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Abstract—The Manufacturing Enterprise Solutions 
Association (MESA) provided the abstract and general definition 
of the Manufacturing Execution Systems (MES). A dedicated 
function has been reserved for the data collection activities. In this 
matter, the Cloud Collaborative Manufacturing Networks 
(C2NET) project tends to provide a cloud based platform for 
hosting the interactions of the supply chain in a collaborative 
network. Within the architecture of the C2NET project, a Data 
Collection Framework (DCF) is designed to fulfill the function of 
data collection. This allows the companies to provide their data, 
which can be both enterprise and Internet of Things (IoT) devices 
type of data to the platform for further use. The collection of the 
data is achieved by a specific third party application, i.e., the 
Legacy System Hub (LSH). This research work presents the 
approach of configuring and visualizing the data resources in the 
C2NET platform. This approach employs the web-based 
applications and the help of the LSH. This permits the C2NET 
platform to adapt to any kind of third party application, which 
manipulates enterprise data, following the generic and flexible 
solution of this approach. 

Keywords— Cloud Based; Data Collection; Data Resources; 
Supply Chain; Visualization 

I. INTRODUCTION 
As any technology field, the industrial automation tends to 

employ new technologies that can be exploited in the 
development stages. This allows the manufacturing systems to 
be agile and ready to adapt contemporary technologies. For 
instance, the 4th generation of the industrial manufacturing 
systems (i.e., Industry 4.0) tries to relocate several parts, such 
as Manufacturing Execution Systems (MES) and Enterprise 
Resource Planning (ERP) layers, to be deployed in a web-based 
or cloud-based that adapts the concept of collaborative 
networks concept [1]. In this context, the manufacturing 
systems should address the genericity and the variations of the 
different industries. As well, Industry4.0 needs to fulfill the 
requirements of the manufacturing systems. As an example, 
data collection is one of the main pillars in any manufacturing 
system. This focuses on the collection of the data from 
shopfloor devices or resources and manipulating the enterprises 
information like order and schedules.  

As an approach for implementing the Industry 4.0 vision, 
the C2NET1 project, which stands for Cloud Collaborative 
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Manufacturing Networks project, aims to provide a cloud-based 
platform for managing the supply chain interactions. These 
interactions that involve customers, manufacturers and 
suppliers, are managed in a collaborative networks manner. In 
other words, this means that the main three parties could be 
defined as networks, which contain members, and resources 
could exchange information in a cloud-based media. 

According to the architecture of the C2NET project, a 
dedicated layer is designed for collecting and managing the data 
of the networks resources that is called Data Collection 
Framework (DCF). This data includes Internet of Things (IoT) 
devices in the shopfloor and ERP data resources. In this 
manner, the definition of data appears as a set of resources that 
are managed via hubs. More precisely, two types of hubs are 
defined; IoT and Legacy Systems. The IoT hub concerns about 
managing the shopfloor data resources such as controllers or bar 
code scanners. On the other hand, the legacy systems hub is 
responsible for managing the ERP data resources. The design 
of the DCF provides a general and flexible technique for 
connecting with the data hubs. This research work focuses on 
the implementation of a technique for configuring and 
visualizing the data resources in the DCF with the aid of the 
data hubs. Besides, it presents the approach with a use-case 
from metal manufacturers in Portugal.  

The rest of the paper is structured as follows: Section II 
presents the research work background. Afterwards, Section III 
describes the approach of the article. Basically, it explains the 
cloud-based data collection framework through which the data 
resources are configured and visualized. In order to validate the 
concept, this paper presents a development that has been 
performed in one pilot of the C2NET project. Section V 
discusses the implementation performed in such pilot. Finally, 
Section VI concludes de article. 

II. STATE OF THE ART 

A. Hypermedia in Web Applications 
The revolution of the web-based application that occur in 

the beginning of this century opened several doors for new 
standards to be created and developed such as HTML, CSS, 
JQuery. These standards allow the front-end web designers and 
developers to interfaces for the web-based applications [2], [3]. 



The main feature of this approach can be seen in the 
independency of the end-user tools and software [4], [5]. 
Fundamentally, a user can surf and use an application on 
different platforms and operating systems by using web 
browsers regardless of the hardware specifications. Besides 
that, the exploitation of the application and the features of its 
interface are the same.  

Nowadays, many companies, research centers and 
technology providers implement new methods for employing 
hypermedia standards like Bootstrap2, D3.js3 and SemanticUI4. 
These frameworks and many others, provides the developer 
with systematic and general techniques for building the front-
end interfaces using W3C standards. Another framework has 
been used intensively is the AngularJS5. The AngularJS 
framework was developed by Google and it adapts the Model-
View-Controller (MVC) concept [6]. This approach allowed 
the dynamic and systematic bondage between the user view and 
the backend information in Document Object Model (DOM) in 
the web browser. However, the developer is still required to 
develop the dynamic connection between the client and server 
sides. This can be achieved via web sockets W3C standard as 
presented in [7]. 

