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Abstract
Recent trends of technology innovation emphasize the notion of dominant designs for

next-generation products. Technology-based firms, especially in biotechnology field,
have to spend plenty of resources in R&D in order to identify appropriate technology
opportunities for sustaining their competitive advantages. To help SMEs to discover
new technological opportunities with a relative lower cost, this paper applies a
keyword-based patent map approach to analyze patent database, allowing them to find
the valuable opportunities. According to literature and current patent analysis, Chip
substance manufacture technology is one of the most important technologies and is
used as case substance.

The methodology used to find bio-technological opportunities comprise three stages.
In the first stage of patent collection, we find experts to analyze the company’s
current products and technologies and use patent search engine and forward citation to
find related patents. Experts are requested to define several keywords for the
technology and filter patents which have low frequency of these keywords. In the
second of patent analysis, we use text mining to excavate the frequency of the
keywords and map them by principal component analysis. The final stage of
opportunity analysis is to define the vacancy on the map and list all the patents around
them. And then, critical analysis and trend analysis are used to evaluate the value of

the vacancy.

According to the patent analysis, we have found that chip substance manufacture
technology is still in the growth stage and there are several potential technological

opportunities for further exploration.
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1. Introduction

Recent trends of technology innovation emphasize the notion of dominant designs for
next-generation products thus technology opportunity identification is thought to be
the curtail process in many companies. Technology-based firms, especially in
biotechnology field, have to spend plenty of resources in R&D in order to identify
appropriate technology opportunities for sustaining their competitive advantages. This
puts a great challenge for SMEs which usually have severe capability and resource
constraints (Yongho Lee, 2014).

Microfluidic biochip is the second generation biochip which is believed to be one of
the greatest challenges in the century (Juan G. Santiago, 2015). Traditionally, people
required a whole laboratory to do disease detection and analysis. The experiment
usually spent lots of materials, equipment and human resources. Microfluidic biochip
can narrow the whole laboratory into one small chip which is also called lab-on-chip.
With less material cost and higher degree of accuracy, microfluidic biochip is now

become one of the most popular issue in biotechnology field.

This paper applies a keyword-based patent map approach (Sungjoo, 2009) to analyze
patent database to help biochip firms for discovering new technological opportunities.
The method can divide into three parts: patent collection, patent analysis and
opportunity analysis. All the patents are found from the USPTO database and the
keywords are extracted by Text Mining (Tan, 1999). PCA is used to merge keywords
into several axes which are used to map the patents. Finally, experts are required to

identify the vacancy/opportunity and analysis the patents around it.

2. Methodology

2.1. Research Framework

In this research, we apply a keyword based patent analyze method developed by
Sungjoo (Sungjoo, 2009) to find the possible technology opportunities. The whole
research is composed by three parts; they are patent collection, patent analysis and
opportunity analysis. At the beginning, we will analyze the technology, product and
capability of the target company and investigate the current technology trend to
identify the most promising technology which is worth to be invested. Then, we
search patents related to the selected technology from Unite States Patent and
Trademark Office (USPTO) patent databases. The key words which can represent

those patents are extracted from the description part of the patents by Text Mining



(TM) and important keywords are selected by experts. After that, we use Principle
Component Analysis (PCA) to map those patents filtered by selected keywords. At
the end, we will try to discover the technology opportunities by analyzing the patents

around the possible vacancies.
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Figure 1. Research framework

2.2. Patent Collection

With different resources, organizational structure, and business strategy, companies
have their advantages and limitation. In order to help companies to find the most
promising technology which can fit both the company’s advantage and the future
market, we first analyze the technology, product and capability of the company and
the current technology trend. After the investigation, we identify the most promising
technology which is worth to be developed. With the analysis of the technologies, we
can find several attributes such as materials, application and forms, which can
characterize the technology. Experts are required to analyze the technology for the
target company and find the key attributes. Those attributes are used in patent search
in USPTO patent databases.

Patents found in USPTO patent databases by those attributes may not include all the
patents related to the technology. Some patents with this technology may use similar
words to describe those attributes. In order to find all the patents related to the select

technology, we use forward citation to find the patents which cite the patents we have

USPTO database

already found.

