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1. Introduction

For countering nuclear proliferation, international 

society pays much attention to the potential or identified 

nuclear proliferant states.  As providing advantages on 

accessibility to suspicious facilities in the rogue states, 

satellite observation has been playing an essential role 

in monitoring their potential nuclear activities.   

Nuclear weapons as strategic arms have to consist of 

three components: fissile material, delivery system, and 

detonation devices.  The weapons-grade fissile material 

can be acquired from uranium enrichment (about 90% 

U-235) or reprocessing used nuclear fuel (about 93% 

Pu-239).  Hence, it is necessarily led to keep eyes on 

the relevant facilities and carriage of required materials 

by means of satellite surveillance.  As for the delivery 

system, test sites and manufacturing factories are a 

matter of concern.  Due to the size of a nuclear weapon, 

the area of interest for the delivery system is rather 

clearly to be revealed and investigated.  On the other 

hand, there is no need to be special-exterior structures 

to develop detonation devices.  Although any 

ambiguous activities at the border, e.g., trade traffic, 

could be captured on satellite imagery, a detailed 

investigation is under the implementation of strategic 

trade controls.  

Identifying relevant activities not only for fissile 

material but also for delivery system involves expertise 

in the field of both nuclear fuel cycle and missile 

technology.  Thus, the imagery analysts who are 

proficient in both areas, as well as remote sensing, are 

understandably small in number.  They intermittently 

provide interpretation from satellite-observed 

information in the form of web-based articles via non-

profit organisations such as 38 North and Center for 

Strategic and International Studies (CSIS).  The articles 

inevitably include the logical basis for inferring nuclear 

proliferation, even though it is an external sign.  As 

shown in Fig. 1, the annotations on satellite imagery 

represent what the experts practically capture, and the 

body contents of the article expand their interpretation. 

This study quantitatively analyses the articles via 

web scraping to investigate what the experts care about 

in satellite observation.  The following section presents 

the web scraping method for producing the article data 

set.  Based on the data set, Section 3 discusses results 

from the article categorisation and the image annotation 

classification.  The conclusions are drawn with future 

work in Section 4. 

Fig. 1. Building construction continues in front of the ELWR 

(Excerpt from the 38 North article on 4 April 2018 [2]) 

2. Scope and Method

The web scraping is the process of automated 

gathering of data from the web pages which arrange 

objects in a more human-readable format [1].  Visiting 

every page and storing the hundreds of text contents 

and images are economically unfavourable.  Thus, web 

scraping algorithms have been developed with the 

Python programming language [4] for the websites of 

interest: (1) 38 North [2] and (2) CSIS Beyond Parallel 

[3] which are the most active and being cited by the 

media.  Both provide not only imagery-based articles 

but also text-only articles for various topics, and this 

study focused on the former only.   

In terms of the entire platform of Python 

programming, the Selenium with Chrome web driver 

[5] is utilised to navigate webpages, and a parse tree for 

the pages that can be used to extract data from HTML is 

created via the Beautiful Soup library [6].  

The scraping targets of an article are an article title, 

author(s), release date, body text, image(s), and image 

title(s).  When scraping data from a website, targets are 

not always embedded in the identical HTML tag, so-

called anomaly, which is the chronic challenge in the 

web scraping.  For instance, the HTML tag content for 

the author(s) name occasionally is occupied as the 

organisation name instead, and the author(s) name is 

presented in the first line of the body text.  Depending 

on the consistency of the first line, the automated 

gathering of the author(s)’s name may or may not be 

possible.  If the number of the case is very few, filling



(a)                                                                                             (b) 
Fig. 2. Pie charts showing categorisation results for (a) 38 North (from November 2011 to June 2020) and (b) CSIS Beyond Parallel 

(from April 2016 to June 2020).  

Table 1. The article information collected by the web scraping for the 38 North website from November 2011 to June 2020. 

Table 2. The article information collected by the web scraping for the CSIS Beyond Parallel website from April 2016 to June 2020. 
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up can be a wise option.  The number of anomalies in 

this study is acceptable to manual handling.  The release 

dates are converted into the international format (yyyy-

mm-dd) for a managerial purpose.  

The satellite imagery within the article is the ground 

for interpretation of potential nuclear activities, and 

more importantly, the annotation on the imagery 

directly indicates key messages of satellite observation. 

In this regard, during the web scraping, the imagery is 

renamed, including the release date (of the article), 

numbering in ascending order, and original file name. 

The stored image files are linked to the data cell in the 

MS Excel so that a user can easily access to open each 

image.  Additionally, each caption (title) of the imagery 

is also collected if available.  The data set is stored in 

the Python serialisation format (*.pk) as well as the 

Microsoft Excel documents format (*.xls).   

The data collected with the refinement facilitates the 

post-analysis: (i) categorisation of the articles, (ii) 

classification of the image annotations, (iii) author 

network analysis, (iv) natural language process of the 

body text, and (v) correlation analysis with other 

sources.  This study addresses the former two topics in 

the subsequent section.  

