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Abstract. The paper illustrates the role of modeling of shop floor to support an 
innovative solution for the control architecture of automated manufacturing 
systems. One of the main characteristics of manufacturing systems domain is, in 
fact, the variety of configurations that manufacturing systems can assume and 
this may prevent the possibility to easily adapt and reconfigure the control 
solution for advanced manufacturing systems. To this end, the paper presents a 
proposal on how to cope with this issue, coming from a collaborative project, 
where important European universities and companies are involved. The 
proposal is based on a structured modeling (i.e. ontology) of manufacturing 
systems. The paper proposes a practical example of the modeling, envisioning 
how this can be then exploited within the proposed architecture that defines a 
new concept of the Manufacturing Execution System of manufacturing 
equipment. 
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1 Introduction 

Efforts of many researchers toward the generalization of methods for the design and 
management of manufacturing systems have been often limited by the variety of the 
context of their applications. On the other hand, many authors have addressed this 
issue in the past; nevertheless it has become available for better handling of modeling 
problems only in the more recent years thanks to the development of new information 
technology tools and languages. For instance, the Manufacturing Execution Systems 
Modeling Language (MES-ML) integrating all necessary views important for 
Manufacturing Execution Systems (MES) and pointing out their interdependencies 
has been developed by Witsch and Vogel-Heuser [1].  

This paper presents a part of a research developed in the scope of an ongoing 
European funded project on this topic, named eScop (Embedded systems Service-
based Control for Open manufacturing and Process automation). The central concept 
of eScop is to combine the power of embedded systems with an ontology-driven 
service-based architecture for realizing a fully open automated manufacturing 
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environment. The innovation of the solution proposed by eScop is the fact that it 
merges the power of ontology knowledge and SOA control approaches; this allows 
the control to be automatically configured by the ontology to a specific manufacturing 
system. Thus, one result is the substitution of the traditional control model based on 
hierarchical hardware architecture, with a single level population of embedded 
systems plus a free series of pure software control levels. The deployment of such 
approach to manufacturing has been named Open Knowledge‐Driven Manufacturing 
Execution System (OKD‐MES). The kernel of the eScop platform will be presented in 
the remainder of this paper, showing the novelty that it introduces. 

This document is structured in the following way: section 2 details the benefits for 
the overall approach proposed by eScop project introducing the new vision provided 
by the project research activity and the Representation Layer, namely the ontology 
modeling concept that is included in the proposed architecture. Section 3 explains 
how a demonstrator has been deployed for modeling, thanks to the eScop approach. 
Eventually, section 4 provides the conclusions and envisions future challenges in this 
field of research. 

2 New MES Architecture for Manufacturing and Logistics 
Systems 

In factory automation the evolutionary path of real-time control architecture is 
directed to overcome the rigidity of current traditional solutions. In fact, the current 
architecture of MES real-time control is based on fragmented and scattered 
information from the field, joined with a rigid hardware structure, hence being 
suitable and efficient only in stable contexts. In the remainder of the document this 
situation is called “AS-IS scenario” in contrast with the “TO-BE scenario” envisioned 
by the research. In the AS-IS scenario, in order to manage a production system, the 
supervisor generally requires an external input (i.e. information about product features 
and order portfolio), while business logic, scheduling algorithms and configuration 
data (i.e. information on process, transportation and storage equipment) are stored in 
the system database. Part of the required information is directly programmed in the 
Devices Control Units (DCUs) managing physical equipment. Depending on the 
hardware architectural solution, DCUs can be made of Manufacturing Control Units 
(MCUs), Computer Numeric Controls (CNCs) or Programmable Logic Controllers 
(PLCs). In the TO-BE scenario, in order to overcome the rigidity and limits of the 
traditional control architectures, the development of communication technologies is 
exploited to make it possible and affordable to integrate heterogeneous devices into a 
large network. To this end, specific attention is paid to web services protocols [2]. 
Web Services are “self-contained, self-describing, modular applications that can be 
published, located and invoked across the web” [3]. The scientific community has 
started to prove the validity of the use of web services and SOA for manufacturing 
automation and monitoring through industrial test-beds (e.g. [4,5]). 

Due to the advent of SOA and Web service technologies, the task of monitoring and 
controlling locally distributed heterogeneous devices has become an effortless task. 
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However, knowledge is required about the physical and logical structure of the 
application domain, if the collected data must be transformed into useful information. 
In the AS-IS scenario, this knowledge is encapsulated into the machine control 
systems, according to the specific situation. Hence, due to its static implementation, 
this configuration does not allow easy re-configurability and also interoperability of 
components by different manufacturers [6]. To overcome this limit, one possible 
attempt is to abstract this knowledge and to store it, thus allowing quick and effortless 
reconfigurations [7]. To this end, ontologies are claimed as important to capture the 
conceptual structure of a domain [8,9].  

