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Abstract. The localization of triangle coordinate diagram in academic literature
is an important step in the process of data mining. However, the detection of tri-
angle coordinate diagram in academic literature mainly depends on manual work,
which consumes a lot of time. At present, there is no specific locating method for
triangle coordinate diagram. To solve this problem, this paper proposes a method
of triangle coordinate diagram localization based on line segment detection, which
can be placed on the cloud platform to provide convenience for the functions such
as diagram-based retrieval in academic literature database. Technically, this paper
uses line segment detection algorithm and line segmentmerging algorithm to com-
plete triangle coordinate diagram localization. Finally, an experiment is conducted
to evaluate the method, which proves the effectiveness of the proposed method.

Keywords: Triangle coordinate diagram · Line segment detection · Academic
literature · Diagram localization

1 Introduction

Diagram is an important part of academic literature. As a special non-text data structure
in literature, it can reflect the key research methods and conclusions in a great measure.
With the explosion of academic literature in recent years, the visual resources in the
literature present an explosive growth trend. Database vendors continue to strengthen the
disclosure of visual resources in the literature, add diagram-based retrieval, build public
knowledge resource pools based on academic visual resources, and carry out related
services in the search and open access of resources [1]. At the same time, the academic
literature database based on the cloud platform makes it possible to place algorithms
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with high requirements on computer performance on the cloud, so that these algorithms
can be conveniently applied in more common scenarios. Diagram can also help readers
quickly and directly understand the author’s intention and the core idea of the literature,
which is of great help to readers. Scholars try to help readers by analyzing the diagram
in the literature, such as searching and recommending appropriate literature. It can be
predicted that the development and construction of visual resources in the paper will
further promote the organization and dissemination of academic knowledge and have a
broad development space in the field of knowledge service in the future.

Compared with the text content in the literature, there are relatively few studies on
the diagrams. One of the main reasons is that in the common academic storage format,
PDF, the content is not logically structured, but simply positioned by using localization.
In other words, in PDF format, diagrams are stored in a discretemanner, and the elements
within the diagrams are structurally independent, so they cannot be located directly from
the academic literature.

Nowadays, common research on the localization of diagrams in academic literature
is mainly based on the underlying coding of PDF, and the localization of specific types of
diagrams according to the prior rules of typesetting and literaturewriting. To some extent,
it has a beneficial effect for the same type of literature in PDF format, which is relatively
fixed in typesetting format. However, because it mainly analyses the underlying coding
of PDF, it ignores the visual information on the page. Nowadays, there are many kinds
of academic literatures, which is difficult to extract information accurately with limited
typography rules. At the same time, in reality, a large number of electronic literature
data of early literature are stored in the form of image after scanned by paper literature,
and diagram localization based on the PDF format is more difficult to apply in this case.

Triangle coordinate diagram usually use three-dimensional percentage coordinates
to represent the proportion of an element in a three-component system to the overall
structure.As a kind of structural information image, three sides of trigonometry represent
three different elements, three vertices represent three origins, and the three-dimensional
coordinates of points represent the proportion of each component in an element.

Triangle coordinate diagram can be used as a classification diagram by classify-
ing each element according to its component proportion. Triangle coordinate diagram
is widely used in geology, chemistry and statistics, such as the classification of sand-
stone and greywacke, classification of soil texture, chemical classification of carbonate,
representation of population age structure and so on.

Different from the common diagramwith rectangle as the border, triangle coordinate
diagram is a kind of diagram with a triangle as the border, which makes the locating
method of this diagram different from the locating method of common diagram. At
present, there is no diagram localization algorithm specifically for triangle coordinate
diagram. The method proposed can be combined with diagram retrieval and participate
in the work related to triangle coordinate diagram data extraction to save manpower and
improve efficiency. Considering the wide application of triangle coordinate diagram in
all kinds of literature, it has certain research value to study the localization of triangle
coordinate diagram in academic literature.

According to the geometric characteristics of triangle coordinate diagram in lit-
erature, a method of triangle coordinate diagram localization based on line segment
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detection is proposed. At the same time, this method does not require a lot of data anno-
tation, which can save a lot of manpower. Specifically, the contributions of this paper
are as follows:

1. A line segment merging method is proposed, which can further process the line
segments after line segment detection. This method can merge the segments that are
incorrectly segmented and the segments that are repeatedly recognized.

