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Resumo

Com o crescente numero de pequenas e médias empresas na industria europeia e
com a crise que estastravessam a necessidade de adoptar meios capazes de
melhorar/inovar as suas células industriais a baixo custo tgmomn objectivo a curto
prazo. A opcao térse mantido na automatizacéo das células industriais, mas 0os meios de a
alcancar ténse diversiftado como € exemplo a introducdm &erviceOriented
Architecture (SOA). SOA tem demonstrado potencial na integracdo de sistemas
complexos,através da criacao de servicosbmue facilmente se adaptam as alteracdes das
células de trabalho.

Esta tese expta este conceito de arquitectura de programacdo, mostrando as
capacidades que a utilizacdosdseus servigcos pode potenciar @lulas industriais e
desenvolvendo ferramentas de suporte a sua integracao.

Primeiramente, foi realizado um estudo comparativie as duas grandes familias
de ®rvicos veb Simple Object Access Protofdleb Services Description Language
Representational State Trangfeiocalizado nos conceitos de construcéo de cada um e nos
seus tempos de acesso.

A criacao deste tipo de s@gos carece de meios que acarretam custos que algumas
empresas ndo se encontram dispostas a pagar. Na tentativa de ultrapassar este problema
vérias empresas, algumas de renome no mercado mundial como é o caso d& @aogle
Amazon, criaram servigosels, dsponibilizando online solu¢des para recursos basicos de
tecnologias de informacado sentido de validar estas solucdes realsmwm estudo,
atrav®s da cria-«o0o de uma c¢c®lula de trabal
verificar as suas potemtidades. A execucdo desta célula é feita utilizanolneste
informacgdes de servigcosal.

Em ambos os casos, referidos anteriormente, a necessidade de técnicos
especializados continua patente o que constitui um obstaculo para as empresas. Assim com
a idea de tentar minimizar esse obstaculo foi estudada a posgle de orquestrar
servicosem maquinas de estados, tentando assim possibilitar a qualquer utilizador a

criagdo e modificagdo de células industriais. Para isso foi desenvolvida uma aplicagdo que
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junta o conceitade State Chart eXtendable Markup Langua@CXML) e explora as
capacidades da arquitectuM/indows Presentation FoundatioVPF, tornandea
intuitiva e de simples utilizacéo.

Este estudo pretende reforcar a perspectiva de que com @lsgexsem crescente
desenvolvimento sdo inUmeras as possibilidades para inovar, melhorar e modificar as
células robotizadas industriais. Células industriais mais autbnomas, menos dependentes do
homem, poderdo modificar a qualidade e quantidade da prodags&mpresas, 0 que em

certos casos, podera ser um factor crucial para a sobrevivéncia das mesmas.

Palavraschave: RESTISCXMLServicodVeb, SOASOAPNSDL WPF.
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Abstract

With the increasing number of small and medium enterprises withiEuhgpean
industry and due to the crisis that they are undergoing, the need to adopt new ways capable
of improving and innovating their industrial cells at a low cost, became a short term goal.
The option has been centered in the automation of the irmlusttls, but the means to
reach it have been diversified like, for example, the introduction oSémeiceOriented
Architecture(SOA). SOA has been demonstrating a great potential in the integration of
complex systems through the creation of web sesyiadich easily adapt themselves to
the alteration in work cells.

This thesis explores this concept of programming architecture, showing the
capacities that the application of its services can bring to industrial cells, and developing
support tools to ittegration.

Firstly, a comparative study was made between the two greatest web services
families Simple Object Access Protocol/Web Services Description Language
Representational State Trangfeentered in their own construction concepts and tveir
access time.

The creation of this type of services implies means that usually have high costs,
which some enterprises arenot ready to pa:
various enterprises, some of them famous in the international markbtas Google and
Amazon, have created web services, providing online solutions to idisicnation
technology(IT) resources. In order to validate these solutions, a study was carried out to
verify their potentialities by means of an independent worktleat packs books and CDs.

The accomplishment of this cell is made just by using data from web services.

In both of the cases referred above, it is clear that there is a lack of skilled
technicians, which represents an obstacle to the enterprises. @deirto minimize this
problem, the possibility obrchestratingservicesin state machines has been studied,
allowing each and every user to create or modify the industrial cells. To make this

possible,was developed an application that joins tetate bart exendable narkup
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language (SCXML) concept and explores theapacities of windows presentation
foundation(WPF) architectureturning it intuitive and easy to use.

The aim of this study is to reinforce the perspective that with the ever increasing
development of technologies, the possibilities of innovating, improving and modifying the
robotic industrial cells are enormous. More autonomous and less man dependent industrial
cells will be able to improve the quality and quantity of enterprise produatibich, in

some cases, may be a crucial factor for their own survival.

Keywords RESTSCXMLSOASOAPNSDL.Web ServiceSVPE
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1. INTRODUCTION

In the present industrial world the capacity for innovation and flexibility of
companies to thenarketdifferent requirements are two major factors for success. But
companies often retradueof the need to spend limitesmount offinancialresources.