Attributes

Attribute 1
Attribute 2
Attribute 3

Analyze by experts
)

Final Patent Set

Patent A
Patent B
Patent C

Initial Patent Set

Patent 1
Patent 2
Patent 3

Foreword citation

C——

Figure 2. Patent collection process



2.3. Patent Analysis

Patents contain much information such as technology details, applications and
relationships, but the information is unstructured which may not allow people to
analyze directly. To solve this difficulty, Text Mining, the method of deriving
high-quality information from text, is applied to translate unstructured information

into structured data.

The words extracted by Text Mining may include lots of conjunction words and
common words which don’t contain useful information. To delete those redundant
words, we use term frequency (TF) and frequency—inverse document frequency
(TF-IDF) to preliminary filter the words and then we find experts to do further
selection to find the keywords that may be useful to opportunity discovery. Those
keywords will be used to re-filter the patents we have found through patent search and
patent foreword citation because there might be some patents which have little or no
relation with the target technology. After selection, the left patents are thought to
include all the patents highly related to target technology.

To analyze the relationship between patents, we use Principal Component Analysis
(PCA) to merge the keywords into several principal components. Each of the two
components is used as the X-Y axis with the patents map on it. With the permutation
and combination, there may be many patent maps. The distance between two patents

may represent the relationship between patents.
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Figure 3. Patent analysis process



2.4. Opportunity Analysis

After map all the patents on the patent map through PCA, we can identify the vacancy
on the patent map. Each vacancy may represent a possible technology opportunity,
but the accuracy needs further examination. Until now, there is still no standard way
to identify the vacancy. The most common way to identify the vacancy is to find
experts, relying on their professional knowledge. Here, we decide to find experts to

identify the vacancies just like previous researches.

With the identification of the vacancy, patents around them are listed and used to
evaluate the accuracy of the opportunity. This is because that the patent map is just a
two-axis map, the distance between patents may not be the real distance in the
multi-dimension patent map. The patents around the vacancy can be used to

determine potential technological opportunities.
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Figure 4. Opportunity analysis process

3. Illustrate Example

This research applies the keyword based patent analysis to the area of microfluidic
biochip. Microfluidic biochip is the second generation biochip which is believed to be
one of the greatest challenges in the century. With the increasing life quality, people
are more willing to pay attention on preliminary disease diagnosis. Thus, rapid disease
detection became one of the most popular issues in recent years. With the growing
market all around the world, more and more companies try to get involved into
microfluidic biochip manufacture. This is the main reason we decide to use

microfluidic biochip as the illustrate example.



3.1. Patent Collection

According the second hand data and previous research, we found that microfluidic
composed by five sub-technologies (Alliance of Microfluidic production techniques,
2014). They are chip manufacture, fluid and ion control, surface and detection,
integration and package and sensor. Each sub-technology contains several different
parts (Fig.5). In order to find the most promising technology, we use patent trend to
analyze all the sub-technologies (Fig.6). All the patents are found in USPTO from
2000 to 2014. After analyzing the patent trend, we decide to choose “micro valve” as
the target technology. In order to make sure whether there are other words have
similar meaning with micro valves, we seek advices from experts and search
information from previous research. The result shows that there is no similar word

with micro valve.
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Figure 5. Microfluidic sub-technologies
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Figure 6. Patent trend of microfluidic sub-technologies

Patents with the keyword “microfluidic micro valve” were searched from the USPTO
patent databased and there are total 1429 patents found from 1990 to 2014. These
patents may not include all the patents related to micro valve so we use foreword
citation to do further collection. There are 915 patents found through foreword
citation with the total patent number 2344 (Fig.7).
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Figure 7. Patents search from USPTO database

3.2. Patent Analysis

Patents contain information including many claims, each of which defines a specific
property right. However, most of the information is unstructured data which is not
easy to analyze them directly. In order to systematically analyzing the unstructured
information, Text Mining is used to translate unstructured information into structured

data. Text Mining can extract words from the patent documents and list them through



term frequency (TF) or term frequency inverse document frequency (TF-IDF). After
Text Mining, there are about 85838 words extracted from the 2344 patents (Fig.8).
Those words contain lots of conjunction words, common words and redundant words
which need to be deleted.
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Figure 8. Words extracted by Text Mining using RapidMiner

