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Abstract
This project aimed to extract figures from theses and dissertations, index them, and support searching of those figures. Figure Extraction Website intends to fix the problem of users having to go through each PDF file and find figures that match their interests. Instead, Figure Extraction Website allows curators or users to upload PDF files from their computer, and then support searches by the appropriate keyword inputs. Figures can be searched by the caption text or the words within the figures. Two open source tools, PDFFigures2 and PDFPlumber, are used to extract figures from the PDF files. Then, ElasticSearch is used to index the figures, captions, and document metadata.
The website is built based on the ETDUI website, which was given to our group by our clients. ETDUI allows entry of keywords and output of PDF files that have the keyword in the title or in the summary portion of PDF files. To focus on our aims, we removed some features of ETDUI, including login, register, advanced search, and voice search. Then, our group added some features, including a file select button and an upload button, so that users can easily upload PDF files.
Currently, the website is running on localhost, which can be cloned from the GitHub repository (https://github.com/JRReynosa/CS4624_Figure_Extraction_Website). The PDF files that are uploaded are stored locally, with path information given in the website.
Testing proceeded with uploading a few PDF files. Searching was tested with keyword queries. There still exist problems, such as to find words or mathematical equations within the figures, as opposed to those within the captions.






Introduction
Objective
Our project was the result of merging two projects, and so the following were our primary objectives after the merging:
· Use open-source package(s) (PDFFigures2 and PDFPlumber) to extract figures and captions from 1000 PDF documents
· Index the figures, captions, and document metadata into Elasticsearch, and
· Build a web-based interface that 
· accepts text queries and returns the appropriate figures, figure captions and the document metadata.
· accepts a PDF document as input and returns the figures and tables.
Several things need to happen behind the scenes for the objective to be achieved.

Deliverables
The purpose of this project is to allow for ease of access to effectively search for figures existing in an electronic thesis or dissertation (ETD). In order to achieve this, the following deliverable was produced:
1. A web-based search interface that:
a. Accepts an ETD document (in PDF) and metadata file (in XML), extracts figures and captions from the PDF file, and indexes them into Elasticsearch
b. Accepts text queries and returns ETD figures, figure captions, and associated ETD metadata.

Client
The clients for our project are William Ingram, an Assistant Dean and IT Services Director for Virginia Tech University Libraries, and Jian Wu, an Assistant Professor in the Computer Science Department at Old Dominion University (ODU). William Ingram is an internationally recognized digital libraries scholar specializing in computational use of library collections, specifically with an interest in ETDs. Jian Wu is the tech leader of the CiteSeerX project as well as the lab director of ODU’s Applied Machine Learning and Natural Language Processing Systems (LAMP-SYS) group. Both William Ingram and Jian Wu have published multiple papers in their respective fields, and both are quite recognized within their fields.

Team
The team for project figures is composed of Jonathan Reynosa and Sa Hyun Min.


Requirements
Open-source Extraction Routine
To extract figures, the project needed to make use of an open source package(s) to extract figures from provided ETDs in the form of PDF files. The tools suggested to be used in the project were PDFFigures2 [1] and PDFPlumber [10]. Each tool extracts a different set of figures. To resolve this, ETDs were processed through both tools, and then we accounted for duplicates within our extraction script written in Python.


Elasticsearch
Elasticsearch [4] was required to be our document store for figures, captions, and document metadata. Elasticsearch is a distributed, free and open search and analytics engine for all types of data, including textual, numerical, geospatial, structured, and unstructured. Elasticsearch was selected since it is easy to use through API calls, and for the speed and scalability of the searching services provided.

Website
	The website is based on ETDUI, which was provided by our client and Winston Shields, who is an Old Dominion University graduate student. The main structure of the original website allows users to type in keywords and find PDF files that have the keyword in the title or in the summary portion of PDF files. Information on PDF files is stored as a JSON file, including identifier number, contribution and author, title, publisher, date issued, description and abstract, and URL of the PDF files.
Our group modified the website so that when users search for keywords, figures that are associated with the keywords, and occur within PDF files, are shown as a result. Furthermore, our group allowed users to select their own PDF files from their own computer and upload them to the website. Multiple PDF files can be chosen at one time, and the PDF files chosen would be indexed by Elasticsearch. The figures within PDF files users uploaded are searched when users type in keywords.

