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Abstract: The Virtual Commissioning (VC) concept is the fiplahse in develop and simulate the robotic
manufacturing systems which, together with all othenefits, allows companies to have a more efficie
handling of the complexity in robotic assembly esyst, a great decrease of the plant start-up timd,a
resulting shortening of the product’s time to markiehis paper presents the VC concept and all the r
sources and technology involved in developmentrobatic manufacturing system and an environment
setup proposition. The complete workflow of théuairvalidation of the system is presented, andrthe
plementation requirements and specifications asewulsed.
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1. INTRODUCTION

Presently, a key aspect for all the manufacturing

companies around the world, in remaining competits/
timing. Part of the timing is being first to markand a
critical aspect of being first to market is therlab curve
that sometimes can be seen after the design atd bu
activities are finished, and are actually rampimg plant
up to production [1]. One frequently term for thisn-
cept is "flawless launches" which is the abilitytase the
designed system, go into the plant, and get upddye-
tion as quickly as possible. This is a real chajéeror
companies because the actual manufacturing systems
by far more complex than the systems from 10 yagocs
Different model mixes, different variants, optiors)
these of different things add to that challengeca®ise

the consumers’ needs and demands are growing up eve

day, the complexity and variety of the productsris
creasing continuously. To adapt this situation, rfau-
facturing companies should have sufficient capidslito
speed up the development of the product in paraflel
the manufacturing systems (the term in automotive i
dustry is simultaneous engineering) [2].

All along the develop process the companies want t

be able to make the right decisions, and if theygsfle
too much to make the right decision they need tkema
today because they are worried about the futuren th
they delay the inevitable. So, what the companiastwo
do here is have the ability to make decisions, Haue
systems that can react to the challenges and emven-
tal changes that occur every day. Therefore, pgdisible
to make changes and continue to move forward amd n
be afraid about the wrong decision, because atpibirst
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is it possible to adjust the automation that iplace and
adapt to that environmental parameter that may have
changed. For instance in automotive industry, fuales

go up, the automotive companies which are building
SUVs (Sport Utility Vehicles), can now be able tailt
.smaller cars. Again, the companies must be prepfared
'that change.

Most of the companies have clearly identified these
challenges, but have also thought about strategidsal
with this. Is it possible that technology could &é&ey
enabler to solving these challenges that the compan
deal with. They obviously look at utilizing stamda and
standard components and reuse of information irrord
to, for instance, complete an engineering cycldaefas
From old products to the new products the companies
can therefore reutilize a lot of the knowledge,litap
and equipment items. Nevertheless, this standdioliza
is not by itself capable of guaranteeing that tasighed
assembly and production systems will be fully opera
al after their physical deployment. The complexatyd
diversity of the system manufacturing components, i
terms of control systems and communication progcol
requires a great amount of time for onsite instialg
c{esting, and validation of the assembly equipmihis is
translated into actual production system downtimd a
the costs that follow it. Digital simulation of thiebotic
assembly process has emerged over the last 10 3®ars
means of partially handling the validation of sugys-
tems prior to their installation. In addition IT stgms
have been over the past years an evolutionary ¢éahn
gy, forwarding the concepts of digital manufactgrin

hese systems are based on the digital manufagturin
concept, according to which production data manage-
ment systems and simulation technologies are jointl
used for optimizing manufacturing systems befoeatst
ing the production and supporting the ramp-up phase

However, the actual systems for digital manufactur-
ing concept seem to be inefficient when integrating
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product design and production (robotic manufacty)
planning [3]. Virtual commissioningV(C) on the other
hand, goes a step further by including more vailite
capabilities from the mechatronioehavio of the re-
sourcesVirtual commissioning is the process by whic
physical system can be evaluated, tested and @etihin
a hybrid environment that incled both hardware ar
software.This hybrid environment enables realistic ro
and device validation through th&ignal mapping o
robot programsfrom simulation softwal to the PLC
(programmable logical controllersd)sc testing and op-
timization of robot programm virtual environmen The
application of the concept may leadreduction of the
errors detected during the rarap-phase that necessiti
reworks in upstream processes, since it enablesgeti-
fication of real PLC engineering waitvirtual line and cel
in the early production design phases. As a resginttjal
commissioningdecreases ramp up and commissiot
time and costs, delivers fully proven robot and Riro-
grams, and enables efficient data exchange bet
manufacturing, simaltion, and automation engine.

