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Abstract. Extracting original data in scientific figures embedded in documents
precisely and efficiently remains a challenge, especially when it needs to be
performed in high throughput way. To solve the automatic curve recognition
problem, this paper proposes an integrated tool for extracting digital data
from curve figures in portable documents, which mainly consists of
picking/recognition/summary parts. During each extracting process, trained neural
network firstly picks up figure pieces; the X-Y axes are then located by horizontal
and vertical image projection and their labels are read using character recognition,
which is followed by curve data recovery point by point; and finally the recognition
result are summarized and sent back to the requester. This open tool is accessible
and testable by anyone around the world via email, with open source on Github.
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1. Introduction

It is well known that artificial intelligence (AI) can greatly improve scientific research,
which even include discovery of new superconducting materials [1] or writing a review
book on lithium-ion batteries [2]. In comparison to recognition of characters,
understanding of scientific figures is more challenging [3][4].

Among scientific figures, curve graphs are more difficult to be digitized and
regenerated than others, because it need not only characters understanding of axial
numbers and variables, but also quantitatively locating each point in plot- ted curves with
correlation to numbers of scaling [5]. To digitize curve graphs, classical computer aid
tools, such as Digitize-Pro or Origin software, usually users might be intimately involved
during orientating points on curves or aligning axes. To perform curve recognition totally
using Al, Bayesian network has been implemented, with accuracy about 63% [6].
Although Google and Baidu have already developed tools for recognition of complex
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graphs, it remains a problem that Al could hardly provide accurate and precise curve
recognition service, which is efficient and totally automatic and easily accessible.

Therefore, to solve such problem, in this work we studied the tools for curve
recognition and regeneration using step-by-step deep learning neural networks on a
Python platform. The original input could be a portable document or image file, from
which the AI-Curve tool picks each figure up and recovers original digital data
successively. To improve the ease of use with appropriate security, the interactive
interface has been implemented on email system for world-wide users without limitation
of platform or software.

2. Method Demonstration

The main function of the AI-Curve tool was constructed simply step-by-step from
portable documents files (pdf) to figure segments followed with plot digitization and
report summary. As shown in figure 1, the input file format could be pdf or image file,
where “fitgz” library is called when necessary to convert from pdf to images.
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Figure 1. Principle flow chart of the open digitization tool for extracting scientific curves in portable
documents.
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As shown in figure 2, figure segments in the image page have been picked up using
a deep learning neural network, where the YOLOvV4 algorithm were used for training
curve graph features [7]. The YOLOv4 algorithm core was used to train the model,
prepare a large number of training data, and enhance the model by capturing image
features and then generate the training model. The input pages or images to be recognized
were detected and identified according to the training model data, and then the position
and size of the figure segments could be obtained.
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Figure 2. Demonstration process of picking up figure segments from each page of requested curve documents.



S. Zhou and J. Lu / An Open Digitization Tool for Extracting Scientific Curve Data 783

After that, the figure segments were processed to generate results with core curve
data, as shown in figure 3, where coordinate scanning, label recognition, results
summarizing, and output were executed successively. To reduce the im- age noise,
figures were denoised by means of median filter and wavelet transform before main
recognition procedures. After horizontal projection and vertical projection, the wave
crest was used to determine the coordinate axis position. Then point by point scanning
has been used in the coordinate axis to determine the curve in the plotting segment. After
all curve data were digitized, curves were then regenerated, and the processing results
were reported.
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Figure 3. Core procedures of the open digitization tool include coordinate canning, label recognition, results
summarizing and output.

3. Method Demonstration
3.1. Training Test

To train the deep learning Al model of the open digitization tool for curve figures, 806
pictures including graphs were selected from scientific publications, where the training
and learning process adopted a Geforce GTX 1660 graphics card with memory of 6144
MB. The indicators training process were robustly convergent and shown in figure 4,
including generalized intersection over union (GloU) for measuring loss of bounding,
objectness of decision, and accuracy. It is found that the recognition accuracy of the Al-
Curve for picking figures from pictures is about 92% after 300 iterations.
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Figure 4. Training result of curve feature recognition using YOLOv4 algorithm.

3.2. Blurring Test

It is rather interesting and valuable for users to get the resistance to lower quality of input
figures. As far as we concern, this performance has not been realized previously for Al
related curve data extraction or regeneration. To obtain the capability of the AI-Curve,
test curves has been degraded by Gaussian blur algorithm as introduced by Flusser et al.
[8], while the absolute clarity of figures was evaluated by Laplacian sharpness index
(LST) calculated according to an automatic focus determination [9]. The test process and
results have been shown in figure 5, where the blurring degree reach distance about 4
pixels, corresponding LSI about 1, the AI-Curve tool could not correctly recognize curve
data anymore. It is also found that the recognition process could more easily regenerate
the curve shape than recognize exact (x,y) data.
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Figure S. Blurring test procedures and results for the open digitization tool, showing the resistance to unclear
figures.
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3.3. Web Interface for Use

To improve the ease of use with appropriate security, the interactive interface has been
implemented on email system for world-wide users without limitation of platform or
software. The construction concept of the AI-Curve interface has been shown in figure
6, where every user around the world can test the open digitization tool through email to
scienceai@sina.com with “curve” included in title and curve graphs attached in pdf or
jpg file. The AI-Curve tool subsequently responses requests by checking mailbox,
recognizing curves in attachment, summarizing a report, and then replying to the request
per email. For those who are interesting in development of this tool, please review the
source codes uploaded in Github [10].

mailto: scienceai@sina.com
with figure files and title
including “curve” keyword.

Automatic Email feedback
with digitized results.

Figure 6. The framework of web interface for use of the open digitization tool.

4. Summary

This paper introduces a digitization tool for extracting scientific data from curve figures
in portable documents. The tool consists of picking/recognition/summarizing parts for
scientific curve and has been implemented by Python language. For clear document
pages embedding curves, target figure region could be picked up with about 92%
accuracy. When the original document includes unclear curve figures, the recognition
process got more difficulties in recovery of exact (x,y) data than recognizing curve shape.
This tool is independent on user platform or application environment and can be easily
accessed by everyone with web mail interface. We greatly appreciate tests and feedback
from world-wide users via email to scienceai@sina.com with “curve” included in email
title and curve graphs attached in pdf or jpg file.
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