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2 Robotics Simulation Visualizer
5,89 fp» (S00x800), For rial XBRAGEHS Formad D24X8
Hardware (pure hw vp): NVIDIA Quadeo FX 540
Camarn{xy 7): 1140044 0. 704RE56, 1. 13008
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Entity O

Cut - & MIAE dHEISEZ ZetdLIC.

Copy - & MIAE AHHEISES SAELILH

Paste - ZctUHALL S AtSH AIEHEISS scene 2HOl FIHELICEH.
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Load Entities - MY ZLE ¢l

Save Entities As - & M= AHHEISS oYW NAELICH

View O0l%
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Look Along - E& =g J|Btoz2 BE A FEILIL.
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Combined — Full 30 B2 Physics & Z&ot0d ZAIELICH. 0] 2=E0H M= HI HIAI2E 22l
OIEEIDI LOILE & D&t = X8 &Eolg 4= USLICH

Graphics Settings - SceneOl HEH eHHE == X0l CHst AEE 2 &FELICH.

Camera Ol%

Jtiiiet Hises & H JHEXIDF JtHI2tE BHEStH 20 Xl= Scene2 BH&Edl= JIssS H3ELICH
ANEX=E FBIIE =2 JIHHE =X&Eeg HAE £+ USLICH

Main Camera - J|I2&2=z HE&e= Jtlct2 &8 LIC.

Other cameras - SIS HILIHAE WM H3ZHes JtHcESe SE2 2010 oig Itk
E d8g = UAESF LI

Physics Ol

Enabled - AIZdIOIENA =Sl £42 Z&otHL HHE = USLICH

Settings - S&€g2 &£&8ot, JI2 ItHUE 2z 2828 = JAEE &53E = ASLICH. o
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“obj” IWYs bos” Itz HES
Hioldel mes HEsLICH

Microsoft ROBOTICS STUDIO

LEXME A=d0l& O+ LEs =Hete

obj2bos.exe [options]

ekt e

Option

/infile:<string>

/level :{None|Default |Maximum}

/outfile:<string>

/verbosity:{0ff|Error|Warningl|Info|Ver

@<file>

Obj2Bos.exe /i:"storetmediaffearth.obj"

@

~

/1

/o

bose} /v

&9

obj IS .bos EOz HSELICH. <
UCIE 2BEAE2 «» W ? JF AIEE = U
SLICH

XHe == UEIYLIC. =2 =&35 gt
S XEg HL 2= A2 sOHUXS
mesh WOl 3J|JF EHSLIC.

ES0Y 0I5S0H S48 AFELLICH &=
N&ESHA ot sdst me 0l82 .bos
ool MAELICH.
Verbosity =&& & 2I&LICtH.

O B8 & mee 0182 Z&otl U
= BIAE 2o 0|E=2 XNFEELIL
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4. Nl2dlold FE2IEZ

ANEdold SEcId 1 (C#) - AIZdI0IE SEFZ0 CHEH A0H

MSRS= =cIH&0f Jlgtet Chefet Jtal Z0lM 22 HS2A0E S HEE = e 3= M
SELICH 0l FSEciZE2 AISdIolE A AlAct dHE FERE HEH AEGt= Kol O
A

of 200, & S HHME Jted S2t0l =Jtots 2ES 2WHSLILH
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¥ Robotics Simulation Visualizer

724.43 Ips (800x600), Format. XBR8GEBS Format.D24X8
Hardware (pure hw vp): NVIDIA Quadro FX 540
Camera(x.y,z): 4.655481,2.054388,5.741254

Press F1 lor help
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XMelguth.

® \Managed SclU& I - M==2 SclAA APIO CHol C# SEHS CIEHIOIASE =&
SHLICH.

