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Abstract. In recent years, the issues of energy use reduction and sustainable development have garnered considerable
interest. This study has conducted a patent search using United States Patent and Trademarks Office (USPTO) data to
investigate technological trends in sustainable development, using shading devices for buildings as an example, because
they have the potential to save energy by effectively preventing heat from coming indoors, and lowering the indoor heat
load. The purpose of this study was to explore the status of shading devices and analyze patent activity, major assignees,
assignee countries, core technology fields, patent citations, potential competitors of patent assignees, and developmental
path based on patent analysis using a database that spanned the years from 1974 to 2011. The results provide a clear
picture of, and evidence for, the pattern of shading device technology; they suggest that automatic sensing shading de-
vices are the focus of current technological developments, thus saving time and costs in future research development.
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Introduction

In a knowledge economy, intellectual property rights are a
significant asset for creating value (Hanel 2006). Patents
are a concrete symbol of technological innovation and
development and involve substantial core technologies
that are specific indicators for evaluating the develop-
mental ability of individuals, companies, enterprises, and
countries (Griliches 1990; McAleer, Slottje 2005). A pat-
ent specification is a public document that contains data
on the application date, issue date, priority date, assign-
ee, inventor, assignee country, inventor country, Interna-
tional Patent Classification (IPC), and reference citations.
Patent content, which is readily available via searchable
patent gazettes (La Rocca, Tooren 2012; Ma, Lee 2008;
Spear 1996), provides valuable information regarding
any number of relevant technologies. Transforming pat-
ent data into patent information for application contrib-
utes to knowledge diffusion, promotes technological
development, and innovation (Chen, Y.-S., Chen, B.-Y.
2011; Co 2002; Globerman et al. 2000; Karki 1997).
The concrete result of publicly accessible patent infor-
mation is improved technological innovation and devel-
opment; therefore the importance of the patent cannot
be ignored.

Patent analysis consists of reading and selecting
relevant extracted patent data from a patent search,

determining whether the patent is related to the research
subject, deciding on the appropriate content and size of
the patent analysis sample, and conducting a statistical
analysis via a systematic method. Relevant patent infor-
mation is deduced after the discovered patent data are
read and organized. Quantitative statistical analysis is
then conducted and a correlational patent map is drawn
based on the statistical analysis. Meanwhile, relevant in-
formation is explained and analyzed, thus contributing
patent intelligence to help grasp the trend of technologi-
cal development in a specific field.

Several studies have applied patent data to explore
various patenting activities in different fields. Daim and
Intarode (2009) applied patent analysis to evaluate the
technologies of building material for manufacture in
Thailand. Trappey et al. (2011) applied patent analysis
to explore trends in the development of radio frequency
identification (RFID) technology and to evaluate possible
market opportunities from the State Intellectual Property
Office of the People’s Republic of China (SIPO) data-
base during the period 1995 to 2008. Chen, Y.-S. and
Chen, B.-Y. (2011) applied patent analysis to explore
the cooperative competition relationship between the
two light emitting diode (LED) manufactures, Nichia
and Osram, and found that their strategic interaction
changed from full competition to co-operation to create a
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win—-win model for both companies over time. Yoon and
Kim (2011) proposed a patent network method based on
semantic analysis using patents related to synthesis of
carbon nanotubes, which can be useful in identifying
technological trends in rapidly evolving industries. Yoon
et al. (2011) proposed the invention property-function
network analysis (IPFN) method to extract properties and
functions from patents related to silicon-based thin film
solar cells, and to identify the technological implications
of properties and functions using social network analysis
(SNA), which can assist experts in identifying the inno-
vation trends of new or emerging technologies.

Other studies have applied patent citation information
to investigate the development of patented technologies
in different fields. Patel and Ward (2011) used patent ci-
tation patterns to estimate competition in innovation mar-
kets and found that a firm’s market value increases when
its patent portfolio is cited. Cheng (2012) used patent
citation data to investigate and explore the diffusion of
advanced ceramic powders technology. Wu and Mathews
(2012) used patent citation data to investigate the respec-
tive knowledge flows of the solar photovoltaic industry
in Taiwan, Korea, and China from the USPTO database
during the period 1984 to 2008, thereby indicating a shift
from imitation to innovation.