B. Enterprise and Supply Chain 
Enterprises seek for market strategies and solutions that 

optimize their assets in order to increase the business benefits 
and competitiveness in specific sectors. Currently, the advances 
on ICT and the advantages of connectivity attracted to 
companies willing to reach customers around the world. In fact, 
besides of creating an easy communication channel with clients, 
the networking between different enterprises is also being 
transformed with ICT-based technologies. 

The term of Collaborative Network (CN) defines a type of 
network wherein different entities are interconnected and can 
work together [1]. This situation permits companies that are 
connected within CNs to share resources and exchange 
information regarding a common subject. Therefore, such type 
of networks is nowadays an important medium to maintain, 
provide and increase business operations [8]. The industrial 
supply chain is a large and dynamic system that involves any 
resource that is required for the manufacturing of finished 
products. Currently, engineers are developing platforms that 
provide interconnectivity of enterprises that interact in the same 
supply chain. Cloud based platforms, such as the C2NET 
platform [9] enhance the features of CNs within new types of 
services that are beneficial in the industrial supply chain [10]. 

One of the major problems of interaction of enterprises in 
supply chains is the heterogeneity of data and information 
created by different sources [11]. Principally, there are two 
possible solutions. Firstly, enterprises could convey in specific 
and common languages and protocols for exchanging 
information. However, this is not implemented because it 
involves huge and critical modification, as well as effort and 
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economic expenses, of company procedures and systems. 
Partially, some protocols are commonly adopted in order to 
perform certain tasks. On the other hand, plug and play 
platforms seem to be an accepted solution for the business 
sector because they need systems that require nothing (or 
intuitive and easy actions) to be performed in the client side. 
The research work described in this paper presents 
achievements towards implementing the latter solution. 

C. Resources Virtualization 
In a business environment, all resources are important to 

professional success. In the industrial sector, this premise gains 
a bigger dimension because, besides the human resources that 
are the base of any company, the amount of non-human 
resources presents a great volume [12]. The possibly continuous 
insertion and growth of these technological resources allows to 
acquire benefits which translate, for example, into the increased 
capacity of sensorial real time information processing. 
However, to materialize these benefits, it is necessary to use the 
acquired knowledge and channel it for the interpretation of all 
relations and dependencies in each resource, forming Cyber-
Physical Systems (CPS) [13]. 

The term virtualization emerges as a goal to be achieved in 
the previously described context. It is translated into the 
abstraction of a set of technological resources at a higher 
usability level. In practice this abstraction means the ability to 
perform a set of actions (sending commands, configuring, 
reading data, monitoring, etc.) in a simple way regardless the 
origin and nature of those resources. Hence, the captured 
information can be unified on an operating platform and used 
by other business applications. The virtualization of resources 
promotes not only the reduction of complexity in their internal 
operations but also creates one agility environment by having a 
decentralized decision-making [14]. 

D. Data Collection Frameworks 
The investment in creating and exploiting mechanisms that 

operate in the data collection area, storage and data processing 
has been increasing. This happens especially in the IoT domain, 
where it is possible to connect a variety of physical devices 
using an internet like structure. IoT devices can interact and 
cooperate among them generating large amounts of information 
[15]. Regarding the platforms that can deliver the mechanisms 
previously described, they can be classified into three different 
areas, communication, transformation and data storage. 

1) Communication 

As far as data transfer is concerned, Transmission Control 
Protocol (TCP) and User Data Protocol (UDP) are in fact 
widely used references to send data over the internet or even 
through a local network. These two can work on IP protocol and 
have some differences [16]. UDP is used when communication 
speed is required, since and unlike TCP, error detection is not 
present, which makes this protocol used for real-time 
communications (such as live broadcasts and online games). In 

4 https://semantic-ui.com/ 
5 https://angularjs.org/ 



[17] it is presented an evolution to the UDP protocol called 
CoUDP precisely to fill the gap of packet loss and rate control. 
Constrained Application Protocol (CoAP) is another approach 
to still use UDP in the IoT environment. It is a lightweight 
RESTful application layer protocol that has a significantly 
lower overhead and multicast support [18]. CoAP includes the 
HTTP functionalities which have been re-designed considering 
the low processing power and energy consumption constraints 
of small embedded devices. One of the main differences to the 
HTTP protocol is the transport layer since the latter is based on 
TCP where the overhead is considered too high for short-lived 
transactions [19]. 