® AGEIA PhysX JI& - AGEIA Scl ZZAHME S8 StEAN It JIssS MSELIC (2
CO GEANA HE FIHAI)
e VJHEl - AIZd0l8 2t &0l ot=R0 2 =2l HME LErUT. Cheret
EIS0l Dl2l EYENH U220, Oledst HHEISES Z&otH MZ2 S dEHE
(=]

dda = AL e gEe 2% SHS= HEE = UsLIH
AHE 27 Atet
ot=A0f

AMEdI0IdsS F*s6t) fliMd= PCE dch® Jt=JE 0IE XN&6t= IHEOINO0F Jbsg LIt X
AEE i® Jt=E Oteiel 38 Soll =2 JtsgLt.
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http://channel9.msdn.com/wiki/default.aspx/Channel9.Simulat ionFAQ
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L2TEY N

AZ2diold Z2 S oAM= Otchel E & &otXIoF 2L

® Microsoft Visual C# 2005 Express Edition.
® Microsoft Visual Studio Standard Edition.
® Microsoft Visual Studio Professional Edition.
® = Microsoft Visual Studio Team System.
Al &3]

0|8t SEE2|Yo AA DEE= OteHe ZH0 012 AT USLICEH
SamplestSimulationTutorials#Tutoriall
Visual StudioOllAl SimulationTutoriall.csproj LS ZHESOCZM SEECIZES AIEELICH
4

SHES LS = MSRS Commnad ZHOIA Ottt 20| AHAIH SC2M ZUE SCldH 2

USLICH

1> |d

dsshost /port:50000 /manifest:"samplestconfigWSimulationTutoriall.manifest.xml"

Visual StudiolliAd ZEXES 22L&t 32, e Z2ME H40 712 48 B0t SSHA
AULL=Z, HY S0 FEIIE = A& S AIJIE oY T2 I8S AdAE = AsL

S0l st €82 Otefiet 25U

ANZdI0IES A&AIZII] fAHA= Otchel dII LSS BtEA
gt dll =2 MSRS2l X1 20 20l bin 2H0 =IHELICH
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® RoboticsCommon.DLL - PhysicalModel namespaceE &t
2 Do) /st 3 AUE0 AL USLICEH.

® PhysicsEngine.DLL - Native physics engine dl 10l CHSt Managed C++ &41H & LICEH.

® SimulationCommon.DLL - 8 & EIY S0l 2T US

® SimulationEngine.DLL - MEHE X, AIS20|& AHE
SEHL|CF.

® SimulationEngine.Proxy.DLL - AIZ2dI0l& A AEHS ProxyOl HXOl IMEH MHIA
2 S M Ar=ELUCCH

7
V]

ES

i

== Copy Local Propertyldt FalseZ A&EZI0 UAO0F ELICEH.
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5 simulationTutoriall
=d| Properties
-l |7 References
<3 Ccr.Core
<2 DssBase
<23 DssRuntime
<23 mscorlib
<23 PhysicsEngine
<23 RoboticsCommon
<23 SimulationCommon
<23 SimulationEngine
<23 SimulationEngine.Proxy
< System
423 System.Runtime, Serialization
<23 System.Xml
#] AssemblyInfo.cs
] SimulationTutoriall.cs
] SimulationTutoriall . manifest.xml

2 3 - SimulationTutoriall &X &=
SimulationTutoriall.cs W0l= 8 &2 Using &0 AtE2&E LICH.

using Microsoft.Ccr.Core;

using Microsoft.Dss.Core;

using Microsoft.Dss.Core.Attributes;

using Microsoft.Dss.ServiceModel .Dssp;

using Microsoft.Dss.ServiceModel .DsspServiceBase;

using System;

using System.Col lections.Generic;

using Microsoft.Robotics.Simulation;

using Microsoft.Robotics.Simulation.Engine;

using engineproxy = Microsoft.Robotics.Simulation.Engine.Proxy;
using Microsoft.Robotics.Simulation.Physics;

using Microsoft.Robotics.PhysicalModel;

using System.ComponentModel ;

Step 2: AIEdI0l& AIX AIXolI|

ol FESRE AHAMZLICH. 0l 2=0] MSRSY

AZdI0lE A2 AIZd0lE B2 =
Ol 282 #sot)| FldiM= Y MHIASE MEUZ S5

HlA SEfZ &0 QI W20,
OLOF & LICH.