As climate change and global warming gradually
worsen and global temperatures increase each year, air
conditioning and lighting continue to account for the
greatest proportion of buildings’ daily energy consump-
tion. Shading devices for buildings are a critical tech-
nology used in the design of green buildings to help
reduce energy consumption and air conditioning load
while improving light management. The shading devices’
core functions include shading, light direction, rain ob-
struction, and ventilation. Shading devices can be divided
into external and internal shading classes, according to
their location, both of which successfully prevent heat
from entering indoors, reduce the indoor temperature ele-
vation and decrease the indoor air conditioning load, thus
helping to achieve a broader objective of reduced energy
consumption. When mounting a shading device, environ-
mental factors such as the location of the building and
the angle of incoming sunlight should be considered to
achieve optimal shading effects. Both internal and exter-
nal shading devices save energy by effectively prevent-
ing heat from coming indoors, and lowering the indoor
heat load; thus, energy consumption caused by air con-
ditioning is reduced, which, in turn, reduces waste, cuts
operational costs, and delivers positive impacts on both
health and the environment (Cho et al. 1995; Datta 2001;
Florides et al. 2000; Palmero-Marrero, Oliveira 2010;
Yener 1998). However, patent data analysis has never
been applied to explore patenting activities and tech-
nology development with respect to shading devices.
Consequently, this study selected the technological de-
velopment of “shading devices for buildings” to explore
through the analysis of patenting activities. The purpose

of this study is to explore the current status of patent
activity, major assignees, assignee countries, and core
technology fields, using 1974-2011 USPTO data to dis-
cover the potential competitors of patent assignees and
the main patent path, and to monitor the technical rel-
evance of competitors and technological development in
the technology field.

The research framework of the paper is structured as
follows. In Section 1, we introduce the research background,
motivation, method and purpose of the paper. Section 2
describes the methodology and procedures for the collec-
tion of data in the USPTO database. In Section 3, we apply
methods to explore the status of patent activity, major as-
signees, assignee countries, core technology fields, poten-
tial competitors, and developmental path in the technology
field during the period 1974 to 2011. In the last section, we
provide the primary conclusions of this study. We are con-
fident that the results of this study can provide a basis for
better understanding patenting activities and technological
development related to shading devices, saving time and
cost for future research development.

1. Materials and methods
1.1. Materials

The patent data in this study of sun shading plates were
obtained from the USPTO database entries from 1974
to 2011. Patent retrieval queries were composed of key-
words and IPC classifications. The search proceeded as
follows: (1) Searching with keywords, which retrieved
information from titles, abstracts, and claims, combined
with IPC classifications, as shown in Table 1; (2) Re-
viewing related bibliographic information and drawings
in the collection of patents; (3) Filtering out irrelevant

2 <

patents that contain the keywords “vehicle”, “automo-
bile”, “car”, “motorcycle”, “storm”, or “hurricane” in the
title, abstract, or claims; (4) Generating a patent set re-
lated to shading devices. In this study, the patent search

retrieved a total of 742 patents dated 1974-2011 from

Table 1. Patent retrieval query from the USPTO granted
patent database

Patent retrieval query Patents

((TTL/(shad$ or shutter$) or
ABST/(shad$ or shutter$)

or ACLM/(shad$ or
shutter$)) andnot (TTL/
(vehicle or automobile or
car or motorcycle or storm
or hurricane) or ABST/
(vehicle or automobile or
car or motorcycle or storm
or hurricane) or ACLM/
(vehicle or automobile or car
or motorcycle or storm or
hurricane))) and ICL/(E06B$
or A47HS) and ISD/1/1/1974-
>12/31/2011

742 (after eliminating
irrelevant patents)




820

the USPTO granted patent database. The resulting bib-
liographic information was then extracted from the patent
document and converted into Pajek format to analyze and
construct a graph visualization of the network.

1.2. Methods

This section focuses on the research frame of patent anal-
ysis as shown in Figure 1, including patent analysis, and
SNA.

1.2.1. Patent analysis

The specification of a patent is a public document that is
issued by a patent authority after examining the applica-
tion file of the applicant for a patent (List 2010; Sorenson
et al. 2006). The World Intellectual Property Organiza-
tion (WIPO) has adopted internationally agreed upon
numbers for the identification of data (INID) code to dis-
tinguish bibliographic data in a patent document, which
facilitates universal communication (i.e. compatibility
with every language and written word) by using a two-
digit number to represent each piece of data. Presented
in a decimal system, numbers such as 10, 20, and 30,
indicate the main categories for detailed classifications.
The concept is similar to corresponding numbers, and
provided the individual knows what subject each code
represents, the individual can easily recognize its content.
Accordingly, the patent document describes the biblio-
graphic data and core technology, as shown in Figure 2.
The information in the patent is open and the relevant
bibliographic data of the patent document can be ob-
tained through a patent search.

Patent analysis primarily refers to searches for the-
matically relevant technologies and consists of conduct-
ing a systematic statistical analysis of the selected patent
data using a bibliometric method and portraying a patent
map (Karki 1997). A patent analysis allows the viewer to
recognize and understand developmental trends and the
current status of technology, to grasp the core technol-
ogy, to identify the technologies used by the competition,

Fig. 1. Research frame of patent analysis
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to assess their own developmental potential, and to plan
their developmental path. A patent analysis consists of
two types of analysis, quantitative and qualitative, ac-
cording to the content of the patent data. A quantitative
analysis requires summarizing the external characteristics
of patent literature by following certain indicators, such
as application date, issue date, publication date, priority
date, assignee, inventor, assignee country, inventor coun-
try, IPC, and reference citations, and thereafter analyzing
and explaining the data. A patent analysis contributes to
all of the following: understanding the developmental
trends and lifecycles of related technologies, tracing and
analyzing the competitions’ technologies (Yuan et al.
2010), setting developmental directions, exploring po-
tential technologies, predicting new technologies (Ernst
1997), monitoring competitors’ activities (Wilson 1987),
and assessing business patent management.