Design
Design Schema:
[image: ]
Figure 1. System Methodology Diagram

Figure 1 depicts the methodology behind our project, specifically that it was broken down into three main portions. Those are: figure extraction, ETD processing, and frontend presentation, and each is represented in Figure 1 by the tan, blue, and red workflows, respectively.
The workflow for figure extraction, depicted as Workflow 1 in Figure 1, required firstly the creation of the figure extraction script using PDFFigures2 and PDFPlumber. Figure extraction is the foundation of the project, and so Workflow 1 describes the work in the context of a single PDF. It concerns the extraction of figures for a single PDF, the indexing of the data in Elasticsearch for a single PDF and all its figures, and lastly the ability to search for the data making use of the Elasticsearch API. 
As for the ETD processing portion, the requirement for our project is that as many figures as possible need to be extracted and labeled correctly and after that they should be indexed using Elasticsearch. The completion of the figure extraction workflow, depicted as Workflow 2 in Figure 1, allowed us to apply this technique to various ETDs. Thus, we replicated this workflow for the various other ETDs provided and so we extracted and indexed hundreds of figures and their respective metadata.
Lastly, the figures and their labels should be searchable through the use of Elasticsearch’s API. This requires the completion of the two aforementioned workflows as well as the updating of the frontend of the project, which is depicted as Workflow 3 in Figure 1. This workflow mentions an ETD search result as well as a Figure search result; however, the two were not able to be completed. Only the Figure Search Result was completed. The project was left at a point where only figures can be extracted and searched, but they are not linked to their respective ETD within the extracted figure metadata. The ETDUI website, described below in the ETDUI and Figure Extraction Website Design section.
All workflows and their respective responsibilities come together in our Figure Extraction Website [7] as the final product. 

ETDUI and Figure Extraction Website Design:
[image: ]
Figure 2. ETD Search Engine Main Page


[image: ]
Figure 3. ETD Search Engine Result Page
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Figure 4. Figure Extraction Website Main Page
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Figure 5. Figure Extraction Website Search Result Page

Figure 2 and Figure 3 show the base website of ETDUI [11], which was given to our group as reference. Figure 2 shows the main page of ETDUI, and Figure 3 shows the result page of ETDUI. When a user first accesses the ETDUI website, Figure 2 is shown. Users are then able to enter keywords for which they wish to search in the ETD database provided along with the setup of ETDUI. The website would then lead to a page similar to Figure 3, where the results are shown. In Figure 3, the user typed in “shoe” and the respective search results are shown. Users are able to see how many results are found, along with a snippet for each of the PDF files that are returned based on the user search. It also highlights the keyword in yellow so that users can easily view where the keyword was used.
In our system, the frontend is very similar to that of ETDUI and some features in ETDUI are maintained, e.g., features such as the highlighting keyword and showing the number of entries returned. However, in the case of our system the information returned regarding the entries is different, as one can see by comparing Figure 3 and Figure 5. Rather than build upon ETDUI, our group decided to create a separate project separate from ETDUI focused on the figure search. This led to the disposing of files within ETDUI, resulting in removing some functions already offered, such as advanced search functions, login and register functions, and voice search functions. To create a system to our project needs, our group decided to add a file select button and upload button.
With all these changes, Figure 4 depicts the main page for our website. It looks very simple, and it looks similar to the original ETDUI provided to our group. Our group added a section within the main page to allow users to upload PDF files. The PDF files they upload would then be analyzed. The “choose file” button allows users to choose multiple PDF files from their computer and upload them to the website. The uploaded PDF files would be stored in the pdf_files directory within the figure_extraction directory.
Figure 5 shows the result for our figure search. Our group allowed users to clearly view how many figures are returned, and the snippets of the figures that are returned. These figures are from the PDF files users uploaded from the main page of the figure extraction website, i.e., from Figure 4. 
	Overall, one can see the similarity between the two websites, but they ultimately serve for different purposes. ETDUI serves the purpose of searching through ETDs and their respective metadata, whereas our system searches through figures extracted from ETDs and the respective metadata of each figure. In our system, the figures and their extracted metadata do not have a connection to the ETD from which they were extracted. This issue is further discussed in the Future Work section, as creating such a connection would allow for ETD and figure search to overall create a better searching system.


