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Abstract. Time-series plots have been widely used in the fields of data analysis
and data mining because of its good visual characteristics. However, when
researching and analyzing the massive data formed in industrial, some short-
comings of the traditional time-series plot make the visualization of big data
ineffective, which is not conducive to data analysis and mining.
In this paper, the traditional time-series graph is improved and a segmented

time-series plot that can be used for massive industrial data analysis is proposed.
In addition, this paper describes in detail the steps of making the segmented
time-series plot. The method can reduce the information overload and the
interface issues by limiting the amount of information presented.
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1 Background

In recent years, data visualization has been widely used and put into function due to its
convenience, comprehensibility and accuracy in industry. For example, through the
integration of images, 3D animation and computer-controlled technology with the solid
model, the visualization technology of operation simulation visualizes the state of the
equipment so that the manager has a specific concept of the equipment as well as its
position, shape and all other parameters [1]. However, how to display the industrial
data better to the user has been a new topic in industry, with the further application of
information visualization in industry, especially in the face of massive, widely dis-
tributed, complex, fast processed and uneven evaluated industry data [2].

2 Status of Industry Data Visualization

Most industrial data are time series which are collected at different points of time and
reflect the change status of things or phenomena. Therefore, the time-series plot is
usually used for visualization. Time-series plot is also called transition diagram that
describes the variable in relation with time. Scatter plot, bar chart and broken line chart
can all be used to visualize time-series data. For example, the graph below shows
China’s GDP and GDP growth rate from 1985 to 2015 in relation with time [3]. This
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figure shows the data clearly to readers. However, different challenges appear when the
data visualization in industry is concerned compared with Internet data visualization
(Fig. 1).

The first problem that needs to be solved is that the huge amount of data leads to a
failure of effective and immediate display in the monitoring points. As industrial data
comes primarily from various sensors and a common device may have been equipped
with hundreds of sensors that update at a very high frequency, the amount of data in
industry is much larger compared with traditional Internet data. How can so many
categories of data be arranged and selected on a narrow screen?

The second problem is how to balance ‘big’ with ‘small’. The problem is divided
into two aspects, one of which is how the whole and the part can be effectively
combined. The staff should pay attention to not only the overall trend of the data but
also the abnormal values. In the face of such nested data, the staff needs to grasp the
overall situation while capturing some local changes quickly. The other aspect is how
to balance local and details. In a display of local data, we also want to get some specific
details including related data, historical data, abnormal data, data trends, data fore-
casting, etc. And this requires designers to grasp the relationship between local and
detail display.

The last problem lies in the translation efficiency from data into effective infor-
mation for the searching and delivery of users. It has been common in Internet com-
panies, such as Taobao and Jingdong from China, to use big data to analyze their users’
habits and hobbies to find their favorite topics and push the relevant products [4].
However, this practice with big data is rarely utilized in industry.

These issues can lead to poor readability and low efficiency of the graphics, thus
leading to poor user experience (Fig. 2).

Based on these problems, different scholars have made their own attempts to
visualize time-series data. The main goal of visualizing time-series data is to reduce the
dimensions and reduce the noise interference [5]. Among the various solutions, visu-
alization method based on segmentation is frequently used for its advantages in data
compression and noise filtering. Li proposed that the data should be sorted and

Fig. 1. China’s GDP and GDP growth rate from 1985 to 2015
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classified according to certain requirements and arranged according to a certain order so
as to facilitate people to analyze and study the problems [6].

According to the differences in segmentation methods, segmentation-based visual-
ization method can be divided into PAA [7] and PLR [8]. PAA approximates the entire
sequence with the average of each segment by equally dividing the time series. PLR
approximates the original time series with a number of straight line segments that are
adjacent to each other whose interval are not necessary equal. The PAA method is rarely
applied because it uses only equal division without considering the actual situation of
the time-series plot, thus failing in retain the change trends of the original data.

Tian et al. described the superiority of segmentation-based visualization and
improved the segmentation of time-series data at important points based on PLR
theory. This method well retains the trend of the original data and clearly shows the
abnormal and important points [9]. Similarly, Yu et al. also proposed a new
feature-point-based segmentation method that can accurately represent time-series data,
which preserves the main state features of the time series [10]. However, the PLR
method does not guarantee that there will be only one basic trend in each segment, thus
focusing too much on local details while ignoring the overall features.

In order to make up for the shortcomings of PLR, this study proposes a more
effective method – segmented time-series plot – to achieve the visualization of
time-series plot from the perspective of massive data display and balance between
“big” and “small”.

3 Industrial Data Visualization Based on Segmented Time
Series

This method proposes a segment processing to the traditional time-series plot based on
the existing situation of presenting industrial data with a time-series plot. The specific
steps are as follows.

(1) The data is segmented with PLR as follows (R is the preset distance threshold);

• Take the start and end point as the initial segment point;
• Find the point that keep the largest distance from the segment line which

should be greater than R;

Fig. 2. Difficulties in data visualization
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• Take the points that meet the previous conditions as new segment points;
• If there is any point in the segments that has a distance greater than R, go to

step 2. If not, the segmentation is then finished [11].

(2) Process each segment into a separate time series. That is, to extract the data from
each segment to remake a time-series plot, the height of which is constant.

