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1. UVOD

Cilem semindre je uvést ucastniky do problematiky pokrocilé vizualizace
dynamickych systému. Vizualizace dynamickych systému je multi-disciplinarnim
oborem na pomezi fidici techniky a pocitacové grafiky. Pro odborniky v oblasti
teorie fizeni a inzenyry existuje jista bariéra pri vyuziti moznosti soucasnych
vizualizacnich nastrojli. (Podobné existuje bariéra na strané grafikl a umélecké
obce, kdy vizualizace realistického chovani mnoha snadno popsatelnych
dynamickych systém( je nejcastéji provadéna pracnymi a primitivnimi
interpolacemi pohybu jejich soucasti.) Kromé vizualizace samotné pfrinasi
obousmérné spojeni dynamickych model(i soustav s prostfedim virtudlni reality
celou radu dalSich zajimavych moznosti — mozZnost tvorby netradicnich
uzivatelskych rozhrani, modelovani virtualnich haptickych a telematickych
systémd, apod. Ucastnici seminafe se prehlednou formou seznami s témito
moznostmi, na nékolika praktickych prikladech si budou moci vyzkouset
vizualizaci systém0 v prostiedi MATLAB / Simulink / Simulink 3D Animation.



2. JAZYK VRML 97

2.1. Historie

Od té toby, co lidé zacali publikovat informace v siti WWW, existovala snaha
obohatit obsah WWW stranek o pokrocilou interaktivni 3D grafiku.

Termin VRML — Virtual Reality Markup Language byl poprvé pouZit panem
Timem Berners-Lee na Evropské konferenci o WWW v roce 1994, kdyz mluvil o
potifebé normy pro 3D obsah na Webu. Zahy se kolem diskusni skupiny www-
vrml vytvofila aktivni skupina inZenyr(i a umélcli. Tato skupina jazyk s cilem
zdUraznit roli grafiky pfejmenovala na Virtual Reality Modeling Language a v
kratké dobé pripravila specifikaci jazyka VRML 1. Jako zaklad pro prvni navrh
byla pouZita podmnoZina objektll formatu Inventor spolec¢nosti Silicon
Graphics.

Norma VRML 1 byla implementovana v nékolika VRML prohlizecich. Protoze
vSak tento jazyk podporoval jen tvorbu statickych virtudlnich scén, byly
moznosti jeho rozsifeni omezené. Brzy bylo jasné, Ze jazyk potfebuje rozsireni o
moznost tvorby dynamickych a interaktivnich scén. Byla vyvinuta norma VRML
2, kterd byla v roce 1997 pfijata jako mezinarodni norma ISO/IEC 14772-1:1997,
od té doby se tomuto jazyku fika VRML97.

VRML9I7 je oteviena a flexibilni platforma pro tvorbu interaktivnich 3D scén —
virtudlnich svétl. S rapidnim rlstem vypocetniho a grafického vykonu pocitaci
a rozvojem vysokorychlostnich komunikacnich siti se rychle rozvijelo vyuziti 3D
grafiky i v jinych nez tradicnich oblastech uméni a her. V soucasnosti existuje
celd fada prohlize¢li VRML97 na rliznych platformach, integrovanych do WWW
prohlizec i samostatnych aplikaci. Rovnéz existuje mnoho 3D editortd, CAD
programl a dalSich specializovanych grafickych nastroj, které jsou bud'
zalozeny na VRML97, nebo umoziuji import a export modell VRML97. V
neposledni radé je v tomto formatu na siti WWW k dispozici nepreberné
mnozstvi modell rlznych objekt(, které je moiné (samoziejmé pfri
respektovani autorskych prdv) pouzit pro tvorbu vlastnich scén.

Organizace Web3D Consortium, ktera v soucasnosti zastfesuje iniciativy kolem
otevienych formatd pro publikaci 3D obsahu v siti WWW, vydala v roce 2004
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dal$i normu, oznacovanou za nastupce jazyka VRML97 — X3D. Tento format
rovnéz vychdzi z VRML, rozSifuje jej o nékteré prvky a kromé klasického
kéddovani nabizi i XML variantu. Format X3D ovSem dosud neni podporovan
zdaleka v takové mife jako VRML97, proto jsou moznosti jeho praktického
vyuziti prozatim omezené.

Vlastnosti jazyka VRML97, zejména jeho otevrenost, interaktivita, hierarchicka
struktura objektl a relativni jednoduchost jej pfedurcuji k tomu, aby byl
vynikajicim prostfedkem pro pokrocilou 3D vizualizaci v technickych a
védeckych aplikacich. Proto byl také zvolen jako zdkladni format produktu
Simulink 3D Animation™, ndstroje pro vizualizaci dynamickych systémd
modelovanych v nastrojich MATLAB® / Simulink®.

2.2. Souradny systém VRML

VRML pouziva pravotocCivy Kartézsky souradny systém. Jestlize palec, ukazovak
a prostrednik pravé ruky natocime tak, aby mezi sebou sviraly pravé uhly, palec
predstavuje osu +X, ukazovak osu +Y a prostfednik osu +Z. Osa +X sméruje
doprava, osa +Y nahoru a osa +Z sméruje k pozorovateli.

YA
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Obrazek 2.1 Souradny systém VRML

Souradny systém VRML se liSi od souradného systému programu MATLAB,
ktery je rovnéz pravotocivy, ale osa +Y sméfuje od pozorovatele a osa +Z mifi
nahoru. Rozdily mezi témito soufadnymi systémy musime brat do Uvahy a pfi
jakékoliv prostorové vizualizaci je potfebné souradnice objektl prevadét z
jednoho systému do druhého. Jedna se o trivialni transformaci, kde se prohodi
poradi 2. a 3. komponenty a u jedné z nich se zméni znaménko.
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Obrazek 2.2 Soufadny systém programu MATLAB

V mnoha pfipadech se pro modelovani fyzikalnich soustav pouziva i dalsi
nastroj z rodiny programi MATLABu — SimMechanics. Tento ndastroj vyuziva
souradny systém, ktery je totoziny se systémem VRML, télesa modelovana s
pouzitim SimMechanics lze tedy vizualizovat pfimo bez jakékoliv transformace.

Rotace jsou ve VRML definovany s pouzitim notace “osa-uhel” a pravidla pravé
ruky. Predstavte si, Zze zavienou pravou rukou drzite osu otaceni tak, Ze
zdvizeny palec sméruje kjejimu kladnému konci. Pokud palec sméruje
v kladném sméru osy, zbyvajici Ctyfi prsty sméruji proti sméru hodinovych
rucicek. Vtomto sméru je orientovan kladny uhel otoceni objektu kolem této

“D

osy.

Obrazek 2.3 VRML rotace

Pouzité jednotky: Ve VRML jsou vSechny velikosti a vzdalenosti definovany
v metrech, uhly v radidnech a ¢as v sekundach.



