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Abstract— Industry 4.0 provides a framework for applying new technologies in industrial environments to boost the efficiency 
and intelligence. A recently blossomed technology in Industry 4.0 is Internet of Things (IoT), which allows us to create a smart 
environment by connecting various equipment. One of the main applications of IoT in a smart factory is to design monitoring systems, 
which helps put the behavior of devices under permanent and comprehensive supervision. However, the rapid growth and change in 
the monitoring facilities creates a big challenge for people who either want to use that equipment in Industry 4.0, or want to update 
the systems to benefit from this technology. To address this problem, this paper presents new approach based on model-driven 
engineering paradigm, for simplifying the design and development of real-time monitoring systems in an industrial environment. Our 
approach includes a domain-specific modeling language, a graphical editor, and model-to-code transformations that generate a 
hardware descriptive code, a mobile application, and a web application for a monitoring system. To evaluate the applicability of our 
approach, a scenario in the power industry has been designed, which offers user a VHDL code, a mobile application, and a web 
application for monitoring processes of the plant. 
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I. INTRODUCTION 
One of the most important objectives in all industries, is a 

smart factory with high output efficiency. In recent years, 
variety of infrastructure has been introduced for implementing 
Industry 4.0 in various subindustries [1]. Industry 4.0 will 
create a framework where the most recent technologies, such 
as Cyber-Physical Systems (CPS), Internet of things (IoT), 
Internet of Services (IoS), and Internet of Data (IoD), can 
collaborate and interact to achieve the goals [2]. This 
collaboration leads to generate a smart yet flexible 
environment which is compatible with the industry changes 
[3]. Generally, Industry 4.0 is associated with the automation 
of electronic processes and Information Technology (IT) 
development. In the IT domain, the main focus of Industry 4.0 
is on smart and communicating systems, including machine-
to-machine and human-to-machine connection, as well as 
establishing required interactions for different data 
transmission in the distributed systems [4]. 

One of the approaches to achieve the Industry 4.0 goals is 
to apply IoT concepts in the industry. IoT, will bring a new 
atmosphere by establishing the connections, in other word, it 
will make all things around us alive [5]. IoT describes a world 
in which all things are connected and communicate smartly. 
This connection will be available through the internet or local 
network. Ultimately, this capability will make things to be 
intelligent within their environment. Accordingly, a network is 
generated which consists of several nodes associated with 
these things and the network will provide the ability to share 
data. Data shared on this network will be an initiation into new 
plans and scenarios like smart cities, health care supervision, 
smart transportation, and monitoring systems [6]. To provide 
capabilities and functionalities using IoT-based systems, 
particularly in monitoring systems, there is a need for service 
nodes, containers, subnodes such as sensors and controllers, 
and edge nodes (for communication) [7]. This connected 
service is generally developed by system experts.  To develop 

an IoT-based system, one requires to have comprehensive 
knowledge of programming in both software and hardware [8]. 

Our main goal in this paper is to hide the complexities of 
developing IoT-based systems that are used as a monitoring 
system, from the users. It should be noted that, by the user, we 
mean the person who wants to design and develop a monitoring 
system in an industrial environment. To achieve the 
aforementioned goal and to facilitate the development process 
of such systems, we propose an approach based on the Model-
Driven Engineering (MDE). MDE is a new approach in 
software engineering whose main concern is to reduce the 
software life cycle complexity by raising the abstraction level 
[5]. Our solution includes a Domain-Specific Modeling 
Language (DSML) for the domain of IoT-based industrial 
monitoring systems. The proposed language is based on a 
metamodel, which includes the general concepts in the domain 
of IoT-based monitoring systems, as well as the relationship 
between those concepts. To facilitate the modeling process for 
the user, a graphical editor has also been created. Finally, to 
generate the code automatically, some model-to-code 
transformations have been defined. Using these 
transformations, a model can be converted to the code of the 
monitoring system.  

To build a monitoring system using our approach, the user 
first creates a model of the system using the proposed graphical 
editor. This model must conform to our metamodel. Then, the 
model created by the editor is given as input to the 
transformations, and as the output, several artifacts will be 
generated. Firstly, as the computational section, an executable 
Field-Programmable Gate Array (FPGA) code is generated. 
Secondly, as part of the cloud section, a web application is 
generated. Thirdly, an Android application is generated. The 
code generated for FPGA will be able to receive data from the 
equipment, send warning commands, and transfer information 
to the cloud service. The cloud section handles the high-speed 
data processing and web reporting. The Android application is 
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connected to the cloud section to send the user a failure 
message. The integration of the described collection of tools 
(metamodel, graphical editor, and code generator) will 
facilitate the development of real-time monitoring systems in 
the industry.  