1.2.2. Social network analysis

Originating several decades ago in the field of social
science, social network theory examines the relationships
between individuals, groups, communities, organizations,
and company employees by analyzing how those rela-
tionships form networks of nodes and links, and exam-
ining attributes such as network size and link intensity
(Boyd, Ellison 2007; Scott 1988). SNA is a scientific and
systematic method in which every role is a node, with
links being used to show the relationships between nodes
(Scott 1988). Visualized networks may be directed or un-
directed; in the latter, simple lines are used to designate
links between nodes, whereas directional arrows are used
in the former. Context and meaning can be derived from
data subjected to network analysis through the use of
some standard indicators. Freeman (1978) proposed SNA
indicators such as density, degree centrality, betweenness
centrality and closeness centrality to measure important
or prominent nodes in a network, which can be effective
in discovering the central nodes of the network. SNA
indicators can be defined as follows:
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(1) Density

Density (D) is used to measure the count of the
number of links to other nodes in a directed or undirected
network, as shown in Eqns (1) and (2), respectively. It
can be used to identify the completeness of the network
(Yoon et al. 2011). A network with high density is highly
connected to other nodes:

!
—Ma (l)

p=— !t 2
CN(N-1)/2°

where / is the total number of links and M is the total
number of nodes in a network.
(2) Degree centrality

Degree centrality (Cp) is used to measure the num-
ber of directed or undirected relationships a node has
with other nodes in a network, as shown in Eqn (3). This
can be used to calculate a node’s number of directly con-
nected neighbours in a network. A node with a higher
degree centrality indicates that it has more influence and
importance than other nodes in a network.

n
Cp ()= a(pi pi)s 3)
i=1

where p;, is a given node 4; n is the total number of nodes;
a(p;, py) = [1 if node ; and node ; are connected by a line,
0 otherwise].
(3) Betweenness centrality

Betweenness centrality (Cp) is used to measure how
often a node is located on the shortest path between other
nodes in a network, as shown in Eqn (4). It means a
node acts as a bridge connecting any two other nodes, to
transfer information in a network. A node having higher
betweenness centrality indicates that it has more interac-
tion than other nodes in terms of passing knowledge and
information in a network:

Cy(pi)= ZM, )

i<j 8

where g; is the number of shortest paths from node ; to
node j; g; (py) is the number of shortest paths from node ;
to node ; which passes through node ;.
(4) Closeness centrality

Closeness centrality (C) is used to calculate the
distance of a node from others in the network, as shown
in Eqn (5). A node showing high closeness centrality in-
dicates that it is connected to other nodes by shorter dis-
tances and has closer relationships with other nodes than
some other nodes in a network.

c. <pk>=[id<pppk)r, “

i=1

where d(p;, p;) is the number of links in the geodesic
(shortest distance) linking node ; and node ;.

Patent citation means referencing previous tech-
nologies when claiming a patent, through which the
applied aspects of a technology (i.e., technological
correlations, technology diffusion, and technological
values) can been explored (Michel, Bettels 2001). The
reference citations of patent bibliographic information
include non-patent literature (NPL) references and pat-
ent literature (PL) references. NPL refers to journals,
articles, books, and conference reports, while PL in-
cludes prior arts and relevant citation cases to which
patent examiners refer during a patent examination. Be-
cause every patent citation link connects to forward and
backward patent citations by linking to other prior arts,
the trend of technological changes can be identified. A
patent citation network is a directed network with its
arrow pointing from the cited patent to the citing appli-
cation to show the flow of information and knowledge,
namely, the trajectory of knowledge communication,
knowledge diffusion, and technological improvement
(Hu 2008; Schmoch 1993).

Technological innovation and development con-
stitute knowledge creation. After a development result
claims a patent, which is permitted and announced, the
patent specification revealed to the public is beneficial
for technology creation and further results in technology
diffusion, contributing to the innovative development of
an industry. The citation network of a patent has direc-
tion, in that it points from a cited patent to a citing patent.
Because the relationship between the cited and the citing
patent indicates the developmental context of a technol-
ogy, individuals can observe technological development
through a patent citation network. Patents that are of-
ten cited have more linkages, suggesting the representa-
tiveness of the technology and the significance to guide
innovation toward future technologies (Albert et al.
1991; Carpenter et al. 1981; Ernst 1995). Patents that
are cited less have lower linkages, suggesting that the
technology has no representativeness and little influence
on future technologies (Albert et al. 1991; Chang et al.
2009). The core technology is situated in the center of a
network that plays a crucial role, thus promoting tech-
nology diffusion.

