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Personnel 
Principal Investigator:  

Chaomei Chen, Ph.D., Drexel University 

Graduate Students:   

Meen Chul Kim, Ph.D., Drexel University 

Executive Summary/Abstract 
Objectives:  

The project aims to develop enabling and integrative techniques for multi-level and multi-

source gap analytics across heterogeneous units of analysis. The objectives are to 1) develop 

computational solutions to visualize how information moves across multiple heterogeneous 

sources, 2) develop prototypes of representative cases in the areas of patent analysis and 

predictive analysis of patent litigation, and 3) develop a core API to support the common 

features relevant to individual cases. 

Methods:  

We used the full text USPTO patent database containing about 4 million granted patents for the 

project. We focus on the development of a fitness landscape framework as a visual analytic 

approach to enable users to intuitively navigate and search for competitive intelligence and 

technological change. In addition, we apply our novel approach to exploring patent litigation 

activities so as to discover meaningful properties of patents as potential indicators of possible 

litigation in the future. 

Results:  

We developed and implemented a streamlined process for visual analytics of patents. We 

conducted several case studies. Our experimental results show that our methods can have 

practical implications for a variety of stakeholders who try to understand corporate strength 

and intellectual conflict. 

Conclusions:  
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Our study enables a variety of audiences to explore the intellectual landscapes of the specific 

technology in a cognitively intuitive way. In the future, we intend to conduct more case studies 

so that we can draw a more generalized understanding of patenting activities.  

Differences from Current State of Art 
The study of patents has received increasing attention as an important method of assessing the 

competitiveness of corporates and technological change. It is argued that translating patent 

data into competitive intelligence allows the firm to gauge its current technical competitiveness, 

to forecast technological trends, and to plan for potential competition based on new 

technologies (Fleisher & Bensoussan, 2002). Previous literature has used a patent as an 

indicator of various perspectives such as competitive intelligence, innovation assessment, and 

technological. Noma & Olivastro (1985) and Narin et al. (1987) regard a patent as a quantitative 

indicator of corporate technological strength and identify significant correlations between the 

number of granted patents and financial variables. They investigate a life cycle of a patent, and 

Sorensen & Stuart (2000) relate the previous studies to organizational innovation. Abraham & 

Moitra (2001) use a patent to assess technological innovation in India. Another school of 

researchers (Archibugi & Pianta, 1996; Basberg, 1987; Daim et al, 2006; Zhou et al., 2014) 

quantitatively measure and trace technological change with patenting behavior. Some papers 

employ patent citation in exploring technological diffusion and emerging technologies in 

industry (Chang et al., 2009; Karvonen & Kässi, 2013). Kirsch & Charley (2006) examine patent 

citation inside and outside one industry to robustly cope with technological trends. In specialty, 

Suh (2015) employs patent citation networks to introduce structural indicators of estimating 

the market value of patents. These studies assert that patent citation is one of the most 

significant indicators in measuring an individual patent’s competitiveness.  

In this project, we aim to develop a more streamlined process of patent analysis that can be 

generalized to a broader range of domains. We also present a novel visualization which 

supports intuitive navigation of competitive intelligence and technological change in industry. 

In doing that, a well-established approach in evolutionary biology called a fitness landscape is 

introduced to our study for the field of patent analysis.  In addition, we go a step further into 

the investigation of patents in litigation so that we can identify significant indicators of 

potential intellectual conflicts between patentees.    
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Results 
4.1 Methods (System architecture with components added or improved new approaches) 

This section provides an overview of the major steps in our method, which is summarized in 
Figure 1. Implementation details are presented in the following Sections A and B.  

 

Figure 1. Overall architecture 

A. Data Collection 

The goal of the present study is to develop a novel method for identifying and tracking a 
company’s patenting trajectory over fitness landscapes. In addition, we aim to provide practical 
implications in analyzing intellectual conflicts between competing organizations in industry. To 
this end, we collected two types of dataset: 1) patent grant full text, and 2) patent litigation 
data. 