To evaluate the proposed approach, a scenario in the power 
generation industry has been considered. For this scenario, first 
of all, a model that describes the system requirements is 
created, and then the code is generated automatically from this 
model. The generated code demonstrates the applicability of 
the proposed approach. 

The rest of this paper is organized as follows. Section II is 
a brief overview on the MDE approach. In Section III, we 
introduce a motivation example to show the problem, 
preferably as a real-world scenario. Section IV is dedicated to 
the related work. Section V presents our DSML for the 
modeling of industrial monitoring systems. In this section, we 
explain our metamodel, the constraints, the graphical editor, 
and the supported transformations. Section VI explains an 
example scenario that is used for the evaluation. Finally, we 
conclude the paper in Section VII. 

II. MODEL-DRIVEN ENGINEERING 
MDE is one of the methodologies available in the field of 

software design and development. In this method, the main 
artifact is the model and the whole process of the software life 
cycle is going on, around this main axis. The principle 
"everything is a model" expresses the importance of this 
concept in MDE [9]. In addition to the model, a new concept 
called metamodel is defined. Metamodels include general and 
abstract concepts of models [10]. To perform the modeling, a 
special modeling language must be designed. This modeling 
language is the metamodel and sometimes is called a DSML. 
As long as the language has an abstract level that is close to the 
problem domain, the complexity of the modeling process will 
be reduced and it is possible to produce better and easier to 
generate code automatically. Therefore, this approach allows 
its developers and users to be engaged with an abstraction level 
closer to their specific field of work. People who are novice in 
programming languages, or are often unfamiliar with those 
languages are enabled to generate their codes automatically. 
Using this approach, will ultimately reduce the complexity and 
improve system relationships. This attitude also has other 
significant benefits such as reducing product production time, 
which is the key to using generators code automatically and 
increasing the quality of the final product, as a result of using 
a DSML [11]. 

Another key element of MDE is model transformation. 
The importance of this pillar is such that it has been likened to 
the "transformation is heart of MDE" [12]. In the MDE 
software life cycle, the models will be converted to different 
levels of abstraction or code using transformation. In general, 
transformation is programs that receive one artifact as input 
and produce another as output. By considering the model and 
code as the products that can be produced in the model-driven 
methodology, in general, four categories of transformation 
can be introduced: model to model, model to code, code to 
model, and code to code [13].  

III.  MOTIVATING EXAMPLE 
One of the most essential and important challenges for 

software designers and developers in the IoT field is about 
communicating and working with hardware [14]. To overcome 

this problem, the developers mostly use low-level 
programming languages to communicate with hardware 
devices, which in turn results in complex implementations 
[15].  

To understand this challenge better, consider a scenario in 
the power industry and Combined Cycle Power Plants (CCPP). 
CCPP is a type of power plants that includes some gas turbines 
and steam turbines. In this type of power plant, they use the 
recovery generator (the heat from the exhausted gases of gas 
turbines, which can be up to 600 degrees Celsius) to produce 
vapor needed in the steam turbine production cycle. If the gas 
turbine is not a combined cycle, the exhaust gas enters the air 
directly. Nevertheless, the residue energy is wasted. 
Fortunately, in CCPP this energy is reused, and the steam 
turbine boiler (recovery generator) produces water vapor 
without using fuel. Therefore, it can be claimed that CCPP is a 
very efficient, flexible, reliable, cost-effective, and 
environment friendly solution for generating electricity. 

By considering the importance of this operation in the 
power plant, it is necessary to create a monitoring system that 
works based on IoT. To do this, some sensors such as 
temperature, humidity, and vibration have been installed to 
receive data from the plant environment. There are warning 
facilities such as alarming system and danger lamp which are 
supposed to be activated in case of an emergency. All this 
equipment should be connected to a central controller for 
exchange, send, or receive of data. Data received from the plant 
ought to be saved in an external database to be retrieved once 
necessary on the cloud section. In this structure, it is also 
possible to send messages by a human operator using an 
Android application to report some errors that not recognition 
by embedded sensors as an input data for the cloud section. 
The processed data should be spontaneously delivered on a 
web dashboard platform to be put on display so that the user 
could be aware of his/her industrial environment on time.  

