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a b s t r a c t

China is one of the world’s largest manufacturers and consumers of Radio Frequency Identification (RFID)
applications. Current estimates show that China will need over 3 billion RFID tags to satisfy demand in
the year 2009. The applications for RFID patents have spread across a very diverse range of inventions
and in the future it is likely that most products manufactured in China will contain an RFID tag. China’s
RFID industry has grown along with the demand and researchers are making significant technological
advances. In this research, patent data from the State Intellectual Property Office of the People’s Republic
of China (SIPO) have been used to explore RFID technology development and its trends. Patent abstracts
containing the keyword and phrase ‘‘RFID” and ‘‘Radio Frequency Identification” were collected for anal-
ysis, content extraction, and clustering. In total, 1389 patents from the SIPO database covering the years
1995–2008 were retrieved and archived for analysis. Patents provide exclusive rights and legal protection
for inventors, play an important role in the development and fair diffusion of technology, and contain
detailed specifications necessary to define and protect the boundaries of an invention. Through patent
analysis, companies monitor the development of technology and evaluate the position of potential com-
petitors in the market. This research introduce a methodology which combines patent content clustering
and technology life cycle forecasting to find a niche space of RFID technology development in China.

A patent content clustering method is used to cluster different patent documents into homogenous
groups, and then technology forecasting is applied to evaluate possible market opportunities for future
inventors and investors. The results suggest that the cluster called RFID wireless communication devices
has entered the saturation stage and thus provides limited opportunity for development. Four other clus-
ters; RFID concepts and applications, RFID architecture, RFID tracking implementation, and RFID trans-
mission apparatus, have entered the mature stage. The RFID frequency and waves cluster appears to
be in early growth stage with good development potential. Since the technology related to basic RFID
concepts and devices has reached a mature stage in China, the research and development seems to be
targeting the improvement of the RFID frequencies and waves as a means to develop more reliable RFID
systems and applications.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Radio Frequency Identification (RFID) tags are small silicon
microchips (often less than 1 cm) designed as wireless identifica-
tion systems to store and broadcast information while tracking
things or people. RFID tags equipped with an antenna send infor-
mation to readers which can be placed hundreds of meters away.
RFID technology has a wide range of applications including retail
inventory management, drug security, customer service, national
defense, and health care [1]. RFID greatly reduces management
ll rights reserved.
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and labor cost and enhances the efficiency and security of business
processes by adding a ‘‘voice” to the objects it is attached to. The
barcode is being replaced by RFID technology and this substitution
has increased the demand for related market applications, prod-
ucts, and services.

Since RFID automatically broadcasts signals, it facilitates a
myriad of processes such as inventory control, delivery, pricing,
product recall, and real time accounting [2]. Thus, the retail and
logistics industries have accepted RFID technology as an impor-
tant means to monitor, manage, and control business processes
[3]. For example, BEA Systems predicted that Wal-mart would
save up to US $8.35 billion per year after building RFID capabili-
ties into their supply chain [4]. IDTeckEx reported that the global
market scale for RFID products and systems was US $4.93 billion
in 2007 and US $5.29 billion in 2008. The products and systems
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include tags, readers, software and services for RFID cards, labels,
and chips [5]. ABI research estimates that global RFID expendi-
tures will exceed US $8.49 billion in 2012 with the Asia–Pacific
region to become the largest user of RFID tags [6]. Clampitt also
claims that China will be the largest potential RFID market of
the world [7]. Fig. 1 shows the RFID global market distribution
in 2008 with China and the US leading the world in sales [5].

In 2008, China’s Gross Domestic Product experienced a growth
of 9% [8] and was the global leader in receiving foreign direct
investment [9]. China is widely recognized as an important player
in this high-tech industry [10], requiring the investors to better
understand the marketplace and players before committing invest-
ments. China RFID technology was first deployed in the transporta-
tion industry and included rail car and freight container
identification systems, entrance guard systems, parking lot control
systems, and highway toll systems. Research by Wu et al. showed
that the efficiency of global supply chain and the domestic logistics
infrastructure and manufacturing operations would increase if Chi-
na’s manufacturers placed more RFID tags on pallets and cases
[11]. Fig. 2 illustrates the scale of China’s RFID market for the years
2006–2008 and forecasts the sales volume for the years 2009–
2011.

