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Sammendrag

Malet med oppgaven var a utvikle en metode som tidsoptimaliserer plukkingen av varer
fra en hyllerad. Varene skulle plukkes med en ABB-robot som benytter et verktgy med tre

vakuumgripere. En syklustid pa maksimalt 5 s ble satt for prosjektet.

Lgsningen som ble valgt bestar av to deler: En optimaliseringsalgoritme som estimerer
den raskeste tiden for den aktuelle vareseleksjonen, og en stasjon i RobotStudio som si-
mulerer det tenkte oppsettet. Optimaliseringsalgoritmen som ble utviklet bruker en enkel
beregningsmodell til a estimere forflytningstidene til roboten for bevegelsene mellom varene
som skal plukkes. Kombinatoriske metoder sammenlikner disse tidene for alle de mulige
plukkesekvensene for vareseleksjonen. Den korteste estimerte tiden er gitt av den optimale

sekvensen.

Robotstasjonen ble opprettet med en konfigurasjon som tilsvarer det beskrevede oppsettet. Det
bestar av en ABB IRB 4600-robot, og en hyllerad med 32 forskjellige varer. Mellom roboten
og hylleraden gar det et transportband som skal fgre kasser til og fra stasjonen. Disse fylles
med varene som roboten plukker. Roboten benytter verktgyet med tre gripere. Plukkingen

skjer i henhold til sekvensene som blir produsert av optimaliseringsalgoritmen.

Fire forksjellige vareseleksjoner ble testet med algoritmen. Resultatene antydet at det ville
vaere mulig a plukke varer med en syklustider mellom 3,1 s og 4,0 s. Algoritmen ble ogsa
testet for verktgyer med en og to gripere. De estimerte tidene antydet at flere gripere gir
bedre syklustid. De fire optimaliserte plukkesekvensene sa simulert i robotprogrammet.
Stasjonen oppnadde syklustider mellom 3,0 s og 4,0 s, og tilfredsstiller derfor kravet pa 5 s.

Syklustidene bekrefter optimaliseringsalgoritmens gyldigheten.



Forord

Denne oppgaven ble skrevet i forbindelse med fullfgrelsen av mastergraden i automatisering
og signalbehanding ved UiS. Jeg gnsker a takke Atle Rettedal og Oddgeir Auklend ved Ro-
botNorge for god oppfelging og en spennende oppgave. Jeg gnsker ogsa a takke min veileder
pa UiS, Karl Skretting, som har kommet med gode rad og forslag under oppgaven.
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Kapittel 1

INNLEDNING

1.1 Introduksjon

De siste arene har det blitt etablert en rekke bedrifter som har nettsalg av dagligvarer som
forretningsomrade. Siden dette konseptet er sapass nytt i Norge bestar bransjen i dag av et
knippe unge aktgrer med kort fartstid. Som nyetablert bedrift vil det vaere naturlig a benytte
seg av manuell arbeidskraft: Til 4 starte med er salgsvolumet lite, og arbeidsoppgavene mest
sannsynlig varierte. Automatisering av arbeidsoppgavene er derfor ikke fornuftig, dersom
gkonomien i det hele tatt skulle tillate en slik investering. Det investeres derfor i infrastruktur
som betjenes av mennesker. Etter hvert som bedriften gker sitt salgsvolum, vil gevinsten ved
automatisering bli stgrre. Investeringen kan vare omfattende, men arbeidskraften vil i mange
tilfeller vaere sveart billig sammenliknet med lgnnede arbeidere. I tillegg vil det potensielt
vere mulig oppna betydelige forbedringer i ytelsen, blant annet fordi systemet kan arbeide

dggnet rundt.

Automatisering kan vare tvingende ngdvendig for a klare & overleve i et konkurranseutsatt
marked. A investere i et helautomatisk system, enten i nytt lokale, eller ved & konvertere
eksisterende fasiliteter, vil vere en gkonomisk umulighet for de fleste unge bedrifter. Langt
mer overkommelig vil det vere dersom eksisterende infrastruktur 1 stor grad kan benyttes
som fgr. Mange oppgaver som betjenes av mennesker kan utfgres utmerket av roboter. I dette
prosjektet — hvor daglivarer skal plukkes — vil oppgavene kunne handteres svert effektivt
med industrielle robotarmer. Lavere syklustid apner mulighetene for stgrre fortjeneste og kan

pa den maten bidra til at en bedrift blir levedyktig pa sikt.
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1.2 Problemstillingen

Prosjektet er utfgrt i samarbeid med RobotNorge AS, og deres moderselskap, Trolltunga
Robotics AS. Hgsten 2017 ble oppgaven annonsert som ett av alternativene til avsluttende
avhandling, og ble satt opp som ett av mine foretrukne valg. Jeg fgler meg heldig som har

fatt jobbe med sdpass spennende problemstillinger under mitt siste semester pa UiS.

Varen 2018 inngikk RobotNorge en avtale om a levere tre robotstasjoner til en bedrift
(heretter referert til som oppdragsgiver) som gnsket a automatisere deler av driften. Disse
stasjonene skal ta over en oppgave som i dag betjenes av mennesker; a plukke varer fra hyller,
for deretter a plassere dem i kasser som skal ut til kundene. Et spesifikt effektivitetskrav ble
satt for stasjonene: Syklustiden for hver plukkede vare skal ikke overstige fem sekunder. I
praksis betyr dette at hver stasjon maksimalt skal bruke 50 sekunder pa a transportere 10 varer
fra hyllerekken og til ventende kasse. En slik maloppnaelse vil sgrge for at bedriften oppnar
gkonomiske besparelser som det vil vere vanskelig 4 matche med menneskelig arbeidskraft.
RobotNorge fant ut at et verktgy med mer enn en griper kan bidra til a forbedre syklustiden.
Pa den maten slipper roboten a returnere til kassen for hver plukkede vare. Dette gir potensial
for tidsbesparelse. I den forbindelse har RobotNorge designet et verktgy med tre varegripere

som benytter seg av vakuumteknologi.

Stasjonene vil mest sannsynlig bli installert hgsten 2018, altsa etter at oppgaven er levert. Et
transportband er planlagt montert mellom den aktuelle hylleraden og de utplasserte robotene.
Pa denne maten transporteres kassene til hver stasjon, slik at hele sortimentet i raden blir
tilgjengeliggjort. Plasseringen sgrger ogsa for at varene far kort reisevei mellom hyllene og

kassen, noe som vil ha en positiv innvirkning pa syklustiden.

1.2.1 Legsningsmetode

RobotNorge vil ikke a sla seg til ro med a “bare” oppfylle kravet om syklustid; de gnsker a
finne ut hvor lavt det kan veaere mulig a presse den. Plukkesekvenser ordnet etter varenummer,
varenavn, eller andre “tilfeldige” metoder, resulterer generelt sett i en suboptimal plukkelo-
gikk. Dersom syklustiden skal minimeres, ma varene ogsa plukkes i en smart rekkefglge.
Uten implementert logikk risikeres det at roboten jevnlig vil plukke varer som er plassert
langt fra hverandre. Med tanke pa den negative effekten dette kan ha pa syklustiden, er det

derfor gnskelig & minimere hyppigheten av slike hendelser. Roboten burde ogsa ta hensyn
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til grepets styrke, og varens kinematiske bevegelsesenergi: Dersom farten ikke tilpasses
varens vekt og materielle egenskaper, gker risikoen for at den glipper pa veien. Plukkingen
av varer ma derfor forsgkes optimalisert, ut fra de beskrevede faktorene. Optimalisering, og

utformingen at et funksjonelt robotprogram, er hovedproblemstillingene i oppgaven.
Den planlagte lgsningen kan deles inn i tre hoveddeler:

1. Vareoversikt og kundeordre: En struktur som tar seg av datagrunnlaget ma opprettes.
Denne skal inneholde informasjon om; 1. varer; 2. hyller med vareplasseringer; 3.
kasser med tilhgrende vareseleksjoner (kundeordre). Disse tre punktene opprettes som

tre separate tekstfiler.

2. Optimaliseringsalgoritme: En algoritme som beregner optimale plukkesekvenser for
roboten ma utvikles. Denne er tenkt implementert som et Python 3-program. Pro-
grammet skal lese vareseleksjonen fra kasse-filen, for sa a hente relevant informasjon
om varene fra de to andre filene. Algoritmen skal benytte denne informasjonen til &
produsere en optimalisert plukkrekkefglge. Den reulterende sekvensen skrives til en
tekstfil.

3. Plukking av varer: RAPID-programet i RobotStudio skal lese filen produsert av
optimaliseringsalgoritmen, og aktivere plukkesekvenser i robotstasjonen i henhold til

varenes sekvensielle rekkefglge.

Data struktureres altsa i tre ulike tekstfiler. Alle settes opp pa CSV (“comma separated
values”)-format. Filene med varer og hyller ma oppdateres ved endringer i sortimentet, hvis
varer bytter plass, eller dersom hyllene omarrangeres. Den siste filen skal inneholder kasser
og tilknyttede varer/plukklister, og ma tilpasses den aktuelle stasjonen. Plukklistene antas a
hentes fra en overordnet fil som inneholder det fulle vareutvalget i kassene. Det forventes
at denne fila automatisk vil bli oppdatert 1 takt med innkommende ordre. Optimaliserings-
algoritmen skal lese plukklisten og hente relevante parametere om utvalget fra varefila.
Informasjonen skal sa behandles, og en fil med en “optimalisert” plukkrekkefglge deretter

genereres. Denne skal leses av robotprogrammet, som fglger lista sekvensielt.

Filer og programmer benytter engelsk sprak, slik at de kan forstas av personell uten kunnska-

per i norsk.
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1.2.2 Avgrensninger

Slik avtalen foreligger, skal oppdragsgiver ta seg av logikken bak plasseringen av varer i
kasser. Dette problemet blir derfor ikke vektlagt i seerlig grad, og vil lgses pa en enkel mate i
robotprogrammet. Fgr stasjonene settes i arbeid ma det derfor utvikles logikk for hvordan

varene skal fordeles i kassene.

Tematikk rundt robotsikkerhet blir ikke vurdert eller tatt hensyn til i oppgaven. Dette er
fordi stasjonene skal isoleres fra omgivelsene; antageligvis med metallbur og/eller gvrige

sikkerhetsmekanismer.



Kapittel 2

BAKGRUNN

2.1 Utstyr

Simuleringen av robotstasjonen ble utfgrt i RobotStudio 6.06 [1], som er ABBs utviklings-
verktgy for egne roboter. Plukkelogikk matte implementeres og utvikles, slik at stasjonen
til slutt kunne bli bade trygg og effektiv. Simulering gjgr det enklere a avdekke praktiske
problemer i programmet eller stasjonsoppsettet. Det visuelle grensesnittet gjgr det ogsa
enklere a oppdage nyttig, eller ngdvendig, programfunksjonalitet. Siden bade virtuelle (si-
mulerte) og reelle roboter benytter samme programkode, kan RobotStudio bidra til store

tidsbesparelser.

Utviklingsmiljget PyCharm Community Edition 2017.2.3 [2] er utviklet av det Tjekkiske
selskapet JetBrains, og ble benyttet til & kode optimaliseringsalgoritmen og et par mindre
programmer i Python 3.5. “Community Edition” er gratisversjonen av programmet, og

mangler ekstrafunksjonaliteten for mer avansert bruk.

Autodesk Inventor Professional 2018 er et omfattende program som blant annet kan brukes
til 3D-design og simulering av mekaniske komponenter [3]. Programmet har blitt brukt til a

modellere og redigere CAD-modeller av objekter til stasjonen i RobotStudio.

2.2 Kombinatorikk

Kombinatorikk er den delen av matematikken som handler om a finne antall mulige kombi-
nasjoner eller permutasjoner fra et utvalg. En kombinasjon er et spesifikt utvalg av elementer,
mens en permutasjon er et spesifikt utvalg av elementer i en bestemt rekkefglge. Alle kombi-

nasjoner med mer enn ett element kan omrokkeres. Dette betyr at det finnes et bestemt antall
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permutasjoner for hver kombinasjon. Dette antallet stiger raskt ettersom lengden til utvalget
gker [4].

Kombinatoriske metoder kan deles opp etter to grunnleggende prinsipper; med og uten
tilbakelegging av elementer [4]. Fordi varene fjernes fra utvalget nar de plukkes, er det kun
metoder uten tilbakelegging som har vart relevant for oppgaven. Metodene beskrevet i dette

kapittelet kan derfor kun knyttes til prosedyrer som ikke benytter tilbakelegging.

2.2.1 Kombinasjoner

En kombinasjon er en unik sammensetning av elementer der rekkefglgen ikke spiller noen
rolle. ABC og CBA er altsa samme kombinasjon, og BCD en annen. I motsetning til permuta-
sjoner, er det ikke mulig for kombinasjoner a ha duplikater. Antall mulige kombinasjoner

med lengden r fra et utvalg med n elementer, beregnes med fglgende formel [4, s. 5-6]:

nCr = —— (2.1

2.2.2 Permutasjoner

En permutasjon betegner en unik ordning eller sortering av et utvalg av elementer. Dersom
utvalget er A, B, og C, vil for eksempel rekkefglgen CAB vare en av seks mulige permuta-
sjoner. Det er ogsa mulig a beregne antall mulige permutasjoner med en kortere lengde enn
selve utvalget. Antall mulige permutasjoner med lengden r fra et utvalg med n elementer,

beregnes med fglgende formel [4, s. 5]:

nbr = : (2.2)

Dersom det finnes elementer som er like hverandre, og deres innbyrdes fordeling ikke har
noe a si, vil dette redusere antall ngdvendige permutasjoner. Hvis r er lik n kan dette beregnes

pa fglgende mate [5]:
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n!

(2.3)

P . —
nt unique
1 nil-np!-n3!l-...-ng!

Her representerer de k fakultetselementene 1 nevneren grupper med to eller flere like elemen-

ter.

Heap’s algoritme

Heap’s algoritme gar gjennom alle mulige permutasjoner ved a arrangere elementene i
celler, for sd a omordne innholdet (n! - 1) ganger. n er antall elementer og celler, som begge
nummereres fra 0. En omordning skjer ved at innholdet i to celler bytter plass. Omordningene
skjer etter et mgnster som sgrger for at hver permutasjon blir representert akkurat en gang.
Algoritmen beskrives stegvis under [6]:

1. Set telleren t til O.

2. Utfgr alle mulige permutasjoner av elementene i cellene O til (n - 1). Dersom t er lik (n
- 1) har alle permutasjoner blitt utfgrt. Bryt i sa fall ut av algoritmen.

3. Dersom n er et oddetall: Bytt innholdet i cellene 0 og (n - 1).

Dersom n er et partall: Bytt innholdet 1 cellene t og (n - 1).
4. Ok t med 1.

5. Ga tilbake til steg 2.

2.3 ABB IRB 4600 robot

ABB IRB 4600 er en sakalt “general purpose”-robot; den er altsa ikke designet for spesifike
oppgaver, men har en rekke bruksomrader. ABB oppgir fglgende oppgaver som relevante:
Buesveising, montering, materialhandtering, maskinbetjening, laserskjaring, sprayoppgaver,
og sa videre [7, s. 1]. Modellen benyttet i oppgaven er IRB 4600-40/2.55. “40” star for
den maksimale vekten — malt i kg — som flensen pa ytterste ledd (akse 6) kan utsettes for.
Dette inkluderer vekten til det monterte verktgyet, samt ekstra belastning, for eksempel ved
lgfting av varer [8, s. 13, 19]. “2.55” er modellens stgrste horisontale rekkevidde i meter,

malt fra basekoordinatsystemets z-akse, til det nest ytterste leddets dreieakse (akse 5) [8,
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s. 13, 51]. Roboten bestar til sammen av seks rotasjonsakser, hver med sin egen motor.

Maksimumsfarten til motorene vises i tabell 2.1 [8, s. 53].

Tabell 2.1: Maksimal rotasjonsfart om robotens akser.

Akse A | Akse B | Akse C | Akse D | Akse E | Akse F
175%s | 175°/s | 175°s | 250°/s | 250°s | 360°/s

Figur 2.1: ABB IRB 4600 med tilhgrende rotasjonsakser. Figur brukt med tillatelse fra ABB.

Modellen er optimalisert for korte syklustider. Dette skyldes et kompakt design som sgrger
for lav vekt (435 kg), og dermed muliggjgr hgy akselerasjon og hgye toppfarter [7, s. 1-
2]. Roboten har en rekke monteringsmuligheter: Gulvstaende (eller pa pidestall), pa hylle,
skrastilt, eller invertert (takhengende) [9].

2.4 1IRCS5 robot-kontroller

IRB 4600 styres ved hjelp av robotkontrolleren /RC5 [7]. Kontrolleren leveres i form av et
kabinett, og finnes 1 en rekke utgaver tilpasset ulike kapasitetsbehov [10, s. 2-3]. Systemet
handteres av programvaren RobotWare, med innebygd stgtte for alle roboter knyttet til
kontrolleren [11, s. 28].
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Kontrollerens oppgave er a eksekvere RAPID-programmet som er lastet opp i den. Dette
gjores ved a sende elektriske styresignaler til motorenes strgmforsyningsmoduler [11, s.
26]. Kontrolleren ma ogsa kunne reagere pa inngangssignaler; for eksempel fra sensorer pa

verktgyet.

Ovennevnte tekst beskriver den fysiske kontrolleren, som benyttes til a styre en eller flere
roboter. Slik styring kalles “online modus”. I RobotStudio benyttes det derimot virtuelle
kontrollere. De benytter samme programkode og konfigurasjonsoppsett som den reelle
kontrolleren [11, s. 400], og lar brukeren simulere robotens bevegelser i virtuelle omgivelser.

Slik styring kalles “offline modus”.

ABS

Figur 2.2: Et utvalg av ABB IRC5-kontrollere. Figur brukt med tillatelse fra ABB.

Signaloppsett

En rekke systemparametere for kontrolleren — som I/O-systemet — er tilgjengelige i konfigura-
sjonsoppsettet (Configuration Editor) i RobotStudio. Her er det mulig a opprette analoge og
digitale inngangs- og utgangssignaler for kommunikasjon med eksterne enheter. Typisk bruk
vil vere styring av et verktgy ved hjelp av utgangssignaler, samt monitorering av verktgyets
tilstand ved hjelp av sensorgenererte inngangssignaler. Signaloppsettet kan benyttes til online
kjgring av robot, samt offline simulering i RobotStudio. Ved hjelp av smartkomponenter
er det mulig simulere sensorerstimuli i det virtuelle miljget. Forandringene som gjgres i
Configuration Editor implementeres i robotkontrolleren sa fort en kommando utfgres [11, s.
400].
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2.5 RobotStudio utviklingsverktgy

RobotStudio er et PC-program for modellering, offline programmering, og simulering av
robotstasjoner [11, s. 25]. I folge ABB er det verdens mest brukte offline programmerings-
verktgy for robotikk [12]. RobotStudio gir brukeren muligheten til a trene, programmere, og
optimalisere stasjoner uten a matte forstyrre pagaende produksjon. Dette bidrar til at det blir
lettere a forutse og redusere risiko forbundet med kjgring av roboten. Det er ogsa naturlig
a anta at dette forkorter tiden det tar a igangsette — eller gjgre endringer pa — en stasjon.
Resultatet blir dermed gkt produktivitet [1]. RobotStudio programmeres i hgynivaspraket
RAPID.

Nar en ny stasjon apnes vil det virtuelle miljget besta av et apent gulv med et kvadratisk
rutemgnster, orientert etter verdenskoordinatsystemet. Det gnskede robotsystemet kan impor-
teres fra biblioteket ABB Library dersom det ikke allerede er apent. Statiske stasjonsobjekter
kan importeres som CAD-filer. Det er ogsa mulig & produsere objekter med enkel geometri
ved hjelp av funksjonaliteten i RobotStudios Modeling-fane. Dersom brukeren gnsker a gi
objekter spesiell funksjonalitet, ma dette gjgres i RobotStudio. Dette gjelder for eksempel
objekter som skal benyttes som verktgy av roboten, eller objekter med bevegelsesmekanismer.

Verktgyer er beskrevet i kapittel 2.5.4.

For a fa roboten til a utfgre et arbeid, ma det opprettes en prosedyre (procedure) med oppga-
ver 1 den gnskede eksekveringsrekkefglgen. Vanlige oppgaver i en prosedyre er instruksjoner
(instructions), andre prosedyrer, og funksjoner (functions). Bevegelsesinstruksjoner er kan-
skje mest vanlig, og sgrger for at roboten flytter verktgyet mellom definerte punkter (targets)
i stasjonen. Prosedyrer og funksjoner er beskrevet i kapittel 2.5.3, mens instruksjoner og

punkter henholdsvis omtales 1 kapitlene 2.5.2 og 2.5.1.

Funksjonaliteten til fysiske robotverktgyer kan 1 mange tilfeller simuleres i RobotStudio. For
eksempel er det mulig & fa en griper til 4 ta tak i objekter i det virtuelle miljget. Dette kan
oppnas ved a gjgre verktgyet om til en smartkomponent (smart component), og forsgke a
imitere oppfgrselen ved a benytte spesielle verktgy i modulen. Smartkomponenter er forklart

mer utfyllende i kapittel 2.5.5.

Det er mulig a opprette punkter, prosedyrer, og koordinatsystemer ved hjelp av funksjona-
liteten i stasjonens faner. Disse tingene kan ogsa gjgres i RAPID. Endringer som gjgres i
RobotStudio kan synkroniseres til RAPID-koden, og omvendt.
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]

Figur 2.3: Tom stasjon med ABB IRB 4600 i RobotStudio. Verdenskoordinatsystem nede i
venstre hjgrne. Verktgyutvalg oppe, fra venstre kant.

2.5.1 Arbeidsobjekter og punkter

Det er nyttig a opprette ett eller flere koordinatsystemer som er representative for arbeidsomra-
det, eller -omradene, til roboten. Disse kalles arbeidsobjektets (work object) koordinatsystem,
og bestar av to rammer: Brukerrammen, som defineres i verdenskoordinatsystemet, og ob-
jektrammen, som relateres til brukerrammen. Disse rammene sammenfaller ved opprettelse
av koordinatsystemet, men objektrammen kan forskyves dit den er nyttig [13]. Hvis roboten
skal arbeide med et skratt plan, vil det veere hensiktsmessig a definere et koordinatsystem
med planets orientering. I RobotStudio er det mulig a binde objekter til andre objekter (attach
t0), slik at de far et foreldre/barn-forhold. Hvis koordinatsystemet bindes til arbeidsobjektet,
vil det fglge med dersom objektet flyttes.

Punkter (targets) relateres enten til et objektkoordinatsystem (objektramme), eller til det
predefinerte koordinatsystemet WobjO i1 robotbasen [14]. Ved forflytning av koordinatsys-
temet fglger punktene med. Bevegelsesinstruksjoner benytter punkter til & bestemme hvor
roboten skal bevege seg. Instruksjoner far en utvidet beskrivelse i kapittel 2.5.2. Rekke-
folgen som instruksjonene ordnes 1 bestemmer besgkelsesrekkefglgen til punktene. For at
bevegelsesinstruksjoner skal vare eksekverbare, ma det vaere mulig for roboten a orientere
verktgytuppen slik at dets koordinatsystem (tip center point) sammenfaller med punktets.

Unntak fra denne regelen er for eksempel ved bruk av funksjoner for punktforskyvning, som
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Figur 2.4: Bruker- og objektkoordinatsystemer med store rammer, punkter med sma rammer.
Bevegelsessekvensene for de to objektene er markert med gule linjer, sakalte paths.

Offs og RelTool, som forklares i kapittel 2.5.3. Punktspesifikasjonene er derfor avgjgrende

for hvordan verktgyet blir orientert.

2.5.2 Instruksjoner

Det finnes to typer instruksjoner; bevegelsesinstruksjoner (move instructions) og handlings-
instruksjoner (action instructions). Handlingsinstruksjoner kan for eksempel aktivere eller
deaktivere utstyr og funksjoner, eller sette parametere. Resten av kapittelet omhandler beve-

gelsesfunksjoner [15].

Bevegelsesinstruksjoner flytter robotens verktgytupp til et valgt punkt. Hvordan forflytningen
skjer avhenger av hvilken instruksjon som blir brukt, og parameterverdiene til argumente-
ne. Vanlige parametere i bevegelsesinstruksjoner er malpunkt, fart, sonedata, verktgy, og
arbeidsobjekt. Soneparameteren bestemmer hvor stor avstand verktgytuppen kan ha til et
malpunkt nar roboten svinger av mot det neste [16]. De vanligste bevegelsesinstruksjonene
er MoveL, MoveC, og MoveJ. Disse, samt spesialfunksjonene SearchL og AliaslO, beskrives

1 avsnittene under [15].

MoveL instruerer roboten til & utfgre en linezr bevegelse (rett linje) mellom den inneverende

posisjonen og malpunktet.

MoveC instruerer roboten til a utfgre en sirkuler bevegelse mellom den innevarende posisjo-
nen og malpunktet. Buen til sirkelbevegelsen bestemmes av sirkelpunktet, som verktgytuppen

passerer gjennom pa veien [17].
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Move] instruerer roboten til a utfgre en ulinezr bevegelse mellom den innevarende posisjo-
nen og malpunktet. Instruksjonen anbefales brukt for & oppna rask forflytning til arbeidsom-
radet. I motsetning til MoveL, kan MovelJ brukes dersom malpunktet befinner seg pa motsatt

side av roboten [18].

SearchL fungerer pa samme mate som MoveL, men har i tillegg en signalovervaknings-
funksjon implementert. Dersom det valgte signalet settes til en spesifisert verdi mens beve-
gelsesinstruksjonen eksekveres, lagres verktgytuppens posisjon umiddelbart i et sgkepunkt.
SearchL har ogsa en rekke valgfrie stopp-funksjoner. Hvis en av disse benyttes vil roboten

stoppe dersom signalet aktiveres [19].

AliasIO benyttes til & definere et signal av en hvilken som helst type med et alias-navn. Ved
a bruke aliaser kan predefinerte programmer kjgres med ulike robotsystemer uten a matte
utfgre modifikasjoner [20]. Et alias kan ogsa byttes mellom ulike signaler ettersom det er
behov for a overvake dem. Dette kan vere nyttig dersom en rutine gnsker a sjekke statusen

til et spesifikt signal.

2.5.3 Rutiner

Det finnes tre forskjellige rutinetyper i RAPID; prosedyrer, funksjoner, og feller (¢raps).

Disse forklares 1 avsnittene under [21, s. 21].

Prosedyrer benyttes til a definere spesielle oppgavemgnstre; altsa hvilke oppgaver som skal
utfgres, og rekkefglgen de skal utfgres i. Oppgavene kan for eksempel vere instruksjoner,
andre prosedyrer, og funksjoner. Hovedprogrammet, Main(), er en prosedyre. Prosedyrer
kan defineres med eller uten inngangsparametere, men kan ikke returnere verdier [21, s.
21].

Funksjoner fungerer som prosedyrer, men benyttes dersom en verdi skal returneres [21, s.
21]. Verditypen ma inkluderes i funksjonsdeklarasjonen. Det finnes en rekke predefinerte

funksjoner i RAPID. To av disse er Offs og RelTool, som forklares i punktene under.

 Offs benyttes dersom brukeren gnsker at malpunktet skal forflyttes til en posisjon
som avviker fra det definerte malpunktet. Det nye destinasjonen defineres i et tenkt
koordinatsystem som har origo i det opprinnelige punktet, og arbeidsobjektets oriente-

ring. Funksjonen har fire inngangsparametere; det opprinnelige punktet, samt x-, y-,
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og z-posisjoner 1 koordinatsystemet. Funksjonen plasseres 1 inngangsargumentet som

vanligvis er forbeholdt malpunktet i bevegelsesinstruksjoner [22, s. 906].

* RelTool fungerer som Offs, med unntak av at forflytningen av malpunktet skjer i
verktgyets eget koordinatsystem. Det er mulig a rotere om en eller flere av koordi-
natsystemets akser ved a legge inn ett til tre ekstra argumenter i funksjonen [22, s.
961]. Dersom arbeidsobjektet til et punkt inkluderes i instruksjonen, blir forflytning og

eventuell rotasjon langs/om arbeidsobjektets akser.

Feller er en type rutine som aktiveres dersom et bestemt avbrytelsessignal (interrupt) oppfat-
tes. Rutinen bestemmer hvordan programmet skal handtere situasjonen som gjorde at signalet
ble aktivert. Feller kan ikke kalles i programkoden; de aktiveres kun dersom den spesifikke
signaltypen blir detektert [21, s. 21].

2.5.4 Verktgyer

Et verktgy monteres til flensen pa robotens ytterste ledd, og brukes til a gjgre et arbeid, som
sveising eller objekthandtering. Et verkgy kan ha en eller flere manipulatorer. For & kunne
utfgre arbeidet, ma manipulatortuppenes posisjoner og orienteringer — malt fra origo — vaere
kjent. Origo befinner seg typisk i sentrum av kontaktplanet til verktgyets monteringsflens.
Tuppene defineres som koordinatsystemer kalt “tip center point” (TCP). Vekt, tyngdepunkt,

og treghetsmoment er annen informasjon som definerer verktgyet [23].

Figur 2.5: Et verktgy festet til robotens ytterste ledd. Aksekorsene tilhgrer robotens monte-
ringsflens og verktgyets TCP.
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2.5.5 Smartkomponenter

Smartkomponenter (smart components) er en modul i RobotStudio som gjgr det mulig a skape
objekter med funksjonalitet av hgyere kompleksitet. Eksempler pa dette er gripefunksjonalitet
for verktgyer, og automatisk generering av objekter pa et samleband. Modulen har en rekke
kategorier med ulike byggeklosser, for eksempel logiske blokker, teller, timer, og sensorer.

Maten disse kobles sammen pa skaper den resulterende funksjonaliteten [24].

Figur 2.6 viser et transportband som sender en kasse fra startpunktet til enden av bandet. Det
gule feltet i enden av bandet er en sensor. Nar denne detekterer en kasse, stopper bandet, og
kassen blir staende. Dersom kassen fjernes opprettes det en ny kasse i startpunktet, og bandet

begynner a ga.

Figur 2.6: Smartkomponent med sensor og autogenerering av objekter.



Kapittel 3

KONSTRUKSJON

I dette kapittelet beskrives optimaliseringsalgorimen og robotstasjonen som har blitt utviklet.

Deres oppbygning og virkemate blir gjennomgatt.

3.1 Optimaliseringsalgoritme

Formalet med optimaliseringsalgoritmen er a identifisere den mest effektive plukkeruten for
en hvilken som helst vareseleksjon. En vareseleksjon er den delen av kasseinnholdet som
tilhgrer en spesifikk robotstasjon. Dersom dette oppnas vil en viktig del av tidsaspektet i
plukkeprogrammet vare optimalisert, noe som vil gi lavere syklustid. Andre aspekter som

pavirker tiden er robotens programmerte bevegelser og fart.

Robotstasjonen — som beskrives i kapittel 3.2 — benytter seg av lineere bevegelser. Nar
farten er kjent, er det derfor en enkel gvelse a beregne tiden fra A til B. Dette gjgres ved
a beregne den euklidske avstanden i det tredimensjonale rommet, og dele pa den kjente
farten. Tiden estimeres for posisjonstranslasjonene i en plukkrute, altsa mellom kasse og
varer, og varene seg imellom. Dette utgjgr ikke hele reiseruta til roboten, siden den ma inn i
hyllerekken for a hente ut varene, samt avlevere disse til kassen. Denne forenklingen er mulig
fordi uthentingsfasen bestar av en tiln@rming til varene med standardisert bevegelsesmgnster
og fart. Fasen far dermed tilnermet lik varighet for hver vare. Ved sammenlikning av
optimaliserte og ikke-optimaliserte plukkesekvenser vil derfor den absolutte tidsforskjellen
bli bevart. Dersom det er gnskelig a estimere den totale tiden det tar & plukke en seleksjon,
kan en tidskonstant legges til for hver uthentingssekvens. Dette vil vere ngdvendig for a

beregne syklustiden.
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3.1.1 Datastruktur

Datastrukturen bestar av tre tekst-filer som inneholder ngdvendig informasjon for optimalise-
ringsprogrammet. Programmet produserer i tillegg en utgangsfil som definerer RobotStudio-
parameterne for plukkesekvensen. Denne kalles B_PickingParameters. Inngangsfilene er
Items, Shelving Units, og Boxes. Disse er strukturert pa CSV-formatet. Hver linje innehol-
der da en dataenhet med tilhgrende attributter, eller elementer, skilt ved kommaer. Filene
inneholder en linje med /DataStart, og en linje med /DataEnd. Mellom disse defineres
informasjonen. Omradene utenfor kan derfor ha annen informasjon, som filbeskrivelse, og

eksterne parametere. De nevnte filene far en kort forklaring i avsnittene under.

Items inneholder vareinformasjon som brukes av optimaliserings-, og robotprogramme-
ne. Dette er parameterne /D, Name, Weight, Rigidity, Position_abc, TransferVelocity, Di-
mension_X, Dimension_Y, Dimension_Z, Offset_X, Offset_Y, Offset_Z, PickingPoint_X,
PickingPoint_Y, PickingPoint_Z, PickingAngle_X, PickingAngle_Y, PickingAngle_Z, og Se-
archDepth_Y. Disse er beskrevet i kapittel 3.2.2. ID, Weight, og Rigidity har ikke blitt brukt 1
oppgaven, men har fremtidig potensial dersom mer avansert logikk for vareavlastning skal
utvikles. Position_abc er den eneste parameteren som ikke inneholder egen informasjon. Den

viser til posisjons-navnet i ShelvingUnits-fila, som beskrives under.

ShelvingUnits bestar av rader som beskriver individuelle hylleenheter. Radene inneholder
attributtene /D, Name, Description, og en parentes som beskriver punktene. Punktnavnene
legges inn som Position_abc, der a er hyllenummeret, b hylleetasjen, og ¢ punktet i etasjen.
Bak navnet gis punktenes x, y, og z posisjoner i en parentes (X, y, z). Disse er angitt i

hyllekoordinatsystemet. Hvert punkt skilles med et komma.

Boxes inneholder informasjon om hvilke varer som skal plukkes til de forskjellige kassene.
Dette er vareseleksjonen, som opprinnelig kommer fra en overordnet kundeordre som er delt
opp mellom robotstasjonene. Filen inneholder attributtene Box, Order, og en parentes med
ID-ene til varene som skal plukkes, skilt med kommategn. Disse henviser til /D-attributten 1

Items-filen.

B_PickingParameters er filen som optimaliseringsprogrammet skriver den optimaliser-
te plukkesekvensen til. Dette er en RobotStudio module-fil. Filen inneholder ngdvendige
parametere for plukking av varer med robotprogrammet: Item_x_Name, Item_x_Position_abc,
Item_x_Velocity, Item_x_Dimension_X, Item_x_Dimension_Y, Item_x_Dimension_Z,

Item_x_Offset_X, Item_x_Offset_Y, Item_x_Offset_Z, Item_x_PickingPoint_X,
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Item_x_PickingPoint_Y, Item_x_PickingPoint_Z, Item_x_PickingAngle_X,
Item_x_PickingAngle_Y, Item_x_PickingAngle_Z, Item_x_SearchDepth_Y, og

Item_x_Gripper_a. Her angir Item_x den x-te varen som skal plukkes i sekvensen. Gripper_a-
parameteren beskriver hvilken av de a griperne i et verktgy som skal brukes til a plukke en

vare. Resten av parameterne er hentet direkte fra Items-og ShelvingUnits-filene.

3.1.2 Algoritmen

Algoritmen gar ut pa a finne den raskeste plukkruta for vareseleksjonen til en kasse, nar
et verktgy med n antall gripere benyttes. Den raskeste ruta estimeres ved a finne den mest
effektive sekvensen av plukkesesjoner. Dette kalles ogsa en partisjon. En plukkesesjon bestar
av varer som plukkes i en omgang, og har felles avlevering i kassen. Maksimalt antall varer i
en sesjon er lik griperantallet. En plukkrute med atte varer som skal plukkes av et verktgy

med tre gripere, kan for eksempel deles opp pa felgende mate:
[ABC] [DDE] [FG]

Seleksjonen er altsa delt inn i tre sesjoner pa tre, tre, og to varer. Den inneholder sju varesorter,

der vare D er representert to ganger, og resten av varene en gang.

For a tidsoptimalisere sekvensen er det generelt sett gnskelig a minimere den totale reise-
veien mellom varene, og mellom varene og kassen. En konsekvens av dette er at det blir
hensiktsmessig a plukke sa mange varer som mulig i hver sesjon, slik at antall reiser mellom

kassen og hylleraden reduseres. Dette illustreres i figur 3.1.

Et annet askpekt ved optimaliseringen er den anbefalte bevegelsesfarten til hver vare. Dette
er farten som roboten kan transportere varene med uten & risikere at de glipper, eller blir
gdelagte av bevegelsene. Denne parameteren kan fa konsekvenser for plukkerekkefglgen til
sesjonen. Farten fra kassen vil vere den som er definert for robotbevegelser uten varer, mens
farten #il kassen vil vare bestemt av “den tregeste varen” som holdes av roboten. Farten til
og fra kassen er altsa uavhengig av plukkerekkefglgen. I motsetning til farten, er avstandene
til og fra kassene avhengige av rekkefglgen. Disse translasjonstidene ma derfor inkluderes i

det totale tidsestimatet.

To eksempler, Hylleoppsett 1 og Hylleoppsett 2, illustrerer effekten plukkesekvensen har
pa fart, avstander, og dermed ogsa reulterende plukketider. Oppsettene viser varene A (gul),

B (orange), og C (lilla) i spesifikke posisjoner i en hyllerad. Tabell 3.1 angir posisjon- og
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Figur 3.1: Reisevei ved plukking av en og en vare illustrert med svart linje. Reisevei ved
plukking av tre varer om gangen illustrert med gul linje. Brun kasse 1 front.

fartssdata om varene i de to oppsettene. I henhold til formel 2.2 finnes det seks unike mater a
plukke tre ulike varer pa. Som vist i kapittel 2.2.2 er dette permutasjoner av kombinasjonen
ABC.

Tabell 3.1: Varenes posisjoner og fart i Hylleoppsett 1 og Hylleoppsett 2. Posisjonene er gitt
av koordinatsystemene i figurene 3.2 og 3.3, som har origo nederst til venstre i rutenettet til
hyllen. x-aksen er horisontal, z-aksen vertikal, mens y-aksen gar innover i hyllen.

Hylleoppsett 1 | Hylleoppsett 2
Gjenstand Posisjon (x, y, z) [mm] Fart [mm/s]
Kasse (1600, -500, 500) 1500
A (400, 0, 400) (800, 0, 1200) 1000
B (2400, 0, 1600) | (1600, 0, 400) 700
C (2800, 0, 800) | (2800, 0, 1600) 500
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Hylleoppsett 1

Figur 3.2: Hylleoppsett 1: Vare A gul, vare B orange, og vare C lilla. Brun kasse i front.

Tabell 3.2: Estimerte tider, beregnede avstander, og spesifisert fart for alle translasjonene
i de seks mulige plukkerekkefglgene for Hylleoppsett 1. Oppsettet er illustrert i figur 3.2.
Totalavstander og -tider for rekkefglgene vises til hgyre i tabellen. Blatt markerer de totalt
korteste reiseveiene, mens grgnt markerer den totalt korteste reisetiden.

Rute | Parameter Translasjon | Translasjon | Translasjon | Translasjon | Translasjons-
1 2 3 4 sum

Fart [mm/s] 1500 1000 700 500

ABC | Avstand [mm] 1304 2332 894 1334 5865
Tid [s] 0,869 2,332 1,278 2,668 7,148
Fart [mm/s] 1500 700 700 500

BAC | Avstand [mm] 1449 2332 2433 1334 7549
Tid [s] 0,966 3,332 3,476 2,668 10,442
Fart [mm/s] 1500 500 500 500

CAB | Avstand [mm] 1334 2433 2332 1449 7549
Tid [s] 0,889 4,866 4,665 2,898 13,319
Fart [mm/s] 1500 1000 500 500

ACB | Avstand [mm] 1304 2433 894 1449 6081
Tid [s] 0,869 2,433 1,789 2,898 7,989
Fart [mm/s] 1500 700 500 500

BCA | Avstand [mm] 1449 894 2433 1304 6081
Tid [s] 0,966 1,278 4,866 2,608 9,718
Fart [mm/s] 1500 500 500 500

CBA | Avstand [mm] 1334 894 2332 1304 5865
Tid [s] 0,889 1,789 4,665 2,608 9,951
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Hylleoppsett 2

Figur 3.3: Hylleoppsett 2: Vare A gul, vare B orange, og vare C lilla. Brun kasse i front.

Tabell 3.3: Estimerte tider, beregnede avstander, og spesifisert fart for alle translasjonene
i de seks mulige plukkerekkefglgene for Hylleoppsett 2. Oppsettet er illustrert i figur 3.3.
Totalavstander og -tider for rekkefglgene vises til hgyre i tabellen. Blatt markerer de totalt
korteste reiseveiene, mens grgnt markerer den totalt korteste reisetiden.

Rute | Parameter Translasjon | Translasjon | Translasjon | Translasjon | Translasjons-
1 2 3 4 sum

Fart [mm/s] 1500 1000 700 500

ABC | Avstand [mm] 1175 1131 1697 1703 5706
Tid [s] 0,783 1,131 2,424 3,406 7,745
Fart [mm/s] 1500 700 700 500

BAC | Avstand [mm] 510 1131 2040 1703 5384
Tid [s] 0,340 1,616 2,914 3,406 8,276
Fart [mm/s] 1500 500 500 500

CAB | Avstand [mm] 1703 2040 1131 510 5384
Tid [s] 1,135 4,079 2,263 1,020 8,497
Fart [mm/s] 1500 1000 500 500

ACB | Avstand [mm] 1175 2040 1697 510 5421
Tid [s] 0,783 2,040 3,394 1,020 7,237
Fart [mm/s] 1500 700 500 500

BCA | Avstand [mm] 510 1697 2040 1175 5421
Tid [s] 0,340 2,424 4,079 2,349 9,193
Fart [mm/s] 1500 500 500 500

CBA | Avstand [mm] 1703 1697 1131 1175 5706
Tid [s] 1,135 3,394 2,263 2,349 9,142
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Kommentarer til Hylleoppsett 1 og Hylleoppsett 2

Tabell 3.2 viser at ABC er den raskeste rekkefglgen i Hylleoppsett 1, med en varighet pa
7,148 s. Med en reisevei pa 5865 mm, er dette ogsa den korteste reiseruta, sammen med
CBA. ABC “vinner” fordi sekvensen konstant sgrger for at den “raskeste” av de gjenverende
varene blir plukket. Slik oppnas den hgyeste gjennomsnittsfarten. Dersom den “tregeste
varen” plukkes fgrst, resulterer dette i at resten av sekvensen plukkes med samme fart. Dette
skjer blant annet i CAB, som med sine 13,319 s nesten tar dobbelt sa lang tid a plukke som

ABC. Dette er selvfglgelig noe som bgr unngas i en tidskritisk applikasjon.

