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NIKLAS DAHLSTRAND
Department of Electrical Engineering
Chalmers University of Technology

Abstract

Multi-agent systems can increase the �exibility in today's production systems. How-
ever they operate quite di�erently from the traditional production which generates
new challenges. This is probably due to the di�culty to design and implement the
agents.

This report presents the design and implementation of a optical measuring agent
that will be used as a module to measure an aerospace engine component. The
report analyses the chosen measuring method as well as presenting the practical
experience from these kinds of systems.

The module consists of both bought and manufactured components that together
with a PLC to control the actuators makes for an integratable subsystem. However a
full integration was not possible since the automation cell has limitations explained
later in the report.

The measurement tool used is a 2D line laser and on these speci�c components
covered in this thesis showed promising results. Though shiny surfaces was proved
to be di�cult to distinguish any geometrical features from.

Keywords: Agent, Multi-Agent systems, CNC manufacturing, Automation, Cyber-
Physical-Production-Systems, CPS, CPPS, Optical dimensional measuring.
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1
Introduction

The aviation tra�c has doubled every �fteen year and is expected to keep increasing
[1]. According to a study performed by Airbus [1], the amount of airplanes with
more than 100 seats for passengers or used for freights at the beginning of 2016 was
19580. At 2035 the study shows that it is expected to be 39820 aircrafts in use, of
which 33070 is new from 2016 and only 6750 can stay in service. This large increase
of airplanes means that high demands is put on production where �exibility and
smart production systems are key to meet the future demands. [1]

1.1 Background

At GKN Aerospace �exible automation is developed in order to support the large
variation in part type and product �ows. Flexible automation will enable adjustment
of the shop to the current product demand as well as increasingly enable automation
of manual work, since the same equipment can be used in manufacturing of several
di�erent parts and thereby lower the total expenditures. An automation cell is being
commissioned at PTC to support the process development.

GKN Aerospace is serving a global customer base and operating in North America
and Europe. With sales of ¿1.5 billion in 2011, the business is focused around three
major product areas - aerostructures, engine products and transparencies (Aerospace
windows), plus a number of specialist products - electro-thermal ice protection, fuel
and �otation systems, and bullet resistant glass [1]. The business has signi�cant
participation on most major civil and military programs. GKN Aerospace is a major
supplier of integrated composite structures, o�ers one of the most comprehensive
capabilities in high performance metallic processing and is the world leading supplier
of cockpit transparencies.

1.1.1 The PERFoRM station

The automation cell at GKN PTC is a demonstrator cell used for a larger EU project
called PERFoRM with a target of meeting the increasing needs for multi-agent sys-
tem based manufacturing domain. This need comes from higher demands where the
production must be customizable in order to adapt to shorter and shorter product
life cycles without compromising quality and price.
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1. Introduction

The �exible production cell that can be seen in �gure 1.1 has been developed as
a demonstrator to aid the development of the concept of an agent-based manufac-
turing system prior to installation in full-scale production. The station consists of
an ABB industrial robot in the center and 10 slots available for modules, placed
in a half circle around the robot. These modules are implemented as Agents and
the station will demonstrate the potential of multi-agent based production systems.
Previous work[2] has focused on the creation of a module for storing the part and
one for grinding of oxides in preparation for welding. In this work the focus is on
the user ergonomics, �xtures and tools for performing grinding of a part.

Figure 1.1: A 3D model of the �exible automation cell at PTC.

The cell consists of one ABB IRB 6700 industrial robot located in the centre with
multiple modules visualised as colourful boxes surrounding the robot. As can be seen
in �gure 1.2 the modules are built up with aluminium pro�les to create the skeleton.
All modules have a PLC cabinet located with the varying internals depending on
application. These �xates with the help of two dowel pins to ensure that they end
up at the correct location and orientation every time as can be seen in �gure 1.3
where the docking of a triple-slot is displayed.
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1. Introduction

Figure 1.2: A 3D model of a module in the basic con�guration.