USPTO Patent Grant Full Text 

Google provides free download for a variety of patent products from USPTO such as Patent 
Grant Full Text and Patent Grant Bibliographic Data. In this study, we employ USPTO Patent 
Grant Full Text1 consisting of assignee information, bibliographic data such as title, abstract, 
                                                      
1
 https://www.google.com/googlebooks/uspto-patents-grants-text.html 
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and citation, and patent classes. Considering the administrative cycle of application and grant in 
patenting, we downloaded XML formatted patent data from 1976 till 2010 and parsed them 
into the local database. Table 1 describes the brief statistics of the dataset. Figure 2 shows the 
temporal change of the proportion of patents in each IPC (International Patent Classification). 
As shown in the figure, classes G and H, i.e. physics and electricity, have prospered over time 
whereas performing operation and chemistry are declining.  

Table 1. Brief statistics of the patent full text database 

Duration # of patents (a) # of cited patents (b) b/a 

1976-2010 4,229,285 55,251,878 13.064 

  

 

Figure 2. Patenting trends over time 

According to Casino & Kasdan (2012), notable global patent lawsuits over the past decade 
include Apple Inc. and Samsung Electronics Co., Ltd. Based on this observation, we focus on 
these two companies’ patents to investigate competitive intelligence in industry. The patent 
records by Apple and Samsung were employed and they cover 23 years from 1988 till 2010 (See 
Table 2).  

Table 2. Brief statistics of the patent records by Apple and Samsung 

Organization Apple Samsung 

Duration 1988-2010 1988-2010 

# of Patents 4,590 44,736 

 

We sliced the duration into 11 phases, with three years of length, allowing a one-year overlap 
between phases. We let one-year overlapping happen so that the continuity of landscape 
changes can be captured. This approach enables us to observe consistent changes within a 
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series of landscapes. Then, we use the citation count of a patent as the fitness measure of the 
patent. 

Patent Litigation Data 

We collected patent litigation records from Patexia2, which is an online patent litigation search 

service. In this system, each litigation can have more than or equal to one patent regarded as 

infringing the copyright of existing patents. The original database contains 40,579 legal cases as 

of December 31, 2014 (See Table 3). We collected the litigation pages from the website and 

parsed them into our local database. Then, this dataset is cross-referenced to match patents in 

litigation in the full text database. It is expected that this dataset will give us an additional point 

of analysis, for we can investigate existing lawsuits and intellectual conflicts between 

organizations in competing industry. 

Table 3. Brief statistics of patent litigation records 

Year # of litigations Cumulative # % Cumulative % 

2014 7,084 7,084 17.457 17.457 

2013 6,938 14,022 17.098 34.555 

2012 5,587 19,609 13.768 48.323 

2011 4,005 23,614 9.870 58.193 

2010 3,532 27,146 8.704 66.897 

2009 2,667 29,813 6.572 73.469 

2008 2,675 32,488 6.592 80.061 

2007 2,838 35,326 6.994 87.055 

2006 2,669 37,995 6.577 93.632 

2005 2,584 40,579 6.368 100 

 

Then, we identified the most controversial technology and patent classes in terms of litigation 

counts. Table 4 lists top 10 patents most frequently involved in litigation between 2005 and 

2015. As described in the table, it is obvious that the international patent class (IPC) “G01C 

21/26” is the most controversial field in the legal context. Patents in this class address 

technology on navigational instruments not provided for in groups specially adapted for 

navigation in a road network.  

Table 4. Patents the most frequently getting involved in litigation 

Patent ID Company Grant date IPC Lawsuits 

6904359 ArrivalStar 2005-06-07 G01C 021/26 350 

6952645 ArrivalStar 2005-10-04 G01C 021/26 335 

                                                      
2
 https://www.patexia.com/ip-research/lawsuits 
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Patent ID Company Grant date IPC Lawsuits 

7400970 Melvino Tech. 2008-07-15 G01C 021/26 269 

6714859 ArrivalStar 2004-03-30 G01C 021/26 256 

7030781 ArrivalStar 2006-04-18 G08G 001/123 171 

5388198 Symantec 1995-02-07 G06F 015/62 164 

5412730 Telequip 1995-05-02 H04L 009/00 157 

6486801 ArrivalStar 2002-11-26 G08G 001/123 154 

6266674 eDekka LLC  2001-07-24 G06F 001/16 152 

5506866 AT&T 1996-04-09 H04J 011/00 137 

 

Based on the observation, we retrieved 270 patents in the IPC (See Table 5). Then, we divided 

the entire duration into three phases, making a one-year overlap between time windows. Table 

6 summarizes brief information on the patents in legal conflicts. 