2. A method to locate the triangle coordinate diagram according to the detected line
segments is proposed.

The rest of this article is organized as follows: The related work in this article is
described in Sect. 2. In Sect. 3, the methods of academic literature triangle coordinate
diagram localization are described. Experiment are conducted in Sect. 4. In Sect. 5, we
conclude this article and look forward to the future.

2 Related Work

Diagram is an important part of literature, which can express the information that needs
complex text description in an intuitive and concise way, so that readers can better
understand what the author wants to express [2]. Diagram contains the core content of
literature, which has high research value and is an important research object. Lee et al.
[3] used machine learning technology to divide 8 million diagrams into five categories
according to the content. Through the comparison of their influence with the correspond-
ing literature, it was found that the distribution and types of diagrams remained relatively
stable for a long time, but there were differences in different fields. Among them, the
higher the influence of literature, it tends to use more schematic diagrams to help readers
understand. Apostolova et al. [4] pointed out that the accurate localization and index-
ing of images in literature has an important impact on the accuracy and efficiency of
literature image retrieval.

From the above research, it is not difficult to see that the academic literature dia-
gram has high research value. The research on diagrams in academic literature can be
divided into academic diagram retrieval [5], diagram similarity calculation [6], and dia-
gram content analysis and extraction [7]. These researches need to accurately locate the
diagrams in the literature before they can be carried out. It can be seen that the accuracy
and comprehensiveness of the diagram localization in the literature have a great impact
on the follow-up research.

There are two kinds of research objects on the diagram localization of academic
literature: Scanned academic literature (including electronic literature in the form of
pure pictures, most of which are stored in the form of pictures) and literatures in PDF
format (most of the text content is stored in the form of characters). For the method of
scanned literature, because the main content of the literature is stored in pictures, the
academia treats the problem as a kind of image processing problem to solve. Specifically,
this method can be roughly divided into two types, one of which divides the picture from
thewhole page from top to bottom toget thefinal diagramarea, and then classifies the area
to locate the existing diagram in the literature in the picture [8]; Another method starts
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with pixels, calculates the connectivity between the contents from bottom to top, merges
the pixels according to certain rules, and finally merges them into a complete diagram
area image [9]. For the PDF format literature method, using the format characteristics
of the file, extract specific structure content from it according to certain rules, and locate
the diagram by matching keywords and searching for areas without body content near
keywords. For example, PDF Figures [10] literature diagram localization tool, published
by Allen AI Lab, University of Washington, uses heuristic algorithms to accomplish the
task of graph positioning by means of label positioning, area content recognition, and
performs well on its own dataset.

In recent years, there have been a large number of methods based on deep learning
in academia on the localization of diagram and data fetch in the literature. Ma et al. [11]
uses deep neural network to extract the semantics of scatterplots in academic papers,
and completes the task of calculating the similarity of two scatterplots. Yu et al. [12]
extracted the diagrams from the academic papers on artificial intelligence, classified them
and located the diagrams describing the deep learningmodel, then used these diagrams to
generate standard flowcharts and get the corresponding codes. The deep learningmethod
can automatically extract the characteristic information from the dataset, and it performs
well in the field of computer vision, such as image classification, target detection, and
so on. It surpasses human performance in some tasks [13]. However, at the same time,
some studies [14] have shown that the lack of high-quality training data limits the ability
of deep learning to solve problems on related tasks. There is a large demand for data to
solve problems using deep learning, which also greatly increases the cost of research to
solve related problems.

Summarizing previous studies, the following areas need to be improved:
(1) The electronic document encoding based diagram localization method for PDF

can only handle documents in PDF format, but cannot handle the problem of diagram
localization in a large number of scanned documents (stored as picture format); (2) The
method based on deep learning requires manual labeling of a large number of data for
the extracted diagram target, which makes it difficult to cope with the lack of related
data.

According to the characteristics of triangle coordinate diagram in academic literature,
this paper proposes a method of triangle coordinate diagram localization in academic
literature based on line segment detection: (1) The literature image is de-noised by
Gaussian filter to get low noise image, and the image edge is detected by Sobel operator
to obtain the binary image; (2) The original line segment set is obtained by line segment
detection of low noise image; (3) Processing the original line segment set: merging the
overlapping and wrong segments to get the merged line segment set; (4) According to
the relative position between each line segment in the triangle segment set, whether the
triangle segment group is a triangle is judged.

