
1. INTRODUCTION  
 
The combination of technologies, such as Smart Sensors, 
Internet of Things (IoT) [1], Machine-to-Machine Com -
munication (M2M) [2], and Artificial Intelligence (AI) 
based solutions have fundamental importance in the 
process of further development of the existing manufac -
turing cells. The next phase for production units in the 
future is to implement the data collecting level as criteria 
for decision-making possibilities for the existing robot 
cells. This can be achieved by using virtual environments 
for data processing and management of the actual robot 
cell. In this article, possible solutions and methods are 
invest igated for upgrading the existing production cells 
to the level of automation and intelligence needed for 
Industry 4.0 (I4.0). 

The goal was to define possibilities of how to develop 
the existing production system to meet the needs of I4.0 

principles by applying Smart Sensor technology. The 
information was collected, processed, and controlled by 
the Manufacturing Execution System (MES) [3] to ensure 
continuous workflow in every production unit as a whole 
system.  
 
 
2. ONTOLOGY  OF  MODERN  MANUFACTURING 
 
Knowledge-based economy and production is charac -
terized by continuously shortening product life cycles, but 
continuously increasing demands towards products’ func -
tion ality, quality, and other customers’ requirements. The 
orientation towards development and improvement of the 
production system and its efficient use is extremely im -
port ant. A company is an entire system that operates in a 
certain location and customer-oriented field of activity. A 
company may belong to a group or network, whereby its 
belonging to the network may be either abstract or having 
certain connections or functions with the network [4].   
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Abstract. The continuous need to develop Industry 4.0 branches has led to a position where highly sophisticated and multi-layer 
smart robotic systems are guiding the way to future manufacturing. This study aims to build a connectivity and system intelligent 
layer on top of a co-bot integrated Computer Numerical Control (CNC) based manufacturing cell. The connectivity layer is used to 
bypass all the data collected from machines to the upper intelligent layer and vice versa. When raw data arrives in the intelligent 
layer, it will be converted to information and again to knowledge for reflection to be sent back to the cell. Machine-to-Machine 
Communication and Digital Twin process for optimization are used for data conversions. This study is a downscale example of the 
Cyber-Physical System (CPS) for further development of the existing robot cells. 
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The production system has certain resources, pro -
cesses, and strategies (Fig. 1). The production system is 
characterized by the physical environment (number, type, 
layout, and location) and functional environment that is 
expressed by technological possibilities of machine tools. 
Machine tools have mutual logistical relations inside the 
system as well as relations with the external environment. 
Technological possibilities of a company’s production 
system evolve mainly based on machinery (CNC tools, 
Industrial Robots (IRs) and Co-bots, presses, welding 
equipment, etc.). Technological possibilities can be de -
fined as a set of characteristics of the current device for 
producing a specified workpiece or performing a certain 
technological task. 

The industrial production of the future will be char -
acterized by strong individualization of products under the 
conditions of highly flexible production, extensive in -
tegration of customers and business partners in value- 
added processes. Future manufacturing combines tech -
nology, knowledge, information, and human ingenuity 
to develop and apply manufacturing intelligence. It com -
prises the smart use of networked information for de - 
mand-dynamic economics such as: integrated enterprise 
and supply chain as well as broad-based workforce en -
gagement; industrial robots that work safely with people 
in shared spaces; and metal-based additive manufacturing. 
Driven by the software connected to the Internet, the real 
and virtual worlds are growing closer and closer together 
to form the IoT. 

In this article, we focus mainly on the workplace level, 
by which we mean a robotic workplace, and view it as an 
integration of different hardware and software tools form -
ing a Cyber-Physical System (CPS) (Fig. 2). CPS is based 
on a multi-dimensional complex space that gen erates and 
evolves diverse subspaces to contain different types of indi -
viduals interacting with, reflecting, or influ encing each other 
directly or through the cyber physical subspace. CPSs are 
engineered systems that are built from and depend upon 
the synergy of computational and physi cal components. 

Three main functionalities for modern robot-cells are: 
● Internet of Things, 
● Machine-to-Machine Communication,  
● Big Data. 
IoT gives the possibility to connect more devices to a 
central controller. This setup allows manufacturers to 
gather more data, also to streamline and digitize their 
processes more efficiently. With M2M the success of data 
exchange and autonomous automation would be achieved, 
and it depends on the machines’ ability to com municate 
and their real-time responses with one another. The role 
of data and information is currently increasing in manu -
facturing. The extended supply chain, as well as horizontal 
and vertical value streams are based on data exchange 
and information processing. Thanks to IoT, data transfer 
possibilities, data analytics, different decision-making 
algorithms, AI possibilities can be used in the workplace 
for intelligent manufacturing with adaptive control, agile 
planning and real-time manage ment. 
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Fig. 1. Ontology in manufacturing [4]. PS − Production System. 



3. INTEGRATION  AND  CONNECTIVITY 
 
The new manufacturing architecture follows the need to 
integrate vertical and horizontal value chains. As the pro -
duction is becoming more intensive, more digital solutions 
(ERP, PLM, MES, CAD/CAM/CAQ, etc.) in both value 
chains are implemented into the general computing archi -
tecture trends. Over time smaller computers and PCs 
have distributed functions over networks, and distributed 
computing has been refined in many ways with Service 

Oriented Architecture, HTTP, Remote Procedure Call 
(RPC), and other functions. 