Implementation
Figure Extraction, Indexing and Querying:[image: ]
Figure 6. Pipeline for Figure Extraction, Indexing and Querying

Initially, the pipeline starts with 1000 ETDs and a CSV file containing 1000 entries with the respective name of each ETD. The ETDs are then put into our extraction pipeline that is run through a Python script and is composed of two figure extraction packages, PDFFigures2 and PDFPlumber.
[image: ]
Figure 7. Extracted Figure and Metadata Example

Extraction
PDFFigures2 [1] is a command line interface tool that runs with the Scala build tool command “sbt” and takes in documents in bulk. It outputs extracted figures and metadata, such as figure caption, type, and image text, as shown in Figure 7, to a designated output folder. Thus, after PDFFigures2, there are at least 1000 extracted figures, at most 1000 JSON files containing metadata, and 1 JSON file containing metadata for each PDF processed. PDFFigures2 [1] provides usage and implementation details within their GitHub, specifically for the command in Figure 8. For further detail regarding PDFFigures2, please refer to the Developer’s Manual.


[image: ]
Figure 8. PDFFigures2 Bulk Processing Command

After the PDFFigures2 processing, we enter the second step of our extraction process, which takes in the same 1000 ETDs and once again extracts figures making use of the PDFPlumber Python library. However, the metadata from PDFFigures2 is taken into account and logic is implemented to eliminate duplicate, overlapping, and figures that are too small, making use of the bounding boxes outputted from PDFFigures2. After PDFPlumber, there is another output with at least 1000 figures, at most 1000 NDJSON files containing metadata, and 1 NDJSON file containing metadata for each PDF processed.

Indexing
Next, we enter our indexing phase where we make use of Elasticsearch. Elasticsearch uses the terms “Index” and “Documents”, which in relational database terms serve as a database and a database entry/row respectively. Elasticsearch, which serves as our document storage, uses API calls to index the metadata for each figure and its caption. Specifically, the API call we used in our script took data in bulk from output destinations of the metadata from PDFFigures2 and PDFPlumber and indexed it 
into our respective Elasticsearch Index named “figures”. 

Querying
After all our data has been indexed in Elasticsearch, Haystack [3] was to be made of use; it was supposed to serve as a pipeline for our querying abilities. Haystack makes use of questions to query data, and so this was supposed to be reflected in our frontend. Unfortunately, we did not get to the point of implementing Haystack; this is further touched upon in the Future Work section. Since Haystack was not implemented, we used Elasticsearch API calls that compared user input from a search bar to details such as figures’ caption, type, and image text, as shown in Figure 7.
Testing and Evaluation
Figure Extraction
For the testing and evaluation of figures, the Python extraction script was run through a small subset of ETDs. This subset consisted of the first 10 ETDs out of the 1000 ETDs provided by the client for processing. The reasoning behind only 10 ETDs is that there needed to be enough data to find each portion of metadata, but not too many that it would make verifying the results difficult. For the testing of the script, the script had to take in all ETDs in a given directory, extract as many figures as possible and output them to a set output folder. As for evaluation, to evaluate a figure it had to meet the following standards:
· There exist no duplicates of this figure
· This figure is not a subset of another figure
· This figure is not too small to be understood
After all figures were extracted from testing, the figures were then manually observed to see if the logic held up these standards. This served as a continuous improvement cycle, where the logic was tweaked when needed in order to come up with our final design schema for our pipeline.
	