Therefore, ontology seems to be a good solution for fulfilling the need of a 
dynamic knowledge base of the production system to be controlled. Nevertheless, if 
ontology is used just to describe the static aspect of a manufacturing system, most of 
its power is wasted and not used. The innovation about using ontology in factory 
automation is, in fact, to consider it within the tools in charge for the control of the 
manufacturing system. In this case, ontology highlights the unique feature to be 
queried and updated by web services with languages and tools belonging to the world 
of the semantic web [10]. Thus, ontology is definitely better than other databases to 
represent and manage web services, given that it can interact with them directly.  

This research aims at showing the innovation in the ontology use for the control of 
the shop floor, with the ultimate aim of setting up the TO-BE scenario. Indeed, 
potentiality of knowledge-based semantic web services in factory automation has 
been already postulated by Lastra and Delamer [11]; the shift from the traditional 
control system architecture to the schema based on ontology and web services enables 
the transition towards a knowledge-based production control system (as previously 
postulated by Lobov et al. [12]), in which the key is the semantic coordination of 
standardized production components. To this end, Long [13] provided an overview on 
how to improve MESes, dealing with a generic ontology tier (level), even if not 
specifically detailed with manufacturing knowledge and Garetti et al. [14] further 
analyzed the integration of ontology and web services.  

The platform proposed by eScop project is fully based on this research 
background. The platform architecture is represented in Figure 1 by a view of its 
kernel module, controlling the physical system and connecting it to the upper 
applications. The kernel is made by 3 main layers (Physical Layer, Representation 
Layer and Service Orchestration Layer), plus an Interface Layer to the applications 
part. Physical Layer corresponds to the hardware components of the production 
system, where each one of them is insulated by an embedded system providing 
intelligent device control to the physical equipment and acting as a SOA-based 
Remote Terminal Unit (RTU). Web services do not substitute RTUs (PLCs, CNCs 
and so on), but they are a layer above the machine-level controllers whose 
functionalities are seen as encapsulated, thus achieving a great degree of flexibility in 
various dimensions. 

The main element for Representation Layer consists of the instance of the 
production system under control, taken from a reference ontology of production 
systems (i.e. the so called eScop Manufacturing System Ontology - MSO). This 
production system modeling allows to formally instantiate any specific production 
system, thus being able to drive the set of SOA based orchestration tools which  
act as the Supervisory Control System. eScop MSO is based on the Politecnico di 
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Milano - Production System Ontology, the P-PSO, which represented manufacturing 
systems as outcome of a large research activity carried out at Politecnico di Milano. 
The research started back in the 90’s, while recently the P-PSO has taken shape 
aiming at a complete representation of a manufacturing reality. Details are available 
in Garetti and Fumagalli [15]. 

 

 

Fig. 1. Detail of the eScop Kernel 

The eScop MSO can be considered as a meta-model of the manufacturing systems 
domain, since it specifies the entities (building blocks) it is made of, their attributes 
and their relations, thus defining a standardized data format for its description. The 
manufacturing system modeling in eScop MSO addresses three different aspects 
separately, i.e., the physical aspect, the process aspect and the control aspect.  

eScop MSO ontology can directly interact with web services through SPARQL 
queries that allow to retrieve or update information stored within the ontology, 
activities needed for the successful run-time control of the system. The language in 
which eScop MSO is written and which allows querying and the related reasoning 
activities is OWL, as it is clearly explained by Pan [16]. 

Orchestration layer acts as the Supervisory Control System of the manufacturing 
equipments and it is made of two main components: i) the set of Orchestration Tools 
and Services which interact, via the Representation Layer models, with the shop floor 
(i.e. Level 1 devices) and ii) the Production Scheduler which feeds the Orchestration 
Tools and Services with work orders coming from the factory Order Entry System. 
The ontology is exposed as a service itself through the Ontology Service on the 
Orchestration platform. 

The resulting architecture will be flexible, reliable and scalable and tailored for 
control (and even monitoring) in industrial environments. 
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3 Application Domain: Picking System Case 

When the control system for a given shop floor system has to be established, the 
eScop MSO instance of the system is created by the operator through the Ontology 
Manager starting from the ontology model. The instance knowledge base is connected 
to Web Services Orchestration that, then, can send commands to the production layer 
through production web services controlling the physical system. This way, flexible 
command capability is achieved through the configuration knowledge content of the 
ontology.  

Within the eScop project a test case is a picking system, composed by four main 
subsystems, as it is shown in Figure 2, namely: a carousel ring (indicated by “A” 
letter), an input/output warehouse station (B), a picking buffer station (C) and a 
gravity conveyor (D). 

The purpose of the ring carousel is to create a buffer of the most used pallets to 
speed up picking operation and avoid time-consuming movement in/from the 
warehouse. For this reason, a high level control system is needed that manages the 
in/out coming pallets.  