V hierarchické strukture objektl VRML plati, Ze pozice a rotace objektl, které
jsou potomky urcitého objektu, jsou definovany v lokdlnim souradném systému
tohoto nadrizeného objektu.



2.3. Kratky popis formatu souboru VRML

PfestozZe se virtudlni svéty vytvareji nej¢astéji s pouzitim grafickych editor(, pro
pochopeni toho, jaké vlastnosti objektli je mozné fidit a animovat je dobra
alespon orientacni znalost struktury VRML soubor(l. To vdm také umozni
efektivnéjsi vytvareni 3D scén.

Informace vtéto sekci jsou velmi zkraceny. Uplny popis struktury jazyka
VRML97 naleznete v Normé VRML97 [1].

Vjazyce VRML je 3D scéna popsana jako hierarchicka stromova struktura
objektl — uzl(l. Kazdy uzel predstavuje urcity soubor vlastnosti objekt(i scény.
Existuje 54 rGznych typl uzl( (Nodes). Nékteré predstavuji skute¢né 3D objekty
— tvary, nékteré jsou urceny kjinym ucelim, napfiklad k seskupeni jim
podfizenych uzl( do jednoho nadfazeného objektu. Nékolik priklad(:

e Uzel Box predstavuje téleso tvaru kvadru

e Uzel Transform definuje pozici, méritko, rotaci a dalsSi vlastnosti skupiny
svych podfizenych uzld (seskupovaci uzel)

e Uzel Material reprezentuje materidl povrchu objekt
e Uzel DirectionalLight je jednim z druh( svétel, které je mozné definovat
e Uzel Fog umozniuje definovat optické vlastnosti prostredi

e Uzel ProximitySensor je jednim z uzlli, pomoci kterych lze dosdhnout
interaktivnosti virtudlnich scén. Tento uzel generuje udalosti, kdyz
uzivatel (navstévnik virtualniho svéta) vstoupi, vystoupi a pohybuje se
uvnitr urcitého definovaného prostoru

Kazdy uzel obsahuje seznam poli (Fields) obsahujicich hodnoty, které definuiji

parametry jeho funkénosti.

Uzly mohou byt umistény na hlavni Uroven anebo jako potomci urcitého uzlu
v hierarchii objektd virtudlniho svéta. Pokud zménime urcitou vlastnost
nékterého uzlu, budou tim ovlivnéni vsichni jeho potomci. To ndm umoznuje
v nékterych pripadech snadno definovat vzajemné vztahy uvnitf sloZitych
sestav.



Kazdy uzel mlze byt pojmenovan unikatnim jménem. Syntaxe jazyka VRML m3a
pro to vyhrazeno klicové slovo DEF. Napfiklad pfikaz:

DEF MyNodeName Box

definuje jméno tohoto objektu typu Box jako MyNodeName.

SIMULINK 3D ANIMATION UMOZNUJE CiST A NASTAVOVAT VLASTNOSTI
POUZE TAKTO POJMENOVANYCH UZLU!

V nasledujicim prikladé jsou vjednoduchém virtudlnim svété pouze dva
grafické objekty — podlaha reprezentovana plochym kvadrem a nad ni ¢ervena
kulicka:

#VRML V2.0 utf8

# Toto je komentar

WorldInfo {
title "Bouncing Ball"

}

Viewpoint {
position 0 5 30
description "Side View"

}

DEF Floor Box {
size 6 0.2 6

}

DEF Ball Transform {
translation 0100
children Shape ({

appearance Appearance {
material Material {

diffuseColor 1 0 O

}

}

geometry Sphere {

}

}
}

Prvni fadek je radek zahlavi VRML, kazdy soubor ve formatu VRML97 musi
zaCinat timto zahlavim. Zahlavi definuje, Ze se jedna o soubor VRML97
kéddovany podle normy UTF8. Znak “#” je vyhrazen k uvozeni komentard — vse,



co je na radku za timto znakem, je prohliZeci ignorovano (s vyjimkou prvniho
radku zahlavi).

Vétsina vlastnosti uzlu Box je ponechana na jejich implicitnich hodnotach —
poloha v pocatku souradného systému, material, barva atd. Tomuto objektu
jsou pfifazeny pouze jméno Floor a rozméry. U kulicky je definovdano mnohem
vice vlastnosti. Aby bylo mozno kulickou pohybovat, je uzel Shape, ktery nese
informaci o tvaru (podfizeny uzel Sphere v poli geometry) umistén jako
podfizeny uzel uzlu Transform. Cervend koule o implicitnim poloméru 1 m je
umisténa 10 m nad podlahu. Dale je vtomto svété definovan jeho ndzev
(obvykle je zobrazen v okné prohlizece) a vhodny pocatecni pohled.

Pokud budeme chtit vizualizovat polohu skakajici kulicky ze Simulinku, budeme
nastavovat hodnotu pole translation uzlu Ball.
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2.4. Datové typy VRML

Vlastnosti uzl( jsou definovdny pomoci jejich poli (fields), které mohou byt
raznych datovych typl. Tyto typy musime znat, abychom z externi aplikace
(napfiklad pomoci nastroje Simulink 3D Animation) mohli do virtudlni scény
posilat hodnoty spravného typu.

Typy, které vyjadfuji vlastnost jednoho prvku, jsou uvozeny prefixem SF, pole,
v nichz je uloZzen seznam vice hodnot stejného typu, jsou uvozena prefixem MF.

Jednoduchy typ | Seznam Vyznam Priklad hodnot

SFBool --- logickda hodnota TRUE, FALSE

SFInt32 MFInt32 celé Cislo v rozsahu 32 -42, 0, 123456
bitd

SFFloat MFFloat ¢islo s desetinnou teckou  -3.14, .001, 55

SFTime MFTime ¢as v sekundach 0.0, 60

SFVec2f MFVec2f vektor v roviné 3-2,11,-51.7

SFVec3f MFVec3f vektor v prostoru 3-25,110,-5

1.7 -3.33

SFColor MFColor barva ve slozkdch RGB, 000,111,.7.5
kazdd z intervalu <0, 1> 0.3

SFRotation MFRotation osa (vektor v prostoruya 0011.57,-100-
Uhel rotace (v radianech) 3.14

SFNode MFNode uzel VRML

SFString MFString textovy retézec “Dobry den.”

SFImage - strukturovany vzor pixel(l

Konkrétni datovy typ se u kazdého pole dozvime v ¢asti 6. Node Reference

normy VRML97.
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2.5. Datoveé tridy VRML

Kromé datovych typU jsou pole uzli rozdélena jesté do trid, které definuji
chovani uzl(, zplsob uloZeni uzl(l v paméti pocitace a jak uzly interaguji s jinymi
uzly a sexternimi objekty. Uzel mlZe obsahovat Ctyfi datové tridy: field,
exposedField, eventin and eventOut.