Table 5. Brief statistics of patents in G01C 21/26 

Duration # of patents # of distinct organizations 

2001-2008 270 133 

 

Table 6. Brief description of the patents in litigation 

Patent ID Label Company Grant date Cited times Litigation 

06714859 P01 ArrivalStar 03-30-2004 35 Litigating 

06741927 P02 ArrivalStar 05-25-2004 34 Litigating 

06748320 P03 ArrivalStar 06-08-2004 25 Both 

06763300 P04 ArrivalStar 07-13-2004 26 Litigating 

06904359 P05 ArrivalStar 07-07-2005 32 Both 

06952645 P06 ArrivalStar 10-04-2005 37 Both 

07149623 P07 Omega Patents 12-12-2006 9 Litigating 

 

B. Data Processing 

A fitness landscape is a technique which aims to visually investigate an entity's reproductive 

success in a given circumstance (Wright, 1932). A fitness landscape consists of following 

attributes: 1) the height representing the fitness, i.e. strength, of an entity, and 2) the distance 

between entities which indicates the degree of proximity. Figure 3 displays a conceptual 

illustration of fitness landscape. The arrows on the surface indicate the trajectory of an entity in 

a given landscape. For effective evolution to take place, a population must shift from a lower 

peak to a higher one like A and C (Chen, 2014). Arguing the assertion that the fitness landscape 

can represent the performance of companies, Kitts et al. (2001) propose following steps of 
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constructing the fitness landscape: 1) using multidimensional scaling to generate a two-

dimensional space about companies, 2) employing the fitness of the state as the height, and 3) 

estimating the topographic surface around known points, i.e. companies, by interpolation. Our 

data processing and visualization are based on these steps. In addition, we focus on a patent’s 

cited times as a fitness measure. 

 
Figure 3. Conceptual illustration of a fitness landscape 

In this project, we aim to develop a novel method providing the intuitive navigation into 

competitive intelligence and technological turn in industry. The application of the concept to 

patent analysis is, therefore, a robust fit to the present work. We regard an individual patent as 

an entity in an evolutionary landscape of technology. In order to model patent coordinates on a 

plane, two types of approach are used: 1) citation-based and 2) content-based. In the citation-

based approach, we employ bibliographic coupling and co-citation to measure the similarity 

between patents. Bibliographic coupling is a backward view of citation, and the more overlaps 

in their cited references, the more similar citing patents are. In co-citation, which is a forward 

view, we regard patents are closer as they are frequently co-cited by successive patents. Figure 

4 displays conceptual representations of these views. 
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Figure 4. Conceptual illustrations of bibliographic coupling (left) and co-citation (right) 

Whereas citation-based approaches use direct linkage between patents, content-based ones 

refer to titles and abstracts in measuring the textual similarity between patents. For document 

modelling, we employ TF-IDF and Latent Semantic Analysis, and apply statistical approaches 

such as single value decomposition (SVD) to reduce a high-dimensional space to a space of 

lower dimensions as the basis of a fitness landscape. In the paper that follows, we use R for 

data processing, which is a widely used programming language for statistical and graphical 

computing, and its open-sourced packages. 

Patents tend to be sparsely populated in the three dimensional spaces, which often lead to 

rugged landscapes (Kitts et al., 2001). Thus, we need an additional approach to predict missing 

values between actual coordinates of patents. To address this issue, we employ a geo-statistical 

approach called kriging, a method for spatial interpolation where the missing values are 

estimated by a Gaussian process (Oliver & Webster, 1990). We used a kriging package “geoR” 

to model the complete coordinates. Then, the “lattice” package supports us to draw a wire-

framed three-dimensional landscape. Finally, we only plot the patents cited more than or equal 

to one time. In the second case study, we refer to the litigation database to give distinct marks 

and labels to the ones in litigation. 

4.2 Results: (Tools, prototypes, demos) 

We have developed a prototype tool for visually exploring patenting activities in industry, based 

on the databases described above. The rest of the section shows and discusses the prototype 

tool. 
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A. Case Study #1: Apple Inc. vs Samsung Electronics Co., Ltd. 

Figure 5 illustrates the overview of the landscapes. In each landscape, red dots indicate Apple’s 
patent whereas black ones belong to Samsung. Each dot represents a centroid of patents 
granted in a same year. The height of a dot is its fitness, i.e. cited times, which means the 
patent is competitive as it is located in hotter regions. For the distance calculation between 
patents, co-citation analysis is employed for this case. 