This retractionis partly understood, being the European business mar&etly
dominated by smbhland medium enterprises (SMEsjpund99.8% of companies ithe
nonfinancial business econon($CHMIEMANN, 2008) Theyhave had an increase in
their external financing needfacingan expansion dbank loans and credit linds 25%
and 12%while 50% keeps constant bank loans and 44éflictines(European Central
Bank, 2009)

Despite this factor of great importance, automation and control has been gaining
ground in industriabnterprises with the aim of increasing their capacity for productivity
(quality/quantity). In 2008 were sold thirfive thousand industrial roboia Europe, for
many different areageaching 1.3 million in all worldThis high number is also due &o
decrease in the price of industrial robotpastyears (about 75% between 1990 and 2003)
(UNECE, 2004)

By contrast in terms of flexibilityindustrial companies remain highly dependent on
technical expertiseln order to overcome this obstacleamy other features arsow
available to SMEs to improve their flexibility/competitiveness, for example the case of
serviceoriented architecture (SOA$OA has been growing in industrial systems, showing
that their services can be used in complex systems subject to frequent changes, resulting in
agoodcostbenefit,andallowing the executioto beindependent of platform and business
(Frargois Jammes et al., 2009)

1.1. Motivation/Objectives
With eyes n the future of industry the prospects are to an increasing involvement
of services in the automation and cait of companies. This owes much to the
effectiveness in terms of cost and integration thedetiervicesdemonstrate, representing

to firms a big and important infrastructural charigd, 2004) There & therefore the need

Pedro Francés Malaca Viegas Cardoso 1
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to study, develop andntegrate new resources that complement the manufacturing cells,
making them more flexible, more antmmous. Thus, the motivation fahis work is
evident,make a mall contribution to thi®verall objective.

The research undertaken in this thesis will focus on this style of architecture model
in two aspectsFirst will be explored the use of web services to allow the interoperability
between different applicationSecondly focusing on the possibility of orchestrating device
basedservices enabling the modification of industrial cells in a simple and intuitive way.
These services are available on Ethernets in a standardized way, allowing different

applications tonteract with each other, without human interference.

1.2.Organization of the thesis
This work is divided in three parts. The first part corresponds to chaptewBian
it is provided a brief introduction to the concepts that are explored in this thediapier
3 enter the second part ofetthesis where are presented the studies developed, and the
corresponding results and conclusiofiseseare

U Comparison of SOAP and REST architectupssenin subchapteB.2
T Will be set up two web services ugitthe two models under study.
These services make availalie access to a database and therefolie
be testedherun times of each of these services.

U Assessing the integration of remote web seryipessentin subchapter
3.3 7 To perform this assesent wll be created a work cell using
multiple industrial equipmerst(sensors, camerapnveyor robot, robotic
hand).It is intended with the integration of several web servioarake
this cellasmore autonomous as possible.

U Study and development ofigiforms for services orchestration an
embeddedlevel, presentin subchapter3.4. i Based on a previous
platform, created and tested by Professor Doctor Germano Wergey
elaboration of hi#hDthesis, this will be improved and the user interface
totally remade. For this, new concepts will ineroduced like Windows
Presentation FoundatididVPF) andModel View ViewModel(MVVM ).
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Finally the last part of this work, chapters 4 and Bemit is presengd the final
and global conclusions of the stuslideveloped along this thesis, as vespropogtions

for future work.

1.3.Publications
Two articles were published due to watkveloped duringhis thesis:

V Veiga, G.,P.Malacaand J.NPires201Q rilriernetBasedDispatcher
Ro b o tnothe 9™ Portugues Conference onAutomatic Control
(Controlo 2010) Special Session Toward factories of the future
Coimbra, Portugal.

V Veiga G., P. Malaca, and J.N. Pir2810,iComparative study on the use
of network services in robotic woells. In International Coference
Information Networking and Automation (ICINA), 201&unming,
China, pp. V1137-V1-141.
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2. BACKGROUND

2.1.Ethernet networking

Over the past twenty years the use of Ethernet has been the target of intense study,
adapting the characteristics for whichwiais initially createdi.e. office environmentto
meet the requirements in industrial automatideiga, 2009; Pedeiras et al., 2003)
Despite several attempts to introduce this technology in the industrial context, only
recentlyit has received the attention as a support for industrial communic@banecting
devices network adapters or switchdsas been more in foctisusbecoming the standard
way forlocal area network® operatgDecotignie, 2005; Pedeiras et al., 2003)

Ethernet has the advantage of being easily integrated with the Internet, as well as
beingcompatiblewith thedifferent networks used in higher levels of hierarchical industrial
systemsand finally its lowcost(Decotignie, 2001; Bello et al., 2001; Venkatramani et al.,
1994) However the mechanism ofdestructive arbitration and nordeterministic
(CSMA/CD) remains a major obstagecotignie, 2001)Different approaches have been
implemented in an attempt to obtain a +&ale behaviouron ehernet, the most receist
the use of switchesusually named full switchedthernet. This has given good results,
creating multiple collisions doains thus avoiding collisions. But not all results are good
because the lack of precision timing and size of headers undertake their performance in
real time. Despite the idea that people may hthe needf reattime communication in
industrial robotis is very important in some cag@ssion systems or tracking transprts
(Veiga, 2009; Pedeas et al., 2003)

In this scenario it is expected that various technologies continue to be used in
parallel on @wo-tier structure of Etherne®ne of thdevelsincludes rigid elements in real
time, safety and motion control, anthe other manages the rest of the plant
communications, including the upper layers. (g management). This situation
nevertheless presents itself as an evolufilwrthe existing industrial applications thate
based orhandling the communication cell woover two different networksone is based

on a platform of traditional fiekbus, and provideseattime support (includes safety
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devices and is usually connected dired¢tlythe robot controller or PLC).hHE other is
based on Ethernet and enables thegration of advanced Pased interfacesot those
part ofthe various devices in real timgrocessingandaregenerally relatedtothe f f i c e 6 s
level (Veiga, 2009; Felser, 2005)
With all these aspects the use of Ethernet in the industry becomes increasingly

dominant, reinforcing the use on thierk.