Tabell 3.3 viser at ACB er den raskeste rekkefglgen i Hylleoppsett 2, med en varighet pa
7,237 s. Reiseveien — pa 5421 mm — er 37 mm lenger enn de korteste rutene. Sekvensen
folger heller ikke mgnsteret der den“raskeste” av de gjenvarende varene alltid plukkes fgrst.
ACB “vinner” fordi den har den beste kombinasjonen av reisevei og gjennomsnittsfart. Dette
viser at valg av raskeste reisevei ikke alltid er like intuitivt. I tilfeller hvor sesjonene har to
varer, vil det alltid vaere mest effektivt a plukke den “raskeste” varen fgrst. Dette er fordi

reiselengden er lik for begge rekkefglgene.

3.1.3 Optimaliseringsprogrammet

Programmet er kodet i Python 3.5, og bygger pa kombinatoriske prinsipper beskrevet i
kapittel 2.2. Programmet benytter en “ordbok”-struktur dictionary til a holde varedataen som
er ngdvendig for algoritmen. Dette er en midlertidig 1gsning, siden denne informasjonen
egentlig skal hentes fra inngangsfilene beskrevet i kapittel 3.1.1. Den ngdvendige varedataen

er parameterne Position_abc(x), Position_abc(y), Position_abc(x), og TransferVelocity.

For a kjgre programmet ma to parametere og en liste defineres. Listen ltemSelection bestar av
vareseleksjonen, med varenavn fra ordbokstrukturen. Parameteren NumberOfGrippers settes
til griperantallet som skal benyttes i det monterte verktgyer. Dette ma veare et heltall mellom
en og fire. Parameteren FractionalPrecision settes til et positivt heltall, og angir hvor mange
desimaler som skal benyttes i kalkulasjonene. Programmet benytter en rekke funksjoner for a

finne de optimale plukkesekvensene. Disse beskrives i avsnittene under.

PositionDistance(Item_a, Item_b): Returnerer den euklidske avstanden mellom Item_a og
Item_b.
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TotalTransportTime(Item_a = None, Item_b = None, Item_c = None, Item_d = None):
En plukkesesjon pa maks fire varer (Item_a til Item_d) legges inn i rekkefglgen de skal
plukkes. For hvert etterfglgende varepar kalles PositionDistance, som beregner avstanden
mellom disse. TotalTransportTime beregner den totale translasjonstiden ut fra avstandene og

fartene knyttet til de aktuelle varene.

perm_unique(elements): Inngangsargumentet Elements er en liste som inneholder elemen-
tene i en kombinasjon. Ved hjelp av den definerte klassen unique_element, og funksjonen
perm_unique_helper, returnerer perm_unique en liste med alle mulige unike permutasjoner

av elements.

FastestPermutation(ItemCombination): Inngangsargumentet ltemCombination forventer
en liste som inneholder en varekombinasjon. Funksjonen kaller pa perm_unique, og sen-
der ItemCombination videre som inngangsargument til denne. perm_unique produserer sa
en liste med alle unike permutasjoner av kombinasjonen. FastestPermutation benytter en
for-lgkke og TotalTransportTime til a identifisere permutasjonen med den korteste totale
translasjonstiden. Funksjonen returnerer den identifiserte permutasjonen og den tilknyttede

translasjonstiden.

AllCombinations(r, ItemSelection): Funksjonen genererer alle mulige kombinasjoner — i
lengdene en til r — fra listen ltemSelection, som gis som inngangsargument. r er i dette tilfellet
griperantallet, gitt av variabelen NumberOfGrippers. ItemSelection er som nevnt vareselek-

sjonen. Funksjonen returnerer en liste med alle de genererte varekombinasjonene.

FastestPermutationsOf Combinations(): Funksjonen kaller pa AllCombinations, med Num-
berOfGrippers og ItemSelection som inngangsargumenter. Denne genererer da en liste med
varekombinasjoner. FastestPermutation benytter denne listen som inngangsargument i en
for-lgkke-struktur, og finner pa denne maten de raskeste permutasjonene av alle mulige
varekombinasjoner som verktgyet kan plukke i en sesjon. Funksjonen returnerer en liste som

inneholder alle disse permutasjonene, og deres tilhgrende translasjonstider.

AllCombinationPartitions(ItemList): Funksjonen returnerer en liste med alle mulige parti-

sjoner av listen som benyttes som inngangsargument.

FastestPermutationSequence(): Funksjonen kaller pa FastestPermutationsOfCombinations,
ogAllCombinationPartitions med ItemSelection som inngangsargument. Disse returnerer
henholdsvis lister med “de raskeste permutasjonene av alle mulige varekombinasjoner som

verktgyet kan plukke i en sesjon”, og “alle mulige partisjoner av vareseleksjonen”. Funk-
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sjonen sammenlikner disse listene 1 en for-lgkke-struktur, helt til alle kombinasjonene i alle
partisjonene har fatt en match med en av permutasjonene. Siden alle permutasjonene har
tilknyttede tider, kan den totale translasjonstiden for hver partisjon beregnes. Sekvensene av
permutasjoner (partisjoner) lagres i en liste sammen med translasjonstidene. En for-lgkke-
struktur benyttes sa til & identifisere partisjonen med den Korteste totale translasjonstiden.
Funksjonen returnerer den korteste translasjonstiden og den tilknyttede partisjonen, og en

liste med alle partisjonene og deres translasjonstider.

Partisjonen som returneres av FastestPermutationSequence er resultatet av optimaliserings-

programmet.

3.2 Robotstasjonen

Robotprogrammet leser plukkesekvensen produsert av optimaliseringsalgoritmen. Prosedyre-
ne som er implementert i RAPID kjgrer deretter roboten i det virtuelle robot-miljget, slik at
varene plukkes. Samme kode kan styre en ekte robot i et miljg som tilsvarer det simulerte.

Stasjonen kan ses i figur 3.4. Den bestar av seks elementer:
* En ABB IRB 4600-robot.
* Et vakuumverktgy montert pa roboten.
* En rad med to oppbevaringshyller.
* Varer som er plassert i hyllene.
* En kasse som roboten plasserer varer i.
» Et samleband som kasser transporteres pa.

Elementene 1 punktlisten forklares i de fglgende underkapitlene.

3.2.1 Hyller

I oppgaven blir hele hyller omtalt som “hyller” eller “hylleenheter”, og varenivaene som
“etasjer”. Hver hylleenhet har fire etasjer. Disse bestar av en kvadratisk metallramme, med
seks skilleplater som Igper fra forsiden til baksiden. Dette deler rammen inn i sju “spor”

som ulike varer kan plasseres i. Underlaget bestar av to metallstenger som gar i sporenes
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Figur 3.4: Stasjonen for plukking av varer. Inneholder roboten ABB IRB 4600 med montert
vakuumverktgy, hyllerad med vareutvalg, og transportband med kasse.

lengderetning. I den reelle hyllen inneholder stengene mekaniske “rullere” som stikker opp
fra stengenes apne toppflater. Siden etasjene er lett skrastilte, begynner disse a spinne nar
trykk pafgres ovenfra. Slik sgrger de for at varene i sporet flyttes frem nar de foran fjernes.

Metallstengene kan justeres i bredden for & tilpasses varenes dimensjoner.

Hylleraden har sitt eget arbeidsobjekt (koordinatsystem) som er plassert pa den nederste
etasjen til Hylle 1. Det star i et punkt som er “nede, og helt til venstre” pa hyllekantens
“innside”. Hyllekanten er frontpanelet som holder igjen varene. Flaten som spennes ut
av xy-planet faller sammen med nivaet som varene i etasjen star pa. x-aksen markerer
hyllebredde, y-aksen dybde, og z-aksen hgyde over den nedre etasjens flateniva. Etasjeflatene
har z-avstander pa 500 mm. Hvert spor har et punkt som representerer den spesifikke
hylleposisjonen. Dette er referansen som roboten benytter nar den skal plukke varen som er
spesifisert for posisjonen. Punktene er plassert langs arbeidsobjektets x-akse, og er sentrert
1 sporbredden. Orienteringene er lik arbeidsobjektets orientering. Varene plasseres slik at
de er midtstilte om punktenes y-akser. Hyllene, med etasjer og posisjoner, defineres i filen

ShelvingUnits, som er beskrevet i kapittel 3.1.1.
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Figur 3.5: Hylleetasje med arbeidsobjekt, punkter, og en vare. Koordinatsystem helt til
venstre i hyllen (til hgyre i bildet), med punkter i jevn avstand langs x-aksen.

3.2.2 Varer

Filen Items, beskrevet i 3.1.1, inneholder en rekke parametere knyttet til varene. Disse benyt-

tes 1 robotprogrammets plukkesekvenser. Parameterne beskrives i avsnittene under.
Name: Navnet til varen.

Position_abc: Navnet til hylleposisjonen til varen, der a er hyllen, b hylleetasjen, og c er
punktet 1 hylleetasjon. Selve posisjonen angis 1 filen ShelvingUnits, som er beskrevet i kapittel
3.1.1.

Dimension_X/Y/Z [mm]: Dette er tre parametere som beskriver avgrensningsboksens x-,
y-, og z-dimensjoner. En avgrensningsboks er en kuboide som akkurat er stor nok til a romme

varen. Dette illustreres i figur 3.6.

Figur 3.6: Illustrasjon av et egg med en avgrensningsboks.

Offset_X/Y/Z [mm]: Varens forflytning fra hyllepunktets (Position_abc) X, y-, og z-akser.

Arsaken til forflytningen kan for eksempel vere at varene er plassert i emballasje.
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PickingPoint_X/Y/Z [normalisert]: Disse tre parameterne er normaliserte verdier av di-
mensjonene Dimension_X/Y/Z og beskriver hvor pa, eller i, avgrensningsboksen varen skal

plukkes.

* Posisjonen langs hyllepunktets x-akse (PickingPoint_X) velges til en verdi mellom
-0,5 og 0,5, der fgrstnevnte verdi angir boksens venstre sideflate, og sistnevnte verdi

angir boksens hgyre sideflate.

* Posisjonen langs hyllepunktets y-akse (PickingPoint_Y) velges til en verdi mellom O
og 1, der fgrstnevnte verdi angir boksens fremre flate, og sistnevnte verdi angir boksens
bakre flate.

* Posisjonen langs hyllepunktets z-akse (PickingPoint_Z) velges til en verdi mellom 0
og 1, der fgrstnevnte verdi angir boksens bunnflate, og sistnevnte verdi angir boksens

toppflate.

4

Figur 3.7: Her er plukkepunktet satt til 0,3 for x-dimensjonen, 0 for y-dimensjonen, og 0,8
for z-dimensjonen. Varen plukkes da oppe, i hgyre hjgrne.

PickingAngle_X/Y/Z [°]: Disse tre parameterne bestemmer hvordan verktgyet skal orien-
teres nar en vare skal plukkes. De angir altsa verktgyets “angrepsvinkel”. Rotasjonen skjer
om et tenkt koordinatsystem, som befinner seg i verktgytuppens posisjon, og har samme
orientering som hylleetasjens arbeidsobjekt. Funksjonen RelTool, som beskrevet i kapittel
2.5.3, muliggjgr denne funksjonaliteten. Med tanke pa orienteringen til hyllepunktene, skjer

alle rotasjoner i motsatt retning av hgyrehandsregelen.

* Rotasjon x-aksen (PickingAngle_X) til det beskrevne koordinatsystemet. Intervallet
gar fra 0° til 90°.

* Rotasjon y-aksen (PickingAngle_Y) til det beskrevne koordinatsystemet. Intervallet
gar fra —90° til 90°.
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* Rotasjon z-aksen (PickingAngle_Z) til det beskrevne koordinatsystemet. Intervallet
gar fra —90° til 90°.

Dersom alle vinklene er satt til null, plukkes varene “rett forfra”. Verktgyet vil da sta vinkelrett

mot avgrensningsboksens fremre flate.

BN N

————— 3 V2N

Figur 3.8: Plukking av vare med en vinkel pa 45 grader om x-aksen til punktets koordinat-
system satt i verktgytuppen.

SearchDepth_Y [mm]: Parameter knyttet til sgkefunksjonen. Denne angir hvor dypt gripe-
ren skal sgke seg innover i1 hylla (langs hylleetasjens y-akse) dersom varen ikke detekteres i

forventet posisjon.

Gripper_a: Et tall a som angir hvilken griper verktgyet skal plukke varen med.

3.2.3 Verktgyet

Verktgyet er utviklet av RobotNorge i forbindelse med prosjektet, og finnes forelgpig kun i
form av en CAD-modell. Verktgyets monteringsflens befinner seg gverst pa en ellipseformet
metallskive. Nederst, pa den andre siden av skiven, stikker det ut en 150 mm lang sylinder.
En rektanguler metallramme pa 440 mm x 92 mm er sentrert og montert vinkelrett pa
sylinderens ende. Pa rammen er det festet tre kubiske griperarmer. Hver av disse ender i en
rekke med tre vakuumgripere. Griperne har innebygde dempningsmekanismer som skal sgrge
for “myk” kontakt mellom verktgyet og varene. Armene er 312 mm lange, og har prismatiske
ledd bygd inn i rammeverket. Dette gjgr det mulig a forlenge verktgyets rekkevidde med
omtrent 10 cm. Mekanismen er nyttig nar flere varer skal plukkes i en sesjon. Da skyves
armene ut ved plukking, og trekkes deretter tilbake. Slik er det mulig & unnga sammenstgt
mellom holdte varer og varer i hyllen eller hyllekanten. Den midterste armen har en ekstra
vakuumgriper som vender “nedover”, i stedet for “fremover”, slik som de andre griperne.

Denne skal brukes til hente ut tom emballasje fra hyllene. Verktgyet er vist i figur 3.9.
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Figur 3.9: Verktgyet som robotstasjonen benytter. Markerte sensorer kan ses som hvite
sylindere i de midterste sugekoppene pa armene, og i den nedovervendte sugekoppen.

Vakuumgripere benytter undertrykk til a holde fast gjenstander. Undertrykket skapes ved a
pumpe ut luft fra et delvis lukket system. Vakuumgripere bruker gjerne sugekopper utformet
1 fleksible materialer som forbindelsesledd til objektene. Ved undertrykk former disse seg
rundt gripeomradet. Da oppstar det et kraftig vakuum som sgrger for et godt grep. Det er
mulig a male (under)trykket i systemet, og pa den maten fastsla om et objekt er festet til

griperen, eller ikke.

Det er virkematen til vakuumgripere, og objektdeteksjonen, som er gnskelig & imitere i
RobotStudio. Verktgyet er definert som en smartkomponent, og benytter byggeblokkene
LineSensor, Attacher, Detacher, og LogicGate. LineSensor er en tynn sylinder som far en
logisk hgy verdi (1) nar den kommer i kontakt med andre gjenstander. Dersom den ikke
detekterer andre objekter, eller er deaktivert, har den en logisk lav verdi (0). Slike sensorer
er festet til den midterste sugekoppen pa hver arm, og den nedovervendte sugekoppen.
Sensorene er plassert inne i selve sugekoppdesignet, og stikker 2 mm opp fra de definerte
tuppene til griperne. Verktgyet ma altsa komme ganske nert for at en vare skal feste seg.

LineSensor har har tre formal i det simulerte verktgyet:
* For a feste en gjenstand til griperen, ma den fgrst detekteres av en sensor.

* En sensor kan aktiveres og deaktiveres for a imitere pd- og av-tilstandene til et va-
kuumsystem. Dersom sensoren er deaktivert, illustrerer dette at systemet av. Da vil
ingen gjenstander feste seg til griperen. Dersom sensoren er aktivert, illustrerer dette at

systemet er pa. Ved a benytte Attacher-blokken kan gjenstander da festes til griperen.

* En sensor med logisk hgy verdi kan imitere undertrykket som oppnas nar en griper

holder en vare. Dersom ingen vare detekteres, kan dette imitere det svake undertrykket
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som forbindes med en griper som er pa, men ikke holder en gjenstand. Den logiske

verdien forblir da lav. Det er et slikt scenario som kan aktivere sgkefunksjonen.

Logikken benytter altsa Attacher-blokken til a muliggjgre griping nar sensoren er aktivert.
Griperen og objektet far da et forelder/barn-forhold. Nar Detacher-blokken aktiveres dekob-
les objektet fra verktgyet. I henhold til logikken, skjer dette nar sensoren deaktiveres. Da
omformer LogicGate-blokken det lave signalet fra sensoren til et hgyt signal som aktiverer
Detacher-blokken. Dette tilsvarer a skru av pumpen til et reelt vakuumverktgy. Sammenkob-

lingen av de logiske blokkene vises i figur 3.10.

Det ble ikke funnet noen lgsning for hvordan mer enn en mekanisme kunne implementeres 1
et verktgy. Dette aspektet matte derfor ses bort fra. Et sammenstgt i det virtuelle miljget vil

derfor ikke ngdvendigvis reflektere et sammenstgt i en reell stasjon som benytter verktgyets

mekanismer.
Properties
Inputs N Outputs
diActivateVacuum_f1 &, Attacher_f1 doVacuumDetected_f1
Properties
& LineSensor_f1 Parent (Link_1_Mechanism) D—LogicGatajI [NOT] . Detacher_f1

Properties Flange (Gripper_f1)

Start ([-149,00 100,00 487,..)
End ([-149,00 100,00 497,..)
Radius (0,50 mm)

Properties
Operator (NOT)
Delay (0,05)
I/0 Signals
INPUIA ===~ -~ --z=+  Output
nputs -~

Properties
Ghild ()
KeepPosition (True)
IfO Signals
Execute ------» Executed

Child ()
Mount (False)
Offset ([0,00 0,00 0,00] mm)
SensedPart () Orientation ([0,00 0,00 0,00] deg)

SensedPoint ([0,00 0,00 0,00] mm) 1/ Signals
1/0 Signals Execute ---------» Executed

Active SensorOut

Figur 3.10: Smartkomponent-logikken til en av verktgyets gripere. Logikken til de andre
griperne er identisk med denne.

3.2.4 Transportband og kasse

Et transportband gar mellom hylleraden og roboten. Dette er kun et statisk objekt som de-
monstrerer plasseringen i stasjonen. I en eventuell utvidelse av programmet kan bevegelser
og automatisk kassegenerering implementers ved hjelp av mekanismer og smartkomponen-

ter.

Kassen er plassert pa transportbandet. Den star midt mellom roboten og hylleraden, altsa i en
passende posisjon for plukking av varer. Dette kan ses i figur 3.4. Kassens indre bunnmal er pa
549 mm x 347 mm, men blir noe videre mot toppen. Et kassekoordinatsystem er etablert i det
venstre bunnhjgrnet nermest roboten. Sett bort fra helningsvinkelen til hylleetasjene, har det

lik orientering som hyllenes arbeidsobjekter. Ett punkt er definert i kassens koordinatsystem.
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Dette er robotens avlastningsposisjon, som star 400 mm over kassebunnens senter, omtrent
6 cm hgyere enn hgyeste kassepunkt. Transportbandet, og kassen med koordinatsystem og

avlastningspunkt, vises i figur 3.11.

Figur 3.11: Kasse med koordinatsystem og avastningspunkt pa transportbandet.

3.2.5 Roboten

Roboten kommuniserer med verktgyet ved hjelp av inngangs- og utgangssignaler som er opp-
rettet i konfigurasjonsoppsettet. Robotens utgangssignaler brukes til & aktivere og deaktivere
sensoren til den gnskede griperen. Som beskrevet i kapittel 3.2.3, imiterer dette a skru pa og
av vakuumet til en reell griper. Utangssignalene er doActivateVacuum_f1, doActivateVacu-
um_f2, doActivateVacuum_f3, og doActivateVacuum_d. Disse aktiverer henholdsvis venstre,

midtre, hgyre, og nedre griper dersom verktgyet ses bakfra.

Robotens inngangssignaler brukes til a lese den gnskede sensorens logiske tilstand. Som
beskrevet i kapittel 3.2.3, imiterer dette a lese undertrykket i vakuumsystemet, som indikerer
om en vare er festet til griperen, eller ikke. Inngangssignalene er diVacuumDetected_f1, diVa-
cuumDetected_f2, diVacuumDetected_f3, og diVacuumDetected_d. Disse leser henholdsvis

venstre, midtre, hgyre, og nedre gripers tilstander dersom verktgyet ses bakfra.

Roboten styres av programmet beskrevet i kapittel 3.2.6.

3.2.6 Robotprogrammet

Roboten styres av RAPID-koden som er implementert 1 RobotStudio. Programmet skal sgrge
for bade trygg og effektiv plukking av varer. Det er delt opp i fire hovedoppgaver, som
beskrives i de fglgende avsnittene. Programmet benytter line&re instruksjoner (MoveL) for

alle bevegelser i programmet.
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Initialisering: Roboten returneres til startposisjonen, og bevegelsesfarten spesifiseres. Para-
metere settes for verktgyet og sgkefunksjonen. I tillegg sgrges det for at alle griperne er slatt

av.

Translasjoner og vareuthenting: Verktgyet beveges mellom varene med en fart som er
bestemt av den tregeste varen som holdes. Bevegelser uten varer er benytter en predefinert
fart. Roboten flytter gripertuppen til en posisjon foran varen. Avstanden til varen er bestemt
av to sikkerhetsvariabler i hylleradens y- og z-akser. Robotfarten blir sa satt til 400 mm/s fgr
roboten beveger verktgyet til plukkeposisjonen. Varen lgftes vinkelrett opp fra hylleflaten, og
flyttes sa ut av hyllen i negativ retning av hyllens y-akse. y-dimensjonen til varen tas med i
beregningen, slik at roboten flytter varen passelig langt ut fra hyllen. Farten blir sa skiftet
tilbake til den som er bestemt av varene som holdes, og prosessen gjentas pa nytt inntil alle

varene i sesjonen har blitt plukket.

Flytt varer til kassen: Nar alle varene i sesjonen har blitt plukket, flyttes de til kassens
slippunkt, med farten som er bestemt av de holdte varene. En sikkerhetsmekanisme sgrger
for at verktgyet ikke kolliderer med kassen, dersom den siste varen som ble plukket befant

seg i den nederste hylleetasjen.

Slipp varer i kassen: Nar roboten har flyttet varene til kassen, gjenstar det bare a slippe
dem 1 det definerte slippunktet. Roboten flytter griperne med varer til slippunktet i stigende
rekkefglge, altsa griper 1, griper 2, griper 3. Nar alle varene har blitt sluppet, er roboten klar

for en ny plukkesesjon.

Sgkefunksjonen

En sgkefunksjon har blitt opprettet for tilfeller der varene har blitt forflyttet fra sin tiltenkte
posisjon. Funksjonen har tre mulige tilstander: Av, Global, og Lokal. Dersom funsjonen ikke
skal brukes, settes variabelen ActivateSearchProgram til “Off”. Hvis den er satt til “On” er
programmet aktivt. Sgkedybden innover 1 hyllen kan bestemmes av en global eller en lokal
variabel. Den globale variablen setter sgkedybden lik for alle varer, mens den lokale benytter
dybdene som er satt i filen B_PickingParameters. Dette bestemmes ved a sette variablen
SelectSearchProgram til “Lokal” eller “Global”. Den globale sgkedybden settes i variabelen
GlobalSearchDepth_Y.

Sgkefunksjonen aktiveres dersom en vare ikke detekteres av roboten i den forventede plukke-

posisjonen. Verktgyet beveges da innover i hyllen, langs hyllekoordinatsystemets positive
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akse. Dersom griperen detekterer en vare, flytter roboten denne ut av hyllen, som en normalt
plukket vare. Dersom en vare ikke detekteres i lgpet av den spesifiserte sgkedybden, trekker

roboten seg ut av hyllen og fortsetter der den slapp.



Kapittel 4

EKSPERIMENTER OG RESULTATER

Dersom et verktgy med en griper benyttes, vil ikke det vare behov for noen logikk som tar
seg av plukkerekkefglgen, siden tiden teoretisk sett vil bli den samme uansett. Derfor blir
tidene som oppnas med en griper et naturlig sammenlikningsgrunnlag mot tidene som oppnas
ved bruk av mer enn en griper. I dette kapittelet har optimaliseringsalgoritmen blitt brukt til a
beregne de mest effektive varepartisjonene for (en), to, og tre gripere, for sa a simulere disse
1 RobotStudio. Vareutvalget er satt opp 1 en tilfeldig rekkefglge 1 hylleraden. Fra utvalget
har fire tilfeldige seleksjoner pa 4, 7, 10, og 11 varer blitt brukt til a teste algoritmens, og
robotprogrammets, gyldighet.

Hylleoppsett og vareutvalg

Hylleraden bestar av to hylleenheter som hver har fire etasjer med sju plasser. Det er altsa 28
plasser i hver hylle. Posisjonene nummereres pa abc-formatet, der a angir hyllen (1: venstre,
2: hgyre), b angir etasjen i hyllen (1-4), og ¢ angir posisjonen i etasjen (1-7), fra venstre
til hgyre. Pa grunn av kassens plassering, anses plassene 115-117 i venstre hylleenhet, og
plassene 211-213 i hgyre hylleenhet, for utligjengelige. Totalt er det derfor 50 tilgjengelige

plasser.

Til eksperimentene har det blitt opprettet 32 ulike varer med generiske navn. Hver vare har
fem attributter: Varenavn, vekt [g], dimensjoner for representativ avgrensningsboks (X, v,
z) [mm], anbelfalt forflytningsfart [mm/s], og posisjon i hyllen gitt 1 abc-formatet. Disse
kan ses i tabell 4.1. Varene har blitt satt opp 1 hylleraden i en tilfeldig rekkefglge, som ble
generert ved hjelp av en tilfeldig-liste-generator. Hylleoppsettet er illustrert i tabell 4.2, som
viser posisjonenes plasseringer langs x- og z-aksene til hylleradens koordinatsystem. Dette

befinner seg helt til venstre i Hylle 1, i planet til den nederste etasjen.
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Tabell 4.1: Oversikt over de 32 varene som har blitt brukt i ekperimentene, arrangert i

alfabetisert rekkefglge.

Vare ode) | Ve )| o[ Forl ot | e
Frokostblanding 1 (Fr1) 400 (220, 90, 280) 1650 236
Frokostblanding 2 (Fr2) 600 (250, 100, 320) 1500 215

Handoppvask (Han) 550 (80, 60, 190) 1700 142
Hermetikk 1 (Hel) 660 (80, 80, 110) 1300 235
Hermetikk 2 (He2) 920 (90, 90, 120) 1100 114
Hermetikk 3 (He3) 1510 | (100, 100, 140) 750 125
Kaffepose 1 (Kal) 250 (80, 60, 180) 2100 121
Kaffepose 2 (Ka2) 500 (90, 80, 200) 1900 216

Kakao (Kak) 270 (110, 60, 160) 1950 222

Kjeks (Kje) 230 (70, 50, 150) 1950 126

Knekkebrgd (Kne) 270 (190, 70, 140) 1600 137
Leverpostei (Lev) 250 (80, 50, 80) 2150 247
Matolje (Mat) 1050 (70, 70, 220) 1000 124

Nuddelpakke (Nud) 60 (110, 30, 120) 2500 136

Pasta 1 (Pal) 520 (130, 60, 160) 1600 127

Pasta 2 (Pa2) 410 (200, 80, 260) 1900 224

Potetgull 1 (Pol) 220 (170, 80, 220) 2050 232
Potetgull 2 (Po2) 280 (210, 100, 300) 1950 244
Potetmos (Pot) 100 (90, 30, 130) 2450 241

Risgrgt (Ris) 840 (120, 40, 200) 1150 143

Saft 1 (Sal) 1580 | (100, 100, 260) 700 131

Saft 2 (Sa2) 1140 (70, 70, 240) 950 227

Sauspakke (Sau) 130 (130, 30, 150) 2200 246
Sjampo (Sja) 350 (60, 40, 180) 1850 226
Sjokoladeplate (Sjo) 190 (260, 20, 70) 1800 146
Suppe (Sup) 1100 (120, 70, 230) 1000 233
Syltetgy 1 (Syl) 950 (100, 100, 150) 1050 134
Syltetgy 2 (Sy2) 620 (80, 80, 130) 1350 221
Tannkrem (Tan) 90 (50, 30, 150) 2400 111
Te (Te) 140 (150, 70, 120) 2250 237
Tgrkerull (Tgr) 300 (230, 240, 120) 1800 132
Vaskemiddel (Vas) 3050 (180, 90, 200) 400 122
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Tabell 4.2: Oppsettet der varene er plassert i hylleraden i1 henhold til en tilfeldig generert
varesekvens. Grgnne celler representerer tilgjengelige posisjoner, mens rgde celler repersen-
terer utilgjengelige celler. Cellene er utligjengelige pa grunn av kassens plassering. Kolonne-
og radmalene refererer henholdsvis til hylleposisjonenes x- og z-plasseringer i hyllekoordi-
natsystemet.

J Hylle 1 u Hylle 2
Mal [mm] 121,25 373,75 626,25 878,75 1131,25 1383,75 1636,25 1981,25 2233,75 2486,25 2738,75 2991,25 3243,75 3496,25
1500 Han | Ris Sjo Pot Po2 Sau | Lev
wo | Sal | Tgr Syl Nud | Kne Pol | Sup Hel | Fr1 | Te
soo | Kal | Vas Mat | He3 | Kje | Pal || Sy2 | Kak Pa2 Sja | Sa2
o | Tan He2 Fr2 | Ka2

4.1 Optimaliseringsalgoritme

Det er utfgrt fire eksperimenter med optimaliseringsalgoritmen. Her er fire tilfeldige selek-
sjoner, med henholdsvis fire, sju, 10, og 11 varer, genererte, og behandlet av programmet.
Resultatet er partisjonene som gir de raskeste translasjonstidene for seleksjonen, og er testet
for verktgyer med en, to, og tre gripere. Ved a legge til tidskonstanter for uthentingsfasen til
varene, og vareavleveringene til kassen, er det mulig a produsere et omtrentlig estimat for
plukketiden til seleksjonen. Ut i fra denne verdien kan syklustiden estimeres ved a dele pa
antall varer. Meningen med slike estimater er ikke a produsere ngyaktige anslag, men a gi
brukeren en fglelse for hva slags tider det kan veere mulig a oppna. Slike estimater estimeres

og presenteres 1 eksperimentene vist nedenfor.

Uthentings- og avleveringsfasene fglger faste prosedyrer og kan regnes for a vare konstanter.
Det virker som translasjonsfarten frem til uthentingen pavirker denne fasen. Den kan derfor
variere med noen fa tideler av et sekund. Uthentingsfasen males til et gjennomsnitt pa
omtrent 1,1 s, som legges til estimatet for hver plukkede vare. Avleveringsfasen er malt til
omtrent 1,2 s for en vare, 2,2 s for to varer, og 3,1 s for tre varer. Som en forenkling benyttes

gjennomsnittet, pa 1,1 s, som et tidspaslag for hver avleverte vare.

Tiden som tapes fordi roboten ikke kan akselerere til gnsket fart pa null tid, er ogsa en
parameter som burde tas hensyn til. Det antas at denne tiden utliknes av at roboten i de
fleste tilfeller ikke kjgrer helt frem til punktene, men svinger av mot neste mal, pa grunn av

soneparameteren, som er forklart i kapittel 2.5.2.
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4.1.1 Eksperiment 1: Seleksjon av fire tilfeldige varer

Vareseleksjon (4): Frokostblanding 2, Sjampo, Vaskemiddel, Handoppvask.

Tabell 4.3: Raskeste partisjoner ved bruk av en, to, og tre gripere for den gitte seleksjonen
pa fire varer. Totaltiden for translasjonene er gitt under griperantallet.

tran;;:;)lnsﬁd Optimale partisjoner for seleksjonen
Eg%?f:r [Frokostblanding 2], [Handoppvask], [Sjampo], [Vaskemiddel]
TO#S?;: . [Sjampo, Frokostblanding 2], [Handoppvask, Vaskemiddel]
Tre7i§)r7ig ire: [Sjampo, Frokostblanding 2], [Handoppvask, Vaskemiddel]

Antall unike partisjoner for en, to, og tre gripere nar vareantallet er fire, er henholdsvis 1,
10, og 14 partisjoner. For denne vareseleksjonen gir ikke tre gripere noen fordel over to
gripere, siden det mest effektive alternativet er a plukke to spesifikke sett med varer i to

sesjoner.

Tabell 4.4: Estimert syklustid for den gitte seleksjonen pa fire varer, ved bruk av en, to, og
tre gripere. Det antas at gjennomsnittstidene for uthenting av varer fra hyllene, og avlevering
av varer til boksen, henholdsvis er pa 1,1 s.

Antall Total Total Total Total Syklustid
gripere | translasjonstid | uthentingstid | avlastingstid | plukketid | seleksjon
1 9,334 s 18,1s 45s
2 7,078 s (4)-1,1s | (4)-1,1s | 159s | 40s
3 7,078 s 159 s 4,0s

4.1.2 Eksperiment 2: Seleksjon av sju tilfeldige varer

Vareseleksjon (7): Hermetikk 1, Pasta 2, Potetmos, Kaffepose 1, Hermetikk 3, Risgrot,
Kakao.

Antall unike partisjoner for en, to, og tre gripere nar vareantallet er sju, er henholdsvis 1, 232,

og 652 partisjoner.
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Tabell 4.5: Raskeste partisjoner ved bruk av en, to, og tre gripere for den gitte seleksjonen
pa fire varer. Totaltiden for translasjonene er gitt under griperantallet.

transg;f::ns tid Optimale partisjoner for seleksjonen
En griper: | [Hermetikk 1], [Hermetikk 3], [Kaffepose 1],
9,876 s [Kakao], [Pasta 2], [Potetmos], [Risgrgt]
To gripere: [Hermetikk 1, Pasta 2], [Hermetikk 3],
7,554 s [Kaffepose 1, Risgrot], [Potetmos, Kakao]
Tre gripere: [Potetmos, Hermetikk 1, Pasta 2],
6,374 s [Kaffepose 1, Risgrgt, Hermetikk 3], [Kakao]

Tabell 4.6: Estimert syklustid for den gitte seleksjonen pa sju varer, ved bruk av en, to, og
tre gripere. Det antas at gjennomsnittstidene for uthenting av varer fra hyllene, og avlevering
av varer til boksen, henholdsvis er pa 1,1 s.

Antall Total Total Total Total Syklustid
gripere | translasjonstid | uthentingstid | avlastingstid | plukketid | seleksjon
1 9,876 s 25,3 s 3,6s
2 7,554's (7)-1,1s | (7)-1,1s | 230s | 33s
3 6,374 s 21,8 s 3,1s

4.1.3 Eksperiment 3: Seleksjon av 10 tilfeldige varer

Vareseleksjon (10): Kaffepose 1, Nuddelpakke, Hermetikk 2, Potetgull 1, Handoppvask,
Saft 2, Sauspakke, Leverpostei, Pasta 1, Syltetgy 1.

Tabell 4.7: Raskeste partisjoner ved bruk av en, to, og tre gripere for den gitte seleksjonen
pa 10 varer. Totaltiden for translasjonene er gitt under griperantallet.

Total . . . .
translasjonstid Optimale partisjoner for seleksjonen
En griper: [Handoppvask], [Hermetikk 2], [Kaffepose 1],
15,133 s [Leverpostei], [Nuddelpakke], [Pasta 1],

[Potetgull 1], [Saft 2], [Sauspakke], [Syltetgy 1]

To gripere:
10,429 s

[Potetgull 1, Saft 2]

[Handoppvask, Syltetgy 1], [Kaffepose 1, Hermetikk 2],
[Leverpostei, Sauspakke], [Nuddelpakke, Pasta 1],

Tre gripere:
9,055 s

[Sauspakke, Leverpostei, Saft 2],
[Potetgull 1, Nuddelpakke, Pasta 1]

[Kaffepose 1, Handoppvask, Syltetgy 1], [Hermetikk 2],
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Antall unike partisjoner for en, to, og tre gripere nar vareantallet er 10, er henholdsvis 1,
9496, og 61136 partisjoner.

Tabell 4.8: Estimert syklustid for den gitte seleksjonen pa 10 varer, ved bruk av en, to, og tre
gripere. Det antas at gjennomsnittstidene for uthenting av varer fra hyllene, og avlevering av
varer til boksen, henholdsvis er pa 1,1 s.

Antall Total Total Total Total Syklustid
gripere | translasjonstid | uthentingstid | avlastingstid | plukketid | seleksjon
1 15,133 s 37,1s 3,7s
2 10,429 s | (10)-1,1s | (10)-1,1s | 324s | 32s
3 9,055 s 31,1s 3,1s

4.1.4 Eksperiment 4: Seleksjon av 11 tilfeldige varer

Vareseleksjon (11): Hermetikk 3, Syltetgy 2, Syltetgy 1, Leverpostei, Handoppvask, Potet-
gull 1, Sjokoladeplate, Vaskemiddel, Hermetikk 2, Te, Te.

Tabell 4.9: Raskeste partisjoner ved bruk av en, to, og tre gripere for den gitte seleksjonen
pa 10 varer. Totaltiden for translasjonene er gitt under griperantallet.

Total . . s .
translasjonstid Optimale partisjoner for seleksjonen
En griper: [Handoppvask], [Hermetikk 2], [Hermetikk 3],
19,198 s [Leverpostei], [Potetgull 1], [Sjokoladeplate],

[Syltetgy 1], [Syltetgy 2], [Te], [Te], [ Vaskemiddel]
To gripere: | [Handoppvask, Sjokoladeplate], [Hermetikk 2, Vaskemiddel],

13,713 s [Syltetgy 1, Hermetikk 3], [Leverpostei, Potetgull 1],
[Syltetgy 2], [Te, Te]
Tre gripere: [Sjokoladeplate, Handoppvask, Syltetgy 1],
11,114 s [Hermetikk 2, Vaskemiddel, Hermetikk 3],

[Leverpostei, Te, Te], [Potetgull 1, Syltetgy 2]

Antall unike partisjoner for en, to, og tre gripere nar vareantallet er 11, er henholdsvis 1,
20468, og 181492 partisjoner.
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Tabell 4.10: Estimert syklustid for den gitte seleksjonen pa 11 varer, ved bruk av en, to, og
tre gripere. Det antas at gjennomsnittstidene for uthenting av varer fra hyllene, og avlevering
av varer til boksen, henholdsvis er pa 1,1 s.

Antall Total Total Total Total Syklustid
gripere | translasjonstid | uthentingstid | avlastingstid | plukketid | seleksjon
1 19,198 s 434 s 39s
2 13,713s | (11)-1,1s | (11)-1,1s | 379s | 34s
3 11,114 s 35,3s 32s

4.2 Robotprogram

Eksperimentene i robotprogrammet gar ut pa a simulere og male tidene som optimaliserings-

algoritmen har estimert for seleksjonene av 4, 7, 10, og 11 varer.

4.2.1 Eksperiment 1: Seleksjon av fire tilfeldige varer

Vareseleksjon (4): Frokostblanding 2, Sjampo, Vaskemiddel, Handoppvask.

Tabell 4.11: Simulerte plukke- og syklustider for den gitte seleksjonen pa fire varer, med en,
to, og tre gripere. Estimerte tider er gjengitt som sammenlikningsgrunnlag. Grgnt og rgdt
markerer griperkonfigurasjonene som henholdsvis gir raskeste og tregeste simulerte plukke-
og syklustider.

Antall | Estimert | Simulert || Estimert | Simulert
gripere | plukketid | plukketid || syklustid | syklustid

1 18,1 s 17,8 s 45s 45 s
2 159 s 15,8 s 40s 40s
3 159 s 15,8 s 40s 40s

A26s | A20s AO0S5s | AOSs

4.2.2 Eksperiment 2: Seleksjon av sju tilfeldige varer

Vareseleksjon (7): Hermetikk 1, Pasta 2, Potetmos, Kaffepose 1, Hermetikk 3, Risgrgt,
Kakao.



4.2 Robotprogram 41

Tabell 4.12: Simulerte plukke- og syklustider for den gitte seleksjonen pa sju varer, med en,
to, og tre gripere. Estimerte tider er gjengitt som sammenlikningsgrunnlag. Grgnt og rgdt
markerer griperkonfigurasjonene som henholdsvis gir raskeste og tregeste simulerte plukke-

og syklustider.

Antall | Estimert | Simulert || Estimert | Simulert
gripere | plukketid | plukketid || syklustid | syklustid
1 25,3 s 246 s 3,6 35s
2 23.0s 22.2's 3,3s 32s
3 21,8 s 21,2 3,1s 30s

A35s A2,0s A0Ss | AOSs

4.2.3 Eksperiment 3: Seleksjon av 10 tilfeldige varer

Vareseleksjon (10): Kaffepose 1, Nuddelpakke, Hermetikk 2, Potetgull 1, Handoppvask,
Saft 2, Sauspakke, Leverpostei, Pasta 1, Syltetgy 1.

Tabell 4.13: Simulerte plukke- og syklustider for den gitte seleksjonen pa 10 varer, med en,
to, og tre gripere. Estimerte tider er gjengitt som sammenlikningsgrunnlag. Grgnt og rgdt
markerer griperkonfigurasjonene som henholdsvis gir raskeste og tregeste simulerte plukke-

og syklustider.

Antall | Estimert | Simulert || Estimert | Simulert
gripere | plukketid | plukketid || syklustid | syklustid
1 37,1s 38,0s 3,7s 3,8s
2 324s 31,6 s 3,2s 3,28
3 31,1s 32,6 3,1s 3,35

A6,0s A64s A06s | AOSs

I dette eksperimentet gav to gripere bedre syklustid enn tre gripere. Dette skyldes i stor grad
at roboten kom i narheten av et singularitetspunkt i simulasjonen med tre gripere. Dette gjgr
at roboten ikke klarer & opprettholde farten som er definert for translasjonen, og kan ses pa
som en tilfeldighet.

4.2.4 Eksperiment 4: Seleksjon av 11 tilfeldige varer

Vareseleksjon (11): Hermetikk 3, Syltetgy 2, Syltetgy 1, Leverpostei, Handoppvask, Potet-
gull 1, Sjokoladeplate, Vaskemiddel, Hermetikk 2, Te, Te.
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Tabell 4.14: Simulerte plukke- og syklustider for den gitte seleksjonen pa 11 varer, med en,
to, og tre gripere. Estimerte tider er gjengitt som sammenlikningsgrunnlag. Grgnt og rgdt
markerer griperkonfigurasjonene som henholdsvis gir raskeste og tregeste simulerte plukke-

og syklustider.

Antall | Estimert | Simulert || Estimert | Simulert
gripere | plukketid | plukketid || syklustid | syklustid
1 43,4 s 449 s 39s 4,1s
2 379 s 39,7 s 34s 3,6s
3 35,3s 36,6 s 3,2s 33s

A8,1s A83s A0, 7s | AOS8s




Kapittel 5

DISKUSJON

I dette kapittelet diskuteres resultatene av arbeidet som har blitt utfgrt i forbindelse med

oppgaven. I tillegg blir ideer til videre arbeid foreslatt.