 

Figure 5. Co-citation based fitness landscape (1988-2010: Apple vs Samsung) 

The most highly cited patents in each time window are as described in Table 7. Almost every 
patent belongs to the section G, namely, “PHYSICS” regarding the development of electronic 
devices. In most of the phases, Apple is dominant over Samsung (Phase-01 through 08).In 
Phase-09, Samsung turns more competitive than Apple, focusing on a diverse range of 
technology. Figure 6 displays this change in consecutive time series between Phases 08 and 09. 
Based on the finding, we argue that there was a critical turn in intellectual competitiveness in 
2004 and Samsung’s fitness in industry became stronger. On top of this, our approach gives an 
intuitive navigation into the technological change and intellectual surveillance. Finally, we argue 
that the following observations can be made in our system: 1) an individual patent’s fitness at a 
particular moment in time, and 2) temporal changes of technology receiving increasing 
attention. 
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Table 7. The most highly cited patents in each phase 

Phase Company Grant date Title IPC Citation 

01 Apple 1984-08-07 Cursor control device for use 
with display systems 

G09G 001/000 19 

02 Apple 1984-08-07 Cursor control device for use 
with display systems 

G09G 001/000 14 

03 Apple 1990-07-31 Hierarchical file system to 
provide cataloging and 
retrieval of data 

G06F 015/040 20 

04 Apple 1992-11-24 Power management for a 
laptop computer with slow 
and sleep modes 

G06F 013/010 88 

05 Apple 1992-11-24 Power management for a 
laptop computer with slow 
and sleep modes 

G06F 013/010 166 

06 Apple 1992-11-24 Power management for a 
laptop computer with slow 
and sleep modes 

G06F 013/010 139 

07 Apple 1993-11-30 Encoding/decoding moving 
images with forward and 
backward keyframes for 
forward and reverse display 

G06K 009/036 72 

08 Apple 1998-03-03 System for directing relevance-
ranked data objects to 
computer users 

G06F 017/030 67 

09 Samsung 2001-08-07 Method for manufacturing 
thin film using atomic layer 
deposition 

C30B 025/002 97 

10 Samsung 2000-01-04 Method of manufacturing LCD 
by dropping liquid crystals on a 
substrate and then pressing 
the substrates 

G02F 001/133 100 

11 Samsung 2001-01-30 Programming tool for home 
networks with an HTML page 
for a plurality of home devices 

G06F 017/030 189 
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Figure 6. Fitness landscapes in Phases-8 (left) and 9 (right) 

 

B. Case Study #2: Tracking patent litigation activities 

Based on the findings above, we go a step further to practical application of the system. It is 

assumed that our system will be highly informational if it casts light on possible conflicts in a 

company’s patenting activities. Figure 7 depicts a top-down overview of the fitness landscapes 

in time series. In this case study, we employ all of the distant computing measures, i.e. 

bibliographic coupling, co-citation analysis, tf-idf, and latent semantic analysis. In each 

landscape, the legend of color at the right side indicates that patents located in regions in 

cooler colors have fewer citations whereas ones in hotter regions receive relatively more 

attention from others. There are three categories of dots: 1) the “green dots” are the patents 

that are not involved in any litigation; 2) the “yellow dots” represent the patents that the 

inventors are suing others for infringement; 3) the yellow dots with red rings indicate patents 

that are both litigating and being litigated.  
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Figure 7. Fitness landscapes in IPC “G01C 021/26” 

Phase-1: 2002-2004 

Figure 8 depicts the fitness landscapes between 2002 and 2004. In the first phase, 62 

companies published 104 patents in the IPC. As discussed earlier, the patent litigation DB 

covers lawsuits filed between 2005 and 2015. As displayed in Figure 8, citation-based 

perspectives show more divergent patenting trends than content-based ones. We assume that 

the patents are motivated by and motivating various technologies whereas the end results are 

quite similar. Table 8 shows the most highly cited patents in Phase-1. 

