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Abstract. With the development of technology and application of industrial inter-
net of things, a large amount of data is generated in the research and development
(R&D) processes in manufacturing domain, including manufacturing procedures,
enterprise management, and product transactions. However, these data usually
maintained in different departments, which result in information isolation and data
with relations cannot be synchronized. This issue leads to the waste of storage
space for redundant data and human resources for coordinating essential infor-
mation. Aiming these problems, we proposed a cloud-based data management
platform architecture to collect and maintain the data from isolated domains and
distributed departments. A graph database is employed to store the data empha-
sizing the relations between entities and Master Data Management is deployed to
link the entities cross standalone databases. The efficiency of inspecting, manag-
ing and updating information across databases shall be improved by the features
of the proposed platform.
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1 Introduction

The appliance of smart manufacturing is rapidly increasing with the development of
cyber technology. Concepts such as Industrial Internet of Things, Industry 4.0, Cloud
Manufacturing were proposed in the progress of manufacturing industry cyberization.
The Cloud manufacturing stressed that resources and capabilities in manufacturing
should be transformed into services, which means sharing and communicating between
enterprises [1]. Domain ontologies in distributed department should be accumulated to
knowledge which is a key role in supporting the cloud manufacturing system. Schedul-
ing and optimizing the production procedure requires the directions of the knowledge
which indicates the detail of services in the system.

While cloud platformswere establishingwidely in the industry tomanage the process
of productions and the supply chains, they collect and generate an enormous amount
of data then analyze them to optimize the work process separately. Isolations between
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systemswerewidely foundwithin and across enterprises. Therefore, the data sharing and
synchronization is a complicated and repeated task. The Master Data Management was
proposed to effectively manage the data in the distributed systems. The MDM (Master
Data Management) extracts information from existing systems and timely processes
them automatically [2]. Data service is provided that integrating information from the
standalone databases across the whole enterprise and knowledge can be mined utilizing
this service. Furthermore, master data can be expressed by ontologies, and the linkage
between master data from different enterprises is exploited by analyzing the extracted
ontologies. The manufacturing process can be optimized by the guidance from every
segment data in the supply chain.

The graph database is developing and gaining attentions rapidly with the growing
scale and complexity of big data. A graph database stores data in the form of nodes,
edges, and properties using the graph structure which represents the relations between
the data [3]. Therefore, a graph database is suitable for maintaining strongly related data
and have major advantages in searching information according to relationships between
nodes. In the platform we proposed, a graph database is used in storing descriptions and
references of data, for instance, the header of tables, the name of tables and the known
relations between tables. The establishment procedure and the evaluation results of the
master data model often require efforts of experts. With the data descriptions visualized
by the function of the graph database, the master data shall be intuitively operated and
evaluated. The items in graph databasewith relations and references can created a dataset
for algorithms to establishing and evaluating the master data automatically.

The platform we proposed integrates a graph database and master data management
features. The demanding functions, for example, demonstrating the relations of items,
coordinating the changes across systems and removing redundant information is also
provided.

2 Related Work

The solutions we presented is designed to resolve the data management issues in manu-
facturing process. The key components and technologies involved in our solutions were
continuously studied and developed in recent years.

2.1 Cloud Manufacturing

Cloud manufacturing paradigm utilized technologies to provide manufacturing services
with the support of knowledge containing the information to integrate the whole life
cycle of products [1]. The knowledge base and data management function are essen-
tial parts of cloud manufacturing systems accordingly. Domain experts were often
acquired for knowledge editing and knowledge could be generated by data mining as
well [4]. A knowledge cloud architecture was presented [5] using big data collected in
the manufacturing process to provide support for enterprise manufacturing cloud.
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2.2 Master Data Management

The researches on MDM is growing for the actual need created by the developing of big
data in varies of fields. A knowledge-based machine scheduling is proposed considering
the uncertainties in master data [6]. This approach used a knowledge-based system to
provide previously actual data and scheduling parameters is provisioned accordingly. A
master data exchange service architecture is presented [7]. An API to manage the mes-
sages of master data and algorithms to measure the data quality is also presented in this
paper. A data cleaning system which can identifies incorrect data and generates possible
repairs were proposed [8]. This system utilizes the knowledge-base and crowdsourcing
to identify the data.