2.2.Service oriented architectures ()

Object Orientation provides the user with a way to package data and functions
within an object. Objects are constituted by methods and data, and are characterized by
classes, which are the basic unit of reusability, directly or through specializatidn,
enabls domainmodellingthrough the form of a class hierarof%eiga, 2009)

Sevwice Oriented Architecture is architecture tyle that deliversfunctionality on
the shape o$ervices, making them available the network €.g.internet). Theseservices
are based onbject orientedusing contractto desciibe theavailable servicegNickul et
al., 2007)

This architectural styleis supported by combination of tools, fundamental
structures and standards, being helpful on efficiency. On the otheishdadelopment is
not always simples ancequires a reliable and fast netwafking-Hong Wang et al.,
2009)

Figure 1 shows a schematic pattern of SQihich shows that its composed of
three major playersthe service provider that publishes its service in a discovery
mechanism in the form of a service contraleg client (service requestothatrequests a
particular service through the discovery mechanighich, when he location of the
service provider igound, receives aontract allowing himto interact directly with the
service provide(Veiga, 2009)
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Discovery
Mechanism

publish
locate
Interact
Serv_lce Service
Provider Requestor

Figurel. Service Oriented Architectur@/eiga, 2009)

The possibility ofusingdifferent applicationstesiding wih aclient and aservice,
built on different platforms or languageshave led to the need to propose a standard
method, called Web Services (standard used by the W3C and OASIS). Within this method
the two best known and currently used are: Web Services)(ar8l Representational
State Transfer (REST), these will be describednore detail on the two following

subchapters.

2.2.1. WS -Web Services

WS* - Web Servicestechnology is the preferred application for sendciented
architectures, with a wide implentation on the InterngfVeiga, 2009; F. Jammes et al.,
2005) Theseare available from aveb serverto the web usersand othe programs
connected to the web.r€ating WS* is a growing trend suppexdt byall major players in
the computer industry, which is the next wave of Vdabed computing, laying the
groundwork for an infrastructure of conunications servicescentric (F. Jammes edl.,
2005) These services essentially use XML daage to create robust documédrased
connectionsand are the most visible face of a full SQ4eiga, 2009)

This group of technologies are mainly based in the Web Service Description
LanguaggWSDL) contract language and in the SOAP commanding structure.

The WSDL is a XML based languagesed to describe WS#itch works as the
contract of gparticularservice. Basicallyhis is a documentwhich describeghe service,
andit specifies how toaccess it and the operations or methods available. This language
allows different types of communication with different message formats and network

protocols.

L WS* Services are commonly called just Web Services, but in this text this expression is avoided to clearly
separate them from REST Web Sees.

Pedro Francés Malaca Viegas Cardoso 6
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SOAP (Simple Object Access Protocol) is a simple transmissioa BML-
encoded messagever HTTP (Mulligan et al., 2009)allowing applicationsto exchange
structured information in thexecutionof web services. SOAP can form the foundation
layer of web services protocol stack, providing a basic messaging framework upon which
web services can be bujtudgin et al., 2007)

2.2.2. REST

The REST (RepresentatiorState Transfer) style has been used in the
implementation of web serviceslthough its adoption is not comparable with WS*
technologies, there is a verbose community that claims its benefits against WS*
architectural style@Mulligan et al., 2009)

REST is an fAarchitectur al styledo that
URL. Resources can be operated using a subset of the cafeHSETP commads: Get;

Post; Put, and Delef&ielding, 2000; Mulligan et al., 2009)

As stated by Pautasst al (2008) such lightweight infrastructure where services
can be built with minimal tooling is inexpensive to acquire, and thus has a very low barrier
for adoption. The effort required to build a client to a RESTful serviceris smmall as
developers can begin testing such services from an ordinary Web browser, without having
to develop custom clierdide software.

On the top of REST several application protocols can be used to pemddefine
functionality namely: CURL, JSON.

CURL is a computer software project providing a library and comntiaedool
for transferring data with URL syntax using variguetocols.

JSON (Java&ipt Object Notation) is a lightweight daiaterchange format. It is
derived from theJavasript object structure, being the core representation of how
Javasript handles objectd. t assnple structurevhich allows for fastercomputation, a
much lower complexity and overhead than XML.

2.3. State Machine

The concept of state machine (SM), or finite state machine (FSM), is not more than
a model ofbehaviourin response to an event occurred. This is normally composed of

states, tranions, events and action§he simplest example of this concept is shown in
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Figure2, where the event caused by changing the switch position is reflected in the action
of changing thestateof a light bulb

Figure2. State Machine: Switch on or off a lamp.

2.3.1. StateCharts

With the increasing complexity of state machin@®blemsemerged abperation
andvisualisation leved These problems were due(tdarel,1987)

A The need to represent setates of states and thus cluster states into a
superstate.

A The need to introduce orthogonality or independence to the states.

A The need for more general transitionsnttihe simple everfabelled
arrow.

To solve these problems was created the conceptacél Statechartor simply
StatechartThis name was chosen combining ‘flow' or 'state' with 'diagram' or 'chart’. In
summary one can say:

[ 0 QOEIR® ii ~(D0@Q00~Ql w@@ ni}o éT‘l’:'Q)‘ Qs é‘ wa Qo w (1)
Wl € WQWen a0 e Quwo Q¢ ¢

This new concept is shown fRigure 3, as a standard way to represéntlt is
possible to check with this form thdwet aforementioned problems are overcome. The ease
with which this diagramcan be build contrasts with the ability to transmit information,

allowing a complex system to be expressed in a more compact way.
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oty door _closa
e dooe_closed = true
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sty door_open

& door_closed = fake
) tirne
& timer = timer + 1

Figure3. Microwave oven(Apache Commons, 2005)

2.3.1. StateCharts eXtendable Markup Language (SCXML)

As its name indicates SCXML is an addition to a generic state machine,
complementig it with the creation of an XML standard to specify the StateCharts.

