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ABSTRACT

- Sangwon Lee™

- Jinyong Jo

With the proliferation of artificial intelligence technology, it is becoming important to obtain, store, and utilize scientific data in research
and science sectors. A number of methods for extracting meaningful objects such as graphs and tables from research articles have been

proposed to eventually obtain scientific data. Existing extraction methods using heuristic

documents having heterogeneous manuscript formats because they are designed to work

approaches are hardly applicable to electronic

properly for some targeted manuscripts. This

paper proposes a prototype of an object extraction system which exploits a recent deep-learning technology so as to overcome the
inflexibility of the heuristic approaches. We implemented our trained model, based on the Faster R-CNN algorithm, using the Google
TensorFlow Object Detection API and also composed an annotated data set from 100 research articles for training and evaluation. Finally,
a performance evaluation shows that the proposed system outperforms a comparator adopting heuristic approaches by 5.2%.
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<annotation>
<object>
<name>figure</name>
<pose>Unspecified</pose>
<truncated>@</truncated>
<difficult>@</difficult>
<bndbox>
<xmin>176</xmin>
<ymin>37</ymin>
<xmax>684</xmax>
<ymax>615</ymax>
</bndbox>
</object>
Annotation for a figure

</annotation>

Fig. 2. Example annotation (Reproduced from Lawson et al.
Nature 2015;526(7571):131-5, with Permission of
Springer Nature[231)
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CREATE_TF_CONTENT (image, annotation)
{
CONVERT image TO encoded-image;
PARSE annotation;

FOREACH object
BUILD bounding-box(xmin, ymin, xmax, ymax);
ADD bounding-box TO bounding-hox list;
ADD object type TO class list;
BUILD tf_content WITH encoded-image,
bounding-box list, class list;
RETURN tf_content;
}

GENERATE_TFRECORD(images, annotations)
{
FOREACH image
BUILD tf_content = CREATE_TF_CONTENT (image,
annotation);
WRITE tf_content;

Fig. 3. Pseudo Code to Generate a TFRecord File
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Table 2. Deep Learning Environment for Object Detection

Component Description
2 x Intel Xeon E5-2637 v4
CPUMEM 3.5GHz/128GB
GPU NVIDIA GeForce GTX 1080 TI
Deep learning o
framework Tensorflow-gpu-1.4.0

Az ke s g8 A¥ B34S # 29 2t Nvidia™
1080 Ti GPU(Graphical Processing Unit) 7}=7} A %]
H 25 252 oA dAZES 140 HAS o] &3,

Table 3. Deep Learning Parameters

Hyper—parameter Value Hyper-parameter Value

epoch/batch size | 200,000/1 | Momentum optimizer 0.9

Initial learning rate | 0.0003 Moving average false
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Fig. 5. Correctly Extracted Figure, Table, and Caption ((a)
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Table 6. Performance Comparison

Method Index Figure Table
Recall 0.877 0.879 0.765 0.840
Precision| 0.789 0.522 0.761 0.690
F1 0.830 0.655 0.763 0.749
Recall 0.590 0.516 0.598 0.568
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Extended Data Figure 1 | Identification and validation of CD298 for CD298 on human (top) and mouse (bottom) mammary celllines to establish
detection of human cels. 3, Analysis o published microarray data identified  species specificity. ¢, FACS on primary PDX tumour cels comparing CD298
D298 as highly expressed on many PDX breast cancer models and expression with other markers used in relted applications (EpCAM, CD24,
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Scheme 1 Molecular building blocks: Ceo, single wall carbon nano-
tubes (SWNT), zinc porphyrin (ZnP), and free base porphyrin (H>P).
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(b) No use of the keyword “Fig.” or “Table”
Fig. 7. Incorrect object extraction of the PDFFigures ((a)

Reproduced from Lawson et al. Nature 2015;526(7571):131-5,
with permission of Springer Nature[231)
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