Patents contain detailed specifications used to define and pro-
tect the legal use boundaries of an invention. Through patent anal-
ysis, companies can monitor the development of a technology and
evaluate the position of potential competitors in the market. This
research uses patent content analysis to map the current RFID
technology development trends in China. The methodology first
clusters patent documents into homogenous groups and then ap-
plies a technology forecasting model to evaluate possible market
opportunities for new patent research and development.
2. Patent content analysis methodologies

Since patents provide exclusive rights and legal protection for
inventors, patents play an important role in the development and
fair diffusion of technology. Patent data analysis has been used to
gain insights into various economic and social issues [12–15]. For
example, Stern, Porter, and Furman [12] used patent data from
the years 1973–1995 to model and explain the growth of innova-
tion between seventeen nations. Crosby [13] used Australian pat-
ent data to discuss the relationship between workforce levels
and economic growth and to predict the impact of subsidies and
foreign technology. Marinova [14] discussed the patent activities
of East European countries in the US and Jung and Imm [15] stud-
ied patents from 1988 until 1998 to compare the different patent
application procedures in Taiwan, South Korea and the US.

Other researchers have used patent data to analyze the techno-
logical ability between competitors and within industries to help
corporations form technology strategies [16–18]. Liu and Shyu
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Fig. 1. RFID global market distribution in
[16] used patent data to study the technology development of Tai-
wan’s LED and TFT-LCD and provide directions and strategies for
business planning. Stuart and Podolny [17] applied patent data to
analyze the technological abilities and evolution of Japanese semi-
conductor companies. Ernst [18] discussed the relationship be-
tween the quantity and quality of patents and business
operations after studying 50 German machine tool companies. This
research applies patent map analysis, patent document clustering,
technology forecasting, and technology life cycle analysis to ana-
lyze the content of patent abstracts. Fig. 3 depicts the patent con-
tent analysis process.
2.1. Patent map analysis

Patents archived in most patent databases contain a variety of
information such as the publication and application date, the appli-
cants, the inventors, and the international classification number.
Patent map analysis uses this information to create general sum-
maries. One such summary is the patent count which can be ex-
pressed as a cumulative patent count or as yearly patent count.
Cumulative patent counts reflect the technology life cycle which
in turn can be used to determine the development stage of the
technology. If analysts know the development stage of the technol-
ogy, it is possible to forecast future trends and predict market sat-
uration levels. Knowledge about the maturity and future market
growth of technology innovations helps researchers decide
whether to continue investing resources or switch research
directions.

Patent analysis can also be used to compare the strategic indus-
try positioning between nations. By analyzing patent counts or the
number of applicants from different countries, researchers can
quickly determine which countries are taking the lead in different
areas of a technology. Inventor profiling is used to identify inven-
tors with the most patents, to analyze the contributions of a spe-
cific inventor, and to link the inventors to the companies that
share in the ownership and application of the invention.
2.2. Technology and patent document clustering

Clustering is widely used for text mining, pattern recognition,
webpage analysis, and marketing analysis [19,20]. Clustering is
used to separate a heterogeneous population into a number of
homogeneous subgroups without predefined classes [21]. The pur-
pose of clustering is to select elements that are as similar as possi-
ble within groups but as different as possible between groups.
Groups are clustered based on entities’ similarity according to
specified variables and the meanings of clusters depend on the
context of the analysis. In this research, the clustering technique
proposed by Hsu [22] has been used to extract clusters from China
RFID patent documents. The process includes data preprocessing
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Fig. 2. Scale of China’s RFID market (2006–2011). Data source: ICT Country Report, MIC, July 2008.
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and key phrase extraction, key phrase correlation measure, patent
technology clustering and patent document clustering. Since Hsu
used English patent documents, some of the processes are modi-
fied to accommodate Chinese language patent analysis.

2.2.1. Data preprocessing and key phrase extraction
Patent document key phrase extraction requires preprocessing

the patent documents into a standard format. The standard format
is created by removing the spaces between words and phrases.
Then, word processing software is used to count the frequencies
of words and phrases. An ontology serves as the specification of re-
lated concepts used to extract meaningful words and phrases from
the patent document. Since the ontology is domain specific, ex-
perts must define the keywords and phrases related to the patent
concepts. Then, the concept related keywords and phrases of the
patent document are extracted for analysis. The frequency of these
keywords and phrases are used as input for patent technology
clustering.

The RFID ontology tree for this research is a modification of
the tree originally defined by Pitzek [23]. Since the RFID patent
documents downloaded from SIPO use simplified Chinese charac-
ters, the 46 English phrases of the original ontology were trans-
lated into Chinese. Fig. 4 shows the ontology and the simplified
Chinese character translation for the Chinese language RFID
ontology tree.

2.2.2. Key phrase correlation measures
The key phrase extraction generates a list of important phrases

from each patent document which is then used to form logical link
between ideas and methodologies. Hsu et al.’s [24] algorithm uses
four stages for key phrases analysis. First, the patent document is
transformed into a key phrases vector by analyzing the frequency
of the keywords and phrases. Second, by eliminating redundant
phrases, the key phrase frequency vector is derived. Third, the cor-
relation values between key phrases are computed as shown in
Formula (1). Finally, the number of different key phrases occurring
in the document is used to derive the correlation coefficients as
shown in Table 1.