The IoT device connectivity subject is addressed by Topic-
based Pub/Sub protocols such as Message Queue Telemetry 
Transport (MQTT) [20] and Advanced Message Queuing 
Protocol (AMQP) [21] which aims to deliver messages from 
one publisher to multiple subscribers. MQTT messages can be 
exchanged between different MQTT implementations under the 
previously agreed message format, otherwise the message 
cannot be un-marshaled. On the other hand, AMQP publishes 
its specifications in a downloadable XML format which makes 
it easy to work regardless the internal designs. However, the 
network process overload is not addressed. For this subject, the 
method presented in [22] is based in a message forwarding 
scheme to reduce the load of network processes dramatically as 
well as a flexible tree construction method to adjust the 
maximum load of network processes on distributed brokers to 
avoid overloads caused by the first method. JMS is another 
publish-and-subscribe messaging alternative. It is a messaging 
standard that allows application components based on Java EE 
to create, send, receive and read messages. Apart of the publish-
and-subscribe routing, JMS also supports point-to-point [23]. 

eXtensible Messaging and Presence Protocol (XMPP) is a 
protocol based on eXtensible Markup Language (XML) where 
it exchanges small, structured chunks of information in a 
asynchronous way like the previous ones. On the XMPP 
connections the data messages are pushed instead of pulled. 
Like CoAP, the specification was published by the Internet 
Engineering Task Force (IETF) which means the XMPP 
services can easily interoperate between other organizations’ 
implementations [24]. The Object Management Group (OMG) 
has defined and maintained the Data Distribution Service 
(DDS) which is another data-centric publish-and-subscribe 
technology to address the data distribution in a scalable and 
real-time manner with high performance [25]. By default, DDS 
uses UDP for the transport layer but it supports as well TCP/IP. 
This independency is extended to the language and operating 
system to run on very small embedded devices. Another 
publish-and-subscribe implementation is the FI-WARE which 
has a context broker that handle the bridge between the sensors 
and the context consumer applications [26].  

2) Transformation 

A context-oriented data acquisition approach is proposed in 
[27] under a cloud computing environment. The collected raw 
data (through WSN or smartphones) is transformed into 

intelligent information, coupled to a meta-data set in order to 
give a meaning to the values previously collected. The 
transformation and the raw data will be stored in an IoT 
repository. A second transformation round is applied by a 
context Broker which is fed with the previous data set. This last 
iteration generates semantic description of context data. 
External applications can reach this data by using a provided 
middleware which follows the OSGi standard [28]. 

Also, related with the context and the meaning topic, based 
on the usage of ontology schema model from semi-structured 
datasets based relational data model (RDM), the authors in [29] 
propose one method to dynamically construct an optimized 
ontology knowledge base (KB). The process flow combines a 
construction of a transformation table (based on columns and 
rows sets from the semi-structured dataset) and using a mapping 
document by PropertyExp (map an extracted column to 
properties) the KB is constructed from row set of 
transformation table and stored in a repository. 

3) Data storage 

In [30] researchers present one framework for the collection 
of data coming from IoT devices. In order to be able to store big 
amounts of different data types, structured and unstructured 
data, the architecture combines different types of databases, 
Hadoop, NoSQL and relational databases [31]–[33]. Data 
isolation was considered and it is addressed in a multitenant 
configuration module that allows the separation of private data 
and the sharing of public data. 

III. CLOUD-BASED DATA COLLECTION FRAMEWORK 
The approach used to develop a cloud-based data collection 

framework is shown in the Fig. 1, where three entities are 
identified: C2NET, Company and LSH. The C2NET Cloud 
Platform incorporates the components responsible for 
communication, data collection and storage as well as web 
interface. 

 
Fig. 1. Main components 



The Company side is where the data is generated by the 
usage of company’s software, as is the case of ERP Systems. 
To be able to gather this company’s data, a middleware is 
required (LSH – Legacy System Hub) which in this architecture 
will be locally placed in the company’s premises collecting data 
directly from internal databases or by exporting sets of data 
when the direct software interoperability is not guaranteed. 

A. Detailed Components 
1) C2NET cloud platform 

The ECloud is a Platform as a Service that allows the 
deployment of services within it offering elasticity so that each 
service deployed adapts to dynamic operating conditions. This 
environment allows the deployed service to be constituted by 
different components, where each of them plays a certain role 
and that by the set, through an intra-communication layer, allow 
reaching the desired service. The service maintenance of 
ECloud’s approach enables the rapid development of service 
components since it streamlines all the details that a normal 
maintenance requires.  