5.1 Optimaliseringsalgoritmen

Optimaliseringsalgoritmen ble utviklet for a identifisere tidsbesparelsene som verktgyer
med mer enn en griper kan gi ved plukking av vilkarlige seleksjoner fra et kjent vareutvalg.
For a fa til dette ble det utviklet en algoritme som identifiserer alle mulige mater a plukke
en seleksjon pa, nar et verktgy med n antall gripere benyttes. Python-programmet som
implementerer algoritmen begrenser dette antallet til mellom en og fire i naverende tilstand.
Hver s@regne mate a plukke en seleksjon pa kalles en partisjon, siden denne deles inn i en
eller flere plukkesesjoner med varer. De totale translasjonstidene til partisjonene estimeres,

og den raskeste antas a identifisere den mest effektive plukkeruten for vareseleksjonen.

Translasjonstidene estimeres ved a dele de euklidske avstandene mellom varene, og mel-
lom varene og kassen, pa fartene knyttet til forflytningene. Algoritmen antar altsa at alle
bevegelser er lineare. Til tross for at kun linezre bevegelsesinstruksjoner benyttes i robotpro-
grammet, blir dette en forenkling av virkeligheten. Dette er fordi soneparameteren er satt
slik at roboten svinger av mot neste malpunkt fgr det aktuelle punktet faktisk nds. Dermed
sgrger robotprogrammet for at de faktiske avstandene blir noe kortere enn de estimerte. En
annen faktor som kan pavirke plukketiden er robotens akselerasjon og deakselerasjon til de
spesifiserte fartene. Dette vil ha en motsatt effekt pa tiden. Det antas at disse aspektene vil ha
en liknende effekt for alle robotbevegelser. Optimaliseringsalgoritmens viktigste oppgave er
a identifisere den raskeste partisjonen, ikke a gi en sa ngyaktig estimering av plukketiden

som mulig. Som en forenkling av algoritmen har derfor disse variablene blitt ignorerte.
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Uthentings- og avleveringsfasene er utelatt fra algoritmen av samme grunn: Fordi de har
predefinerte bevegelsesmgnstre og fart, ses de pa som konstanter og ikke variabler. I teorien
vil de derfor ikke ha noen pavirkning pa partisjonenes rangering. Dette er en sannhet med
modifikasjoner: Robotprogrammet tar hensyn til varenes dybder nar de hentes ut fra hyllenra-
den. Dette er altsa ikke en sann konstant. Ved maling av plukketider i RobotStudio viste det
seg at uthentingstidene kunne variere med to-tre tideler av et sekund. Dersom enkelte varer

plukkes med spesielle posisjoner og/eller vinkler, kan dette ogsa pavirke plukketiden.

5.1.1 Programmet

Programmet som implementerer algoritmen fungerer som tiltenkt: En seleksjon settes opp
pa listeformat, og antall gripere velges. Programmet produserer da en liste med alle mulige
partisjoner. Til slutt skrives den raskeste partisjonen ut, sammen med dens totale transla-
sjonstid. Programmet er ikke optimalisert med tanke pa antall ngdvendige kalkulasjoner. I
navarende tilstand utfgres det det derfor en rekke kalkulasjoner som gker beregningstiden.
Denne blir fort stor nar seleksjoner pa 10 eller flere varer velges. En seleksjon pa ni varer tar
noen sekunder & beregne med datamaskinen som er brukt i prosjektet, en Lenovo ThinkPad
E460. En seleksjon pa 11 varer tar derimot mer enn 20 minutter a beregne. Antall beregninger
gker altsa eksponensielt. Fordi en kasse potensielt kan romme langt mer enn ni varer, ma

programmet tidsoptimaliseres fgr det kan anses som funksjonelt.

5.1.2 Resultater

Estimatene som er produsert av programmet viser at to og tre gripere potensielt kan gi
betydelige tidsbesparelser 1 forhold til en griper. To gripere gir besparelser i forhold til en,
mens tre gripere gir besparelser i forhold til to. Resultatene ble oppnadd ved hjelp av estimater
produsert av optimaliseringsalgoritmen. I avsnittet under omtales de stgrste besparelsene,

som ble oppnadd ved bruk av tre gripere.

De totale besparelsene ble estimert til mellom 2,6 s og 8,1 s for de fire tilfeldige varese-
leksjonene i kapittel 4.1. Slike tider vil forbedre syklustiden med mellom 0,5 s og 0,7 s.
Estimerte syklustider for tre gripere ligger mellom 4,0 s og 3,1 s. Dette tilfredsstiller kravet
til en syklustid pa under fem sekunder. Dette gjgr forgvrig ogsa konfigurasjonene med en og
to gripere, men i noe mindre grad. Resultatene indikerer at syklustiden blir bedre ved stgrre

seleksjoner.
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5.1.3 Videre arbeid

Programoptimalisering

Den manglende optimaliseringen av programmet, som beskrevet i kapittel 5.1.1, er et viktig
arbeidspunkt dersom programmet skal kunne takle jevnt innkommende kundeordre. Et
grep som antageligvis vil gke ytelsen betraktelig er a begrense funksjonen som produserer
partisjonene. Partisjoner med inndelinger (sesjoner) som er lenger enn griperantallet blir
ikke benyttet av programmet, og er derfor overflgdige. Antall partisjoner gker svert raskt
ettersom seleksjonslengden gker. Nar hver mulige optimaliserte kombinasjon (permutasjon)
ma matches med en av disse for a danne en optimal partisjon, utfgres det svart mange

ungdvendige kalkulasjoner hvis seleksjonen er stor.

Lese- og skrivefunksjonalitet

Optimaliseringsprogrammet mangler den tiltenkte lese- og skrivefunksjonaliteten. Det vil si
at den ikke kan hente informasjon fra vare-, kasse-, og hyllefilene, eller skrive til module-filen
som RobotStudio leser for a plukke varer. Det har derfor blitt lagt inn en ordbok (“dictionary”)
med de ngdvendige vareparameterne, som leses av programmet. Overfgringen av parametere

til module-filen har blitt gjort manuelt under testingen av robotprogrammet.

Estimering av hele plukkeprosessen

A implementere kode for estimering av uthentings- og avleveringstider vil vare en fornuftlig
utvidelse av programmet. I sa fall vil hele hele plukkesekvensen vare ivaretatt av algoritmen.
En annen detalj som kan tas hensyn til er avstanden mellom griperne. Navarende algorit-
me beregner alle avstander fra den sentrale griperen. Ved a inkludere dette aspektet, kan

plukkelogikken bli enda smartere.

5.2 Robotprogrammet

Robotprogrammet simulerer plukking av tilfeldige vareseleksjoner fra en hyllerad med et

kjent vareutvalg. Programmet er delt opp i fire hovedoperasjoner: Initialisering av robot,



5.2 Robotprogrammet 46

uthenting av varer, flytting av varer til kasse, og avlevering av varer til kasse. Smartkompo-
nenter er brukt til & imitere oppfgrselen til reelle vakuumverktgyer. Funksjonaliteten gjgr at
griperne kan skrus av og pa, og detektere om varer er festet eller ikke. Globale variabler angir

sikkerhetsavstander som verktgyet tilnermer varene med. Disse kan enkelt endres pa.

Det er implementert funksjonalitet som gjgr det mulig a legge inn informasjon om ulike
verktgyer, og sa velge det som skal brukes ved a spesifisere en variabel. Det er ogsa utviklet
en prosedyre som instruerer roboten til a sgke seg innover i hylleraden, dersom en vare ikke
blir detektert i den forventede posisjonen. Denne kan skrus av eller pa med en variabel i
programmet. Programmet henter informasjon om varene som skal plukkes fra en RobotStudio

modul-fil (.mod), plassert i mappen til optimaliseringsprogrammet.

5.2.1 Sikkerhet

Programmet har visse utfordringer knyttet til sikkerhet. Det er implementert kode som hindrer
roboten fra a plukke varer for lavt, og dermed kollidere med hyllekanten. Derimot vil den
nedoverrettede griperen kunne kollidere med kanten dersom den sgker seg mer enn 11 cm
innover i hyllen, malt fra ytre hyllekant. Sgkefunksjonen burde derfor derfor settes til en verdi
som stopper roboten fgr dette skjer, med mindre operatgren er sikker pa at varen plukkes
hgyt nok til a omga kanten. Plukking med spesielle vinkler er ogsa en farekilde, og burde

simuleres fgr igangkjgring, slik at eventuelle kollisjoner kan identifiseres pa forhand.

Siden de utvidbare griperleddene ikke er simulert i RobotStudio, blir holdte varer presset inn
i hyllen nar andre varer skal plukkes. Dette kan man se bort fra — med mindre de grepede
varene er dypere enn forlengelsen pa omtrent 10 cm. Hyllekantens tykkelse er 3 cm. Dersom
varen henger langt ned fra griperen kan den derfor treffe kanten hvis den er mer enn 7 cm
dyp. Et annet problem som kan oppsta er at en plukket vare er sa bred at varer som plukkes
med andre gripere kolliderer med denne nar armen trekkes tilbake. En operatgr ma vere klar

over disse feilkildene dersom stasjonen skal igangskjgres.

5.2.2 Resultater

De simulerte plukkesekvensene er partisjonene som optimaliseringsprogrammet estimerte
fra de fire tilfeldige vareseleksjonene i kapittel 4.1. Sekvensene er simulerte med en, to, og

tre gripere. Resultatene er oppnadd ved a plukke en og en sesjon, for sa a summere tidene.



5.2 Robotprogrammet 47

Dette forventes a reflektere plukketidene til komplette simuleringer av plukkesekvensene
(partisjonene), siden roboten har korte stopp for hver avleverte vare. Begrunnelsen for dette
valget kan leses 1 kapittel ??. Hver sesjon vil derfor uansett starte i en statisk tilstand.
I avsnittet under presenteres de stgrste tidsbesparelsene som ble oppnadd, i forhold til

simuleringene med en griper.

De totale besparelsene ble simulert til mellom 2,0 s og 8,3 s for de fire vareseleksjonene.
Disse tidene vil forbedre syklustiden med mellom 0,5 s og 0,8 s. Simulerte syklustider for
et verktgy med tre gripere ligger mellom 4,0 s og 3,0 s. Dette tilfredsstiller kravet til en
syklustid pa under fem sekunder, noe ogsa de andre griperkonfigurasjonene gjgr i noe mindre

grad. Resultatene indikerer at syklustiden blir bedre ved stgrre seleksjoner.

I Eksperiment 3 oppnadde konfigurasjonen med to gripere den raskeste plukke- og syklustiden.
Dette skyldes at roboten kom i n@rheten av et singularitetspunkt i simuleringen med tre
gripere. Den klarte derfor ikke & opprettholde den spesifiserte farten for translasjonen. Derfor
ble konfigurasjonen med to gripere raskere. Fordi singularitetspunkter potensielt kan stoppe
et aktivt robotprogram, ma en lgsning utvikles for slike tilfeller. Instruksjonene MoveJ og

SingArea kan vere aktuelle 1gsninger pa dette problemet.

Fra de reaskeste plukkesekvensene ble det observert visse mgnstre for varene i sesjone-

ne:

» Varene plukkes som regel i en rekkefglge som er arrangert fra stgrste til minste
tilknyttede fart.

* Varene har ofte fart i en nogen lunde lik stgrrelsesorden.
* Varene er som regel i nerheten av hverandre.

» Roboten beveger seg ofte til varen som er lengst ute i hylleraden, og gar sa stegvis

n&ermere kassen.

5.2.3 Videre arbeid

Manglende funksjonalitet

Programmet fungerer som gnsket, men mangler fortsatt kode som gjgr programmet fullt
operasjonelt. Hovedsaklig mangler logikk som implementerer sekvensiell kjgring av plukke-

sesjoner. Det vil si at programmet pa dette tidspunktet bare kan kjgre en og en sesjon. Dette
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burde veare relativt greit a lgse ved hjelp av en for-lgkke i hovedprogrammet, og ekstra

variabler som muliggjgr lagring av informasjon for flere varer.

Loggfiler

Det hadde vert gnskelig a opprette et system som logget de plukkede varene i en tekstfil.
Dersom hylleraden skulle ga tom for en vare kan denne gi en oversikt over hvilke kasser som

ma etterfylles manuelt.

Eksperimenter med ulike vareoppsett

I et reelt oppsett vil det veere lurt & vurdere hvordan vareoppsettet skal se ut for a oppna den
laveste mulige syklustiden. Oppdragsgiveren har oversikt over hvilke varer det selges mye
av, og hvilke varer som er mindre populare. Ved a plassere de mest populare varene ner
kassen, kan syklustiden antageligvis forbedres. Eksperimentering med ulike vareoppsett kan

bekrefte om dette er sant eller ikke, og i sa fall hvor stor gevinst dette vil gi.



Kapittel 6

KONKLUSJON

Malet med oppgaven var a utvikle en metode som optimaliserer syklustiden for varepluk-
king med en ABB-robot som benytter et multigriper-verktgy. Oppgaven kan deles inn i
to hoveddeler: Utvikling av en algoritme som finner den raskeste plukkerekkefglgen for
vilkarlige vareseleksjoner, og konstruksjon av en stasjon i RobotStudio som implementerer

plukkefunksjonaliteten.

Optimaliseringen ble Igst ved a utvikle en algoritme som identifiserer kombinasjonen av
plukkesesjoner som gir den laveste totale translasjonstiden mellom varene i den valgte
seleksjonen. Disse kalles ogsa for partisjoner. Alle andre robotbevegelser har blitt tilneermet
som prosesser med konstante varigheter. Fordi disse ikke vil ha noe a si for rangeringen av

partisjonene, har de blitt utelatt fra algoritmen.

Algoritmen er implementert i form av et Python-program, og ble testet med fire tilfeldige
seleksjoner. Estimatene antyder at partisjonene gitt av algoritmen kan forbedre syklustiden
med inntil 0,7 s, dersom tre gripere benyttes i stedet for en. Med denne konfigurasjonen
ligger syklustidene til de estimerte partisjonene mellom 3,1 s og 4,0 s. Estimatene antyder

altsa at kravet pa 5,0 s kan nas med god margin.

Robotstasjonen ble simulert med de fire partisjonene som ble produsert av optimaliserings-
algoritmen. Simulasjonene viste at syklustiden kan forbedres med inntil 0,8 s, dersom tre
gripere benyttes i stedet for en. Med denne konfigurasjonen ligger syklustidene mellom 3,0 s

0g 4,0 s.

Resultatene viser at partisjonene som beregnes av optimaliseringsalgoritmen typisk vil forbed-
re syklustiden med omtrent 0,5 s, dersom tre gripere benyttes 1 stedet for en. Partisjonene gitt

av algoritmen tilfredsstiller kravet til syklustiden i alle eksperimentene som er utfgrt.
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OptimizationProgram/Boxes.txt

List of all boxes in CSV-format.



Box index,1



Box,Order,[Item_1_ID,Item_2_ID,...,Item_n_ID]



/DataStart

Kasse1,Ordre1,L1,L2,L3

Kasse2,Ordre2,L2,L3

Kasse3,Ordre3,L1,L3

/DataEnd




















OptimizationProgram/B_PickingParameters.mod

MODULE B_PickingParameters

    

    ! PROCEDURES. 

    PROC SetPickingParameters()



        ! The number of items that should be collected with the tool before placing them in the box (in a picking session). 

        NumberOfItems:=3;	! GJØRE OM TIL LISTE!! 

        

        ! Items to be picked. 

        Item_1_Name:="Nuddelpakke"; 

        Item_1_Position_abc:=Position_136_2; 

        Item_1_Velocity:=2500; 

        Item_1_Dimension_X:=110; 

        Item_1_Dimension_Y:=30; 

        Item_1_Dimension_Z:=120; 

        Item_1_Offset_X:=0;

        Item_1_Offset_Y:=0;

        Item_1_Offset_Z:=0;

        Item_1_PickingPoint_X:=0; 

        Item_1_PickingPoint_Y:=0; 

        Item_1_PickingPoint_Z:=0; 

        Item_1_PickingAngle_X:=0; 

        Item_1_PickingAngle_Y:=0; 

        Item_1_PickingAngle_Z:=0; 

        Item_1_SearchDepth_Y:=100; 

        Item_1_Gripper_a:=1; 

        

        Item_2_Name:="Knekkebrod"; 

        Item_2_Position_abc:=Position_137_2; 

        Item_2_Velocity:=1600; 

        Item_2_Dimension_X:=190; 

        Item_2_Dimension_Y:=70; 

        Item_2_Dimension_Z:=140; 

        Item_2_Offset_X:=0;

        Item_2_Offset_Y:=0;

        Item_2_Offset_Z:=0;

        Item_2_PickingPoint_X:=0; 

        Item_2_PickingPoint_Y:=0; 

        Item_2_PickingPoint_Z:=0; 

        Item_2_PickingAngle_X:=0; 

        Item_2_PickingAngle_Y:=0; 

        Item_2_PickingAngle_Z:=0; 

        Item_2_SearchDepth_Y:=100; 

        Item_2_Gripper_a:=2; 

        

        Item_3_Name:="Matolje"; 

        Item_3_Position_abc:=Position_124_2; 

        Item_3_Velocity:=1000; 

        Item_3_Dimension_X:=70; 

        Item_3_Dimension_Y:=70; 

        Item_3_Dimension_Z:=220; 

        Item_3_Offset_X:=0;

        Item_3_Offset_Y:=0;

        Item_3_Offset_Z:=0;

        Item_3_PickingPoint_X:=0; 

        Item_3_PickingPoint_Y:=0; 

        Item_3_PickingPoint_Z:=1; 

        Item_3_PickingAngle_X:=0; 

        Item_3_PickingAngle_Y:=0; 

        Item_3_PickingAngle_Z:=0; 

        Item_3_SearchDepth_Y:=100; 

        Item_3_Gripper_a:=3; 

        

        

        ! Sett med vinklede klosser. 

        Item_4_Name:="8 graders helning"; 

        Item_4_Position_abc:=Position_111;

        Item_4_Velocity:=500;  

        Item_4_Dimension_X:=50; 

        Item_4_Dimension_Y:=100; 

        Item_4_Dimension_Z:=64.05; 

        Item_4_Offset_X:=0;

        Item_4_Offset_Y:=0;

        Item_4_Offset_Z:=0;

        Item_4_PickingPoint_X:=0; 

        Item_4_PickingPoint_Y:=0; 

        Item_4_PickingPoint_Z:=1; 

        Item_4_PickingAngle_X:=0; 

        Item_4_PickingAngle_Y:=0; 

        Item_4_PickingAngle_Z:=0; 

        Item_4_SearchDepth_Y:=30; 

        Item_4_Gripper_a:=1; 



!        Item_5_Name:="4 graders helning"; 

!        Item_5_Position_abc:=Position_121;

!        Item_5_Velocity:=500;  

!        Item_5_Dimension_X:=50; 

!        Item_5_Dimension_Y:=100; 

!        Item_5_Dimension_Z:=56.99; 

!        Item_5_Offset_X:=0;

!        Item_5_Offset_Y:=0;

!        Item_5_Offset_Z:=0;

!        Item_5_PickingPoint_X:=0; 

!        Item_5_PickingPoint_Y:=0.5; 

!        Item_5_PickingPoint_Z:=0.94; 

!        Item_5_PickingAngle_X:=86; 

!        Item_5_PickingAngle_Y:=0; 

!        Item_5_PickingAngle_Z:=0; 

!        Item_5_SearchDepth_Y:=30; 

!        Item_5_Gripper_a:=2; 

!            

!        Item_6_Name:="1 grads helning"; 

!        Item_6_Position_abc:=Position_131; 

!        Item_6_Velocity:=500; 

!        Item_6_Dimension_X:=50; 

!        Item_6_Dimension_Y:=100; 

!        Item_6_Dimension_Z:=51.75; 

!        Item_6_Offset_X:=0;

!        Item_6_Offset_Y:=0;

!        Item_6_Offset_Z:=0;

!        Item_6_PickingPoint_X:=0; 

!        Item_6_PickingPoint_Y:=0.5; 

!        Item_6_PickingPoint_Z:=0.98; 

!        Item_6_PickingAngle_X:=89; 

!        Item_6_PickingAngle_Y:=0; 

!        Item_6_PickingAngle_Z:=0; 

!        Item_6_SearchDepth_Y:=30; 

!        Item_6_Gripper_a:=3; 

        

    ENDPROC

    

ENDMODULE






OptimizationProgram/EditItems.py

from decimal import Decimal



# Color codes used for messaging.

class bcolors:

    HEADER = '\033[95m'

    OKBLUE = '\033[94m'

    OKGREEN = '\033[92m'

    WARNING = '\033[93m'

    FAIL = '\033[91m'

    ENDC = '\033[0m'

    BOLD = '\033[1m'

    UNDERLINE = '\033[4m'





def InsertLineAtEnd(File, LineString):



    f = open(File, 'r')



    EndLine = 0

    FileContents = f.readlines()



    for i, line in enumerate(FileContents, 0):

        if line.strip() == "/DataEnd" or line.strip() == "/DataEnd\n" or line.strip() == "\n/DataEnd":

            EndLine = i

    f.close()



    FileContents.insert(EndLine, LineString + "\n")



    f = open(File, "w")

    FileContents = "".join(FileContents)

    f.write(FileContents)

    f.close()





#Item_x_Name : ="Sylinder";             PREDEFINED DATA (ItemData)      -> Input to algorithm (links to other item data?).

#Item_x_Position_ab : =Position_11;     PREDEFINED DATA (ShelfPositions)-> Input to algorithm.

#Item_x_Obstacle : =VenstreHyllekant_1; PREDEFINED DATA (RS)            -> Input to algorithm?

#Item_x_Placement_ab : =Placement_11;   PREDEFINED DATA (BoxPlacements) -> Output of algorithm.

#Item_x_Dimension_X : =50;              PREDEFINED DATA (ItemData)

#Item_x_Dimension_Y : =50;              PREDEFINED DATA (ItemData)

#Item_x_Dimension_Z : =30;              PREDEFINED DATA (ItemData)

#Item_x_PickingPoint_X : =0;            PREDEFINED DATA (ItemData)

#Item_x_PickingPoint_Y : =0.5;          PREDEFINED DATA (ItemData)

#Item_x_PickingPoint_Z : =1.0;          PREDEFINED DATA (ItemData)

#Item_x_PickingAngle_X : =90;           PREDEFINED DATA (ItemData)

#Item_x_PickingAngle_Y : =0;            PREDEFINED DATA (ItemData)

#Item_x_PickingAngle_Z : =-90;          PREDEFINED DATA (ItemData)

#Item_x_SearchDepth_Y : =30;            PREDEFINED DATA (ItemData)

#Item_x_Gripper_a : =1;                 DEFINED BY ALGORITHM            -> Output of algorithm.

#[Item order session]                   DEFINED BY ALGORITHM            -> Output of algorithm.



#OTHER PARAMETERS (used in optimization algorithm - not (yet?) implemented in RS)

#Item_x_ID                              PREDEFINED DATA (ItemData)      -> Input to algorithm (links to other item data?).

#Item_x_Weight                          PREDEFINED DATA (ItemData)      -> Input to algorithm.

#Item_x_Rigidity (?)                    PREDEFINED DATA (ItemData)      -> Input to algorithm.

#Item_x_TransportationVelocity          PREDEFINED DATA (ItemData)      -> Input to algorithm?





Path = 'C:\\Users\\Anders\\PycharmProjects\\OptimizationProgram'



print("Program 1: Add item to 'Items.txt'. "); print("Program 2: Delete item from 'Items.txt'. ")

Program = int(input("Select program: "))



if Program == 1:                        # Adds new item to file.



    # FUNCTIONS.

    # Function that prompts the user to set a string, and then returns it.

    def SetStringParameter(Prompt):

        # PARAMETERS.

        MaxLength = 30                  # Maximum number of characters allowed in returned string.



        for i in range(0, 100):

            string = input(Prompt)

            if len(string) <= MaxLength:

                print(bcolors.OKGREEN + "Parameter set. " + bcolors.ENDC)

                return string

            else:

                print(bcolors.FAIL + "String can't exceed 30 characters. Try again. " + bcolors.ENDC)



    # Function that prompts the user to set a decimal value between LowerLimit and UpperLimit values, and then returns it.

    def SetDecimalParameter(Prompt, LowerLimit = None, UpperLimit = None):

        # PARAMETERS.

        FractionalPrecision = 2         # Number of decimals after decimal point.



        for i in range(0, 100):

            try:

                decimal = Decimal(input(Prompt))

                if (LowerLimit is not None and UpperLimit is not None):

                    if decimal >= LowerLimit and decimal <= UpperLimit:

                        decimal = Decimal(format(decimal, ".{0}f".format(FractionalPrecision)))

                        print(bcolors.OKGREEN + "Parameter set. " + bcolors.ENDC)

                        return decimal

                    else:

                        print((bcolors.FAIL + "Parameter value must be between {0} and {1}. Try again. " + bcolors.ENDC)

                              .format(LowerLimit, UpperLimit))

                elif (LowerLimit is None and UpperLimit is None) or (LowerLimit is None and decimal <= UpperLimit) \

                        or (UpperLimit is None and decimal >= LowerLimit):

                    decimal = Decimal(format(decimal, ".{0}f".format(FractionalPrecision)))

                    print(bcolors.OKGREEN + "Parameter set. " + bcolors.ENDC)

                    return decimal

            except:

                print(bcolors.FAIL + "Input must be of the type 'decimal'. Try again. " + bcolors.ENDC)





    # Function that prompts the user to set an integer value between LowerLimit and UpperLimit values, and then returns it.

    def SetIntegerParameter(Prompt, LowerLimit = None, UpperLimit = None):

        for i in range(0, 100):

            try:

                integer = int(input(Prompt))

                if (LowerLimit is not None and UpperLimit is not None):

                    if integer >= LowerLimit and integer <= UpperLimit:

                        print(bcolors.OKGREEN + "Parameter set. " + bcolors.ENDC)

                        return integer

                    else:

                        print((bcolors.FAIL + "Parameter value must be between {0} and {1}. Try again. " + bcolors.ENDC)

                              .format(LowerLimit, UpperLimit))

                elif (LowerLimit is None and UpperLimit is None) or (LowerLimit is None and integer <= UpperLimit) \

                        or (UpperLimit is None and integer >= LowerLimit):

                    print(bcolors.OKGREEN + "Parameter set. " + bcolors.ENDC)

                    return integer

            except:

                print(bcolors.FAIL + "Input must be of the type 'integer'. Try again. " + bcolors.ENDC)





    # SETS INPUT DATA OF A NEW ITEM.

    ID = SetStringParameter("Item ID: ")

    Name = SetStringParameter("Item name: ")

    Weight = SetDecimalParameter("Item weight [g]: ", 0, 20000)

    Rigidity = SetIntegerParameter("Item rigidity [Category?]: ", 0, 10)

    # Lage en funksjon her som gjør at bare strings lik de i 'ShelfPositions' kan brukes: <---

    # If [abs(Position_ab[X] - Position_(a - 1)b[X]) or abs(Position_ab[X] - Position_(a + 1)b[X])] < MinPosProximity, GIVE WARNING? <---

    Position_ab = SetStringParameter("Item shelf position [Position_ab]: ")

    TransferVelocity = SetIntegerParameter("Item recommended transfer velocity [RS TCP velocity (mm/s)]: ", 0, 5000)

    Dimension_X = SetDecimalParameter("Item X-axis dimension [mm]: ", 0, 2000)

    Dimension_Y = SetDecimalParameter("Item Y-axis dimension [mm]: ", 0, 2000)

    Dimension_Z = SetDecimalParameter("Item Z-axis dimension [mm]: ", 0, 2000)

    Offset_X = SetDecimalParameter("Item X-axis offset [mm]: ", -500, 500)

    Offset_Y = SetDecimalParameter("Item Y-axis offset [mm]: ", 0, 500)

    Offset_Z = SetDecimalParameter("Item Z-axis offset [mm]: ", 0, 500)



    # Set a picking point [normalized values] along the X-, Y-, and Z-axes of the item. A warning will be given if the

    # picking point is set inside the bounding box of the item.



    PickingPoint_X = 0      # Default value.

    PickingPoint_Y = 0      # Default value.

    PickingPoint_Z = 1      # Default value.



    for i in range(0, 100):



        PickingPoint_X = SetDecimalParameter("Item X-axis picking point [normalized]: ", -0.5, 0.5)

        PickingPoint_Y = SetDecimalParameter("Item Y-axis picking point [normalized]: ", 0, 1)

        PickingPoint_Z = SetDecimalParameter("Item Z-axis picking point [normalized]: ", 0, 1)



        AcceptReplace = 'A'

        if PickingPoint_Z < 1 and PickingPoint_Y > 0:

            for j in range(0, 100):

                AcceptReplace = input(bcolors.WARNING + "Picking point inside item bounding box. Type 'A' to accept "

                                                        "the point, or 'R' to replace it: " + bcolors.ENDC)

                if (AcceptReplace == 'A') or (AcceptReplace == 'R'):

                    break

                else:

                    print(bcolors.FAIL + "Inserted value must be 'A' or 'R'. " + bcolors.ENDC)

        if AcceptReplace == 'A': break



    # GIVE WARNING IF USER SETS AWKWARD ANGLE WITH REGARDS TO ITEM DIMENSIONS AND OFFSETS? <---

    PickingAngle_X = SetDecimalParameter("Item X-axis picking angle [degrees]: ", 0, 90)

    PickingAngle_Y = SetDecimalParameter("Item Y-axis picking angle [degrees]: ", -90, 90)

    PickingAngle_Z = SetDecimalParameter("Item Z-axis picking angle [degrees]: ", -90, 90)

    SearchDepth_Y = SetDecimalParameter("Item Y-axis search depth [mm]: ", -50, 500)





    # ADDS DATA TO FILE.

    # Adds a new line representing a new item that contains the parameters set above comma separated in 'Items.txt'.

#    with open('Items.txt', 'r') as File:



    Parameters = ("{0},{1},{2},{3},{4},{5},{6},{7},{8},{9},{10},{11},{12},{13},{14},{15},{16},{17},{18}".format

                  (ID, Name, Weight, Rigidity, Position_ab, TransferVelocity, Dimension_X, Dimension_Y, Dimension_Z,

                  Offset_X, Offset_Y, Offset_Z, PickingPoint_X, PickingPoint_Y, PickingPoint_Z, PickingAngle_X,

                  PickingAngle_Y, PickingAngle_Z, SearchDepth_Y))



    InsertLineAtEnd('Items.txt', Parameters)





#        File.write("\n{0},{1},{2},{3},{4},{5},{6},{7},{8},{9},{10},{11},{12},{13},{14},{15},{16},{17},{18}".format

#                   (ID, Name, Weight, Rigidity, Position_ab, TransferVelocity, Dimension_X, Dimension_Y, Dimension_Z,

#                    Offset_X, Offset_Y, Offset_Z, PickingPoint_X, PickingPoint_Y, PickingPoint_Z, PickingAngle_X,

#                    PickingAngle_Y, PickingAngle_Z, SearchDepth_Y))





elif Program == 2:        # Deletes an item from file.

    print("Delete selected item from file. No code yet. ")










OptimizationProgram/EditShelvingUnits.py

from decimal import Decimal



# Color codes used for messaging.

class bcolors:

    HEADER = '\033[95m'

    OKBLUE = '\033[94m'

    OKGREEN = '\033[92m'

    WARNING = '\033[93m'

    FAIL = '\033[91m'

    ENDC = '\033[0m'

    BOLD = '\033[1m'

    UNDERLINE = '\033[4m'



# CLASSES.



#class Employee:

#    pass

#

#john = Employee()  # Create an empty employee record

#

## Fill the fields of the record

#john.name = 'John Doe'

#john.dept = 'computer lab'

#john.salary = 1000



#class Level:

#    pass

#

#class Position:

#    pass

#

#class ShelvingUnit:

#    pass

#

#ShelvingUnit_1 = ShelvingUnit()

##Level_1 = Level()

#

## Fill the fields of the record

#ShelvingUnit_1.Name = 'Hermetikkhylla'

#ShelvingUnit_1.Level[0].Position[0] = 12







class Attribute(object):

    pass



class MyClass(object):

    def __init__(self):

        self.attribute1 = Attribute()



variable = MyClass()

variable.attribute1.attribute2 = 5





class Name(object):

    pass



class Level(object):

    pass



class Position(object):

    pass



class ShelvingUnit(object):

    def __init__(self):

        self.Name = Name()

        self.Level = Level()

        self.Level.Position = Position()



variable = ShelvingUnit()

#variable.Level.Position = 5















#class ShelfModule:

#

#    kind = 'canine'         # class variable shared by all instances

#

#    def __init__(self, ModuleName):

#        self.ModuleName = ModuleName    # instance variable unique to each instance

#    def __init__(self, Level):

#        self.Level = Level    # instance variable unique to each instance

#

#>>> d = Dog('Fido')

#>>> e = Dog('Buddy')

#>>> d.kind                  # shared by all dogs

#'canine'

#>>> e.kind                  # shared by all dogs

#'canine'

#>>> d.name                  # unique to d

#'Fido'

#>>> e.name                  # unique to e

#'Buddy'







# FUNCTIONS.

# Function that prompts the user to set an integer value between LowerLimit and UpperLimit values, and then returns it.

def SetIntegerParameter(Prompt, LowerLimit = None, UpperLimit = None):

    for i in range(0, 100):

        try:

            integer = int(input(Prompt))

            if (LowerLimit is not None and UpperLimit is not None):

                if integer >= LowerLimit and integer <= UpperLimit:

                    print(bcolors.OKGREEN + "Parameter set. " + bcolors.ENDC)

                    return integer

                else:

                    print((bcolors.FAIL + "Parameter value must be between {0} and {1}. Try again. " + bcolors.ENDC)

                            .format(LowerLimit, UpperLimit))

            elif (LowerLimit is None and UpperLimit is None) or (LowerLimit is None and integer <= UpperLimit) \

                    or (UpperLimit is None and integer >= LowerLimit):

                print(bcolors.OKGREEN + "Parameter set. " + bcolors.ENDC)

                return integer

        except:

            print(bcolors.FAIL + "Input must be of the type 'integer'. Try again. " + bcolors.ENDC)





print("Program 1: Add shelf module to 'Shelves.txt'. "); print("Program 2: Delete shelf module from 'Shelves.txt'. ")

print("Program 3: Add position to select shelf module. "); print("Program 4: Delete position from select shelf module. ")

Program = int(input("Select program: "))



if Program == 1:        # Adds a shelf module to file.



    ShelfModule_1 = ShelfModule('')

    Shelves = SetIntegerParameter("Number of shelves in shelf module ", 0, 10)













## ADDS DATA TO FILE.

## Adds a new line representing a new item that contains the parameters set above comma separated in 'ItemList.txt'.

#with open('ItemList.txt', 'a') as File:

#    File.write("\n{0},{1},{2},{3},{4},{5},{6},{7},{8},{9},{10},{11},{12},{13},{14},{15},{16},{17},{18}".format

#               (ID, Name, Weight, Rigidity, Position_ab, TransferVelocity, Dimension_X, Dimension_Y, Dimension_Z,

#                Offset_X, Offset_Y, Offset_Z, PickingPoint_X, PickingPoint_Y, PickingPoint_Z, PickingAngle_X,

#                PickingAngle_Y, PickingAngle_Z, SearchDepth_Y))

#    # ADD FUNCTIONALITY SO THAT HYPOTHETICAL EMPTY LINES AFTER LAST LINE WITH ITEM DATA IS IGNORED?












OptimizationProgram/GetBoxItems.py

import csv



def UpdateBoxIndex(File, BoxIndex, EndMarker):



    g = open(File, 'r')



    OldString = "Box index,{0}\n".format(BoxIndex)



    if EndMarker == 0:

        NewString = "Box index,0\n"

        print("End of list: No more boxes to fill. ")

    else:

        NewString = "Box index,{0}\n".format(int(BoxIndex) + 1)



#    g = open(File, 'r')



    ReplaceLine = 0

    FileContents = g.readlines()



    # Identifies the line in the file that contains the box index, so that an updated string can replace it.

    for i, line in enumerate(FileContents, 0):

        if "Box index," in line:

            ReplaceLine = i

    g.close()



    FileContents.remove(OldString)                  # Removes string with box index of the previous box.

    FileContents.insert(ReplaceLine, NewString)     # Adds string with box index of the current box.



    g = open(File, "w")

    FileContents = "".join(FileContents)

    g.write(FileContents)

    g.close()





# GET BOX ITEMS.

BoxIndex = 1                    # Variable holding the box index of the box to be filled.

ItemIDs = []                    # List that gets the item IDs of the items to be placed in the box.



# Reads the stored box index in 'Boxes.txt' to 'BoxIndex'.

with open('Boxes.txt', 'r') as f:



    reader = csv.reader(f, delimiter=",")



    for row in reader:

        try:

            if "Box index" in row[0]:

                BoxIndex = row[1]

                break

        except:

            pass



ReadData = 0



# Extracts item IDs from the stored box index in 'Boxes.txt' to the list 'ItemIDs'.

with open('Boxes.txt', 'r') as f:



    reader = csv.reader(f, delimiter=",")



    for row in reader:

        try:

            # If line index of current box; extract box items to the list 'ItemIDs'.

            if row[0] == BoxIndex and ReadData == 1:

                for i in range(3, len(row)):

                    ItemIDs.append(row[i])

                print("ItemIDs: "); print(ItemIDs)

                break

            # If '/DataStart' in file; start searching data field for current box index.

            elif "/DataStart" in row[0] or "/DataStart\n" in row[0] or "\n/DataStart" in row[0]:

                ReadData = 1

            # If '/DataEnd' in file; stop searching data field for current box index.

            elif "/DataEnd" in row[0] or "/DataEnd\n" in row[0] or "\n/DataEnd" in row[0]:

                ReadData = 0

#                print("End of list: No more boxes to fill at the moment. ")

                break

            # Otherwise; do nothing.

            else:

                pass

        except:

            pass



UpdateBoxIndex('Boxes.txt', BoxIndex, ReadData)










OptimizationProgram/GetItemParameters.py

import GetBoxItems



#print(GetBoxItems.ItemIDs)






OptimizationProgram/Items.txt

List of all items in CSV-format.



ID,Name,Weight,Rigidity,Position_abc,TransferVelocity,Dimension_X,Dimension_Y,Dimension_Z,Offset_X,Offset_Y,Offset_Z,PickingPoint_X,PickingPoint_Y,PickingPoint_Z,PickingAngle_X,PickingAngle_Y,PickingAngle_Z,SearchDepth_Y



/DataStart

L1,Sylinder,100,2,Position_111,500,50,50,30,0.00,0.00,0.00,0.00,0.50,1.00,90.00,0.00,0.00,30.00

L2,Kube med snitt,200,3,Position_112,450,40,80,80,0.00,0.00,0.00,0.00,0.25,0.75,45.00,0.00,0.00,30.00

L3,Kube,250,3,Position_113,200,50,50,120,0.00,0.00,0.00,0.00,0.00,0.50,0.00,0.00,0.00,60.00

L4,8 grader,Position_211,350,50,100,64.05,0.00,0.00,0.00,0.00,0.50,0.89,82.00,0.00,0.00,50.00

L5,4 grader,Position_212,350,50,100,56.99,0.00,0.00,0.00,0.00,0.50,0.94,86.00,0.00,0.00,50.00

L6,1 grad,Position_213,350,50.00,100.00,51.75,0.00,0.00,0.00,0.00,0.50,0.98,89.00,0.00,0.00,50.00

/DataEnd










OptimizationProgram/OptAl.py

import math

from decimal import Decimal

#from itertools import product

from itertools import combinations

from sympy.utilities.iterables import multiset_partitions

from collections import Counter





# Dictionary of all items, and their values.

# 'Item name': [Item position X (mm), Item position Y (mm), Item position Z (mm), Item velocity (mm/s)]



# ITEM LIST.

ItemList = {'Box': [1806.40, -573.64, 321.34, 2500],

            'Frokostblanding_1': [3243.75, 0, 1000, 1650],

            'Frokostblanding_2': [2991.25, 0, 0, 1500],

            'Handoppvask': [373.75, 0, 1500, 1700],

            'Hermetikk_1': [2991.25, 0, 1000, 1300],

            'Hermetikk_2': [878.75, 0, 0, 1100],

            'Hermetikk_3': [1131.25, 0, 500, 750],

            'Kaffepose_1': [121.25, 0, 500, 2100],

            'Kaffepose_2': [3243.75, 0, 0, 1900],

            'Kakao': [2233.75, 0, 500, 1950],

            'Kjeks': [1383.75, 0, 500, 1950],

            'Knekkebrod': [1636.25, 0, 1000, 1600],

            'Leverpostei': [3496.25, 0, 1500, 2150],

            'Matolje': [878.75, 0, 500, 1000],

            'Nuddelpakke': [1383.75, 0, 1000, 2500],

            'Pasta_1': [1636.25, 0, 500, 1600],

            'Pasta_2': [2738.75, 0, 500, 1900],

            'Potetgull_1': [2233.75, 0, 1000, 2050],

            'Potetgull_2': [2738.75, 0, 1500, 1950],

            'Potetmos': [1981.25, 0, 1500, 2450],

            'Risgrot': [626.25, 0, 1500, 1150],

            'Saft_1': [121.25, 0, 1000, 700],

            'Saft_2': [3496.25, 0, 500, 950],

            'Sauspakke': [3243.75, 0, 1500, 2200],

            'Sjampo': [3243.75, 0, 500, 1850],

            'Sjokoladeplate': [1383.75, 0, 1500, 1800],

            'Suppe': [2486.25, 0, 1000, 1000],

            'Syltetoy_1': [878.75, 0, 1000, 1050],

            'Syltetoy_2': [1981.25, 0, 500, 1350],

            'Tannkrem': [121.25, 0, 0, 2400],

            'Te': [3496.25, 0, 1000, 2250],

            'Torkerull': [373.75, 0, 1000, 1800],

            'Vaskemiddel': [373.75, 0, 500, 400],

            }







########################################################################################################################

# From ItemList, choose the item selection to be picked for the box and set it up in a list called 'ItemSelection'.

# Set number of grippers that the tool will use with 'NumberOfGrippers'.

# Set number of decimals after decimal point with 'FractionalPrecision'.

########################################################################################################################

ItemSelection = ["Frokostblanding_2", "Sjampo", "Vaskemiddel", "Handoppvask"]

#ItemSelection = ["Hermetikk_1", "Pasta_2", "Potetmos", "Kaffepose_1", "Hermetikk_3", "Risgrot", "Kakao"]

#ItemSelection = ["Kaffepose_1", "Nuddelpakke", "Hermetikk_2", "Potetgull_1", "Handoppvask", "Saft_2", "Sauspakke",

#                 "Leverpostei", "Pasta_1", "Syltetoy_1"]

#ItemSelection = ['Hermetikk_3', 'Syltetoy_2', 'Syltetoy_1', 'Leverpostei', 'Handoppvask', 'Potetgull_1',

#                 'Sjokoladeplate', 'Vaskemiddel', 'Hermetikk_2', 'Te', 'Te']

#ItemSelection = ['Hermetikk_3', 'Syltetoy_2', 'Syltetoy_1', 'Leverpostei', 'Handoppvask', 'Potetgull_1',

#                 'Sjokoladeplate', 'Vaskemiddel', 'Hermetikk_2', 'Te']

#ItemSelection = ["", "", "", "", "", "", "", "", "", "", "", "", "", "", "", ""]

NumberOfGrippers = 3

FractionalPrecision = 3

########################################################################################################################







# FUNCTIONS

# Returns the euclidean distance [mm] between the shelf positions of Item a and Item b.

def PositionDistance(Item_a, Item_b):

    Delta_X = (Item_a[0] - Item_b[0]); Delta_Y = (Item_a[1] - Item_b[1]); Delta_Z = (Item_a[2] - Item_b[2])

    EuclideanDistance = math.sqrt(math.pow(Delta_X, 2) + math.pow(Delta_Y, 2) + math.pow(Delta_Z, 2))



    return EuclideanDistance





# Returns the total travel time (s) of movements between the box and an item, and between items.

def TotalTransportTime(Item_a = None, Item_b = None, Item_c = None, Item_d = None):



    TotalTime = 0

    TransportTimes = [0, 0, 0, 0, 0]                        # Stores the estimated travel time of each distance.