2.3 Graph Database

Graph database is tented to be more efficient when storing and processing data with
complex relationships. Considering ontology as a large graph, a graph database-oriented
approach is proposed [9]. The storing and querying operations on ontologies is claimed
to be more efficient and scalable. Data generated by wireless multimedia sensor network
can also be stored on the graph database [10]. The experiment showed graph database
performs better than relational database in querying the big data related to internet of
things. A common information model-oriented graph database was also proposed [11].
Graph database was outperformed relational database again in the multiple test case.

2.4 Summary

These studies indicated that graph database is an effective approach for managing big
data with complex relationships, and MDM provides valid method to manage related
data in different systems. The approach we proposed utilized these two technologies
and aim to provide support in data and knowledge management process in the cloud
manufacturing system.

3 Architecture

The functions of cloud-basedmaster data platformare collecting andmanaging data from
distributed database. The data in varies of forms collected were preprocessed and stored
in graph database establishing the relations according to the origin data relations. Master
data of distinguished departments is generated by the descriptions in the graph database.
The master data of different source can be described in ontology form, which enables
further analyses and integration. The integrated master data represent the knowledge in
this field which included multiple distributed enterprises. Relations between entities in
this procedure can be created in the graph database accordingly. The data management
can be performed across the isolated databases and coordination of data modification
will be an automated and immediate operation.

To realize the functions in the platform, the architecture is depicted in Fig. 1. The
cloud-based master data platform can be divided into 4 layers as the data is processed
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Fig. 1. Architecture of master data platform

and transformed, which are data processing, graph database, master data and ontology
description.

The data processing layer collects and preprocesses the data in the disturbed source
of original data. The information is described by different form and standard in the
systems.A uniformed description of information is generated in this layer from relational
databases, tables or raw string files.

A graph database platform is included in the platform. The uniformed data provided
by the data processing layer is imported andmaintained in the graph databaseswhere data
in different enterprises are still stored separately. Typical CURD functions of database
are provided as well as the APIs tent to export data to the master data layer and receive
update request when data need to be changed in multiple related data source.

The master data layer establishes multiple master database for each graph database
which corresponding to the data source. MDM functions are provided to maintain the
collectedmanufacturing data, and the key information are provided to the ontology layer.

The relations betweendata fromdifferent enterpriseswere established in the ontology
layer.Ontologies are constructedby thekey informationbydomain experts or algorithms.
Connections revealed in the ontologies are provided for the graph database to update the
data relations between isolated databases.
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4 Key Techniques

The function of master data platform is to manage the data distributed in different
systems. The data is collected, processed and their relations are analyzed in the platform,
the procedure can be divided into 4 parts according to the 4 layers described in Sect. 3.
Each layer has configuration panels for operators and users tomanage the data processing
procedures and interfaces are also provided for the data managing.

4.1 Data Processing Layer

In data processing layer, data from different enterprises were accumulated. These data
have different sources thus they have diverse formats as well.

Data import functions are provided for users to configure which data were to submit-
ted and what type of data they are submitting. Relational databases from manufacturing
systems, information tables from internal management software as well as the raw data
files generated by the production equipment is supported to be contained in the platform.
The key data describe the structure of data is only needed to be stored in the platform for
analyzing andmanaging. Data processed by the platform alsomaintained in the platform
to insure the accessibility.

The data in different forms are collected, thus the data preprocess techniques is
required to uniform the data in more flexible method rather than simple storing. The raw
data generated in the equipment is varied and complicated, thus this function is required
in this layer. For example, features should be extracted from time sequence data and
items with wrong or missing features should be excluded from normal data. Standards
like metrics and date forms should be unified in tables or databases.

Data inspection and rectification function are essential in this layer. Users can view
the data that imported in the platform and check if there are mistakes in the import
and preprocess procedures. The change of items in graph database is simple when the
rectification is only performed to data items, while the modification for the structure of
databases needs every layer to reconstruct the data involved.

4.2 Graph Database Layer

A graph database platform is maintained in the platform, and the key data processed
and provided in the data processing layer were reorganized by their relations to support
further analyses.