2) Data Collection Framework 

The cloud component of the Data Collection Framework 
(DCF) is designed to be hosted into a cloud-based environment 
such as the one provided by the C2NET project described 
previously, allowing the reception and collection of data 
coming from external sources called hubs.  Internally this 
component consists of mainly two sub components, the 
Resource Manager and the data entry point, the Publish-and-
subscribe broker.  

By data entry point, this means the sub component that is 
responsible for handling the communication between the 
external environment (e.g., IoT) and the data collection 
modules inside. The approach followed in the development and 
operationalization of the internal logic is based on the MQTT 
protocol given its reliability, simplicity and reduced 
consumption of bandwidth. Thus, it is expected that there will 
be greater reliability in the interoperation of future connected 
devices since this interoperability depends on the sharing of the 
topics used. The centralization that this approach lacks, allows 
to redirect the data input towards to the needed sub component 
that will handle the data flow. 

Despite not being the focus of the paper, it is important to 
state that the Data Knowledge and Management System 
(DKMS) component has the responsibility to abstract the data 
storage and knowledge creation based on the data that RM can 
collect. Given the external environment that will be in 
permanent communication with the platform is characterized by 
its heterogeneity, not only of hardware but mainly the type and 
structure of data that they can emit, it is necessary that a data 
transformation functionality is implemented. Together with the 
KB, it provides to C2NET the capability to transform data 
accordingly to what was defined previously. This is based on 
the identification of the data context and accordingly with the 
transformation rules mechanism, the data can be transformed in 
a one-to-one or in a one-to-many manner. The DKMS can also 

generate events to trigger some needed actions based on the 
incoming data. Regarding the database storage, MariaDB 
ensures the maintenance of the database. 

3) Resource Manager 

The Resource Manager (RM) is the core of the DCF C2NET 
component that brings together in its internal logic three main 
functionalities, Resource Virtualization, Resource 
Configuration and Resource Monitoring. Through the first one, 
the company planner (internal role belonging to an enterprise) 
can register and virtualize the physical devices that are installed 
in its premises (sensors and actuators). This virtualization is not 
only accessible to physical devices, but also to existing legacy 
systems within the organizational environment such as ERP. 
Through this functionality, the abstraction of a whole set of 
technical subjects inherent in the virtualized resources is 
guaranteed. Coupled to this feature, there is also a Resource 
Configuration functionality which is built based on properties 
in a key-value structure that allows the management and control 
of the external devices features. The monitoring feature ensures 
the ability to monitor the operation of the equipment in the shop 
floor as well as the devices that allow the data injection on the 
C2NET platform such as LSH. 

The internal logic of this component is accessible through a 
specific API, which is internal to the C2NET platform, and 
translated to the end user by the Resource Manager User 
Interface module (an internal part of the User Collaborative 
Portal – UCP - component). This module is in practice a web 
application that allows the end user to take full advantage of 
DCF internal features. To be able to store and retrieve 
information, the RM is connected internally to the DKMS 
introduced before.  The RM receives all the inbound data in the 
first place by the platform main gate, named Publish-and-
Subscribe Broker component. This component is also 
responsible for the outbound data flow which is related with 
resource configuration parameters. 

4) Publish-and-subscribe broker 

Shortly named PubSub Broker, this internal DCF 
component oversees the management of the inbound and 
outbound communications. It provides a separation between the 
DCF core and the outside factory environment including 
security procedures to keep the platform accessible only to 
authorized elements. Based on the MQTT protocol, the PubSub 
Broker has implemented a publish-and-subscribe message 
broker where it has a message format (between the publishers 
and the subscribers previously) to be able to marshal and un-
marshal the communication sets. 

5) Legacy System Hub 

The Legacy System Hub (LSH) supports the DCF with the 
data sources, which represents the ERP data. For the C2NET 
project, the LSH is powered by PlantCockpit OS solution. The 
PlantCockpit OS (PCOS) is a result of a European project, 
which tends to provide a framework based on the IEC-61994 
Standard for providing a general and flexible tool for deploying 
application such as monitoring, data collection or controlling 



features for factories. As shown in Fig. 1, the PCOS connects 
with DCF via PubSub client for exchanging data and 
configuration with the DCF. In this context, the PubSub 
server/client employs a secured web socket connection for 
communications. On the other hand, the PCOS connects with 
the company via function block, each uses different technology 
depends on the company data sources. For this research work, 
MS Excel, SQL and RESTful interfaces are needed to retrieve 
the data from company sides. Both PubSub client and the 
function block are connected inside the PCOS via an internal 
ActiveMQ broker. This ActiveMQ broker uses MQTT standard 
and it allows all internal PCOS components to communicate 
with each other in topic publish/subscribe manner. 