The mentioned cluster of components will form an 
industrial monitoring system in a plant. However, 
implementing such systems has become difficult due to 
heterogeneous and various hardware device interactions. This 
diversity has disrupted the process of building new systems, 
because the system developer is supposed to have detailed and 
vast software and hardware knowledge. This has encouraged 
us to offer a new approach based on MDE for implementing 
real-time IoT based monitoring systems by considering the 
Industry 4.0 framework. 

IV.  RELATED WORK 
In recent years, several researchers have conducted in the 

field of IoT, CPS, IoS, and Industry 4.0. In this section, we will 
describe the researches that resemble significantly to our work 
and exist in the IoT domain and particularly IoT monitoring 
systems. In each part of this section, we will first give a brief 
description of the work done, and ultimately, will present the 
main distinction of our work. 

Alulema et al. [6] provided a model-driven framework, 
including a DSML, a graphical editor, and model-to-code 
transformations, for the hardware nodes integration. This 
framework is designed and developed exclusively for IoT 
activities, such as smart homes. It uses special notations in this 
area, uses data extracted from environmental sensors, and 
stores it in external databases under the web protocol. The 
hardware platform in this research is Arduino and the language 



of the generated code is C. But this research does not have the 
ability of real-time processing. This makes the work not 
beneficial in industrial environments which require such 
processing. In our work, by considering the FPGA hardware 
platform, cloud computing service, and paying special 
attention to the real-time parameters, we attempt to create a live 
monitoring system in an industrial environment. Such an 
environment often requires high-speed data processing. 

Ciccozzi et al. [16] discussed the challenges of mission 
critical IoT systems. These challenges are divided into two 
categories: heterogeneity and associated complexity. To solve 
the mentioned challenges, the MDE has been used for the 
development process and runtime management of such 
systems. However, due to the broad domain and not 
considering sub-domains, the performance is deteriorated. 
However, in the present research, we have tried to make a 
proof-of-concept by limiting the domain of IoT to industrial 
monitoring environments. Limiting the domain has ultimately 
led to the increased accuracy in the modeling process and the 
achievement of more complete executable generated codes. 

Molano et al. [5] introduced a comprehensive metamodel 
for communicating between the IoT, social networks, cloud, 
and Industry 4.0. In this research, special attention has been 
paid to the concept of industrial monitoring in IoT. However, 
the authors did not provide transformations for code 
generation. Thus, the future goal of their research is to generate 
automated code to perform regulatory monitoring processes in 
the Industry 4.0 and they aim to introduce Raspberry Pi board 
on hardware platform. In our work, in addition to providing a 
metamodel that covers all of the above concepts, it is possible 
for our users to generate the synthesizable final code on the 
FPGA hardware platform, web, and Android application using 
model-to-code transformations. 

Einarsson et al. [7] introduced a DSML for modeling smart 
home applications. Their metamodel covered the concepts and 
architecture of a smart home. Also, by creating model-to-code 
language, it is achievable to create destination code from cross-
platform to two instances of smart things and Alexa. The main 
differences between the current study and Einarsson et al.'s 
research can be considered as the domain of modeling Smart 

Homes vs. Industries, as well as a graphical editor (by our 
research) to simplify the modeling process and different target 
platforms. 

V. THE PROPOSED APPROACH  
In this section, we will introduce a new approach for 

designing and developing an industrial monitoring system that 
relies on the Industry 4.0 framework. In our approach, the 
model-driven methodology is widely used to develop different 
parts of a monitoring system. This method consists of several 
components: a) metamodel, b) graphical editor, and c) mode-
to-code transformations. In the following, we will present each 
part and explain how to use them in our approach. 

A. MetaModel 
In general, a metamodel is a model of models [10]. This 

means that a metamodel includes the definition of classes and 
their relationships. Fig.1 shows the metamodel provided for the 
domain of industrial monitoring systems. This metamodel 
consists of various components with different functionalities.  

The AndroidApp class in Fig.1 contains information for 
developing the Android application needed in the monitoring 
system. This information includes number of messages in app 
history, to send errors that may not be detected by 
environmental sensors. The information in this category of 
errors must be injected into the system and be sent to the cloud 
section by a human operator using the application, and then be 
processed and notified to the user. 

In the CloudService component, a service will be created 
that allows to store various information such as system state at 
different time, display a report to the user by a dashboard 
application, receive a failure message from the Android 
application, and make a connection with the FPGA board. In 
this service it is possible to receive data from sensors and 
perform some computational operations that require faster 
speeds and resources for processing and decision making in a 
monitoring system. 