3 Triangle Coordinate Diagram Localization

3.1 Gaussian Filter and Sobel Operator

The literature image is de-noised to reduce the redundant noise information in the image,
which provides convenience for the next step of line segment detection.
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According to the values of red channel R, green channel G and blue channel B of
the image, the original image is converted into gray image I by using gray calculation
formula.

The gray calculation formula is as follows:

I = R × 0.299 + G × 0.587 + B × 0.114 (1)

when all the pixels of the image are transformed into gray image by gray operation,
Gaussian blur formula is used to convolute the gray image I and Gaussian kernel.

The Gaussian blur formula is as follows:

Iσ = I ∗ Gaussianσ (2)

where * denotes convolution operation,Gaussianσ is a two-dimensional Gaussian kernel
with a standard deviation of σ , which is defined as:

Gaussianσ = 1

2πσ
e−(x2+y2)/2σ 2

(3)

where x and y represent the abscissa and ordinate of the pixel respectively; After the
whole image is convoluted by Gaussian kernel, the de-noised image is obtained.

In order to better detect the line segments in the image in the next step, Sobel operator
filtering is also needed for the image.

Sobel operator contains two convolution kernels, namely transverse convolution
kernel and longitudinal convolution kernel. The biggest difference between triangle
coordinate diagram and common diagram is that there are segments with an inclination
of about 60°. This paper uses these inclined segments as the main basis to judge whether
there is a triangle coordinate diagram in the image and locate the triangle coordinate
diagram. In practice, there are a large number of transverse straight lines in literature
images. Therefore, Sobel transverse convolution kernel is used here to convolute the
image. In this way, we can get the image y after filtering out the transverse edge. The
formula is as follows:

Gx =
⎡
⎣

−1 0 +1
−2 0 +2
−1 0 +1

⎤
⎦ ∗ y (4)

where ∗ denotes convolution operation, Gx represents the image gradient value of
transverse edge detection.

3.2 Line Segment Detector

In this step, line segment detection will be performed on the literature image to obtain
the line segment set. Specifically, LSD [15] is used to detect line segment.

The main process is as follows:
(1) Calculate the gradient angle θ and gradient G of each pixel in the image, the

formula is:

θ(x, y) = arctan

(
gx(x, y)

−gy(x, y)

)
(5)
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G(x, y) =
√
g2x (x, y) + g2y (x, y) (6)

where gx and gy represents the horizontal and vertical gradient values of the pixel
respectively, the formula is:

gx(x, y) = i(x+1,y)+i(x+1,y+1)−i(x,y)−i(x,y+1)
2

gy(x, y) = i(x,y+1)+i(x+1,y+1)−i(x,y)−i(x+1,y)
2

(7)

where i(x, y) is the gray value of the pixel at (x, y);
(2) The direction of the pixel is combined into the direction of the line area, and the

pixel is filtered by judging the direction of the pixel and the direction of the line area.
Select an unselected pixel as the seed point to judge the pixel: The other pixels whose
difference between gradient angle and region angle is less than the threshold is added to
the line support domain. Every time a new pixel is added to the area, the region angle of
the whole line area is update. The angle formula of an area is as follows:

arctan

( ∑
j sin θ j∑
j cos θ j

)
(8)

(3) The diffused region is fitted by rectangle, and an external rectangle containing
all pixels in the region is constructed. The main axis angle of the rectangle is calculated,
and the main axis angle is set as the angle of the line segment to be extracted;

(4) Verify the line segment and detect the rectangle r. According to the corresponding
NFA formula, calculate whether the rectangle r meets the threshold: if not, ignore it; if
yes, express the rectangle record as a detected line. The formula is as follows:

NFA(r) = (NM )5/2 · B(n, p) (9)

whereN andM represent the columnwidth and rowwidth of the image, and the formula
of B(n, p) is:

B(n, p) =
n∑

j=k

(
n
j

)
pj(1 − p)n−j (10)

where n is the total number of pixels in the rectangle and p is the precision;
(5) Go back to step (2), find the next seed point, spread the rest of the image until

traversing the whole image, and get the original line segment set of the image.

3.3 Line Segment Merging

LSD has excellent ability to detect line segments. However, a single line segment in
the image of literature may be detected as multiple line segments after line segment
detection, which will have a negative impact on the locating and type determination
of the diagram. Therefore, after line segment detection, it is necessary to merge the
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line segments according to certain rules: delete the redundant segments and connect the
segments that are wrongly segmented.

