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Abstract
In technology topic evolution analysis, current research primarily uses datasets that include both valid 
and invalid patents,  which can affect  the accuracy of assessing technology development trends.  This 
paper categorizes patents by legal status into valid and invalid groups for separate evolution. A  two-
dimensional evolution trajectory based on patent validity is constructed for common technology topics, 
providing a clearer view of which technologies are becoming more mature, and which are saturated or  
lagging. Experimental validation in the field of 3D printing has demonstrated the effectiveness of this  
approach. 
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1. Introduction
Exploring the evolution of technology topics in depth not only aids in advancing the technology 
itself but also provides crucial support for sustained societal progress[1], [2]. A substantial number 
of studies use patent data sources such as Derwent Innovation and USPTO to conduct research on 
topic evolution [3], [4]. However, these studies primarily use datasets that include both valid and 
invalid patents,  without considering their  validity.  As a result,  outdated technologies may still 
influence  the  assessment  of  technological  development  trends.  To  more  accurately  identify 
technological trends, this study classifies patents in the field of 3D printing by legal status into 
valid and invalid categories [5]. Using an LDA model [6], it analyzes the evolution of technology 
topics separately for each category. A two-dimensional coordinate map [7] based on the validity of 
common technology topics  is  then constructed,  with dynamic  evolution trajectories  plotted to 
reveal which technologies are becoming more mature and which are saturated or lagging. 

2. Data and method
This paper utilizes patent validity information to classify and analyze the evolution of patents, 
distributing technologies into four regions from the perspective of patent validity and revealing the 
evolution trajectories of technology  topics over time. First, patent data is divided by legal status 
into valid and invalid categories. Next, an LDA model is applied separately to each category within 
a shared vocabulary space to generate evolution trend charts of technology topic proportions and 
identify common topics. Finally, a two-dimensional coordinate  map and evolution trajectory are 
constructed for the common technology topics of both categories, based on their valid and invalid 
proportions, to reflect their evolution trends.

2.1. Data division
We obtained 3D printing patent data from Google Patents because it  clearly includes the legal 
status of patents, totaling 25,899 records from 2014 to 2020. Patents marked as "Active," "Granted," 
and  "Active  -  Reinstated"  were  classified  as  valid (20,975  records),  while  those  marked  as 

1Joint Workshop of the 2th Innovation Measurement for Scientific Communication (IMSC) in the Era of Big Data 
(IMSC2024), Dec 20th, 2024, Hong Kong, China and Online

 ∗ Corresponding author.
 zhangjinzhu@njust.edu.cn (Jinzhu Zhang); chenrunze0819@163.com (Runze Chen) 
 0000-0001-7581-1850 (Jinzhu Zhang); 0009-0002-2317-3898 (Runze Chen) 

© 2024 Copyright 2024 for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).

CEUR
Workshop
Proceedings

ceur-ws.org
ISSN 1613-0073

https://orcid.org/0009-0002-2317-3898
https://orcid.org/0000-0001-7581-1850
mailto:chenrunze0819@163.com
mailto:zhangjinzhu@njust.edu.cn


2

"Abandoned," "Expired - Fee Related," "Expired - Lifetime," and "Ceased" were classified as invalid 
(4,924 records). We collected text information, including titles, abstracts, and claims. 

2.2. Topic detection of valid and invalid Patents based on LDA model
To determine the optimal number of topics, we calculate both topic perplexity and topic coherence. 
Separate LDA models were then trained in  valid and  invalid Patents, using a shared vocabulary 
space. Identify common topics between valid and invalid patents by calculating keyword similarity.

2.3. Topic positioning and evolution based on patent validity
For common technology topics between valid and invalid patents,  we  create a two-dimensional 
coordinate map based on their proportions in valid 

2.4. and invalid patents. We distribute technology topics into four quadrants, as shown in 
figure 1:

 First  Quadrant:  Innovation  Intensive  Zone  (High  Valid  Proportion,  High  Invalid 
Proportion): These technology topics are core competencies with high innovation potential 
and commercial value[8].

Figure 1: Distribution of validity of technology topics. 

 Second Quadrant: Mature & Stable Zone (High Valid Proportion, Low Invalid Proportion): 
High and stable technical maturity, representing current mainstream technologies[9]. 

 Third Quadrant:  Low  Activity  Zone  (Low  Valid  Proportion,  Low  Invalid  Proportion): 
Emerging or niche markets with low attention.

 Fourth Quadrant: Risk Obsolescence Zone (Low Valid Proportion, High Invalid Proportion): 
High patent risk, potentially outdated or low-value technologies.

Then, plot the dynamic evolution trajectory of each common technology topic over time.

3. Results
3.1. Topic positioning based on patent validity
In topic detection, we identified 12 valid patent topics and 7 invalid patent topics based on the 
highest  coherence  and  lower  perplexity,  finding  7  common  topics  between  them.  For  two 
categories,  we  separately  plotted  the  evolution  trends  of  technology  topics  based  on  topic 
proportions  (Figure  2,  using  invalid  patent  as  an  example).  Additionally,  we  positioned  the  7 
common topics on a two-dimensional coordinate map based on their valid proportions and invalid 
proportions (Figure 3, using 2014 as an example).
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Figure 2: Evolution Trend of Topics in Invalid Patents

Figure 3: Distribution of validity of technology topics

It can be seen from figure 3 that " Metal & Composite Powders" and " Digital Model Processing" 
are in the first quadrant, indicating they have high innovative potential and commercial value, and 
are likely to occupy an important position in the market in the future.

"UV-Curable Resins," "Color & Material Calibration," and "Optical Sensing & Projection" are in 
the  third  quadrant,  suggesting  low  attention  and  potential  as  emerging  or  niche  market 
technologies. 

3.2. Topic evolution based on patent validity
We recorded the positions of each common technology topic in 2014, 2017, and 2020, and plotted 
the dynamic evolution trajectories, as shown in figure 4. 

 

Figure 4: The evolution trajectory of technology topic validity from 2014 to 2017 to 2020

It can be observed that "Fluid & Gas Flow Systems" moved from the fourth quadrant to the first, 
indicating that its market competitiveness and technological activity have significantly increased, 
entering a phase of intense competition, and it may experience greater market opportunities. 

In contrast, "Digital Model Processing" moved from the first quadrant to the third, and then to 
the fourth, reflecting a significant decline in its applications and innovation activities, suggesting a 
risk of obsolescence or replacement by other technologies.

4. Conclusion
This paper utilizes patent validity and invalidity information to reveal technology topic evolution 
trends in the 3D printing field through the perspective of patent validity.  
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