Rij ¼

PND

l¼1
Xi;lXj;l � ND

�Xi
�XjffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPND

l¼1
X2

i;l � ND
�X2

i

� � PND

l¼1
X2

j;l � ND
�X2

j

� �s ; ð1Þ
where ND is the total number of documents and Xi;l is the number of
key phrase I occurring in document Dl.

2.2.3. Patent technology clustering
Once the key phrase correlation matrix is derived, it is used for

patent technology clustering. The key phrase correlation matrix is
the input for the clustering algorithm and represents the technol-
ogy contained in the patent documents. By applying the key
phrases correlation matrix as input, the K-means algorithm gener-
ates patent technology clusters. Patent technology clusters provide
insight into the relationships between patents.

2.2.4. Patent document clustering
Patent document clustering, unlike technology clustering which

clusters technology represented by key phrases, splits many docu-
ments into groups according to the similarity between documents.
Using the K-means algorithm, the technology clusters which are
generated from the correlation matrices are then used as the key
variables to cluster patent documents. As shown in Table 2, the
matrix is constructed as an input for patent document clustering.
There are two major patent classification systems; the Interna-
tional Patent Classification (IPC) and the United States Patent Clas-
sification (USPC) system. However, patents with the same
classification code may be entirely different. To solve this problem,
patent document clustering derives the internal relationship based
on the key aspects of the technologies and groups patents that are
within the same technology field. In addition to generating the
characteristic of each patent document cluster, the frequency of
each key phrase (KP) appearing in each patent cluster is calculated
as shown in Table 3. KPn is a representative phrase of the patent
cluster TCM if the Fnm is the largest frequency among TC1–TCM.
For example, if F12 is the largest frequency among TC1–TCM, then
KP1 is a representative phrase of TC2; if F32 is also the largest fre-
quency among TC1–TCM, then KP3 is also the representative phrase
of TC2. Thus, TC2 may have several representative phrases, such as
KP1, KP3, KP18, KP23, and KP41. Thus, the characteristics of cluster
TC2 are defined using these KPs.

2.3. Patent technology forecasting

Patents are important indicators that can be used to explore
technological trends and development [25–27]. Ernest [26] states
that patent applications are easily retrieved and can measure the
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impact of R&D activities. Andersen [27] suggests that the accumu-
lations of patents are useful for measuring technology trends and
reflect the diffusion of the technology. Therefore, in this research,
cumulative patent applications are used for forecasting future RFID
technology development trends. Patent application volume reveals
the maturity of a new technology and can be viewed as shared
knowledge. If the volume of patent applications is growing, then
there are many resources creating the technology and the innova-
tion. In such cases the technology may soon reach its peak. On the
other hand, if the volume of applications is declining, then the
technology may be is in the processes of being substituted by a
new technology and thus entering the decline stage of the technol-
ogy life cycle.

Growth curves are widely used in technology forecasting
[28–31]. The most common is the S-curve which is used to model
product life cycles. The simple logistic model is a widely used S-
curve forecasting model [32–35]. The most important characteris-
tic of the simple logistic model is its symmetry about the point of
inflection. Therefore, if the point of inflection of an S-curve has oc-
curred, then it is easy to forecast the remaining trend. In this re-
search, cumulative patent application volume is modeled as an S-
curve with a point of inflection. The model for the simple logistic
curve is controlled by three coefficients, a, b, and L is expressed as

yt ¼
L

1þ ae�bt
ð2Þ

where yt represents the cumulative patent applications at time T, L
is the maximum value of yt , a describes the location of the curve,
and b controls the shape of the curve. L, a, and b are computed using
a nonlinear least squared estimation method provided by a statistic



Fig. 4. Pritzek’s RFID technology ontology tree with corresponding simplified Chinese characters.

Table 1
Key phrases correlation matrix.

KP1 KP2 KP3 . . . KPn

KP1 R1,1 R1,2 R1,3 . . . . . .

KP2 R2,1 R2,2 . . . . . . . . .

KP3 R3,1 . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .

KPn . . . . . . . . . . . . . . .

Table 2
The matrix of patent documents with M patent clusters.

Patent1 Patent2 Patent3 . . . PatentN

TC1 N11 N12 N13 . . . N1N

TC2 N21 N22 N23 . . . N2N

TC3 N31 N32 N33 . . . N3N

..

. ..
. ..

. ..
. . . . ..

.

..

. ..
. ..

. ..
. . . . ..

.

TCM NM1 NM2 NM3 . . . NMN

Notation: Nij ¼
PNðKPiÞ

m¼1 KPFm , where NðKPiÞ is the number of key phrases (belonging
to technology cluster i) that are included in patent j and KPFm is the frequency of the
key phrase m (belonging to technology cluster i) of the document j. TCM, total
patent clusterM.