Figure 1.3: A 3D model of the docking solution[3].

The idea is that the modules are standardised as much as possible without limiting
the needed processes such that any module can be put in another similar cell and
work immediately. The modules should also be independent of placement, hence a
module should be able to be placed at slot 1 or 8 and still work the same without
any reprogramming required.

1.1.2 Part used for measuring

The module to be developed during the thesis is aimed at executing optical di-
mensional measurements of a turbine guide vane. The part shown in �gure 1.4 is
measured in this thesis and is an aerodynamically designed smaller component which
is welded together to form a larger engine component that can be seen in �gure 1.5.
The part in question is a turbine structure Vane available in three di�erent versions
which are all used in the same larger component and with very similar characteris-
tics. The overall di�erences between these versions is the thickness of the aerofoil
as well as length. All versions have the same measurement points that is of inter-
est, the leading- and trailing edge amongst others since it a�ects its aerodynamic
performance. It is also of interest to inspect if the previous process that mills and
grinds a weld seam has done it correctly such that the part is ready for the next
step. A total of eleven areas of interest are de�ned in Chapter 5.1.

3



1. Introduction

Figure 1.4: Picture of one version of the vane used in this project

Figure 1.5: Engine frame with guide vanes

It is required to have a robust and precise solution for measuring the challenging
geometric properties of the component. Due to the need to measure parts without
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1. Introduction

physically touching them, optical methods are evaluated in this report with the use
of a GapGun Vectro for the initial testing required prior to a potential introduction
in the every day production. A GapGun is using a laser beam displayed as a line
on the objects surface and together with a camera to capture this line.

1.2 Objective

As previously mentioned the automation cell at GKN is a part of a larger EU project
called PERFoRM with the goal of creating a common standard for Agent based man-
ufacturing processes. [1][4][5][6]. A multi-agent based system consists of multiple
agents working together and using a middleware[5] for communication and system
design[6] with respect to both hardware and software.

The goal of this thesis is to evaluate the development process of a complete agent
in a multi-agent system. This is achieved by developing, manufacturing and imple-
menting a measuring agent, to be used within the MAS station built at PTC. When
implementing such an agent, the challenges of e.g. the mechanical design, PLC's
programming in such an environment with regards to the interfaces set by the cell,
both electrical as well as pneumatic, was evaluated during the development. The
measurement method was also evaluated during the development of the agent.

1.2.1 Ethical aspects

The continued development of this demonstration cell will lead to an industry with
less manual work and more autonomous production. This work could remove un-
healthy and non ergonomic tasks currently performed by hand, which would improve
the working conditions for the employees[7].

By introducing autonomous production systems there will be a lower chance of errors
and therefore less scraped products. Overall production will be more e�cient with
less downtime when changing product design and processes since the modules are
designed according to plug-and-produce[1].

1.2.2 Scope & Boundaries

This thesis focuses on understanding the di�culties and demands set by multi-agent
based production systems with regards to smart and �exible automation cells. Fo-
cus will be on further understanding of Cyber-Physical systems and Multi-Agent
systems and how it is implemented in the PERFoRM cell located at PTC. Once the
challenges are clear, a process module for dimensional measuring will be developed
and implemented into the cell.

The thesis will not cover the robot programming since the movements are quite
simple and does not provide useful content. The developed module will not be a
production ready solution, it will however show the concept previously described.
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2
Theory

2.1 Multi-Agent systems

Multi-Agent systems contains several di�erent Agents that could have di�erent in-
dividual goals that interact with each other[8]. Imagine a production line of cars
where the object for one Agent is to drill a hole at the correct location and correct
depth while another agents objective is to attach a brake disc. This means that
the two agents have di�erent objective but together with all other agents in the
production line have the same common goal of creating a fully functioning vehicle.

MAS can be immensely complex or very simple depending on how the agents are
con�gured. For instance, each agent might have been developed independently by
di�erent developers. That way each agent have di�erent motivations and goals [8][9]
which would add complexity to the MAS system compared to if they were developed
with a speci�c goal and common motivations. The actual task at hand will naturally
a�ect the complexity as is the case with all automation systems.