[DisplayName("Simulation Tutorial 1")]
[Description("Simulation Tutorial 1 Service")]
[Contract(Contract.|dentifier)]
public class SimulationTutoriall : DsspServiceBase
{
[Partner ("Engine",
Contract = engineproxy.Contract.ldentifier,
CreationPolicy = PartnerCreationPolicy.UseExistingOrCreate)]
private engineproxy.SimulationEnginePort _engineStub =

W

15



new engineproxy.SimulationEnginePort();

// Main service port
[ServicePort("/SimulationTutoriall", AllowMultiplelnstances=false)]
private SimulationTutorial1Operations _mainPort =

new SimulationTutorial10perations():

public SimulationTutorial1(DsspServiceCreationPort creationPort) :
base(creationPort)

{
}

0l0l oig oZXO|l OHLIMAEZ Sof A
CreationPolicy.UseExistingOrCreate2 Xl & ot OIGHAIDl BHELICE. _engineStub Bia=
Stz=ol MEUHE Y AI2ID] fIg S 0|2ds O2 &2 AMASIX £FSUCH oo SE2
doldE ASH0IA XN e BN XE AI2oll 2F HAIXNS dLELT. 0128 sS4l
2 AMHIA KMel HAA dAEel 220IH, Ss2 2US6H)] ol H2=2E &AL C

2 I H=0 TEUH Hd0A
o

£Q 02
mo rir

=]
=

o iy

>.

Step 3: EEIE &30 FItoll

Start HIAZ0A SetupCamera®t PopulateWorld BIASJF SE&LICEH. SetupCameralil M= IH0I2t
o gtk AXIE XIAGHH, PopulateWor ldOIAE 28 A AHEISES F=IIELICH
protected override void Start()
{

base.Start();

// Orient sim camera view point

SetupCamera();

// Add objects (entities) in our simulated wor |d

PopulateWor 1d();
I3

SetupCamera= OfcHet 201 &EolE LIC.

|
private void SetupCamera()

{
// Set up initial view
CameraView view = new CameraView():
view.EyePosition = new Vector3(-1.65f, 1.63f, —0.29f);
view.LookAtPoint = new Vector3(-0.68f, 1.38f, —0.18f);
SimulationEngine.Global InstancePort .Update(view);

3

Sky =JtaotD|

Sky M= G244 201 F=It= LIt

void AddSky()

{
// Add a sky using a static texture. We will use the sky texture
// to do per pixel lighting on each simulation visual entity
SkyDomeEnt ity sky = new SkyDomeEntity("skydome.dds", "sky_diff.dds");
SimulationEngine.Global InstancePort. Insert(sky);

16



// Add a directional |ight to simulate the sun.
LightSourceEntity sun = new LightSourceEntity();
sun.State.Name = "Sun";

sun.Type = LightSourceEntityType.Directional;
sun.Color = new Vector4(0.8f, 0.8f, 0.8f, 1);
sun.Direction = new Vector3(0.5f, —-.75f, 0.5f);
SimulationEngine.Global InstancePort. Insert(sun);

}

SkyEntity ScdiiA= MEtHEZ 2)42 MY 01§ 22& UL

® Sky HIEZS I8t SAN DY - MIRXO sHsZ2 RAGH| 98 DHAS 0I0IX|
o ClaslE PE W HEHS AN DY - MO R SUE 98 0

LightEntity SciA=s Z& SUE AMSdl0lE 6t <ol AFEE LICEH.
X =t

Ol EXIE AlEclold Z2tol
o] 2

| =gt BXle O HME =ototol &0l Olel F=Iteof
OF ot0, JEX et OOE AXMSO0I

25 BX OoteH2 M HELIC.

void AddGround()
{

// create a large horizontal plane, at zero elevation.
HeightFieldEntity ground = new HeightFieldEntity(
"simple ground", // name
"03RamieSc.dds", // texture image
new MaterialProperties("ground",
0.2f, // restitution
0.5f, // dynamic friction
0.5f) // static friction
)s
SimulationEngine.Global InstancePort. Insert(ground);

}

Ground YEEI= 02l 2T U= HeightFieldentityE AlEd6lH, 0 2= CHZ§ Height
9 tigz FHELICH. 22 M= BEXNE R4S WE 2HSLIC.