Datova tfida Popis

eventin Udalost, kterou mize uzel pfijmout

eventOut Udalost, kterou muze uzel vyslat

field Soukromy ¢len uzlu

exposedField Verejny Clen uzlu — kombinace eventin a eventOut

Konkrétni datovou tridu se u kazdého pole dozvime v ¢asti 6. Node Reference
Normy VRML97.
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3. TVORBA VIRTUALNICH SVETU

Format VRML je zaloZen na standardnim textu, ktery mizZeme cist a upravovat
jakymkoliv textovym editorem. Pokud pouZijeme spravnou syntaxi jazyka
VRML, muzZeme virtudlni scény vytvaret textovym editorem, podobné jako je
tomu u stranek HTML. Mnoho lidi dava pfi tvorbé zejména jednoduchych scén
prednost svému oblibenému textovému editoru. Nicméné standardni zpUsob
tvorby virtualnich scén je vyuziti nékterého 3D grafického editoru. Tyto nastroje
umoznuji tvorbu i slozitych virtudlnich scén bez hluboké znalosti jazyka VRML.
Grafické nastroje poskytuji uzivateli komfortni prostfedi pro efektivni tvorbu
nejruznéjsich scén. Je rovnéz béiné, ze pfi tvorbé svych scén kombinujeme 3D
objekty ziskané z rGznych zdroji — naptiklad miZzeme vyuzit knihovny objekt(
daného editoru a importovat objekty z CAD nastrojd ¢i od poskytovatel(l 3D
obsahu na siti WWW.

3.1. Nastroje pro tvorbu virtualnich scén
Pro tvorbu VRML virtualnich svétl jsou k dispozici tyto nastroje a sluzby:

e Nativni VRML editory

e Vseobecné 3D editory, které podporuji export do formatu VRML97
e Specializované 3D nastroje

e Nadstroje pro konverzi a optimalizaci model(

e Poskytovatelé 3D obsahu

3.1.1. Nativni VRML editory

Nativni VRML editory pouzivaji VRML jako svUj hlavni, nativni format. To je
zarukou, Ze vSechny vlastnosti poskytované editorem jsou kompatibilni
s jazykem VRML. Nativni VRML editory také mohou vyuzit vSechny unikatni
vlastnosti jazyka VRML, jako jsou interpoldtory, senzory, vyuziti konstruktu USE
apod. BohuZel jen nékolik mdlo pokrocilych editorli dosdhlo komeréniho
rozSifreni a kvality. Jeden znich, V-Realm Builder, je soucasti distribuce
produktu Simulink 3D Animation. Dalsi nativni VRML editory jsou:

e Flux Studio
13



e Internet Scene Assembler
e SwirlX3D
e VrmlPad

3.1.2. Vseobecné 3D editory

Vseobecné 3D editory nepouzivaji VRML jako svlj zdkladni format, ale nabizeji
moznost exportu vytvorenych modell do formatu VRML. Existuje mnoho
grafickych nastroju s podporou VRML, napfiklad tyto:

e 3ds Max

e AC3D

e Autodesk Maya
e Blender

e CATIA

e Google SketchUp
o LightWave

e modo

e Pro/ENGINEER

e SolidWorks

Vseobecné 3D editory jsou zaméreny na urcity typ prace. Napriklad vizudlni
umeéni, hry, CAD aplikace. Nabizeji rGznd pracovni prostfedi prizplsobend
svému ucelu. Nékteré 3D nastroje jsou velmi mocné, nakladné a slozité, jiné
jsou pomérné levné nebo dokonce poskytované zdarma, presto mohou
uspokojit potfeby nékterych uzivateld.

Pti pouziti téchto nastroji musime obvykle vzit do Uvahy rozdil mezi jejich
nativnim formatem a VRML a konverzi do VRML provést s uvazovanim téchto
rozdil(l. Naptiklad, pfi exportu parametrickych modell do formatu VRML je
obvykle vhodné provést Uvahu o spravném nastaveni presnosti teselace
(triangularizace) VRML modelu tak, aby byla pfi odpovidajicim wvykonu
renderovani modelu co nejlépe zachovana jeho presnost.

14



3.1.3. Specializované 3D ndstroje

3D nastroje, které vynikaji v urcité specifické oblasti tvorby 3D objektl. Patfi
sem nastroje pro modelovani zemského povrchu, méstskych aglomeraci,
skenovani pomoci laseru, reverzni 3D engineering apod.

e 3DEM
e World Construction Set / Scene Express

e FARO Laser Scanner software

3.1.4. Nastroje pro konverzi a optimalizaci modelu

Mnoho vSeobecnych 3D editord mize exportovat své modely do VRML. Také
nativni VRML editory mohou casto importovat soubory vytvorené vSeobecnymi
nastroji. Jsou vsak i ndstroje, které se specializuji na konverzi modeld. Tyto
nastroje maji obvykle nejlepsi podporu riznych formdtl. Navic ¢asto poskytuiji
optimalizaci a selektivni redukci poctu polygond ve scéné. Jsou to napfriklad
tyto nastroje:

e PolyTrans

e Deep Exploration

e VizUp

3.1.5. Poskytovatelé 3D obsahu

Efektivni zpUsob, jak ziskat nékteré komponenty virtualnich scén, je zakoupit je
u organizace, kterd se specializuje na poskytovani 3D model( objektd.
S pouzitim VRML editoru pak mGzZeme rychle poskladat velmi zajimavé virtualni
scény. Na siti WWW existuje mnoho zdroji 3D modelll. Nékteré populdrni
zdroje jsou uvedeny nize:

e www.turbosquid.com

e www.3dexport.com

e www.the3dstudio.com

e www.3d02.com

e www.top3d.net/

15



e sketchup.google.com/3dwarehouse
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4. PROPOJENI VIRTUALNICH SVETU S DYNAMICKYMI MODELY

Jazyk VRML umoZnuje vytvaret dynamické a interaktivni scény. S pomoci
senzor(l, interpolatord, skriptll a casovacl je moiné vytvofit celou fadu
pusobivych efektld. Nicméné existuje mnoho pfipadl, kdy je vhodné virtudlni
scény propojit s dynamickymi modely realizovanymi v jinych aplikacich. Ze
strany tvlrc( virtudlnich svétl se jedna napfiklad o zahrnuti vérného pohybu
respektujiciho skutecnou dynamiku téles. Mnohem Sirsi vyuziti ma vsak toto
propojeni ze strany odbornik( zabyvajicich se simulaci dynamickych systémd.
Vizualizace v prostredi virtudlni reality mlze prispét k lepSimu porozuméni, jak
systémy funguiji, je mozné vytvaret 3D uzivatelska rozhrani k ovladani systému,
a podobné. Zatim malo vyuzivanou oblasti je uzavreni zpétnovazebni smycky
fidicich systémU pres virtualni scénu, ¢i pouziti virtudlnich scén jako zdroje 2D
videosignalu u systémU pro zpracovani obrazu.