Table 3
The frequency of key phrase in M patent clusters.

TC1 TC2 TC3 . . . TCM

KP1 F11 F12 F13 . . . F1M

KP2 F21 F22 F23 . . . F2M

KP3 F31 F32 F33 . . . F3M

..

. ..
. ..

. ..
. . . . ..

.

..

. ..
. ..

. ..
. . . . ..

.

KPn Fn1 Fn2 Fn3 . . . FnM
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software package like SYSTAT. Using this model, one can forecast
how many patent applications will be submitted in the future. Once
the possible ceiling value of cumulative applications (L) is deter-
mined, the stage of the technology life cycle is estimated and time
when the saturation of the technology will occur is computed.

2.4. Technology life cycle analysis

Patent activities can be used to interpret the technological stage
of an industry. Ernst [26] suggests that the cumulative patent
applications for a particular technology over time can be plotted
as S-shape curve to represent its technology life cycle. The technol-
ogy life cycle has four stages including introduction, growth, matu-
rity and saturation [26]. During the introduction stage, there is
little growth in the number of patent applications. The growth
stage, on the other hand, is characterized by exponential growth.
As the patent application rate declines, the mature stage is entered.
The saturation stage indicates limited growth with few patent
applications.



Table 4
The 10 largest corporate RFID patent applications in China.

Applicant(s) name Country Number of patent
application

IBM US 42
Fujitsu Ltd. Japan 36
3 M US 32
Avery Dennison Corporation US 27
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Andersen [27] used simple logistic models to plot the technol-
ogy lifecycle and uses different cyclical points to calculate the
duration of the four stages of the life cycle. After the upper limit
L is estimated using the forecasting model, and then the technol-
ogy’s life cycle stage is determined.

For the simple logistic model, Meyer and Ausubel [31] propose
that the range from 10% to 90% of the limit L represents the growth
stage. Additionally, Ernest [26] defines the maturity stage begin-
ning from the inflection point, or 50% of the upper limit, for a sim-
ple logistic curve. In this paper the 10%, 50%, and 90% of the limit L
are used to define the three cyclical points for classifying the four
stages of the technology life cycle. Thus, if y(T) represents the
cumulative patent applications at time T, L is the maximum value
of y(T). Then, y(T)/L < 10%, 10% 5 y(T)/L < 50%, 50% 5 y(T)/L < 90%,
and 90% 5 y(T)/L, mark the range for technology in introduction,
growth, maturity, and saturation stages, respectively.

The early period of each stage may have characteristics similar
to the previous stage. Moreover, the growth and maturity stages
are important stages with long durations. Thus, the growth stage
is partitioned into the early growth stage and the growth stage that
together reach 30% of the upper limit; the mature stage is also par-
titioned with the early maturity and the mature stage reaching 50%
of the upper limit.

Liu [36] notes that strategic planning for patent management
should account for the technology life cycle. When technology is
in the introduction stage, companies should develop and apply re-
lated patent technology as a means to strengthen their position in
the industry. If the technology is in its growth stage, the plan
should include means to modify the core technology and search
for new applications. During the maturity stage, technology devel-
opers should be clear on the boundaries of intellectual property
and evaluate the advantages of forming strategic alliances to trade
IP. Finally, if the technology is in the decline stage, new technology
will be created to replace the old and signal new opportunities for
research and development.
Sensortronics, Inc. US 26
Samsung Electronics Co., Ltd. Korea 25
Hitachi, Ltd. Japan 25
Beijing Chengyi Chuangke Software

Development Co., Ltd.
China 19

ZTE Corporation China 18
Nokia Finland 17
3. China RFID patent analysis

In order to understand the development of RFID technology in
China, the patent database maintained by the SIPO [37] was used.
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The SIPO database covers all patent information filed in China since
September, 1985. The SIPO database does not provide a function to
search for key phrases among full text patent documents. Patents
can only be searched using attributes set by the SIPO database.
The search attributes are limited to the patent title, abstract, the
application number, the application date, publication number,
publication date, international classification, name of the appli-
cant(s), inventor’s name, priority, patent cooperation treaty (PCT),
grant publication date, attorney and agent, and the address of
the applicant. Since the database does not allow a key phrase
search among the full text of the Chinese document, the search
and analysis is limited to the electronic text contained in the ab-
stract. Thus, the patents abstracts from 1995 to 2008 with either
the key phrases of ‘‘RFID” or ‘‘Radio Frequency Identification” were
downloaded and archived for analysis.
3.1. Patent map analysis

A patent map analysis is used to synthesize patent information
including patent counts, patent contribution by nation, and inven-
tor analysis. Fig. 5 shows the patent counts and cumulative num-
ber of RFID patent applications generated from the SIPO patent
database from the earliest filings until the year 2008. As seen in
Fig. 5, the trends for RFID related patents have increased sharply
since 1995, with a peak in the number of applications reached in
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2006. From the year 1995 to the year 2008, a total of 1389 RFID
patent applications were added to the SIPO database.