The main objective of this paper is to present
analyzethe virtual commissioning concept and all
resources and technologies involvadd to propose &
environment modelvhich can be used in a real auo-
tive plant.

2. VIRTUAL COMMISSIONING CONCEPTS

A description of virtual commissioning concepie-
quirements and simulation tools are presented is
paragraph.

2.1. Virtual commissioning concept
Virtual commissioning is the process by whict

physical manufacturingystem can bsimulated, tested

and optimized in a hybrid environment that inclutesh
hardware and softwar&his hybrid environment enabl
realistic robot and device validation, signal maygpof
robot programs to the PLC (system coller), testing
and optimization of robot programs, reliable veafion
of safety procedures and fault logic, and c-time veri-
fication and debugging against real production ware

(PLC, HMI) and executed PLC cor This means that

VC involves two major distinct jobs:

* Mechanical designerresponsible with mechanic
design of the manufacturing system, layout des
kinematics, robot programs (path definiti, me-
chanical clearances, cycle time.

« Automation / electrical designeresponsible with
inputs / outputs sigal definition, logic definition, n-
terlocks, HMI programming, safe definition, PLC
programming (Fig. 1).

Currently there are three approaches of a VC car

[4]:

» Software in the Loop (SIL) methothe control pro-
gramsfor the resource controlle((PLC, HMI) are
downloaded to virtual controllers € IP/TCP connec-
tion is established between tBB model of the me-
ufacturing systemand the softwaremulating con-
trollers. The main advantage of this approach is
low cogs with software emulated PLCs and ro
controllers.
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Fig. 1. Virtual Commissionin’s involved jobs.

e Hardware in the Loop (HIL) method: the manufir-
ing system simulation involves using of real P
hardware controllers connected to simulation t-
ware via fieldbus protoce, real robot controllers in
which the programare loade. The main advantage
of this method is that the real PLCs can be tesitd
production programs in real time. The mdisad-
vantageis high cost with hardware especially if
must simulate a production line which involves m
hardware equipmentlowever, this method is clo:
to 1:1 ratio comparintp physical commissionin

e Hybrid simulation: combines HIL and SIL, meai
that we can use robot controller also called RCe-
veloped by robot manufacturers) installed on
simulation environment for a real robot simulat
(RRS), virtual PLCs (also developed by every F
manufacturer)

2.2. Important input data for virtual commissioning
To have a accurateirtual commissioning it is im-

portant to have the following input data from bate-

chanical and automation deparnts:

« Detailed layout of the plant in which all the resms
are precisely positioned.

» Advanced 3D simulation of the robotic manufir-
ing system Wich includes: 3D geometry of thes-
tem, kinematics of devices, robots and all othe-
sources in motion, safety definition (sensors ather
electrical devices), pattefinitions for all the robot

« Material flow (assembly process): sequence of a-
tions.

» Precise definition of input and output signals éach
component part of the proce

e Control system for the validation of the prototy
real or virtual PLC.

2.3. Virtual Commissioning softwar e applications

During the last years, all the major scare develop-
ers of robotic simulation on the market investeldteof
effort in creating new software modules which al
manufacturingcompanies to implement virtual cons-
sioning.

Delmia by Da&sault System: [5] allows the virtual
prototyping of PLCcontrol systems for cel machines
and production linesvhich uses object linking ancm-
bedding for process contrdOPC) communication for
the coupling of the real control system with thgliated
resourceln Fig. 2 is presented a screen capture f
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Fig. 3. Process Simulatéirtual Commissioning

Delmia connected to a real robot controller via lR&a
Robot Simulation Il interface (RRS-II).

Process Simulate Virtual Commissioning fr
Tecnomatix package [6part of Siemens PLM Softwar
allows users tasimulate real PLC code with the act
hardware using OPC and the actual robot programs,
enabling the most realistic virtual commissioninyi-
ronment (Fig. 3)From this reason, into the next sens
the virtual commissioning workflow wilbe presented
using Process Simulate V®irtual commissioning wit
Process Simulate decreases ramp up and commiss
time and costs, delivers fully proven robot and Riro-
grams, and enables efficient data enge between
manufacturing, simulation, and automation engin

3. VIRTUAL COMMISSIONING ENVIRONMENT

This section is dedicated to present the enviromni
setup of a VC project.