SCXML provides a generic statrachine based execution environment and a
modern (XML) state machine notation for control abstracfMeiga, 2009; Barnett et al.,
2010)

In Figure4 is represented the equivalent SCXML to 8tatecharpresenin Figure
3. As can be seen in the first laystates are placedbllowed by the respective transitions
and substates. On the other haatealso clearly visible assignments and actions for each

state and transition, respecilive

2.4.Windows Presentation Foundatio(\WPF)

Windows Presentation Foundation is a new graphical subsystem that provides
means for combining user interface, 2D and 3D graphics, documents, and digital media
(Andrade et al., 2007)

This programming architecture introduces a new Xbh#sed language for
representing user interface, known as XAML (eXtensible Application Markup Language).
This language presentthe u®r with powerful tools like databinding, allowng
programmers and designers working in parallel on the construction of a user interface.
other words is possible to connect the classes and objects to the geometric shapes without

having to know the origi of its existence, creating a compelling user experience (UX).
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<?xml version="1.0"72>

<scxml xmlns=
"http://www.w3.0rg/2005/07/scxml"
version="1.0"
initialstate="off">

<state id="off">
<!-— off state ——>
<transition event="turn_on">
<target next="on"/>
</transition>
</state>
<state id="on">
<initial>
<transition>
<target next="idle"/>

</transition>
</initial>
<onentry>

</onentry>

<transition event="turn_off">
<target next="off"/>

</transition>

<transition cond="${timer ge cook_time}">
<target next="off"/>

</transition>

<state id="idle">
<transition cond="${docr_closed}">

<target next="coocking"/>

</transition>
<transition event="door_close">

<assign name="door_closed" expr="${true}"/>

<target next="cooking"/>
</transition>
</state>
<state id="coocking">

</state>
</state>
</scxml>

Figure4. SCXML sample specification for Microwave o\@&pache Commons, 2005)
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3. METHODOLOGY AND DEBTION OF WORK

3.1.Methodology

This thesis, as its name indicates, is based on the integration of resoundmtic
cells. As mentioned in chapter one, these resources are services available on t8e Web.
this work began with a more detailed study of the differences batwlee two largest
families of web servicesby analyzing the method of construction and their execution
times. In the second part was studib@ integrations possibilities, botrantages and
disadvantages of these servicesthelevel of automation anah robotic control cells, by
creating a robot cell that paclegybooks and CDsCulminating this work with the
perfecting of a platform fodeviceservices orchestratiospecifically tie developing o
pl atformbés graphical interface.

3.2.SOAP vs. REST

For a better studthe web servicesimes were determined using local and remote
services (ASP.NET and Amazon Web Servicgespectively. These times werebtained
throughthe implementatiorof services on a robotic work celhroughthis cell requests
will be made to accesaformation of each service, i.ethis services provideaccess to a
database where for each request from the management application the corresponding
information is povided. In this case the databastainsthe characteristics of several
boxes, eactbox corresponding to a barcodeh€l management application reqgetste
b o xidfamation from the service by sending the bar code (obtained by a camera) and
receives the corresponding technical featurésr the box existingas datan database
(manufacturer,colour, shape, dimensions).h& dimensions are subsequently sent to a
robot so that it withdraws the box from the conveyor.Figure5 (a) is epresented the
layout process, whileon the Figure5 (b) it is possible to see the type of communication

between each device.
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Figure5. Work Cell (a) Work cell layout; (b) Communications overview.

3.2.1. Software Services
In any industrial celthe process time is the primordial factor to consider. In this
particular case the execution time of a cell depends oddtabasg sccess timesince
this will actively be the brain of the celSo the kind of service to us8QAP or REST

becomes a Kefactor to keep in mind.
a. Database Services

In this study two types of database software were usSedeach of themwas
developedh very simple database, specifically a table with the necessary characteristics
be able tostoreall the needednformation of a box. This way, optimal function of an
industrial cell is obtainedlhe software used was

o MySQL - A management system of databases (MSDB) that uses the
SQL interface. It should be noted that the choice affwsare over
another was made because thispen source, one of the bdgipwn
due to is good performance and consistency, and e#Hseise
(MySQL, 2010) There isa lot of software on the marketapable of
performing the same tasks (e.g. Ora@®Lite3, and PostgreSQ)

This system wakater implemented onaeb service.

0 Amazon Simple Data baseAmazon $mpleDB is available to store

and retrieve data through web service requests. This serdce |

optimized to provide high availability, scalability and flexibility with
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little or no administrative burden. The service responds to changes in
the amount of orders index, charging only for the computing and
storage resources actually consumed by agmit® Thus, the user

(company) can focus on application development without worrying
about infrastructure supply, high availability, software maintenance,

or performance tuninfAmazon Web Service, 2010a)

3.2.2. Interface Ceated

It can be seein Figure 5(b) that all communications go through application
manager (Cell Controller) that residesthe work cell This will monitor andmanage the
cell functioning, as well as provide an interface for the user.

In this study the iterfacecreated represented ifigure 6, makes available fahe
userinformation on how many boxes were dated orejected(left sidedown), showing
alsothe characteristicthat were validated successfu(lgft side the new box validated, on
the right side the lapt

To make use of this application manager the user have to login, this act is stored
and checked in a database, controlling the access tothisOn the other hand it is also
possible to perform the copulati@f the tool (necessary to remove the box from the

conveyor) and its removal, withe buttons "Catch" and "Remduespectably.

o2l Controlo de Qualidade
Admin: Catch
Resuft= Connect
New Resuff Last Result
Code: Code:
Manufacturer: Manufacturer:
Shape: Shape:
Colour: Colour:
Length: Length:
Width: Width:
Height: Height:
Picture: Picture:
0 0
PCROBNET2003 6.0 [c] J. Norberto Pires

Figure6. Study Interface
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3.2.3. Reasllts
In order to give more credibility tthe conclusions of this studywo different
methodswere usedIn thefirst two scenarios5000 queriesvere madeand repeatedive
timesfor consistencywhere the number of concurrent requests varies dependitigeo
number of customers, using separate threads in the odréo 1 seconds. On thether
handthe lbsttest consisten 10000 random queries made on five concurrent thnedtsa

frequency of 100Hz.
i. Local vs. Distributed - First Scenario

In this <enario the robot workell and the database are located in the same local
network and are only separated by six network switches (100Mb/s). As expected, the
results of the tests with the local database clearly outperform the ones obtained with the
cloud @mputing platform, as shown Figure7, both in the average query time and in the
standard deviation. The difference between the REST and SOAP are null for the local
accesses but significant for the remote ones. Although randeneg have some effect in
limiting the cachingoehaviourit is clear that the REST use of HTTP caching enhances its
performance for internet communications, but the magnitude of the difference is smaller

than some thumb rules would expect.