Table 4 shows the top 10 applicants who applied for RFID re-
lated patents in China. As shown in Table 4, the applicants include
some well known companies like IBM, Fujitsu, 3 M, and Samsung
Electronics. Companies that applied for the most patents were
from the US and Japan, with only two Chinese companies on the
list. However, as shown in Fig. 6, China holds the largest number
with 551 RFID patent applications in the SIPO database. Applicants
from the US are the second largest group with a total of 362 RFID
patents. Applicants from Japan, Taiwan, and Korea are the third,
fourth, and fifth largest holders of RFID patent applications and
in total hold 186, 73, and 55 entries.
3.2. China RFID patent content clustering

Patent documents downloaded from SIPO with RFID or Radio
Frequency Identification appearing in the abstract from 1995 to
2008 were used for patent content clustering. The patent abstracts
are written in simplified Chinese so a modified ontology tree with
46 translated key phrases was used to extract keywords and
phrases. Since the Chinese translation of five key phrases; wired
device ( ), passive tag ( ), directivity
( ), personal tracking ( ), and animal tracking
( ) do not appear in any patent abstracts, only 41 key
phrases are used for our analysis. After key phrases extraction,
the correlation matrix was derived as shown in Table 5.

To better understand how phrase extraction and counting are
used to derive the correlation matrix shown in Table 5, one must
look at how patent applications are filed. Inventors apply for pat-
ents for a single new invention; for example, if a new function
Table 5
Key phrase correlation matrix (partial).

Device Connector Wireless Read

Device 1.0000 �0.0125 0.0175 �0.01
Connector �0.0125 1.0000 �0.0093 0.020
Wireless 0.0175 �0.0093 1.0000 0.003
Reader �0.0172 0.0202 0.0036 1.000
Memory 0.0284 �0.0053 �0.0080 �0.02
Tag �0.0465 0.0136 �0.0058 0.138
Active �0.0161 �0.0021 0.0049 0.006
Standard �0.0104 �0.0083 0.0037 0.014
for enhancing the capacity of tag is invented, then a patent appli-
cation can be filed in which the keyword ‘‘tag” may appear many
times while the keyword ‘‘reader” may not appear at all, even
though tag and reader cannot work without each other. The key
phrase extraction used in this research builds on an earlier re-
search conducted on the RFID patent applications filed with the
US Patent and Trademark Office and [43]. The methodology starts
with key phrase extraction and then proceeds to counting the fre-
quency of key phrase in the patent document to derive the key
phrase correlation matrix.

The key phrase correlation matrix is used for patent technology
clustering. In this step, patent technology clusters are computed
using the K-means clustering method. The 41 key phrases are clus-
tered into six technology clusters. Fig. 7 presents the six clusters
and the key phrases of each cluster.

Patent document clustering is a method that classifies patents
based on the similarity of the technologies. Patents with similar
technologies fall into the same clusters which enables researchers
to readily analyze the characteristics or features of the patent doc-
uments within the cluster. By comparing the frequency of each key
phrase appearing in the patent document cluster, the representa-
tive phrases of each document clusters can be generated. Different
clusters are named based on each clusters’ representative phrases
to give the audience a general idea about the cluster. However,
when discussing the development of a cluster, each element in
the cluster should be clearly analyzed individually. As shown in Ta-
ble 6, six clusters are classified from the patent documents and the
representative phrases of each cluster are shown in Table 6.

The meaning of key phrases in Fig. 7 is different from that of in
Table 6. The key phrases in Fig. 7 are clustered from the correlation
matrix and are the results of the technology cluster. The key
phrases in the same technology cluster have close relationships
and are of similar concepts. The representative phrases in Table 6
are used to explore the characteristics and features of the docu-
ment clusters by comparing the frequency of the phrases.

3.3. Technology forecasting and technology life cycle analysis

The clustering results are then used to forecast the future trends
of the clusters. The growth curves of the six clusters are depicted in
Fig. 8. Using the simple logistic model, the trajectory of the Chinese
RFID patents and the maximum cumulative RFID patent applica-
tions (upper limit) are estimated as shown in Appendix 1. The data
are then used to determine the stage of cluster’s technology life cy-
cle as shown in Table 7.

