot technology. It also fully illus-
trates the necessity and feasibility of the development of space 
exploration robot technology and technology hotspots including 
“humanoid robot,” “neural network,” and “sensor fusion” that 
are highly correlated with robot technology based on brain sci-
ence and brain cognition and provides better data support for 
the development foreground of robot technology based on brain 
science and brain cognition. Experts were inspired by this to add 
space exploration robot technology and robotics based on brain 
science and brain cognition to the list of alternative technologies 
in developing the second-round list. Table 4 presents a detailed 
picture of the second-round list of alternative technologies.

5  Conclusions

In this study, multiple indexes based on the index system 
analysis method were comprehensively used to analyze the 
field patents in the field robot technology, identify technology 
hotspots and frontiers of robot technology, and perform trend 
analysis to promote research in the field. The results of this study 
were used as an important reference basis in the process of the 
modification of the technology foresight list, and the optional list 
of the first round was adjusted given the experience of experts in 
the relevant field. The analytical thought and process proposed 
in the study possess a strong promoting function and reference 
significance for addressing problems related to technology fore-
sight, and the analysis results provide a strong support for ex-
perts to put forward a 2035 technical list and plan the industrial 
strategic layout.

The following conclusions were obtained by the process of 
patent analysis in the field of robotics. First, robot technology 

Table 3. Distribution of patentees in high-frequency technologies.

Hotspot technology Patentee Patent quantity

Motion control YASKAWA 78

SONY 48

MITSUBISHI 46

CANON 41

PANASONIC 39

Mobile robot HONDA 162

TOYOTA 137

SAMSUNG 112

LG 81

SONY 77

Remote control SAMSUNG 44

LG 38

MITSUBISHI 26

TOSHIBA 22

HITACHI 19

Robot hand SEIKO 115

TOYOTA 108

FANUC 61

MITSUBISHI 48

KAWASAKI 44

Laser scanner CANON 130

KYOCERA 41

RICOH 39

MINOLTA 28

KONICA 25
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has steadily developed from a time distribution viewpoint. Ac-
cording to the relationship between the number of patents and 
time, this study uses the index system to analyze the previous 
research on the basic technologies of “motion control” and “mo-
bile robot” in the field of robotics as well as new hotspot tech-
nologies including “autonomous robot,” “dexterous hand,” “robot 
manipulator,” and “artificial muscle.” Second, from a regional 
distribution viewpoint, robot-related technologies are mainly 
concentrated in Japan and South Korea. Japan’s strength in R&D 
in the field of robotics provides it a higher advantage. South 
Korea also displays strong strength in terms of robotics research 
and development. Summarizing and classifying the technologies 
that are considered as popular and advanced, this study identified 
relatively mature technologies including “motion control” and 
“mobile robot,” as well as emerging hot technologies such as 
“autonomous robot” and “dexterous manipulator” as areas with 
immense research potential, similar to topics such as “robot ma-
nipulator” and “artificial muscle.” Additionally, a simple analy-
sis was performed on three types of technology with respect to 
enterprise layout technology research and development. 

To better identify technology hotspots and frontiers, analysis 
based on the literature data from Web of Science, network data 
such as network news and technology blogs, and patent data can 
be used to compare and analyze different levels of technology 
development status in the future. This approach may be more 
instructive for the development of a national strategy and the 
layout of an enterprise.
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