600,0

—

500,0

400,0 _

Query Time [ms]

300,0 i ——

200,0

100,0 E—
15,6 15,6 255,3 400,4

0,0 T
MySql+REST MySql+SOAP ASDBS+REST ASDBS+SOAP

Type of Service

Figure?. Cloud databases.local database
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ii. Local vs. Distributed - Second Scenario

This scenario tries to reproduce a company with several production plants
distributed in a large geographical area that share a single datataselih one of the
locations(Coimbra)

The results presented iRigure 8 shows that the performance of the cloud
computing solution is better in remote accesses, even when considering the two Portuguese
universities that are connedtthrough a very high speed link (L0GBIt{EICCN, 2004)

It s a | s,avithwthe excdptior of local tests (Coimbra), the best performance of the
ASDB-REST service in all different geographical locations.

700

600

500

200 m MySql-REST

B MySql+SOAP
300 +
ASDBS+REST

200 -

Query Time [ms]

W ASDBS+S0AP
100

Coimbra Paris Munich Aveiro

City

Figure8. Query time with the cloud solution (AWS) and the local server solution.

To achieve tangible resujtand considering the referred four manufacturing plant
scenariothe results shown iRigure9 were extracted for the average access from the four

plants.

600

400

300 T

200

Query Time [ms]

100

412 261

MySql+REST MySgl+SOAP ASDBS+REST ASDBS+SOAP

Type of Service

Figure9. Query times for the local+3 remote scenario.
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From the results presented it is clear once again thentabe of REST accesses
over SOAP, but the advantage of the local access from one of the robeteilerks
diluted and the performances are comparabtethe other hand the greater dispersion in
the remote services shows the bigger cache producededchysthe largest number of
messages processed, as well as the higher security that these have.

iii. Multiple Clients performance

The influence of the number of clients in the performance of the queries was
evaluated with tests witincreasinghumbers of conraions, from 1 to 100Rigure 10 and
Figurell).

From the results presented Fingure 10 it is notorious that the REST service has
better results especially above 10 clients.

250

mSOAP

Query Time [ms]

B REST

[1] [10] [25] [50] [100]

Number of Simultaneous Requests

Figurel0. Query times for different numbers of simultaneous requests, local scenai@ached)

The previous values presedtare largely influenced by the time consumed in the
first request of each client. Removing the datatiradao the first call thejuery times are
much lower in both cases (SOAP and RESiE)is visible irFigure1l.
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Figurell. Query times for different numbers of simultaneous requests, local scenariacf@d)

To evaluate the influence of the number of connections in the remote sca®so
with multiple clients were made using the VPN (Virtual Private Network) routing. The
results preseet in Figure 12 clearly show that thdéimitations of the network (internet
access + VPN) are more significant than the differences between SOAP and REST.
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Query Time [ms]

W REST
600

400

200

1] [10] [25] [50] [100]

Number of Simultaneous Requests

Figurel2. Query times for different numbers of simultaneous requests, remote scenafi@ached)

3.2.4. Conclusions
The results for the cloud computing solutions (Figiy® and 9) are satisfactory
and the advantages in terms of price and scalability can pay off the difference in
performance. Técomparison between SOAP and REST shows the advantage of the last,

but in ©me cases the differences are smaller than commonly Stadedeg12).
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It should be mentioned that the results presented in this study do not constitute a
benchmark analysis, in the strict sense of replicable results. Therdferanajor
contribution of this work is providing a clear idea of the timing magnitude for cloud
computing solutions in comparison with local server solutions, which is of use for
programmers designing their applications.

The choice of the servieariented platform as well as the type of database used, do
not have a significant impact in the performance of an industrial system when compared
with other automation operations, software design choices (programming langgage
network infrastructure. Th@hoice must be exclusively in terms of the objective intended.

3.3.Web Services Integration

The work cell created for this study begins with the placement of a product, by the
user, in a specific placé-ollows the introduction, also by the same, of #udress for
productdestination a service (Google Maps) helps him to find the correct address. When
the presence of a new productdisteced, an camera placed in the robapproximates,
with the aim of drawing a picture of the product. The application gemaends this
picture to a service (TinEye) that looks in its images database for matches, the
corresponding image URL's are sent back. From this URL the management application
takes the ISBN of product in Amazon's, the is sending to the Amazon W$érvice
(AWS) to obtain the product data. Product dimensions are then sent to the robot, where it
chooses the appropriate box for the existing product and packaging. When finished
packaging the application manager sends a mail to the Post Office wittiestriaobe lifted
a package, while log in is made in two web services (Amazon Simple DB and Google
Docs). The Figurd3 (a) represents a schematic layout of the process and, in E&j(lvg

the communications overview.
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Figurel3. Work Cell (a) Work cell layout; (b) Communications overview.

3.3.1. Software Services

The integration of web services in the industrial automation is still performed on
small scaleThis is due to the lack of business confidence in the safedgtaf as well as
the need for specialized programmers. To facilitate this integratienservices provide
their own application programming interfaces (API) that provides the functions necessary
for their integration into new applications, making itsplementation easier and faster.
Regarding security it will be demonstratedth the description of the servicebat they
include communication protocols and message encoding which ensures protection of data
in the transaction.