3.4. China RFID patent document clustering results

Using the clustering technique described earlier, the data was
further analyzed. The first cluster, RFID concepts and applications,
contains the fundamental RFID technologies, including the
concepts of developing a tag and the interaction system. Some
basic functions of RFID, such as security and distribution are also
er Memory Tag Active Standard

72 0.0284 �0.0465 �0.0161 �0.0104
2 �0.0053 0.0136 �0.0021 �0.0083
6 �0.0080 �0.0058 0.0049 0.0037
0 �0.0237 0.1384 0.0066 0.0141
37 1.0000 0.0273 �0.0033 0.0074
4 0.0273 1.0000 0.0764 �0.0255
6 �0.0033 0.0764 1.0000 �0.0053
1 0.0074 �0.0255 �0.0053 1.0000
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Table 6
The patent document clustering result.

Clusters
number

Cluster features Representative phrases The number of patents in the
cluster

1 RFID concepts and
application

Tag, security, interaction, item, distribution, active, value, access, tolerance 217

2 Wireless communication
device

Device, wireless, communication, identification, portable, band, parts 134

3 RFID architecture Reader, protocol, processor, standard 73
4 Frequency band and

wave
Frequency band, wave 54

5 RFID tracking
implementation

RFID application, tracking, asset tracking, inventory, creature, person, animal, memory,
unit, gain, encoding, plant

686

6 RFID transmission
apparatus

Antenna, circuit, connector, direction, frequency, impedance, range 225
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included in this cluster. The patents in this cluster provide innova-
tions for providing improvements such as the modification to RFID
tags and security system to increase the safety in using RFID tags.
The analysis of the applicants’ original country shows that the
most patent applicants in this cluster are from China (98), the sec-
ond largest country is the US (61) and the third is Japan (22) (See
Appendix 2). One purpose of this research is to determine if there
are RFID technology gaps that can be exploited for further R&D.
From the technology life cycle analysis (Table 7), the first cluster
appears to be in the maturity stage and the number of patent appli-
cations is forecasted to reach its upper limit (279) in 2018.

The second cluster, wireless communication devices, introduces
techniques for tag identification and includes RFID wireless trans-
mission technologies. Communication devices are the main focus
of this cluster and many patents describe the wireless signal trans-
mission technologies, and the communication of different kinds of
messages. For example, there is a patent in this cluster which uti-
lizes an RFID tag in an IC card to automatically send messages to
other electronic devices. The dominant applicant countries in the
second cluster are from China (50), Taiwan (24), and Japan (19).
The US holds fourth place with only 18 patents. The life cycle anal-
ysis shows the second cluster to be in the saturation stage with a
predicted 90% share of upper limit to be reached in the year
2013. This cluster is the only cluster in the saturation stage.

Cluster number 3, RFID architecture, contains key phrases like
‘‘reader”, ‘‘protocol”, ‘‘processor” and ‘‘standard” and these terms
describe the essential architecture of RFID. The patents in this clus-
ter focus on how to improve the functions of RFID readers or pro-
tocols and increase the efficiency of RFID operations. For example,
a patent in this cluster describes a method and protocol to commu-
nicate between different RFID readers and simultaneously transmit
data. The ability to strengthen the processors for RFID readers is
also mentioned in this cluster. The largest group of applicant is
from China (24) followed by groups of applicants from the US
(22) and Japan (6). As shown in Table 7, the current share of RFID
patent applications is at 78%, which means this cluster has entered
the mature stage and will reach an upper limit (90 applications) in
2016.



RFID Patent Application
Cluster 1- RFID Concepts and Application

1 1 5 3 1 7 12

43

71
57

1 2 7 10 11
18

30

73

144

201

0

50

100

150

200

250

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Year

Pa
te

nt
s

RFID patent
Cumulative RFID patents

RFID Patent Application
Cluster 2-Wireless Communication Device

1 1 2 2 3

12

36

49

22

1 2 4 6 9

21

57

106

128

0

20

40

60

80

100

120

140

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Year

Pa
te

nt
s

RFID patent
Cumulative RFID patents

RFID Patent Application
Cluster 3-RFID Architecture

1 0 1 1 2
7

15

24
19

1 1 2 3 5

12

27

51

70

0

10

20

30

40

50

60

70

80

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Year

Pa
te

nt
s RFID patent

Cumulative RFID patents

RFID Patent Application
Cluster 4-Frequency and Wave

1 0 1 0
2 3

12 13
16

1 1 2 2
4

7

19

32

48

0

10

20

30

40

50

60

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Year

Pa
te

nt
s

RFID patent
Cumulative RFID patents

Cluster 1
RFID Concepts and Application

Cluster 2
Wireless Communication Device

Cluster 3
RFID Architecture

Cluster 4
Frequency and Wave

RFID Patent Application
Cluster 5-RFID Tracking Implementation

1 1 0 4 7 8 9 19 25
62

155
187

166

1 2 2 6 13 21 30
49

74

136

291

478

644

0

100

200

300

400

500

600

700

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Year

Pa
te

nt
s

RFID patent
Cumulative RFID patents

RFID Patent Application
Cluster 6-RFID Transmission Apparatus

1 0 0 1 4 2 2 3
11

25

56
44 44

1 1 1 2 6 8 10 13
24

49

105

149

193

0

50

100

150

200

250

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Year

Pa
te

nt
s

RFID patent
Cumulative RFID patents

Cluster 6
RFID Transmission Apparatus

Cluster 5
RFID Tracking Implementation

Fig. 8. China RFID patents application and cumulative patent number.