3.1. VC environment setup prerequisites
Based upon a conventionséquenc-based or time-

based simulation model, new technologies have

introduced into the environment to enable moreista
simulation. In Fig. 4 a diagram withe new technolog
of event-based simulation is presented.

» The CEE (Cyclic Event Evaluatoiy used for event-
based simulation within a mechanical system <a-
tion.

» Material flow support by the creation of appearar
of partsassemblies based on events within theu-
lation sequence.

» Sensors support to allow for proper control of &
triggers according to real system beha.

217

Conventional
(Sequence-Based)

CEE

(Cyolic Event Evaluator)

ESRC
(Robatics)

Station/Line Model

[Device Operations|

Material Flow

s Smart
sl Components

Fig. 4. New Technologies to Support Realistic Simula.
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Fig. 5. Event-based vsime-based simulation.

« Smart Components to allow for the creation anr-
age of logic blocks within standard component:
ease the process of connecting those componer
within the simulation and to the PL

e ESRC (Emulated Specific Robot Controller) modt
or teach pendants for robotic programming, allow
for the creation and execution of robotic program
the nativdanguage of the machine, including lo

e Device operation automatically creis an opera-
tion_endsignal. Thissignal is used as default cd-
tion in the transition between one operation are
successor operation.

3.2. Cyclic Event Evaluator

The CEE ehminates the need to add program lc
into the simulation, as required by seque«based simu
lations, by supporting the execution of operatiams
actions as a result of specific events or trigi In this
manner, simulation models can now be usesupport
variants or alternatives based on style, simulatii
periodic operations, and for the execution of npist
cycles without resetting the simulation to an alitizero
condition) stateln Fig. 5 the conceptual difference-
tween time-based simation and everbased simulation
is presented.

3.3 Material Flow Simulation

It is realized bythe creation of appearances of pi
and assemblies based on events within the simal
sequenceParts and assemblies are generated ce-
stroyed automatitly based on process flo This ena-
bles the simulation of stylspecific logic, triggers |o-
gram branching, and allows for the understanding
system behavior based on batch r An appearance
allows placing one reference to a specific prodsttc-
ture or part instance) instudy and to view it at multipl
locations simultaneously (i.e. several copies & part
moving down a line)ln addition material flovis another
way to verify the assembly proce
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3.4. Sensors

Light (photoelectric) and proxirtyi sensors enab
you to detect 3Drsualized parts ar resources which
come near or enter the sensors detection rangedili-
sion detectioror near miss detection). They are used
part detection (is the part at the right plac interlock
detecton (stop robot if it moves too near the secL
area of another robot orsacurity fence and so on.

Position sensors allowfr the indication when
mechanical device has reached a predefined positid
the start of opations based on that posn. These poses
support various builin behaviors, depending on t
application (range, peak, less than or more thBmk is
important for the VC becausdlows for the monitoring
of device behavior for the purposes of initiatitggQer-
ing) 1/0 (events) that can be evaluated within logx-
pressionsin Fig. 6 is presented an example of posn-
sor definition of a clamp unit.

Proximity sensors allovior the detection of parts
resources for the establishment of part/resouresepice
and signal default conditiong his type of sensors h
the ability to define “detection range” dependinfgtioe
sensor manufacturer or setup, also allows defimihgt
parts or assemblies should be detected. Definingesfe
type of sensors is important for the VC becauallows
for the monitoring ofsensor status for the purpc of
initiating (triggering) 1/0 (events) that can beatated
within logic expressionsin Fig. 7 itis presented the
interface of proximity sensor definitic

When a proximity sensor is defined, Process Siral
configures a 3Dsensor for a specific item or locati
(checks for collisions/near misses v existing compo-
nents). The sensis activated when one or more pr-

= B%% Statind Resouce
v B el chm

Create Joint Value Sensor [3€]

Name:  [ighl_clamp”_al_

Pose | =

dort N
OPEN

Type

T O |

Rrange

Sensor Tolerance:
From [z

To: [z

s

ek

14

Fig. 6. Pose sensor ofdamp uni.

