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Abstract 

There are many challenges for the manufacturing industry when building and maintaining interoperable information systems. Automation and 
related information systems are often implemented in controlled and secure environments that lead to autonomous disconnected islands. This 
study presents two innovative solutions that exemplify both horizontal and vertical systems integration. The solutions have been implemented 
and tested on a flexible and mobile assembly system with equipment from different suppliers.  
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1. Introduction 

Manual work tasks are common in assembly systems 
today. It is also the recommended approach for assembly 
systems with high product variety [1]. Automated assembly 
systems to exist and they are often highly specialized 
equipment designed for high throughput and volume. Desired 
characteristics for flexible assembly systems are mobility and 
the ability to quickly change automation levels [2]. Totally 
manual work relies on human skill and flexibility but generic 
automation solutions require easy to use interfaces together 
with highly knowledgeable operators. Human robot 
collaboration is an example of dynamic automation that could 
increase productivity without reducing the flexibility. 

Dynamic assembly systems add new requirements on the 
information systems that serve humans and equipment. 
Equipment diversity or heterogeneity requires common 
standards of both communication and implementation. 
Mobility means a more distributed system with requirements 
on communication protocols and infrastructure. The 
automation implementations, together with its operator, will 
need to be self-reliant and with decentralized decision-
making. Future dynamic assembly systems is therefore a good 
example of heterogenetic highly distributed systems of 
components with high autonomy, concepts that all 
complicates systems integration [3]. Interoperability, which is 

the possibility of a systems components to interact, is also a 
key design principle for future smart manufacturing systems 
[4]. New technologies like Internet of Things and Cloud 
computing paradigms are supposedly going to solve many 
interoperability issues for future systems. This will not happen 
automatically and there is a need to understand what the 
current state is and what can technically be done today. 

Through a lab experiment a dynamic assembly system of 
three mobile workstations have been designed and 
implemented. A chosen constraint of the system was that the 
workstations have to use equipment from different suppliers. 
The product that is assembled is chosen because it is a 
medium volume product that would benefit from a more 
automated assembly but it would be too expensive to build a 
totally automatic system. This study describes and discusses 
the process and results of designing and implementing the 
information system for this assembly system. Two innovative 
solutions have been implemented and will be described in 
more detail. 
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Fig. 1. The product is the coupling part of a quick connection for pneumatic 
applications. Workstation 3 does the final assembly and Workstation 1 and 2 
do part assemblies. 

2. The project 

One goal of the research project MOTION is to show that 
it is possible to build dynamic and mobile automation solution 
with products and solutions from different suppliers and 
integrators. The purpose is to achieve a flexible and efficient 
assembly system. The project utilizes research-integrated 
education by incorporating system implementation with the 
learning objectives of a course for third year students of the 
mechatronics bachelor program at Chalmers University of 
Technology in Gothenburg. The product to assemble is the 
coupling part of a quick connection for pneumatic 
applications (Fig. 1) produced by CEJN AB. It is a relatively 
complex product and CEJN wants to reduce the cost for 
assembling it, however the volumes are not high enough to 
allow for expensive purpose build equipment. 

Today the coupling is assembled on a shop floor with 
functional setup of ten separate stations. The final assembly 
system consists of three mobile workstations, two for part 
assemblies and one for the final assembly. Two of the 
workstations utilize robots from Universal Robots that are 
approved for an open environment. The details behind this 
choice and results of human robot evaluations are further 
described in [5]. 

3. Technologies 

This chapter will shortly explain important concepts and 
technologies that the results are based on. 

3.1. OPC UA 

Vertical integration, or communication between enterprise 
level and the field level networks, requires interfaces and 
standards between these levels to be aligned. This has been a 
problem for manufacturing companies since these two 
domains have very different requirements [6]. The Open 
Platform Communication Unified Architecture is a protocol 
for Machine to Machine (M2M) communication that was 
designed for interoperability between different platforms and 
systems [7]. One reason for this is because it scale well with 
support for both small simple devices through the binary type 
protocol and more advanced implementations through 
HTTP/XML type protocol [8]. Any embedded system that 
support OPC UA can act as a server that exposes chosen 
values that can be read by clients. The clients may then be a 
server on it’s own and extend the client-server tree. 

3.2. RFID 

RFID could be said to be a forerunner for IoT. The IoT 
paradigm converge three different visions: things-, internet- 
and semantic-oriented [9]. In industrial applications the 
things-oriented vision was adopted early through RFID 
technology [10]. RFID allows for easy identification of tagged 
objects and combined with SOA close in on the IoT vision of 
seamless communication [11]. The RFID communication has 
been extensively formalized by ISO/IEC standards. A RFID 
system consists of readers and tags and they can operate on 
different set frequencies. RFID tags can often hold more 
information other than its identification number. This can be 
used for decentralized information during production or as a 
way to improve products unique information over its full life 
cycle. It allows for a decentralized information storage 
approach. 

3.3. Automation ML 

Automation Markup Language (AML) is a standard to 
support and align information regarding design of automation 
solutions [12]. Developed by several different German 
automation companies and research institutes it aims to 
increase interoperability between different engineering tools. 
It has five different features: Object identification, class 
libraries, role class libraries, system unit classes and instance 
hierarchies. An editor for the Windows platform can be 
downloaded to simplify the development of AML files. 

3.4. Web service 

A web page provides both data and graphical interface, via 
HTML, to a visitor. A web service can also act as a web page 
but resources can also be represented in other ways. In 
accessing a web service that follows the REST 
(REpresentational State Transfer) architecture it is easy to 
find the correct resource when knowing the identification and 
service structure [13]. 

3.5. Raspberry Pi 

The Raspberry Pi is a computer that resulted from the idea 
that future computer scientists should have a simple machine 
to learn the basics on [14]. Since it is small, cheap and 
nowadays has a large user community, it is very useful for 
DIY hacks. It has easy access I/O pins and there are many 
add-on boards for various implementations. Since this product 
aims at end-consumers information is freely shared in the 
community and most projects are open source. 
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