    Items = [ItemList['Box'], Item_a, Item_b, Item_c, Item_d, ItemList['Box']]      # The order of movement.



    # Sets for-loop length: Makes sure transport times are only estimated for the number of input items in function input arguments:

    if   not Item_a:    RangeEnd = 1; Items[1] = ItemList['Box']    # If no items.

    elif not Item_b:    RangeEnd = 2; Items[2] = ItemList['Box']    # If one item.

    elif not Item_c:    RangeEnd = 3; Items[3] = ItemList['Box']    # If two items.

    elif not Item_d:    RangeEnd = 4; Items[4] = ItemList['Box']    # If three items.

    else:               RangeEnd = 5; Items[5] = ItemList['Box']    # If four items.



    for i in range(0, RangeEnd):

        # Extracts item names for output presentation:

        ItemNameFrom = [k for k, v in locals().items() if v is Items[i]]    # Gets item name of 'From'-item.

        if not ItemNameFrom: ItemNameFrom = ['Box']

        ItemNameTo = [k for k, v in locals().items() if v is Items[i + 1]]  # Gets item name of 'To'-item.

        if not ItemNameTo: ItemNameTo = ['Box']

        #print("Distance {0}: {1} -> {2}".format(i + 1, ItemNameFrom, ItemNameTo))



        From = Items[i][0:3];           #print("From:",From)

        To = Items[i + 1][0:3];         #print("To:",To)

        if i == 0:

            TCPVelocity = Items[i][3];  #print("TCP velocity:", TCPVelocity)

        elif (i != 0) and (Items[i][3] < TCPVelocity):

            TCPVelocity = Items[i][3];  #print("TCP velocity:", TCPVelocity)

        else: None

            #print("TCP velocity:", TCPVelocity)



        # Calculates estimated travel times for distances between items, including the box.

        TransportTime = PositionDistance(From, To)/TCPVelocity

        TransportTimes[i] = Decimal(format(TransportTime, ".{0}f".format(FractionalPrecision)))

        #print("Transport time: {0} s\n".format(TransportTimes[i]))

        TotalTime += TransportTimes[i]



    #print("Distances 1 to {0}:".format(RangeEnd))

    #print("Transport times {0} -> {0}: {1} s".format(ItemNameTo, TotalTime))



    return TotalTime





# Generates all possible, also non-unique, permutations for the elements in the of input list.

#def Heap(n, ListToPermute):         # n: Number of items in 'ListToPermute'-list.

#    if n == 1: yield ListToPermute

#    else:

#        for i in range(n - 1):

#            for hp in Heap(n - 1, ListToPermute): yield hp

#            j = 0 if (n % 2) == 1 else i

#            ListToPermute[j], ListToPermute[n - 1] = ListToPermute[n - 1], ListToPermute[j]

#        for hp in Heap(n - 1, ListToPermute): yield hp





########################################################################################################################



# Code section for 'perm_unique_helper', which generates all possible, unique permutations for the elements in the of input list.



class unique_element:

    def __init__(self, value, occurrences):

        self.value = value

        self.occurrences = occurrences





def perm_unique(elements):

    eset = set(elements)

    listunique = [unique_element(i, elements.count(i)) for i in eset]

    u = len(elements)

    return perm_unique_helper(listunique, [0] * u, u - 1)





def perm_unique_helper(listunique, result_list, d):

    if d < 0:

        yield tuple(result_list)

    else:

        for i in listunique:

            if i.occurrences > 0:

                result_list[d] = i.value

                i.occurrences -= 1

                for g in perm_unique_helper(listunique, result_list, d - 1):

                    yield g

                i.occurrences += 1



########################################################################################################################



# Identifies the permutation with the shortest total traveling time between the box and items, and between items.

def FastestPermutation(ItemCombination):



    Permutations = list(perm_unique(ItemCombination))     # Stores all permutations in a list.



#    print("Permutations:", Permutations, "\n")



    PermutationCounter = 0

    FastestTime = 10000000000       # A random time that will always be larger than the time generated by 'TotalTransportTime'.

    FastestPermutation = []

    PermutationNumber = 0



    for i in Permutations:

        PermutationCounter = PermutationCounter + 1

        #print("Permutation {0}:".format(PermutationCounter), i)



        if   len(ItemCombination) == 0:

            TransTime = TotalTransportTime()

            if TransTime < FastestTime: FastestTime = TransTime; FastestPermutation = i; PermutationNumber = PermutationCounter

            #print("    Total transport time:", TransTime)

        elif len(ItemCombination) == 1:

            TransTime = TotalTransportTime(ItemList[i[0]])

            if TransTime < FastestTime: FastestTime = TransTime; FastestPermutation = i; PermutationNumber = PermutationCounter

            #print("    Total transport time:", TransTime)

        elif len(ItemCombination) == 2:

            TransTime = TotalTransportTime(ItemList[i[0]], ItemList[i[1]])

            if TransTime < FastestTime: FastestTime = TransTime; FastestPermutation = i; PermutationNumber = PermutationCounter

            #print("    Total transport time:", TransTime)

        elif len(ItemCombination) == 3:

            TransTime = TotalTransportTime(ItemList[i[0]], ItemList[i[1]], ItemList[i[2]])

            if TransTime < FastestTime: FastestTime = TransTime; FastestPermutation = i; PermutationNumber = PermutationCounter

            #print("    Total transport time:", TransTime)

        elif len(ItemCombination) == 4:

            TransTime = TotalTransportTime(ItemList[i[0]], ItemList[i[1]], ItemList[i[2]], ItemList[i[3]])

            if TransTime < FastestTime: FastestTime = TransTime; FastestPermutation = i; PermutationNumber = PermutationCounter

            #print("    Total transport time:", TransTime)

        else:

            None



    #print("-----------------------------------------------------------------------------------------------------------")

    #print("Fastest permutation - permutation {0}:".format(Counter), FastestPermutation)

    #print("    Total transport time: {0} s. ".format(FastestTime))



    return FastestTime, FastestPermutation, PermutationNumber



#################################################################





#################################################################



# Generates all possible item-combinations of lengths 1 to r from the n items to be picked.

def AllCombinations(r, ItemSelection):

    CombinationList = []

    for i in range(1, r + 1):

        Combinations = list(combinations(ItemSelection, i))

        CombinationList.append(Combinations)

#        print("All possible combinations of the selected items contained in list(s) that can hold {0} item(s):".format(i))

        for j in range(0, len(CombinationList[i - 1])):

            CombinationList[i - 1][j] = list(CombinationList[i - 1][j])

#            print("    ", CombinationList[i - 1][j])



    return CombinationList





# Returns a list of all the fastest permutations of all item combinations possible to generate from

# 'ItemSelection'-list, with a tool specified to use 'NumberOfGrippers' number of grippers.

# Travel times are listed together with the permutations as the first [0] element in all lists, which are all contained

# in the returned list 'TimesPermutations'.

def FastestPermutationsOfCombinations():

    CombinationList = AllCombinations(NumberOfGrippers, ItemSelection)

    Counter = 0

    TimesPermutations = []



    for i in range(0, len(CombinationList)):

        for j in range(0, len(CombinationList[i])):

            Counter = Counter + 1



            [QuickestTime, QuickestPermutation, PermutationNumber] = FastestPermutation(CombinationList[i][j])

            QuickestPermutation = list(QuickestPermutation)



            #print("Fastest permutation of item combination is permutation {0}: {1}\n    Total travel time: {2} s. "

            #      .format(PermutationNumber, QuickestPermutation, QuickestTime))



            TimesPermutations.append([QuickestTime, QuickestPermutation])



    #print("\nThere are {0} unique picking-combinations for a tool with {1} grippers. \n".format(Counter, NumberOfGrippers))



    return TimesPermutations





# Returns a list of all possible partitions of the elements in the inserted 'ItemList'.

def AllCombinationPartitions(ItemList):

    CombinationPartitions = [p for p in multiset_partitions(ItemList)]



    #for i in CombinationPartitions:

    #    print(i)

    #print("\nNumber of possible non-duplicate combination-patterns in all possible partitions of n elements: {0}. \n".format(len(CombinationPartitions)))



    return CombinationPartitions





# Compares two lists. Returns TRUE if they contain exactly the same elements, regardless of order. Returns FALSE if not.

def Compare(s, t):

    return Counter(s) == Counter(t)







def FastestPermutationSequence():

    TimesPermutations = FastestPermutationsOfCombinations()

    CombinationPartitions = AllCombinationPartitions(ItemSelection)

    z = 0

    TimePermutationSequences = []



    # For each [partition] of the [item selection] [['a', 'b', 'c'], ['d', 'e']]:

####for i in range(0, len(CombinationPartitions)):

    for i in range(1, len(CombinationPartitions)):

        PermutationSequence = []    # For each unique partitioning of the item selection; reset 'PartitionSequence'.

        TotalTime = 0               # For each unique partitioning of the item selection; reset 'TotalTime'.



        #print("\n------------------------------------------------------------------------------------------------------")

        #print("Combination partition {0}: {1}.".format(i + 1, CombinationPartitions[i]))

        #print("------------------------------------------------------------------------------------------------------")



        # For each [partition subset] of session items ['a', 'b', 'c']:

        for j in range(0, len(CombinationPartitions[i])):



            #print("    Partition subset {0}: ".format(j + 1), CombinationPartitions[i][j])



            # For the fastest [permutation] of each combination ['a', 'b', 'c']:

            for a in range(0, len(TimesPermutations)):



                # Identify the [permutation] and [partition subset] with equal elements:

                if Compare(TimesPermutations[a][1], CombinationPartitions[i][j]) is True:



                    PermutationSequence.append(TimesPermutations[a][1])

                    #print("        Matching permutation: {0}".format(TimesPermutations[a][1]))

                    TotalTime = TimesPermutations[a][0] + TotalTime

                    #print("            Travel time: {0} s. ".format(TimesPermutations[a][0]))



                    break



        # Filters out partitions with fewer elements than 'ItemSelection'.

        f = 0

        for x in range(0, len(PermutationSequence)):

            for y in range(0, len(PermutationSequence[x])):

                f = f + 1

#        print(f)

        if f == len(ItemSelection):

            z = z + 1

            # Makes a list containing the fastest permutation sequences, and their total travel times.

            TimePermutationSequences.append([TotalTime, PermutationSequence])

            #print("    Total travel time: {0} s. ".format(TotalTime))



            # Identifies the fastest permutation sequence and its total travel time.

########if i == 0:

            if z == 1:

                FastestPermutationSequence = PermutationSequence

                FastestSequenceTime = TotalTime

########elif i > 0 and TotalTime < FastestSequenceTime:

            elif z > 1 and TotalTime < FastestSequenceTime:

                FastestPermutationSequence = PermutationSequence

                FastestSequenceTime = TotalTime



#    print("\nThe fastest sequence of permutations is {0} with a total travel time of {1} s. \n"

#          .format(FastestPermutationSequence, FastestSequenceTime))



    return [FastestPermutationSequence, FastestSequenceTime, TimePermutationSequences]







[FastestPerm, FastestTime, FastestSequenceList] = FastestPermutationSequence()



for i in FastestSequenceList:

    print(i)



print("\nNumber of partitions compared: {0}. ".format(len(FastestSequenceList)))

print("\nThe fastest picking sequence is: {0}".format(FastestPerm))

print("    Time: {0} s. ".format(FastestTime))





# Calculate mean and longest times:

#SummedTimes = 0



#for i in range(0, len(FastestSequenceList)):

#    SummedTimes = SummedTimes + FastestSequenceList[i][0]

#    LongestTime = 0

#    if FastestSequenceList[i][0] > LongestTime:

#        LongestTime = FastestSequenceList[i][0]

#    if i == len(FastestSequenceList) - 1:

#        MeanTime = SummedTimes/len(FastestSequenceList)

#        print("Mean time is: {0} s. ".format(MeanTime))

#        print("Longest time is: {0} s. ".format(LongestTime))













# UNUSED FUNCTIONS.



def CheckIfElementOfRemainingSelection(SelectionInput, CombinationInput):

    SelectionItems = list(SelectionInput)

    RemainingSelectionItems = SelectionInput

    RemainingCombinationItems = CombinationInput



    # Starts a new search process every time a match has been identified.

    for k in range(0, len(max(RemainingSelectionItems, RemainingCombinationItems))):

        Match = False   # Becomes True if there is a match. Enables loop-break, so a new search can begin for the remaining items.



        # Checks for a match between a [non-matched item i] in the remaining item selection, and a [non-matched item j] in

        # the remaining combination-list. If match; item removed from 'RemainingSelectionItems' and 'RemainingCombinationItems':

        for i in range(0, len(RemainingSelectionItems)):

            for j in range(0, len(RemainingCombinationItems)):

                if RemainingCombinationItems[j] == RemainingSelectionItems[i] and RemainingCombinationItems is not False \

                        and RemainingSelectionItems is not False:

                    print("RemainingSelectionItems before del:", RemainingSelectionItems)

                    print("RemainingCombinationItems before del:", RemainingCombinationItems)

                    print("\nItem to be deleted: {0}. Item {1} in Selection; item {2} in Combination. \n"

                          .format(RemainingCombinationItems[j], i, j))



                    del RemainingSelectionItems[i]

                    del RemainingCombinationItems[j]



                    print("RemainingSelectionItems after del:", RemainingSelectionItems)

                    print("RemainingCombinationItems after del:", RemainingCombinationItems)

                    print("---------------------------------------------------------------------------------")

                    Match = True        # Match identified.

                    break



            if Match == True or not RemainingSelectionItems: break     # If a match has been identified; break out and start a new search.



        if not RemainingSelectionItems: break



    # If each item in the combination-list matches an item in the selection input which have not (yet) been matched;

    # return an updated list of selections with the matches removed.

    if not RemainingCombinationItems:

        return RemainingSelectionItems, 1   # Returns remaining selection items if the combination-list matches the selection input.

    else:

        return SelectionItems, 0            # Returns the selection input if the combination-list doesn't match.










OptimizationProgram/ShelvingUnits.txt

List of all shelving units in CSV-format. 



Shelving unit ID,Shelving unit name,Shelving unit description,[Position_abc(x,y,z),Position_abc(x,y,z), ... , Position_abc(x,y,z)]



/DataStart

SU1,Hermetikk_1,"Hyllen inneholder hermetikk fra Eldorado, Vesterålens, ...",[]

SU2,Hermetikk_2,"Hyllen inneholder hermetikk fra Nortura, Stabburet, ...",[]

/DataEnd


























OptimizationProgram/__pycache__/GetBoxItems.cpython-35.pyc
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Readme.txt


This package was created by the Pack & Go wizard in RobotStudio. It contains

all files necessary to open the station "Plukkestasjon_8.rsstn" on a different computer.

The following settings were used:

- Libraries will be copied into the package

- Don't pack ABB standard libraries

- Include backups of all robot systems in the package











Backups/IRB_4600_40kg_2.55m/system.xml


  IRB_4600_40kg_2.55m VIRTUAL_USE       Robot1      









Backups/IRB_4600_40kg_2.55m/BACKINFO/backinfo.txt


#

# Generated backup file, do not edit.

#

# Originally at: C:\Users\Anders\Documents\RobotStudio\Solutions\Plukkestasjon\Systems\TEMP\1528527083\backup.659445

# 2018-06-15  13:21:11

#

>>SYSTEM_ID:

VIRTUAL_USE



>>PRODUCTS_ID:

RobotWare Version: 6.06.01.00



  RobotWare Base

  English

  Drive System IRB 460/640/660/760/4600/66xx/6700

  ADU-790A in position X3

  ADU-790A in position Y3

  ADU-790A in position Z3

  Axis Calibration

  IRB 4600-40/2.55 Type C



>>HOME:

All public files and directories



>>SYSPAR:

SYS.cfg

PROC.cfg

MMC.cfg

EIO.cfg

SIO.cfg

MOC.cfg





>>TASK1: (T_ROB1,PickingStation_1,)

PROGMOD\D1_AssignParameters.mod @ 

SYSMOD\user.sys @ 

PROGMOD\D2_PickItemFromShelf.mod @ 

PROGMOD\A2_ShelvingUnitsData.mod @ 

PROGMOD\A0_InstructionData.mod @ 

PROGMOD\E_Test.mod @ 

SYSMOD\LINKEDM.sys @ HIDDEN

PROGMOD\Module1.mod @ 

PROGMOD\D4_MoveItemsToBox.mod @ 

PROGMOD\C_StationProgram.mod @ 

PROGMOD\D3_SearchAfterItem.mod @ 

PROGMOD\D5_PlaceItemsInBox.mod @ 

PROGMOD\A3_BoxData.mod @ 

PROGMOD\A1_ToolData.mod @ 

PROGMOD\D0_InitializeRobotProgram.mod @ 





>>EOF:











Backups/IRB_4600_40kg_2.55m/BACKINFO/controller.rsf


 
   
     
       
         
         
         
         
         
         
         
         
      
    
  










Backups/IRB_4600_40kg_2.55m/BACKINFO/key.id








Backups/IRB_4600_40kg_2.55m/BACKINFO/program.id


C:\Users\Anders\AppData\Local\ABB Industrial IT\Robotics IT\RobotWare\RobotWare_6.06.1025











Backups/IRB_4600_40kg_2.55m/BACKINFO/rw6system.xml


       









Backups/IRB_4600_40kg_2.55m/BACKINFO/system.guid


{E00231BD-44CF-492F-9C6F-AC6530594283}









Backups/IRB_4600_40kg_2.55m/BACKINFO/template.guid


{8D301F12-61AE-4A25-9716-21DCD41EE81D}









Backups/IRB_4600_40kg_2.55m/BACKINFO/version.xml


 
   6
   06
   1025
   01
   00
   
   6.06.01.00
   0
   RobotWare
   RobotWare
   Controller Software
   2017-12-15
   #20:19:11/dec 14 2017#










Backups/IRB_4600_40kg_2.55m/BACKINFO/license/virtual.abb.robotics.robotware.rlf








Backups/IRB_4600_40kg_2.55m/HOME/linked_m.sys


%%%

  VERSION:1

  LANGUAGE:ENGLISH

%%%



MODULE LINKEDM (SYSMODULE)



! FOLLOWER

!     Name of electronically linked follower axis used by operator at teach pendent.

      PERS string l_f_axis_name{5}       :=  ["",  "", "", "", ""];   



!     Name of the mechanical unit for follower axis.

      PERS string l_f_mecunt_n{5}  :=  ["", "", "", "", ""];



!     Linked follower axis number in the mechanical unit (first axis in mech. unit is number 1). 

      PERS num l_f_axis_no{5}      :=  [0,          0,   0,  0,  0];



! MASTER      

!     Name of the mechanical unit for linked master axis.

      PERS string l_m_mecunt_n{5} :=  ["", "", "", "", ""];



!     Linked master axis number in the mechanical unit (first axis in mech. unit is number 1).

!     See axis number table in documentation for different master mechanical units. 

      PERS num l_m_axis_no{5}     :=  [0,  0,  0,  0,  0];



! POSITION OFFSET 

!     The increase of the allowed offset position between the master and follower

!     positions, used when starting AUTO mode. As soon as the offset is decreased 

!     the old configurated parameter is used. 

!     Example: 3 => the configurated value of allowed offset is increased 3 times.

      PERS num offset_ratio{5}       :=  [10,  10,   10,  10,  10];



! SPEED RATIO

!     Speed_ratio used in AUTO and JOG modes [ very_slow   slow    normal    fast]

!     Value 1 = max allowed manual speed.

      CONST num speed_ratio {20}      := [0.01, 0.01, 0.01, 0.01, 0.01,

                                          0.05, 0.05, 0.05, 0.05, 0.05,

                                          0.20, 0.20, 0.20, 0.20, 0.20,

                                          1.00, 1.00, 1.00, 1.00, 1.00];



! STEP SIZE

!     Displacement position used in JOG mode for each activation of positive or 

!     negative movement.                  [very_short    short   normal   long]

!     Unit degees or meter.

      CONST num displacement {20}     := [0.001, 0.001, 0.001, 0.001, 0.001,

                                          0.005, 0.005, 0.005, 0.005, 0.005,

                                          0.020, 0.020, 0.020, 0.020, 0.020,

                                          0.100, 0.100, 0.100, 0.100, 0.100];





!-------------------------------------------------------------

 PROC Linked_m ()

      Linked_m_exe ;

 ENDPROC

ENDMODULE









Backups/IRB_4600_40kg_2.55m/HOME/user.sys




MODULE user (SYSMODULE)



 ! Predefined user data

 !*********************



 ! Declaration of numeric registers reg1...reg5

 VAR num reg1 := 0;

 VAR num reg2 := 0;

 VAR num reg3 := 0;

 VAR num reg4 := 0;

 VAR num reg5 := 0;



 ! Declaration of stopwatch clock1

 VAR clock clock1;



 ! Template for declaration of workobject wobj1

 !TASK PERS wobjdata wobj1 := [FALSE, TRUE, "", [[0, 0, 0],[1, 0, 0, 0]],[[0, 0, 0],[1, 0, 0, 0]]];



ENDMODULE











Backups/IRB_4600_40kg_2.55m/RAPID/TASK1/PROGMOD/A0_InstructionData.mod


MODULE A0_InstructionData

    

    ! POSITIONS. 

    ! X-axis transportation widths for the shelves. 

    ! Position for approaching, picking, and removing item from shelf. 

    VAR num posStandard_X; 

    

    ! Y-axis transportation depths for the shelves. 

    ! Position to approach item. 

    VAR num posApproach_Y; 

    ! Position to grip item. 

    VAR num posGrip_Y; 

    ! Position after raising item from shelf surface. 

    VAR num posRaised_Y; 

    ! Position after removing item from shelf. 

    VAR num posRemoved_Y; 

    

    ! Z-axis transportation heights for the shelves. 

    ! Position to approach item. 

    VAR num posApproach_Z; 

    ! Position to grip item. 

    VAR num posGrip_Z; 

    ! Position after raising item from shelf surface. 

    VAR num posRaised_Z; 

    ! Position after removing item from shelf. 

    VAR num posRemoved_Z; 

    

    VAR pos posApproachItem; 

    VAR pos posGripItem; 

    VAR pos posItemRaised; 

    VAR pos posItemRemoved; 

    

    PROC SetInstructionVariables()

        

        ! POSITIONS. 

        ! Y-axis transportation widths for the shelves (any use?). 

        ! Position for approaching, picking, and removing item from shelf. 

        posStandard_X:=(Dimension_X*PickingPoint_X + Offset_X); 

        

        ! Y-axis transportation depths for the shelves. 

        ! Position to approach item. 

        posApproach_Y:=(Dimension_Y*PickingPoint_Y) - (ApproachingDistance_Y*Cos(PickingAngle_X)) + Offset_Y - LargestItemDimension_Y; 

        ! Position to grip item. 

        posGrip_Y:=(GrippingDepth*Cos(PickingAngle_X)) + (Dimension_Y*PickingPoint_Y)  + Offset_Y; 

        ! Position after raising item from shelf surface. 

        posRaised_Y:=(GrippingDepth*Cos(PickingAngle_X)) + (Dimension_Y*PickingPoint_Y) + Offset_Y; 

        ! Position after removing item from shelf. 

        posRemoved_Y:=(GrippingDepth*Cos(PickingAngle_X)) - (Dimension_Y*(1 - PickingPoint_Y)) - ApproachingDistance_Y - ShelfRetainer_Y - AddedToolExtension_Y; 

        

        ! Z-axis transportation heights for the shelves. 

        ! Position to approach item. 

        posApproach_Z:=(ApproachingDistance_Z*Sin(PickingAngle_X)) + (Dimension_Z*PickingPoint_Z) + Offset_Z; 

        ! Position to grip item. 

        posGrip_Z:=-(GrippingDepth*sin(PickingAngle_X)) + (Dimension_Z*PickingPoint_Z) + Offset_Z; 

        ! Position after raising item from shelf surface. 

        posRaised_Z:=-(GrippingDepth*sin(PickingAngle_X)) + (Dimension_Z*PickingPoint_Z) + ApproachingDistance_Z + ShelfRetainer_Z + Offset_Z; 

        ! Position after removing item from shelf. 

        posRemoved_Z:=-(GrippingDepth*sin(PickingAngle_X)) + (Dimension_Z*PickingPoint_Z) + ApproachingDistance_Z + ShelfRetainer_Z + Offset_Z; 

        

        posApproachItem:=[posStandard_X, posApproach_Y, posApproach_Z]; 

        posGripItem:=[posStandard_X, posGrip_Y, posGrip_Z]; 

        posItemRaised:=[posStandard_X, posRaised_Y, posRaised_Z]; 

        posItemRemoved:=[posStandard_X, posRemoved_Y, posRemoved_Z]; 

        

!        posApproachItem:=[posApproach_Z, posStandard_X, posApproach_Y]; 

!        posGripItem:=[posGrip_Z, posStandard_X, posGrip_Y]; 

!        posItemRaised:=[posRaised_Z, posStandard_X, posRaised_Y]; 

!        posItemRemoved:=[posRemoved_Z, posStandard_X, posRemoved_Y]; 

        

    ENDPROC

    

ENDMODULE
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MODULE A1_ToolData

    

    ! TOOLS. 

    ! SC_TripleTool

!	PERS tooldata tGripper_f1:=[TRUE,[[-149,100,495.24],[0.707107,0.707107,0,0]],[3,[100,0,197],[1,0,0,0],0,0,0]];

	PERS tooldata tGripper_f1:=[TRUE,[[-149,100,495.24],[0.707107,0.707107,0,0]],[3,[100,0,197],[1,0,0,0],0,0,0]];

!	PERS tooldata tGripper_f2:=[TRUE,[[46,100,495.24],[0.707107,0.707107,0,0]],[3,[0,100,197],[1,0,0,0],0,0,0]];

	PERS tooldata tGripper_f2:=[TRUE,[[46,100,495.24],[0.707107,0.707107,0,0]],[3,[0,100,197],[1,0,0,0],0,0,0]];

!	PERS tooldata tGripper_f3:=[TRUE,[[236,100,495.24],[0.707107,0.707107,0,0]],[3,[100,0,197],[1,0,0,0],0,0,0]];

	PERS tooldata tGripper_f3:=[TRUE,[[236,100,495.24],[0.707107,0.707107,0,0]],[3,[100,0,197],[1,0,0,0],0,0,0]];

!	PERS tooldata tGripper_d:=[TRUE,[[0,255.94,382.3],[0.5,-0.5,0.5,0.5]],[3,[100,0,197],[1,0,0,0],0,0,0]];

	PERS tooldata tGripper_d:=[TRUE,[[0,255.94,382.3],[0.5,-0.5,0.5,0.5]],[3,[100,0,197],[1,0,0,0],0,0,0]];

    

    

    ! Dummy variable for the active gripper. 

    PERS tooldata Gripper:=[TRUE,[[46,100,495.24],[0.707107,0.707107,0,0]],[3,[0,100,197],[1,0,0,0],0,0,0]]; 

    

    ! PARAMETERS. 

    CONST string Tool:="SC_TripleTool";                 ! Choose "SC_TripleTool" or any other tool defined under TOOLS. 

    

    ! DECLARATIONS. 

    VAR num GrippingDepth;                              ! For grippers with fingers: The finger length that should flank an item before a gripping attempt is made. Set this parameter in the procedure "ToolParameters". 

    VAR num NumberOfGrippers;                           ! Number of tool grippers. Set this parameter in the procedure "ToolParameters". 

    VAR signaldi GripperStatus;                         ! Dummy-variable/alias for gripper sensors. 

    VAR speeddata vTransfer:=[1000,500,5000,1000];      ! Speeddata variable setting the velocity of 'TransferVelocity' in instructions. 

    PERS num LargestItemDimension_Y:=70;                  ! For ToolExtension()-procedure. 

    PERS num AddedToolExtension_Y:=0;                    ! For ToolExtension()-procedure. 

    

    ! PROCEDURES. 

    ! Selects the gripper that should be used to collect the item. 

    PROC SelectGripper()

        ! Uses the tool assigned for the item. 

        IF Tool="SC_TripleTool" THEN

            IF Gripper_a=1 THEN

                Gripper.tframe.trans:=tGripper_f1.tframe.trans; 

                Gripper.tframe.rot:=tGripper_f1.tframe.rot; 

            ELSEIF Gripper_a=2 THEN

                Gripper.tframe.trans:=tGripper_f2.tframe.trans; 

                Gripper.tframe.rot:=tGripper_f2.tframe.rot; 

            ELSEIF Gripper_a=3 THEN

                Gripper.tframe.trans:=tGripper_f3.tframe.trans; 

                Gripper.tframe.rot:=tGripper_f3.tframe.rot; 

            ELSEIF Gripper_a=4 THEN

                Gripper.tframe.trans:=tGripper_d.tframe.trans; 

                Gripper.tframe.rot:=tGripper_d.tframe.rot; 

            ENDIF

        ENDIF

    ENDPROC

    

    

    ! Call the procedure to activate or deactivate the active gripper. Input argument "0" deactivates the gripper, while input argument "1" activates the gripper.  

    PROC ActivateGripper(num Activation)

        IF Tool="SC_TripleTool" THEN

            IF Gripper_a=1 AND Activation=0 THEN

                SetDO doActivateVacuum_f1, 0;        ! Deactivates vacuum/pump in gripper f1 (tGripper_f1). 

            ELSEIF Gripper_a=1 AND Activation=1 THEN

                SetDO doActivateVacuum_f1, 1;        ! Activates vacuum/pump in gripper f1 (tGripper_f1). 

            ELSEIF Gripper_a=2 AND Activation=0 THEN

                SetDO doActivateVacuum_f2, 0;        ! Deactivates vacuum/pump in gripper f2 (tGripper_f2). 

            ELSEIF Gripper_a=2 AND Activation=1 THEN

                SetDO doActivateVacuum_f2, 1;        ! Activates vacuum/pump in gripper f2 (tGripper_f2). 

            ELSEIF Gripper_a=3 AND Activation=0 THEN

                SetDO doActivateVacuum_f3, 0;        ! Deactivates vacuum/pump in gripper f3 (tGripper_f3). 

            ELSEIF Gripper_a=3 AND Activation=1 THEN

                SetDO doActivateVacuum_f3, 1;        ! Activates vacuum/pump in gripper f3 (tGripper_f3). 

            ELSEIF Gripper_a=4 AND Activation=0 THEN

                SetDO doActivateVacuum_d, 0;        ! Deactivates vacuum/pump in gripper d (tGripper_d). 

            ELSEIF Gripper_a=4 AND Activation=1 THEN

                SetDO doActivateVacuum_d, 1;        ! Activates vacuum/pump in gripper d (tGripper_d). 

            ENDIF        

        ENDIF 

    ENDPROC

    

        

    ! Initialization and gripper-parameters. 

    PROC ToolParameters()

        IF Tool="SC_TripleTool" THEN

            ! INDIVIDUAL PARAMETERS. 

            GrippingDepth:=0;                  ! How far the TCP should be moved beyond the picking point of the item before the gripping mechanism is activated (set to "0" if not a mechanical gripper). 

            NumberOfGrippers:=4; 

        ENDIF

    ENDPROC

    

    

    ! Deactivates all grippers of the active tool. 

    PROC InitializeTool()

        IF Tool="SC_TripleTool" THEN

            SetDO doActivateVacuum_f1, 0;               ! Deactivates vacuum/pump in gripper f1 (tGripper_f1). 

            SetDO doActivateVacuum_f2, 0;               ! Deactivates vacuum/pump in gripper f2 (tGripper_f2). 

            SetDO doActivateVacuum_f3, 0;               ! Deactivates vacuum/pump in gripper f3 (tGripper_f3). 

        ENDIF

    ENDPROC

    

    

    ! Procedure for gripping an item. 

    PROC GetItem()

        ! The active gripper is being activated to pick up target item. 

        WaitRob \InPos; 

        ActivateGripper(1); 

        WaitTime 0.1; 

        

        ! If no items are detected by the gripper, a search procedure is initiated if it is set to active. 

        IF GripperStatus=0 AND ActivateSearchProgram="On" THEN

            SearchForItem; 

        ELSEIF GripperStatus=0 AND ActivateSearchProgram="Off" THEN

            ActivateGripper(0); 

        ENDIF

    ENDPROC

    

    

    ! Assigns a dummy-variable that reflects the status of the active gripper sensor in order to decide if an object is attached (1), or not (0). 

    PROC AssignGripperStatusDummy()

        ! For each tool: The gripper assigned to pick the current product. 

        IF Tool="SC_TripleTool" THEN

            IF Gripper_a=1 THEN

                AliasIO diVacuumDetected_f1, GripperStatus; 

            ELSEIF Gripper_a=2 THEN

                AliasIO diVacuumDetected_f2, GripperStatus; 

            ELSEIF Gripper_a=3 THEN

                AliasIO diVacuumDetected_f3, GripperStatus; 

            ELSEIF Gripper_a=4 THEN

                AliasIO diVacuumDetected_d, GripperStatus; 

            ENDIF

        ENDIF        

    ENDPROC

    

    

    ! Procedure for dropping an item. 

    PROC DropItem()

        ! Drops item. 

        WaitRob \InPos; 

        WaitTime 0.2; 

        ActivateGripper(0); 

        WaitTime 0.1; 

    ENDPROC

    

    

    ! Sets the program to the highest recommended transfer-velocity with regards to the limits of the items gripped by the tool. 

    PROC SetTransferVelocity()

        IF Velocity < vTransfer.v_tcp THEN          ! If new item has lower recommended velocity than current velocity: 

            vTransfer.v_tcp:=Velocity;              ! Set velocity in item-carrying instructions to the recommended velocity of the new item. 

        ENDIF

    ENDPROC

    

    

    ! Estimates the tool extension because of items held by the tool. Along the Y-axis of the TCPs in front (tGripper_f1, tGripper_f2, tGripper_f3). 

    PROC ToolExtension()

        IF LargestItemDimension_Y=0 THEN

            LargestItemDimension_Y:=Item_1_Dimension_Y;

        ENDIF

        

        IF Dimension_Y > LargestItemDimension_Y THEN

            LargestItemDimension_Y:=Dimension_Y; 

        ENDIF

        

        AddedToolExtension_Y:=LargestItemDimension_Y - Dimension_Y; ! The extended approacing distance in the Y-axis of the TCPs. 

                

    ENDPROC



    

ENDMODULE
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MODULE A2_ShelvingUnitsData

    

    ! COORDINATE SYSTEMS. 

    TASK PERS wobjdata wobjShelvingUnits:=[FALSE,TRUE,"",[[1431.67,1807.5,276.619],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];

    TASK PERS wobjdata wobjLevel_11:=[FALSE,TRUE,"",[[1431.67,1807.5,276.619],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];

    TASK PERS wobjdata wobjLevel_12:=[FALSE,TRUE,"",[[1431.67,1807.5,776.619],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];

    TASK PERS wobjdata wobjLevel_13:=[FALSE,TRUE,"",[[1431.67,1807.5,1276.62],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];

    TASK PERS wobjdata wobjLevel_14:=[FALSE,TRUE,"",[[1431.67,1807.5,1776.62],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];

    TASK PERS wobjdata wobjLevel_21:=[FALSE,TRUE,"",[[1431.67,-52.5,276.619],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];

    TASK PERS wobjdata wobjLevel_22:=[FALSE,TRUE,"",[[1431.67,-52.5,776.619],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];

    TASK PERS wobjdata wobjLevel_23:=[FALSE,TRUE,"",[[1431.67,-52.5,1276.62],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];

    TASK PERS wobjdata wobjLevel_24:=[FALSE,TRUE,"",[[1431.67,-52.5,1776.62],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];



    

    ! DIMENSIONS. 

    CONST num ShelfRetainer_Y:=30;                  ! Thickness of the shelf retainer (Y). 

    CONST num ShelfRetainer_Z:=15;                  ! Height of the shelf retainer measured from the surface of the shelf (Z). 

    

    ! TARGETS. 

    



ENDMODULE
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MODULE A3_BoxData

    

    ! COORDINATE SYSTEMS. 

    TASK PERS wobjdata wobjBox:=[FALSE,TRUE,"",[[668.283,275.624,167.5],[0.707107,0,0,-0.707107]],[[0,0,0],[1,0,0,0]]];



    CONST robtarget LeftBoxEdge:=[[-25.481,173.717,400],[0.707106781,-0.707106781,0,0],[0,0,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget RightBoxEdge:=[[574.519,173.717,400],[0.707106781,-0.707106781,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

        

ENDMODULE
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MODULE C_StationProgram

    

    ! COORDINATE SYSTEMS. 

    

    ! TARGET ORIENTATIONS. 

    CONST orient orientFromFront:=[1,0,0,0]; 

    CONST orient orientFromAbove:=[0.707106781,-0.707106781,0,0]; 

!    CONST orient orientFromFront:=[0.5,-0.5,-0.5,-0.5]; 

!    CONST orient orientFromAbove:=[0,0.707106781,0.707106781,0]; 

!    CONST orient orientFromRight:=[0.707106781,0,-0.707106781,0]; 

!    CONST orient orientFromLeft:=[0,0.707106781,0,0.707106781]; 

    

    ! PARAMETERS. 

    ! Approach distances: Safety distances when approaching items or physical obstructions with the attached tool. 

    CONST num ApproachingDistance_Y:=50;            ! Safety distance along the Y-axis of the referenced coordinate system (wobjShelvingUnits). 

    CONST num ApproachingDistance_Z:=50;            ! Safety distance along the Z-axis of the referenced coordinate system (wobjShelvingUnits). 

    CONST num RobotVelocity:=2500;                  ! Robot velocity when not transporting any items. 

    

    ! Item a: The item that should be or are currently being manipulated with the tool. 

    VAR num Item_a; 

    

    ! Path to external data file. 

    CONST string diskhome:="C:/Users/Anders/PycharmProjects/OptimizationProgram";     

    

    

    ! MAIN PROGRAM. 

	PROC main()

        ConfL \Off;

        

        Load \Dynamic, diskhome \File:="B_PickingParameters.MOD"; ! Imports file with picking parameters set by the optimization algorithm. 

        %"B_PickingParameters:SetPickingParameters"%;             ! Sets parameters in RAPID. 

        

        ! Sets program parameters and moves robot to Home position. 

        InitializeProgram; 

        

        ! Sets starting velocity. 

        vTransfer.v_tcp:=RobotVelocity;

        

        ! Collects planned session items with equipped tool. 

        FOR i FROM 1 TO NumberOfItems DO

            Item_a:=i; 

            

            ! Sets item parameters for item number a (Item_a) in current session. 

            ItemParameters; 

            

            ! Collects item number a (Item_a) in current session. 

            CollectItem; 

        ENDFOR



        

        ! Moves items to the box. 

        MoveItemsToBox; 

        

        

        ! Delivers items collected in current session to the box. 

        FOR i FROM 1 TO NumberOfItems DO            

            Item_a:=i; 

            

            ! Sets item parameters for item number a (Item_a) in current session. 

            ItemParameters; 

            

            ! Drops items into the box. 

            DropItemIntoBox; 

        ENDFOR

                

        LargestItemDimension_Y:=0; 

        AddedToolExtension_Y:=0;

        

        ! Sets program parameters and moves robot to Home position. 

        InitializeProgram; 

	ENDPROC

    

ENDMODULE
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MODULE D0_InitializeRobotProgram

    

    ! Robot axes starting positions. 

    CONST jointtarget jointStartingPositions:=[[6.53, -65.98, 59.06, 43.50, 9.50, -46.90],[ 9E9, 9E9, 9E9, 9E9, 9E9, 9E9]]; 

    

    ! TARGETS. 

    CONST robtarget pHome:=[[274.519,373.717,1000],orientFromAbove,[0,0,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

!    CONST robtarget pHome:=[[274.519,173.717,800],[0.707106781,-0.707106781,0,0],[0,0,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    

    ! FUNCTIONS. 

    PROC InitializeProgram()

        

        ! Sets parameters for the active tool. 

        ToolParameters; 



        ! Sets parameters for the search procedure for the active tool. 

        SearchParameters; 

        

        ! Choose which gripper that should start in Home position (pHome). 

        IF Tool="SC_TripleTool" THEN

            Gripper:=tGripper_f2; 

        ENDIF

        

        ! Returns robot axes to starting positions. 

!        MoveAbsJ jointStartingPositions,v500,z100,Gripper\WObj:=wobjBox; 



        ! Sets the robot in home position. 

!        MoveL pHome,v500,z100,Gripper\WObj:=wobjBox; 

        

        ! Deactivates all grippers of the active tool. 

        InitializeTool; 

        

        !Sets items extesnsions to 0. 

        LargestItemDimension_Y:=0;

        AddedToolExtension_Y:=0; 

        

    ENDPROC

    

ENDMODULE
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MODULE D1_AssignParameters

    

    ! DECLARATIONS. 

    VAR num NumberOfItems;                  ! The number of items that should be collected with the tool before placing them in the box (in the picking session). 

    

    ! Representation variables for item data. 

    VAR string Name;                        ! Name of item to be picked. 

    VAR robtarget Position_abc;             ! Position c on shelf b in shelving unit a: Locations along the bottom of the shelf retainer. Where the item should be picked. 

    VAR num Velocity;                       ! Recommended robot velocity when transferring the item. 

    VAR robtarget Placement_a;              ! Position a: Where the item should be placed in the box. 

    VAR num Dimension_X;                    ! Dimension X: Width (mm) of the item to be picked. Item should be placed so that half its width dimention is located at Position_abc (centered). 

    VAR num Dimension_Y;                    ! Dimension Y: Depth (mm) of the item to be picked. Item should be placed so that the depth dimension starts at Position_abc. 