Fig. 7. Proximity sensor definitic.
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Fig. 8. Logic block definition

fined elements enter its predefined detection range -
miss). A proximity sensor ¢ be set for all items, with
the exception of devices and device gro

Property sensorallows for the identification of par
based on specific properties, such as barcode,eta-
ture, color and type, and for the definition angrage ol
such properties within agic bloct.

3.5. Smart components

Smart Components are models within the simule
that include predefined logic and/or specific behav A
smart component can include motion actions, suc
distance, pose and speed, which are stored witér
logic inside of the associated (direct model) data for
that componentThis means that the intelligence in 1
model is stored at the prototype level, makingrdilable
every time that the particular component is intietl
into the simulation.These smi& components help to
reduce the time required to create simulations, en-
courage and support the use of standards and tac-
tices within the simulation environme In Fig. 8 is pre-
sented the logic block definition and behavior afnaart
component (conveyer).

It is very common, that several parts of the eqaipt
will not be modeled neitheeD nor 3D. Nevertheless
there is an urgent need to include them in the Isitioun
to achieve realistic result§.herefore the Logic Bloc
Simulation gives the usdéhe option to add any type
“virtual” equipment with predefined behavi This
means, as presented Fig. 9, that Process Simul:
smart components can be used to define any kir
equipment (logic resourc&) the manufacturing syste
Each PLC outpusignal is an entry signal into a dev
and therefore into thiagic resource and each feedb:
(= exit signal) from any equipmeis an input signal into
the PLC.

PLC | Cvtput Signal ’—>| Entry Signal LBS —
Block

Interface
Input Signal |<_| Exit Signal aspect

—_—

ing any kind of equip

Fig. 9. Logic blocks for any kind of equipme.
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J
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the time delay J
Use it like other resources
(with according operation)
J

Fig. 10. Logic block modeling diagra.

A logic resource is a resource that has no kiner
and there is also no need forgeaphic representatio
Instead, the logic resource contains a definedcé
behaviorderived from one or more specified inputs i
outputs in an equation or formula. Fexample, a logice
resource can be used to describe the operation air
conditioningsystem, which activates to change tem-
perature to a predefined level accor( to inputs it re-
ceives (I/O signals), such as cunrereadings from .
thermostat. The logic resourcentains the logic that
the formula, used to determine when to activateatir
conditioner.

Logic resources contain at least one entry v
and/or exit value, as well as any nun of parameters
and caistants. Expressions can be created that dete
which exit valuds triggered and under which conditic

Logic block modeling diagram is presented in |
10.

When define the number and type of entrit must
be considered that only the following types are pdss
BOOL (1 bit), INT (16 bit), DINT (32 bit), REAL (3.
bit), BYTE (8 bit), WORD (16 bit)Boolear, DWORD
(32 bit) BooleanAfter defining the number and types
entry/exit signals it is also possible give them mean-
ingful names and edit the relationship betweenyesutid
exit signals.

Not all the relevant behavior can be simulated \ai
simple time delay. The need forore complex modelin
can be given with a simple counting behavior, ampn
some sirt signal and until some target value is reach
motor should be operated and thstopped, the par
moved away and start again. It is very likely thath &
target value may by itself a variable.

3.6. Emulated Specific Robot Controller (ESRC)

Complete robot progransan be defined in Proce
Simulate including program structure, allowing for t
proper definition and execution of specific progsaamd
relevant subroutines within the simulation envir@mt
This can help to enable and enfothe use ocompany
standird robot programming practices, meaning cree
templatesThis further improves simulation accuracy
extending simulations to include actual programtent
and execution scenarios and eases the maintenand
editing of robot programs.

Enhanced robot I/O behavior is supported thrc
simulation by using status signals to control onidate
behaviors such as, start/ready, part number andgen-
cy stop,pose signals, error informati among others.
This allows for the emulatio of exact robot behavia
which in turnincreases simulation accurailn this man-

[ Content of ESRC J

Exact motion
by RRS1
(3D kinematics
enginej

Logic & Calculation

(Control capabilities)

Fig. 11. Content of ESR(

ner, evaluation of variouspecific robot program scer-
ios is enabled.