 WebDashboard class gets the Uniform Resource Locator 
(URL) address from the user to set this address for the cloud 
section dashboard. Also, in this class, the type of diagram for 

Fig. 1 The MetaModel Including both IoT and Industry 4.0 Concepts 



displaying the sensor information to the user is determined. 
These types include Line chart, Bar chart, Box chart, and 
Column chart.  

The monitoring system provided by this model includes 
some Things. According to IoT architecture, these objects are 
divided into two categories: smart object and computational 
object.  

A SmartObject contains at least one sub-object. In each 
of them, there is one or more monitoring sensors or alarms. 
Also, each Sensor contains parameters to determine how it 
behaves. These parameters are distributed on the Threshold 
class, the RealTimeParameter class, and the Location class. 
In the Threshold class, we have upper and lower bound that 
represent the acceptable range for the sensor. In the 
RealTimeParameter class we have variables for real-time 
processing, such as a deadline and sampling rate, and in the 
Location class, there are parameters that determine the 
location of the sensor in the monitoring system. Note that, the 
location parameters are also used by the Alarm component. 

In the computational section, we will have the FPGA 
component which is responsible for performing calculations, 
generating error commands, and sending information to the 
cloud section. The information required to communicate with 
the cloud is specified in the Communication meta class.  

With our meta-model, it is possible to use several 
monitoring equipments, such as various types of sensors that 
work with different serial connections (SPI, UART, 1-Wire, 
and 2-Wire). The serial variables are defined with the help of 
SerialProtocol meta class. Another important function in this 
section is to establish a connection between the sensor and the 
alarm components. If a sensor exceeds the predefined 
threshold, the alarm must be activated. This is performed by 
using the BindingProcess component.  

B. Graphical Editor 
To simplify the task of system modeling for the users, a 

graphical editor is designed.  This editor is implemented using 
the Sirius framework [17]. An overview of this editor can be 
seen in Fig. 2. By using Sirius, the elements that are defined as 
a class in the metamodel, can be drawn as graphical elements. 
It is also possible to edit the graphical elements and to create 
custom pallets using Sirius. Our editor is made up of three parts 
as follows:  

a. Canvas, which is responsible for displaying and 
editing the information of the components designed in 
the editor. 

b. Tool palette, which helps the user to add a component 
and some relationships to the project using the drag 
and drop operations.  

c. View Specification Model (VSM), to configure classes 
and the relationships between them, as well as to create 
an icon for displaying each component. 

C. Model-to-Code Transformations 
To achieve the main goal of our research, which is 

generating code for an industrial monitoring system, we need 
to write a set of model-to-code transformations. We have used 
the Acceleo [18] language for writing the transformations. 
Acceleo is a template-based language that allows us to 
generate any kind of source code from Eclipse Modeling 
Framework (EMF) data source, automatically. This language 
is implemented on the metamodel. Our transformations, when 
executed, will receive a model that conforms to the metamodel 
and according to the created template code, the target model or 
code will be generated. We have used Acceleo to generate 
three types of code, automatically: Flutter, React JS, and 
VHDL. Flutter [19] is an open-source framework for mobile 
front-end design. Flutters contain some widgets. That each 
widget has some property, attributes, and children. React JS 
[20] is a javascript library for building web application user 
interfaces. In this language, by using front-end libraries, we 
will eventually reach a Single Page Application (SPA). 

Very High-speed integrated circuit hardware Description 
Language (VHDL) [21] is one of the hardware description 
languages used in electronic and hardware design to describe 
digital systems such as FPGA. The structure of VHDL code 
for programing FPGA boards can generally be divided into two 
main parts:  

a. Entity: in this section, the program port variables will 
be defined. These variables will be used in the next 
section.  

b. Architecture:  includes the main body of the program 
that will determine the behavior of the board 
according to various parameters. 

Fig. 3 shows a piece of Acceleo transformation code for 
generating VHDL code, automatically. In this code, the URL 
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Fig. 2 Screenshot of Sirius for Developing the Graphical Editor. 



of the metamodel is written in line 2. Then, the information 
about the output file from the transformation operation is 
introduced (line 6).  In the main body of the transformation 
code, the fixed and variable lines of the target code will be 
defined. Lines 7 to 9 include the introduction of the libraries 
required to execute the generated code on the specific platform. 
In lines 11 to 25, the part of Entity section in the VHDL 
language is introduced. In this section, some “for loops” are 
read to find the name of the instances in the Sensor, Alarm, and 
FPGA classes, and using these names, the requited input and 
output ports are defined. 