There is a plethora of séces available on the Internet. The ones used in this work

are presented below.
a. Database Services

In this study two types of database software were used to store information
about the development of the cell. The first software used is the Amazon JiAple
presented in section 3.2.1 a), as in that case we used a simple data table. The other software
is the GoogleSpreadsheetsn this was used a simple excel sheet. This last software is
presented below:

Pedro Francés Malaca Viegas Cardoso 19



Integration of resources in industrial robotics: a serwiceented approach Methodology and

Description of Work

0 Google Spreadsheet3 his web service is an altextive to the above,
providing the same functionality of the database (not relational), using
spreadsheets and basic data structG@ogle, 2010a)Was usedor
the registration of orders processed, using a sheet with multiple
columns that describe the packets sent. This choice reflects the
intention of diversifying platforms for comparison purposes and
provides a scalable and loose, without the need fouress on the

site.
b. Object Recognition Service

The visual seatctechnology is quickly growingn the current days is possible
to search the Internet from an image. The possible applications and impact of this can be
very large(Voth, 2005) especially as regardy mobile phonegGoogle, 2010h)but also
robotics(Munich et al., 2006)

This study used the search engine TinEyeEye, 2010) This uses a REST
protocol based on JSON for encoding the messages and CURL library to create the
messages. Thesults of visual search agelist of links to sites that have images that are
similar to source. It should beted that tests witother visual search engines,.€&sgzoPa
(GazoPa, 2008)Cydral (Cydrd, 2010) or ALIPR (ALIPR, 2008) showed that TinEye

clearly outweighs the others, making it the only usable for tinegse.
c. Products Information Service

To obtain poduct information the choicelfeon the Amazon site, this has a huge
database of products reducing fhebabilityof the product to be packaged don't be found.

Due to the nature of REST Amazon site, yaun extract the ISBN of the product
directly from the URL (Uniform Resource Locator) of the Amazon for a picture. With
ISBN a request is made tomfazon ECommerce ServicBAmazon Web Service, 2010b)
for information about the product, i.e., dimensions the product.

Althoughit is not mandatoryor this work executiorthis service from Amazon has
many functionalities (e.g. make orders, put products to sellypsocan integrate all the

functionality of Amazon's web site on our webpage or even on a windows application.
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Note that the security of this service forcedasise HMAC (Hastbased message
Authentication Code) which is a specific construction for datoug a message
authentication code (MAC) involving a cryptography hash function in combination with a
secret keyBellare et al., 1996)

d. Location Service

In an attempt to help the user to enter the destination address of the service order,
the Google Geocoding Web Service REST ABoogle, 2010chas been wl that will
offer suggestions to address as characters are inserted in the appropriate field. In addition a
feedback graph is represented by a map provided by Google Maps Web 8oogée,
2010d) allowing the user to confirm the destination of the order.

3.3.2. Interface Ceated
In this study was necessary to elaborate a more detailed inteffacgder to
provide information to the uses well asto intera¢ with it himself (by entering the
address for destination of the product).
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Figurel4. Study Interface

With the aimingof making this functional, giving the opportunity to put this cell in
different locations (e.g. a post ofiy; the interface representedHigure 14 was created.

This has all the characteristics that have been described throughout this chapter (the image
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captured, characteristics product, etc.) as well as a keyboard providing thed desi
functionality.
With the inclusion of this type of application, this interface can be used for-touch

screen devices, making it more appealing and functional for the user.

3.3.3. Results
In order to analyze the execution time of each service used severastegere
made for each one. The results are presented in the following figligesg15 andFigure
16).
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Figurel6. Query time for dispatcher robot serviceith different products.
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Considering the figures presented here one can question the usability of such system
in industrial envirament. The TinEye takes around three seconds to execute, but it
saarches among approximately two thousand million images existing on is database, and
produces remarkably accurate results. These numbers are not comparable with other types
of identification technologies like RFID for example, but thepose of this work as to
demonstrate thélexibility of internet based sources of information: this system is always
up to date either concernirige book/CD database or the street informatibshould be
noticed that this system can work without any other IT supporteigore r ce ( dat ab as
relying only on the internet connection to provide a services compliant with all books and
CDo6s of the Amazon store ( 2008p. Funthemdre #hid t h o
concept can be extended to several other types of objectg offer sources of

information and even reasoning over them through the use of semanifé\a€bh 2004)

3.3.4. Conclusions

The implementation of SOAP based iféees relied on WSDL contracts and was
carried out easily. There were some problems with specificities that were WSDL code
generators, like the lack of automatic support for security protocols, but the overall
experience was good and fast.

On the other &nd the implementation of the REST interfaces is heavily dependent
on the service provideThe case of Amazon SimpleDB service or Google Geocoding
service the extensive documentation hides the problems raised by thod $a@kdardized
interfaces.The inplemenation of the client for the Tinge services showed all the
problems that REST platform can bring, due to the lack of proper documentation or
specific code wrappers (code libraries or similar). These problems were enhanced by the
inconsistence of thanplementation between different operations of the API. For some
operations of the APl the CRUD POST was used but for others a specific POST was
designed leaving room for error prone client implementations

This difference raises an important question tbe use of REST interfaces in
opposition to WSDL based ones. In the REST case the guarantees of neutral and
standardized interfaces is highly dependent on the service provider, putting in this way this
services severe constraints to the expected useloésiration languageSothe problems
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with the definition of interfaces can be crucial for their acceptance in thpnognammers

community.

3.4.Interface Development for SCXML

The study of SCXML platform foservices orchestration at devilevel intende
to allow the creation and modification of work cells in a simple and intuitive way, without
the need for specialized programmers.

Statechart imneventbasedsystem i.e. the transition of a state to another is caused
by an event. In this case thesesits are available on the ethernet, at deldgel SOA.