Table 8. Competitive patents in phase-1  

Patent ID Company Grant date Title TC* 

06405126 Trimble Nav. 06-11-2002 Pre-programmed destinations for in-vehicle 
navigation 

6 

06424914 American GNC 07-23-2002 Fully-coupled vehicle positioning method 
and system thereof 

5 

06477464 Donnelly 11-05-2002 Complete mirror-based global-positioning 
system navigation solution 

5 

06510379 Toshiba 01-21-2003 Method and apparatus for automatically 4 
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Patent ID Company Grant date Title TC* 

generating pedestrian route guide text and 
recording medium 

06526348 NAV Tech. 02-25-2003 Method and system for compact 
representation of routes 

3 

*TC: Times cited 

 

Figure 8. Fitness landscapes in Phase-1 (2002-2004) 

Phase-2: 2004-2006 

Figure 9 illustrates the fitness landscapes from 2004 until 2006. In this phase, 79 companies 

published 144 patents in the IPC. Patents described in Table 9, caught in litigation later, start to 
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advent in phase-2. We labeled each cluster based on the five most frequently occurring terms 

from titles and abstracts of patents co-cited by the patents in litigation. Based on the labels of 

the clusters, we can identify patents and technological fields which undergo intellectual 

conflicts. It is interesting that ArrivalStar, who get involved in most of the lawsuits in this field, 

are actively patenting in this phase. Some of the patents in litigation are located at fitting peaks, 

forming one cluster, except for the bibliographic coupling-based map (upper left). We argue 

that assignees regard their patents as focusing on distinct techniques while those patents are 

virtually similar or regarded as similar by citers. Table 9 describes the most highly cited patents 

between 2004 and 2006. The competitive patents mostly address techniques on notification 

and visual representation. It is interesting that ArrivalStar’s patents show competitive fitness in 

the landscape. In the meantime, there are no enduring patents from the previous years. We 

argue that it is due to the fast-changing environment of the technology. 

Table 9. Competitive patent in phase-2 

Patent ID Company Grant date Title TC 

06684158 SiRF 
Technology 

01-27-2004 Method and system for compact 
representation of routes 

5 

06714859 ArrivalStar 03-30-2004 System and method for an advance 
notification system for monitoring and 
reporting proximity of a vehicle 

4 

06738710 Pioneer 05-18-2004 Navigation system 4 

06763300 ArrivalStar 07-13-2004 Notification systems and methods with 
purpose message in notifications 

4 

06829532 American 
Calcar 

12-07-2004 Technique for suggesting favourites in 
navigation 

4 
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Figure 9. Fitness landscape in phase-2 (2004-2006) 

Phase-3: 2006-2008 

Figure 10 depicts the fitness landscapes of the phase. In phase-3, “P06” is the only patent 

remaining influential in the landscape. During the entire phase, patenting activities tend to 

densely cluster, except for the bibliographic coupling-based ones. Table 9 describes the most 

competitive patents from 2006 to 2008. While the highly cited ones keep changing from phase 

to phase, Trimble Navigation and Donnelly get competitive again in Phase-3. 
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Figure 10. Fitness landscape in phase-2 (2006-2008) 

Table 10. Competitive patents in phase-3 

Patent ID Company Grant date Title TC 

07003399 Honeywell Int. 02-21-2006 Gas jet control for inertial measurement unit 7 

06988034 Harman Int. 

Industries 

01-17-2006 Navigation radio for fleet car usage 4 

07027918 Novariant 04-11-2006 Satellite navigation system using multiple 

antennas 
4 

07050907 Trimble Nav. 05-23-2006 Method and system for controlling an 

electronic device 
3 
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Patent ID Company Grant date Title TC 

07158881 Donnelly 01-02-2007 Navigation system for a vehicle 3 

 

Based on the findings above, we can identify followings: 1) an individual patent’s fitness in time 

series, 2) temporal changes of technology receiving increasing attention, and 3) patents and 

technological fields that undergo intellectual conflicts. 

4.3 Experimental Evaluations 

A. Patent litigation and citation 

In this project, one of the research objectives is to identify possible indicators of patent 

litigation. Toward that end, we move on to the investigation of features which may explain a 

plausible relationship with patent litigation. Previous literature has investigated the relationship 

between citation and litigation (Chien, 2011; Lim 2014). In particular, Chien (2011) argues that 

litigated patents are cited more than ones that are free from litigation since the involvement in 

legal conflicts exposes them to wider audiences and draw increasing attention to the patents. 

Choi (1998) also regards patent litigation as an information-transmission mechanism for it 

reveals important information on the validity of the disputed patent to other entrants.  

Table 11 shows the brief statistics of the entire patents’ cited times. Compared to the cited 

times of the patents in lawsuits described in Table 6, it is evident that these patents have 

received extremely high citation. 