    VAR num Dimension_Z;                    ! Dimension Z: Height (mm) of the item to be picked. Item should be placed so that the height dimension starts at Position_abc. 

    VAR num Offset_X;                       ! Offset X: Offset of item (mm) along X-axis of Position_abc. 

    VAR num Offset_Y;                       ! Offset Y: Offset of item (mm) along Y-axis of Position_abc. 

    VAR num Offset_Z;                       ! Offset Z: Offset of item (mm) along Z-axis of Position_abc. 

    VAR num PickingPoint_X;                 ! Picking point X: Width (normalized) to pick the item referenced to Position_ab. The width is normalized between -0,5 (left side item boundary) and 0,5 (right side item boundary). 

    VAR num PickingPoint_Y;                 ! Picking point Y: Depth (normalized) to pick the item referenced to Position_ab. The depth is normalized between 0,0 (front side item boundary) and 1,0 (rear side item boundary). 

    VAR num PickingPoint_Z;                 ! Picking point Z: Height (normalized) to pick the item referenced to Position_ab. The height is normalized between 0,0 (bottom side item boundary) and 1,0 (top side item boundary). 

    VAR num PickingAngle_X;                 ! Picking angle X: Tool rotation about the X-axis of shelf coordinate systems. 0 degrees points the tool "along" the shelf surface, while 90 degrees points it normal to the shelf surface. 

    VAR num PickingAngle_Y;                 ! Picking angle Y: Tool rotation about the Y-axis of shelf coordinate systems. 

    VAR num PickingAngle_Z;                 ! Picking angle Z: Tool rotation about the Z-axis of shelf coordinate systems. -90 degrees points the left tool edge towards the shelf, 0 degrees orients the tool parallell to the shelf, while 90 degrees points the right tool edge towards the shelf. 

    VAR num SearchDepth_Y;                  ! Search depth Y: Depth (mm) to search the shelf for an item that has not been detected at Position_abc, given that the "SearchForItem" procedure is "On" with "Individual" setting. 

    VAR num Gripper_a;                      ! Gripper a: The gripper that should be used to pick the item. 

    

    

    

    ! Item 1. 

    VAR string Item_1_Name; 

    VAR robtarget Item_1_Position_abc; 

    VAR num Item_1_Velocity; 

    VAR robtarget Item_1_Placement_a; 

    VAR num Item_1_Dimension_X; 

    VAR num Item_1_Dimension_Y; 

    VAR num Item_1_Dimension_Z; 

    VAR num Item_1_Offset_X;

    VAR num Item_1_Offset_Y;

    VAR num Item_1_Offset_Z;

    VAR num Item_1_PickingPoint_X; 

    VAR num Item_1_PickingPoint_Y; 

    VAR num Item_1_PickingPoint_Z; 

    VAR num Item_1_PickingAngle_X; 

    VAR num Item_1_PickingAngle_Y; 

    VAR num Item_1_PickingAngle_Z; 

    VAR num Item_1_SearchDepth_Y; 

    VAR num Item_1_Gripper_a; 

    

    ! Item 2. 

    VAR string Item_2_Name; 

    VAR robtarget Item_2_Position_abc; 

    VAR num Item_2_Velocity; 

    VAR robtarget Item_2_Placement_a; 

    VAR num Item_2_Dimension_X; 

    VAR num Item_2_Dimension_Y; 

    VAR num Item_2_Dimension_Z; 

    VAR num Item_2_Offset_X;

    VAR num Item_2_Offset_Y;

    VAR num Item_2_Offset_Z;

    VAR num Item_2_PickingPoint_X; 

    VAR num Item_2_PickingPoint_Y; 

    VAR num Item_2_PickingPoint_Z; 

    VAR num Item_2_PickingAngle_X; 

    VAR num Item_2_PickingAngle_Y; 

    VAR num Item_2_PickingAngle_Z; 

    VAR num Item_2_SearchDepth_Y; 

    VAR num Item_2_Gripper_a; 

    

    ! Item 3. 

    VAR string Item_3_Name; 

    VAR robtarget Item_3_Position_abc; 

    VAR num Item_3_Velocity; 

    VAR robtarget Item_3_Placement_a; 

    VAR num Item_3_Dimension_X; 

    VAR num Item_3_Dimension_Y; 

    VAR num Item_3_Dimension_Z; 

    VAR num Item_3_Offset_X;

    VAR num Item_3_Offset_Y;

    VAR num Item_3_Offset_Z;

    VAR num Item_3_PickingPoint_X; 

    VAR num Item_3_PickingPoint_Y; 

    VAR num Item_3_PickingPoint_Z; 

    VAR num Item_3_PickingAngle_X; 

    VAR num Item_3_PickingAngle_Y; 

    VAR num Item_3_PickingAngle_Z; 

    VAR num Item_3_SearchDepth_Y; 

    VAR num Item_3_Gripper_a; 

    

    ! Item 4. 

    VAR string Item_4_Name; 

    VAR robtarget Item_4_Position_abc; 

    VAR num Item_4_Velocity; 

    VAR robtarget Item_4_Placement_a; 

    VAR num Item_4_Dimension_X; 

    VAR num Item_4_Dimension_Y; 

    VAR num Item_4_Dimension_Z; 

    VAR num Item_4_Offset_X;

    VAR num Item_4_Offset_Y;

    VAR num Item_4_Offset_Z;

    VAR num Item_4_PickingPoint_X; 

    VAR num Item_4_PickingPoint_Y; 

    VAR num Item_4_PickingPoint_Z; 

    VAR num Item_4_PickingAngle_X; 

    VAR num Item_4_PickingAngle_Y; 

    VAR num Item_4_PickingAngle_Z; 

    VAR num Item_4_SearchDepth_Y; 

    VAR num Item_4_Gripper_a; 

    

    

    ! PROCEDURES. 

    PROC ItemParameters()

        IF Item_a=1 THEN

            Name:=Item_1_Name; 

            Position_abc:=Item_1_Position_abc; 

            Velocity:=Item_1_Velocity; 

            Placement_a:=Item_1_Placement_a; 

            Dimension_X:=Item_1_Dimension_X; 

            Dimension_Y:=Item_1_Dimension_Y; 

            Dimension_Z:=Item_1_Dimension_Z; 

            Offset_X:=Item_1_Offset_X; 

            Offset_Y:=Item_1_Offset_Y; 

            Offset_Z:=Item_1_Offset_Z; 

            PickingPoint_X:=Item_1_PickingPoint_X; 

            PickingPoint_Y:=Item_1_PickingPoint_Y; 

            PickingPoint_Z:=Item_1_PickingPoint_Z; 

            PickingAngle_X:=Item_1_PickingAngle_X; 

            PickingAngle_Y:=Item_1_PickingAngle_Y; 

            PickingAngle_Z:=Item_1_PickingAngle_Z; 

            SearchDepth_Y:=Item_1_SearchDepth_Y; 

            Gripper_a:=Item_1_Gripper_a; 

        ELSEIF Item_a=2 THEN

            Name:=Item_2_Name; 

            Position_abc:=Item_2_Position_abc; 

            Velocity:=Item_2_Velocity; 

            Placement_a:=Item_2_Placement_a; 

            Dimension_X:=Item_2_Dimension_X; 

            Dimension_Y:=Item_2_Dimension_Y; 

            Dimension_Z:=Item_2_Dimension_Z; 

            Offset_X:=Item_2_Offset_X;

            Offset_Y:=Item_2_Offset_Y;

            Offset_Z:=Item_2_Offset_Z;

            PickingPoint_X:=Item_2_PickingPoint_X; 

            PickingPoint_Y:=Item_2_PickingPoint_Y; 

            PickingPoint_Z:=Item_2_PickingPoint_Z; 

            PickingAngle_X:=Item_2_PickingAngle_X; 

            PickingAngle_Y:=Item_2_PickingAngle_Y; 

            PickingAngle_Z:=Item_2_PickingAngle_Z; 

            SearchDepth_Y:=Item_2_SearchDepth_Y; 

            Gripper_a:=Item_2_Gripper_a; 

        ELSEIF Item_a=3 THEN

            Name:=Item_3_Name; 

            Position_abc:=Item_3_Position_abc; 

            Velocity:=Item_3_Velocity; 

            Placement_a:=Item_3_Placement_a; 

            Dimension_X:=Item_3_Dimension_X; 

            Dimension_Y:=Item_3_Dimension_Y; 

            Dimension_Z:=Item_3_Dimension_Z; 

            Offset_X:=Item_3_Offset_X;

            Offset_Y:=Item_3_Offset_Y;

            Offset_Z:=Item_3_Offset_Z;

            PickingPoint_X:=Item_3_PickingPoint_X; 

            PickingPoint_Y:=Item_3_PickingPoint_Y; 

            PickingPoint_Z:=Item_3_PickingPoint_Z; 

            PickingAngle_X:=Item_3_PickingAngle_X; 

            PickingAngle_Y:=Item_3_PickingAngle_Y; 

            PickingAngle_Z:=Item_3_PickingAngle_Z; 

            SearchDepth_Y:=Item_3_SearchDepth_Y; 

            Gripper_a:=Item_3_Gripper_a; 

        ELSEIF Item_a=4 THEN

            Name:=Item_4_Name; 

            Position_abc:=Item_4_Position_abc; 

            Velocity:=Item_4_Velocity; 

            Placement_a:=Item_4_Placement_a; 

            Dimension_X:=Item_4_Dimension_X; 

            Dimension_Y:=Item_4_Dimension_Y; 

            Dimension_Z:=Item_4_Dimension_Z; 

            Offset_X:=Item_4_Offset_X;

            Offset_Y:=Item_4_Offset_Y;

            Offset_Z:=Item_4_Offset_Z;

            PickingPoint_X:=Item_4_PickingPoint_X; 

            PickingPoint_Y:=Item_4_PickingPoint_Y; 

            PickingPoint_Z:=Item_4_PickingPoint_Z; 

            PickingAngle_X:=Item_4_PickingAngle_X; 

            PickingAngle_Y:=Item_4_PickingAngle_Y; 

            PickingAngle_Z:=Item_4_PickingAngle_Z; 

            SearchDepth_Y:=Item_4_SearchDepth_Y; 

            Gripper_a:=Item_4_Gripper_a; 

        ENDIF

        

        ! Sets minimum picking height for all items: If an item is picked too low, the tool may collide with the shelf retainer. 

        IF (PickingPoint_Z*Dimension_Z) < (70 + ShelfRetainer_Z) THEN

            PickingPoint_Z:=(70 + ShelfRetainer_Z)/Dimension_Z;

        ENDIF



        

        ! Sets position data for (all) instructions. 

        SetInstructionVariables; 

        

    ENDPROC

    

ENDMODULE
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    MODULE D2_PickItemFromShelf

    

    ! FUNKSJONER. 

    ! Program for collecting an item. 

    PROC CollectItem()

        

        ! Assigns a dummy-variable that reflects the status of the active gripper sensor. 

        AssignGripperStatusDummy; 

        

        ! Selects the gripper that should be used to collect current item. 

        SelectGripper; 



        ! Calculates the extension the tool in the TCP Y-direction due to it gripping item(s). 

        ToolExtension; 

        

        ! Updates instruction parameters. 

        SetInstructionVariables; 

        

        

        !!!!!!!!!!!!!!!!!!!!!

        

        ! Plasserer griperen i startposisjonen foran varen. 

        MoveL RelTool(Position_abc, posApproachItem.x, posApproachItem.y, posApproachItem.z \Rx:=-PickingAngle_X \Ry:=-PickingAngle_Y \Rz:=-PickingAngle_Z),vTransfer,z10,Gripper\WObj:=wobjShelvingUnits; 

        

        ! Flytter griperen til varens plukkepunkt (PickingPoint_X/Y/Z). 

        MoveL RelTool(Position_abc, posGripItem.x, posGripItem.y, posGripItem.z \Rx:=-PickingAngle_X \Ry:=-PickingAngle_Y \Rz:=-PickingAngle_Z),v400,fine,Gripper\WObj:=wobjShelvingUnits; 

        

        ! Tries to grip item number a (Item_a). 

        GetItem; 

        

        ! Løfter varen opp fra hylleflaten. 

        MoveL RelTool(Position_abc, posItemRaised.x, posItemRaised.y, posItemRaised.z \Rx:=-PickingAngle_X \Ry:=-PickingAngle_Y \Rz:=-PickingAngle_Z),v400,z10,Gripper\WObj:=wobjShelvingUnits; 



        ! Flytter varen ut til hyllens tilnærmingspunkt. 

        MoveL RelTool(Position_abc, posItemRemoved.x, posItemRemoved.y, posItemRemoved.z \Rx:=-PickingAngle_X \Ry:=-PickingAngle_Y \Rz:=-PickingAngle_Z),v400,z10,Gripper\WObj:=wobjShelvingUnits; 

        

        !!!!!!!!!!!!!!!!!!!!!

        

        

        ! Sets transfer-velocity for all instructions involved in item-translation. 

        SetTransferVelocity; 

        

    ENDPROC

    

ENDMODULE
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MODULE D3_SearchAfterItem

    

    ! TARGETS. 

    VAR robtarget PunktVakuumDetektert;         ! Det opprettes et punkt der vakuum (en vare) detekteres i søkefunksjonen. 

    

    ! PARAMETERS. 

    VAR string ActivateSearchProgram;           ! Velg "On" eller "Off" for å bestemme om roboten skal bruke søkeprogrammet. Bestemmes for hvert verktøy i funksjonen "Varesok". 

    VAR string SelectSearchProgram;             ! Velg "Global" for å benytte søkedybden Varer_SearchDepth_Y på alle varer. Bestemmes for hvert verktøy i funksjonen "Varesok". 

                                                ! Velg "Individual" for å benytte de dedikerte verdiene Varer_a_SearchDepth_Y på varene. Bestemmes for hvert verktøy i funksjonen "Varesok". 

    VAR num GlobalSearchDepth_Y;                ! Søkedybde for varer dersom ingen vare detekteres i plukkpunktet (PickingPoint_X/Y/Z). Bestemmes for hvert verktøy i funksjonen "Varesok". 

    VAR num AntattGripeavstandVakuum:=2;        ! Avstanden (i mm) når sentrum av griperens tupp antas å være nær nok til at varen fester seg. 



    ! DECLARATIONS. 

!    VAR num PickingAngle_X_Opprinnelig; 

    VAR num HosliggendeKateter; 

    VAR num MotstaendeKatet_1; 

    VAR num MotstaendeKatet_2; 

    

    ! PROCEDURES. 

    PROC SearchParameters()

        IF Tool="SC_TripleTool" THEN

            ! INDIVIDUAL PARAMETERS. 

            ActivateSearchProgram:="Off"; 

            SelectSearchProgram:="Global"; 

            GlobalSearchDepth_Y:=100; 

        ENDIF

    ENDPROC

    

    

    ! Varesøksfunksjon. 

    PROC SearchForItem()

        

        VAR num PickingAngle_X_Sok; 

        PickingAngle_X_Sok:=PickingAngle_X; 

        

            IF SelectSearchProgram="Global" THEN

                SearchDepth_Y:=GlobalSearchDepth_Y; 

            ELSEIF SelectSearchProgram="Individual" THEN

                SearchDepth_Y:=SearchDepth_Y; 

            ENDIF

            

            ! Ved søk med stor plukkvinkel (>= 80 grader) skråstilles verktøyet litt, slik at det ikke skal treffe den øverste delen av varen sidelengs med tuppen. 

            IF PickingAngle_X >= 80 THEN

                PickingAngle_X_Sok:=80; 

                

                ! Finner hosliggende kateter. 

                HosliggendeKateter:=AntattGripeavstandVakuum*Cos(90 - PickingAngle_X_Sok); 

                

                ! Finner motstående katet 1. 

                MotstaendeKatet_1:=AntattGripeavstandVakuum*Sin(90 - PickingAngle_X_Sok); 



                ! Finner motstående katet 2. 90 grader vil gi uendelig og må derfor forkastes. 

                IF PickingAngle_X < 90 THEN

                    MotstaendeKatet_2:=HosliggendeKateter*Tan(PickingAngle_X); 

                ELSEIF PickingAngle_X = 90 THEN

                    MotstaendeKatet_2:=PickingPoint_Y*Dimension_Y; 

                ENDIF

                

                ! Beregner nytt plukkpunkt langs Y-aksen (PickingPoint_Y). 

                IF PickingPoint_Y*Dimension_Y >= MotstaendeKatet_2 THEN

                    PickingPoint_Y:=((PickingPoint_Y*Dimension_Y) - (MotstaendeKatet_1 + MotstaendeKatet_2))/Dimension_Y; 

                ELSE

                    PickingPoint_Y:=-MotstaendeKatet_1/Dimension_Y; 

                ENDIF

                

                ! Stores the estimated Y-axis gripping point for use in succeeding movement instructions. 

                IF Item_a=1 THEN

                    Item_1_PickingPoint_Y:=PickingPoint_Y; 

                ELSEIF Item_a=2 THEN

                    Item_2_PickingPoint_Y:=PickingPoint_Y; 

                ELSEIF Item_a=3 THEN

                    Item_3_PickingPoint_Y:=PickingPoint_Y; 

                ELSEIF Item_a=4 THEN

                    Item_4_PickingPoint_Y:=PickingPoint_Y; 

                ENDIF

                

            ENDIF

            

            ! Griperen står fortsatt i varens plukkepunkt (PickingPoint_X/Y/Z), men plukkvinkelen justeres til 80 grader dersom den opprinnelige plukkvinkelen var større enn dette. 

!            MoveL RelTool(Position_ab, Dimension_Z*PickingPoint_Z - sin(0)*GrippingDepth, Dimension_X*PickingPoint_X, Dimension_Y*PickingPoint_Y + cos(0)*GrippingDepth \Ry:=-PickingAngle_X_Sok),v300,z10,Gripper\WObj:=wobjShelvingUnits; 

            MoveL RelTool(Position_abc, Dimension_Z*PickingPoint_Z - sin(0)*GrippingDepth, Dimension_X*PickingPoint_X, Dimension_Y*PickingPoint_Y + cos(0)*GrippingDepth \Rx:=PickingAngle_Z \Ry:=-PickingAngle_X_Sok \Rz:=PickingAngle_Y),v300,z10,Gripper\WObj:=wobjShelvingUnits; 

            

            ! Beveger verktøyet innover i hyllen. Stopper så straks vakuum detekteres (doDetektertVakuum) i griperen og lagrer denne posisjonen (PunktVakuumDetektert). 

!            SearchL \Stop, GripperStatus, PunktVakuumDetektert, RelTool(Position_abc, Dimension_Z*PickingPoint_Z - sin(0)*GrippingDepth, Dimension_X*PickingPoint_X, Dimension_Y*PickingPoint_Y + cos(0)*GrippingDepth + SearchDepth_Y \Ry:=-PickingAngle_X_Sok),v50,Gripper\WObj:=wobjShelvingUnits; 

            SearchL \PStop, GripperStatus, PunktVakuumDetektert, RelTool(Position_abc, Dimension_Z*PickingPoint_Z - sin(0)*GrippingDepth, Dimension_X*PickingPoint_X, Dimension_Y*PickingPoint_Y + cos(0)*GrippingDepth + SearchDepth_Y \Rx:=PickingAngle_Z \Ry:=-PickingAngle_X_Sok \Rz:=PickingAngle_Y),v200,Gripper\WObj:=wobjShelvingUnits; 

            WaitTime 0.1; 

            

            ! If an item is detected by the gripper. 

            IF GripperStatus=1 THEN

                ! Raise the item from the shelf surface. 

                MoveL RelTool(PunktVakuumDetektert, Sin(PickingAngle_X - PickingAngle_X_Sok)*(-sin(0)*GrippingDepth + ShelfRetainer_Z + ApproachingDistance_Z), Dimension_X*PickingPoint_X,-Cos(PickingAngle_X - PickingAngle_X_Sok)*(-sin(0)*GrippingDepth + ShelfRetainer_Z + ApproachingDistance_Z) \Rx:=PickingAngle_Z \Ry:=-(0) \Rz:=PickingAngle_Y),v300,fine,Gripper\WObj:=wobjShelvingUnits; 

            ENDIF

        

        ! ERROR: If no object is detected in the search. 

        ERROR

        IF ERRNO=ERR_WHLSEARCH THEN

            ActivateGripper(0); 

            TPWrite "No object detected. "; 

            

            ! Flytter griperen til varens plukkepunkt (PickingPoint_X/Y/Z). Dette er punktet hvor søket startet fra. 

!            MoveL RelTool(Position_ab, Dimension_Z*PickingPoint_Z - sin(PickingAngle_X)*GrippingDepth, Dimension_X*PickingPoint_X, Dimension_Y*PickingPoint_Y + cos(PickingAngle_X)*GrippingDepth \Ry:=-PickingAngle_X),v100,z10,Gripper\WObj:=wobjShelvingUnits; 

            MoveL RelTool(Position_abc, Dimension_Z*PickingPoint_Z - sin(PickingAngle_X)*GrippingDepth, Dimension_X*PickingPoint_X, Dimension_Y*PickingPoint_Y + cos(PickingAngle_X)*GrippingDepth \Rx:=PickingAngle_Z \Ry:=-PickingAngle_X_Sok \Rz:=PickingAngle_Y),v300,z10,Gripper\WObj:=wobjShelvingUnits; 

            TRYNEXT; 

        ENDIF

        

    ENDPROC

    

ENDMODULE
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MODULE D4_MoveItemsToBox

    

    ! FUNCTIONS. 

    PROC MoveItemsToBox()

        

        IF Position_abc.trans.x < 1807.5 AND Position_abc.trans.z < 400 THEN

            Gripper:=tGripper_f3;

            MoveL RelTool(LeftBoxEdge, 0, -LargestItemDimension_Y, 0),vTransfer,z100,Gripper\WObj:=wobjBox;

            Gripper:=tGripper_f1;

            MoveL RelTool(DropPosition, 0, -LargestItemDimension_Y, 0),vTransfer,z100,Gripper\WObj:=wobjBox;

        ELSEIF Position_abc.trans.x >= 1807.5 AND Position_abc.trans.z < 400 THEN

            Gripper:=tGripper_f1;

            MoveL RelTool(RightBoxEdge, 0, -LargestItemDimension_Y, 0),vTransfer,z100,Gripper\WObj:=wobjBox;

            Gripper:=tGripper_f1;

            MoveL RelTool(DropPosition, 0, -LargestItemDimension_Y, 0),vTransfer,z100,Gripper\WObj:=wobjBox;

        ELSE

            Gripper:=tGripper_f1;

            MoveL RelTool(DropPosition, 0, -LargestItemDimension_Y, 0),vTransfer,z100,Gripper\WObj:=wobjBox;

        ENDIF

        

    ENDPROC

    

ENDMODULE
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MODULE D5_PlaceItemsInBox

    

    ! PROCEDURES. 

    PROC DropItemIntoBox()

        

        ! Selects the gripper that should be used to deliver current item. 

        SelectGripper; 



        ! Places the item in the box. 

        MoveL RelTool(DropPosition, 0, -LargestItemDimension_Y,0),v400,z100,Gripper\WObj:=wobjBox; 

                

        ! Drops item number a (Item_a). 

        DropItem; 

        

    ENDPROC

    

ENDMODULE
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MODULE E_Test

    PROC Path_10()

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_111,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_121,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_131,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_141,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

    ENDPROC

    PROC Path_20()

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_112,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_122,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_132,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_142,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

    ENDPROC

    PROC Path_30()

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_113,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_123,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_133,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_143,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

    ENDPROC

    PROC Path_40()

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_114,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_124,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_134,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_144,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

    ENDPROC

    PROC Path_50()

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_115,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_125,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_135,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

        MoveL Position_145,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;

        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

    ENDPROC

	PROC Path_60()

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_116,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_126,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_136,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_146,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	ENDPROC

	PROC Path_70()

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_117,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_127,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_137,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_147,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	ENDPROC

	PROC Path_80()

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_211,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_221,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_231,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_241,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	ENDPROC

	PROC Path_90()

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_212,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_222,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_232,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_242,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	ENDPROC

	PROC Path_100()

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_213,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_223,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_233,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_243,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	ENDPROC

	PROC Path_110()

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_214,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_224,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_234,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_244,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	ENDPROC

	PROC Path_120()

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_215,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_225,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_235,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_245,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	ENDPROC

	PROC Path_130()

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_216,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_226,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_236,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_246,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	ENDPROC

	PROC Path_140()

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_217,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_227,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_237,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_247,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	ENDPROC

	PROC Path_a()

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_117,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;

	    MoveL Position_211,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;

	    MoveL Position_127,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;

	    MoveL Position_222,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;

	    MoveL Position_231,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;

	    MoveL Position_137,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;

	    MoveL Position_147,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;

	    MoveL Position_241,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;

	    MoveL Position_247,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	ENDPROC

	PROC Path_1()

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	    MoveL Position_224,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;

	    MoveL Position_135,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;

	    MoveL Position_123,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;

	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;

	ENDPROC

ENDMODULE









Backups/IRB_4600_40kg_2.55m/RAPID/TASK1/PROGMOD/Module1.mod


MODULE Module1

	CONST robtarget DropPosition:=[[274.519,173.717,400],[0.707106781,-0.707106781,0,0],[0,0,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_111:=[[121.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_121:=[[121.25,0,0],[1,0,0,0],[0,2,-4,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_131:=[[121.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_141:=[[121.25,0,0],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_112:=[[373.5,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_122:=[[373.5,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_132:=[[373.5,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_142:=[[373.5,0,0],[1,0,0,0],[0,2,-5,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_113:=[[626.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_123:=[[626.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_133:=[[626.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_143:=[[626.25,0,0],[1,0,0,0],[0,-2,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_114:=[[878.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_124:=[[878.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_134:=[[878.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_144:=[[878.75,0,0],[1,0,0,0],[0,-2,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_115:=[[1131.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_125:=[[1131.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_135:=[[1131.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_145:=[[1131.25,0,0],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_116:=[[1383.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_126:=[[1383.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_136:=[[1383.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_146:=[[1383.75,0,0],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_117:=[[1636.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_127:=[[1636.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_137:=[[1636.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_147:=[[1636.25,0,0],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_211:=[[121.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_221:=[[121.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_231:=[[121.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_241:=[[121.25,0,0],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_212:=[[373.5,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_222:=[[373.5,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_232:=[[373.5,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_242:=[[373.5,0,0],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_213:=[[626.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_223:=[[626.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_233:=[[626.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_243:=[[626.25,0,0],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_214:=[[878.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_224:=[[878.75,0,0],[1,0,0,0],[-1,-3,1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_234:=[[878.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_244:=[[878.75,0,0],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_215:=[[1131.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_225:=[[1131.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_235:=[[1131.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_245:=[[1131.25,0,0],[1,0,0,0],[-1,1,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_216:=[[1383.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_226:=[[1383.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_236:=[[1383.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_246:=[[1383.75,0,0],[1,0,0,0],[-1,1,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_217:=[[1636.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_227:=[[1636.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_237:=[[1636.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    CONST robtarget Position_247:=[[1636.25,0,0],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

    

	CONST robtarget Position_111_2:=[[121.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_112_2:=[[373.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_113_2:=[[626.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_114_2:=[[878.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_115_2:=[[1131.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_116_2:=[[1383.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_117_2:=[[1636.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_121_2:=[[121.25,0,500],[1,0,0,0],[0,2,-4,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_122_2:=[[373.75,0,500],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_123_2:=[[626.25,0,500],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_124_2:=[[878.75,0,500],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_125_2:=[[1131.25,0,500],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_126_2:=[[1383.75,0,500],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_127_2:=[[1636.25,0,500],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_131_2:=[[121.25,0,1000],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_132_2:=[[373.75,0,1000],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_133_2:=[[626.25,0,1000],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_134_2:=[[878.75,0,1000],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_135_2:=[[1131.25,0,1000],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_136_2:=[[1383.75,0,1000],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_137_2:=[[1636.25,0,1000],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_141_2:=[[121.25,0,1500],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_142_2:=[[373.75,0,1500],[1,0,0,0],[0,2,-5,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_143_2:=[[626.25,0,1500],[1,0,0,0],[0,-2,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_144_2:=[[878.75,0,1500],[1,0,0,0],[0,-2,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_145_2:=[[1131.25,0,1500],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_146_2:=[[1383.75,0,1500],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_147_2:=[[1636.25,0,1500],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_211_2:=[[1981.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_212_2:=[[2233.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_213_2:=[[2486.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_214_2:=[[2738.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_215_2:=[[2991.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_216_2:=[[3243.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_217_2:=[[3496.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_221_2:=[[1981.25,0,500],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_222_2:=[[2233.75,0,500],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_223_2:=[[2486.25,0,500],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_224_2:=[[2738.75,0,500],[1,0,0,0],[-1,-3,1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_225_2:=[[2991.25,0,500],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_226_2:=[[3243.75,0,500],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_227_2:=[[3496.25,0,500],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_231_2:=[[1981.25,0,1000],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_232_2:=[[2233.75,0,1000],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_233_2:=[[2486.25,0,1000],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_234_2:=[[2738.75,0,1000],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_235_2:=[[2991.25,0,1000],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_236_2:=[[3243.75,0,1000],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_237_2:=[[3496.25,0,1000],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_241_2:=[[1981.25,0,1500],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_242_2:=[[2233.75,0,1500],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_243_2:=[[2486.25,0,1500],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_244_2:=[[2738.75,0,1500],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_245_2:=[[2991.25,0,1500],[1,0,0,0],[-1,1,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_246_2:=[[3243.75,0,1500],[1,0,0,0],[-1,1,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	CONST robtarget Position_247_2:=[[3496.25,0,1500],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];

	PROC AllTargets_2()

	    MoveL Position_111_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_112_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_113_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_114_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_115_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_116_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_117_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_121_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_122_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_123_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_124_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_125_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_126_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_127_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_131_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_132_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_133_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_134_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_135_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_136_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_137_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_141_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_142_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_143_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_144_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_145_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_146_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_147_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_211_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_212_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_213_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_214_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_215_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_216_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_217_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_221_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_222_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_223_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_224_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_225_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_226_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_227_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_231_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_232_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_233_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_234_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_235_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_236_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_237_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_241_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_242_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_243_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_244_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_245_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_246_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	    MoveL Position_247_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;

	ENDPROC

ENDMODULE









Backups/IRB_4600_40kg_2.55m/RAPID/TASK1/SYSMOD/LINKEDM.sys


%%%

  VERSION:1

  LANGUAGE:ENGLISH

%%%



MODULE LINKEDM (SYSMODULE)



! FOLLOWER

!     Name of electronically linked follower axis used by operator at teach pendent.

      PERS string l_f_axis_name{5}       :=  ["",  "", "", "", ""];   



!     Name of the mechanical unit for follower axis.

      PERS string l_f_mecunt_n{5}  :=  ["", "", "", "", ""];



!     Linked follower axis number in the mechanical unit (first axis in mech. unit is number 1). 

      PERS num l_f_axis_no{5}      :=  [0,          0,   0,  0,  0];



! MASTER      

!     Name of the mechanical unit for linked master axis.

      PERS string l_m_mecunt_n{5} :=  ["", "", "", "", ""];



!     Linked master axis number in the mechanical unit (first axis in mech. unit is number 1).

!     See axis number table in documentation for different master mechanical units. 

      PERS num l_m_axis_no{5}     :=  [0,  0,  0,  0,  0];



! POSITION OFFSET 

!     The increase of the allowed offset position between the master and follower

!     positions, used when starting AUTO mode. As soon as the offset is decreased 

!     the old configurated parameter is used. 

!     Example: 3 => the configurated value of allowed offset is increased 3 times.

      PERS num offset_ratio{5}       :=  [10,  10,   10,  10,  10];



! SPEED RATIO

!     Speed_ratio used in AUTO and JOG modes [ very_slow   slow    normal    fast]

!     Value 1 = max allowed manual speed.

      CONST num speed_ratio {20}      := [0.01, 0.01, 0.01, 0.01, 0.01,

                                          0.05, 0.05, 0.05, 0.05, 0.05,

                                          0.20, 0.20, 0.20, 0.20, 0.20,

                                          1.00, 1.00, 1.00, 1.00, 1.00];



! STEP SIZE

!     Displacement position used in JOG mode for each activation of positive or 

!     negative movement.                  [very_short    short   normal   long]

!     Unit degees or meter.

      CONST num displacement {20}     := [0.001, 0.001, 0.001, 0.001, 0.001,

                                          0.005, 0.005, 0.005, 0.005, 0.005,

                                          0.020, 0.020, 0.020, 0.020, 0.020,

                                          0.100, 0.100, 0.100, 0.100, 0.100];





!-------------------------------------------------------------

 PROC Linked_m ()

      Linked_m_exe ;

 ENDPROC

ENDMODULE









Backups/IRB_4600_40kg_2.55m/RAPID/TASK1/SYSMOD/user.sys




MODULE user (SYSMODULE)



 ! Predefined user data

 !*********************



 ! Declaration of numeric registers reg1...reg5

 VAR num reg1 := 0;

 VAR num reg2 := 0;

 VAR num reg3 := 0;

 VAR num reg4 := 0;

 VAR num reg5 := 0;



 ! Declaration of stopwatch clock1

 VAR clock clock1;



 ! Template for declaration of workobject wobj1

 !TASK PERS wobjdata wobj1 := [FALSE, TRUE, "", [[0, 0, 0],[1, 0, 0, 0]],[[0, 0, 0],[1, 0, 0, 0]]];



ENDMODULE











Backups/IRB_4600_40kg_2.55m/SYSPAR/EIO.cfg


EIO:CFG_1.0:6:1::

#

EIO_SIGNAL:



      -Name "diVacuumDetected_f1" -SignalType "DI" -Access "All"


      -Name "diVacuumDetected_f2" -SignalType "DI" -Access "All"


      -Name "diVacuumDetected_f3" -SignalType "DI" -Access "All"


      -Name "diVacuumDetected_d" -SignalType "DI" -Access "All"


      -Name "doActivateVacuum_f1" -SignalType "DO" -Access "All"


      -Name "doActivateVacuum_f2" -SignalType "DO" -Access "All"


      -Name "doActivateVacuum_f3" -SignalType "DO" -Access "All"


      -Name "doActivateVacuum_d" -SignalType "DO" -Access "All"










Backups/IRB_4600_40kg_2.55m/SYSPAR/MMC.cfg


MMC:CFG_1.0:6:0::

#

MMC_REAL_ROUTINE:



      -name "AxisCalibration" -hidden 


      -name "AxisProc" -hidden 


      -name "CalPendelum" -hidden 


      -name "CalPendelumProc" -hidden 


      -name "PendelumProc" -hidden 


      -name "CW_Options" -hidden 


      -name "CW_ReadLevel" -hidden 


      -name "AutoFineCalib" -hidden 


      -name "CW_Refcalib" -hidden 


      -name "ReadBarcode" -hidden 
#

MMC_REAL_PARAM_SEQ_METHOD:



      -name "method"
#

MMC_PALETTE_HEAD:



      -name "M.C 1" -type "MMC_MC1"


      -name "M.C 2" -type "MMC_MC2"


      -name "M.C 3" -type "MMC_MC3"
#

MMC_SERV_ROUT_STRUCT:



      -name "AxisCalibration"


      -name "CalPendelum"
#

IOVIEW_BLOCK:



      -name "IOViewBlockIfMotorsOff"
#

WARN_AT_START:



      -name "WarningAtStart" -cursor_pp_diff_warning 0\
      -show_pp_to_cursor_button 0
#

AUTO_SWITCH_OF_JOG_UNIT:



      -name "AutoSwitchOfJogUnit"
#

BACKUP_DEFAULT:



     
      -name "Backup"
#

MMC_MC1 = MMC_PALETTE:



      -name "MoveJ" -only_mec_task 


      -name "MoveL" -only_mec_task 


      -name "MoveC" -only_mec_task 


      -name "ProcCall"


      -name "Set"


      -name "Reset"


      -name "WaitTime"


      -name "WaitDI"


      -name "IF"


      -name "Compact IF"


      -name ":="


      -name "Incr"


      -name "Add"


      -name "Decr"
#

MMC_MC2 = MMC_PALETTE:



      -name "MoveJ" -only_mec_task 


      -name "MoveL" -only_mec_task 


      -name "MoveC" -only_mec_task 


      -name "ProcCall"


      -name "Set"


      -name "Reset"


      -name "WaitTime"


      -name "WaitDI"


      -name "IF"


      -name "Compact IF"


      -name ":="


      -name "Incr"


      -name "Add"


      -name "Decr"
#

MMC_MC3 = MMC_PALETTE:



      -name "MoveJ" -only_mec_task 


      -name "MoveL" -only_mec_task 


      -name "MoveC" -only_mec_task 


      -name "ProcCall"


      -name "Set"


      -name "Reset"


      -name "WaitTime"


      -name "WaitDI"


      -name "IF"


      -name "Compact IF"


      -name ":="


      -name "Incr"


      -name "Add"


      -name "Decr"










Backups/IRB_4600_40kg_2.55m/SYSPAR/MOC.cfg


MOC:CFG_1.0:6:0::

#

MOTION_SYSTEM:



      -name "system_1" -min_temp_ambient_cabinet 5 -max_temp_ambient_cabinet 45\
      -min_temp_ambient_robot 5 -max_temp_ambient_robot 45
#

MOTION_PLANNER:



      -name "motion_planner_1" -std_servo_queue_time 0.193536\
      -use_motion_sup "rob1" -use_jog_parameters "motion_planner_1"\
      -use_for_jogging  -repos_installed \
      -use_spline_parameters "motion_planner_1" -restricted_circlepoint \
      -optimized_start_from_finepoint 1


      -name "motion_planner_2"


      -name "motion_planner_3"


      -name "motion_planner_4"


      -name "motion_planner_5"


      -name "motion_planner_6"
#

JOG_PARAMETERS:



      -name "motion_planner_1" -jog_mode 1
#

RELAY:



      -name "rob1_brake" -out_signal "DRV1BRAKE" -in_signal "DRV1BRAKEFB"


      -name "rob1_run" -out_signal "DRV1CHAIN1" -in_signal "DRV1K1" -run_relay 


      -name "rob1_run2" -out_signal "DRV1CHAIN2" -in_signal "DRV1K2" -run_relay 
#

ROBOT:



      -name "ROB_1" -use_robot_serial_number "rob_1"\
      -use_robot_type "ROB1_4600_2.55_40" -use_robot_calib "r1_uncalib"\
      -use_joint_0 "rob1_1" -use_joint_1 "rob1_2" -use_joint_2 "rob1_3"\
      -use_joint_3 "rob1_4" -use_joint_4 "rob1_5" -use_joint_5 "rob1_6"\
      -base_mass 57.2 -base_mass_centre_x -0.0614 -base_mass_centre_y 0.0019\
      -base_mass_centre_z 0.0916 -use_lin_jog "ROB1" -use_reorient_jog "ROB1"\
      -use_joint_jog "ROB1"\
      -use_motion_process_mode "rob1_optimal_cycle_time_mode"
#

ROBOT_SERIAL_NUMBER:



      -name "rob_1"
#

FOOT_INTERFACE:



      -name "r1_foot"
#

TOOL_INTERFACE:



      -name "r1_tool"
#

CSS:



      -name "rob1" -valid 
#

MOTION_PROCESS_MODE:



      -name "rob1_optimal_cycle_time_mode" -mode_id 1\
      -use_motion_process_mode_type "rob1_optimal_cycle_time_mode"


      -name "rob1_low_speed_accuracy_mode" -mode_id 2\
      -use_motion_process_mode_type "rob1_low_speed_accuracy_mode"


      -name "rob1_low_speed_stiff_mode" -mode_id 3\
      -use_motion_process_mode_type "rob1_low_speed_stiff_mode"


      -name "rob1_accuracy_mode" -mode_id 4\
      -use_motion_process_mode_type "rob1_accuracy_mode" -world_acc_factor 1


      -name "rob1_mpm_user_mode_1" -mode_id 5\
      -use_motion_process_mode_type "rob1_optimal_cycle_time_mode"


      -name "rob1_mpm_user_mode_2" -mode_id 6\
      -use_motion_process_mode_type "rob1_optimal_cycle_time_mode"


      -name "rob1_mpm_user_mode_3" -mode_id 7\
      -use_motion_process_mode_type "rob1_optimal_cycle_time_mode"


      -name "rob1_mpm_user_mode_4" -mode_id 8\
      -use_motion_process_mode_type "rob1_optimal_cycle_time_mode"
#

MOTION_SUP:



      -name "default"


      -name "rob1" -path_col_detect_on  -jog_col_detect_on \
      -gravity_tolerance 0.2 -friction_tolerance 1 -disturbance_tolerance 0.5
#

ARM:



      -name "rob1_1" -use_arm_type "ROB1_1" -use_acc_data "rob1_1"\
      -use_arm_calib "rob1_1" -upper_joint_bound 3.1416\
      -lower_joint_bound -3.1416 -upper_joint_bound_max 3.1416\
      -lower_joint_bound_min -3.1416


      -name "rob1_2" -use_arm_type "ROB1_2" -use_acc_data "rob1_2"\
      -use_arm_calib "rob1_2" -upper_joint_bound 2.618\
      -lower_joint_bound -1.5708 -upper_joint_bound_max 2.618\
      -lower_joint_bound_min -1.5708


      -name "rob1_3" -use_arm_type "ROB1_3" -use_acc_data "rob1_3"\
      -use_check_point "rob1_3" -use_arm_calib "rob1_3" -upper_joint_bound 1.309\
      -lower_joint_bound -3.1416 -upper_joint_bound_max 1.309\
      -lower_joint_bound_min -3.1416


      -name "rob1_4" -use_arm_type "ROB1_4" -use_acc_data "rob1_4"\
      -use_arm_calib "rob1_4" -upper_joint_bound 6.98132\
      -lower_joint_bound -6.98132 -upper_joint_bound_max 1267\
      -lower_joint_bound_min -1267


      -name "rob1_5" -use_arm_type "ROB1_5" -use_acc_data "rob1_5"\
      -use_arm_calib "rob1_5" -upper_joint_bound 2.0944\
      -lower_joint_bound -2.18167 -upper_joint_bound_max 2.0944\
      -lower_joint_bound_min -2.18167


      -name "rob1_6" -use_arm_type "ROB1_6" -use_acc_data "rob1_6"\
      -use_arm_calib "rob1_6" -upper_joint_bound 6.98132\
      -lower_joint_bound -6.98132 -upper_joint_bound_max 1520\
      -lower_joint_bound_min -1520
#

ARM_CHECK_POINT:



      -name "rob1_3" -position_x -0.12 -position_y 0 -position_z 0.32
#

ARM_LOAD:



      -name "r1_load_1"


      -name "r1_load_2"


      -name "r1_load_3"


      -name "r1_load_4"
#

ARM_CALIB:



      -name "rob1_1"


      -name "rob1_2"


      -name "rob1_3"


      -name "rob1_4"


      -name "rob1_5"


      -name "rob1_6"
#

JOINT_CALIB:



      -name "rob1_1"


      -name "rob1_2"


      -name "rob1_3"


      -name "rob1_4"