MozZnosti propojeni virtualnich scén sdynamickymi modely si ukazeme
s vyuzitim produktu Simulink 3D Animation v prostfedi MATLAB a Simulink.

4.1. Vizualizace modeld v Simulinku pomoci Simulink 3D
Animation

Na prikladé si ukazeme, jak model v Simulinku napojit na virtualni svét.
Predpokladejme, Ze jsme si pfipravili simulacni model vzletu letadla, ktery
chceme vizualizovat v prostredi virtudlni reality.

Jednoduchy model vzletu letadla je pfipraven jako standardni demonstracni
priklad vrtut2. Spustte Matlab a v prikazovém radku zadejte vrtut2. Otevre se
model (prozatim bez bloku, které zajistujé 3D vizualizaci).

MuZete spustit simulaci modelu a pozorovat pribéh zajimavych veli¢in pomoci
osciloskopd.

Oteviete knihovnu blokd Simulink 3D Animation — zadejte ptikaz vrlib. Do
svého modelu pretahnéte blok VR Sink.
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Nyni je potfeba vytvofit asociaci mezi blokem VR Sink a virtualni scénou.
Jednoduchd virtudini scéna sletadlem a vzletovou a pfistdvaci drahou je

pripravena v souboru vrtkoff.wrl.
Otevrete blok VR Sink. A window similar to that on Figure 10 appears.

V sekci Source file klepnéte na tlacitko Browse a vyberte soubor vrtkoff.wrl.
Vsimnéte si, Ze se vyplni pole Description (na zdkladé informace v poli Title uzlu
WorldInfo ve VRML souboru). strom
predstavujici zjednodusenou strukturu pravé asociovaného virtualniho svéta. U
uzlli, jejichz vlastnosti je mozné ovladat, je Cerveny trojuhelnik. Tyto uzly je
mozné rozkliknout, zpfistupni se nam bud seznam poli, jejichz hodnoty
mUlzZeme nastavovat ze Simulinku, anebo seznam podfizenych uzl(. Po
rozkliknuti uzlui Plane se ndam zobrazi seznam vlastnosti, které mizeme u
tohoto objektu (typu Transform) nastavovat. Vtomto pripadé nas budou
zajimat pole translation a rotation, predstavujici polohu a natoceni letadla.
Zaskrtnéte policka u téchto poli. Dialog nybni vypada podobné jako na

V pravé C¢asti dialogu se objevi

nasledujicim obrazku.

M Parameters: ¥R Sink -0 x|
R Sink.
Srites Simulink values to virtual world node fields. Fields to be written are marked by
checkboxes in the tree view, Every marked field corresponds to an input port of the block,
‘\World properties YRML Tree
5 fil
nuree e [v Show node types [ Show field types
werthoff wrl EBrowse |
b ROOT =]
vew | edt | Rebad || || - J PROTO Marker
- ® (WworldInfo)
Output - ® (MavigationInfo)
- # {(Background)
[ Open YRML Yiewer aukomatically [+ ® (DirectionalLight)
- ® (Directionallight)
[~ allow viewing from the Internet (- ® (Transform)
G- ® (Transform)
Description: Bl ®  (Yiewpoint)
H- B Cameral (Transform)
IVR Plans Taks-OFf - B Plane {Transfarm)
- X addChildren (MFNode)
- X removeChildren (MFMode)
. ] center {SFVec3f)
Block propertiss Bl otation (SFRotation)
Sample time (-1 for inherit}: D scale (SFVec3F)
|D.1 -[[] scalerientation (SFRotation)
- [] translation (SFYec3F)
[ Show video output part -+[[] bbowiCenter (SFYecf) —
Yideo autput signal dimensians: [ bbowsize (SFvecaf)
- P children {MFMade)
I - ® {Shape)
Set up and presiew video output &l b Block (Transform} LI
OF | Cancel | Help | Apply |

Obrazek 4.1 Dialog bloku VR Sink
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Klepnéte na OK. Blok VR Sink ma ted dva vstupy, které musime napojit na
prislusné signaly Simulinku.

Druhy vstup odpovida poli translation objektu Plane. Toto pole pfedstavuje
polohu letadla ve virtualnim svété. Dialog bloku VR Sink ndm napovida, Ze toto
pole je typu SFVec3f. Poloha je definovana tfrislozkovym vektorem [X Y Z].
V nasem pripadé je virtudlni scéna pripravena tak, ze letadlo vzléta na vzletové
draze podél osy Z, vyska letadla urcuje jeho Y soutadnici. Dynamicky model
vzletu rovnéZz uvazuje jen tyto dvé souradnice — tfeti soufadnici nemame
k dispozici (v rdmci modelu se neméni, model sleduje jen pohyb v roviné YZ).
Presto musime do virtualniho svéta poslat vektor o trech slozkach. To zajisti
blok VR Signal Expander, ktery vstupni vektor doplni na potfebny rozmeér
signdly s hodnotou VR Placeholder. Tato hodnota je vypoletnim strojem
Simulink 3D Animation interpretovana jako ,tuto souradnici vstupniho vektoru
nemén, pouzij hodnotu definovanu v souboru VRML". Vystup bloku VR Signal
Expander napojte na vstup Plane.translation. VSimnéte si, Ze v dialogu bloku VR
Signal Expander je prohozené poradi 2. a 3. soufadnice (v poli Output signal
indices je definovano [3 2]). Tak je zajiSténa konverze soufadnic MATLABuU na
souradnice VRML.

Prvni vstup odpovida poli rotation objektu Plane. Toto pole predstavuje
natoceni letadla. Dialog bloku VR Sink ndm napovida, Ze toto pole je typu
SFRotation. Rotace je definovana vektorem o 4 slozkach. Prvni tfi slozky definuji
osu rotace. V nasem pripadé modelujeme jen jeden polohovy uhel letadla —
podélny sklon (elevaci), coZ je pfri jeho vzletu podél osy Z natoceni kolem osy X.
Jako osu rotace tedy definujeme vektor [ 1 0 O ]. Posledni slozkou tohoto
vektoru je uhel sklonu v radidanech. Vstup Plane.rotation napojte na vystup
prislusného multiplexeru.

Po napojeni signdll jesté jednou oteviete blok VR Sink. VSimnéte si, Ze jakmile
je stimto blokem asociovan urcity virtudlni svét, otevreni tohoto bloku
nezobrazi jeho dialog s parametry, ale otevie prislusnou virtualni scénu ve VR
prohlizeci. K parametridm bloku se dostaneme po klepnuti na tlacditko se
standardni ikonou Block Parameters v okné prohlizece.
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4.2. Simulink 3D Animation - vyuZiti rozhrani MATLABu

Zakladnim zpUsobem prace s nastrojem Simulink 3D Animation je vyuZiti jeho
Simulinkové knihovny, jak je popsano vyse. Simulink 3D Animation vsak
umoziuje interakci s virtudlnimi svéty i prostfednictvim rozhrani MATLABu.
Virtualni svéty muzeme fidit z pfikazového radku programu MATLAB nebo
s pouZzitim M-soubord.