Table 11. Descriptive statistics of the entire patents’ citation 

Min 1st Q. Median Mean 3rd Q. Max Variance SD 

0 0 1 2.933 3 42 31.958 5.653 

 

A deeper understanding towards the relationship between citation and lawsuit can be achieved 

when we compare these patents’ citation counts before and after their first legal involvement 

(See Table 12). Obviously, the patents were cited more despite their beginning of involvement 

in lawsuits. Based on these findings, we assert that a patent’s involvement in a legal case 

reveals its technological intelligence to community. More interestingly, the patents’ cited times 

decrease right before their first litigation case (see Figure 11). Based on these findings, we 

assert that a patent’s involvement in a legal case reveals its technological intelligence to 

community. Then, this information-transmission leads the patent to receiving increasing 

attention from other patentees. Our argument also coheres with previous finding (Chien, 2011).  
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Table 12. Relationship between litigation and citation 

Label Lawsuit 
TC before 
litigation (a)  

Density of 
(a) 

First 
litigation 

TC after 
litigation (b) 

Density of 
(b) 

P01 256 15 2.500 10/05/2009 20 6.667 

P02 53 4 0.667 10/05/2009 30 10.000 

P03 73 8 1.333 10/05/2009 17 5.667 

P04 14 15 2.500 10/05/2009 11 3.667 

P05 350 10 2.000 10/05/2009 22 7.333 

P06 335 6 1.500 10/05/2009 31 10.333 

P07 2 2 0.667 12/10/2009 7 2.333 

 

 

Figure 11. Citation trends of patents in litigation 

Based on previous literature, we examined whether citation can be a plausible indicator of an 

early sign of patent litigation. We identified that litigation leads a patent to receiving increasing 

attention from other patentees. Inversely, we assume that citation may be an important 

indicator of litigation since increasing attention to a patent also exposes it to wider audiences. 

We conducted logistic regression with litigation as a dependent variable and citation as an 

independent variable (litigation ~ citation). Figure 12 displays the conditional density plot of the 

binary outcome “litigation” on the continuous variable “citation”. It shows the probability of a 

patent getting involved in litigation, based on its citation count. The result shows that the 

citation itself is not a very strong indicator of detecting possible litigation. 
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Figure 12. Conditional density plot of patent litigation and citation 

Based on the observations above, we go a step further into the prediction of patent litigation. 

As addressed above, previous research empirically identified some features of a patent which 

signal possible conflicts. Chien (2011) divides these features into two categories: 1) intrinsic 

trait and 2) acquired trait. In addition to citation, we selected some plausible features of patent 

litigation from previous literature as listed in Table 13. In selecting feature, we assume that the 

exposure to a wide range of audiences may lead a patent to litigation. We investigate these 

traits and aim to model possible patent litigation. 

Table 13. Traits of a patent with regards to litigation 

Category Feature 

Intrinsic trait # of cited patents cited by a given patent (reference) 

# of claims (claim) 

# of classes assigned (class) 

# of patents of a patentee (patent) 

Acquired trait # of received citations (citation) 

 

Table 14 describes the correlation between the selected features. We-rescale the features by 

the logarithmic formation. Figure 13 plots the independent features. 
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Table 14. Correlation between independent variables 

 reference claim class patent citation 

reference  0.229 0.049 -0.297 0.228 

claim 0.229  0.098 -0.111 0.196 

class 0.049 0.099  -0.045 0.035 

patent -0.297 -0.111 -0.045  -0.168 

citation 0.228 0.196 0.035 -0.168  

 

Figure 13. Relationships between the logarithmic variables 

Table 15. Summary of the model 

Variables Estimate Std. Error z-value Pr(>|z|) 

Intercept -16.276 5.211 -3.123 0.001** 

reference 2.159 0.649 3.326 0.001*** 

claim 0.225 0.625 0.360 0.719 

class -1.012 1.623 -0.624 0.533 

citation 0.553 0.482 1.148 0.251 

Significance: ***: 0.001, **: 0.01 

As described in Table 14, the number of patents of a patentee (patent) has negative 

relationships with others. Considering reference, claim, class, and citation, thus, we conducted 

more refined logistic regression as follows: litigation ~ reference + claim + class + citation. Table 
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15 summarizes the model. As described above, the only trait that shows a significant 

explanation to patent litigation is the number of patents referred by ones in litigation. The 

estimate of the variable is 2.159. It indicates that the more patents a patent cites, the more 

likely it will get litigated. We argue that investigating other features such as citation burst and 

structural properties of a patent network will complement the detection of signs of probable 

patent litigation.  
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Functionality of Innovation(s) 
In this project, we develop a visual analytic system to explore patenting activities and 

intellectual competitiveness in industry. Innovations include: 

 The proposed approach employs the widely accepted concept, fitness landscape, into 

patent analysis for surveillance of patenting activity and technological change. 