3. Results

3.1  Statistics with Categorisation 

Tables 1 and 2 show the results of web scraping for 

the 38 North (324 articles from November 2011 to June 

2020) and CSIS Beyond Parallel (65 articles from April 

2016 to June 2020), respectively.  The relationship 

between region and activity associated with nuclear 

weaponisation has been historically identified.  Thus, 

given the region information from the article title (with 

body text and imagery as necessary), each article has 

been categorised into three topics: nuclear, missile, and 

others.  The others cover hydroelectric, coal, chemical, 

agriculture, China issues, etc.  

Figure 2 illustrates the proportions of categorical data 

from the articles.  For an article dealing with multiple 

topics, it has been counted as each topic.  Both websites 

have published nuclear and missile topics at similar 

rates.  The articles of the nuclear category occupy 43% 

and 32% for the 38 North and CSIS-BP, respectively. 

The Yongbyon and Punggye-ri articles predominate in 

the nuclear category.  It is worth noting that each region 

has been suspected for a specific process in nuclear 

proliferation, and the minority such as Pyongsan 

(mining and milling) and Kangson (enrichment) is not 

of low importance.  Owing to the fact that the 

Yongbyon nuclear complex has been well-known as 

having various nuclear fuel cycle facilities, it was 

chosen for analysing annotated imagery.  

As for the type of satellite sensing, the electro-optical 

(EO), infrared (IR), and synthetic-aperture radar (SAR) 

sensors are technically available, and the articles for the 

Yongbyon nuclear complex consist of four IR images 

and all EO images for the rest.  

Table 3. Classification of the annotations extracted from 

satellite imagery interpretation by the 38 North and CSIS 

Beyond Parallel.  

3.2 Classification of Activities from Satellite 

Observation 

A total of 510 images from the web scraping has 

been analysed for annotation extraction.  It aims at 

classifying what the experts practically capture so that 

the key indicators on the satellite observation can be 

identified.   

Firstly, the annotation has been recognised with 

assistance from the Clova Optical Character 

Recognition (OCR) platform [7].  Even though the root 

meaning of the annotations is identical, it shows 

multifarious variations depending on the author(s) as 

well as the diversity of language expression.  Thus 

secondly, the extracted phrases have been refined into 

simple forms; this process is the drafting of shared 

characteristics, resulting in the sub-class.  Lastly, the 

(upper) class is created by finding common features of 

sub-class activities.  Table 3 summarises nine classes 

and 29 sub-classes derived from the annotations of 510 

images.   

The class from the satellite observation indicates 

direct or indirect activities for potential nuclear 

Type of 
Sign 

Class Sub-Class 

direct 
/indirect 

construction 

construction  
(incl. maintenance) 

excavation 

dismantled 

trench 

C-crane 

direct pipeline pipe 

indirect powerline power line 

indirect transport 

rail car/flat car 

truck 

(other) vehicle 

indirect dredge 
dredge(r) 

D-crane 

indirect object 

equipment (or supplies) 

material 

container/tank 

(other) object 

indirect fuel coal 

direct operation 

snowmelt 

foam/liquid 

steam 

stain 

flow 

thermal pattern 
(IR imagery) 

indirect etc. 

personnel 

tent 

grain 

vegetation 

roof opened 

side section (of structure) 
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proliferation.  The type of sign (direct or indirect) in the 

left column of Table 3 is decided for the classified 

activities based on connectivity to the facility for 

nuclear fuel cycle or weaponisation.  For instance, class 

‘operation’ stands for observation associated with fuel 

cycle facilities such as steam arise from the 5 MWe 

reactor, snowmelt on the uranium enrichment plant, etc. 

On the other hand, class ‘transport’ including rail 

car/flat car, truck, etc., represents shipment or (at least) 

movement within the nuclear complex,  and they are not 

directly connected to the facility for nuclear fuel cycle 

or weaponisation. 

4. Conclusions

Due to the deficiency of the subject-matter experts in 

both the imagery interpretation and nuclear fuel cycle, 

this study has built the data set from satellite-observed 

information via the web scraping of the articles for 

countering nuclear proliferation.  Through the 38 North 

and CSIS Beyond Parallel websites, the expert(s) has 

produced 389 articles of which topics have been 

categorised into the nuclear, missile, and others.  In the 

nuclear category, specifically, the proportions of 

Yongbyon and Punngye-ri are the highest.  The data set 

is expected to be a cornerstone for the in-depth analysis, 

including author network analysis, natural language 

process, etc.  

Further, 510 annotated images for the Yongbyon 

nuclear complex have been extracted to classify what 

expert(s) care about in satellite observation.  The 

indicators for inferring nuclear proliferation have been 

classified into nine classes: construction, pipeline, 

powerline, transport, dredge, object, fuel, operation, etc.  

The results for classification are valuable in that they 

can be utilised by non-experts or novice interpreters in 

countering nuclear proliferation. Moreover, for 

automated change detection with algorithms, this 

provides a framework for satellite-observed objects that 

the system has to detect. 
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