(3) Distinguish each time-series plot according to the design elements such as
graphics, color, text, etc. The way we recommend here is to differentiate each
time-series plot with different color backgrounds. But pay attention that the
background should not be so fancy that user’s attention is transferred;

(4) Connect the remade time-series plot in chronological order. Starting from the
second segment, the time-series plot is shifted longitudinally according to the
positions of each segment point until the initial point of the second segment
coincides with the end point of the first segment. And repeat this step until the
initial point of all the segments coincides with the end of the previous segments.
Gestalt psychology suggests that people tend to percept a part as the whole.
According to the continuity principle in perceptual organization, these sections are
relatively easy to be perceived as a whole because they are connected at segment
points [12].

(5) Conduct interaction design for the connected time-series plot. Human-computer
interaction technology in information visualization can be summarized into five
main categories: Dynamic Filtering Technology, Overview + Detail Technology,
Pan + Zoom Technology, Focus + Context Technology, Multi-view Correlation
Technology [13].

4 Case Analysis

4.1 Data Source

The data presented comes from experiments on a milling machine under various
operating conditions. There are 16 sets of experimental data with differences in the
three independent variables. Three different types of sensors (sonic sensors, vibration
sensors and current sensors) are utilized for data acquisition. The lateral wear is not
measured constantly but at intervals.

The data is organized in a Matlab structure shown in Table 1.

Table 1. Data structure

Field name Description

case Case number (1–16)
run Counter for experimental runs in each case
time Duration of experiment (restarts for each case)
DOC Depth of cut (does not vary for each case)
feed Feed (does not vary for each case)
material Material (does not vary for each case)
smcDC DC spindle motor current
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Take case 1 (depth of cut is 1.5 mm, feed is 0.5 mm, material A) as an example.
The current curve of the DC spindle motor in relation with time is shown in Fig. 3.

4.2 Visualization Process

Time-Series Plot Segmentation
Firstly, start point A and end point B are connected as shown in Fig. 4.

With R preset to 1.4, find the farthest point C from the line AB and tell whether the
distance from point C to line AB is greater than R. If yes, point C will be chosen as a
new segment point and connected with A and B respectively as shown in Fig. 5. If the
distance is less than R, R should be properly adjusted. The value of R is determined by

Fig. 3. The DC spindle motor of case 1

Fig. 4. Connect A, B
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the degree of subdivision required and the ordinate of the time-series plot, which is
proportional to the degree of subdivision.

Repeat this step until the farthest distance from all points to the segment line in each
segment is less than R. Then the segmentation is finished. The time-series plot is finally
divided into four sections, namely a, b, c and d, as shown in Fig. 6.

Independent Remake
First, extract each segment’s data and make it into a time-series plot while ensuring that
the height of each segment is approximately the same. It should be noted in this step
that the same method is used to visualize each segment of the data. We still use the line
chart here as shown in Fig. 7.

Fig. 5. Connect A, C and B, C

Fig. 6. Segmentation is completed
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Visual Distinction
At this step, the background of the line chart for each segment is reset. According to the
range of ordinate values, the background color of the line chart with smaller ordinate
value is replaced by the light blue while the darker blue is applied in line charts with
larger ordinate value, as shown in Fig. 8. It should be noted that the background color
and the polyline color should have a greater distinction.

Connection
Connect the remade line charts together in the original chronological order. The initial
point of the second segment is coincident with the end point of the first segment. And
this step is repeated until the initial point of all the segments coincide with the end point
of previous segments. The result is shown in Fig. 9.

Fig. 7. Independent remake

Fig. 8. Visual distinction. (Color figure online)

66 T. Lei et al.



Add Interactive Action
Then the time-series plot is basically completed and will be displayed as the main part
in the interface of Data Viewer (DV) software. DV is a data visualization tool for data
analysts and their superiors. The design of DV should meet three requirements of users:
First, it should support switching among multiple variables and timelines and be able to
explore and navigate data interactively. Second, it should be scalable to handle large
amounts of time-series data. Third, it should be better readable (Fig. 10).

The segmented time-series plot is displayed in the central part of the interface.
Limiting the amount of information presented can alleviate information overload

and interface issues both overall and in part. Interaction is added here.
First, when clicking on a segment of the segmented time-series plot, the user can

read the threshold lines and special values carefully by enlarging the selected area
while compressing other areas. This method not only shows all the segments but also
ensures a complete temporal context.

Second, the DV also provides a standard slider assembly and a timeline. The time
slider divides the data in the time-series plot into two types: regular data and selected

Fig. 9. Connection

Fig. 10. Main interface of DV
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data. The data pointed to by the slider is displayed and the rest of data except the outlier
is hidden. The specifics of this area are shown on the right side of the screen.

Finally, the page shows only one case in the DV interface. But the user can click
the upper left button to switch. Different types of data in the same case are symbolized
and displayed at the bottom of the page. The data type can be switched by clicking
buttons.

At the same time, DV also provides search capabilities. But the search interface
provides the ability to find data instead of discovering information. It supports keyword
searches on time-series data, such as time and values.

5 Summary

In this paper, we introduce the segmented time-series plot that visualize the massive
time-series data from industry. The segmented time-series plot improves the traditional
time-series plot, which shows the details of the data in a multi-level way while clearly
showing the trends in the data. Furthermore, this method also provides interactive
techniques to support the industrial data analysis in a visual way.

In addition, we are still considering optimizing the visual interface. This can pro-
vide a better way to compare time-series data. In the future design, we will extend the
analytical capabilities to support more demanding tasks, for example, visualizing data
from various data sources or using more mathematical analysis.
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