 The proposed model leverages the exploration of intellectual landscapes in a specific 

technology in a cognitively intuitive way. 

 We proposed a streamlined process of visual analysis of patents and cross referenced 

the patent litigation database.  

 The proposed framework has practical implications for wide audiences who consider a 

legal approach in understanding corporate strength and intellectual conflict.  
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Conclusions and Recommendations 
We developed a visual analytic system of patent, using patent full text and litigation 

information. The results provide intuitive surveillance of patenting activity and technological 

change. In addition, the estimation results indicate that it is possible to predict a possible 

intellectual conflict that can learn from multiple sources of knowledge. The use of patent 

litigation navigation and prediction will save significant amounts of human labors and funding 

in inventing patents and preparing lawsuit filings. 

The current prototype is based on the extraction of partial records due to the limitation of the 

computing power of the research machines. We recommend extending the current 

implementation to cloud computing infrastructure for processing much bigger data. In the 

future, we intend to expand the study to more recent data. In addition, employing the concept 

of citation burst as a fitness measure would be more informational in capturing the advent and 

decline of competitive intelligence in industry. Investigating topological and structural 

properties of a patent network will complement the detection of signs of probable patent 

litigation. Finally, the effectiveness of the system needs to be validated in a variety of use cases. 
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Impact and Uses/Benefits   
This project generated IP that could benefit the IAB. Please refer to the IP documentation in 

Appendix A. 
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Appendix A. 
Package ‘Fitness3D’ 

Type Software Package 

Title 3D fitness landscape with a company’s patenting activity 

Version 1.0.1 

Publication Date 06-28-2015 

Author Meen Chul Kim <meenchul.kim@drexel.edu> 

Advisor Dr. Chaomei Chen, 3D fitness landscape with a company’s patenting activity 

<chaomei.chen@drexel.edu> 

Depends R (>=2.12.0), packages ‘RODBC’, ‘tm’, ‘geoR’, and ‘lattice’ 

Description A software prototype capable of generating a 3D fitness landscape to investigate a 

company’s technical intellige3D fitness landscape with a company’s patenting activity 

nce and patenting trajectories 

Input a patent’s citation information and contents (title and abstract) from the comet patent 

database. The tables and columns employed by the software are as follows. 
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Methods Bibliographic coupling (bc), co-citation analysis (ca), tf-idf, and latent semantic 

analysis (lsa) 

Process As displayed below 

 

Output 3D fitness landscape and temporal trajectory of competitive intelligence in industry 

Usage fitness3D(method, option, color, duration) 

Arguments 

method a character string with the name of a method to use 

: ‘bc’ for bibliographic coupling, ‘ca’ for co-citation analysis,    

 ‘tf-idf’ for term frequency–inverse document frequency,  

 ‘lsa’ for latent semantic analysis. 

option a character string specifying the type of option to be used 

: ‘ipc’ for generating a fitness landscape in a specific  
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 International Patent Class (IPC). Can be an array of IPCs, 

 ‘com’ for generating a fitness landscape of a specific  

 company. Can be an array of companies. 

color a character string with the name of a color to represent 

IPCs/companies 

duration an integer specifying the duration of fitness landscape 

view an array of integers specifying x, y, and z angles 

Examples 

R> method ← c(“ca”) 

R> option ← c(“com”, “apple”, “samsung”) 

R> color ← c(“red”, “black”) 

R> duration ← c(2006, 2010) 

R> view ← c(-30, 0, 0) 

R> fitness3D(method, option, color, duration, view) 
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R> method ← c(“lsa”) 

R> option ← c(“ipc”, “g01c 021/26”) 

R> color ← c(“green”) 

R> duration ← c(2002, 2004) 

R> view ← c(0, 0, 0) 

R> fitness3D(method, option, color, duration, view) 
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