 Key:

 Standard photocell 

 Saturation photocell 

 End photocell 

 Hide photocell 

 Barcode reader  

 Clutch roller 

Trasversal belts 

Electric motor

 Trasmission belt 

 
 

 

Fig. 2. Layout of the logistic system 

The actual control system, the so called “AS-IS scenario”, is based on a rigid and 
hierarchical structure on a three level control schema (according to the IEC 62264 [17]): 
level 0, 1 and 2. The level 0 is mainly composed by electro-mechanical devices and 
controllers that can autonomously take decisions (e.g. stop a pallet in a compartment on  
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ring carousel because the next compartment is occupied by another pallet), level 0 can 
interact only with level 1. Level 1 is composed by the PLC that acts as the control 
station, its role is to coordinate the actions for correct sorting of pallets; level 1 interacts 
with level 0 by collecting information and coordinating the action of level 0 actuators, 
the “decision points” ST01, ST02 and ST03 has been identified as the main decision 
points of level 1. Level 1 also interacts with the supervisory level, level 2, which 
provides the orders of the goods to be picked by operators and coordinates the action 
with other parts of the system to allow the correct working (e.g. it requests to warehouse 
control system to deliver specified pallets to the ring carousel). 

The behavior of the system in the “TO-BE scenario” will be the same as in the 
“AS-IS one”; this is an aspect that has to be taken into account during the model 
generation of the logistic line. 

The complete model, based on eScop MSO ontology and drawn in UML class 
diagram notation, is shown in Figure 3. Each object that composes the logistic system, 
described above and shown in Figure 2, belongs to one class and can be linked by 
association, by inheritance or by aggregation to another class. Hereafter the main 
classes that compose the model are presented, explaining how they are logically 
linked together and providing comments to understand the rationale behind the 
presented model. 

 

Fig. 3. Modeling of the logistic system through eScop MSO 

Physical Aspect: The subsystem class allows creating customized building blocks 
that can be used everywhere in the object model. In this paper the class subsystem 
contains one item, that is the whole logistic line. 
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The component class: represents generic physical items of a production system. It 
can be further decomposed into subclasses according to the nature of the object: 
storage, transporter, processor, operator and sensor. 

o The storage class: comprises all the entities that perform a storage function, i.e. 
keeping material for later use into the production process. 

o The transporter class: groups the entities that physically move a product in the 
plant.  

o The processor class: is composed by the entities used to perform a production 
process function, i.e. transforming the material. 

o The sensor class: groups the items used to get physical information from the 
field, such as: position, status, temperature, etc. 

An operator belonging to operator class performs an action on/with a component. 

Process Aspect: An operation can be performed by a transporter or a processor on a 
product, the latter is identified through a ProductCode. Every product item is moved 
in the system thanks to a unit load that contains it and that is the pallet in this 
industrial case. Each unit load instance is stored in a compartment instance, that 
represents the single spaces for storage. To this end it is easy to see that the ring 
carousel (indicated by letter “A” in Figure 2) and the picking buffer station (letter 
“C”) are two different storage items, each one composed by the aggregation of several 
compartment instances (namely the space comprised between two clutch rollers). The 
transporter moves the product instances, contained in a unit load, from one 
compartment to another one. 

Control Aspect: A controller item interacts with one or more sensors and/or other 
controllers to launch an order plan built as a composition of picking list instances. 
The picking list is an aggregation of row of items, each row representing a specified 
quantity of the same goods to be sent to the customer, so an aggregation of row items 
builds a customer order. The controller item has to be intended not only as a PLC, but 
as every item capable to take decisions and to influence the status of the system and 
acting to fulfill the order plan instances. 

Once the control system interacts with information structured as presented above, it 
is possible to control the entire shop floor flexibly of the described logistics system 
for picking. The control architecture, in fact, is flexible to any variation of the system 
(e.g. the change in the number of compartments, namely a change in the number of 
instances of compartment).  

4 Conclusions  

The present paper has introduced the general concept of the eScop research project, 
focusing on the Representation Layer of the eScop platform kernel. The theoretical 
use of modeling of a system for control logic has been addressed by a specific 
industrial case. 

The case refers to an industrial domain, where automation is particularly important. 
In fact, automated logistic systems are systems that allow efficiency in many different 
companies. Moreover, they represent a typical case where the problem of flexibility 
for new configuration is crucial.  
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In order to cope with the problem, it has been demonstrated how the proposed 
approach is useful and can provide interesting results. 

This paper aimed at introducing the possibility of a new vision of MES, providing 
a tangible example related to the modeling of the physical system. This fosters the 
dissemination for a larger research activity that is ongoing within eScop project and 
will provide new scientific results in the near future. 
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