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Abstract. In this paper, we propose a data analysis system for knowledge-based visu-
alization. The proposed system incorporates all data manipulation outside of the visual-
ization component, such as data mining, and summarization. We describe the process of
concept analysis to visualize the result of analysis based on the data of the manufacturing
industry.
Keywords: Data analysis system, Knowledge visualization, Manufacturing data, XMDR
(eXtended Metadata Registry)

1. Introduction. Recently, the importance of knowledge visualization [1,2] in present-
ing a great deal of information to form big data in a limited space effectively has been
emphasized. Knowledge visualization improves perception of the field of study, by ex-
pressing visual information by appropriate methods in consideration of the purpose and
use of the information. In addition, data analysis system has been used in many industrial
groups; in particular, we expect an improvement in manufacturing productivity through
data analysis. Using analysis systems, manufacturers, for instance, focus strongly on find-
ing the hidden quality factors in processes because yield might be increased or decreased
by these factors. Therefore, finding causal factor is very important to improving yields.
This research was focused on knowledge visualization [3] and data analysis systems. The
core part of the proposed system has three components. First, the data crawler; second,
the analysis engine; third, knowledge visualization showing the analysis results to the
user. XMDR [4,5] was used as the standard for the metadata in the analysis system. The
proposal system solves data heterogeneity using XMDR; visualizes results so that it is
possible to obtain new information or insights.

In this paper, an analysis system is proposed on the basis of data from manufacturing;
however, in order to provide a more efficient visualization of knowledge, a conceptual flow
for analysis is designed.

2. Design of the System.

2.1. Analysis system design. The proposed system consists of three layers as shown in
Figure 1. There exist a service layer, data hub layer, and data & engine layer. The service
layer performs the role of manager between the system interface and the lower layers. The
data hub layer controls access to the eXtended Metadata Registry (XMDR) and manages
integration of data. The data engine layer administrates the XMDR [6-8], Repository and
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Figure 1. Data analysis server architecture

Analysis Engine. The repository is used for saving collected data and creating a table of
data. The analysis engine performs data mining and statistical analysis.

2.1.1. Service layer. The service layer provides users with service. This layer handles
service interface, query conversion, information retrieval, generation of interface. All
service modules use the socket communication and XML serialization services.

• Storage Collection Service: A service module that provides an interface between any
storage such as RDB, ODB using the XML configuration.

• File Collection Service: File Collection service module that provides an interface
between any files such as CSV, TSV, SSV using the XML configuration.

• Repository Service: Repository service module that provides an interface between
Repository (SQLite) using the XML configuration.

2.1.2. Data hub layer. Data hub layer provides buffer for integrating data. This layer
manages data and solves heterogeneity problems. It manages information that was col-
lected from distributed heterogeneous source, and notifies to service layer.

• Data Crawler: Data Crawler to the role of collecting metadata. Collection method
uses a set of XML configuration files.

• Data Collector: Data Collector to the role of collecting real data. The Meta infor-
mation is gathered by crawler using a filter condition, and get data.

• Data Parser: By applying the configuration file, it is to be Parsing to fit the CSV,
TSV, SSV file Format.

• Data Loader: When users import the CSV or TSV or SSV file, it is responsible for
file loading.

2.1.3. Data layer. Data layer takes a role of providing Storage for the proposed system.
This layer consists of XMDR, Repository and Analysis Engine.

• XMDR (eXtended Metadata Registry): XMDR consists of MDR and configuration
information files. MDR determines the standard of metadata and constructs map-
ping information by analyzing relationship with metadata of local system. MDR
consists of MSO and ML. MSO stores metadata and mapping information for inte-
grating legacy of data layer, ML has location and security information to manage
the access of legacy. Configuration file is a repository which has relationship with
metadata and data which analyze their collision. Configuration file consists of Data-
base info, crawling and collecting, integration data configuration. ML takes a role of
distributed heterogeneous data source mapping information and this configuration
file is used for integrating distributed data over the network.

• Repository: Repository is using the SQLite to store the processing result to the
user’s request. This repository’s table structure depends on standard information of
XMDR and creates integration tables automatically to perform process.



ICIC EXPRESS LETTERS, VOL.10, NO.4, 2016 873

• Analysis Engine: Plug-in system that provides analytical capability for data pro-
cessing. (Data Mining, Basic Statistics, Regression, Correlation, ANOVA, Outlier,
etc.)

2.2. Conceptual process of the system. We describe briefly the analysis system. For
ease of understanding, Figure 2 is conceptual process model of proposed system.

Figure 3 shows the analysis system’s indexing operation. Different data sources exist
at a manufacturing site. A data crawler is an automated service that methodically scans

Figure 2. Conceptual process model of proposed system

Figure 3. Analysis system flow during an indexing operation
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data sources for new or updated content and indexes them in a fast storage system for
later asynchronous access. Utilizing visualization tools that can be accessed in dynamic
search, the user inputs their criteria for data searching. The dynamic search returns a
list of contexts that match the criteria and data from all related sources. The user can
trigger a task to obtain the original source of the content for more detailed information.

After metadata generation, analysis is performed by the analysis engine. Within the
data server component, a module called the analysis engine turns data into meaningful
results that can be easily understood by the user (see Figure 4). The role of the analysis
engine is as follows:

• Data mining
• Common statistical analysis

◦ Correlation
◦ Regression
◦ ANOVA
◦ Summarization (max, min, mean, etc.)
◦ Outlier detection

When the analysis is completed the results can be visualized.

Figure 4. Simple process between the analysis engine and metadata

3. Knowledge Visualization Applications. Table 1 shows applicable domains and
context data sources with use, case example. In order to visualize Chart, Client side
developed using .Net with teechart third-party program and Server side is developed using
Java. Regression analysis [9-11] is used to infer linear relationships between parameters
so that the user can obtain the proper prediction equations for R2R control [12].

By performing an analysis engine regression, we visualize the fitted plot and Q-Q plot.
The fitted Plot of Figure 5 is used to display the estimated y variables that are predicted
by the regression model. In this plot, the user can view the fitted and actual values at
the same time.

The Q-Q plots of Figure 6, the user can check whether or not the residuals of the
regression model are approximately normally distributed. Typically, residuals for a good
regression model should follow a normal distribution. In the Q-Q plot, residuals are
plotted against the reference line on the chart. If the distribution of residuals matches
the theoretical distribution, data points form a linear pattern.
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Table 1. Examples of analysis system indexing

Figure 5. Regression visualization: fitted plot

4. Conclusions. We have applied a data analysis system for knowledge-based visual-
ization. The analysis system can be applied in manufacturing as well as in other areas.
Using the analysis system can find the cause of the defects in processes and increase
productivity.

In the manufacturing industry, the proposed system unifies and normalizes all outputs
and configurations, reducing the learning curve and enhancing productivity. The proposed
system’s client program is limited to visualization. Therefore, future work will connect
the proposed system with business intelligence (BI) tools. And we will have attempts
more advancing and improving performance of data-integration process.
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Figure 6. Regression visualization: Q-Q plot
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