      -name "rob1_5"


      -name "rob1_6"
#

MAINS:



      -name "mains" -u_tolerance_min -0.15 -u_tolerance_max 0.1


      -name "mains_no_rectifier" -u_tolerance_min 0 -u_tolerance_max 0
#

CURRENT_CONTROLLER:



      -name "c_c_slow_1" -Kp_d_factor 0.2 -current_forced_factor 0.5\
      -delay_filter_time 0.000252
#

CABLE:



      -name "cable_4.5_30" -use_cable_type "cable_4.5" -length 30


      -name "cable_3.0_30" -use_cable_type "cable_3.0" -length 30


      -name "cable_1.5_30" -use_cable_type "cable_1.5" -length 30


      -name "cable_1.0_30" -use_cable_type "cable_1.0" -length 30


      -name "cable_3.0_50" -use_cable_type "cable_3.0" -length 50


      -name "cable_2.0_50" -use_cable_type "cable_2.0" -length 50


      -name "cable_0.75_50" -use_cable_type "cable_0.75" -length 50


      -name "cable_awg24_0.815" -use_cable_type "cable_awg24" -length 0.815


      -name "cable_awg24_1.140" -use_cable_type "cable_awg24" -length 1.14


      -name "cable_awg24_1.65" -use_cable_type "cable_awg24" -length 1.65


      -name "cable_awg24_1.86" -use_cable_type "cable_awg24" -length 1.86


      -name "cable_awg24_2.205" -use_cable_type "cable_awg24" -length 2.205


      -name "cable_awg24_2.165" -use_cable_type "cable_awg24" -length 2.165


      -name "cable_awg24_1.215" -use_cable_type "cable_awg24" -length 1.215
#

MOTOR_TYPE:



      -name "default" -pole_pairs 3 -inertia 0 -torque_0 1 -ke 0.5\
      -ke_temp_coef_20 0 -ke_tolerance_min 0 -ke_tolerance_max 0 -ke_red_2i0 0\
      -i_max 3 -torque_losses_at_speed1 0 -torque_losses_at_speed2 0\
      -torque_losses_at_speed3 0 -speed1 100000 -speed2 100000 -speed3 100000\
      -r_stator_20 5 -r_stator_temp_coef_20 0 -l_stator 0.02
#

MOTOR_CALIB:



      -name "LOCKED" -valid_com_offset  -valid_cal_offset 


      -name "rob1_1" -valid_com_offset 


      -name "rob1_2" -valid_com_offset 


      -name "rob1_3" -valid_com_offset 


      -name "rob1_4" -valid_com_offset 


      -name "rob1_5" -valid_com_offset 


      -name "rob1_6" -valid_com_offset 
#

DRIVE_MODULE_USER_DATA:



      -name "drive_module_1"
#

CFRIC_BLOCK:



      -name "r1_CFric_1" -friction_ff_on  -friction_ff_level 0.7\
      -servo_tune_id_level 5 -servo_tune_id_ramp 6


      -name "r1_CFric_2" -friction_ff_on  -friction_ff_level 1.05\
      -servo_tune_id_level 5 -servo_tune_id_ramp 6


      -name "r1_CFric_3" -friction_ff_on  -friction_ff_level 0.6\
      -servo_tune_id_level 5 -servo_tune_id_ramp 6


      -name "r1_CFric_4" -friction_ff_on  -friction_ff_level 0.18\
      -servo_tune_id_level 5 -servo_tune_id_ramp 6


      -name "r1_CFric_5" -friction_ff_on  -friction_ff_level 0.45\
      -servo_tune_id_level 5 -servo_tune_id_ramp 6


      -name "r1_CFric_6" -friction_ff_on  -friction_ff_level 0.48\
      -servo_tune_id_level 5 -servo_tune_id_ramp 6
#

SIS_EXTERNAL:



      -name "r1_sis_param" -prod_time_service_interval 6000\
      -calender_time_service_interval 1 -gear_box_warning_level 100\
      -ambient_temperature 45
#

AXIS_CALIBRATION_JOINT:



      -name "rob1_1" -p1 15.39 -p6 2 -p7 30 -p8 10


      -name "rob1_2" -p1 2.81 -p6 2 -p7 30 -p8 15


      -name "rob1_3" -p1 -9.95 -p6 2 -p7 30 -p8 15


      -name "rob1_4" -p1 -16.63 -p6 2 -p7 30 -p8 10


      -name "rob1_5" -p1 43 -p4 43 -p6 2 -p7 30 -p8 10


      -name "rob1_6" -p1 24.13 -p6 2 -p7 30 -p8 10
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PROC:CFG_1.0:6:0::











Backups/IRB_4600_40kg_2.55m/SYSPAR/SIO.cfg


SIO:CFG_1.0:6:1::

#

COM_PHY_CHANNEL:



      -Name "COM1" -Connector "COM1"
#

COM_TRP:



      -Name "TCPIP1" -Type "TCP/IP" -PhyChannel ""
#

ETHERNET_PORT:



      -Name "X2"


      -Name "X3"


      -Name "X4"


      -Name "X5"


      -Name "X6"
#

STATIC_VLAN:



      -Name "X5" -Interface "LAN3"
#

DNSC:



     
      -Name "DNSC"
#

RSE_CONFIG:



      -Name "RSCON"










Backups/IRB_4600_40kg_2.55m/SYSPAR/SYS.cfg


SYS:CFG_1.0:6:0::

#

LOCALIZATION:



      -Name "Language" -Value "en"
#

CAB_REGAIN_DIST:



      -Tcp_dist 0.05 -Tcp_rot 0.2 -Ext_dist 0.05 -Ext_rot 0.2


      -Name "AUTO" -Tcp_dist 0.5 -Ext_dist 0.5


      -Name "StartMove" -Tcp_dist 0.01 -Tcp_rot 0.35 -Ext_dist 0.01\
      -Ext_rot 0.35
#

MANFS_LIMIT:



      -name "LIMITFLAG" -text_id 30,82 -mode "0"
#

HOTEDIT_MODPOS:



      -name "modpos" -type  -tuning_in_auto 
#

RUNCHN_BOOL:



      -Name "SoftAS" -Select 


      -Name "SoftGS" -Select 


      -Name "SoftSS" -Select 


      -Name "SoftES"
#

AUTO_COND_RESET:



      -name "AllDebugSettings" -reset "NO"
#

CAB_TASK_MODULES:



      -File "HOME:/user.sys" -ModName "user" -AllTask 
#

RUN_MODE_SETTINGS:



      -name "AutoToManual"


      -name "ManualToAuto"
#

SYS_MISC:



      -Name "NoOfRetry" -Value 4


      -Name "SimulateMenu" -Value 1


      -Name "ModalPayLoadMode" -Value 1


      -Name "PayloadsInWristCoords"


      -Name "StationaryPayLoadMode"


      -Name "CollisionErrorHandling"


      -Name "BrakeMaintenance" -Value 1


      -Name "RapidLogging" -Value 1


      -Name "StepOutNoStepin"
#

CAB_TASKS:



      -Name "T_ROB1" -Type "NORMAL" -MotionTask 
#

SUPPRESS_ELOG:



      -Name "SyncId"
#

CYCLIC_BOOL:



      -Name "RemoveAtPpToMain"


      -Name "ErrorMode"


      -Name "RecoveryMode" -Value 1
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  IRB_4600_40kg_2.55m VIRTUAL_USE       Robot1      









Systems/IRB_4600_40kg_2.55m/HOME/linked_m.sys


%%%

  VERSION:1

  LANGUAGE:ENGLISH

%%%



MODULE LINKEDM (SYSMODULE)



! FOLLOWER

!     Name of electronically linked follower axis used by operator at teach pendent.

      PERS string l_f_axis_name{5}       :=  ["",  "", "", "", ""];   



!     Name of the mechanical unit for follower axis.

      PERS string l_f_mecunt_n{5}  :=  ["", "", "", "", ""];



!     Linked follower axis number in the mechanical unit (first axis in mech. unit is number 1). 

      PERS num l_f_axis_no{5}      :=  [0,          0,   0,  0,  0];



! MASTER      

!     Name of the mechanical unit for linked master axis.

      PERS string l_m_mecunt_n{5} :=  ["", "", "", "", ""];



!     Linked master axis number in the mechanical unit (first axis in mech. unit is number 1).

!     See axis number table in documentation for different master mechanical units. 

      PERS num l_m_axis_no{5}     :=  [0,  0,  0,  0,  0];



! POSITION OFFSET 

!     The increase of the allowed offset position between the master and follower

!     positions, used when starting AUTO mode. As soon as the offset is decreased 

!     the old configurated parameter is used. 

!     Example: 3 => the configurated value of allowed offset is increased 3 times.

      PERS num offset_ratio{5}       :=  [10,  10,   10,  10,  10];



! SPEED RATIO

!     Speed_ratio used in AUTO and JOG modes [ very_slow   slow    normal    fast]

!     Value 1 = max allowed manual speed.

      CONST num speed_ratio {20}      := [0.01, 0.01, 0.01, 0.01, 0.01,

                                          0.05, 0.05, 0.05, 0.05, 0.05,

                                          0.20, 0.20, 0.20, 0.20, 0.20,

                                          1.00, 1.00, 1.00, 1.00, 1.00];



! STEP SIZE

!     Displacement position used in JOG mode for each activation of positive or 

!     negative movement.                  [very_short    short   normal   long]

!     Unit degees or meter.

      CONST num displacement {20}     := [0.001, 0.001, 0.001, 0.001, 0.001,

                                          0.005, 0.005, 0.005, 0.005, 0.005,

                                          0.020, 0.020, 0.020, 0.020, 0.020,

                                          0.100, 0.100, 0.100, 0.100, 0.100];





!-------------------------------------------------------------

 PROC Linked_m ()

      Linked_m_exe ;

 ENDPROC

ENDMODULE









Systems/IRB_4600_40kg_2.55m/HOME/user.sys




MODULE user (SYSMODULE)



 ! Predefined user data

 !*********************



 ! Declaration of numeric registers reg1...reg5

 VAR num reg1 := 0;

 VAR num reg2 := 0;

 VAR num reg3 := 0;

 VAR num reg4 := 0;

 VAR num reg5 := 0;



 ! Declaration of stopwatch clock1

 VAR clock clock1;



 ! Template for declaration of workobject wobj1

 !TASK PERS wobjdata wobj1 := [FALSE, TRUE, "", [[0, 0, 0],[1, 0, 0, 0]],[[0, 0, 0],[1, 0, 0, 0]]];



ENDMODULE
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Systems/IRB_4600_40kg_2.55m/INTERNAL/startup.cmd


#

# Property of ABB Vasteras/Sweden. All rights reserved.

# Copyright 2003.

#

# Startup.cmd script for 6.0

#

###########################################################

# Option startup info

#

# To execute Option related tasks in the startup, there are

# five places in the startup sequence that can be used.

# Depending on which dependencies the tasks have, the user 

# must select the most suitable place for the Option startup.

#

# In each place, a check is done for a unique named file.

# (These files are created/appended during install sequence.)

# The files checked for in the INTERNAL: folder are named:

# opt_l0.cmd, option.cmd, opt_l1.cmd, opt_l2.cmd, opt_l3.cmd

# If the file exist, then it will be included in the startup.

#

# Search for each file to get info/tip about how to use it.

#

###########################################################



startup_log -file $RAMDISK/startup.log



# Base support initialization start.

baseinit



ifvc -label VC_SKIP_FIRMWARE_UPGRADE

### Check MC board firmware version

invoke -entry mcfirmw_upgrade -noarg -nomode

#VC_SKIP_FIRMWARE_UPGRADE



# Populate bulletin board entries

bb_populate -func sysenergy_state_machine_bb_populate

bb_populate -func sysorch_bb_populate

bb_populate -func operator_mode_bb_populate

bb_populate -func controller_state_bb_populate

bb_populate -func barts_bb_populate

bb_populate -func master_control_bb_populate

bb_populate -func sysacthooks_bb_populate

bb_populate -func pgmrun_bb_populate

bb_populate -func sysorch_holdtorun_bb_populate

bb_populate -func cab_bb_populate

bb_populate -func baseroot_bb_flags_populate

bb_populate -func pgmtbr_bb_populate



# Initialize and enable system dump service

sysdmp_init -max_dumps 3 -delay 100 -dir $INTERNAL/SYSDMP -compr no

ifvc -label VC_SKIP_SYSDMPTASK

task -slotname sysdmpts -slotid 82 -pri 253 -vwopt 0x1c -stcks 50000 -entp sysdmpts_main -auto

#VC_SKIP_SYSDMPTASK



sysdmp_add -source print_spooler -save print_spooler_save_buffer -fileext log 

getkey -id "ASCIILogMedia" -var 10 strvar $ANSWER -errlabel NO_ASCII_LOG

uprobe_init -points 500000 -pretrig_points 45000 -trace_buf_sz 10000000

goto -label NEXT_STEP

#NO_ASCII_LOG 

uprobe_init -points 50000 -pretrig_points 45000 -trace_buf_sz 10000

#NEXT_STEP 

sysdmp_add -class uprobe -fileext log



# By default use uprobe_default_start.cmd

setstr -strvar $UPROBE_DEF_START -value "yes"



# Include command file for logging mechanisms. Mainly used for uprobes

fileexist -path $SYSTEM/service_debug_early.cmd -label LOAD_CMD

goto -label NEXT_STEP

#LOAD_CMD

include -path $SYSTEM/service_debug_early.cmd

sysdmp_add_logfile -move 0 -file "$SYSTEM/service_debug_early.cmd"

#NEXT_STEP



ifvc -label NO_WVLOG

# wvLogging is started after service_debug_early.cmd, make it possible to 

# raise the level of logging by using wvLogSysdmpEvtClassSet

sysdmp_add -source wvlog -start wvLogSysdmpStart -stop wvLogSysdmpStop -save wvLogSysdmpSave -fileext wvr

#NO_WVLOG



# Start event log 

task -slotname elogts -slotid 1 -pri 85 -vwopt 0x1c -stcks 7000 -entp elog_main -auto

synchronize -level task

go -level task



ifvc -label VC_NO_REMOTE_DIAGNOSTIC

# Enable Service Box in devices

invoke -entry RemoteDiagnosticInit -noarg -nomode

#VC_NO_REMOTE_DIAGNOSTIC



task -slotname delay_high -entp delay_ts -pri 60 -vwopt 0x1c -stcks 65536 -nosync -auto -wait_ready 10

task -slotname delay_medium -entp delay_ts -pri 78 -vwopt 0x1c -stcks 65536 -nosync -auto -wait_ready 10

task -slotname delay_low -entp delay_ts -pri 140 -vwopt 0x1c -stcks 65536 -nosync -auto -wait_ready 10



ifvc -label VC_NO_CLOCK_PROBE

invoke2 -entry sysdmp_periodic_os_clock_event_probe -format void

#VC_NO_CLOCK_PROBE



basenew



# Check here if warmstart is in sleep mode and handle it here if so

handle_startup_in_sleep_mode



# Delete $RW_TEMP/rw-trash directory if it exists

direxist -path $RWTEMP/rw_trash -label CLEAR_TMP

goto -label NEXT_STEP

#CLEAR_TMP

print -text "Deleting the trash folder. This may take a while ..."

xdelete -path $RWTEMP/rw_trash -unprotect

#NEXT_STEP



# Base support initialization finished.

# Start generation of heartbeat interrupt

invoke -entry heartbeatStart

delay -time 3000



ifvc -label NEXT_STEP

# Restore system.xml and RW6system.xml files if needed

setvar -var 10 -value 0

#CHECK_SYSTEM_XML

fileexist -path $SYSTEM/system.xml -label CHECK_RW6_SYSTEM_XML

fileexist -path $INTERNAL/system.xml.rescue -label RESTORE_SYSTEM_XML

echo -text "No system.xml exist neither in SYSTEM or INTERNAL folder"

goto -label SYSTEM_ERROR



#RESTORE_SYSTEM_XML

echo -text "Restore the system.xml rescue file"

copy -from $INTERNAL/system.xml.rescue -to $SYSTEM/system.xml

copy -from $INTERNAL/system.xml.rescue -to $INTERNAL/system.xml.err

# Set temp var 10 to 1 that indicates restart needed

setvar -var 10 -value 1

goto -label CHECK_RW6_SYSTEM_XML



#CHECK_RW6_SYSTEM_XML

fileexist -path $SYSTEM/RW6system.xml -label CHECK_RESTART_NEEDED

fileexist -path $INTERNAL/RW6system.xml.rescue -label RESTORE_RW6_SYSTEM_XML

echo -text "No RW6system.xml exist neither in SYSTEM or INTERNAL folder"

goto -label SYSTEM_ERROR



#RESTORE_RW6_SYSTEM_XML

echo -text "Restore the RW6system.xml rescue file"

copy -from $INTERNAL/RW6system.xml.rescue -to $SYSTEM/RW6system.xml

copy -from $INTERNAL/RW6system.xml.rescue -to $INTERNAL/RW6system.xml.err

# Set temp var 10 to 1 that indicates restart needed

setvar -var 10 -value 1

goto -label CHECK_RESTART_NEEDED



#CHECK_RESTART_NEEDED

if -var 10 -value 1 -label RESTART_NEEDED

goto -label NEXT_STEP

#RESTART_NEEDED

echo -text "Restarting system to recover..."

delay -time 1000

restart

#NEXT_STEP



ifvc -label VC_NO_MC_PSU_UPGRADE



### Check PSU board firmware version

invoke -entry psu_upgrade -noarg -nomode

#VC_NO_MC_PSU_UPGRADE



ifvc -label VC_NO_MC_FPGA_UPGRADE



### Check Main Computer FPGA firmware version

invoke -entry fpgar11_firmw_upgrade -noarg -nomode

#VC_NO_MC_FPGA_UPGRADE



iomgrinstall -entry simFBC -name /simfbc

creat -name /simfbc/SIM_SIM: -pmode 0



invoke -entry read_init



iomgrinstall -entry rccfbc -name /rccfbc

creat -name /rccfbc/LOC_LOC: -pmode 0

task -slotname LOCALBUS -entp read_ts -pri 71 -vwopt 0x1c -stcks 10000 -nosync -auto

readparam -devicename /LOC_LOC:/bus_read -rmode 1 -buffersize 100

iomgrinstall -entry UserSio -name /usersio



# Handle COM1

ifvc -label VC_COM1

invoke2 -entry DebugCardPresent -format void -errlabel NEXT_STEP

#VC_COM1

echo -text "Installing COM1 device"

creat -name /usersio/SIO1: -pmode 0

#NEXT_STEP



# Fieldbus command interface

ifvc -label VC_SKIP_FCI

iomgrinstall -entry Fci -name /fci

creat -name /fci/FCI1: -pmode 0



task -slotname fcits -slotid 80 -pri 80 -vwopt 0x1c -stcks 10000 -entp fcits -auto



#VC_SKIP_FCI



init -resource eio



# Start EtherNet/IP base 

fileexist -path $RELEASE/options/enms/en_base.cmd -label LOAD_CMD

goto -label NEXT_STEP

#LOAD_CMD

include -path $RELEASE/options/enms/en_base.cmd



#start Bonjour daemon only for VxWorks

ifvc -label NO_BONJOUR_DAEMON

invoke2 -entry start_bonjour_daemon -format void



#NO_BONJOUR_DAEMON



# Initialize the memory-pool for RobAPI 2. This should be done before spawning any other task.

invoke2 -entry init_mempools -format void



task -slotname cnmgrts -slotid -1 -pri 125 -vwopt 0x1c -stcks 90000 \

-entp cleanupts -auto -noreg



task -slotname servdisp -slotid 126 -pri 125 -vwopt 0x1c -stcks 90000 \

-entp servdispts -auto -noreg



task -slotname servlist -slotid 127 -pri 125 -vwopt 0x1c -stcks 90000 \

-entp ServiceListingTS -auto -noreg



task -slotname ctrlsrvts -slotid 134 -pri 125 -vwopt 0x1c -stcks 90000 \

-entp rapi_ctrlsrvts -auto -noreg



task -slotname appweb -slotid 129 -pri 125 -vwopt 0x1c -stcks 120000 \

-entp AppwebEntryFunc -auto -noreg



#NEXT_STEP



###########################################		

# opt_l0.cmd - Option startup Sequence no 1

# Example of:

#  - users: Eio, MotionRef, Paint

#  - use: Create/Enable of I/O interfaces, Start of option task 

#  - dependencies: baseinit, sysdmp, elogts, delay tasks, simFBC, rccfbc, UserSio, Fci

#  - why here: Must be done before init, task and reconfigure of eio and sio

#

fileexist -path $INTERNAL/opt_l0.cmd -label LOAD_CMD

goto -label NEXT_STEP

#LOAD_CMD

include -path $INTERNAL/opt_l0.cmd

#NEXT_STEP



# Increase number of available interpreters for basic use (40MB memory)

python_config -incr_interpreters 1 -memsize 41943040



# Initialize Python support, including the pyrobapi. Starts all interpreters as configured.

invoke2 -entry pyrobapi_init -format void

python_init



init -resource sio

init -resource motion

init -resource rol

init -resource cab

init -resource bar

init -resource pgmrun

init -resource rapid

init -resource puscfg



task -slotname alarmts -slotid 16 -pri 80 -vwopt 0x1c -stcks 65536 \

-entp alarmts -auto



ifvc -label VC_CABSUPTS_SKIP

task -slotname rapidsupts -slotid 62 -pri 135 -vwopt 0x1c -stcks 7000 \

-entp rapidsup_main -auto

#VC_CABSUPTS_SKIP



# Early safety initialization

invoke2 -entry safety_init -format void



task -slotname pstopts -pri 30 -vwopt 0x1c -stcks 5000 \

-entp pstopts_main -auto -nosync



task -slotname rhaltts -pri 30 -vwopt 0x1c -stcks 5000 \

-entp rhaltts_main -auto -nosync



task -slotname eiocrsts -slotid 56 -pri 74 -vwopt 0x1c -stcks 10000 \

-entp eiocrsts -auto



task -slotname eiots -slotid 54 -pri 70 -vwopt 0x1c -stcks 10000 \

-entp eiots -auto -slots 2



task -slotname eioadmts -slotid 55 -pri 76 -vwopt 0x1c -stcks 25000 \

-entp eioadmts -auto



# Start of EIO Event task

task -slotname eioEventts -slotid 140 -pri 73 -vwopt 0x1c -stcks 10000 -entp eioEventts -auto



# Start of Device Trust Level task

task -slotname deviceTLts -slotid 141 -pri 77 -vwopt 0x1c -stcks 10000 -entp deviceTLts -auto



# Start of Device Transfer task

task -slotname deviceTRts -slotid 144 -pri 102 -vwopt 0x1c -stcks 10000 -entp deviceTRts -auto



# Reconfigure the Elementary I/O System

reconfigure -resource eio



# Synchronize all local industrial networks and their I/O devices 

io_synchronize -timeout 30000 -local_network 1



reconfigure -resource sio



task -slotname safevtts  -slotid 20 -pri 20 -vwopt 0x1c -stcks 10000 \

-entp safevtts -auto -noreg



task -slotname safcycts  -slotid 29 -pri 80 -vwopt 0x1c -stcks 10000 \

-entp safcycts -auto



task -slotname sysevtts  -slotid 30 -pri 95 -vwopt 0x1c -stcks 30000 \

-entp sysevtts_main -auto



task -slotname ipolts0 -slotid 65 -pri 90 -vwopt 0x1c -stcks 65000 \

-entp ipolts_main -auto



task -slotname ipolts1 -slotid 66 -pri 90 -vwopt 0x1c -stcks 65000 \

-entp ipolts_main -auto



task -slotname ipolts2 -slotid 67 -pri 90 -vwopt 0x1c -stcks 65000 \

-entp ipolts_main -auto



task -slotname ipolts3 -slotid 68 -pri 90 -vwopt 0x1c -stcks 65000 \

-entp ipolts_main -auto



task -slotname ipolts4 -slotid 91 -pri 90 -vwopt 0x1c -stcks 65000 \

-entp ipolts_main -auto



task -slotname ipolts5 -slotid 92 -pri 90 -vwopt 0x1c -stcks 65000 \

-entp ipolts_main -auto



task -slotname statmats -slotid 64 -pri 8 -vwopt 0x1c -stcks 65000 \

-entp statmats -auto



task -slotname compliance_masterts -slotid 124 -pri 10 -vwopt 0x1c -stcks 65000 \

-entp compliance_masterts -auto



task -slotname sens_memts -slotid 89 -pri 150 -vwopt 0x1c -stcks 20000 \

-entp sens_memts -auto



task -slotname servots0 -slotid 69 -pri 7 -vwopt 0x1c -stcks 65000 \

-entp servots -auto -slots 2



task -slotname servots1 -slotid 71 -pri 7 -vwopt 0x1c -stcks 65000 \

-entp servots -auto -slots 2



task -slotname servots2 -slotid 73 -pri 7 -vwopt 0x1c -stcks 65000 \

-entp servots -auto -slots 2



task -slotname servots3 -slotid 75 -pri 7 -vwopt 0x1c -stcks 65000 \

-entp servots -auto -slots 2



task -slotname servots4 -slotid 93 -pri 7 -vwopt 0x1c -stcks 65000 \

-entp servots -auto -slots 2



task -slotname servots5 -slotid 95 -pri 7 -vwopt 0x1c -stcks 65000 \

-entp servots -auto -slots 2



task -slotname evhats -slotid 117 -pri 5 -vwopt 0x1c -stcks 20000 \

-entp evhats -auto



task -slotname mcits -slotid 133 -pri 6 -vwopt 0x1c -stcks 20000 \

-entp mcits -auto



task -slotname refmats -slotid 52 -pri 4 -vwopt 0x1c -stcks 65000 \

-entp refmats -auto



task -slotname mocutilts -slotid 135 -pri 170 -vwopt 0x1c -stcks 20000 \

-entp mocutilts -auto



task -slotname sismats -slotid 63 -pri 106 -vwopt 0x1c -stcks 12500 \

-entp sismats -auto 



task -slotname bcalcts -slotid 44 -pri 200 -vwopt 0x1c -stcks 45000 \

-entp bcalcts -auto



task -slotname logsrvts -slotid 51 -pri 100 -vwopt 0x1c -stcks 30000 \

-entp logsrvts -auto



ifvc -label RW_MOTION_END

task -slotname com_rec_fdbts -slotid 77 -pri 4 -vwopt 0x1c -stcks 5000 -entp com_rec_fdbts -auto



task -slotname com_rec_safety_fdbts -slotid 97 -pri 4 -vwopt 0x1c -stcks 7000 -entp com_rec_safety_fdbts -auto



task -slotname axc_failts -slotid 28 -pri 80 -vwopt 0x1c -stcks 7000 -entp axc_failts -auto



#RW_MOTION_END



task -slotname peventts -slotid 21 -pri 65 -vwopt 0x1c -stcks 65000 \

-entp peventts -auto



task -slotname rloadts -slotid 45 -pri 105 -vwopt 0x1c -stcks 40000 \

-entp rloadts -auto



task -slotname barts -slotid 79 -pri 140 -vwopt 0x1c -stcks 80000 \

-entp barts_main -auto



task -slotname rlcomts -slotid 27 -pri 100 -vwopt 0x1c -stcks 36000 \

-entp rlcomts_main -auto



task -slotname rlsocketts -slotid 108 -pri 99 -vwopt 0x1c -stcks 8000 \

-entp rlsocketts_main -auto

task -slotname rlsocketts_rec -slotid 120 -pri 99 -vwopt 0x1c -stcks 8000 \

-entp rlsocketts_rec_main -auto -noreg





task -slotname rwssubsc_worker -slotid 128 -pri 125 -vwopt 0x1c -stcks 65000 \

-entp rwssubscr_worker -auto -noreg



task -slotname filesrv -slotid 130 -pri 140 -vwopt 0x1c -stcks 120000 \

-entp rapi_fileservts_main -auto -noreg



task -slotname rwservice -slotid 42 -pri 125 -vwopt 0x1c -stcks 65000 \

-entp rwsvcts_main -auto -noreg



task -slotname rwssubsc -slotid 132 -pri 125 -vwopt 0x1c -stcks 65000 \

-entp rwssubscr_main -auto -noreg



task -slotname subscription -slotid -1 -pri 125 -vwopt 0x1c -stcks 120000 \

-entp rapi_subscriptionts_main -auto -noreg



task -slotname rws_dipc -slotid -1 -pri 125 -vwopt 0x1c -stcks 65000 \

-entp rwsdipc_main -auto -noreg



task -slotname rapi_user -slotid 131 -pri 125 -vwopt 0x1c -stcks 90000 \

-entp rapi_usersrvts -auto -noreg



goto -label NEXT_STEP



#NEXT_STEP

task -slotname rapidts -slotid 17 -pri 101 -vwopt 0x1c -stcks 78000 \

-entp rapidts_main -auto



task -slotname sysorchcompts -slotid 142 -pri 99 -vwopt 0x1c -stcks 78000 \

-entp sysorchcompts_main -auto



task -slotname sysorchts -slotid 19 -pri 100 -vwopt 0x1c -stcks 78000 \

-entp sysorchts_main -auto



task -slotname sysorchhookts -slotid 84 -pri 101 -vwopt 0x1c -stcks 78000 \

-entp sysorchhookts_main -auto



task -slotname cabts -slotid 6 -pri 99 -vwopt 0x1c -stcks 78000 \

-entp cabts_main -auto



task -slotname mocts -slotid 9 -pri 100 -vwopt 0x1c -stcks 78000 \

-entp motion_main -auto



task -slotname hpjts -slotid 22 -pri 99 -vwopt 0x1c -stcks 65000 \

-entp hpj_main -auto



task -slotname rapidlowts -slotid 137 -pri 126 -vwopt 0x1c -stcks 78000 \

-entp rapid_low_main -auto



task -slotname sysreadts -slotid 143 -pri 126 -vwopt 0x1c -stcks 78000 \

-entp systemreadts_main -auto



ifvc -label VC_NETCMD_SKIP

task -slotname elog_axctsr -pri 100 -vwopt 0x1c -stcks 9000 \

-entp elog_axctsr -auto -nosync

#VC_NETCMD_SKIP



synchronize -level task

delay -time 500

go -level task



# Detect axis computer(s) and initialize resources needed for communication

ifvc -label VC_AXC_SKIP

netcmd_run

#VC_AXC_SKIP



#PNT new -entry purge_sync

#PNT delay -time 5000



###########################################		

# option.cmd - Option startup Sequence no 2

# Example of:

#  - users: 3P, Cap, Eio, MotionRef, Paint, SensorInterfaces, SpotWeld

#  - use: Start of option task, invoke of init/sync methods, convey_new, sysdefs

#  - dependencies: Init of resources, reconfig of eio/sio, most of the system task created, synched and started

#  - why here: Must be done before new of motion and rapid, connect_dependings -object SYS_STORED_OBJ_CAB

#

fileexist -path $INTERNAL/option.cmd -label LOAD_CMD

goto -label NEXT_STEP

#LOAD_CMD

include -path $INTERNAL/option.cmd

#NEXT_STEP





ifvc -label VC_AXC_SKIP



print -text "Check AXC board firmware version ..."

invoke -entry netcmd_upgrade -arg 0 -strarg "axcfirmw_upgrade" -nomode

invoke -entry axcfirmw_devices_install_hook -nomode

print -text "Check drive unit board firmware version ..."

invoke -entry netcmd_upgrade -arg 0 -strarg "drive_unit_firmw_upgrade" -nomode

invoke -entry drive_unit_firmw_devices_install_hook -nomode



#VC_AXC_SKIP

new -resource motion

delay -time 1500

connect_dependings -object SYS_STORED_OBJ_CAB -instance 0 -ipm 0 -servo 0 -ipol 0



# syncronization (setsync) to be used with network systems only

# setsync

if -var 52 -value 1 -label SYNCROB

goto -label NOSYNC

#SYNCROB

# syncronization (setsync) to be used with network systems only

setsync

#NOSYNC



synchronize -level task

go -level task



# Synchronize all industrial networks, except the local networks, and their I/O devices 

io_synchronize -timeout 120000



# Create IPM process for DryRun

invoke -entry rldryrun_start

# Create IPM process for Cyclic bool

invoke -entry rlcyclic_start

# Create iPM process for visualization of unfulfilled conditions

invoke -entry rlvisualize_start



new -resource rapid



###########################################		

# opt_l1.cmd - Option startup Sequence no 3

# Example of:

#  - users: 3P

#  - purpose: Start of option tasks, invoke methods that access sdb and creates ipm processes

#  - dependencies: new -resource motion, connect_dependings -object SYS_STORED_OBJ_CAB, new -resource rapid

#  - why here: Must be done before new -resource cab (Start of RAPID tasks and POWER_ON event etc.)

#

fileexist -path $INTERNAL/opt_l1.cmd -label LOAD_CMD

goto -label NEXT_STEP

#LOAD_CMD

include -path $INTERNAL/opt_l1.cmd

#NEXT_STEP



new -resource cab



#task -slotname spoolts -slotid 34 -pri 140 -vwopt 0x1c -stcks 3000 \

#-entp spool_main -auto



# RobAPI communication and event tasks



# Set max number of possible robapi connections. Default is 3 max is 6 

invoke2 -entry set_max_allowed_robapi_wan_connections -format int -int1 3



# Uncomment invoke below to disable tcp_nodelay for robapi on the lan interface. 

# tcp_nodelay enabled, causes packets to be flushed on to the network more frequently.

# Default is tcp_nodelay enabled on all robapi interfaces.

# For other robapi interface use strarg={"lan" | "service" | "tpu"}.

# invoke -entry robcmd_set_tcp_nodelay -arg 0 -strarg "lan" -nomode



task -slotname robdispts -slotid 58 -pri 125 -vwopt 0x1c -stcks 66000 \

-entp robdispts -auto -noreg



task -slotname robesuts -slotid 59 -pri 125 -vwopt 0x1c -stcks 18000 \

-entp robesuts -auto -noreg



task -slotname robesuts_p -slotid 85 -pri 125 -vwopt 0x1c -stcks 30000 \

-entp robesuts_p -auto -noreg



task -slotname robesuts_hp -slotid 123 -pri 125 -vwopt 0x1c -stcks 15000 \

-entp robesuts_hp -auto -noreg



task -slotname robcmdts -slotid 60 -pri 125 -vwopt 0x1c -stcks 23000 \

-entp robcmdts -auto -noreg



task -slotname robayats -slotid 61 -pri 125 -vwopt 0x1c -stcks 7000 \

-entp robayats -auto -noreg



task -slotname robrspts -slotid 57 -pri 124 -vwopt 0x1c -stcks 15000 \

-entp robrspts -auto -noreg



task -slotname robmasts -slotid 13 -pri 126 -vwopt 0x1c -stcks 66000 \

-entp robmasts -auto -noreg



task -slotname dipcts -slotid 122 -pri 126 -vwopt 0x1c -stcks 18000 \

-entp dipcts -auto -noreg



# Start stream support 

task -slotname streamts -slotid 81 -pri 120 -vwopt 0x1c -stcks 10000 \

-entp streamts -auto



# Start the stream read threads

task -slotname stream_readts1 -slotid 104 -entp stream_readts -pri 120 -vwopt 0x1c -stcks 8000 -auto

task -slotname stream_readts2 -slotid 105 -entp stream_readts -pri 120 -vwopt 0x1c -stcks 8000 -auto



###########################################		

# opt_l2.cmd - Option startup Sequence no 4

# Example of:

#  - users: Cap, Dap, Vision

#  - purpose: Start of option tasks, invoke init/start methods 

#  - dependencies: new -resource cab, creation of RobAPI/stream task

#  - why here: Must be done before the last synchronize/start of tasks

#

fileexist -path $INTERNAL/opt_l2.cmd -label LOAD_CMD

goto -label NEXT_STEP

#LOAD_CMD

include -path $INTERNAL/opt_l2.cmd

#NEXT_STEP



task -slotname ns_send -slotid 78 -entp robnetscansendts -pri 98 -vwopt 0x1c \

-stcks 35000 -auto -noreg



ifvc -label NETSCANSKIP

task -slotname ns_receive -slotid 87 -entp robnetscanreceivets -pri 99 -vwopt 0x1c \

-stcks 10000 -auto -noreg

#NETSCANSKIP



synchronize -level task

rapid_startup_ready

cab_startup_ready

go -level task



### Notify CHANREF data is valid for PSC operation

ifvc -label CHANREF

invoke -entry pscio_chanref_valid -noarg -nomode

#CHANREF



ifvc -label VTSPEED

goto -label VTSPEED_END

#VTSPEED

# Set Virtual Time Speed to 100% for VC at end of startup-script

invoke -entry VTSetSpeed -arg 100 -nomode



#VTSPEED_END



ifvc -label VCSHELL

goto -label VCSHELL_END

#VCSHELL

task -slotname vcshell -entp vcshell -pri 120 -vwopt 0x1c -stcks 50000 -auto -noreg -nosync

#VCSHELL_END



###########################################		

# opt_l3.cmd - Option startup Sequence no 5

# Example of:

#  - users: Paint

#  - purpose: Set of enable signal, sysdmp_add 

#  - dependencies: rapid_startup_ready/cab_startup_ready

#  - why here: No need to synch/start any option task

#

fileexist -path $INTERNAL/opt_l3.cmd -label LOAD_CMD

goto -label NEXT_STEP

#LOAD_CMD

include -path $INTERNAL/opt_l3.cmd

#NEXT_STEP 



### Reset firmware upgrade error monitoring. No device upgrade methods may be invoked after this point.

upgrade_warm_start_completed



# Notify user if this is an unofficial RobotWare release in a customer system

unofficial_rw_notification



sysdmp_add -show alarm_show_failed -source alarm_failed

# Add IPC to the sysdump

sysdmp_add -show ipc_show

# Add elog to the sysdump (dumps elog messages to a text file)

sysdmp_add -class elog -fileext txt

# Add semaphore info to the sysdump

sysdmp_add -show sysdmp_sem_show

# Add devices info to system dump service

sysdmp_add -show devices_show

# Add ipm to the sysdump

sysdmp_add -show ipm_show_data -source ipm_data

# Add pgm info to system dump service

sysdmp_add -show rapid_show_pgm -source pgm

# Add pgmrun info to system dump service

sysdmp_add -show rapid_show_pgmrun -source pgmrun 

# Add pgmrun info to system dump service

sysdmp_add -source pgmrun_spy_circular -start pgmrun_spy_circular_start -stop pgmrun_spy_circular_stop -save pgmrun_spy_circular_save_log -fileext log

# Add pgmexe info to system dump service

sysdmp_add -show rapid_show_pgmexe_all -source pgmexe

# Add operator mode info to system dump service

sysdmp_add -show operator_mode_show -source operator_mode

# Add master control info to system dump service

sysdmp_add -show master_control_show -source mastership

# Add SystemRead info to system dum service

sysdmp_add -show systemread_show -source systemread

# Add robdisp info to system dump service

sysdmp_add -source robdisp_show -start robdisp_show_sysdmp_start -stop robdisp_show_sysdmp_stop -save robdisp_show_sysdmp_save -fileext log

# Add bspNetDump info to system dump service

sysdmp_add -show bspNetDump

# Add mchw_show info to system dump service

sysdmp_add -show mchw_show

# Add FlexPendant dump info to system dump service

sysdmp_add -source fpcmd -save fpcmd_diagnostics -fileext log

# Add EIO to system dump service

sysdmp_add -source eio_sysdmp -save eio_sysdmp

# Add Bulletin Board info to system dump service

sysdmp_add -show BulletinBoard_show

# Add SysEnergy info to system dump service

sysdmp_add -show sysenergy_show

# Add Semaphore info to system dump service

sysdmp_add -show os_sem_show_all

# Add C++ memory pool info to system dump service

sysdmp_add -show RobotWare_Memory_Pool_ShowInfoForAllPoolsInSysDmp

# Add rlcyclic info to the system dump service

sysdmp_add -show RlcyclicShow -source CyclicBool

# Add rldryrun info to the system dump service

sysdmp_add -show RlDryRunShow -source DryRun

# Add Appweb info to system dump service

sysdmp_add -class sysdump_appweb -fileext log  

# Add RobotWebsevice info to system dump service

sysdmp_add -show rws_info_show

# Add robcmd_show_diag info to the system dump service

sysdmp_add -show robcmd_show_diag

# Add robesu_show_diag info to the system dump service

sysdmp_add -show robesu_show_diag





goto -label NEXT_STEP

#SHELL_SCRIPT_TASK

task -slotname sysdmp_shell_script -slotid 18 -entp sysdmp_shell_script -pri 250 -vwopt 0x1c -stcks 25000 -auto

synchronize -level task

go -level task

sysdmp_add -class sysdmp_shell_script

#NEXT_STEP



# Generate sysdump on "refma underrun"

sysdmp_trigger_add -elog_domain 5 -elog_number 226

# Generate sysdump on "Communication lost with Drive Module"

sysdmp_trigger_add -elog_domain 3 -elog_number 9520

# Generate sysdump on "Overrun of Receive Feedback task"

sysdmp_trigger_add -elog_internal "Overrun of Receive Feedback task"

# Generate sysdump on "refma command queue timeout"

sysdmp_trigger_add -elog_domain 5 -elog_number 235

# Generate sysdump on "axc underrun of references"

sysdmp_trigger_add -elog_domain 5 -elog_number 430

# Generate sysdump on "servo underrun"

sysdmp_trigger_add -elog_domain 5 -elog_number 82

# Generate sysdump on "servo tool error"

sysdmp_trigger_add -elog_domain 5 -elog_number 248

# Generate sysdump on "servogun opening error"

sysdmp_trigger_add -elog_domain 5 -elog_number 251

# Generate sysdump on "In Position timeout"

sysdmp_trigger_add -elog_domain 5 -elog_number 308



# Additional log files to be copied to the sysdump

sysdmp_add_logfile -move 0 -file "$INTERNAL/upgrade.log"

sysdmp_add_logfile -move 0 -file "$INTERNAL/install.log"

sysdmp_add_logfile -move 0 -file "$INTERNAL/startup.log"

sysdmp_add_logfile -move 0 -file "$INTERNAL/ESTARTUP.LOG"

sysdmp_add_logfile -move 0 -file "$INTERNAL/SHUTDOWN.LOG"

sysdmp_add_logfile -move 0 -file "$CTRLROOT/pf_info.log"



# Include command file for additional logging mechanisms 



# Skip uprobe_default_start if requested by service_debug_early

# That is done by adding the folling row to the service_debug_early file

# setstr -strvar $UPROBE_DEF_START -value "no"

ifstr -strvar $UPROBE_DEF_START -value "no" -label UPROBE_DEF_SKIP

include -path $RELEASE/system/uprobe_default_start.cmd

#UPROBE_DEF_SKIP



fileexist -path $SYSTEM/service_debug.cmd -label LOAD_CMD

goto -label NEXT_STEP

#LOAD_CMD

include -path $SYSTEM/service_debug.cmd

sysdmp_add_logfile -move 0 -file "$SYSTEM/service_debug.cmd"

#NEXT_STEP



ifvc -label NEXT_STEP

# Report if system.xml has been restored

fileexist -path $INTERNAL/system.xml.err -label REPORT_SYSTEM_XML

goto -label NEXT_STEP

#REPORT_SYSTEM_XML

delete -path $INTERNAL/system.xml.err

print -text "*** RESTORE OF SYSTEM.XML HAS BEEN DONE ***"

#NEXT_STEP



ifvc -label NEXT_STEP

# Report if RW6system.xml has been restored

fileexist -path $INTERNAL/RW6system.xml.err -label REPORT_RW6_SYSTEM_XML

goto -label NEXT_STEP

#REPORT_RW6_SYSTEM_XML

delete -path $INTERNAL/RW6system.xml.err

print -text "*** RESTORE OF RW6SYSTEM.XML HAS BEEN DONE ***"

#NEXT_STEP



systemrun



# Handle post-update

fileexist -path $INTERNAL/post_startup_action.cmd -label LOAD_CMD

goto -label NO_POST_ACTION

#LOAD_CMD

fileexist -path $INTERNAL/post_startup_action.cmd.old -label DEL_OLD

goto -label NEXT_STEP

#DEL_OLD

delete -path $INTERNAL/post_startup_action.cmd.old

#NEXT_STEP

rename -from $INTERNAL/post_startup_action.cmd -to $INTERNAL/post_startup_action.cmd.old

include -path $INTERNAL/post_startup_action.cmd.old

delete -path $INTERNAL/post_startup_action.cmd.old

#NO_POST_ACTION



goto -label NO_ERROR



ifvc -label NO_ERROR

#SYSTEM_ERROR

echo -text "Error during system startup!"

echo -text "The system is corrupt, try to reinstall the system."

echo -text "Forcing startup of the BootServer..."

report_corrupt_rw

delete -path /hd0a/internal/active

delay -time 1000

restart

#NO_ERROR
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MODULE D3_SearchAfterItem
    
    ! TARGETS. 
    VAR robtarget PunktVakuumDetektert;         ! Det opprettes et punkt der vakuum (en vare) detekteres i søkefunksjonen. 
    