Users’ manual
	Developers should download everything from the Figure Extraction Website Github repository [7]. Users would have to download and install apache2, Elasticsearch, and MySQL. Run “curl -X PUT “localhost:9200/figures?pretty”” to create the Elasticsearch database. After this command, run the website by “php -S localhost:8000 -t figures”. If you named the file other than “figures”, change the “figures” part to whatever name you put in. Go to your browser, and you should be able to reach the website at localhost:8000. You have succeeded if you see a screen like Figure 4.
	[image: ]
Figure 9. File_Upload.php

Click on the “select files” button and find PDF files you want to be searched from your local computer. By clicking on PDF files while clicking the ctrl button, you are able to select multiple files. Whenever you are done choosing the PDF files, click on the “done” button. Then, click on the “Upload” button within the website. You should be able to see a page something like Figure 9. You can see from this page that all PDF files are successfully uploaded, and where the PDF files are located. The default would be in the figures/src/pdf_files directory with the PDF files named after the name of the original PDF files. The PDF files you uploaded would now be included in the results.

Developer’s Manual
General
The extraction script is written in Python and makes use of the following Python packages: sys, os, json, ndjson, elasticsearch, and PDFplumber. The script itself is in the project GitHub repository [7] and its path is src/figure_extraction/extracting_script.py. It is of note that the PDFFigures2 and PDFPlumber Python packages have dependencies on other packages and programs that need to be downloaded on the system they run on. 
For PDFFigures2, the machine running the command in Figure 8 needs to have the most current Java SDK. PDFFigures2 is a command line interface tool that needs to be run with the Scala build tool “sbt” command. In order to use the “sbt” command one must download it from the Scala website [12] if one is on Windows or one can use SDKMAN! in Ubuntu to install it.
 For PDFPlumber, since it is a Python package, it can easily be installed using conda or pip. However, to make use of PDFPlumber’s visual debugging, one must also install ImageMagick and ghostscript onto the machine. Both are software routines that are used to draw vectors on images for debugging. The most important thing to note from the software dependencies though is that they are also used to extract figures from PDF files. Without the two pieces of software, PDFPlumber can only output information of the figures but not be able to extract them.
Lastly, the Python itself is broken into a section for each extraction routine, and each section contains comments on what each line of code does. The first section runs PDFFigures2 using “sbt” and indexes the results to Elasticsearch using the Elasticsearch.helpers bulk command. The second iterates through the directory holding the ETDs and then extracts figures using the PDFPlumber Python package. For PDFPlumber, we implemented the logic and we iterated through each document in a set directory and then cross-checked each extracted figure with figures from PDFFigures2 to account for duplicates and overlapping figures.

PDFFigures2
The expected output after processing the command in Figure 8 on a single PDF is depicted in Figure 10. The -s tag in the command is for the “stat_file.json” which is the JSON file which contains the metadata for all PDF files processed. Figure 11 depicts the JSON format for the “stats_file.json” where a single PDF was processed. The -m tag is to provide the output location for extracted images which take on the naming convention of <PDF Name>-<Figure OR Table><Figure Name>-<Figure Duplicate Count>, this is depicted in Figure 11. Note the Figure Duplicate Count only updates if there are multiple figures with the same name, for instance if the PDF we processed had two figures named “Figure 1.1”, then there would be two files, where the first is “1468-Figure1.1-1” and the second is “1468-Figure1.1-2”. The -m tag also serves as the place to set the extension of the images outputted, by default PDFFigures2 outputs PNGs. The -d tag is to provide the output location for the JSON file which contains the metadata for each figure extracted from a certain PDF, and the JSON file is named after the PDF itself. The format for the JSON outputted from PDFFigures2 is depicted in Figure 12.

[image: ]
Figure 10. PDFFigures2 Expected Output

[image: ]
Figure 11. PDFFigures2 Stats JSON File Format
[image: ]
Figure 12. PDFFigures2 Data JSON File Format

	Note that the PDFFigures2 extracts various metadata details from the figures, but we only made use of caption, figure type, and image text to make the figures searchable. Other details can be used for searching, to do so one can edit the code for querying which can be found in the project files stored in the GitHub repository [7] in src/elasticsearch/normal_search.php.