C.V. Trappey et al. / Advanced Engineering Informatics 25 (2011) 53–64 61
The fourth cluster contains patents relating to frequency bands
and waves. Frequency bands and waves are the means by which
RFID systems transmit data. Different waveforms use different
transmission methods and carry different amounts of data with
different efficiencies. Therefore, methods to improve wave patterns
are a crucial R&D direction. Noting that this cluster has the fewest
patent applications and a continuing growth rate shown in Fig. 8,
there is good potential for the development of related technology.
As shown in Table 7, this cluster has only reached 66% of its upper
limit and the life cycle is in the early part of the mature stage.
Therefore, inventors and investors should analyze potential oppor-
tunities in this cluster. The largest group of patent holders in this
cluster are from China (25), followed by the US (13), and Japan
(12).

The fifth cluster represents the implementation and applica-
tions of RFID related technologies used for tracking. There are more



Table 7
The forecasting results.

Patent applications
(1995–2007)a

Estimated maximum patent applications Year of upper limit Share of upper limit (%) Stage of technology life cycle

Cluster 1 201 279 2018 72.04 Mature
Cluster 2 128 142 2013 90.14 Saturated
Cluster 3 70 90 2016 77.78 Mature
Cluster 4 48 73 2018 65.75 Early maturity
Cluster 5 644 927 2021 69.47 Mature
Cluster 6 193 240 2018 80.42 Mature
Total 1284 1734 2020 74.05 Mature

* Since SIPO only published the patent applications applied before August, 31, 2008 when retrieving; only applications from 1995 to 2007 are used for forecasting.
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patents in this cluster (686) than any other cluster. The technolo-
gies developed within this cluster contain technologies needed in
monitoring and tracking of inventories, people, and animal. The
patented technologies in this cluster define how RFID technology
can be implemented in the public transportation system, mobile
phones, community security systems, and animal tracking sys-
tems. This cluster includes patents from the earliest application
period (i.e. 1995), is in the mature stage, and is forecasted to reach
its upper limit in 2021 (Table 7). Applicants from China have sub-
mitted the most patent to this cluster (289), followed by the US
with 192 applications.

Finally, cluster number 6, RFID transmission apparatus, defines
the framework and architecture for RFID transmission apparatus
and systems. Most patents in this cluster are related to the anten-
na, circuits and connectors which improve the functions of RFID.
Some device innovations for data transmission and the activation
range are introduced in this cluster. As shown in Table 7, the sixth
cluster has entered the mature stage of the technology life cycle
with 80% share of its upper limit. This cluster is predicted to reach
saturation in the year 2018. Once again the group of patent holders
from China is the largest with 551 applications, the US with 362
applications, and Japan with 186 patent applications.
4. Discussion

There are many research papers and reports that analyze pat-
ents to discuss the development of RFID industry [38–43] and most
conclude that there is still more opportunities for technology
development. However, the research does not describe the specific
areas that have the greatest R&D potential. There are many differ-
ent subareas and technologies within an industry. For example, the
RFID industry can be classified as RFID architectures, RFID devices,
RFID applications, and different subareas fall into different devel-
opmental stages. If researchers analyze patent data from a macro
level and view the information by using descriptive statistical anal-
ysis such as patent counts, patent analysis by nations or inventor
analysis, the subareas that should be targeted for development
cannot be determined. In this research, the Chinese RFID patent
applications are analyzed using the K-means algorithm to cluster
patent documents. Six clusters are derived and each cluster is stud-
ied using a forecasting model to determine developmental stage
and trends.

Based on the forecasting model used in this research and given
the rate of applications filed in China, it appears that the China
RFID patent applications will reach an upper limit of 1734 in the
year 2020. Although there will likely be another 10 years of growth
and innovation, each subarea does not have the same potential for
development.

This research, along with previous research [36], suggests that
analyzing patent data could reveal the technology life cycle
which then can be used to direct a patent management strategy.
For the RFID technology, the analysis of patents suggests that, for
manufacturers in RFID frequency and waves subarea, the most
promising area of development is in modifying the core technol-
ogy and searching for more applications. The manufacturers in
RFID wireless communication devices subarea should start to re-
duce any further investment in this area and start licensing or
selling their old patents while shifting their R&D focus toward
creating new technologies which will in time replace the old
technology. As for the RFID manufacturers in other four subareas,
since they are in the maturity stage, patent applicants should
avoid invading other’s patent intellectual property and innova-
tors should seek the cooperation of the other applicants (i.e. for-
mation of alliances).