2. Analysis of results
2.1. Patent activity

After using relevant keywords and IPC classifications to
search patents in the field of shading devices, the total
number of granted patents from the USPTO database over
the past 38 years was 742. This study then used biblio-
metric data to analyze the patenting activity during the
period 1974 to 2011, as shown in Figure 3. This process
provided the number of granted patents for each year. The
first patent was applied for in 1974 and granted in 1976.
According to the granted patent trend, this study divided
this period into three phases. The first phase spans 1974
to 1982, during which time the number of granted patents
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Fig. 4. Top 10 patent assignees in the technology field

increased slowly but was consistently at a rate of less than
10 per year. The second phase spans 1983 to 2000, during
which the growth of granted patents increased dramati-
cally after 1984 and continued to increase until 2000. The
third phase spans 2001 to 2011, during which the trend
of granted patents significantly decreased. This situation
suggests that technology in the area of shading devices
must become more innovative in the future.

2.2. Assignee analysis

The top 10 patent assignees are shown in Figure 4. Figure 4
indicates that companies and corporations have played
important roles in patent activity in the area of shading
devices. The figure clearly showed that Hunter Douglas
Inc. was the leading assignee, having been granted 59

patents in this field, which accounts for 7.95% of the
total number of patents. Nien Made Enterprise Co., Ltd,
the only Taiwanese company, was ranked second with
13 granted patents, which accounted for 1.75% of the
total number of granted patents in the field. Comfortex
Corporation and Newell Operating Company followed in
third place with 8 patents and 1.08% of the total granted
patents in this field. According to Figure 4, this study
found that the leading home country of patent assignees
in the area of shading devices was the USA, followed by
Taiwan and Japan.

2.3. Assignee analysis by country

The patent applications used for the study represent 96
countries. As shown in Table 2, this study summarized
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the number and the percentage of patents by the top 10
countries. This table clearly shows that the USA was
the leading country with 464 patents, which accounted
for 62.53% of the total number of granted patents in the
field. Behind the US, Taiwan ranked second with 78 pat-
ents, which accounted for 10.51% of the granted patents,
and Canada ranked third with 35 (4.72%) granted patents
in the field. The top 10 countries were granted over 90%
of all patents.

2.4. IPC analysis of core technology

As determined by IPC analysis, Table 3 presents the top
5 technology fields for the area of shading devices from
1974 to 2011. As each patent contained one or more
IPC codes, the total count of IPCs was greater than the
granted patent counts. From the result of analysis in this
study, most of granted patents focused on E06B009 with
1,691, which accounted for 74.76% of the total numbers,
as shown in Table 3. The second leading classification
was E06B007 with 185, followed by E06B003 with 72.

Table 2. Distribution of patents granted by country in the
technology field

Number Percent

Rank Country of of Cumulative
patents patents PETeentage
I X“miz‘iicst(%ess /f)f 464 62.53%  62.53%
2 Taiwan (TW) 78 1051%  73.05%
3 Canada (CA) 35 4.72% 77.76%
4 Germany (DE) 27 3.64% 81.40%
5 Japan (JP) 24 323%  84.64%
6 France (FR) 20 2.70% 87.33%
7 Ttaly (IT) 13 175%  89.08%
8 Netherlands (NL) 7 0.94% 90.03%
9 Austria (AT) 7 0.94% 90.97%
10 Israel (IL) 7 0.94% 91.91%

Table 3. Top 5 technology fields for the area of shading device

Thus, the top 5 technology fields cover 88.95% of the
patents. The core technology fields related to shading
devices have been identified in this study. The techno-
logical development of this field is primarily contained
within classification EO6B009.

2.5. Patent citation analysis

This study used the INID code and patent numbers to
find the corresponding patent references and extracted
the reference citations for further patent citation anal-
ysis. Pajek software (Batagelj, Mrvar 1998) was used
to construct the patent citation network for shading
devices. The patent citation network consists of 5318
nodes and 10851 links, the average degree of each pat-
ent is 4.08, and the average density is 0.00038. This
study applied SNA indicators such as degree central-
ity, betweenness centrality, and closeness centrality to
measure which patents are in the center of the network.
It can be effective in identifying core patents. First,
the top 10 patents with high degree centrality were
identified (Table 4). Patent 6644375, entitled Cordless
blind brake, had the highest degree centrality within
the citation network. This invention is related to cord-
less blinds and shades comprising a head rail, a bottom
rail and a spring motor coupled to the lift cord and
is designed to raise or lower the window covering; it
can easy raise and lower the slats without a pair of lift
cords used in traditional shading devices. This patent
is important because the invention is used in a wide
variety of blinds or shades such as venetian blinds, cel-
lular blinds, pleated shades, and wood blinds. Patent
7059378 and 6688369 ranked second and third, respec-
tively, in the given citation network. Those inventions
are related to methods and apparatuses used for pro-
ducing cellular fabric shading devices with adjustable
vanes designed to control light passing through the
shade. Patent 6112797, entitled Apparatus for fabricat-
ing a light control window covering, is related to fabric
window coverings with adjustable vanes designed for
controlling the amount of light admitted through the
shade. The features of the above patents were focused
on insulating properties associated with cellular fabric