Enhanced OLP capability allows for the assignn
of OLP instructionson robotic operations, not just pat
allowing for commands to be issued before theat
location with in a program sequencValue evaluation
and behavior, for supportingounters for instance, is
supported, like the inclusioof logic instructions \ithin
OLP commands. In Fig. 1is presented a schematic
picture of emulated specific robot controller, whis the
latest technology for virtual robot contro. The RRS 1
protocol was developed last decades (around 1998h
international standard byrobot manufacturers ar
CAD/CAM companies. Thetandard specifies conu-
nications algorithms and protocols to communicaiti
software model of the robot controller (RCS module
addition to RRS, the emulated specific robot cdlr
has control capalities added by logics and functio

This capability is important because it allows for
emulation of exact robot behaviors and the evalnadif
both logic and motiorparametel, which increases the
accuracy of simulations.

3.7. Virtual Commissioning Environment
Assuming thatall the above prerequisite conditic

are met, m order to be able to setup VC environment

there are other componeméesjuirec:

e OPC (Object Linking and Embedding for Proce
Control) client/server or other PLC connection
mechanism allows for the execution of PLC prog
code, the redfime signal exchange between d-
ware and software (virtual moc¢ in Process Simu-
late), and the execution of the simulation via inc-
tion with HMIs and other software triggers (simela
events) to virtually commission the syst.

« PLC (Programmable Logic Controlle hardware or
emulated.

e PLC code from automation engine mapped with
simulation model (logic blocks in Process Simul

e HMI (hardwareor emulate) for trigger the events.
In Fig. 12a schematic virtual commissioning hyb

environment is presented.

All the process knowledge together with digitao-
cess design and automation validation are stord®io-
cess Simulate software environment and on the 1
hand the system controls done by real hardwa
equipment (PLC, HMI etc.). This type of environm
offers up to 100% accuracy of the simulation daim-
paring to real behavior of the manufacturing sysi
When commissioning the system it is important tbip
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Fig. 12. Hybrid Virtual Commissionini environment.
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place and synchronize the real layout with theuwir
one. In this way the accuracy of the virtual consien-
ing will have desired effects.

4. CONTRIBUTIONS

It is obvious thatdster production ran-up requires
virtual commissioningespecially in automotive indust
where usually on the same line are prodifew differ-
ent car models with lot of variant8/hat is happenin
when a facelift is designed or a new model willgyo-
duced on the existing, running & The costs wit
downtime for assimilating new or modified product
equipmentare not acceptable for most of the compar
In order to be able to keep tipeoduction line running
all the new or modified equipment has to be sinaalg
validated, tested and optimizesith Virtual Comms-
sioning concept, using specifit,echnologie. Virtual
Commissioning also enablesnufacturing compani to
optimize and troubleshodioth mechanical and contr
aspects of a robotics work cell.

In this paper a hybrid V@nvironment set. was pre-
sented, which can bienproved or changeaccording to
manufacturing system.

5. CONCLUSIONS

The main benefits ahe proposed environment sef
of Virtual Commissioning, which provides a relial
process for validation of rokbotmanufacturing systen
prior to physical installation, are:

» Decreasing ramp-up time which edf the total instal-
lation time up to 20-30 perceriaving validated al
the programs through VC, the ra-up time, where
errors inthe code might appear, drastically re-
duced.
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Reduce cost ofhange with early detection acom-
munication of product design iss..

Reduce number of physical prototypes with upfi
virtual validation.

Optimize cycle times through simulat considering
eventbased simulation in which logic blocks are-
fined to simulate the behavior of tlequipment (de-
vices) from the robotic ce

Minimize productions risk by simulating seve
manufacturing scenariansidering the logic block
and signals defineith each manufacturing equipm,
running "what is'scenarios

Early validation of the mechanical and electri
integrated production processes (PLC and rob..
Before virtual commissioning, the PLC coccould
not be tested in virtual (simated) environment, until
the installation.

Early validation of production commissioning in
virtual environmentwhere the PLC codes can bs-
tes in a virtual environmel
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