Abychom mohli pracovat svirtualnim svétem, musime nejdfive vytvofit a
otevrit objekt typu vrworld. Otevieny svét mlizeme zobrazit, prochdzet jeho
strukturu, Cist a nastavovat parametry uzld v ném obsaZenych. Ke ¢teni a
nastavovani hodnot poli u uzld virtudlniho svéta slouzi metody objektu vrnode.
Na konci prace s virtualnim svétem je vhodné objekt vrworld uzavfit a smazat.

Uplny seznam funkci a metod rozhrani MATLABu naleznete v dokumentaci
produktu Simulink 3D Animation, zde uvedeme jen kratky pfriklad.

Vytvorme objekt virtualniho svéta asociovaného sjednoduchym VRML
souborem 'vrmount.wrl":

wh = vrworld('vrmount.wrl');
V proménné wh je nyni uloZzen handle k vytvorenému objektu typu vrworld.
Nyni otevieme tento objekt, ¢imz jej zpristupnime dalsi interakci z MATLABuU:
open (wh) ;
Virtualni svét zobrazme v okné prohlizece Simulink 3D Animation:
view (wh) ;

Nyni je mozné gzjistit strukturu virtualniho svéta. Objekt vrworld obsahuje
nékolik objektl typu vrnode, které odpovidaji uzlim ve VRML souboru
pojmenovanym s pomoci VRML prikazu DEF.

Nejdfive si miZeme zobrazit seznam uzl(l v daném virtualnim svété:

nodes (wh) ;

Viewl (Viewpoint) [VR Car in the Mountains]
Camera car (Transform) [VR Car in the Mountains]
VPfollow (Viewpoint) [VR Car in the Mountains]
Automobile (Transform) [VR Car in the Mountains]
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Wheel (Shape) [VR Car in the Mountains]

Treel (Group) [VR Car in the Mountains]

Wood (Group) [VR Car in the Mountains]

Canal (Shape) [VR Car in the Mountains]
ElevApp (Appearance) [VR Car in the Mountains]
River (Shape) [VR Car in the Mountains]

Bridge (Shape) [VR Car in the Mountains]

Road (Shape) [VR Car in the Mountains]

Tunnel (Transform) [VR Car in the Mountains]

V nasem virtudlnim svéte je celd fada pojmenovanych uzld, my bychom radi
animovali polohu auta — uzlu Automobile. Tento uzel je typu Transform — jeho
polohu tedy muUZeme nastavit zménou hodnoty jeho pole translation.

v

(Pocatecni polohu auta zjistime napriklad tak, Zze stiskneme F5 — zobrazime si
dratény model virtualniho svéta — auto se skryva v tunelu nalevo.)

K polim tohoto uzlu mGzeme pfistupovat dvojim zplsobem — bud’ s pouZitim
teCkové notace, anebo tak, Ze ziskdme handle kjeho objektu vrnode a
pouzijeme metod tohoto objektu:

Teckova notace:

pos = wh.Automobile.translation

3.0000 0.2500 0
Vytvoreni objektu vrnode:
nh = wh.Automobile;
pos = nh.translation
<nebo také>

pos = getfield(nh, ‘translation’)

3.0000 0.2500 0

Nyni nastavme novou polohu auta. Mdzeme to udélat hned tfemi zpUsoby:
nh.translation = [3 0.25 10];
wh.Automobile.translation = [3 0.25 10];

setfield(nh, ‘translation’, [3 0.25 107]);
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Predtim, nez zadate jeden z téchto prikaz(, si usporadejte okna MATLABuU a
virtuadlniho prohlizece tak, aby se neprekryvala, abyste mohli pozorovat jeho

efekt. Vidime, Ze auto vyjelo z tunelu.

Na konci prace s objektem vrworld je spravné tento objekt korektné uzavrit a

smazat z paméti pocitace:
close (wh) ;

delete (wh) ;
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5. USING CAD MODELS WITH SIMULINK 3D ANIMATION

When working with models of dynamic systems, it is an often requirement to
visualize them in an advanced three-dimensional, preferably virtual reality
environment. As most of the 3D designs in companies are created using some
CAD tools, users need to convert these designs into a form that can be used in
connection with Simulink® or SimMechanics® models and MATLAB®-based
applications.

This section describes how to adapt existing CAD designs for visualization in the
virtual reality environment using Simulink 3D Animation™. The process usually
consists of three steps:

- Exporting VRML models from CAD tools
o Converting part or assembly model into the VRML format used by
the Simulink 3D Animation
- Virtual scene modeling
o Composing the converted model into a virtual scene like urban or
manufacturing environment, adding other objects important for
interaction with the scene — viewpoints, background, lights, etc.
- Linking the virtual scene to a Simulink / SimMechanics / MATLAB
model
o Converting dynamic model quantities represented by Simulink
signals, SimMechanics quantities or MATLAB data objects into
form corresponding to VRML object properties (positions,
rotations, etc.) and establishing a live data connection between
the model and the virtual scene.

5.1. Exporting VRML models from CAD tools

The first part of the conversion process is exporting the CAD model of a part or
whole product assembly from the CAD tool into the VRML format used by the
Simulink 3D Animation. Most CAD tools have VRML export filters available. In
addition, there are conversion utilities available from 3 parties that can
perform this task when the export filter isn’t available in the CAD tool directly.
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When exporting CAD models into VRML format, usually several options can be
set to customize the output, either as options specific to export filters, or as
general CAD document properties. Most usual and useful are the following:

e VRML format type

e Level of detail of exported files
e Units used in exported files

e Coordinate system used

e Assembly hierarchy

Consult your CAD system documentation for details on setting these
properties.

5.1.1. VRML Format Type

There are two major versions of the VRML format used by graphic tools — older
format VRML1 and newer format called VRML2, or more often VRML97,
according to the year of the ISO standard adoption. Simulink 3D Animation uses
VRML97 standard format, so select the VRML97 as the export format.

Hint: If your CAD tool allows only VRML1 format export, you can use the V-
Realm Builder, a native VRML scene editor supplied with the Simulink 3D
Animation, to convert models from VRML1 format to VRML97. Simply open a
VRML1 file and resave it in V-Realm — the file is automatically saved in the
VRML97 format.

All references to general abbreviation VRML here refer to the VRML97
standard.

5.1.2. Level of Detail Considerations

CAD models are usually parametric models that use proprietary methods for
object rendering in various contexts. During VRML model export, the internal
parametric model of the assembly is tessellated —model surface is divided into
triangular meshes (represented in VRML by the IndexedFaceSet nodes). At this
time, it is important to set the granularity of the mesh so that it is suitable for
further use. Model simplification — polygon reduction later on would be very
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difficult, as the full information about the object shape and structure is lost and
cannot be reconstructed based on the (however complex) tessellated model.