Figure 2.1: Smart Factory with smart connected devices visualizing high level
MAS

An example of a MAS could be the following: an agent sends a request to a pro-
duction system that part A has to be welded for instance. This agent would then
get di�erent o�ers from other agents who can perform the said task. The requesting
agent then chooses the most suitable agent to perform the job based on time and
resource limitations. The chosen welding agent in this case might in turn might use
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2. Theory

other agents to aid with the task[10]. Let's imagine that there is a station like the
PERFoRM station that has 3 di�erent welding agents connected at the same time,
one might be for small components and the two other for large components but one
is occupied but fast and the other is available but slow. When the requesting agent
from the example above gets the o�ers from the agents in the station it would get
three possible solutions. Since they all have di�erent properties an optimization
problem must be solved wrt. time and resource utilization. With this said, agents
are not limited to robots and machinery, it can also include people. [11]

2.2 Agents

According to Boissier et al.[12] Agents can be de�ned as a software or hardware
that contains processing mechanics and data. Boissier also mentions that Agents
can take control of their own actions and decisions a�ecting and reacting to the
environment it is situated in with other Agents and norms. With this de�nition it is
possible to split it up to three di�erent types of Agents from an overall perspective,
Situated, Social and Organization Aware Agents.[12] He writes that Situated Agents
act on themselves and the environment while social Agents also act on other Agents
where Organization Aware Agents also act on the norms of the organization. From
his texts it can be concluded that the larger the scope is for an agent the more
complex it becomes. The more simple of the three de�ned types of agents is the
situated agent that only has to care about itself and the environment but the larger
the scope is the potential for �exibility is increased.

2.3 Cyber-Physical Systems

Cyber-Physical systems(CPS)[13] is a term most frequently used when talking about
how physical systems are linked/connected to the cyber environment. By imple-
menting a robotic cell using CPS methods, sensors and data can be better utilised
to analyse the processes for performance and quality[13]. CPS can also be imple-
mented with features for showing the data in a descriptive way for a user to monitor.
It can also provide a network for di�erent subsystems of the cell to communicate
which is essential for MAS [13].

2.3.1 Cyber-Physical-Production Systems

Cyber-Physical-Production Systems or CPPS for short is a subcategory of CPS
where the ideas of CPS in implemented in a production environment[14]. Monostori
et al.[14] states that this means combining mechanical and electrical components
and connecting to other similar systems and the industrial network to create a
connection to production and logistics networks. This means that a production
system could be controlled from a superior system that handles the entire plant
and has the complete picture of the component �ow and an understanding of what
actions are required. According to Monostori, CPPS gives an opportunity to have
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2. Theory

a simulated system running in parallel to the real system based on sensor data and
component models to be able to analyse and compare equipment and machines.
Further more, Lee et al.[13] states that this gives the factory a great overview of
how the expected performance should be and could be used to make the factory
self-con�gurable and self-maintainable. Component �ow is possible to predict and
changes made in the virtual twin of the factory would mirror the reality meaning
less downtime and uncertainties when machines and other production equipment
need changing[14]. For all machines and equipment to be able to connect to the
industrial network there has to be a middleware that can take care of how every
Agent in the system interacts and communicates.

2.4 Middleware

A Middleware from a computer science perspective is basically a software layer that
"glues" di�erent software applications, a general interface to handle many di�erent
standards of communication[15]. This also applies to networked systems where the
applications are running on di�erent hardware according to HSEL et al.[5].

Figure 2.2: Di�erence between a system with and without middleware[5]

Using a Middleware makes the entire system more versatile and �exible since the
Middleware will handle all standards that is required and have the possibility to
store and manipulate data such that the data from one module can be transferred
and used by all others connected to the same Middleware[5]. As can be seen in
�gure 2.2 Middleware make the system more structured and �exible.