Rank IPC Description Number Percent of Cumulative
of patents patents percentage

1 E06B009 Screen}ng or protective dev1ce;s fo? openings, Wlt.h or without . 1,691 7476% 74.76%
operating or securing mechanisms; Closures of similar construction

) E06B007 a;i)flgl;t\}v:rrangements or measures in connection with doors or 185 3.18% 82.94%
Window sashes, door leaves, or like elements for closing openings;

3 E06B003 Layout of fixed or moving closurqs, e.g. windows; 'Features. of 7 3.18% 86.12%
rigidly-mounted outer frames relating to the mounting of wing
frames

4 A47H005  Devices for drawing draperies, curtains, or the like 47 2.08% 88.20%

5 A47HO023  Curtains; Draperies 17 0.75% 88.95%
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Table 4. Degree centrality of the top 10 patents in the
technology field

Table 5. Betweenness centrality of the top 10 patents in the
technology field

Patent
No.

6644375 145
7059378 119
6688369 118
6112797 110

Degree Patent name

Cordless blind brake

Fabric light control window covering

Fabric light control window covering

Apparatus for fabricating a light
control window covering

5793174 96 Electrically powered window
covering assembly

6474394 90 Cordless, balanced window covering

6289965 86 Take-up drum for a cordless shade
counterbalance

6079471 85 Cordless, balanced window covering

6571853 85 Cordless blind having variable

resistance to movement

6234236 84 Cordless balanced window covering

shades of window coverings, which were characterized
as flexible material and have a softer appearance than
traditional shading devices. Unlike the above patents,
Patent 5793174, entitled Electrically powered window
covering assembly, is related to apparatuses and meth-
ods used for assembling electrically adjustable shading
devices, which are activated by a wireless remote con-
trol signal generated and sent by a transmitter. Like-
wise, the inventions connected to the other five patents
are also related to cordless blinds or window shades,
which eliminate the conventional pull cords and cord-
lock mechanisms; this new device moves the slats from
a horizontal to a vertical position in order to open and
close the blinds or shades with respect to the passage
of light. Table 4 clearly shows that patent 6644375 had
the highest degree centrality in the given citation net-
work, which means it had the highest number of cita-
tions among patents in this field. It has distinguished
the relationship between patents with a high number of
citations in the citation network, and those less cited.
The result showed that patents with higher degree cen-
trality were often cited by many other patents and that
their position was in the center of the network. Degree
centrality analysis can help to find patents with large
numbers of citations and point out important patents
having strong influence in promoting technology inno-
vation in this field.

Second, the top 10 patents with high betweenness
centrality were identified (Table 5). Patent 5320154
had the highest betweenness centrality in the citation
network. This invention is related to apparatuses and
methods of roller shades having several transverse
vanes connecting two parallel slats for covering various
architectural openings; it provides a means for rolling
and unrolling a layered light control-covering device.
Patent 6289964 is related to a control system with a ro-

Patent No. Betweenness Patent name

Method and apparatus for

5320154 0.00015 mounting a retractable window
covering
Control and suspension system

6289964 0.00013 for a covering for architectural
openings
Apparatus by which horizontal
and vertical blinds, pleated

5133399 0.00012 shades, drapes and the like
may be balanced for “no load”
operation

5117893 0.00011 Rolling shutter system

4807686 0.00011 Shade system

5692550 0.00010 Cellular shade material

4644990 0.00009 Aytomatlc .closmg system for
window blinds

5887386 0.00008 Window shutters with movable
louvers

5141041 0.00008 Stepped multi-cellular window
shade

5706876 0.00007 Cordless, roller bar cellular
shade

tating element for suspending and controlling the opera-
tion of a panel to cover an architectural opening. Patent
5133399 is related to horizontal and vertical blinds or
pleated shades without a pull cord for raising and low-
ering the blinds or shades. Patent 5117893 is related
to a rolling shutter system comprised of a rolling shut-
ter and a bi-directional drive for raising and lowering
the rolling shutter; it can easily be installed, features
quick manual operation and improves a building’s ap-
pearance relative to traditional patents. Patent 4807686
is related to a motorized window shade system that
is adaptable to both automatic and manual operation
and contains electrical circuitry for recharging a bat-
tery power source within the system. Patent 5692550,
5141041, and 5706876 are related to cellular pleated
shades with retracting mechanisms that can expand and
retract the shades to provide insulation. In particular,
patent 4644990 is related to methods and apparatuses
designed for automatically closing window shades in
response to an increasing level of solar energy through
the window. Patent 5887386 is related to methods and
apparatuses designed to produce window shutters with
movable louvers, a compression spring system and a
tensioning mechanism designed to raise and lower the
shutters. The result showed that these patents with
higher betweenness centrality in a network fulfil a cru-
cial role and significantly aid information spread and
knowledge diffusion.