The key function of the graph database layer is importing and transforming the data
from the data processing layer. The data stored in relational database can be described
as table which is the most common form. These structural data can be described by the
relations between each item using the header of table. The key or the major item of a
row in the table can be described in nodes and the other items can be the attribute or
another node with relations depend on its value.

Basic CURD function is provided by the graph database. The graph database per-
forms better in search items according to the relations between nodes. Thus, the proper
relations in the graph database is vital for the platform to operate correctly. In conver-
sion, simple rules are applied for the automation process. The corrections of errors can
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be fixed by the manual updates. Update function is also required when the original data
were modified.

A browserUI demonstrating the data in graph database is intuitive and simplemethod
to inspect and rectify the items in the database. The CURD functions are integrated in
the web UI and the items in database is presented by figures. Relations between nodes
can be easily read by users through lines between entities and filtering irrelevant nodes.

4.3 Master Data Layer

In the master data layer, master data in each graph database is extracted and identified,
and the master data management technique is available for users. The master data are
marked and stored in graph database rather than a standalone database.

Master database establish function is essential for data management using master
data. Key entities like customers, equipment ID or products is commonly selected to be
the master data [2]. The data in the graph database is collected from multiple systems in
one enterprise, so the same entity as master data may be showed upmultiple times. Thus,
though rule-based filter can be deployed in the platform, domain experts are often needed
to extract master data and build master data models. Master database is established for
each enterprise and maintained separately.

Master data management functions is supported in the master database layer. Oper-
ators in enterprise can utilize the benefit provided by the master data. Data reference is
built between master data and items in the graph database which is another reference
to the original data in disturbed systems. The graph database in the middle provide a
unified and efficient tool to conduct the manage process to the data. MDM can match
the information in multiple databases and merge them to provide detailed information.
The modification of master data can be applied to all sources and applications across the
databases. Historical records of audition trail data are also supported in the platform.

4.4 Ontology Layer

After master data is extracted and identified in the master data layer, each enterprise
can manage their data more efficiently. While the master data across the enterprises still
need to be identified and integrated, ontology is constructed to analyze the relations of
master data. Interfaces are provided to manage the knowledge from the ontology and
coordinate the change of data.

Ontology construction from themaster data is a necessitate function for analyzing the
relations between data from different enterprises. Domain experts are usually required to
participate in the establishment procedures, because identifying and integrating master
data in distributed enterprises needs practical experiences. Semi-automatic acquisition
methods can be adopted to assist the construction procedure with template-based, rule-
based ontology generation methods or machine learning algorithms if adequate amount
of data is collected and validated.

The constructed ontology describes knowledge and provides support for building
semantics, whichmeans the data in distributed enterprises is linked and described in form
of knowledge. The domain knowledges described by ontologies make data management,
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knowledge search, entitymatch, ontology fusion and other services is available for users.
Integrating data across various sources and inspecting information related to the key data
from other sources can significantly improve the quality of data and usability of data
management.

With the linkages between nodes in all graph database are established by the knowl-
edges described in ontology, the coordination of data changes between different enter-
prises is an addition functionwhen usersmanage their own data. The request of changing
data in other database of different enterprises can be pushed, and operators for corre-
sponding database will get the notification and inspect the relevant data. This function
is suitable for manufacturing enterprises exchanging their information.

5 Conclusion

By the establishment of the cloud-based master data platform, the manufacturing enter-
prises can manage their data efficiently for the benefits of exploiting the data relations
between distributed databases.With the applications of graph database, master dataman-
agement, and ontology analyses, the knowledge of themanufacturing domain is extracted
and expressed. On this basis, several services are provided to support information
integrating, exchanging and updating process in the cloud manufacturing systems.

In the future, researches will be focused on the algorithms to process data automat-
ically. The procedure of extracting and evaluating master data, constructing ontology
relies on domain experts to operate. With enough concrete data collected, a machine
learning model can be trained and applied on the procedures to reduce consumption of
manpower. Besides, the method to effectively utilize knowledge of linkage between data
in the smart manufacturing system is another topic need further studies.
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