To filter these words, we use term frequency (TF) and term frequency inverse
document frequency (TF-IDF) to do the first selection. This selection will repeat
several rounds. In each round, the top 50% of the word lists based on TF and TF-IDF
will be compared with each other and the word which involved both in both lists of
TF and TF-IDF will be kept. After 5 rounds selection, there are 25 words left. They
are oxygen, membrane, MEMs, sensor, stream, porous, ICL, cornea, intraocular,
conjunctiva, lid, osmotic, pump, bearing, JR, plastic, separation, nucleic, cartridge,
MOVe, tubing, elastomeric, amplification, electric and gel. Although TF and TF-IDF
are often used in keyword selection for many years, there are still some limitations.
The high TF or TF-IDF words may still be redundant words. In order to do further
examination, we find experts to evaluate the 25 words and delete the redundant words.
In this selection, 12 keywords are filtered eventually. They are MEMs, membrane,

porous, osmotic, ICL, cornea, intraocular, conjunctiva, pump, elastomeric, electric

and gel (Fig.9).
MEMs ICL Pump
Membrane Cornea Elastomeric
Porous Intraocular Electric
Osmotic Conjunctiva Gel

Figure 9. Twelve selected keywords



The 12 keywords are thought to represent the key attribute of the micro valve
technology. We use these keywords to re-filter the 2344 patents we have found in
USPTO databases to delete the patents which have low or no relation to micro valve
technology. Patents which did not include any one of the 12 keywords will be deleted.
Finally, there are 465 patents left.

Next step is to find the relationship between the 465 patents. We use Principal
Component Analysis (PCA) to achieve this goal. The patent-keyword matrix is used
as the input data. After PCA, the 12 keywords are merged into 4 principal components
with the cumulative percentage 83.966 (Fig.10). According to the definition and
previous research, the value of cumulative percentage should be higher than 80% with
sometimes 70% is also acceptable. The four principal components are named
tonometer system (A system to measure the pressure by the moving distance on the
cornea), membrane system (A system to filter materials through membranes), osmotic
pump (A kind of pump which push fluid through osmotic) and gel electrophoresis (A
method to separate materials by electromotive force through electric charge, size and
structure) (Fig.11). The four principal components will be used as the X-Y axis to
form the patent map. With the permutation and combination, there are 6 different
patent maps (Fig.12). The distance between patents represents the strength of the

relationship. A short distance between two patents means they are closely related.

Total Variance Explained

Campanenl Rutaticn
Sums of
Squarsd
Initial Eiggzivaluss Extraction Sums of Sguared Luadings Loadings®
Tatal % afMarianc: | Cumulative: % Tutal % ofMariann: | Cumulativ: 2% Tstal
1 4927 33.552 33532 | 4.027 33.552 33552 4.003
2 2.581 22.333 55.901 2.581 22338 55.801 2342
3 1955 15299 72.200 1353 15.298 72200 1.604
4 1412 11.755 23985 1412 11.755 #3988 1.748
5 822 7.535 91.551 - -]
g 4453 3.351 6612
7 2395 3.299 SE H02
i1 A17 373 88730
| 02z 182 HH.652
19 294 A37 100.000
11 3.739E-5 a99 100000
12 -34099E-135 -3-259E-15 100.000

Extraction Method: Principal Companent Anahsis.

a. When compunents are currelated, sums ot squared luadings cannot be added tu wbtain a tutal variance.

Figure 10. Total variance explained



Component
1 3 4
1L 999 - 014 027 -159
cornea 999 - 015 - 028 - 160
« PC1l:Tonometer system
y intraocular .996 -.016 -.029 -.169
conjunctiva .992 -.014 -.027 -.157
« PC2:membrane system |uzusmt T o | s
) MEMs - 015 o -.027 -.154
« PC3: Osmotic pump BOROIS T IR ) R T
PINP - 028 - 030 91 - 049
« PC4: Gel electrophoresis e 2 T I I
ELASTOMERIC - 086 - 075 - 061 863
ELECTRIC .12 -.125 -.124 824
GEL -.114 -.131 009 419
Figure 11. Four principal components
v PCI-Z' . PC1'3
Vd
/o sue o
-
[ e *PC13
*
L d
K
s
P4 PC2-3
-0‘.3 -0.‘25 —0‘.2 —0le -0‘.1 -0.‘05 °
N +
‘e RS + * o
* PP — “.‘ ‘o’ : . * o+ ¢ V
. . ’:’ peis —:'%’—Q# #PC2-3
o 0 00
: .o‘,'{/ R ’o ‘}“AQ’,’ .
o P A I e AR
RSP .,
PC2-4 PC3-4
*
* rY ’v £ 2
0‘0‘ ¢+ e
LK X 3
¢ * +* ‘ N "6" 0‘ : ‘é
. . Q’AQ o . ,“"‘: ‘&o
S 90N i R eres ot . ’ 24 o:o * ., et
3 # .‘ o o y = * ‘0' .‘ ¥ 4
LN 4 r T T AU
T "0 ‘l A: :l00_1 — o 03 025 nz: ‘00;:3:: . ¥ 005
Wt s “o‘oo
- +e KA