2.4.1 OPC-UA

OPC-UA[16] is a kind of middleware which uses a machine � machine communica-
tion protocol for industrial automation and is developed by the OPC Foundation.
OPC-UA is an industrial standard for communication where it is sending messages
between clients and servers and is platform independent[17]. Borsych[15] writes that
OPC-UA besides o�ering standardized communication protocols also provides data
models for a set variation of data types but also states that the OPC Foundation
welcomes additions of vendors and standardisation organisations to broaden the
capabilities of OPC-UA.
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3
The MAS in the PERFoRM cell

Since this project has been worked on quite extensively for a few years means that
some parts of the concepts is already �nished, for instance the physical layout of
everything is �nished as well as software for the Agent system. The design of the
physical layout, safety system and docking system has already been developed by
Julie Portal[3] as part of her Thesis. A standard module and docking system can be
seen in �gures 1.2 and 1.3. The Agent system was also part of a Thesis by Waldemar
Borsych[15] as part of the PERFoRM project.

The cell currently has two di�erent agent systems implemented, one developed in
the PERFoRM project and one developed by University West where they function
slightly di�erent.

The idea used in the PERFoRM project utilises a more de-centralized approach
where the supervising agent can present the system with a task and they ask for
o�ers from the modules whether they can accomplish the task and at what cost, for
instance energy and time. The supervising agent can then take a decision on who
does what based on the resources at hand. Another opposite approach which has a
more centralized thinking where the supervising agent has all the knowledge about
the automation cell at hand and can therefore take all decisions without asking for
"quotations". This is a fundamental di�erence between the PERFoRM project and
the system developed by University West. This report uses the PERFoRM approach.

For the communication system in the automation cell, there is a middleware im-
plemented which enables the cell to have a common communication infrastructure
for every agent[5]. These agents are supposed to be able to communicate and take
decisions by themselves, for instance: A part comes in and the agent where that
part is stored tells the rest that a certain process is needed. The other agents can
then give an o�er if they can execute that process and also how much time it will
take[4]. Then a decision is made and the process is executed accordingly and so
forth [6].

Every module and agent of the automation cell is set up as a OPC-UA server and
the main supervising Agent is set up as the client. The client in a network of OPC-
UA servers is deciding everything from what data to be fetched from where and
sent to whom. This means that the internal communication of the modules can
be everything as long as the Agents OPC-UA server can send and receive what it
requires for the complete system to operate. [18]
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4
Agent design

The goal for the agent is to be able to grasp and orient the measurement object
at hand such that all interesting geometries can be reached and measured by the
GapGun held by the robot. This means that there is two main problems, orientation
and gripping. Solving these will prove di�cult and the sections below will go through
the problems and solutions chosen. There are a few requirements for the module
listed below.

1. Harmless gripping for the object

2. Exact orientation

3. Be able to grasp the three di�erent versions of the vane

4. Must �t within the physical space available

5. Be able to communicate with the superior system

6. Safe to use e.g. fail-safe functions

Requirement 1 means that the vane must not be harmed in any way with regards to
scratches and dents or similar. The actuation must be exact such that the position
of the vane is repetitive and so that the same feature is measured the same way
every time. Given that there are three di�erent versions of this vane with slight
variations in geometry means that it must be possible to grasp them all without
having to re-con�gure anything on the hardware side. The overall concept of the
demonstrator at PTC means that each module has a certain volume available where
width and length are �xed but the height can vary. Since this module is a central
part of the optical measurement process where it grips and orients the object there
has to be communication between the module PLC and the superior system. One
important aspect is safety, for component, operator and equipment.

4.1 Gripping

The gripping of the object can be done in various ways, however in order to be able
to take measurements on the outer dimensions of the vane, the gripping would have
to stay clear of every area of interest. The solution is to grip the object from the
inside, this also solves another issue that occurs due to there being three di�erent
vanes of slightly di�erent dimensions. The object is gripped with a Schunk JGP-125
equipped with two aluminium cylinders as can be seen in �gure 4.1. [19]
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