Note that states and transitions might be mapped with actions, present in services, in order
to build the desired work cellhis concept aims to introduce a new way of operating in

the industrialfactories, where any operator without programming experience but with
knowledge of existing devices and their servioes createchange or replacie existing

work cell proceedingsThus makesthe production cell more autonomous and inaeas

thar productivity.

Previous work made in the IRLUMeiga, 2009) studied the introduction of this
concept in applications for control industriallseconcluding with promising result§he
software that resultechn be seen iRigurel7in one of theirld versions The tree views
a graphical representation of "8 CXML Program"”. In this case, as an exampteis
intended thathe robot removes pieces of a conveyor with the help of a camera. This
diagram only becomes complete, edunctional industrial work celiwhen this system is
in the presence of the requiredentsand actions that are available sgrvicesexistingin
each industrial device (robot, camera, sensors, conveyor), and displayed in the tree view
called "UPnP Network"It should be noted thab facilitate the work cell orchestration
thoseevents and actions are placed on the diagrangusih he conc e pkrom6 Dr ag'
the user point of viewhe introduction of this concept presents a huge simplification in the
creation and modification of industrial cells. On the other hand the intlewes is
significantly lower tharthe diagram preented inFigure 17. Furthemore,the full concept

of SCXML, i.e. the deep and the orthogonality are far flmmgeasily showed. Thushe
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introduction of the SCXML diagram isnportant creating a graphical layout of the work

cell (e.g.Figurel8) whichfacilitatesthe immediate perception of it.
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Evert, nanbe v naw vala= 2 1 Relling Pisces™ HistorType="Hone'®
Everi: numberolpieces new vale= 3 ¢stale id="Getting Fieces” histoType="Hone"> N . .
Ever: nuniberoipieces new value= 1 kg prproig: E IpHp-OIg; RuobatPick " target="Riobot
- cking>
b e (UPsPhilisn =" o iee:ABBIAC sorgickidPlscaSanizs Fiek” /.
Everi: nunberoipiaces new vale= 1 Hensibon> . . p -
target="Ficbot Pickings
LI <LPnPaetion name="um schemas-upnp-org-device:ABBI RCS U schemas-upkn-ong PickindPlaceService: Pick™ j

Figurel?. Old interface from the Cell Programmé¢Yeiga, 2009)

To creae this graphical user interface (GUNVPF programmingwas used
(presentedn section 2% As was mentioned in that section, this architecture separates
model datgrom its graphical representatiofihis kind of programming construction have
a background concept called Model View Vidtodel (MVVM) that will be applied for a
better performance of our application, as well as providingcalable basis for future
development

VaiceCommand
CanveyorStart

PDdInterface

ConveyorStart

Conveyor
Running

a
Sensor Camera

Vice Command

RobotPick

Finished

Picking Robat Betting
Picking POAInterface Pieces
c RobotPick (Camara)

Figurel8. Example of SCXML Diagrdieiga, 2009)
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3.4.1. Model View ViewModel (MVVM)
The conceptMVVM is defined as a standawehy for creatinguserinterfaces (Ul)
in WPF. This pattern dividesur applicationstructureinto three well defined parts, as it

can be seen in tifégurel9.

View
Representing the user interface
(UI), it will be a XAML file.

ViewModel
Contains data-transformers that convert
Model types into View types, and
contains Commands that View can use

to interact with the Model.

£
Model

Is the data objects, completely

Ul independent.

Figurel9. Model View Vievwodel concept.

The introduction of his new concept highlights the independence between the
model and the interface that architecture programming WPF provides, allowing the Ul to
be changeavith demandvithout changing the moddturther, this concept provides a high
structureandorganizaton of our application, facilitating the perception of the functioning
by outside programmers.

With the perception of the WPF capabilities and of the advantages of using this
associated concepthe restructuring of the application elabedby ProfessorDoctor
Germano Veiga was inevitable. Thus, the existing model was amended making the state
machine more complete, i.e., closer to B€XML concept The user interface as
completely rebuilt, because with MVVM it's possible to represent the same model in
different manners with practically no code behind, and would not make sense the

concept MVVM only in a part of this application interface.
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Figure 20 showsthe structure of applicatiocreatedi.e., he model is represented
in diagram form, based on the concept of SCXML diagram, but also in a tree view. In the
case of the diagrant, was necessary to give specific properties to objects (ModelView) so
that the user could interact with them (drag states, create transitidresgas in the case
of the tree view it is not necessary since the structure is unchanged. Both representations
are linked (using DatBinding) to the same model, more precisely the objects that
represent. A change in one of these objects in any of thegért the view or the model)
is automatically updated in another. On other words, the creation of a geometric shape in
the diagram, or a node in the tree view, creates a new object in my model (e.g. by creating
a square or a new node in the first lineisi created of a new state in the modél)s
thereforepossible to create applications where the graphical user interface (GUI) and the
model program is being run in parallel and complementing each other. Boingone
decides to change any of the pgas in future, this concept excludes the need of
significantlychanging the other.

More important was to create a simple user interface of easy perception to the

worker, making the creation of the work cell programs easier and intuitive.

SCXML Diagram

VisualState i
L 2
ViewModel g > =5
1ewivioae
Model
(SCXML)
SCXML Program
“ Stopped
[# ActionOnEntry:

[ ActionOnExit

4 EventlD: VoiceCommand
© Conveyor Running
EventiD: PDAInterface
@ Conveyor Running

state Conveyor Running

state Getting Pieces (Camera)

state Robot Picking

Figure20. Application structure.
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3.4.2. Interface Created

The inclusion of architecture programming WPF have provided us with the means
for creating a new gghication, as mentioned abovds linterface is visible ifrigure 21,
which showson theright side the Statechart diagram, where "Visual State" represents the
initial super state of the state machisachthat all the states created in here will be sub
states of thislt should be noticed that hierarchy is fully supedr To access internal
states, the user should doublek in the state.