Fugure 12. Six patent maps created by PCA

3.3. Opportunity Analysis

After mapping all the patents on the 6 patent several maps, we can discover possible
vacancies. From previous research, we found that there is no effective way to identify
the vacancy. Most of the researchers rely on the experts’ professional knowledge to
identify possible vacancies. In this research, we also find some experts to help us to
identify the possible vacancies. In this 6 patent maps, 5 vacancies were identified and
the patents around them were analyzed (Fig.13). We found that there are two

vacancies containing potential opportunities.

PC1-4 PC2-3

#PCl-4 #PC2:3

¢ PC2-4 ¢ PC34

Figure 13. Five vacancies identified by experts

The first vacancy is in map PC1-4 with 12 patents around it (Fig.14). The trend of
these 12 patents shows that there was a develop gap in 2010, but was overcame in
2011. In USPTO databases, it usually takes about a year to examine the patents, so
there will be a year delay (Fig.15). The related technology is still under development
in recent year with the core concepts “Rapid detection of polynucleotide and protein”
and “Elastic layer and fluid channel”. The second vacancy is in map PC3-4 with 26
patents around it (Fig.16). The patent trend also shows that the related technology is
still on development in recent years (Fig.17). The core concepts of these patents are
“Temperature  control  system”, “Membrane and Electrophoresis” and

“Crystallization”.
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Figure 14. The first vacancy
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Figure 16. The second vacancy
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Figure 17. Patent trend of the second vacancy

4. Conclusion

According to the biochip literature (Transparency Market Research, 2014), the future
trend of microfluidic technology will be used to customize disease diagnosis. In the
future, traditional large detection machines will be replaced by customizing biochips.
With the biochip, people can easily examine their health any time and any place. The
key technology of customizing disease detection is “Rapid separation and detection of

polynucleotide and protein” which is the same to our result.

This research shows a useful way to find technology opportunities through keyword
based patent analysis. Companies can reduce development costs and time to discover
potential technological opportunities. The opportunities may exist in patents around
identified vacancies, so that firms can use them as a reference to find possible
technological opportunities. It makes SMEs have more chance to develop their own

technologies and products.

However, there are still some limitations in this research. First, this method is
suggested to support incremental innovation rather than radical innovation. This is
because that the opportunities are found through the relationship between current
technologies. Second, the vacancy we have found may not be a real opportunity,

managers have to do further evaluation before making investment decisions.



References

Lee, S., Yoon, B., & Park, Y. (2009). An approach to discovering new technology
opportunities: Keyword-based patent map approach.Technovation, 29(6), 481-497.

Prof. Juan G. Santiago, Stanford Microfluidic Laboratory, 2015,
http://microfluidics.stanford.edu/

Tan, A. H. (1999, April). Text mining: The state of the art and the challenges.
In Proceedings of the PAKDD 1999 Workshop on Knowledge Disocovery from
Advanced Databases (Vol. 8, pp. 65-70).

Lee, Y., Kim, S. Y., Song, L., Park, Y., & Shin, J. (2014). Technology opportunity
identification customized to the technological capability of SMEs through two-stage
patent analysis. Scientometrics, 100(1), 227-244.

Alliance of Microfluidic production techniques, 2014,
http://mbl.pme.nthu.edu.tw/mftc/about.php

Microfluidic Device System Market — Global Industry Analysis, Size, Share, Growth,
Trends and Forecast, 2013-2019, Transparency Market Research, 2014

Email

Arnold Wang: yu2440@hotmail.com
Juite Wang: rdwang@nchu.edu.tw