Third, the top 10 patents with high closeness central-
ity were identified (Table 6), of which seven are strongly
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related to cordless window coverings and three to fabric
light control window coverings. In this study, the patent
of degree analysis and closeness analysis were almost
identical except for patents 5793174 and 5706876, the
technologies of these closely related patents have been
described in the previous degree analysis and were simi-
lar to each other and homogeneous. This paper found that
the top nine patents with high closeness centrality also
have high degree centrality, indicating that the technolo-

Table 6. Closeness centrality of the top 10 patents in the
technology field

Patent Closeness Patent name

No.

6644375 0.23938 Cordless blind brake

6079471 0.23298 Cordless, balanced window
covering

6474394 0.23270 Cordless, balanced window
covering

7059378 0.23047  Fabric light control window
covering

6112797 0.23044  Apparatus for fabricating a light
control window covering

6289965 0.23014  Take-up drum for a cordless
shade counterbalance

6688369 0.22976  Fabric light control window
covering

6571853 0.22936  Cordless blind having variable
resistance to movement

6234236 0.22904  Cordless balanced window
covering

5706876 0.22602 Cordless, roller bar cellular shade

308644,

gies of these patents were important and closely related to
each other through citation. In particular, patent 6644375
had the highest degree centrality and closeness centrality.
The last patent with higher closeness centrality was also
ranked last in the betweenness analysis, indicating that
patent had shorter distances and more quickly spreading
knowledge to other patents within the citation network.
The result showed that patents with higher closeness cen-
trality also had a higher degree centrality in a network,
which diffuses knowledge quickly with others in its field.

In the patent citation network, each node represents
a patent and each link represents a citation relationship.
In order to present the citation relationships between
patents more clearly, this paper used patents with min-
imum degree centrality by gradually increasing degree
centrality of patents to reduce the citation network and
provide visibility. It reduced the size of the citation net-
work and transformed the original network to create a
new network. After removing patents with a degree lower
than six from the citation network, only patents with a
degree equal to or higher than six would be shown within
the new network. This process was used to produce a
well-displayed citation network (Fig. 5); in this graph,
connecting lines are directed from cited patents to cit-
ing patents to represent the diffusion of knowledge and
technology.

2.6. Patent citation analysis by assignees

Furthermore, this study collected data from the forward
citations of patent assignees to understand linkages
between potential competitors. Then, this study applied
the social network method to explore the technological
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Fig. 5. Reduction of citation network of patents in the technology field
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correlations of patent assignees and discovered the link-
ages between patent assignees, as shown in Figure 6. In
the patent assignee network, every node is an assignee
and a line shows the relationships between assignees. It
provided an overview of the assignee network based on
patent citation data. The assignees network of this study
consists of 254 nodes and 1404 links (Fig. 6), the average
degree of each patent is 23.3, and the average density is
0.09209. The average density in the assignees network
was higher than that in the citation network, which im-
plied that it was a higher connected network. This study
then applied SNA indicators to identify active assign-
ees. As shown in Table 7, the study presented the top 10
patent assignees with higher degree centrality, between-
ness centrality, and closeness centrality in the assignees
network.

Table 7 clearly shows that Hunter Douglas Inc.
had the highest degree centrality, which means Hunter
Douglas Inc. was more active, influential, and impor-
tant than other patent assignees within the technology
domain; in this respect, Hunter Douglas Inc. was fol-
lowed by Newell Window Furnishings, Inc. and Tapco
International Corporation. The result of degree analysis
in this study implied that the top 9 patent assignees had
more than 100 relations in the assignee network, and
played an important role in the knowledge diffusion
process.

The result of betweenness analysis in this study
also indicated that Hunter Douglas Inc. had the highest
score, which means it played an important bridging role
for passing information between competitors within the
technology domain. In addition, Hunter Douglas Inc. also
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had the highest closeness centrality, indicating that had
a closer relationship to other competitors, and was able
to spread information through the network by shorter
routes. The result implied that these close competitors’
technologies were similar with each other.

This paper found that Hunter Douglas Inc. had the
highest degree centrality, betweenness centrality, and
closeness centrality within the network and played an
important role in patent activity in the area of shading de-
vices. It also indicated that Hunter Douglas Inc. was the
most heavily influential competitor and the main knowl-
edge diffusion center in the technology field.