6) Company Side  

The third and final main player in the data collection process 
includes the Company data store. On the company side, a 
planner/manager can access the C2NET platform via a web 
browser. This allows the user to configure and visualize the data 
resources for the company. As well, the planner / manager can 
access the ERP data manually for updating the company data. 
On the other side, the ERP supports the LSH with the data with 
proper services and technologies. For the C2NET project, the 
companies are expected to provide the data via FTP server for 
MS Excel files, SQL over TCP for the SQL databases and 
RESTful services for more controlled SQL queries.    

B. Information flow 
The pervious subsection presented the main components in 

the approach that the C2NET is deploying for collecting the 
companies’ data. Meanwhile, this subsection presents the 
interactions between the aforementioned components to 
highlight the technique behind configuring and visualizing the 
data sources in the C2NET project. The communication 
between the DCF in the C2NET, the LSH and the ERP in the 
company can be illustrated in two sides, DCF-LSH on one side 
and LSH-ERP on the other side. 

1) DCF-LSH Interactions 

According to Fig. 2, the interaction between the DCF and 
the LSH starts with the planner once the hub creations in the 
RM via the RM-UI. Consequently, the RM stores the hub in the 
KB. Then user starts adding properties for the hub. These 
properties include the accessibility configuration to the data 
resource in the ERP in the company. It is required to note that 
this property could vary depending on the data resource 
technology. After that, the user request the RM through the 
RM-UI to visualize the data resources structure. This 
visualization is required to ease the process of configuring the 
hub and allows the user to select the just needed data from the 
whole data source. In this manner, the RM requests the PubSub 
broker to a message containing the accessibility configurations. 
Then, the PubSub broker creates the message and send it to the 
specified hub by the user.   

After sending the accessibility configuration, the user now 
waits until the RM receives the visualization of the data 
resource. This visualization consists of an HTML script that is 

generated by the LSH. The visualization script reaches the 
PubSub broker coming from the LSH. Accordingly, the PubSub 
broker passes the message to the RM. Then, the RM creates a 
new property of the resource and store it in the KB. At the same 
time, it updates the RM-UI subsequently. After that, the user 
request the visualization of the data resource through the RM-
UI. This visualization allows the user in a very friendly way to 
select the needed data and to configure the LSH. Once the 
company planner finishes, the RM-UI send the configuration to 
the RM, which first it persists it in the KB. 

 
Fig. 2. RM-LSH sequence diagram 

Then, the RM sends the complete configuration to the LSH. 
This configuration allows the LSB to start sending the data from 
the ERP of the Company. Finally, after sending the complete 
configuration to the LSH, the PubSub broker starts receiving 
the ERP data from the LSH. This data is passed directly to the 
RM where it stores it in the KB and then updated the RM-UI so 
it visualizes the data resource status to the users.  

2) LSH-ERP Interactions 

The other side of the interactions includes the DCF in the 
C2NET and the LSH. As Fig. 3 shows, the PubSub client in the 
LSH listens to message with incomplete configuration. As 
aforementioned, the incomplete configuration allows the LSH 
to access and read the ERP data. However, this configuration 
still not determining what is the data that the user wants from 
the data resource. In this way, the PubSub client passes the 
accessibility configuration to the dedicated function block 
according to the data resource technology. Then, the function 



block creates an instance of the data resource and request form 
the ERP to send the resource. In this manner, the request and 
the response depends on the used technology. As an example, 
if the data resource is MS Excel type, then the function block 
accesses the ERP through an FTP server, then it downloads the 
file and then read it. After wards, the function block creates the 
visualization as an HTML script. This HTML script includes all 
the data resource representation with the required functions and 
styles. Then, the function block requests the PubSub client to 
send the HTML script to the DCF for further employment.  

  
Fig. 3. LSH-ERP sequence diagram 

The other message that the LSH listens to is the complete 
resource configuration. This message holds all the needed 
configuration for the LSH to retrieves the required data from 
the data resource. In the meantime, the function blocks read the 
data resource and apply the needed processing to achieve the 
needed goal. After that, the function block formats the data and 
requires the PubSub client to send the data as a message to the 
DCF. finally, the PubSub client creates the message and sends 
it to the DCF. 

IV. IMPLEMENTATION 
For validation purposes, the presented approach is 

implemented in an industrial use-case. This includes the 
customer-manufacturer-supplier interactions regarding the 
required ERP data retrieval, which is listed as a pilot in the 
C2NET project. First subsection presents the business model of 
the pilot. Meanwhile the second subsection provides the 
implementation results and a discussion about the finds. 