For effective rendering of moving parts, it is recommended that VRML models
are as simple as possible. On the other hand, no or little visible model
degradation is usually required. We need to find a compromise between these
two requirements.

As there are significant performance differences among various computers and
graphic accelerators, there is no firm recommendation as to number of
polygons / triangles suitable for use with Simulink 3D Animation. In order to
assess the model complexity, it is advised to display the resulting VRML file in
the Simulink 3D Animation viewer and observe the viewer response to
navigation. If you can navigate in the virtual scene without any significant
delay, the model is usually suitable for further work. Later on, when we
connect the virtual scene to a Simulink model, there will be available a more
exact measure of suitability — number of frames that are rendered per second
during simulation.

5.1.3. Units Used in Exported Files

VRML length units are meters. In order to scale exported parts correctly in the
virtual scene, it is suitable to export parts using meters. However, if the
exported objects are very small or very large, which means that our planned
virtual scene will be created to some scale, it is suitable to export objects using
different units.

Note: VRML viewers are made to count with dimensions that are
commensurate to us — people, in order to achieve the immersion effect of
virtual reality graphics. Viewers assume that the scene author prepares the
scene so that it can be walked through or examined by a virtual visitor to the
scene (sometimes called the Avatar), whose physical dimensions are used in
calculations for various purposes like collision detection, near object clipping or
terrain following. Avatar dimensions (and also other navigation-specific
parameters like default navigation speed) can be customized using the
Navigationinfo VRML node. Simulink 3D Animation viewer is developed with
the aim that effective navigation in the virtual scene is possible also in scaled
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scenes (like inspecting miniature objects or visualizing a large-scale aircraft
operation space), provided the scene author defined the Navigatiolnfo
parameters correctly.

5.1.4. Coordinate System Used

VRML uses right-handed Cartesian coordinate system, with axes defined so
that:

+X points right
+y points up
+z points out of the screen

In order to avoid necessity to transform object axes into VRML system later on,
it is good to export CAD models using identical coordinate system whenever
possible. If your CAD tool uses a different coordinate system, and it doesn’t
allow you to change it for the exported objects, note the difference between
the systems so that you can implement axes transformations in your model.

Make a note of the orientation of the parts in the coordinate system. For
instance, a vehicle model exported so that it points towards the +x axis will
have to be placed on a road in the virtual scene that starts in that direction.
Model of vehicle dynamics will also need to count with this initial orientation of
the vehicle 3D model.

When the CAD tool allows you to animate parts and assemblies, reset their
positions to the initial state before the export.

5.1.5. Assembly Hierarchy

When exporting an assembly of several parts, there are usually two approaches
possible:

e All parts are independent from each other

Objects in the scene are independent from each other, at the same level
of scene hierarchy. VRML file has a flat structure. All part coordinates are

defined in global coordinates.
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e Parts follow some kind of hierarchy defined in the CAD tool

VRML file respects the hierarchy using the VRML Transform - children
mechanism, has a nested structure. In this case, part coordinates are
usually defined in part's parent local coordinate system.

Example:

A robot can be exported with the following object hierarchy, in which each part
coordinates are defined in the parent local coordinate system:

rotating support - arm - wrist - hand - tool
When rotating support moves, all other parts move with it, etc.

The hierarchy of the VRML file must correspond to the coordinates used in the
dynamic model of the assembly:

e If all parts in Simulink / SimMechanics are defined in global coordinates,
we need a flat virtual scene structure

e If parts in Simulink / SimMechanics model follow hierarchical relation, we
need a nested virtual scene structure

To illustrate these two approaches, let’s imagine a rotation pendulum
according to the following picture. The gray rotating arm rotates about vertical
axis, the orange pendulum arm swings about the horizontal — z axis in rotating
arm local coordinates:

mﬂrhisnap - (O] %]

File Yiew VYiewpoints MNavigation Rendering Help

IOvewiew 'I P | ,&IExamine 'I 2 | a a |

e

) [ e TE 2
Overview [ [Examine  |Pos:[-3.51 0.92 4.69] Dir:[0.6¢
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Obrazek 5.1 Virtual scene of rotating pendulum

When the pendulum dynamics model uses global coordinates for all moving
parts, the VRML model has a flat structure as follows:

IE.-invpend_ﬂat.wrl - ¥rmiPad M=] B3
File Edit Yiew Tools Help
DEEH@|  BR oo |6 M 45 % == 238 |5 §
Scene Tree I AVEML V2 0 utfa T
EEI---¢ lisia=iinstand LEF Stand Transform o
EEI---Q Transform Parts_Fotate_Y children [
EEI---Q Transform Parts_Swing Inline {
url ["stand-1.wrl"]
]
H
LEF Part=_Rotate_¥ Tran=sform {
children [
Inline {
url ["Pendulumdzi=—1 wrl"]
1
+
LEF Part= Swing Transform 4
children [
Inline {
url ["arm001-1 wrl"]
h
} ]
Rovting tap
Resources -
File List a[x[4]»] invpend_flatawrl /ine | 4] | 3
Ready [Ln1 Coll [296 bytes [ER [SEM [MER [EXT [oWR |52 [READ [WEE 4

Obrazek 5.2 Flat structure of virtual scene

When the pendulum dynamics model uses local coordinates for moving parts,
the corresponding VRML model needs to have a nested structure:
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IR invpend_nested.wrl - ¥rmlPad M=l E3

File Edit “ew Tools Help

DEEG| + B o o |EE || 6% % == 8| 2edE| 5|83
Scene Tree | #VEML V2.0 utfid

=4 Transfarm Stand

[*]

E DEF Stand Transform {

= @l children children [
-2 1rline # Static parts of mechanism
EQ Transform Parts_Rotake Y Inline {
ratation url ["stand-1.wrl"]
E--@II children e
E”[jlﬂme # Parts that rotate along ¥ axis
Q Transform Parts_Swing = DEF Parts_ Rotate ¥ Transform {

# Initial rotation defined along the ¥ axis
# to facilitate using VR Expander block
rotation 0 1 0 0
children [
Inline {
url ["Pendulumdzi=-1. wrl"]

# Parts that rotate along £ axis

DEF Parts_ Swing Transform {
# Initial rotation defined along the Z axis
# to facilitate using ¥YE Expander block
rotation 0 0 1 0
children [

Inline {
url ["armDDl—l.rrl"]
]
}
]
1
Routing ap 3 ]
Resources -
File: List «[x[4]» [y invpend_nested.wrl I 4 I | »
Ready Lnz& Col44 686 bytes |SYM |[SEM |MER |EXT |OVE ’E READ |WEE _z

Obrazek 5.3 Hierarchical structure of virtual scene

Hint: Some tools allow you to export each part of the assembly into a separate
VRML file. All parts are then referenced in a main file using the VRML Inline
mechanism. This is a recommended way of working with assemblies — the main
file is small in size, easy to understand and modify.