In this paper, according to the specific situation of the literature, some thresholds are
preset.When using this method to identify the diagrams in other literature, the thresholds
need to be adjusted according to the situation.

(1) First of all, set the line segment end merging threshold and slope merging thresh-
old. The threshold value can be set according to the page size of literature image, or can
be manually specified according to experience;

(2) Then, the redundant segments are merged. Firstly, the redundant line segments
with similar length and position are merged. The method is as follows:

Judge whether there are two pairs of endpoints in two line segments, and the distance
between the two pairs of endpoints is less than the endpoint merging threshold. If there is
a group of line segments that meet the conditions, merge them:According to the formula,
the center point of each pair of end points is taken as the end point of the merged line
segment, a merged line segment is generated, and two original line segments are deleted.
The end coordinates (X ,Y ) formula of merging line segments is as follows:

X = x0 + x1
2

(11)

Y = y0 + y1
2

(12)

where (x0, y0) and (x1, y1) are the two endpoints to be merged;
After that, merge the redundant segments with length difference. The method are as

follows: Judge whether the slope difference of two line segments is less than the slope
threshold, and whether the maximum distance between the two ends of the shorter line
segment and the longer line segment is less than the point line merging threshold.

If the conditions are met, the segments are merged: The shorter segments are deleted,
and the longer segments are retained;

(3) Finally, the segments that are wrongly segmented are merged. For the wrong
segment, the method is as follows: The distance between two segments is less than the
merging threshold, and the slope difference between the two segments is less than the
slope threshold.

If the conditions are met, merge segments: Take the two farthest endpoints of two
line segments as the two endpoints of the merging line segment, generate a merging line
segment, and delete the two original line segments;

(4) Repeat steps (2) and (3) for the line segment set until the set is no longer updated,
which means that the line segment merging is completed.

3.4 Diagram Localization

After the above steps, the line segments in the set can represent the frame of the triangle
in the literature image to a certain extent. Next, according to certain steps, find the
appropriate line segment pair from the set for matching. The steps are as follows:

(1) Classify the line segments in the set according to the slope. Line segments with
positive slope form set 1; Line segments with negative slope form set 2.
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(2) Select a line segment from set 1. In set 2, select a segment whose absolute value
of slope is close to it and whose endpoint is closest to the endpoint of the selected
segment in set 1.

(3) Record the selected line segments in set 1 and set 2, and remove the two segments
in set 1 and set 2. The two line segments are regarded as the waist of the triangle
coordinate diagram in the literature image. Each pair of such line segments locates
a triangle coordinate diagram.

(4) Repeat steps (2) to (3) until all line segments in set 1 cannot find qualified line
segments in set 2, or one of the sets is empty.

The algorithm from step (2) to step (3) is as follows:

Algorithm 1 matchLine(set1, set2)
1: for each line1 in set1 do
2: for each line2 in set2 do
3: if (|slope of line1 – slope of line2| < threshold) 

and (endpointDistance(line1, line2) < minDistance) 
then

4: minDistance := endpointDistance(line1, line2)
5: targetLine := line2
6: end if
7: end for
8: add (line1, targetLine) to targetSet
9: end for

where function endpoint Distance(line1, line2) calculates and returns the minimum
distance between two endpoints of line1 and two endpoints of line2.

This paper combines LSD line segment detection [15] and line segment merging
to establish a new triangle coordinate diagram localization method. Compared with the
common line segment detection methods, we add the line segment merging step after
the line segment detection, which is very helpful to judge the diagram type according to
the spatial relationship of line segments.

4 Experiment

4.1 Dataset

In order to verify the performance of the proposed method, this paper uses the self-built
academic literature triangle coordinate diagram dataset for experiments.We searched the
open academic literature dataset for keywords such as “decimal composition”, “sand-
stones”, and “provenance”. After manual judgment, 43 literatures containing triangle
coordinate diagramwere selected and constructed into the self-built dataset of this paper.
The dataset contains 43 academic literature pages in the format of pictures, in which
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each page contains at least one triangle coordinate diagram, and all pages contain 112
triangle coordinate diagrams.

4.2 Experimental Method

An example of a literature image in the dataset (Fig. 1) shows how this method locates
triangle coordinate diagrams.

Fig. 1. An image in the dataset

(1) Firstly, Sobel operator and Gaussian filter are performed on the literature image
to get Fig. 2.