A. Metalwork Use-case 
Metalworking is a traditional industry that suffering great 

changes in the last years. The increasing availability of ICT is 
forcing companies, especially Small and Medium-sized 
Enterprises (SMEs), to modernize to ensure adequate responses 
to the market’s needs. Shorter lead times and customized 
products have resulted in lower demands for each product, 

differing from the traditional tendency in metalworking. 
Stocking is not the solution anymore, so, the ability to purchase 
raw material in the correct amount, price and timing needed to 
manufacture on demand will have a significant impact on the 
business.  

CNs are being explored as one of the possible solutions, 
enabling SMEs to remain competitive. Among other 
advantages, CNs enable geographically correlated companies, 
organized in clusters or industrial parks, to purchase the raw-
materials they need without losing negotiation leverage, even 
when they only need reduced amounts of it. As the purchase 
amount will be higher in a collaborative purchase, minimum 
amounts required by suppliers are easily obtained. C2NET 
provides the tools SMEs need to identify collaboration 
opportunities and make collaborative purchase plans (CPP). 
Indeed, the Data Collection Framework is an essential 
component to enable this collaborative function, connecting the 
different companies’ legacy systems to the cloud and providing 
real time data about the customer purchase orders (PO) and raw 
material availability, all key to identify new purchase needs.  

The scenario is illustrated in the Fig. 4, where one can see 
one of the scenarios implemented for SME metalworking 
companies, in the scope of the C2NET project. On the left-hand 
side of the figure is possible to see different customers placing 
POs to manufacturing companies that operate in the same CN. 
Each PO can have different structures depending on the 
manufacturer’s system. However, in the case addressed, both A 
and B follow a structure with small differences among them, 
containing, among other information, the order identifier 
“OrderID”, the “Date” of submission, “Quantity” of the order 
for a certain product “ProductID”, and the expected 
“DeliveryDate”.  

 
Fig. 4. Use-case business model 

Following the information flow presented in the previous 
chapter III.B, as soon as this data is made available by the 
manufacturers’ ERP systems (virtualized in the Resource 
Manager), it is imported to the C2NET platform through the LS 
HUB and the DCF, enabling the collaborative tools (not the 



focus of this paper) to automatically analyze potential 
collaborative purchases.  As illustrated, the LS HUB is able to 
handle data in physical files (e.g. the MS Excel file made 
available by manufacturer A) or through direct REST 
connection (manufacturer B) using the configurations 
previously stored in the KB when virtualizing the companies’ 
resources. With this capability and data awareness, C2NET 
matches multiple POs that require the same raw material and 
fulfill the requirements specified (e.g. delivery dates) to define 
new CPPs for the CN. These CPPs are then provided to an 
external and independent entity such as an industrial Park 
Manager that will negotiate with several suppliers and arrange 
the best order for the companies involved in this CN. 

B. Results and discussion 
To illustrate the implementation the example shown in this 

subsection addresses the configurations and visualization of a 
MS Excel data resource related to Antonio Abreu, which 
represents the manufacturer in the supply chain.  

According to the sequence that is explained before, this 
approach allows the DCF to visualize the data resource, which 
eases the LSH configuration for the user. As Fig. 5 depicts, the 
RM views the data resource in a web-based manner. The 
highlight area with a red rectangle presents the generated 
HTLM script from the hub. It contains a Fields area for allowing 
the user to pick the field that are needed from the ERP. As well, 
the output configuration allows the user to configure the LSH. 
Meanwhile, the Data area shows the data source, which is an 
Excel table in this case.  

 
Fig. 5. Data resource visualization 

After the user configures the hub, the complete 
configuration contains four properties for the data resource. As 
Fig. 6 shows, a data resource is configured for retrieving the 
supplier orders. The figure presents the resource properties after 
configuring the hub. The Source property includes the 
accessibility configuration that inserted before configuring the 
hub. This is the only property that the LSH requires for reading 

the data source then sending the HTML script, which visualizes 
the data resource for further configuration. In this manner, the 
HTML script is stored as property of the resource with external 
property alias. 

 
Fig. 6. Example of data resource configuration 

Meanwhile, the output configuration contains the LSH 
complete configuration that the user made for achieving the 
ERP data retrieval. Finally, the private_Dataset includes a 
configuration that is needed in the DCF for transforming the 
data once it is received. This property is out of the scope of this 
research paper thus it is not aforementioned.  

This approach allowed the user in this use-case to configure 
the LSH in a friendly way. Furthermore, it shows a generic and 
flexible approach for the DCF to work with any LSH that 
follows the philosophy that is presented previously. This is 
considered as an advantage where the companies have the 
chance to develop their LSHs and visualize their data resource 
to keep the privacy for their own data. 