5.2. Virtual Scene Modeling

The results of CAD tool export filters often need few manual changes before
being used by Simulink 3D Animation. Then we can create a scene in which we
place the exported objects for further use.

5.2.1. Manual Modifications of Exported VRML Files

Manual adjustment of the exported VRML files can be done easily using a plain
text editor. You can also use V-Realm Builder supplied with Simulink 3D
Animation, but here we will explain the modifications made using a text editor.
Usually, the following manual changes are necessary:

e Wrapping shape objects with Transforms
e Adding DEF names
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5.2.2. Wrapping Shape Objects with Transforms

CAD tools export parts into VRML as individual shapes using various VRML
object types. It is for instance possible to use a VRML Shape node or Inline
mechanism. In order to be able to control part positions / orientations, we
need to wrap each such Shape or Inline node by a node that allows changing
these properties. It is a Transform node, whose purpose is to transform
coordinates of its children. For instance, after wrapping by a Transform node,
such Inline node will look like this:
Transform {
children [

Inline {
url ["robot arml.wrl"]

}
1
}

In order to be able to place the whole assembly to the right initial position in
the virtual scene, it is always good to wrap all parts of the assembly by an
additional Transform node.

5.2.3. Adding DEF Names

CAD export filters often export objects with no names, or with synthetic, non-
descriptive names. In order to be accessible from MATLAB, each VRML object
needs to be given a unique name in the VRML file. This is achieved by adding a
“DEF Object_Name” statement to the Transform line. After adding the DEF
name, robot arm1 definition in the main VRML file looks like this:
DEF Robot Arml Transform ({
children [

Inline {
url ["robot arml.wrl"]

}
1
}

These object names are used in Simulink 3D Animation functions and user
interface. For instance, they appear as descriptions of inputs to VR Sink block.
Therefore, it is good to give the parts descriptive names that help us with
orientation in the object hierarchy.
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Note: Sometimes it is also necessary to correct bugs introduced in the file by
the CAD tool export filter. As VRML format is a text-based format codified by an
ISO standard, these bugs are relatively easy to identify and correct.

5.2.4. Creating a Virtual Scene

The VRML file, adjusted manually in the previous steps, is ready for association
with Simulink or SimMechanics models. However, in order to work with the
virtual scene effectively, it is suitable to make some additional modifications to
the scene file. These changes can be added on an ongoing basis, in parallel with
developing and using the dynamic model.

These modifications can be done using a text editor, V-Realm or any other
VRML editor:

Adding the WorldInfo node with scene title (used as virtual world

description in Simulink 3D Animation)

¢ Adding the Navigationinfo node defining the scene default navigation
speed and avatar size that ensures correct displaying the object from
near and far distances.

e Adding the Background node to specify a colour backdrop that simulates
ground and sky, as well as optional background texture — panorama for
the scene.

e Adding several viewpoints to be able to observe the object conveniently
from different positions. The viewpoints can be static (defined as
independent objects at the top level of the scene hierarchy) or attached
to objects that will move in the scene to be able to observe them during
simulation. Such viewpoints are defined as siblings of moving objects in
the scene hierarchy. An example of a viewpoint moving with the object
can be the viewpoint Ride on the Plane in the Simulink 3D
Animation demo file vrtkoff.wrl.

e Adding lights to the scene in order to illuminate it. Although VRML

viewers have always a “Headlight” available, it is a good practise to

define lights in the scene so that it looks for every user in a consistent
way, according to the scene author preferences. Most useful type of

VRML light to illuminate a whole scene is the DirectionallLight node. It is

practical to use combination of several such lights to illuminate objects

from several sides.
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e Adding scene surrounding. This step is not crucial for visualization of
interactions between parts in a machine assembly, but it is very
important for visualization of aircraft / vehicle dynamics simulation etc.,
where the position of one object relative to the scene in which it
operates is important.

For instance, if we are to visualize a vehicle dynamics simulation, we
need to place a virtual car on a virtual road. Both object need to be to
scale (the length units in the car and road models must match), and the
car has to be placed in a correct position relative to the road. Proper car
scaling, placement and orientation in the scene can be done by defining
corresponding fields of the main object Transform node mentioned in
the “Wrapping Shape Objects by Transforms” section.

An example of a complete scene definition can be found in the
octavia_scene.wrl VRML file that belongs to the Simulink 3D Animation demo
vr_octavia.

5.3. Linking the Virtual Scene to a Simulink / SimMechanics /
MATLAB Model

The main purpose of this step is to create associations between dynamic model
object quantities and corresponding VRML object properties (positions,
rotations, etc.) to establish a live data connection between the model and the
virtual scene.

Mechanical systems are typically modelled using SimMechanics or Simulink,
but Simulink 3D Animation allows also visualization of models implemented in
MATLAB. While we will focus on using Simulink 3D Animation Simulink
functionality, we will shortly mention also specifics of using the toolbox
MATLAB interface.

5.3.1. Linking the Virtual Scene to a Simulink Model

Association of Simulink model signals to virtual scene object properties is
accomplished by the VR Sink block from the Simulink 3D Animation block
library vrlib.
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In order to associate a Simulink signal to a virtual object property:

e From the vrlib library, insert a VR Sink block to your Simulink model.

e Double-clik on the VR Sink block. This opens the VR Sink Block
Parameters dialog, where you can define the associated virtual scene.
Enter the name of the scene VRML file in the Source file: edit box, or use
the Browse... button to select the file interactively. Press the Apply
button to load the selected VRML scene.

e For smooth visualization of the movement it is sometimes necessary to
change the block Sample time. For instance, in order to update the
virtual scene 25 times per simulation second, set the sample time to 0.04
s. Be careful when using the inherited sample time for the VR Sink block.
Depending on the solver used, this might result in non-equidistant (in
simulation time) updating of virtual scene, giving the user false
impression of system dynamics.

e Inthe VRML Tree in the right of the dialog box, expand the main object
Transform branch and in the scene object hierarchy (displayed exactly as
read from the VRML file), locate all parts you want to control from
Simulink according to their names given in the “Adding DEF Names”
section. With each part (represented by named Transform nodes) select
the checkbox next to its rotation and position fields. This tells VR Sink
block that you want to control rotation and position of these parts. You
can select also other properties of virtual scene objects (colours etc.), but
rotations and positions are most frequently used.

e Press OK. For each selected field, VR Sink block creates an input port.
Increase the VR Sink block size to reflect the number of input ports.

Once the VR Sink block is associated with a virtual scene, double-clicking on it
invokes the Simulink 3D Animation Viewer. Block parameters are available
through Simulation — Block Properties menu command in the viewer.

