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ArchitetturaArchitettura didi controllocontrollo
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ll PointPoint--toto--pointpoint
ll Linear interpolationLinear interpolation
ll Circular interpolationCircular interpolation
ll Complex curve Complex curve 

interpolationinterpolation
ll BB--splinespline
ll Cubic Cubic splinespline

Link Space

n variables 
(θ1 … θn)

Tool Space

6 variables 
(x,y,z,θx,θy,θz)

Forward K

Inverse K

Need to find Need to find 
the Inverse the Inverse 
KinematicsKinematics

Tipi Tipi didi controllocontrollo

ModalitModalitàà didi programmazioneprogrammazione
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ModalitModalitàà didi programmazioneprogrammazione

ll OnOn--line programmingline programming
ll skillskill
ll downdown--timetime
ll accurateaccurate

ll OffOff--line programming line programming 
(OLP)(OLP)
ll graphic toolsgraphic tools
ll less downless down--timetime
ll less accurateless accurate
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ModalitModalitàà didi programmazioneprogrammazione

OffOff--line programmingline programming

Model Model CellCell RealReal CellCell
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ModalitModalitàà didi programmazioneprogrammazione

calibrationcalibration

RealReal CellCell

CalibratedCalibrated Model Model CellCell

Model Model CellCell

OffOff--line programmingline programming
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ModalitModalitàà didi programmazioneprogrammazione
CalibrationCalibration
ll SignificatoSignificato

ll MasteredMastered toto zero zero encoderencoder valuesvalues
ll considerationconsideration forfor allall geometricgeometric and and 

nonnon--geometricgeometric parametersparameters
ll forfor high high absoluteabsolute accuracyaccuracy

applicationsapplications

ll Processo di Processo di calibrazionecalibrazione
ll identifyingidentifying (i.e. (i.e. measuringmeasuring) the accurate ) the accurate geometrygeometry of of 

the robotthe robot
ll compensatingcompensating the the robotrobot’’s s programmedprogrammed positionspositions

consideringconsidering the the actualactual geometrygeometry toto eliminate the impact eliminate the impact 
of manufacturing of manufacturing tolerancestolerances forfor thatthat particularparticular robotrobot
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ModalitModalitàà didi programmazioneprogrammazione
ll OffOff--line programmingline programming
ll vantaggivantaggi

ll EffectiveEffective programmingprogramming of program of program logicslogics
§§ calculationscalculations withwithstatestate--ofof--thethe --art art debuggingdebugging facilitiesfacilities
§§ ProcessProcess supportsupport toolstools forfor instanceinstanceselectionselection of of weldingwelding parametersparameters

ll VerificationVerification of program through of program through simulationsimulation and and visualizationvisualization
ll WellWell documenteddocumented through through simulationsimulation model model withwith appropriate appropriate 

programsprograms
§§ ReuseReuse of of existingexisting CAD dataCAD data

ll CostCost independentindependent of productionof production
§§ Production can continue Production can continue whilewhile programmingprogramming

ll svantaggisvantaggi
ll Investimento iniziale nel software e per costi/tempi di Investimento iniziale nel software e per costi/tempi di 

apprendimentoapprendimento
ll NecessitNecessitàà di di calibrazionecalibrazione
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ModalitModalitàà didi programmazioneprogrammazione
ll A robot program consists mainly of two partsA robot program consists mainly of two parts
ll LocationsLocations

ll (position and alignment) (position and alignment) 
ll program logics program logics 

ll (controller structures, communication, calculations)(controller structures, communication, calculations)

ll hybrid programminghybrid programming
ll OFF LINEOFF LINE

ll The program logics The program logics 
§§ effective debugging and simulation facilities are availableeffective debugging and simulation facilities are available

ll The major part of movement commandsThe major part of movement commands
§§ reuse of CAD data and interaction of the programmerreuse of CAD data and interaction of the programmer

ll ON LINEON LINE
ll Movement commands to locating the placement of the piece in Movement commands to locating the placement of the piece in 

the robot's the robot's workcellworkcell
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InteroperabilityInteroperability CostsCosts

ll Installed robot systems cost 3 to 5 times the Installed robot systems cost 3 to 5 times the 
amount of the robotamount of the robot

ll Software integration costs are at least 25% of Software integration costs are at least 25% of 
totaltotal
ll much of that cost could be avoided with appropriate much of that cost could be avoided with appropriate 

standardsstandards

ll EsempioEsempio: : 
ll Aerospace manufacturing cell with $10M in capital Aerospace manufacturing cell with $10M in capital 

equipment takes 100 personequipment takes 100 person--years to integrateyears to integrate

Implementazione cella (1)Implementazione cella (1)
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OLP/
Simulation

CAD

PC

Graphical 
Display

Ethernet

Factory Data 
Network

Controller

Robot

Peripheral
Equipment

Target 
Interfaces

Implementazione cella (1)Implementazione cella (1)
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esempioesempio (2) (2) didi repartoreparto
robotizzatorobotizzato
ll Fuser rollers for Fuser rollers for 

laser printerslaser printers

In laser printing the image is inscribed on a photoreceptive 
drum which then takes toner powder where the image is and 
transfers it to the paper.  
The paper is then passes through two heated fuser rollers to 
fuse the powder into the fibers of the paper.
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esempioesempio (2) (2) didi repartoreparto
robotizzatorobotizzato
ll staublistaubli RX130RX130
ll Technical SpecsTechnical Specs

ll 6 Degrees of freedom6 Degrees of freedom
ll 12kg Nominal Load Capacity12kg Nominal Load Capacity
ll 20kg Maximum Load20kg Maximum Load
ll 1.36 m reach1.36 m reach

ll work cellswork cells
ll 3 Robots and 5 CNC Lathes3 Robots and 5 CNC Lathes
ll 2 end robots feed 2 end 2 end robots feed 2 end 

finishing lathes eachfinishing lathes each
ll Middle robot services one Middle robot services one 

finishing lathefinishing lathe
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1. Load the part
2. Remove and transfer 3. Transfer 

stand

4. Finish turning 5. Transfer tote

esempioesempio (2) (2) didi repartoreparto
robotizzatorobotizzato