The results of this study show that RFID wireless communica-
tion devices have entered the saturation stage and the technology
in this cluster is mature with little room for development. Four
clusters: RFID concepts and applications, RFID architecture, RFID
tracking implementation, and RFID transmission apparatus, have
also entered the maturity stage. One clusters, RFID frequency and
waves is still in the early growth stage with the most potential
for further development. The RFID operating frequencies are gener-
ally organized into four main frequency bands including low fre-
quency (LF), high frequency (HF), ultra high frequency (UHF), and
microwave [44]. Higher frequencies cover longer ranges and have
higher data transfer rates and offer better security. RFID can be fur-
ther applied in tracking and managing living things (e.g., medical
care) and there is a growing need for RFID systems that can better
utilize high frequency bands for communication.
5. Conclusions

The R&D and innovation strategies for different technology life
cycle are different. In mature stage, the basic characteristic is a
peak growth and the competition is fiercer and the development
of the technologies is mature, therefore, a customer-orientated
R&D strategy would focus on either improving or designing a RFID
product, application or technology which can attract more or new
customers. For instance, researchers can use customer-centric
market research method like quality function deployment (QFD)
to innovate for desirable new applications. Alternatively, the man-
ufacturers focus can shift toward standardizing their products by
improving their production process to create robust designs which
will improve product reliability. In maturity stage, the existing
manufacturers own many patents related to the products, thus a
patent search is strongly recommended before any new functions
or designs are added to the products or technology.

As for saturation stage, its characteristic is that the growth be-
gins to slow down and decline. The market is stable and strong
brands appear. Some new products or technologies will replace
the existing ones, so the marketing objective for the companies
in the subarea of wireless communication device is to reduce
expenditure to remain profitable. To reduce expenditure, compa-
nies need to start phasing out the unprofitable products to lower
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the operation cost. At this stage, a price-orientated R&D strategy is
appropriate. Since there will be new substitutions for this product
or technology, the leading manufacturers need to sell their stock
items with lower price. For those producers with no strong brand,
they can only provide additional functions with much lower price
to survive in the market place. Thus, the function combinations or
alternative materials or technologies are useful innovations strat-
egy in maturity stage.

This research introduce a methodology which combine patent
content clustering and technology life cycle forecasting to find a
niche space of an industry. Since China is currently one of the
world’s largest manufacturers and consumers of RFID applications,
the study focus was RFID development in China. The results suggest
that the most promising niche into invest in for firms in China ap-
pears to be in the improvement of the RFID frequencies and waves
which will yield more reliable RFID systems and applications. The
future research can apply the same methodology to study different
patent databases, such databases in United States Patent and Trade-
mark Office (USPTO) and World Intellectual Property Organization
(WIPO) to analyze the RFID industry more completely.

Appendix 1. Estimated parameters using the simple logistic
model

2
Cluster features
 L
 a
 b
 R
RFID concepts and
applications
278.58
 6533.71
 0.98
 0.997
Wireless communication
devices
141.51
 17466.49
 1.35
 0.998
RFID architecture
 90.36
 3119.98
 1.03
 0.999

Frequency bands and

waves

72.61
 1548.90
 0.89
 0.997
RFID tracking and
implementation
926.88
 17703.89
 0.82
 0.998
RFID transmission
apparatus
240.40
 21560.08
 0.88
 0.997
Total RFID industry
 1734.04
 37566.03
 0.89
 0.998
Appendix 2. Patent counts of applicants’ country of origin and
application percentage
Country
 Patent
 Application percentage
Cluster 1

China
 98
 45.16

US
 61
 28.11

Japan
 22
 10.14

Korea
 16
 7.37

Taiwan
 5
 2.30
Cluster 2

China
 50
 37.31

Taiwan
 24
 17.91

Japan
 19
 14.18

US
 18
 13.43

Finland
 6
 4.48
Cluster 3

China
 24
 32.88

US
 22
 30.14

Japan
 6
 8.22

Korea
 6
 8.22

Finland
 4
 5.48
Appendix 2 (continued)
Country
 Patent
 Application percentage
Cluster 4

China
 25
 46.30

US
 13
 24.07

Japan
 12
 22.22

Taiwan
 1
 1.85

Finland
 1
 1.85
Cluster 5

China
 289
 42.13

US
 192
 27.99

Japan
 53
 7.73

Taiwan
 35
 5.10

Germany
 25
 3.64
Cluster 6

Japan
 74
 32.89

China
 65
 28.89

US
 56
 24.89

Taiwan
 5
 2.22

Korea
 5
 2.22
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