3. Main path analysis

The main path analysis algorithm for citation network
analysis is one of the SNA applications used to identify
main technology development paths and knowledge dif-
fusion. Hummon and Doreian (1989) proposed the con-
cept of main path analysis to examine the links within
the citation network, to find the main stream of research
literature through the network. Batagelj (2003) proposed
an efficient algorithm, called the search path count (SPC)
method, for identifying the most important path of a
citation network. This paper used Pajek software and
main path analysis to generate and extract the main pat-
ent path from the original (unreduced) citation network,
as shown in Figure 7. The main patent path represents the
direction of knowledge flow and technology trajectory,
and reflects the diffusion of knowledge and technology
from prior arts. As shown in Table 8, the major patent
distribution is understood, contributing to the compre-
hension of the primary patent technology.
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Fig. 6. The linkages between patent assignees in the technology field (patent assignee network)
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Table 7. Degree centrality, betweenness centrality, and closeness centrality of the top 10 patents assignees in the technology field

Rank Patent assignees Degree Patent assignees Betweenness Patent assignees Closeness

1 Hunter Douglas Inc. 318 Hunter Douglas Inc. 0.50083 Hunter Douglas Inc. 0.59619

p  Newell Window 281 Miller; James V. 0.22056 Judkins; Ren 0.46801
Furnishings, Inc.

3 Tapco InFernatlonal 277 Newgll Wlndow 0.09003 Newstll Wmdow 046435
Corporation Furnishings, Inc. Furnishings, Inc.

4 Richwood Building 166 Judkins: Ren 008718 Nien Made Enterprise 045544
Products, Inc. Co., Ltd.

5 Judkins; Ren 148 Nien Made Enterprise 0.04618 Miller; James V. 0.45544

Co., Ltd.
6  Miller; James V. 122 Newell Operating 0.03919 Lafayette Venetian 0.45025
Company Blind, Inc.

7 Newell Operating 115  Tapco International 0.03260 Cooper Industries, Tnc.  0.44855
Company Corporation

8 Lee; Han-Sen 107 Cooper Industries, Inc. 0.02987 Newell Operating 0.43941

Company
9 Selfix, Inc. 101 Kol Chen Ltd. 0.02624 Tapco International ) 4394
Corporation

o Yantage Products g9  Lafayette Venctian 0.02373 Verosol USA Inc. 0.43459

Corporation Blind, Inc.
@958 3548555 5704182 © 5782052

1968 ) (1970)

(1998) 1998)
Q7921 602
g732475 | (2011)
2004)

3191242 4251966 24765110 @ 5060442 @ 5373677 @ 5430986 5617688
(1965) (1981) (1988) (1991) (1994) (1995) &i) 7392628
(2008)
pu 5330952 * 6145251 6350211, *® 339509
3055467 2484769 (1999) (2000) 005) (2008 )
1962 1949
(1962) (1549) 7328533
s(7o1ssj9 (2008)
2004 7178291
g oo

Fig. 7. Main path for 24 most often cited patents in the technology field

According to the result of main path analysis, this
study has discussed and described the changes in the
technological development of shading devices. This
study divided the changes of the technological devel-
opment of shading devices into three separate phases
(Table 9). During the first phase, from 1949 to 1980,
the features of patents focused on framed or fixed shad-
ing devices made of wood, plastic or metal materials,
which included louvered windows or louvered shutter
with rigid plates, apparatuses and methods of making the
same shutter construction, metal panel structure of shut-
ters, and shutter structure. During the second phase, from
1981 to 2000, shading devices for architectural open-
ings became mobile, with adjustable types of shutters
designed to achieve shading, and were produced in units
for rapid assembly. The features of the patents focused
on adjustable shutters made of thin plastic or metal ma-
terials, shutters with movable plates, panels or slats,
adjustable length louvers, apparatuses and methods of

assembling shutters, which were cheaper, lighter, and
allowed more rapid assembly and installation relative to
previous designs. The problem with manually adjustable
shading devices was that they require manual operation
to change the degree of shading; this type of design is
not able to immediately adapt to the changes in sun-
light, making them inconvenient and inefficient to use.
During the third phase, from 2001 to 2011, shading de-
vices became multifunctional, using electric motors and
automatic controls. The features of the patents focused
on shutters with a rotation mechanism or a tilt control,
customizable shutters, methods of assembling shutters,
an automated shutter control device comprising slats, a
connector portion, and a motor charged by solar energy
to open and close the slats, and apparatuses and meth-
ods involving louver rotation. In fact, one type of elec-
tric shading device required an external power source
to control the angle of the slats for shading, resulting
in poor economic utility. In response to this weakness,
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Table 8. Main path for 24 most often cited patents in the technology field

Rank Patent No. Filed date Issue date Patent name

1 2484769 1945/07/25 1949/10/11 Plastic window ventilator

2 3055467 1960/02/15 1962/09/25 Shutter construction and method of making the same
3 3191242 1961/01/03 1965/06/29 Simulated louvered shutter