The tee view of states from the previous applicatiéiggre 17) was kept. Its
functionality is paired to the functionality of the new graphical interf@n this it can be
sea the states created and its actions, the eventsaiothsof existing transactions the
below middle columiit was created a tree view where will be visible all sub sti#teach
state, visible in the super state, has.

Finaly, we present a device tree view on the left side, where all the Universal Plug
and Play (UPnP) devices found on tlegwork are shown

[ e (E=EEE )

UPAP/DPWS Network SCXML Program Diagram

& ABBIRCS

@ Voice Interf

&P ASUS Wireless Router VisualState
[ AnProgan | [ Load SOXOMLFe |
[ Stop Program ] [ Save SCXML Fie ]

vadsoml ()
UPnP Resources Avaiiable
Figure21. Study Interface
3.4.3. Results

The result of this work culminates in an applicatidmtt ties together the

architecture developed by Professor Doctor Germano Veiga, in hisrdothesis, for
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orchestratingservicesat the device levelHigure 22) and the concept SCXML portrayed

throughout this thesis.

Automatic Generation Service Oriented Architecture (device level)

_ Functions

-y Robot Programming E{*&Servtoe Events
5 Languages =
Robotic Cell
-9 F\Ircncnali:y

[ Industrial Vision .EAServioe ey
i _
Figure22. Web Services OrchestratiofVeiga, 2009)

rogramming Environments

‘ﬁ Voice Recognition = Service «--
a Grammars ;/’
r =

This union, present irfFigure 23, represents th possibility to creat industrial
automated cells in a simple and intuitive wayhich allowsan easer manipulaton by

users with low or no knowledge programming.

VisualState .

state Add State
s«uppe
state
\ VoiceCommand ConveyorStart or PDAInterface ConveyorStart |
[Fiished g |Se|so Camera
etting Fi

Finished Picking

‘ VoiceCommand RobotPick or PDAInterface RobotPick

Figure23. Statechart Interface

3.4.4. Conclusions
The introduction 5SCXML diagram as well as the improvement of state machine
provides the creation of complex systems mneasier andmore intuitive form. Examples
of thisare:

V Theperceptiorof linking a state to a sub state of another state.
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V Creating different work cedl inside different states where an event of a
device (e.g. a sensor) causes a change of state and with it a change of
work cell functioning.

Moreover the introduction of the concept MVVM provides fast graphic changes
depending on user requirements, withclianging the model of the application.

Thus we concluddahatbased ortrial results andStatehart specificationsboth the
changes made as well the new concepts introdonaetethis application moréexible and

complete.

3.5.Devices

Throughout this worklifferent devicesvereused They will be briefly preented in

the following subchapters. Note that all these devices are availablelRLHE.

3.5.1. Server
To implement the SOAP vREST comparative study was necessary to use a local
server placed in the laboratories of the departr{i2BM). The features of th server are:
U Processor: Intel ® Xeon ® E5502, 1.86Ghz, 4M Cache.
U Random Access Memory (RAM): 4GB DDR3 800MHz.

3.5.2. DALSA Area Scan Camera

For carrying an the comparative study was necessary to integrate a vision system
that identifies the product number (pemt in a barcode) and send to the application
manager. The system used was a DALSA Artificial Vision integrated with the Sherlock
software, more precisely VA21 illustrated in Figa#(a). To capture the image, a camera
DALSA Genie C640, illustrated inigure 24 (b), was attached to the system.

This kind of software provides versatility/flexibility in applications of
handling/control, allowing us to solve any kind of vision applicatimhatever their

complexity
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(b)

Figure24. DALSA: (a) VA21,; (b) Genie C640.

3.5.3. UEye Camera

In the creaton of the dispatcher roboit was necessary to use a camera for image
acquisition of the product, as referred in chapter 3. This acquisition was performed by a
UEye 1480C camera, shownkigure25.

The use of this camerastead of thenedescribed in the previous subchapters
necessarndue the needfousing an extremely small sizeamerato be installed on the
robot. Also, it includes a powerful free prograrthat allows the user todevelop
applications in a rapid and accurate form.

oL

Figure25. Camera UEye 1480C

3.5.4. Barrett Hand

The ability of robots to manipulate/grasp objects has been the subject of intense
study by several researchepsacticing different approachesnd applying different
methods. Nevertheless, this simple act remains a major challenge. Accordingly, and given
the need of our dispatcher robot manipulate/gradziucts a robotic hand (Barrett Hand)
was used.

The BarrettHandhasthree programmable fingers, as showrrigure26. This has
the ability to grasp objects with different sizes and shapes. Despite its low weight (1.18 kg)
and its compact form it is sedufficient, holding about two ldlgrams per finger. Besides

this has a high compression strength (between 15 and 20N) and two of his fingers have a
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degree of freedom of 180 degrees synchronous. Finllycommunication is done with a
simple serial port, standard communication industoyit is fast and simple to integrate in

a robotic celBarrett Technology, 2002)

Figure26. Barrett Hand

3.5.5. PLC
In order to cotrol the conveyor, taking the packages to outside the work area, and
to connect the 1/0 of different devices we use a programmable logic controller (PEC) S7
200. Such controllers have been widely used in industry, there are different models of
different rands depending on the needs and thegaarpor which they are intendefin

example of a PLC is shown kigure?27.

Figure27. Example of a PLC

3.5.6. ABB IRB1400
An ABB robot was embedded in both work IseFigure 28 a) shows thenodel
IRB-1400 selected In the first case the robotremovesthe boxes accepted by the
management applicatidnom the conveyor On the other casgacks books and CDs with
the help ofthe Barret Hand. In both caséswas scheduled in Rapid languaggng its
controller, depicted in Figurg8 (b). The ActiveX PCRob developed by Professor Doctor

Norberto Piresvas usedo communicate with the robot via serial port
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(a) (b)

Figure28. Robot ABB: (a) IRB 140®) Robot Controller.
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