Elasticsearch and Kibana
Elasticsearch was installed and set up locally on the Linux machine also used for the frontend. Along with Elasticsearch, Kibana, an interface for Elasticsearch, was also installed locally. Both services were installed locally rather than on a dedicated host or server to simplify the project as setting up an instance of both Elasticsearch and Kibana proved to be a struggle when configuring the services on a remote machine. The project was provided access to a remote Linux machine in the Virginia Tech cluster, however, network issues were met when trying to access the machine through the internet. This was possibly due to Virginia Tech restrictions to the unknown upcoming traffic from our personal computers. Due to time constraints, we did not focus further on the issue and turned to running Elasticsearch and Kibana on our personal machines. However, running Elasticsearch and Kibana on a remote server is possible and the setup is exactly the same as running it on a local machine, however, network and Elasticsearch configurations and issues should be kept in mind. Note, it is also possible to make use of Elasticsearch’s service Elastic Cloud which runs Elasticsearch and Kibana in the cloud on services such as AWS, Microsoft Azure, and Google Cloud. 
All indexing of documents was done through Python, but the purpose of installing Elasticsearch was to run the server locally. Ideally, an Elasticsearch server would run in the cloud. Kibana was of great use as it allowed us to debug the project from a graphical point rather than calling the Elasticsearch API to confirm the correct results. Specifically, the “Discover” and “Dev Tools” features were of great use. The former provided a graphical user interface to look through all data in our index and the latter provided an intuitive place to practice our API calls and play with our data. These two features are depicted in Figure 13 and Figure 14, respectively.
[image: ]
Figure 13. Kibana Index “Discover” Feature

[image: ]
Figure 14. Kibana “Dev Tools” Feature



Lessons Learned
Timeline
	Our group divided the roles into frontend and backend. Sa Hyun Min was in charge of the frontend portion of the project, and Jonathan Reynosa was in charge of the backend.

Our initial timeline is: 
· 2022.02.15
· Frontend: Get the server running. Figure out what things need to be done in the frontend.
· Backend: Work with and write a script using PDFPlumber2 to begin extracting figures from ETDs
· 2022.03.01 
· Frontend: Get a development server. Try making very minor changes to see differences.
· Backend: Process and extract figures from the 1000 ETDs provided
· 2022.03.15 
· Frontend: Make sure that the website can process one PDF file and its figures.
· Backend: Index figures and respective data using Elasticsearch
· 2022.03.29 
· Frontend: Make sure that the website can process 1000 PDF files and its figures.
· Backend: Combine frontend and backend of project in cohesive method
· 2022.04.12 
· Make changes to whatever errors are found, and improve aesthetics. 
· Backend: Clean up aesthetics and implement Haystack to better the figure searching system
· 2022.05.01 
· Frontend: Finish Project
· Backend: Finish Project

Challenges Faced
Frontend - Running Website
	Running the website was harder than our group was expecting it to be. The ETDUI would only run in a Linux environment, so our group had to download Ubuntu in order to run the website. Also, with original instructions, the command to run the website was missing. Now, this part has been added with “If you ran the php -S localhost:8000 -t etdui command, access the website through http://127.0.0.1:8000/”. Without this portion of the instructions, our group could not find a way to run the website even though our group has followed the instructions. 
	This led to emailing Winston Shields, the Old Dominion University graduate student who is in charge of the ETDUI Github repository. Getting responses, setting up a Zoom meeting, and running the website took an additional 3 weeks of time, which led to a delay of the project. Now, our group has good knowledge of how to run the website in localhost. 

Backend - Pipelines
	The largest issue was how to efficiently extract as many figures as possible from ETDs. Taking into mind the two packages that were suggested, PDFFigures2 and PDFPlumber, they both provide a set of results. At times, PDFFigures2 extracted figures PDFPlumber did not and vice versa. Rather than focusing on a single package it was suggested that a routine be created to merge both packages into a single pipeline making use of both. Thus, the pipeline, as explained in Figure 4, in the “Extraction” section, is to run ETDs through PDFFigures2 and then the ETD is run again through PDFPlumber. This was done in this order because PDFFigures2 runs as a Scala-based command line interface tool, and PDFPlumber is a Python package that can be used. After running through PDFFigures2, it was easier to account for duplicates, missing, etc. because those cases could be accounted for in the Python script.