4 3394518 1966/11/22 1968/07/30 Metallic panel structure

5 3548555 1969/01/10 1970/12/22 Shutter structure

6 4251966 1979/03/13 1981/02/24 Adjustable height shutter

7 4765110 1982/09/23 1988/08/23 Adjustable plastic shutter

8 5060442 1990/10/16 1991/10/29 Louvered plastic building product

9 5373677 1994/06/17 1994/12/20 Shutter assembly with grooved edge

10 5430986 1993/12/27 1995/07/11 Shutter assembly

11 5617688 1996/04/16 1997/04/08 Adjustable shutter with reversible end cap

12 5704182 1995/06/06 1998/01/06 Modular shutter assembly

13 5782052 1997/05/19 1998/07/21 Omamental shutter

14 5930952 1997/11/28 1999/08/03 Shutter frame member with adjustable component parts
15 6145251 1999/09/17 2000/11/14 ﬁ)ﬂt‘;itlazlez:gﬁge;eﬁszggélfgif)ls;gﬁ‘;ﬁ“’l mechanism using a
16 6701669 2002/09/10 2004/03/09 Shutter system rotation mechanism

17 6732475 2000/04/03 2004/05/11 User customizable shutter system

18 6854211 2003/01/28 2005/02/15 Removable louver and tilt control

19 7124804 2004/05/12 2006/10/24 Blind slat assembly for door/window venetian blind
20 7178291 2004/02/25 2007/02/20 Automated shutter control

21 7328533 2004/07/26 2008/02/12 Window shutter opening and closing device

22 7389609 2004/03/12 2008/06/24 Louver rotation apparatus and method

23 7392628 2006/01/05 2008/07/01 Functional shutter

24 7921602 2005/12/15 2011/04/12 Shutter assembly

Table 9. Technology development of shading devices

Characteristics of

Phase Year

technologies
First phase 1949~1980 Wood, plastic, metal, framed,
fixed
Second 19812000 Mobl_le, adjustable, produced
phase in units, fast assembly
Third phase  2001~2011 Multifunctional, electric

motors, automatic control

shading devices using automatic sensor controls were
developed, revealing gaps where technological improve-
ment is required. From the viewpoint of technology in-
novation and energy saving, this study suggests that au-
tomatic sensing shading devices that control the angle
of the slats for the optimal shading effect might be the
focus of technological development. To optimally reduce
energy consumption, such a device should effectively
respond to the environment and to climate change and
prevent sunlight from entering indoors.

Conclusions

This study searched the database of the USPTO for
granted patents related to our research subject, then con-

ducted a quantitative statistical analysis using the patents’
bibliographic information and portrayed a visual patent
citation network based on the social network method to
analyze the overall process of patent citation and the
technological correlations of patent assignees. The pur-
pose of this study was to explore the current status of
patent activity, major assignees, assignee countries, core
technology fields, patent citations, potential competitors,
and developmental path.

The results of the patent analysis indicated that
the number of applied patents significantly declined
after 2004, and that industries and agents working in
the area of shading devices must renew their efforts to
develop innovative future technology. The majority of
the patent assignees were companies and corporations,
and Hunter Douglas Inc. was the leading assignee, as
they hold the highest number of granted patents. It
also indicated that Hunter Douglas Inc. was the most
heavily influential competitor and the main knowledge
diffusion center in the technology field. According to
the TPC analysis, the technology focused on E06B009
followed by E06B007. In the country analysis of as-
signees, the USA held the greatest number of granted
patents in the technology field, and Taiwan was ranked
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second. The patents that were ranked high by SNA in-
dicators reduced the use of conventional pull cords and
increased the use of flexible materials, had a softer ap-
pearance, as well as employed cordless blinds, verti-
cally adjustable shades, motorized shades with spring
motors, electrically and automatic shading devices; this
confirms both the technological importance of the pat-
ents and their characteristics. The result of main path
analysis found that automatic shading device, which
was similar to the specific invention of patents with
high degree centrality and betweenness centrality in
SNA, was considered to be at the forefront of techno-
logical trend. Specifically, the main path analysis iden-
tified overall and specific technological trend, which
can help experts to develop strategies and make deci-
sions related to technological development. From the
viewpoint of technological innovation and energy sav-
ing, this study suggests that automatic sensing shading
devices have become the focus of technological devel-
opment. The analysis results of this study provide evi-
dence for, and a clear picture of, the pattern of shading
device technology over the past 38 years.

The limits of a patent analysis in this study include
practical operational concerns, time gaps, and relation-
ships based on the territorial principle. Therefore, infor-
mation used for patent analysis is limited to that taken
from databases in a searched country; different coun-
tries require individual searches and analyses. Future re-
search should explore the non-patent literature including
journals, articles, and conference papers, in the field of
shading devices based on SNA and the TRIZ method of
innovation design.
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