Fig. 2. The image after performed

(2) Line segment detection is performed on the image from the previous step to get
the set of line segments. Draw all line segments in the set on literature image, as shown
in Fig. 3. (Where each line segment is drawn in a random color, the same below).
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Fig. 3. The image drawn with line segments in the set

(3) Filter out the line segments whose length and angle do not meet the rules in the
line segment set of the previous step. Draw the filtered line segment set on the literature
image, as shown in Fig. 4. (End points of line segments are marked with red dots).

Fig. 4. The image drawn with the filtered line segments

(4) For the line segment set in the previous step, the line segments are merged
according to the method proposed in this paper. After that, the line segment set is drawn
on the literature image, as shown in Fig. 5.

(5) Search and match the most appropriate line segment from the set in the previous
step, and set them as a triangle segment group. Each triangle segment group represents a
triangle coordinate diagram, as shown in Fig. 6. (Different triangle coordinate diagrams
are represented by triangle boxes of different colors.)

The experiment uses themethod in this paper to locate the triangle coordinate diagram
in the dataset. The results are given as a triangle box on the rendered page. If no triangle
coordinate diagram is found, no box is given in the corresponding area. The result of the
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Fig. 5. The image drawn with the merged line segments

Fig. 6. The image drawn with the triangle boxes

experiment is checked manually. For the results of a triangle coordinate diagram, there
are four possible kinds of results: correct, wrong, missing, and extra.

“Correct” means that the box given by the method can be positioned to the frame
of the triangle coordinate diagram, and does not include other area that do not belong
to the diagram; “Wrong” means that the number of triangle boxes given by the method
is the same as the actual number of triangle coordinate diagram, but the given triangle
boxes are where there is no triangle coordinate diagram or the given triangle box does
not overlap with the triangle coordinate diagram; “Missing” means that the number of
triangle boxes given by the method is less than the actual number of triangle coordinate
diagrams, that is, some triangle coordinate diagrams fail to be given the corresponding
triangle boxes on the result page; “Extra” means that the number of triangle boxes given
by the method exceeds the number of actually existing triangle coordinate diagrams on
the page.
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4.3 Experimental Results and Numerical Analysis

Through experiments andmanual verification, there are 112 triangle coordinate diagrams
in 43 pages. The method in this paper gives 76 diagrams position results, of which 75
are “correct”, 37 are “missing”, 1 is “extra”, and no “wrong”; The precision rate of the
method is 98.68%, and the recall rate is 66.96%.

Experimental results show that this method has high precision, but low recall. The
higher precision is attributed to the strict decision rules of the method. However, because
of this, the strict decision rules have a certain impact on the recall rate. For example, when
the data points are close to the frame of triangle coordinate diagram, when detecting the
line segment of the frame, because of the existence of the data points on the frame, the
frame line segment may be recognized as a multi-segment line segment or not a line
segment (in order to avoid this problem, we introduce the step of line segment merging.
However, this cannot completely avoid the problem), which will have an impact on the
recall rate.

5 Conclusion

This paper solves the problem of academic literature triangle coordinate diagram local-
ization. A new triangle coordinate diagram localization method is established by line
segment detection and line segment merging. The purpose of locating triangle coor-
dinate diagram in academic literature is realized. This method regards the problem of
diagram localization as an image processing problem: Compared with the method based
on the coding information in PDF format literature, this method can solve the problem
of literature diagram localization in the scanning format of image; Compared with the
method based on deep learning, this method does not need a lot of manpower to label
data and can save manpower cost.

In this method, after detecting the position of line segment by line segment detection,
the line segments are merged. Due to the merging of line segments, the wrong detection
of line segment group can be avoided.

Nevertheless, there are still some improvements needed for this method.
(1) In the line segment merging step, it is necessary to manually set an appropriate

threshold as the basis for line segment merging or not. Clustering the length of line seg-
ments and setting the threshold based on itmay be a betterway tomake the generalization
ability of the method stronger.

(2) When judging the triangle coordinate diagram, the model adopts the rules set
manually to filter the line segments. This means that when dealing with other types
of triangle coordinate diagram, it needs to be set according to the specific conditions
of those diagrams. For example, this method can not effectively identify asymmetric
triangle coordinate diagrams, triangle coordinate diagrams with inclined bottom edges
or inverted triangle coordinate diagrams, which is one of the problems to be solved in
the follow-up.
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