Future Work
General
Future teams can work on our existing code and add on to our project. Some suggestions include hosting the website so that users can freely access the website and use the website for figure search. This would allow users to freely upload PDF files to search for figures within PDF files. Furthermore, this would help future users to skip the directions of downloading Elasticsearch and MySQL, and running the website from localhost. 
Also, future teams could make a database of PDF files so that users can have an option to just search for the existing PDF files in the database. Currently, Figure Extraction Website only allows users to upload PDF files, which would then be searched. Since it is better to have more PDF files in the database, our group anticipates that having at least 10,000 PDF files would be a good starting point for the database. 10,000 PDF files would guarantee a search result for most general keywords. Furthermore, future teams can work on combining Figure Extraction Website with ETDUI, which would allow users to search for figures within the PDF files as well as words within the title or the summary portion of the PDF files. This could proceed by using the Figure Extraction Website code, and adding the word search portion of the ETDUI code into the Figure Extraction Website code. 

Image Text
	Most images that were indexed also had text within the image itself. Figure 8 depicts an example of figures and their respective figure details, including image text. However, we were limited to the image text that was extracted using PDFFigures2, and so image text proved to be an issue as figures could be queried with better accuracy if the image text could be accurately extracted for all images. For instance, if the table in Figure 8 did not contain the phrase “sub-bands” in its caption then it could still be queried via the “sub-bands” in the image text. Specifically, it became an issue to extract image text when the text was mathematical, contained accents, or was too blurry. This might require the introduction of another package in the “extraction” portion of our backend pipeline depicted in Figure 6 that runs optical character recognition and cross checks that with the output of PDFFigures2 to eliminate duplicates.

Haystack
	The implementation of Haystack [3] would allow for more precise searching. Haystack is a semantic, question-drived search system rather than a keyword search system which makes use of state-of-the-art natural language processing tools to allow users to search data in their natural language. For instance, in the context of the project, if one wanted to see figures depicting the U.S. economy rather than searching for “United States Economy 2022”, which makes use of keywords, one could simply type “What does the current U.S. economy look like?” into the search bar. Thus, the user could search for data, and in our case figure caption and image text, using questions, which ultimately leads to a better user experience. Haystack allows data to be stored in any database of the developer’s choice, and in our project that would be Elasticsearch, which Haystack fully supports. The frontend would not need to change in any way as the search system still functions through a search bar, but the addition of Haystack to the backend of the project would require changing the code to query the Elasticsearch data to add Haystack to pipeline which can be found in the project files stored in the GitHub repository [7] in src/elasticsearch/normal_search.php. Since the website is written using Scala and Haystack can be implemented with Elasticsearch using Python, it would perhaps be better to redesign the frontend with Python to create a more cohesive environment in the backend. Regarding Haystack itself, it was a feature that we hoped to reach, however, we failed to implement due to time constraints.

Connect Figures with their ETDs
	Our implementation only extracts figures and the metadata of the extracted figure contains only data regarding the figure itself and not the ETD from which it was extracted. Our group hoped to reach a point where the Elasticsearch instance could have two clusters, or databases, one for figures and one for ETDs, and a connection could be made between them. However, the metadata provided by our extraction pipeline did not allow for such a connection as the metadata output of PDFFigures2 [1] did not contain a reference to the ETD processed. The output of PDFPlumber [10] did provide a reference, but that reference was only the name of the ETD from which it was extracted. We chose not to use the reference to the ETD provided by PDFPlumber since only the figures extracted from PDFPlumber would have that reference. Further, since the metadata of the figures is the data stored in Elasticsearch for the respective figure, ideally the figure data entry would contain a reference to its respective ETD in the index of the ETD in the Elasticsearch ETD cluster. 
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