    ! PARAMETERS. 
    VAR string ActivateSearchProgram;           ! Velg "On" eller "Off" for å bestemme om roboten skal bruke søkeprogrammet. Bestemmes for hvert verktøy i funksjonen "Varesok". 
    VAR string SelectSearchProgram;             ! Velg "Global" for å benytte søkedybden Varer_SearchDepth_Y på alle varer. Bestemmes for hvert verktøy i funksjonen "Varesok". 
                                                ! Velg "Individual" for å benytte de dedikerte verdiene Varer_a_SearchDepth_Y på varene. Bestemmes for hvert verktøy i funksjonen "Varesok". 
    VAR num GlobalSearchDepth_Y;                ! Søkedybde for varer dersom ingen vare detekteres i plukkpunktet (PickingPoint_X/Y/Z). Bestemmes for hvert verktøy i funksjonen "Varesok". 
    VAR num AntattGripeavstandVakuum:=2;        ! Avstanden (i mm) når sentrum av griperens tupp antas å være nær nok til at varen fester seg. 

    ! DECLARATIONS. 
!    VAR num PickingAngle_X_Opprinnelig; 
    VAR num HosliggendeKateter; 
    VAR num MotstaendeKatet_1; 
    VAR num MotstaendeKatet_2; 
    
    ! PROCEDURES. 
    PROC SearchParameters()
        IF Tool="SC_TripleTool" THEN
            ! INDIVIDUAL PARAMETERS. 
            ActivateSearchProgram:="Off"; 
            SelectSearchProgram:="Global"; 
            GlobalSearchDepth_Y:=100; 
        ENDIF
    ENDPROC
    
    
    ! Varesøksfunksjon. 
    PROC SearchForItem()
        
        VAR num PickingAngle_X_Sok; 
        PickingAngle_X_Sok:=PickingAngle_X; 
        
            IF SelectSearchProgram="Global" THEN
                SearchDepth_Y:=GlobalSearchDepth_Y; 
            ELSEIF SelectSearchProgram="Individual" THEN
                SearchDepth_Y:=SearchDepth_Y; 
            ENDIF
            
            ! Ved søk med stor plukkvinkel (>= 80 grader) skråstilles verktøyet litt, slik at det ikke skal treffe den øverste delen av varen sidelengs med tuppen. 
            IF PickingAngle_X >= 80 THEN
                PickingAngle_X_Sok:=80; 
                
                ! Finner hosliggende kateter. 
                HosliggendeKateter:=AntattGripeavstandVakuum*Cos(90 - PickingAngle_X_Sok); 
                
                ! Finner motstående katet 1. 
                MotstaendeKatet_1:=AntattGripeavstandVakuum*Sin(90 - PickingAngle_X_Sok); 

                ! Finner motstående katet 2. 90 grader vil gi uendelig og må derfor forkastes. 
                IF PickingAngle_X < 90 THEN
                    MotstaendeKatet_2:=HosliggendeKateter*Tan(PickingAngle_X); 
                ELSEIF PickingAngle_X = 90 THEN
                    MotstaendeKatet_2:=PickingPoint_Y*Dimension_Y; 
                ENDIF
                
                ! Beregner nytt plukkpunkt langs Y-aksen (PickingPoint_Y). 
                IF PickingPoint_Y*Dimension_Y >= MotstaendeKatet_2 THEN
                    PickingPoint_Y:=((PickingPoint_Y*Dimension_Y) - (MotstaendeKatet_1 + MotstaendeKatet_2))/Dimension_Y; 
                ELSE
                    PickingPoint_Y:=-MotstaendeKatet_1/Dimension_Y; 
                ENDIF
                
                ! Stores the estimated Y-axis gripping point for use in succeeding movement instructions. 
                IF Item_a=1 THEN
                    Item_1_PickingPoint_Y:=PickingPoint_Y; 
                ELSEIF Item_a=2 THEN
                    Item_2_PickingPoint_Y:=PickingPoint_Y; 
                ELSEIF Item_a=3 THEN
                    Item_3_PickingPoint_Y:=PickingPoint_Y; 
                ELSEIF Item_a=4 THEN
                    Item_4_PickingPoint_Y:=PickingPoint_Y; 
                ENDIF
                
            ENDIF
            
            ! Griperen står fortsatt i varens plukkepunkt (PickingPoint_X/Y/Z), men plukkvinkelen justeres til 80 grader dersom den opprinnelige plukkvinkelen var større enn dette. 
!            MoveL RelTool(Position_ab, Dimension_Z*PickingPoint_Z - sin(0)*GrippingDepth, Dimension_X*PickingPoint_X, Dimension_Y*PickingPoint_Y + cos(0)*GrippingDepth \Ry:=-PickingAngle_X_Sok),v300,z10,Gripper\WObj:=wobjShelvingUnits; 
            MoveL RelTool(Position_abc, Dimension_Z*PickingPoint_Z - sin(0)*GrippingDepth, Dimension_X*PickingPoint_X, Dimension_Y*PickingPoint_Y + cos(0)*GrippingDepth \Rx:=PickingAngle_Z \Ry:=-PickingAngle_X_Sok \Rz:=PickingAngle_Y),v300,z10,Gripper\WObj:=wobjShelvingUnits; 
            
            ! Beveger verktøyet innover i hyllen. Stopper så straks vakuum detekteres (doDetektertVakuum) i griperen og lagrer denne posisjonen (PunktVakuumDetektert). 
!            SearchL \Stop, GripperStatus, PunktVakuumDetektert, RelTool(Position_abc, Dimension_Z*PickingPoint_Z - sin(0)*GrippingDepth, Dimension_X*PickingPoint_X, Dimension_Y*PickingPoint_Y + cos(0)*GrippingDepth + SearchDepth_Y \Ry:=-PickingAngle_X_Sok),v50,Gripper\WObj:=wobjShelvingUnits; 
            SearchL \PStop, GripperStatus, PunktVakuumDetektert, RelTool(Position_abc, Dimension_Z*PickingPoint_Z - sin(0)*GrippingDepth, Dimension_X*PickingPoint_X, Dimension_Y*PickingPoint_Y + cos(0)*GrippingDepth + SearchDepth_Y \Rx:=PickingAngle_Z \Ry:=-PickingAngle_X_Sok \Rz:=PickingAngle_Y),v200,Gripper\WObj:=wobjShelvingUnits; 
            WaitTime 0.1; 
            
            ! If an item is detected by the gripper. 
            IF GripperStatus=1 THEN
                ! Raise the item from the shelf surface. 
                MoveL RelTool(PunktVakuumDetektert, Sin(PickingAngle_X - PickingAngle_X_Sok)*(-sin(0)*GrippingDepth + ShelfRetainer_Z + ApproachingDistance_Z), Dimension_X*PickingPoint_X,-Cos(PickingAngle_X - PickingAngle_X_Sok)*(-sin(0)*GrippingDepth + ShelfRetainer_Z + ApproachingDistance_Z) \Rx:=PickingAngle_Z \Ry:=-(0) \Rz:=PickingAngle_Y),v300,fine,Gripper\WObj:=wobjShelvingUnits; 
            ENDIF
        
        ! ERROR: If no object is detected in the search. 
        ERROR
        IF ERRNO=ERR_WHLSEARCH THEN
            ActivateGripper(0); 
            TPWrite "No object detected. "; 
            
            ! Flytter griperen til varens plukkepunkt (PickingPoint_X/Y/Z). Dette er punktet hvor søket startet fra. 
!            MoveL RelTool(Position_ab, Dimension_Z*PickingPoint_Z - sin(PickingAngle_X)*GrippingDepth, Dimension_X*PickingPoint_X, Dimension_Y*PickingPoint_Y + cos(PickingAngle_X)*GrippingDepth \Ry:=-PickingAngle_X),v100,z10,Gripper\WObj:=wobjShelvingUnits; 
            MoveL RelTool(Position_abc, Dimension_Z*PickingPoint_Z - sin(PickingAngle_X)*GrippingDepth, Dimension_X*PickingPoint_X, Dimension_Y*PickingPoint_Y + cos(PickingAngle_X)*GrippingDepth \Rx:=PickingAngle_Z \Ry:=-PickingAngle_X_Sok \Rz:=PickingAngle_Y),v300,z10,Gripper\WObj:=wobjShelvingUnits; 
            TRYNEXT; 
        ENDIF
        
    ENDPROC
    
ENDMODULE
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MODULE D1_AssignParameters
    
    ! DECLARATIONS. 
    VAR num NumberOfItems;                  ! The number of items that should be collected with the tool before placing them in the box (in the picking session). 
    
    ! Representation variables for item data. 
    VAR string Name;                        ! Name of item to be picked. 
    VAR robtarget Position_abc;             ! Position c on shelf b in shelving unit a: Locations along the bottom of the shelf retainer. Where the item should be picked. 
    VAR num Velocity;                       ! Recommended robot velocity when transferring the item. 
    VAR robtarget Placement_a;              ! Position a: Where the item should be placed in the box. 
    VAR num Dimension_X;                    ! Dimension X: Width (mm) of the item to be picked. Item should be placed so that half its width dimention is located at Position_abc (centered). 
    VAR num Dimension_Y;                    ! Dimension Y: Depth (mm) of the item to be picked. Item should be placed so that the depth dimension starts at Position_abc. 
    VAR num Dimension_Z;                    ! Dimension Z: Height (mm) of the item to be picked. Item should be placed so that the height dimension starts at Position_abc. 
    VAR num Offset_X;                       ! Offset X: Offset of item (mm) along X-axis of Position_abc. 
    VAR num Offset_Y;                       ! Offset Y: Offset of item (mm) along Y-axis of Position_abc. 
    VAR num Offset_Z;                       ! Offset Z: Offset of item (mm) along Z-axis of Position_abc. 
    VAR num PickingPoint_X;                 ! Picking point X: Width (normalized) to pick the item referenced to Position_ab. The width is normalized between -0,5 (left side item boundary) and 0,5 (right side item boundary). 
    VAR num PickingPoint_Y;                 ! Picking point Y: Depth (normalized) to pick the item referenced to Position_ab. The depth is normalized between 0,0 (front side item boundary) and 1,0 (rear side item boundary). 
    VAR num PickingPoint_Z;                 ! Picking point Z: Height (normalized) to pick the item referenced to Position_ab. The height is normalized between 0,0 (bottom side item boundary) and 1,0 (top side item boundary). 
    VAR num PickingAngle_X;                 ! Picking angle X: Tool rotation about the X-axis of shelf coordinate systems. 0 degrees points the tool "along" the shelf surface, while 90 degrees points it normal to the shelf surface. 
    VAR num PickingAngle_Y;                 ! Picking angle Y: Tool rotation about the Y-axis of shelf coordinate systems. 
    VAR num PickingAngle_Z;                 ! Picking angle Z: Tool rotation about the Z-axis of shelf coordinate systems. -90 degrees points the left tool edge towards the shelf, 0 degrees orients the tool parallell to the shelf, while 90 degrees points the right tool edge towards the shelf. 
    VAR num SearchDepth_Y;                  ! Search depth Y: Depth (mm) to search the shelf for an item that has not been detected at Position_abc, given that the "SearchForItem" procedure is "On" with "Individual" setting. 
    VAR num Gripper_a;                      ! Gripper a: The gripper that should be used to pick the item. 
    
    ! Item 1. 
    VAR string Item_1_Name; 
    VAR robtarget Item_1_Position_abc; 
    VAR num Item_1_Velocity; 
    VAR robtarget Item_1_Placement_a; 
    VAR num Item_1_Dimension_X; 
    VAR num Item_1_Dimension_Y; 
    VAR num Item_1_Dimension_Z; 
    VAR num Item_1_Offset_X;
    VAR num Item_1_Offset_Y;
    VAR num Item_1_Offset_Z;
    VAR num Item_1_PickingPoint_X; 
    VAR num Item_1_PickingPoint_Y; 
    VAR num Item_1_PickingPoint_Z; 
    VAR num Item_1_PickingAngle_X; 
    VAR num Item_1_PickingAngle_Y; 
    VAR num Item_1_PickingAngle_Z; 
    VAR num Item_1_SearchDepth_Y; 
    VAR num Item_1_Gripper_a; 
    
    ! Item 2. 
    VAR string Item_2_Name; 
    VAR robtarget Item_2_Position_abc; 
    VAR num Item_2_Velocity; 
    VAR robtarget Item_2_Placement_a; 
    VAR num Item_2_Dimension_X; 
    VAR num Item_2_Dimension_Y; 
    VAR num Item_2_Dimension_Z; 
    VAR num Item_2_Offset_X;
    VAR num Item_2_Offset_Y;
    VAR num Item_2_Offset_Z;
    VAR num Item_2_PickingPoint_X; 
    VAR num Item_2_PickingPoint_Y; 
    VAR num Item_2_PickingPoint_Z; 
    VAR num Item_2_PickingAngle_X; 
    VAR num Item_2_PickingAngle_Y; 
    VAR num Item_2_PickingAngle_Z; 
    VAR num Item_2_SearchDepth_Y; 
    VAR num Item_2_Gripper_a; 
    
    ! Item 3. 
    VAR string Item_3_Name; 
    VAR robtarget Item_3_Position_abc; 
    VAR num Item_3_Velocity; 
    VAR robtarget Item_3_Placement_a; 
    VAR num Item_3_Dimension_X; 
    VAR num Item_3_Dimension_Y; 
    VAR num Item_3_Dimension_Z; 
    VAR num Item_3_Offset_X;
    VAR num Item_3_Offset_Y;
    VAR num Item_3_Offset_Z;
    VAR num Item_3_PickingPoint_X; 
    VAR num Item_3_PickingPoint_Y; 
    VAR num Item_3_PickingPoint_Z; 
    VAR num Item_3_PickingAngle_X; 
    VAR num Item_3_PickingAngle_Y; 
    VAR num Item_3_PickingAngle_Z; 
    VAR num Item_3_SearchDepth_Y; 
    VAR num Item_3_Gripper_a; 
    
    ! Item 4. 
    VAR string Item_4_Name; 
    VAR robtarget Item_4_Position_abc; 
    VAR num Item_4_Velocity; 
    VAR robtarget Item_4_Placement_a; 
    VAR num Item_4_Dimension_X; 
    VAR num Item_4_Dimension_Y; 
    VAR num Item_4_Dimension_Z; 
    VAR num Item_4_Offset_X;
    VAR num Item_4_Offset_Y;
    VAR num Item_4_Offset_Z;
    VAR num Item_4_PickingPoint_X; 
    VAR num Item_4_PickingPoint_Y; 
    VAR num Item_4_PickingPoint_Z; 
    VAR num Item_4_PickingAngle_X; 
    VAR num Item_4_PickingAngle_Y; 
    VAR num Item_4_PickingAngle_Z; 
    VAR num Item_4_SearchDepth_Y; 
    VAR num Item_4_Gripper_a; 
    
    
    ! PROCEDURES. 
    PROC ItemParameters()
        IF Item_a=1 THEN
            Name:=Item_1_Name; 
            Position_abc:=Item_1_Position_abc; 
            Velocity:=Item_1_Velocity; 
            Placement_a:=Item_1_Placement_a; 
            Dimension_X:=Item_1_Dimension_X; 
            Dimension_Y:=Item_1_Dimension_Y; 
            Dimension_Z:=Item_1_Dimension_Z; 
            Offset_X:=Item_1_Offset_X; 
            Offset_Y:=Item_1_Offset_Y; 
            Offset_Z:=Item_1_Offset_Z; 
            PickingPoint_X:=Item_1_PickingPoint_X; 
            PickingPoint_Y:=Item_1_PickingPoint_Y; 
            PickingPoint_Z:=Item_1_PickingPoint_Z; 
            PickingAngle_X:=Item_1_PickingAngle_X; 
            PickingAngle_Y:=Item_1_PickingAngle_Y; 
            PickingAngle_Z:=Item_1_PickingAngle_Z; 
            SearchDepth_Y:=Item_1_SearchDepth_Y; 
            Gripper_a:=Item_1_Gripper_a; 
        ELSEIF Item_a=2 THEN
            Name:=Item_2_Name; 
            Position_abc:=Item_2_Position_abc; 
            Velocity:=Item_2_Velocity; 
            Placement_a:=Item_2_Placement_a; 
            Dimension_X:=Item_2_Dimension_X; 
            Dimension_Y:=Item_2_Dimension_Y; 
            Dimension_Z:=Item_2_Dimension_Z; 
            Offset_X:=Item_2_Offset_X;
            Offset_Y:=Item_2_Offset_Y;
            Offset_Z:=Item_2_Offset_Z;
            PickingPoint_X:=Item_2_PickingPoint_X; 
            PickingPoint_Y:=Item_2_PickingPoint_Y; 
            PickingPoint_Z:=Item_2_PickingPoint_Z; 
            PickingAngle_X:=Item_2_PickingAngle_X; 
            PickingAngle_Y:=Item_2_PickingAngle_Y; 
            PickingAngle_Z:=Item_2_PickingAngle_Z; 
            SearchDepth_Y:=Item_2_SearchDepth_Y; 
            Gripper_a:=Item_2_Gripper_a; 
        ELSEIF Item_a=3 THEN
            Name:=Item_3_Name; 
            Position_abc:=Item_3_Position_abc; 
            Velocity:=Item_3_Velocity; 
            Placement_a:=Item_3_Placement_a; 
            Dimension_X:=Item_3_Dimension_X; 
            Dimension_Y:=Item_3_Dimension_Y; 
            Dimension_Z:=Item_3_Dimension_Z; 
            Offset_X:=Item_3_Offset_X;
            Offset_Y:=Item_3_Offset_Y;
            Offset_Z:=Item_3_Offset_Z;
            PickingPoint_X:=Item_3_PickingPoint_X; 
            PickingPoint_Y:=Item_3_PickingPoint_Y; 
            PickingPoint_Z:=Item_3_PickingPoint_Z; 
            PickingAngle_X:=Item_3_PickingAngle_X; 
            PickingAngle_Y:=Item_3_PickingAngle_Y; 
            PickingAngle_Z:=Item_3_PickingAngle_Z; 
            SearchDepth_Y:=Item_3_SearchDepth_Y; 
            Gripper_a:=Item_3_Gripper_a; 
        ELSEIF Item_a=4 THEN
            Name:=Item_4_Name; 
            Position_abc:=Item_4_Position_abc; 
            Velocity:=Item_4_Velocity; 
            Placement_a:=Item_4_Placement_a; 
            Dimension_X:=Item_4_Dimension_X; 
            Dimension_Y:=Item_4_Dimension_Y; 
            Dimension_Z:=Item_4_Dimension_Z; 
            Offset_X:=Item_4_Offset_X;
            Offset_Y:=Item_4_Offset_Y;
            Offset_Z:=Item_4_Offset_Z;
            PickingPoint_X:=Item_4_PickingPoint_X; 
            PickingPoint_Y:=Item_4_PickingPoint_Y; 
            PickingPoint_Z:=Item_4_PickingPoint_Z; 
            PickingAngle_X:=Item_4_PickingAngle_X; 
            PickingAngle_Y:=Item_4_PickingAngle_Y; 
            PickingAngle_Z:=Item_4_PickingAngle_Z; 
            SearchDepth_Y:=Item_4_SearchDepth_Y; 
            Gripper_a:=Item_4_Gripper_a; 
        ENDIF
        
        ! Sets position data for (all) instructions. 
        SetInstructionVariables; 
        
    ENDPROC
    
ENDMODULE
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MODULE D0_InitializeRobotProgram
    
    ! Robot axes starting positions. 
    CONST jointtarget jointStartingPositions:=[[6.53, -65.98, 59.06, 43.50, 9.50, -46.90],[ 9E9, 9E9, 9E9, 9E9, 9E9, 9E9]]; 
    
    ! TARGETS. 
    CONST robtarget pHome:=[[274.519,373.717,1000],orientFromAbove,[0,0,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
!    CONST robtarget pHome:=[[274.519,173.717,800],[0.707106781,-0.707106781,0,0],[0,0,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    
    ! FUNCTIONS. 
    PROC InitializeProgram()
        
        ! Sets parameters for the active tool. 
        ToolParameters; 

        ! Sets parameters for the search procedure for the active tool. 
        SearchParameters; 
        
        ! Choose which gripper that should start in Home position (pHome). 
        IF Tool="SC_TripleTool" THEN
            Gripper:=tGripper_f2; 
        ENDIF
        
        ! Returns robot axes to starting positions. 
!        MoveAbsJ jointStartingPositions,v500,z100,Gripper\WObj:=wobjBox; 

        ! Sets the robot in home position. 
!        MoveL pHome,v500,z100,Gripper\WObj:=wobjBox; 
        
        ! Deactivates all grippers of the active tool. 
        InitializeTool; 
        
        !Sets items extesnsions to 0. 
        LargestItemDimension_Y:=0;
        AddedToolExtension_Y:=0; 
        
    ENDPROC
    
ENDMODULE
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MODULE A0_InstructionData
    
    ! POSITIONS. 
    ! X-axis transportation widths for the shelves. 
    ! Position for approaching, picking, and removing item from shelf. 
    VAR num posStandard_X; 
    
    ! Y-axis transportation depths for the shelves. 
    ! Position to approach item. 
    VAR num posApproach_Y; 
    ! Position to grip item. 
    VAR num posGrip_Y; 
    ! Position after raising item from shelf surface. 
    VAR num posRaised_Y; 
    ! Position after removing item from shelf. 
    VAR num posRemoved_Y; 
    
    ! Z-axis transportation heights for the shelves. 
    ! Position to approach item. 
    VAR num posApproach_Z; 
    ! Position to grip item. 
    VAR num posGrip_Z; 
    ! Position after raising item from shelf surface. 
    VAR num posRaised_Z; 
    ! Position after removing item from shelf. 
    VAR num posRemoved_Z; 
    
    VAR pos posApproachItem; 
    VAR pos posGripItem; 
    VAR pos posItemRaised; 
    VAR pos posItemRemoved; 
    
    PROC SetInstructionVariables()
        
        ! POSITIONS. 
        ! Y-axis transportation widths for the shelves (any use?). 
        ! Position for approaching, picking, and removing item from shelf. 
        posStandard_X:=(Dimension_X*PickingPoint_X + Offset_X); 
        
        ! Y-axis transportation depths for the shelves. 
        ! Position to approach item. 
        posApproach_Y:=(Dimension_Y*PickingPoint_Y) - (ApproachingDistance_Y*Cos(PickingAngle_X)) + Offset_Y - LargestItemDimension_Y; 
        ! Position to grip item. 
        posGrip_Y:=(GrippingDepth*Cos(PickingAngle_X)) + (Dimension_Y*PickingPoint_Y)  + Offset_Y; 
        ! Position after raising item from shelf surface. 
        posRaised_Y:=(GrippingDepth*Cos(PickingAngle_X)) + (Dimension_Y*PickingPoint_Y) + Offset_Y; 
        ! Position after removing item from shelf. 
        posRemoved_Y:=(GrippingDepth*Cos(PickingAngle_X)) - (Dimension_Y*(1 - PickingPoint_Y)) - ApproachingDistance_Y - ShelfRetainer_Y - AddedToolExtension_Y; 
        
        ! Z-axis transportation heights for the shelves. 
        ! Position to approach item. 
        posApproach_Z:=(ApproachingDistance_Z*Sin(PickingAngle_X)) + (Dimension_Z*PickingPoint_Z) + Offset_Z; 
        ! Position to grip item. 
        posGrip_Z:=-(GrippingDepth*sin(PickingAngle_X)) + (Dimension_Z*PickingPoint_Z) + Offset_Z; 
        ! Position after raising item from shelf surface. 
        posRaised_Z:=-(GrippingDepth*sin(PickingAngle_X)) + (Dimension_Z*PickingPoint_Z) + ApproachingDistance_Z + ShelfRetainer_Z + Offset_Z; 
        ! Position after removing item from shelf. 
        posRemoved_Z:=-(GrippingDepth*sin(PickingAngle_X)) + (Dimension_Z*PickingPoint_Z) + ApproachingDistance_Z + ShelfRetainer_Z + Offset_Z; 
        
        posApproachItem:=[posStandard_X, posApproach_Y, posApproach_Z]; 
        posGripItem:=[posStandard_X, posGrip_Y, posGrip_Z]; 
        posItemRaised:=[posStandard_X, posRaised_Y, posRaised_Z]; 
        posItemRemoved:=[posStandard_X, posRemoved_Y, posRemoved_Z]; 
        
!        posApproachItem:=[posApproach_Z, posStandard_X, posApproach_Y]; 
!        posGripItem:=[posGrip_Z, posStandard_X, posGrip_Y]; 
!        posItemRaised:=[posRaised_Z, posStandard_X, posRaised_Y]; 
!        posItemRemoved:=[posRemoved_Z, posStandard_X, posRemoved_Y]; 
        
    ENDPROC
    
ENDMODULE
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MODULE A2_ShelvingUnitsData
    
    ! COORDINATE SYSTEMS. 
    TASK PERS wobjdata wobjShelvingUnits:=[FALSE,TRUE,"",[[1431.67,1807.5,276.619],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];
    TASK PERS wobjdata wobjLevel_11:=[FALSE,TRUE,"",[[1431.67,1807.5,276.619],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];
    TASK PERS wobjdata wobjLevel_12:=[FALSE,TRUE,"",[[1431.67,1807.5,776.619],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];
    TASK PERS wobjdata wobjLevel_13:=[FALSE,TRUE,"",[[1431.67,1807.5,1276.62],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];
    TASK PERS wobjdata wobjLevel_14:=[FALSE,TRUE,"",[[1431.67,1807.5,1776.62],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];
    TASK PERS wobjdata wobjLevel_21:=[FALSE,TRUE,"",[[1431.67,-52.5,276.619],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];
    TASK PERS wobjdata wobjLevel_22:=[FALSE,TRUE,"",[[1431.67,-52.5,776.619],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];
    TASK PERS wobjdata wobjLevel_23:=[FALSE,TRUE,"",[[1431.67,-52.5,1276.62],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];
    TASK PERS wobjdata wobjLevel_24:=[FALSE,TRUE,"",[[1431.67,-52.5,1776.62],[0.706864,0.0185099,-0.0185099,-0.706864]],[[0,0,0],[1,0,0,0]]];

    
    ! DIMENSIONS. 
    CONST num ShelfRetainer_Y:=30;                  ! Thickness of the shelf retainer (Y). 
    CONST num ShelfRetainer_Z:=15;                  ! Height of the shelf retainer measured from the surface of the shelf (Z). 
    
    ! TARGETS. 
    

ENDMODULE
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MODULE A3_BoxData
    
    ! COORDINATE SYSTEMS. 
    TASK PERS wobjdata wobjBox:=[FALSE,TRUE,"",[[668.283,275.624,167.5],[0.707107,0,0,-0.707107]],[[0,0,0],[1,0,0,0]]];

    CONST robtarget LeftBoxEdge:=[[-25.481,173.717,400],[0.707106781,-0.707106781,0,0],[0,0,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget RightBoxEdge:=[[574.519,173.717,400],[0.707106781,-0.707106781,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
        
ENDMODULE
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MODULE A1_ToolData
    
    ! TOOLS. 
    ! SC_TripleTool
!	PERS tooldata tGripper_f1:=[TRUE,[[-149,100,495.24],[0.707107,0.707107,0,0]],[3,[100,0,197],[1,0,0,0],0,0,0]];
	PERS tooldata tGripper_f1:=[TRUE,[[-149,100,495.24],[0.707107,0.707107,0,0]],[3,[100,0,197],[1,0,0,0],0,0,0]];
!	PERS tooldata tGripper_f2:=[TRUE,[[46,100,495.24],[0.707107,0.707107,0,0]],[3,[0,100,197],[1,0,0,0],0,0,0]];
	PERS tooldata tGripper_f2:=[TRUE,[[46,100,495.24],[0.707107,0.707107,0,0]],[3,[0,100,197],[1,0,0,0],0,0,0]];
!	PERS tooldata tGripper_f3:=[TRUE,[[236,100,495.24],[0.707107,0.707107,0,0]],[3,[100,0,197],[1,0,0,0],0,0,0]];
	PERS tooldata tGripper_f3:=[TRUE,[[236,100,495.24],[0.707107,0.707107,0,0]],[3,[100,0,197],[1,0,0,0],0,0,0]];
!	PERS tooldata tGripper_d:=[TRUE,[[0,255.94,382.3],[0.5,-0.5,0.5,0.5]],[3,[100,0,197],[1,0,0,0],0,0,0]];
	PERS tooldata tGripper_d:=[TRUE,[[0,255.94,382.3],[0.5,-0.5,0.5,0.5]],[3,[100,0,197],[1,0,0,0],0,0,0]];
    
    
    ! Dummy variable for the active gripper. 
    PERS tooldata Gripper:=[TRUE,[[46,100,495.24],[0.707107,0.707107,0,0]],[3,[0,100,197],[1,0,0,0],0,0,0]]; 
    
    ! PARAMETERS. 
    CONST string Tool:="SC_TripleTool";                 ! Choose "SC_TripleTool" or any other tool defined under TOOLS. 
    
    ! DECLARATIONS. 
    VAR num GrippingDepth;                              ! For grippers with fingers: The finger length that should flank an item before a gripping attempt is made. Set this parameter in the procedure "ToolParameters". 
    VAR num NumberOfGrippers;                           ! Number of tool grippers. Set this parameter in the procedure "ToolParameters". 
    VAR signaldi GripperStatus;                         ! Dummy-variable/alias for gripper sensors. 
    VAR speeddata vTransfer:=[1000,500,5000,1000];      ! Speeddata variable setting the velocity of 'TransferVelocity' in instructions. 
    PERS num LargestItemDimension_Y:=0;                  ! For ToolExtension()-procedure. 
    PERS num AddedToolExtension_Y:=0;                    ! For ToolExtension()-procedure. 
    
    ! PROCEDURES. 
    ! Selects the gripper that should be used to collect the item. 
    PROC SelectGripper()
        ! Uses the tool assigned for the item. 
        IF Tool="SC_TripleTool" THEN
            IF Gripper_a=1 THEN
                Gripper.tframe.trans:=tGripper_f1.tframe.trans; 
                Gripper.tframe.rot:=tGripper_f1.tframe.rot; 
            ELSEIF Gripper_a=2 THEN
                Gripper.tframe.trans:=tGripper_f2.tframe.trans; 
                Gripper.tframe.rot:=tGripper_f2.tframe.rot; 
            ELSEIF Gripper_a=3 THEN
                Gripper.tframe.trans:=tGripper_f3.tframe.trans; 
                Gripper.tframe.rot:=tGripper_f3.tframe.rot; 
            ELSEIF Gripper_a=4 THEN
                Gripper.tframe.trans:=tGripper_d.tframe.trans; 
                Gripper.tframe.rot:=tGripper_d.tframe.rot; 
            ENDIF
        ENDIF
    ENDPROC
    
    
    ! Call the procedure to activate or deactivate the active gripper. Input argument "0" deactivates the gripper, while input argument "1" activates the gripper.  
    PROC ActivateGripper(num Activation)
        IF Tool="SC_TripleTool" THEN
            IF Gripper_a=1 AND Activation=0 THEN
                SetDO doActivateVacuum_f1, 0;        ! Deactivates vacuum/pump in gripper f1 (tGripper_f1). 
            ELSEIF Gripper_a=1 AND Activation=1 THEN
                SetDO doActivateVacuum_f1, 1;        ! Activates vacuum/pump in gripper f1 (tGripper_f1). 
            ELSEIF Gripper_a=2 AND Activation=0 THEN
                SetDO doActivateVacuum_f2, 0;        ! Deactivates vacuum/pump in gripper f2 (tGripper_f2). 
            ELSEIF Gripper_a=2 AND Activation=1 THEN
                SetDO doActivateVacuum_f2, 1;        ! Activates vacuum/pump in gripper f2 (tGripper_f2). 
            ELSEIF Gripper_a=3 AND Activation=0 THEN
                SetDO doActivateVacuum_f3, 0;        ! Deactivates vacuum/pump in gripper f3 (tGripper_f3). 
            ELSEIF Gripper_a=3 AND Activation=1 THEN
                SetDO doActivateVacuum_f3, 1;        ! Activates vacuum/pump in gripper f3 (tGripper_f3). 
            ELSEIF Gripper_a=4 AND Activation=0 THEN
                SetDO doActivateVacuum_d, 0;        ! Deactivates vacuum/pump in gripper d (tGripper_d). 
            ELSEIF Gripper_a=4 AND Activation=1 THEN
                SetDO doActivateVacuum_d, 1;        ! Activates vacuum/pump in gripper d (tGripper_d). 
            ENDIF        
        ENDIF 
    ENDPROC
    
        
    ! Initialization and gripper-parameters. 
    PROC ToolParameters()
        IF Tool="SC_TripleTool" THEN
            ! INDIVIDUAL PARAMETERS. 
            GrippingDepth:=0;                  ! How far the TCP should be moved beyond the picking point of the item before the gripping mechanism is activated (set to "0" if not a mechanical gripper). 
            NumberOfGrippers:=4; 
        ENDIF
    ENDPROC
    
    
    ! Deactivates all grippers of the active tool. 
    PROC InitializeTool()
        IF Tool="SC_TripleTool" THEN
            SetDO doActivateVacuum_f1, 0;               ! Deactivates vacuum/pump in gripper f1 (tGripper_f1). 
            SetDO doActivateVacuum_f2, 0;               ! Deactivates vacuum/pump in gripper f2 (tGripper_f2). 
            SetDO doActivateVacuum_f3, 0;               ! Deactivates vacuum/pump in gripper f3 (tGripper_f3). 
        ENDIF
    ENDPROC
    
    
    ! Procedure for gripping an item. 
    PROC GetItem()
        ! The active gripper is being activated to pick up target item. 
        WaitRob \InPos; 
        ActivateGripper(1); 
        WaitTime 0.1; 
        
        ! If no items are detected by the gripper, a search procedure is initiated if it is set to active. 
        IF GripperStatus=0 AND ActivateSearchProgram="On" THEN
            SearchForItem; 
        ELSEIF GripperStatus=0 AND ActivateSearchProgram="Off" THEN
            ActivateGripper(0); 
        ENDIF
    ENDPROC
    
    
    ! Assigns a dummy-variable that reflects the status of the active gripper sensor in order to decide if an object is attached (1), or not (0). 
    PROC AssignGripperStatusDummy()
        ! For each tool: The gripper assigned to pick the current product. 
        IF Tool="SC_TripleTool" THEN
            IF Gripper_a=1 THEN
                AliasIO diVacuumDetected_f1, GripperStatus; 
            ELSEIF Gripper_a=2 THEN
                AliasIO diVacuumDetected_f2, GripperStatus; 
            ELSEIF Gripper_a=3 THEN
                AliasIO diVacuumDetected_f3, GripperStatus; 
            ELSEIF Gripper_a=4 THEN
                AliasIO diVacuumDetected_d, GripperStatus; 
            ENDIF
        ENDIF        
    ENDPROC
    
    
    ! Procedure for dropping an item. 
    PROC DropItem()
        ! Drops item. 
        WaitRob \InPos; 
        WaitTime 0.2; 
        ActivateGripper(0); 
        WaitTime 0.1; 
    ENDPROC
    
    
    ! Sets the program to the highest recommended transfer-velocity with regards to the limits of the items gripped by the tool. 
    PROC SetTransferVelocity()
        IF Velocity < vTransfer.v_tcp THEN          ! If new item has lower recommended velocity than current velocity: 
            vTransfer.v_tcp:=Velocity;              ! Set velocity in item-carrying instructions to the recommended velocity of the new item. 
        ENDIF
    ENDPROC
    
    
    ! Estimates the tool extension because of items held by the tool. Along the Y-axis of the TCPs in front (tGripper_f1, tGripper_f2, tGripper_f3). 
    PROC ToolExtension()
        IF LargestItemDimension_Y=0 THEN
            LargestItemDimension_Y:=Item_1_Dimension_Y;
        ENDIF
        
        IF Dimension_Y > LargestItemDimension_Y THEN
            LargestItemDimension_Y:=Dimension_Y; 
        ENDIF
        
        AddedToolExtension_Y:=LargestItemDimension_Y - Dimension_Y; ! The extended approacing distance in the Y-axis of the TCPs. 
                
    ENDPROC

    
ENDMODULE
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MODULE D5_PlaceItemsInBox
    
    ! PROCEDURES. 
    PROC DropItemIntoBox()
        
        ! Selects the gripper that should be used to deliver current item. 
        SelectGripper; 

        ! Places the item in the box. 
        MoveL RelTool(DropPosition, 0, -LargestItemDimension_Y,0),v400,z100,Gripper\WObj:=wobjBox; 
                
        ! Drops item number a (Item_a). 
        DropItem; 
        
    ENDPROC
    
ENDMODULE
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    MODULE D2_PickItemFromShelf
    
    ! FUNKSJONER. 
    ! Program for collecting an item. 
    PROC CollectItem()
        
        ! Assigns a dummy-variable that reflects the status of the active gripper sensor. 
        AssignGripperStatusDummy; 
        
        ! Selects the gripper that should be used to collect current item. 
        SelectGripper; 

        ! Calculates the extension the tool in the TCP Y-direction due to it gripping item(s). 
        ToolExtension; 
        
        ! Updates instruction parameters. 
        SetInstructionVariables; 
        
        
        !!!!!!!!!!!!!!!!!!!!!
        
        ! Plasserer griperen i startposisjonen foran varen. 
        MoveL RelTool(Position_abc, posApproachItem.x, posApproachItem.y, posApproachItem.z \Rx:=-PickingAngle_X \Ry:=-PickingAngle_Y \Rz:=-PickingAngle_Z),vTransfer,z10,Gripper\WObj:=wobjShelvingUnits; 
        
        ! Flytter griperen til varens plukkepunkt (PickingPoint_X/Y/Z). 
        MoveL RelTool(Position_abc, posGripItem.x, posGripItem.y, posGripItem.z \Rx:=-PickingAngle_X \Ry:=-PickingAngle_Y \Rz:=-PickingAngle_Z),v400,fine,Gripper\WObj:=wobjShelvingUnits; 
        
        ! Tries to grip item number a (Item_a). 
        GetItem; 
        
        ! Løfter varen opp fra hylleflaten. 
        MoveL RelTool(Position_abc, posItemRaised.x, posItemRaised.y, posItemRaised.z \Rx:=-PickingAngle_X \Ry:=-PickingAngle_Y \Rz:=-PickingAngle_Z),v400,z10,Gripper\WObj:=wobjShelvingUnits; 

        ! Flytter varen ut til hyllens tilnærmingspunkt. 
        MoveL RelTool(Position_abc, posItemRemoved.x, posItemRemoved.y, posItemRemoved.z \Rx:=-PickingAngle_X \Ry:=-PickingAngle_Y \Rz:=-PickingAngle_Z),v400,z10,Gripper\WObj:=wobjShelvingUnits; 
        
        !!!!!!!!!!!!!!!!!!!!!
        
        
        ! Sets transfer-velocity for all instructions involved in item-translation. 
        SetTransferVelocity; 
        
    ENDPROC
    
ENDMODULE
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MODULE C_StationProgram
    
    ! COORDINATE SYSTEMS. 
    
    ! TARGET ORIENTATIONS. 
    CONST orient orientFromFront:=[1,0,0,0]; 
    CONST orient orientFromAbove:=[0.707106781,-0.707106781,0,0]; 
!    CONST orient orientFromFront:=[0.5,-0.5,-0.5,-0.5]; 
!    CONST orient orientFromAbove:=[0,0.707106781,0.707106781,0]; 
!    CONST orient orientFromRight:=[0.707106781,0,-0.707106781,0]; 
!    CONST orient orientFromLeft:=[0,0.707106781,0,0.707106781]; 
    
    ! PARAMETERS. 
    ! Approach distances: Safety distances when approaching items or physical obstructions with the attached tool. 
    CONST num ApproachingDistance_Y:=50;             ! Safety distance along the Y-axis of the referenced coordinate system. 
    CONST num ApproachingDistance_Z:=50;             ! Safety distance along the Z-axis of the referenced coordinate system. 
    ! Item x: The item that should be or are currently being manipulated with the tool. 
    VAR num Item_a; 
    
    ! Path to external data file. 
    CONST string diskhome:="C:/Users/Anders/PycharmProjects/OptimizationProgram";     
    
    
    ! MAIN PROGRAM. 
	PROC main()
        ConfL \Off;
!        SingArea \Wrist;
        
        Load \Dynamic, diskhome \File:="B_PickingParameters.MOD"; ! Imports file with picking parameters set by the optimization algorithm. 
        %"B_PickingParameters:SetPickingParameters"%;             ! Sets parameters in RAPID. 
        