VI. CASE STUDY 
In the following, we will use the proposed approach and try 

to build a monitoring system for the case discussed in the 
motivation example section. A snapshot of the Android 
application and the web dashboard application which are 
automatically generated for the CCPP system, are illustrated in 
Fig. 4. In addition, the model of the CCPP system which is 
created using our graphical editor, as well as the corresponding 
VHDL code of this power plant which is generated 
automatically using our transformations, are shown in Fig. 5. 
This scenario involves: a) a FPGA board, which belongs to 
Spartan-6 family, to compute and control operations, b) cloud 
section for data processing, save monitoring information in 
external databases, and web reporting by dashboard, c) 
Android application to send failure messages, and d) five 
positions including gas generator, heat exchanger, combustion 
chamber, gas turbine, Waste Heat Recovery Units for Steam 
Generation (WHRU-SG), and steam turbine. In each position, 
according to the described parameters, the related sensors and 
alarms have been defined along with the parameters for 
determining their status. Multiple sensors in this scenario are 
not connected to any alarms. This indicates that the cloud 
system will use and show the data, sent by the sensors, in the 
dashboard section. However, the highly sensitive and risky 
situation of the sensors leads to the connection of the sensor 
and its corresponding alarm by the process node in FPGA 
section. In addition, FPGA section defines the required 
parameters for the communication and internal calculations, 
such as the serial communication protocol in the sensors, 
settings in the node for having interaction with devices, and the 

external clock adjustment to coordinate sending and receiving 
data. In the cloud section, service URL and host API are set. 
Regarding the Android app component, the structure of the 
messages related to the device failure and the corresponding 
relationships between the cloud and the monitoring system 
have been established. 

The code generated for this case can be executed in the 
corrsponding platforms. For example, the generated VHDL 
code can be simulated in an appropriate software such as ISE 
Xilinx and can be synthesized in the destination platform. 

In the process of generating FPGA, Flutter, and React JS 
required code, all the necessary aspects are considered to create 
the optimal code. Therefore, it can be claimed that the code 
generated in this approach will consume far less resources than 
other similar code. In fact, by taking advantage of the proposed 
approach, we can speed up the process of code generation and 
make it possible to access the code with high performing levels 
concerning their physical structures as well as their efficiency 
in various industrial environments. 

 Also, with the help of this method, people with low skill 
levels in the design and the development of monitoring 
systems can create an industrial monitoring system. This 
approach will accelerate the process of injecting Industry 4.0 
into power plants and making smart plants by speeding up the 
code generation. 

VII. CONCLUSIONS AND FUTURE WORKS 
Today, the way industrial monitoring works is one of the 

major challenges in advanced industrial societies. Industrial 
monitoring has been smartened by IoT, especially by Industrial 
IoT (IIoT) and Industry 4.0. In recent years, facilities such as 
remote monitoring and control in factories are provided by the 
monitoring systems [22]. After analyzing some Industry 4.0 
automation frameworks which are presented by other 
researchers, we concluded that there is a syntactical difference 
in most of these cases. However, all of them require the 
developers to be involved in the design and development 
stages. Considering that the information used in these systems 
significantly resemble each other, we recommend to proliferate 
from MDE to make the software life cycle in this area more 
advanced.  

In the approach proposed in this paper, a DSML is defined 
for the industrial environment and a graphical editor is 
deployed. In addition, we will finally get access to generated 
code, automatically by running the model-to-code 
transformations that are provided as part of our approach. In 
this work, to generate the target code, we chose FPGA 
platform, Flutter, and React JS frameworks. This is because 
they offer some benefits such as: a) free and open-source code, 
b) expandable framework, c) modularity and component-based 
architecture, d) low resource consumption, e) strong 
documentation, f) large supporting community, and g) up-to 
date facilities. To evaluate the applicability of the proposed 
approach, we have modeled a monitoring scenario in the power 
industry (combined cycle power plant) and generated the code 
of a monitoring system, automatically.   

As the future work we aim to a) expand this methodology 
and extend this architecture for generating code to be run on 
diverse hardware platforms such as Arduino and Raspberry Pi 
and b) enrich the automatic code generation for iOS mobile 
application. 

Fig. 3 Partial Model-to-Code Transformation for VHDL 
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Fig. 4 Mobile Application and Web Dashboard Generated  for CCPP 
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