VR Sink inputs take signals of type corresponding to their VRML representation.
Position inputs are of type SFVec3f — take the position in the [x y Z]
coordinates. Rotation inputs are of type SFRotation — take the 4-element
vector defining right-hand rotation as [axis angle]. The angle value is in radians.

It is up to the user to match the coordinate system used by the Simulink model
to that of the virtual scene. If the two systems are not identical, some kind of
axes transformations is necessary.
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While object positions are usually available in the form required by VRML
(Cartesian coordinates), rotations have to be usually converted from some
other rotation representation. In many cases, object rotations are defined
using the rotation matrix representation. For converting such rotations into
VRML format, there is the Rotation Matrix to VRML Rotation block available in
the vrlib/Utilities sub-library.

At this point it is again important to distinguish the 2 cases depending on the
virtual scene hierarchy:

e All parts in Simulink are defined in global coordinates, virtual scene has a
flat structure of independent objects

Object positions: Send to VR Sink all positions in global coordinates.

Object rotations: Send to VR Sink all rotations in global coordinates,
with centre of rotation defined in the coordinate system
origin.

As the default centre of rotation of VRML Transform objects
is [0 0 0], it is usually not necessary to define the centre of
rotation for each part in the VRML file specifically.

e All parts in Simulink model follow hierarchical relations, virtual scene has
a nested structure

Object positions: Send to VR Sink all positions in local coordinates of
(relative to) their parents — predecessors in the object
hierarchy. Example — robot’s tool position relative to the
robot’s hand.

Object rotations: Send to VR Sink all rotations in local coordinates of
(relative to) their parents — predecessors in the object
hierarchy. Example — robot’s tool rotation relative to the
robot’s hand.

In this case, it is usually necessary to collocate center of
rotation defined in the virtual scene with the center of
rotation defined in the Simulink model, to match visually
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positions of joints between objects. Joints between parts are
usually positioned not in the [0 0 0] of parent’s coordinate
system. To define a center of rotation different from the
default value [0 O 0], define the center field of the child
Transform in the VRML file. Example — define the robot’s
tool center of rotation to be collocated with the joint
connecting the hand and the tool , in the hand’s local
coordinates.

Hint: In the case of hierarchical scene structure, when the parts are connected
by revolute joints, it is very easy to define relative rotations between parts. The
joint axis defines directly the VRML rotation axis, so constructing the [axis
angle] 4-element VRML rotation vector is trivial.

5.3.2. Initial Conditions

Simulink model initial conditions must correspond to the initial object’s
positions and rotations defined in the virtual scene. Otherwise, the object
controlled from Simulink would “jump” from the position defined in the VRML
file to the position dictated from Simulink at the start of the simulation. The
possible offset can be compensated either in the VRML file (by defining another
level of nested Transform around the controlled object) or in the Simulink
model by adding the object initial position to the model calculations before
sending to the VR Sink block.

In order to align Simulink model initial conditions with virtual scene object
positions, while maintaining also correct position of the object relative to the
surrounding scene, it is sometimes necessary to adjust also position of the
object surroundings. Example — move the road position so that the car at
position [0 0 0] stays on the road, the wheels not sinking nor floating above the
road surface.

5.3.3. Use of VR Placeholder and VR Signal Expander

The VR Sink block accepts only inputs that define fully qualified VRML field
values. For dynamic models that describe system’s behaviour only in one
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dimension, it is still necessary to define full 3D positions for all controlled
objects for their virtual reality visualization.

In order to simplify modelling in such cases, Simulink 3D Animation contains
the VR Placeholder and VR Expander blocks.

The VR Placeholder block sends out a special value that is interpreted as
“unspecified” by the VR Sink block. When this placeholder value appears on a
VR Sink input, whether as a single value or as an element of a vector, the
appropriate value in the virtual world stays unchanged.

The VR Signal Expander block creates a vector of predefined length, using
some values from the input ports and filling the rest with placeholder signal
values.

In order to control position of a virtual object from one-dimensional dynamic
model, use the VR Signal Expander block with the controlled dimension as its
input, its output is 3-component vector that can be used in VR Sink. The
remaining vector elements are filled with placeholder signals.

Use of the VR Signal Expander block is possible also when defining rotations.
When the axis of rotation (as a part of initial rotation of an object Transform
node) is defined in the VRML file, it is possible to send to the VR Sink block a
VRML rotation value consisting of 3 placeholder signals and the computed
angle, forming a valid 4-element [axis angle] vector.

5.3.4. Linking the Virtual Scene to a SimMechanics Model

SimMechanics is very well suited for 3D visualizations using Simulink 3D
Animation. Apart from other features that SimMechanics offers for modelling
mechanical assemblies, there are the following features that simplify the
visualization of SimMechanics models in virtual reality:

e SimMechanics and VRML coordinate systems are identical (right-handed
Cartesian systems with the same orientation of x, y, z azes.)

e |n SimMechanics it is easily possible to work with both global and local
object coordinates, so it is easy to adapt the model to the structure of
the virtual scene exported from the CAD tool.
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In addition, SimMechanics offers a convenient way of importing CAD assembly
designs into SimMechanics machines — CAD Translator. When the CAD
assembly is in parallel exported from the CAD tool also to the VRML model, it is
just a matter of few steps to add virtual reality visualization to such machines.

Depending on the virtual scene hierarchy, there are two methods for
visualization of SimMechanics machines possible:

e When the virtual scene has a flat structure of independent obijects,
positions and rotations of machine parts — bodies can be obtained using
Body Sensor blocks connected to appropriate coordinate systems
attached to the bodies, with positions and rotations defined using the
absolute — world coordinates. In most cases it is suitable to connect the
sensor to a body coordinate system with origin in [0 O 0] and initial
rotation matrix defined as identity matrix [1 00; 01 0,00 1] in the world
coordinates.

¢ When the virtual scene has a hierarchical structure of nested objects, the
body positions and rotations can be obtained using Body Sensor blocks
with output set to local body coordinates. In some special cases — for
instance when two bodies are connected through a revolute joint, it is
possible to get the angle between the objects using a Joint Sensor block.

5.3.5. Linking the Virtual Scene to a MATLAB Model

For interaction with virtual scenes Simulink 3D Animation offers also set of
MATLAB functions and constructs known as the toolbox MATLAB Interface.
There might be circumstances when using this MATLAB functionality is suitable
in connection with CAD-based designs, for instance:

e Using customised GUIs to visualize static objects or their relations in
virtual environment. Example - interactive machine assembly
instructions.

e Visualization of a 3D information based on a general independent
quantity (doesn’t have to be time).

e MATLAB interface functions used in Simulink model callbacks.

e Visualization of systems whose dynamic models are available as MATLAB
code.
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e Visualization of systems where massive object changes eg. deformations
take place. In this case, sending dynamically-sized matrix-type data from
the dynamic models to virtual scenes is necessary.
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