        ! Sets program parameters and moves robot to Home position. 
        InitializeProgram; 
        
        ! Sets starting velocity. 
        vTransfer.v_tcp:=2500;
        
        ! Collects planned session items with equipped tool. 
        FOR i FROM 1 TO NumberOfItems DO
            Item_a:=i; 
            
            ! Sets item parameters for item number a (Item_a) in current session. 
            ItemParameters; 
            
            ! Collects item number a (Item_a) in current session. 
            CollectItem; 
        ENDFOR

        
! TULL! For å sjekke statusen til diVacuumDetected-inngangene. 
IF diVacuumDetected_f1=0 THEN
ELSEIF diVacuumDetected_f2=0 THEN
ELSEIF diVacuumDetected_f3=0 THEN
ENDIF


        ! Moves items to the box. 
        MoveItemsToBox; 
                
        ! Delivers items collected in current session to the box. 
        FOR i FROM 1 TO NumberOfItems DO            
            Item_a:=i; 
            
            ! Sets item parameters for item number a (Item_a) in current session. 
            ItemParameters; 
            
            ! Drops items into the box. 
            DropItemIntoBox; 
        ENDFOR
                
        LargestItemDimension_Y:=0; 
        AddedToolExtension_Y:=0;
        
        ! Sets program parameters and moves robot to Home position. 
        InitializeProgram; 
	ENDPROC
    
ENDMODULE
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MODULE B_PickingParameters
    
    ! PROCEDURES. 
    PROC SetPickingParameters()

        ! The number of items that should be collected with the tool before placing them in the box (in a picking session). 
        NumberOfItems:=3;	! GJØRE OM TIL LISTE!! 
        
        ! Items to be picked. 
        Item_1_Name:="Nuddelpakke"; 
        Item_1_Position_abc:=Position_136_2; 
        Item_1_Velocity:=2500; 
        Item_1_Dimension_X:=110; 
        Item_1_Dimension_Y:=30; 
        Item_1_Dimension_Z:=120; 
        Item_1_Offset_X:=0;
        Item_1_Offset_Y:=0;
        Item_1_Offset_Z:=0;
        Item_1_PickingPoint_X:=0; 
        Item_1_PickingPoint_Y:=0; 
        Item_1_PickingPoint_Z:=1; 
        Item_1_PickingAngle_X:=0; 
        Item_1_PickingAngle_Y:=0; 
        Item_1_PickingAngle_Z:=0; 
        Item_1_SearchDepth_Y:=100; 
        Item_1_Gripper_a:=1; 
        
        Item_2_Name:="Knekkebrod"; 
        Item_2_Position_abc:=Position_137_2; 
        Item_2_Velocity:=1600; 
        Item_2_Dimension_X:=190; 
        Item_2_Dimension_Y:=70; 
        Item_2_Dimension_Z:=140; 
        Item_2_Offset_X:=0;
        Item_2_Offset_Y:=0;
        Item_2_Offset_Z:=0;
        Item_2_PickingPoint_X:=0; 
        Item_2_PickingPoint_Y:=0; 
        Item_2_PickingPoint_Z:=1; 
        Item_2_PickingAngle_X:=0; 
        Item_2_PickingAngle_Y:=0; 
        Item_2_PickingAngle_Z:=0; 
        Item_2_SearchDepth_Y:=100; 
        Item_2_Gripper_a:=2; 
        
        Item_3_Name:="Matolje"; 
        Item_3_Position_abc:=Position_124_2; 
        Item_3_Velocity:=1000; 
        Item_3_Dimension_X:=70; 
        Item_3_Dimension_Y:=70; 
        Item_3_Dimension_Z:=220; 
        Item_3_Offset_X:=0;
        Item_3_Offset_Y:=0;
        Item_3_Offset_Z:=0;
        Item_3_PickingPoint_X:=0; 
        Item_3_PickingPoint_Y:=0; 
        Item_3_PickingPoint_Z:=1; 
        Item_3_PickingAngle_X:=0; 
        Item_3_PickingAngle_Y:=0; 
        Item_3_PickingAngle_Z:=0; 
        Item_3_SearchDepth_Y:=100; 
        Item_3_Gripper_a:=3; 
        
        
        ! Sett med vinklede klosser. 
        Item_4_Name:="8 graders helning"; 
        Item_4_Position_abc:=Position_111;
        Item_4_Velocity:=500;  
        Item_4_Dimension_X:=50; 
        Item_4_Dimension_Y:=100; 
        Item_4_Dimension_Z:=64.05; 
        Item_4_Offset_X:=0;
        Item_4_Offset_Y:=0;
        Item_4_Offset_Z:=0;
        Item_4_PickingPoint_X:=0; 
        Item_4_PickingPoint_Y:=0; 
        Item_4_PickingPoint_Z:=1; 
        Item_4_PickingAngle_X:=0; 
        Item_4_PickingAngle_Y:=0; 
        Item_4_PickingAngle_Z:=0; 
        Item_4_SearchDepth_Y:=30; 
        Item_4_Gripper_a:=1; 

!        Item_5_Name:="4 graders helning"; 
!        Item_5_Position_abc:=Position_121;
!        Item_5_Velocity:=500;  
!        Item_5_Dimension_X:=50; 
!        Item_5_Dimension_Y:=100; 
!        Item_5_Dimension_Z:=56.99; 
!        Item_5_Offset_X:=0;
!        Item_5_Offset_Y:=0;
!        Item_5_Offset_Z:=0;
!        Item_5_PickingPoint_X:=0; 
!        Item_5_PickingPoint_Y:=0.5; 
!        Item_5_PickingPoint_Z:=0.94; 
!        Item_5_PickingAngle_X:=86; 
!        Item_5_PickingAngle_Y:=0; 
!        Item_5_PickingAngle_Z:=0; 
!        Item_5_SearchDepth_Y:=30; 
!        Item_5_Gripper_a:=2; 
!            
!        Item_6_Name:="1 grads helning"; 
!        Item_6_Position_abc:=Position_131; 
!        Item_6_Velocity:=500; 
!        Item_6_Dimension_X:=50; 
!        Item_6_Dimension_Y:=100; 
!        Item_6_Dimension_Z:=51.75; 
!        Item_6_Offset_X:=0;
!        Item_6_Offset_Y:=0;
!        Item_6_Offset_Z:=0;
!        Item_6_PickingPoint_X:=0; 
!        Item_6_PickingPoint_Y:=0.5; 
!        Item_6_PickingPoint_Z:=0.98; 
!        Item_6_PickingAngle_X:=89; 
!        Item_6_PickingAngle_Y:=0; 
!        Item_6_PickingAngle_Z:=0; 
!        Item_6_SearchDepth_Y:=30; 
!        Item_6_Gripper_a:=3; 
        
    ENDPROC
    
ENDMODULE
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MODULE BASE (SYSMODULE, NOSTEPIN, VIEWONLY)

 ! System module with basic predefined system data
 !************************************************

 ! System data tool0, wobj0 and load0
 ! Do not translate or delete tool0, wobj0, load0
 PERS tooldata tool0 := [TRUE, [[0, 0, 0], [1, 0, 0, 0]],
                        [0.001, [0, 0, 0.001],[1, 0, 0, 0], 0, 0, 0]];

 PERS wobjdata wobj0 := [FALSE, TRUE, "", [[0, 0, 0],[1, 0, 0, 0]],
                        [[0, 0, 0],[1, 0, 0, 0]]];

 PERS loaddata load0 := [0.001, [0, 0, 0.001],[1, 0, 0, 0], 0, 0, 0];

ENDMODULE
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MODULE BASEFUN (SYSMODULE, VIEWONLY)
  
 PROC LoadIdentify()
   ! Service routine Load Identification
   !***************************************************
  
   LoadIdentifyProc;
   
   UNDO
     LoadIdTerminate;
 ENDPROC

 PROC ManLoadIdentify()
   ! Service routine for ext. manipulators Load Identification
   !***************************************************

   ManLoadIdProc \DoExit:=TRUE;
   
   UNDO
     LoadIdTerminate;
 ENDPROC

 
 PROC SkipTaskExec()
   ! Service routine for setting C_TASKSATSTART
   !***************************************************

   SetCTasksAtStart;
 ENDPROC
ENDMODULE
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%%%
    VERSION:1
    LANGUAGE:ENGLISH
%%%

MODULE CAL_AX(SYSMODULE,VIEWONLY)
    ! $Revision: 1.0 $
    !
    ! AxisCalibration
    !
    VAR bool axcalloaded:=FALSE;
    PROC AxisCalibration()
        VAR num TPReadDummy;
        VAR num answer;        
        
        IF axcalloaded = FALSE THEN
            Load \Dynamic, "RELEASE:/options/cal_axis/calax_proc.sys";
            axcalloaded:=TRUE;
        ENDIF
        %"AxisProc"%;
        UnLoad "RELEASE:/options/cal_axis/calax_proc.sys";
        axcalloaded:=FALSE;
        TPShow TP_LATEST;
        RETURN;
        
        ERROR
        TEST ERRNO
            CASE ERR_FILNOTFND:
                RAISE;
            CASE ERR_LOADED:
                SkipWarn;
                TRYNEXT;
            default:
                TPShow TP_LATEST;
        ENDTEST
    UNDO
        IF axcalloaded THEN
            UnLoad "RELEASE:/options/cal_axis/calax_proc.sys";
            axcalloaded:=FALSE;
        ENDIF
        TPShow TP_LATEST;
    ENDPROC  
 ENDMODULE
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%%%
  VERSION:1
  LANGUAGE:ENGLISH
%%%

MODULE MOTCOM(SYSMODULE, VIEWONLY)
  ! Motor commutation module loader
  ! Main entry routine
  
  PERS num CURRENT_RATIO := 2;
  
  PROC Commutation()
    IF TaskRunMec() THEN
      MotorCommProc;
    ELSE
      UIMsgBox "The routine can not be used in a task that has no mechanical unit";
    ENDIF
  ENDPROC

  
  LOCAL PROC MotorCommProc()
    VAR bool isLoaded := FALSE;
    Load \Dynamic, "RELEASE:" \File:="options/motcom/motcom_proc.sys";
    isLoaded := TRUE;
    %"MotorCommExe"%;
    UnLoad "RELEASE:" \File:="options/motcom/motcom_proc.sys";
    isLoaded := FALSE;
    TPShow TP_LATEST;
  ERROR
    TEST ERRNO
    case ERR_LOADED:
  	   SkipWarn;
  	   TRYNEXT;
    default:
      ! TPShow TP_LATEST;
    ENDTEST
  UNDO
    IF isLoaded = TRUE THEN
      UnLoad "RELEASE:" \File:="options/motcom/motcom_proc.sys";  
      isLoaded := FALSE;
    ENDIF
  ENDPROC  
 ENDMODULE
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%%%
  VERSION:1
  LANGUAGE:ENGLISH
%%%

MODULE CALPEND(SYSMODULE,VIEWONLY)

	! $Revision: 1.6 $

  !
  !CalPendelum
  !
  PROC CalPendelum()
    CalPendelumProc;
  ENDPROC

  PROC CalPendelumProc()
    VAR num TPReadDummy;
    VAR bool bDummy;

    Load \Dynamic, "RELEASE:" \File:="options/calpend/calpend_proc.sys";
    %"PendelumProc"%;
    bDummy:=TRUE;
    WHILE bDummy DO
      %"CalPerformed"%bDummy;
    ENDWHILE
    UnLoad "RELEASE:" \File:="options/calpend/calpend_proc.sys";
    TPShow TP_LATEST;

  ERROR
    TEST ERRNO
    case ERR_LOADED:
  	   SkipWarn;
  	   TRYNEXT;
    default:
      TPShow TP_LATEST;
    ENDTEST
  ENDPROC  
 ENDMODULE
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MODULE user (SYSMODULE)

 ! Predefined user data
 !*********************

 ! Declaration of numeric registers reg1...reg5
 VAR num reg1 := 0;
 VAR num reg2 := 0;
 VAR num reg3 := 0;
 VAR num reg4 := 0;
 VAR num reg5 := 0;

 ! Declaration of stopwatch clock1
 VAR clock clock1;

 ! Template for declaration of workobject wobj1
 !TASK PERS wobjdata wobj1 := [FALSE, TRUE, "", [[0, 0, 0],[1, 0, 0, 0]],[[0, 0, 0],[1, 0, 0, 0]]];

ENDMODULE
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%%%
  VERSION:1
  LANGUAGE:ENGLISH
%%%

MODULE LINKEDM (SYSMODULE)

! FOLLOWER
!     Name of electronically linked follower axis used by operator at teach pendent.
      PERS string l_f_axis_name{5}       :=  ["",  "", "", "", ""];   

!     Name of the mechanical unit for follower axis.
      PERS string l_f_mecunt_n{5}  :=  ["", "", "", "", ""];

!     Linked follower axis number in the mechanical unit (first axis in mech. unit is number 1). 
      PERS num l_f_axis_no{5}      :=  [0,          0,   0,  0,  0];

! MASTER      
!     Name of the mechanical unit for linked master axis.
      PERS string l_m_mecunt_n{5} :=  ["", "", "", "", ""];

!     Linked master axis number in the mechanical unit (first axis in mech. unit is number 1).
!     See axis number table in documentation for different master mechanical units. 
      PERS num l_m_axis_no{5}     :=  [0,  0,  0,  0,  0];

! POSITION OFFSET 
!     The increase of the allowed offset position between the master and follower
!     positions, used when starting AUTO mode. As soon as the offset is decreased 
!     the old configurated parameter is used. 
!     Example: 3 => the configurated value of allowed offset is increased 3 times.
      PERS num offset_ratio{5}       :=  [10,  10,   10,  10,  10];

! SPEED RATIO
!     Speed_ratio used in AUTO and JOG modes [ very_slow   slow    normal    fast]
!     Value 1 = max allowed manual speed.
      CONST num speed_ratio {20}      := [0.01, 0.01, 0.01, 0.01, 0.01,
                                          0.05, 0.05, 0.05, 0.05, 0.05,
                                          0.20, 0.20, 0.20, 0.20, 0.20,
                                          1.00, 1.00, 1.00, 1.00, 1.00];

! STEP SIZE
!     Displacement position used in JOG mode for each activation of positive or 
!     negative movement.                  [very_short    short   normal   long]
!     Unit degees or meter.
      CONST num displacement {20}     := [0.001, 0.001, 0.001, 0.001, 0.001,
                                          0.005, 0.005, 0.005, 0.005, 0.005,
                                          0.020, 0.020, 0.020, 0.020, 0.020,
                                          0.100, 0.100, 0.100, 0.100, 0.100];


!-------------------------------------------------------------
 PROC Linked_m ()
      Linked_m_exe ;
 ENDPROC
ENDMODULE
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MODULE E_Test
    PROC Path_10()
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_111,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_121,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_131,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_141,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
    ENDPROC
    PROC Path_20()
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_112,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_122,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_132,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_142,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
    ENDPROC
    PROC Path_30()
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_113,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_123,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_133,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_143,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
    ENDPROC
    PROC Path_40()
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_114,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_124,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_134,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_144,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
    ENDPROC
    PROC Path_50()
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_115,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_125,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_135,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
        MoveL Position_145,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;
        MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
    ENDPROC
	PROC Path_60()
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_116,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_126,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_136,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_146,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	ENDPROC
	PROC Path_70()
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_117,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_127,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_137,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_147,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	ENDPROC
	PROC Path_80()
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_211,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_221,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_231,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_241,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	ENDPROC
	PROC Path_90()
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_212,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_222,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_232,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_242,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	ENDPROC
	PROC Path_100()
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_213,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_223,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_233,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_243,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	ENDPROC
	PROC Path_110()
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_214,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_224,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_234,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_244,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	ENDPROC
	PROC Path_120()
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_215,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_225,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_235,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_245,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	ENDPROC
	PROC Path_130()
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_216,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_226,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_236,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_246,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	ENDPROC
	PROC Path_140()
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_217,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_227,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_237,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_247,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	ENDPROC
	PROC Path_a()
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_117,v1000,z100,tGripper_f2\WObj:=wobjLevel_11;
	    MoveL Position_211,v1000,z100,tGripper_f2\WObj:=wobjLevel_21;
	    MoveL Position_127,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;
	    MoveL Position_222,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;
	    MoveL Position_231,v1000,z100,tGripper_f2\WObj:=wobjLevel_23;
	    MoveL Position_137,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;
	    MoveL Position_147,v1000,z100,tGripper_f2\WObj:=wobjLevel_14;
	    MoveL Position_241,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;
	    MoveL Position_247,v1000,z100,tGripper_f2\WObj:=wobjLevel_24;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	ENDPROC
	PROC Path_1()
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	    MoveL Position_224,v1000,z100,tGripper_f2\WObj:=wobjLevel_22;
	    MoveL Position_135,v1000,z100,tGripper_f2\WObj:=wobjLevel_13;
	    MoveL Position_123,v1000,z100,tGripper_f2\WObj:=wobjLevel_12;
	    MoveL DropPosition,v1000,z100,tGripper_f2\WObj:=wobjBox;
	ENDPROC
ENDMODULE









Systems/IRB_4600_40kg_2.55m/INTERNAL/RAPID/PRG1/001A21E3


MODULE Module1
	CONST robtarget DropPosition:=[[274.519,173.717,400],[0.707106781,-0.707106781,0,0],[0,0,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_111:=[[121.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_121:=[[121.25,0,0],[1,0,0,0],[0,2,-4,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_131:=[[121.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_141:=[[121.25,0,0],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_112:=[[373.5,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_122:=[[373.5,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_132:=[[373.5,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_142:=[[373.5,0,0],[1,0,0,0],[0,2,-5,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_113:=[[626.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_123:=[[626.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_133:=[[626.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_143:=[[626.25,0,0],[1,0,0,0],[0,-2,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_114:=[[878.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_124:=[[878.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_134:=[[878.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_144:=[[878.75,0,0],[1,0,0,0],[0,-2,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_115:=[[1131.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_125:=[[1131.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_135:=[[1131.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_145:=[[1131.25,0,0],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_116:=[[1383.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_126:=[[1383.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_136:=[[1383.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_146:=[[1383.75,0,0],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_117:=[[1636.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_127:=[[1636.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_137:=[[1636.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_147:=[[1636.25,0,0],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_211:=[[121.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_221:=[[121.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_231:=[[121.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_241:=[[121.25,0,0],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_212:=[[373.5,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_222:=[[373.5,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_232:=[[373.5,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_242:=[[373.5,0,0],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_213:=[[626.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_223:=[[626.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_233:=[[626.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_243:=[[626.25,0,0],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_214:=[[878.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_224:=[[878.75,0,0],[1,0,0,0],[-1,-3,1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_234:=[[878.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_244:=[[878.75,0,0],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_215:=[[1131.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_225:=[[1131.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_235:=[[1131.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_245:=[[1131.25,0,0],[1,0,0,0],[-1,1,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_216:=[[1383.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_226:=[[1383.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_236:=[[1383.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_246:=[[1383.75,0,0],[1,0,0,0],[-1,1,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_217:=[[1636.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_227:=[[1636.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_237:=[[1636.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    CONST robtarget Position_247:=[[1636.25,0,0],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
    
	CONST robtarget Position_111_2:=[[121.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_112_2:=[[373.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_113_2:=[[626.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_114_2:=[[878.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_115_2:=[[1131.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_116_2:=[[1383.75,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_117_2:=[[1636.25,0,0],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_121_2:=[[121.25,0,500],[1,0,0,0],[0,2,-4,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_122_2:=[[373.75,0,500],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_123_2:=[[626.25,0,500],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_124_2:=[[878.75,0,500],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_125_2:=[[1131.25,0,500],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_126_2:=[[1383.75,0,500],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_127_2:=[[1636.25,0,500],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_131_2:=[[121.25,0,1000],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_132_2:=[[373.75,0,1000],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_133_2:=[[626.25,0,1000],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_134_2:=[[878.75,0,1000],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_135_2:=[[1131.25,0,1000],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_136_2:=[[1383.75,0,1000],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_137_2:=[[1636.25,0,1000],[1,0,0,0],[0,-2,0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_141_2:=[[121.25,0,1500],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_142_2:=[[373.75,0,1500],[1,0,0,0],[0,2,-5,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_143_2:=[[626.25,0,1500],[1,0,0,0],[0,-2,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_144_2:=[[878.75,0,1500],[1,0,0,0],[0,-2,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_145_2:=[[1131.25,0,1500],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_146_2:=[[1383.75,0,1500],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_147_2:=[[1636.25,0,1500],[1,0,0,0],[0,-1,-1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_211_2:=[[1981.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_212_2:=[[2233.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_213_2:=[[2486.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_214_2:=[[2738.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_215_2:=[[2991.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_216_2:=[[3243.75,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_217_2:=[[3496.25,0,0],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_221_2:=[[1981.25,0,500],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_222_2:=[[2233.75,0,500],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_223_2:=[[2486.25,0,500],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_224_2:=[[2738.75,0,500],[1,0,0,0],[-1,-3,1,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_225_2:=[[2991.25,0,500],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_226_2:=[[3243.75,0,500],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_227_2:=[[3496.25,0,500],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_231_2:=[[1981.25,0,1000],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_232_2:=[[2233.75,0,1000],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_233_2:=[[2486.25,0,1000],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_234_2:=[[2738.75,0,1000],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_235_2:=[[2991.25,0,1000],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_236_2:=[[3243.75,0,1000],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_237_2:=[[3496.25,0,1000],[1,0,0,0],[-1,1,-3,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_241_2:=[[1981.25,0,1500],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_242_2:=[[2233.75,0,1500],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_243_2:=[[2486.25,0,1500],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_244_2:=[[2738.75,0,1500],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_245_2:=[[2991.25,0,1500],[1,0,0,0],[-1,1,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_246_2:=[[3243.75,0,1500],[1,0,0,0],[-1,1,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	CONST robtarget Position_247_2:=[[3496.25,0,1500],[1,0,0,0],[-1,0,-2,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
	PROC AllTargets_2()
	    MoveL Position_111_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_112_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_113_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_114_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_115_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_116_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_117_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_121_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_122_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_123_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_124_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_125_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_126_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_127_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_131_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_132_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_133_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_134_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_135_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_136_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_137_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_141_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_142_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_143_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_144_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_145_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_146_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_147_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_211_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_212_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_213_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_214_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_215_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_216_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_217_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_221_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_222_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_223_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_224_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_225_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_226_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_227_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_231_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_232_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_233_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_234_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_235_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_236_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_237_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_241_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_242_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_243_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_244_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_245_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_246_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	    MoveL Position_247_2,v1000,z100,tGripper_f2\WObj:=wobjShelvingUnits;
	ENDPROC
ENDMODULE
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MODULE D4_MoveItemsToBox
    
    ! FUNCTIONS. 
    PROC MoveItemsToBox()
        
        IF Position_abc.trans.x < 1807.5 AND Position_abc.trans.z < 400 THEN
            Gripper:=tGripper_f3;
            MoveL RelTool(LeftBoxEdge, 0, -LargestItemDimension_Y, 0),vTransfer,z100,Gripper\WObj:=wobjBox;
            Gripper:=tGripper_f1;
            MoveL RelTool(DropPosition, 0, -LargestItemDimension_Y, 0),vTransfer,z100,Gripper\WObj:=wobjBox;
        ELSEIF Position_abc.trans.x >= 1807.5 AND Position_abc.trans.z < 400 THEN
            Gripper:=tGripper_f1;
            MoveL RelTool(RightBoxEdge, 0, -LargestItemDimension_Y, 0),vTransfer,z100,Gripper\WObj:=wobjBox;
            Gripper:=tGripper_f1;
            MoveL RelTool(DropPosition, 0, -LargestItemDimension_Y, 0),vTransfer,z100,Gripper\WObj:=wobjBox;
        ELSE
            Gripper:=tGripper_f1;
            MoveL RelTool(DropPosition, 0, -LargestItemDimension_Y, 0),vTransfer,z100,Gripper\WObj:=wobjBox;
        ENDIF
        
    ENDPROC
    
ENDMODULE
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MODULE C_StationProgram
    
    ! COORDINATE SYSTEMS. 
    
    ! TARGET ORIENTATIONS. 
    CONST orient orientFromFront:=[1,0,0,0]; 
    CONST orient orientFromAbove:=[0.707106781,-0.707106781,0,0]; 
!    CONST orient orientFromFront:=[0.5,-0.5,-0.5,-0.5]; 
!    CONST orient orientFromAbove:=[0,0.707106781,0.707106781,0]; 
!    CONST orient orientFromRight:=[0.707106781,0,-0.707106781,0]; 
!    CONST orient orientFromLeft:=[0,0.707106781,0,0.707106781]; 
    
    ! PARAMETERS. 
    ! Approach distances: Safety distances when approaching items or physical obstructions with the attached tool. 
    CONST num ApproachingDistance_Y:=50;            ! Safety distance along the Y-axis of the referenced coordinate system (wobjShelvingUnits). 
    CONST num ApproachingDistance_Z:=50;            ! Safety distance along the Z-axis of the referenced coordinate system (wobjShelvingUnits). 
    CONST num RobotVelocity:=2500;                  ! Robot velocity when not transporting any items. 
    
    ! Item a: The item that should be or are currently being manipulated with the tool. 
    VAR num Item_a; 
    
    ! Path to external data file. 
    CONST string diskhome:="C:/Users/Anders/PycharmProjects/OptimizationProgram";     
    
    
    ! MAIN PROGRAM. 
	PROC main()
        ConfL \Off;
        
        Load \Dynamic, diskhome \File:="B_PickingParameters.MOD"; ! Imports file with picking parameters set by the optimization algorithm. 
        %"B_PickingParameters:SetPickingParameters"%;             ! Sets parameters in RAPID. 
        
        ! Sets program parameters and moves robot to Home position. 
        InitializeProgram; 
        
        ! Sets starting velocity. 
        vTransfer.v_tcp:=RobotVelocity;
        
        ! Collects planned session items with equipped tool. 
        FOR i FROM 1 TO NumberOfItems DO
            Item_a:=i; 
            
            ! Sets item parameters for item number a (Item_a) in current session. 
            ItemParameters; 
            
            ! Collects item number a (Item_a) in current session. 
            CollectItem; 
        ENDFOR

        
        ! Moves items to the box. 
        MoveItemsToBox; 
        
        
        ! Delivers items collected in current session to the box. 
        FOR i FROM 1 TO NumberOfItems DO            
            Item_a:=i; 
            
            ! Sets item parameters for item number a (Item_a) in current session. 
            ItemParameters; 
            
            ! Drops items into the box. 
            DropItemIntoBox; 
        ENDFOR
                
        LargestItemDimension_Y:=0; 
        AddedToolExtension_Y:=0;
        
        ! Sets program parameters and moves robot to Home position. 
        InitializeProgram; 
	ENDPROC
    
ENDMODULE
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MODULE D1_AssignParameters
    
    ! DECLARATIONS. 
    VAR num NumberOfItems;                  ! The number of items that should be collected with the tool before placing them in the box (in the picking session). 
    
    ! Representation variables for item data. 
    VAR string Name;                        ! Name of item to be picked. 
    VAR robtarget Position_abc;             ! Position c on shelf b in shelving unit a: Locations along the bottom of the shelf retainer. Where the item should be picked. 
    VAR num Velocity;                       ! Recommended robot velocity when transferring the item. 
    VAR robtarget Placement_a;              ! Position a: Where the item should be placed in the box. 
    VAR num Dimension_X;                    ! Dimension X: Width (mm) of the item to be picked. Item should be placed so that half its width dimention is located at Position_abc (centered). 
    VAR num Dimension_Y;                    ! Dimension Y: Depth (mm) of the item to be picked. Item should be placed so that the depth dimension starts at Position_abc. 
    VAR num Dimension_Z;                    ! Dimension Z: Height (mm) of the item to be picked. Item should be placed so that the height dimension starts at Position_abc. 
    VAR num Offset_X;                       ! Offset X: Offset of item (mm) along X-axis of Position_abc. 
    VAR num Offset_Y;                       ! Offset Y: Offset of item (mm) along Y-axis of Position_abc. 
    VAR num Offset_Z;                       ! Offset Z: Offset of item (mm) along Z-axis of Position_abc. 
    VAR num PickingPoint_X;                 ! Picking point X: Width (normalized) to pick the item referenced to Position_ab. The width is normalized between -0,5 (left side item boundary) and 0,5 (right side item boundary). 
    VAR num PickingPoint_Y;                 ! Picking point Y: Depth (normalized) to pick the item referenced to Position_ab. The depth is normalized between 0,0 (front side item boundary) and 1,0 (rear side item boundary). 
    VAR num PickingPoint_Z;                 ! Picking point Z: Height (normalized) to pick the item referenced to Position_ab. The height is normalized between 0,0 (bottom side item boundary) and 1,0 (top side item boundary). 
    VAR num PickingAngle_X;                 ! Picking angle X: Tool rotation about the X-axis of shelf coordinate systems. 0 degrees points the tool "along" the shelf surface, while 90 degrees points it normal to the shelf surface. 
    VAR num PickingAngle_Y;                 ! Picking angle Y: Tool rotation about the Y-axis of shelf coordinate systems. 
    VAR num PickingAngle_Z;                 ! Picking angle Z: Tool rotation about the Z-axis of shelf coordinate systems. -90 degrees points the left tool edge towards the shelf, 0 degrees orients the tool parallell to the shelf, while 90 degrees points the right tool edge towards the shelf. 
    VAR num SearchDepth_Y;                  ! Search depth Y: Depth (mm) to search the shelf for an item that has not been detected at Position_abc, given that the "SearchForItem" procedure is "On" with "Individual" setting. 
    VAR num Gripper_a;                      ! Gripper a: The gripper that should be used to pick the item. 
    
    
    
    ! Item 1. 
    VAR string Item_1_Name; 
    VAR robtarget Item_1_Position_abc; 
    VAR num Item_1_Velocity; 
    VAR robtarget Item_1_Placement_a; 
    VAR num Item_1_Dimension_X; 
    VAR num Item_1_Dimension_Y; 
    VAR num Item_1_Dimension_Z; 
    VAR num Item_1_Offset_X;
    VAR num Item_1_Offset_Y;
    VAR num Item_1_Offset_Z;
    VAR num Item_1_PickingPoint_X; 
    VAR num Item_1_PickingPoint_Y; 
    VAR num Item_1_PickingPoint_Z; 
    VAR num Item_1_PickingAngle_X; 
    VAR num Item_1_PickingAngle_Y; 
    VAR num Item_1_PickingAngle_Z; 
    VAR num Item_1_SearchDepth_Y; 
    VAR num Item_1_Gripper_a; 
    
    ! Item 2. 
    VAR string Item_2_Name; 
    VAR robtarget Item_2_Position_abc; 
    VAR num Item_2_Velocity; 
    VAR robtarget Item_2_Placement_a; 
    VAR num Item_2_Dimension_X; 
    VAR num Item_2_Dimension_Y; 
    VAR num Item_2_Dimension_Z; 
    VAR num Item_2_Offset_X;
    VAR num Item_2_Offset_Y;
    VAR num Item_2_Offset_Z;
    VAR num Item_2_PickingPoint_X; 
    VAR num Item_2_PickingPoint_Y; 
    VAR num Item_2_PickingPoint_Z; 
    VAR num Item_2_PickingAngle_X; 
    VAR num Item_2_PickingAngle_Y; 
    VAR num Item_2_PickingAngle_Z; 
    VAR num Item_2_SearchDepth_Y; 
    VAR num Item_2_Gripper_a; 
    
    ! Item 3. 
    VAR string Item_3_Name; 
    VAR robtarget Item_3_Position_abc; 
    VAR num Item_3_Velocity; 
    VAR robtarget Item_3_Placement_a; 
    VAR num Item_3_Dimension_X; 
    VAR num Item_3_Dimension_Y; 
    VAR num Item_3_Dimension_Z; 
    VAR num Item_3_Offset_X;
    VAR num Item_3_Offset_Y;
    VAR num Item_3_Offset_Z;
    VAR num Item_3_PickingPoint_X; 
    VAR num Item_3_PickingPoint_Y; 
    VAR num Item_3_PickingPoint_Z; 
    VAR num Item_3_PickingAngle_X; 
    VAR num Item_3_PickingAngle_Y; 
    VAR num Item_3_PickingAngle_Z; 
    VAR num Item_3_SearchDepth_Y; 
    VAR num Item_3_Gripper_a; 
    
    ! Item 4. 
    VAR string Item_4_Name; 
    VAR robtarget Item_4_Position_abc; 
    VAR num Item_4_Velocity; 
    VAR robtarget Item_4_Placement_a; 
    VAR num Item_4_Dimension_X; 
    VAR num Item_4_Dimension_Y; 
    VAR num Item_4_Dimension_Z; 
    VAR num Item_4_Offset_X;
    VAR num Item_4_Offset_Y;
    VAR num Item_4_Offset_Z;
    VAR num Item_4_PickingPoint_X; 
    VAR num Item_4_PickingPoint_Y; 
    VAR num Item_4_PickingPoint_Z; 
    VAR num Item_4_PickingAngle_X; 
    VAR num Item_4_PickingAngle_Y; 
    VAR num Item_4_PickingAngle_Z; 
    VAR num Item_4_SearchDepth_Y; 
    VAR num Item_4_Gripper_a; 
    
    
    ! PROCEDURES. 
    PROC ItemParameters()
        IF Item_a=1 THEN
            Name:=Item_1_Name; 
            Position_abc:=Item_1_Position_abc; 
            Velocity:=Item_1_Velocity; 
            Placement_a:=Item_1_Placement_a; 
            Dimension_X:=Item_1_Dimension_X; 
            Dimension_Y:=Item_1_Dimension_Y; 
            Dimension_Z:=Item_1_Dimension_Z; 
            Offset_X:=Item_1_Offset_X; 
            Offset_Y:=Item_1_Offset_Y; 
            Offset_Z:=Item_1_Offset_Z; 
            PickingPoint_X:=Item_1_PickingPoint_X; 
            PickingPoint_Y:=Item_1_PickingPoint_Y; 
            PickingPoint_Z:=Item_1_PickingPoint_Z; 
            PickingAngle_X:=Item_1_PickingAngle_X; 
            PickingAngle_Y:=Item_1_PickingAngle_Y; 
            PickingAngle_Z:=Item_1_PickingAngle_Z; 
            SearchDepth_Y:=Item_1_SearchDepth_Y; 
            Gripper_a:=Item_1_Gripper_a; 
        ELSEIF Item_a=2 THEN
            Name:=Item_2_Name; 
            Position_abc:=Item_2_Position_abc; 
            Velocity:=Item_2_Velocity; 
            Placement_a:=Item_2_Placement_a; 
            Dimension_X:=Item_2_Dimension_X; 
            Dimension_Y:=Item_2_Dimension_Y; 
            Dimension_Z:=Item_2_Dimension_Z; 
            Offset_X:=Item_2_Offset_X;
            Offset_Y:=Item_2_Offset_Y;
            Offset_Z:=Item_2_Offset_Z;
            PickingPoint_X:=Item_2_PickingPoint_X; 
            PickingPoint_Y:=Item_2_PickingPoint_Y; 
            PickingPoint_Z:=Item_2_PickingPoint_Z; 
            PickingAngle_X:=Item_2_PickingAngle_X; 
            PickingAngle_Y:=Item_2_PickingAngle_Y; 
            PickingAngle_Z:=Item_2_PickingAngle_Z; 
            SearchDepth_Y:=Item_2_SearchDepth_Y; 
            Gripper_a:=Item_2_Gripper_a; 
        ELSEIF Item_a=3 THEN
            Name:=Item_3_Name; 
            Position_abc:=Item_3_Position_abc; 
            Velocity:=Item_3_Velocity; 
            Placement_a:=Item_3_Placement_a; 
            Dimension_X:=Item_3_Dimension_X; 
            Dimension_Y:=Item_3_Dimension_Y; 
            Dimension_Z:=Item_3_Dimension_Z; 
            Offset_X:=Item_3_Offset_X;
            Offset_Y:=Item_3_Offset_Y;
            Offset_Z:=Item_3_Offset_Z;
            PickingPoint_X:=Item_3_PickingPoint_X; 
            PickingPoint_Y:=Item_3_PickingPoint_Y; 
            PickingPoint_Z:=Item_3_PickingPoint_Z; 
            PickingAngle_X:=Item_3_PickingAngle_X; 
            PickingAngle_Y:=Item_3_PickingAngle_Y; 
            PickingAngle_Z:=Item_3_PickingAngle_Z; 
            SearchDepth_Y:=Item_3_SearchDepth_Y; 
            Gripper_a:=Item_3_Gripper_a; 
        ELSEIF Item_a=4 THEN
            Name:=Item_4_Name; 
            Position_abc:=Item_4_Position_abc; 
            Velocity:=Item_4_Velocity; 
            Placement_a:=Item_4_Placement_a; 
            Dimension_X:=Item_4_Dimension_X; 
            Dimension_Y:=Item_4_Dimension_Y; 
            Dimension_Z:=Item_4_Dimension_Z; 
            Offset_X:=Item_4_Offset_X;
            Offset_Y:=Item_4_Offset_Y;
            Offset_Z:=Item_4_Offset_Z;
            PickingPoint_X:=Item_4_PickingPoint_X; 
            PickingPoint_Y:=Item_4_PickingPoint_Y; 
            PickingPoint_Z:=Item_4_PickingPoint_Z; 
            PickingAngle_X:=Item_4_PickingAngle_X; 
            PickingAngle_Y:=Item_4_PickingAngle_Y; 
            PickingAngle_Z:=Item_4_PickingAngle_Z; 
            SearchDepth_Y:=Item_4_SearchDepth_Y; 
            Gripper_a:=Item_4_Gripper_a; 
        ENDIF
        
        ! Sets minimum picking height for all items: If an item is picked too low, the tool may collide with the shelf retainer. 
        IF (PickingPoint_Z*Dimension_Z) < (70 + ShelfRetainer_Z) THEN
            PickingPoint_Z:=(70 + ShelfRetainer_Z)/Dimension_Z;
        ENDIF

        
        ! Sets position data for (all) instructions. 
        SetInstructionVariables; 
        
    ENDPROC
    
ENDMODULE
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MODULE B_PickingParameters
    
    ! PROCEDURES. 
    PROC SetPickingParameters()

        ! The number of items that should be collected with the tool before placing them in the box (in a picking session). 
        NumberOfItems:=3;	! GJØRE OM TIL LISTE!! 
        
        ! Items to be picked. 
        Item_1_Name:="Nuddelpakke"; 
        Item_1_Position_abc:=Position_136_2; 
        Item_1_Velocity:=2500; 
        Item_1_Dimension_X:=110; 
        Item_1_Dimension_Y:=30; 
        Item_1_Dimension_Z:=120; 
        Item_1_Offset_X:=0;
        Item_1_Offset_Y:=0;
        Item_1_Offset_Z:=0;
        Item_1_PickingPoint_X:=0; 
        Item_1_PickingPoint_Y:=0; 
        Item_1_PickingPoint_Z:=0; 
        Item_1_PickingAngle_X:=0; 
        Item_1_PickingAngle_Y:=0; 
        Item_1_PickingAngle_Z:=0; 
        Item_1_SearchDepth_Y:=100; 
        Item_1_Gripper_a:=1; 
        
        Item_2_Name:="Knekkebrod"; 
        Item_2_Position_abc:=Position_137_2; 
        Item_2_Velocity:=1600; 
        Item_2_Dimension_X:=190; 
        Item_2_Dimension_Y:=70; 
        Item_2_Dimension_Z:=140; 
        Item_2_Offset_X:=0;
        Item_2_Offset_Y:=0;
        Item_2_Offset_Z:=0;
        Item_2_PickingPoint_X:=0; 
        Item_2_PickingPoint_Y:=0; 
        Item_2_PickingPoint_Z:=0; 
        Item_2_PickingAngle_X:=0; 
        Item_2_PickingAngle_Y:=0; 
        Item_2_PickingAngle_Z:=0; 
        Item_2_SearchDepth_Y:=100; 
        Item_2_Gripper_a:=2; 
        
        Item_3_Name:="Matolje"; 
        Item_3_Position_abc:=Position_124_2; 
        Item_3_Velocity:=1000; 
        Item_3_Dimension_X:=70; 
        Item_3_Dimension_Y:=70; 
        Item_3_Dimension_Z:=220; 
        Item_3_Offset_X:=0;
        Item_3_Offset_Y:=0;
        Item_3_Offset_Z:=0;
        Item_3_PickingPoint_X:=0; 
        Item_3_PickingPoint_Y:=0; 
        Item_3_PickingPoint_Z:=1; 
        Item_3_PickingAngle_X:=0; 
        Item_3_PickingAngle_Y:=0; 
        Item_3_PickingAngle_Z:=0; 
        Item_3_SearchDepth_Y:=100; 
        Item_3_Gripper_a:=3; 
        
        
        ! Sett med vinklede klosser. 
        Item_4_Name:="8 graders helning"; 
        Item_4_Position_abc:=Position_111;
        Item_4_Velocity:=500;  
        Item_4_Dimension_X:=50; 
        Item_4_Dimension_Y:=100; 
        Item_4_Dimension_Z:=64.05; 
        Item_4_Offset_X:=0;
        Item_4_Offset_Y:=0;
        Item_4_Offset_Z:=0;
        Item_4_PickingPoint_X:=0; 
        Item_4_PickingPoint_Y:=0; 
        Item_4_PickingPoint_Z:=1; 
        Item_4_PickingAngle_X:=0; 
        Item_4_PickingAngle_Y:=0; 
        Item_4_PickingAngle_Z:=0; 
        Item_4_SearchDepth_Y:=30; 
        Item_4_Gripper_a:=1; 

!        Item_5_Name:="4 graders helning"; 
!        Item_5_Position_abc:=Position_121;
!        Item_5_Velocity:=500;  
!        Item_5_Dimension_X:=50; 
!        Item_5_Dimension_Y:=100; 
!        Item_5_Dimension_Z:=56.99; 
!        Item_5_Offset_X:=0;
!        Item_5_Offset_Y:=0;
!        Item_5_Offset_Z:=0;
!        Item_5_PickingPoint_X:=0; 
!        Item_5_PickingPoint_Y:=0.5; 
!        Item_5_PickingPoint_Z:=0.94; 
!        Item_5_PickingAngle_X:=86; 
!        Item_5_PickingAngle_Y:=0; 
!        Item_5_PickingAngle_Z:=0; 
!        Item_5_SearchDepth_Y:=30; 
!        Item_5_Gripper_a:=2; 
!            
!        Item_6_Name:="1 grads helning"; 
!        Item_6_Position_abc:=Position_131; 
!        Item_6_Velocity:=500; 
!        Item_6_Dimension_X:=50; 
!        Item_6_Dimension_Y:=100; 
!        Item_6_Dimension_Z:=51.75; 
!        Item_6_Offset_X:=0;
!        Item_6_Offset_Y:=0;
!        Item_6_Offset_Z:=0;
!        Item_6_PickingPoint_X:=0; 
!        Item_6_PickingPoint_Y:=0.5; 
!        Item_6_PickingPoint_Z:=0.98; 
!        Item_6_PickingAngle_X:=89; 
!        Item_6_PickingAngle_Y:=0; 
!        Item_6_PickingAngle_Z:=0; 
!        Item_6_SearchDepth_Y:=30; 
!        Item_6_Gripper_a:=3; 
        
    ENDPROC
    
ENDMODULE
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