V. CONCLUSION 
The presented approach showed a potential for using a 

general and flexible solution. By allowing the LSH to generate 
the interface of configurations, the DCF in the C2NET project 
appears a hostage for this interface where keep a room for the 
companies to develop their own solutions to increase the 
privacy on the ERP data. Nevertheless, the DCF with the RM 
still manages the data resources in the LSHs, which serves the 
designed requirement in the C2NET project architecture. 

Further, the presented implementation and results could be 
extended in order to enhance the interactions between the DCF, 
LSH and the ERP by providing a general API for the developer 
to use. 

ACKNOWLEDGMENT 
The research leading to these results has received funding 

from the European Union’s Horizon 2020 research and 
innovation program under grant agreement n° 636909, 
correspondent to the project shortly entitled C2NET, Cloud 
Collaborative Manufacturing Networks. 

REFERENCES 
[1] J. Bohuslava, J. Martin, and H. Igor, “TCP/IP protocol utilisation in 

process of dynamic control of robotic cell according industry 4.0 
concept,” in 2017 IEEE 15th International Symposium on Applied 
Machine Intelligence and Informatics (SAMI), 2017, pp. 000217–
000222. 

[2] W. M. Mohammed, A. Lobov, B. R. Ferrer, S. Iarovyi, and J. L. M. 
Lastra, “A web-based simulator for a discrete manufacturing system,” in 



IECON 2016 - 42nd Annual Conference of the IEEE Industrial 
Electronics Society, 2016, pp. 6583–6589. 

[3] L. Beca, “Applications of XML and customizable components in 
building virtual places on the Web,” in Proceedings IEEE 9th 
International Workshops on Enabling Technologies: Infrastructure for 
Collaborative Enterprises (WET ICE 2000), 2000, pp. 242–247. 

[4] G. Wu, M. He, H. Tang, and J. Wei, “Detect Cross-Browser Issues for 
JavaScript-Based Web Applications Based on Record/Replay,” in 2016 
IEEE International Conference on Software Maintenance and Evolution 
(ICSME), 2016, pp. 78–87. 

[5] S. Y. Katayama, T. Goda, S. Shiramatsu, T. Ozono, and T. Shintani, “A 
Fast Synchronization Mechanism for Collaborative Web Applications 
Based on HTML5,” in 2013 14th ACIS International Conference on 
Software Engineering, Artificial Intelligence, Networking and 
Parallel/Distributed Computing, 2013, pp. 663–668. 

[6] W. Chansuwath and T. Senivongse, “A model-driven development of 
web applications using AngularJS framework,” in 2016 IEEE/ACIS 15th 
International Conference on Computer and Information Science (ICIS), 
2016, pp. 1–6. 

[7] “The WebSocket API.” [Online]. Available: 
https://www.w3.org/TR/2011/WD-websockets-20110929/. [Accessed: 
21-Apr-2017]. 

[8] J. Macke, R. V. Vallejos, and J. A. R. Sarate, “Collaborative network 
governance: Understanding Social Capital dimensions,” in 2009 
International Symposium on Collaborative Technologies and Systems, 
2009, pp. 163–171. 

[9] B. Andres, R. Sanchis, and R. Poler, “A Cloud Platform to support 
Collaboration in Supply Networks,” Int. J. Prod. Manag. Eng., vol. 4, 
no. 1, pp. 5–13, Jan. 2016. 

[10] R. F. Borja, N. Angelica, and I. Sergii, “C2Net | D6.6 - White Paper of 
C2NET platform / openness and portability - Deliverables.” [Online]. 
Available: http://c2net-project.eu/deliverables/-/blogs/d6-6-white-
paper-of-c2net-platform-openness-and-portability. [Accessed: 21-Apr-
2017]. 

[11] N. Govindarajan, B. R. Ferrer, X. Xu, A. Nieto, and J. L. M. Lastra, “An 
approach for integrating legacy systems in the manufacturing industry,” 
in 2016 IEEE 14th International Conference on Industrial Informatics 
(INDIN), 2016, pp. 683–688. 

[12] N. S. Joao, F. Jose, J.-G. Ricardo, and A. Carlos, “Management of IoT 
Devices in a Physical Network,” presented at the 21th International 
Conference on Control Systems and Computer Science, 2017, p. 
Approved, to be published. 

[13] S. Iarovyi, W. M. Mohammed, A. Lobov, B. R. Ferrer, and J. L. M. 
Lastra, “Cyber–Physical Systems for Open-Knowledge-Driven 
Manufacturing Execution Systems,” Proc. IEEE, vol. 104, no. 5, pp. 
1142–1154, May 2016. 

[14] S. Ghimire, R. Melo, J. Ferreira, C. Agostinho, and R. Goncalves, 
“Continuous Data Collection Framework for Manufacturing Industries,” 
in On the Move to Meaningful Internet Systems: OTM 2015 Workshops, 
2015, pp. 29–40. 