This integration and connectivity are formalized with 
the ISA-95.00-xx standard [5]. Traditionally, ISA-95 has 
been implemented in a 5-layer system network archi -
tecture, implying that each level only communicates 
through adjacent levels (Fig. 3). This implementation was 
built around the technology available at the time it was 
conceived, which has changed significantly with high 
power computers, high-performance networking, and em -
bedded edge computing, all supported by more sophis - 
ticated and refined software that has been developed for 
general computing [6].   

The technical innovation of Industry 4.0 towards smart 
manufacturing is characterized by the integration of 
manufacturing systems, using digital twin principles in 
the different value chain positions, virtual reality and 
augmented reality in designing and execution stages, big 
data, and data analytics for continuous improvement.  
 
 
4. INTEGRATED  MANUFACTURING  
    IMPLEMENTATION 
 
In this article, we have focused on the implementation of 
miniature production system which has been under devel -
opment at TTK University of Applied Sciences (Fig. 4). 
The equipment and component description was explained 
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Fig. 2. Robot cell with CPS functionality. CRM – Customer 
Relations Management; ERP – Enterprise Resource Planning; 
PLM – Product Lifecycle Management; LIMS – Laboratory 
Information Management System; EOAT – End-of-Arm Tooling.  

Fig. 3. Integration and connectivity in manufacturing according to ISA-95.00 [6]. SCADA – System Control and Data Acquisition; 
HMI – Human-Machine Interface; PLC – Product Life Cycle.  



in [7], and the multi-layer CPS implements similar on -
tology of manufacturing as stated above (Fig. 1).  

The entire system works autonomously, where in coming 
orders are planned in the ERP system, M2M communica -
tion and the sequence of production operations is managed 
by a program created at the MES level. All devices in the 
system are connected to MES via LAN or Wi-Fi but are 

independent of each other and do not require constant com -
munication with a higher-level program (Fig. 5). All the 
units are programmed for each operation, and the MES 
program distributes only start commands and waits for 
execution confirmation to distribute new commands. Error 
reports from devices are forwarded to MES where necessary 
decisions are made for further operations. According to 
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Fig. 4. TTK Industry 4.0 CPS. 

Fig. 5. Developed systemʼs schematic diagram. ESL – Electronic Shelf Label; RFID – Radio Frequency Identification. 



the number of details needed to produce, MES is capable 
of evaluating unused work stations and decide how to pro -
duce similar items or details in parallel.  

The system design is flexible and easy to reconfigure 
according to I4.0 principles, with the possibility to add 
new production equipment to the entire system without 
the need to make major changes to the control system. The 
mobile robot arm plays a major role in this factory, which 
enables to apply a similar method in the existing factory 
without making major adjustments for the robots. Each 
unit is equipped with photoelectric sensors (PNP output) 
[8] to monitor and give feedback about the current 
situation at the workplace − first of all to PLC and then 
to MES for the management of other units. Another im -
portant part of CPS is RFID technology [9] with the 
RFID chip [10], reader [11], communication module, and 
power module. Each production plate and storage box are 
equipped with an RFID chip and every unit, including 
MES, has live information. 

 
 

5. CONCLUSIONS 
 
Modern manufacturing has been changing rapidly in the 
last decade. The sophisticated and multi-layered robot-
integrated manufacturing is not in distant future. Our 
entrepreneurs have the machinery and equipment to 
manufacture products according to the customer needs, but 
the continuously shortening product life cycle and the 
product’s increasing complexity forces us to raise the 
efficiency of the existing system. In this paper, we have 
reviewed the possibilities of applying I4.0 principles to the 
existing downscaled IR and co-bot based manufac turing 
system, by using Smart Sensors and M2M con nectivity 
combined with IoT based manufacturing soft ware. Our 
study indicates that the usage of I4.0 technologies is 
strictly based on the needs, and the purpose is to raise the 
efficiency of certain robot-based manu facturing cells.    
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Tööstus  4.0  printsiipidel  põhinev  moodne  ja  integreeritud  tootmisjaoskond 
 
 

Madis Moor, Kristo Vaher, Jüri Riives, Tavo Kangru ja Tauno Otto 
 
Tehnoloogia areng koos Tööstus 4.0 printsiipidega on suunanud meid olukorda, kus kõrgelt arenenud ja mitmekihilised 
intelligentsed robotsüsteemid näitavad teed tulevikku. Artiklis on välja toodud, kuidas arendada ühilduvust eri üksuste 
vahel. Tootmisüksus põhineb TTK Tööstus 4.0 labori baasil ja tööstusrobotite, koostöörobotite ja CNC-seadmete baasil 
ning seadmete omavaheline infojagamise mudel on eeskujuks tööstuslike rakenduste arendamisel. Ühilduvuse kiht 
süsteemis on vajalik info kogumiseks eri üksustelt, info töötlemiseks ja otsuste vastuvõtmiseks. Selle tarbeks on vajalik 
kasutada kombinatsiooni eri tehnoloogiatest, nagu targad sensorid, asjade internet (IoT) ja masinatevaheline suhtlus 
(M2M), mis tagab kiire infoedastamise ning andmete optimeerimisvõimalused. Uuringu tulemustest selgub, et Tööstus 
4.0 printsiipidel põhinev moodne tootmisjaoskond on tugevalt seotud vajaduste ja eesmärkidega, et tõsta olemasoleva 
robottootmise efektiivsust.