[15] L. Tan and N. Wang, “Future internet: The Internet of Things,” in 2010 
3rd International Conference on Advanced Computer Theory and 
Engineering(ICACTE), 2010, vol. 5, pp. V5-376-V5-380. 

[16] M. Tömösközi, P. Seeling, P. Ekler, and F. H.P. Fitzek, “Performance 
evaluation and implementation of IP and robust header compression 

schemes for TCP and UDP traffic in the wireless context,” in 
Proceedings - 4th Eastern European Regional Conference on the 
Engineering of Computer-Based Systems, ECBS-EERC 2015, 2015, pp. 
45–50. 

[17] W. Jiang and L. Meng, “IOT Real Time Multimedia Transmission over 
CoUDP,” Int. J. Digit. Content Technol. Its Appl., vol. 7, no. 6, pp. 19–
28, 2013. 

[18] A. Betzler, C. Gomez, I. Demirkol, and J. Paradells, “CoAP congestion 
control for the internet of things,” IEEE Communications Magazine, vol. 
54, no. 7, pp. 154–160, 2016. 

[19] W. Colitti, K. Steenhaut, N. De Caro, B. Buta, and V. Dobrota, “REST 
Enabled Wireless Sensor Networks for Seamless Integration with Web 
Applications,” in 2011 IEEE Eighth International Conference on Mobile 
Ad-Hoc and Sensor Systems, 2011, pp. 867–872. 

[20] OASIS, “MQTT Version 3.1.1,” OASIS Standard, 2014. [Online]. 
Available: http://docs.oasis-open.org/mqtt/mqtt/v3.1.1/os/mqtt-v3.1.1-
os.html. [Accessed: 20-Mar-2017]. 

[21] AMQP, “Advanced Message Queuing Protocol.” . 
[22] Y. Teranishi, T. Kawakami, Y. Ishi, and T. Yoshihisa, “A Large-Scale 

Data Collection Scheme for Distributed Topic-Based Pub / Sub,” 2017. 
[23] G. Chen, Y. Du, P. Qin, and L. Zhang, “Research of JMS Based Message 

Oriented Middleware for Cluster,” in 2013 International Conference on 
Computational and Information Sciences, 2013, pp. 1628–1631. 

[24] Z. Babovic, J. Protic, and V. Milutinovic, “Web Performance Evaluation 
for Internet of Things Applications,” IEEE Access, vol. PP, no. 99, 2016. 

[25] “Documents Associated With Data Distribution ServiceTM, V1.4.” 
[Online]. Available: http://www.omg.org/spec/DDS/1.4/. [Accessed: 22-
Mar-2017]. 

[26] “Fi-WARE.” [Online]. Available: https://www.fiware.org/. [Accessed: 
23-Mar-2017]. 

[27] Y. R. Chen and Y. S. Chen, “Context-oriented data acquisition and 
integration platform for Internet of Things,” J. Comput. Taiwan, vol. 23, 
no. 4, pp. 1–11, 2012. 

[28] M. Stusek et al., “Performance analysis of the OSGi-based IoT 
frameworks on restricted devices as enablers for connected-home,” in 
International Congress on Ultra Modern Telecommunications and 
Control Systems and Workshops, 2016, vol. 2016–Janua, pp. 178–183. 

[29] G. h Baek, S. k Kim, and K. h Ahn, “Framework for automatically 
construct ontology knowledge base from semi-structured datasets,” in 
2015 10th International Conference for Internet Technology and 
Secured Transactions (ICITST), 2015, pp. 152–157. 

[30] L. Jiang, L. Da Xu, C. Hongming, J. Zuhai, B. Fenglin, and X. Boyi, “An 
IoT-Oriented Data Storage Framework in Cloud Computing Platform,” 
Ind. Inform. IEEE Trans. On, vol. 10, no. 2, pp. 1443–1451, 2014. 

[31] S. Marchal, X. Jiang, R. State, and T. Engel, “A big data architecture for 
large scale security monitoring,” Proc. - 2014 IEEE Int. Congr. Big Data 
BigData Congr. 2014, pp. 56–63, 2014. 

[32] K. Shvachko, H. Kuang, S. Radia, and R. Chansler, “The Hadoop 
Distributed File System,” in IEEE 26th Symposium on Mass Storage 
Systems and Technologies (MSST), 2010, pp. 1–10. 

[33] R. Hecht and S. Jablonski, “NoSQL evaluation: A use case oriented 
survey,” in Proceedings - 2011 International Conference on Cloud and 
Service Computing, CSC 2011, 2011, pp. 336–341. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