Ground GYEEIE MAS LhSWHe= BIEAl Insert HAEE Soll AIZdI0I&E AU SSEAA =
O OF &HLICH.

=7lols Z=YLICH 2tef EEo Ui+ WE0l MSHA g G,
AH

void AddBox(Vector3 position)
{

Vector3 dimensions =
new Vector3(0.2f, 0.2f, 0.2f); // meters

// create simple movable entity, with a single shape

17



SingleShapeEnt ity box = new SingleShapeEntity(
new BoxShape (
new BoxShapeProper ties(
100, // mass in Kilograms.
new Pose(), // relative pose
dimensions)), // dimensions
position);

box.State.MassDensity.Mass = 0;
box.State.MassDensity.Density = 0;

// Name the entity. All entities must have unique names
box.State.Name = "box";

// Insert entity in simulation.
SimulationEngine.Global InstancePort. Insert(box);

}

Olel E2%Z0 RUes SingleShapeEntity= AlZ2l0l&E S2HH 2HAE FOtols O UM £E2 =
SHAO 2 £ UA2H, F, YA T WS HEfQ 2HHE F=IOIE £ USLULICH 0lHE 2o M
HE =IHE M, 220 AHAE X, Jdeld iy S2He 322 20| XAEELIC

SingleShapeEntityES AIZ&E0UH UHAH S2AE AIEE Ofellt 25LICH.

o ZZu FE2LX &2 Shape2 EXHO0IH, 2L == 8l1 Rsetel ZEgsS e A

® Shape2 =cIUXOA AMEHEIZ DAEDN, 2teF Gisl THE0l MS=EUE, dda =cl
A HW EHE HMelELICh

® Pose ScdiiA= AHM XLt Het=S 20 LIEFHLUICH. 0 g2 oile AHE HUHAM &
CHEQ RAXI 22 HAIZUCLCH.

e = dHES2 1R AMEEH= 018§ Et=Al JEHOF LI 22 01801 S35 =

Z220= g AMEHEIIt EAEX ZSUCH

== g =¥
2

S LICH. Otel

void AddTexturedSphere(Vector3 position)
{
SingleShapeEntity entity = new SingleShapeEntity(
new SphereShape(
new SphereShapeProperties(10, // mass in kg
new Pose(), // pose of shape within entity
1)), //default radius
position):

entity.State.Assets.Mesh = "earth.obj";

entity.SphereShape.SphereState.Material = new MaterialProperties("sphereMaterial",
0.5f, 0.4f, 0.5f);

18
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// Name the entity
entity.State.Name = "detailed sphere";

// Insert entity in simulation.
SimulationEngine.Global InstancePort. Insert(entity):

ot JI1Btel Ol M2 S AtEote O JA0A =2 Atet2 OteHet Z2sLUICH

® Asset HHOUHA HAZH U= RPLE WY BZ= storefMedia WUl Us 202z 2HFE
LICI. Gt @ M0|E 0OF AIEdle ER0e d2s= FAH0, g mes
storeftMedia 2 20 25 =S At S0{0F & LICH.
° mIT4EE ANEdte 82, 2cl Shape=2 A &GHI| fIoH TriangleMeshEnvironmentEntity &
= SimplifiedConvexMeshEnvironmentEntity2t 22 g YAHEl JIsS AIEE = US
LICt.
Step 4: EECiY A3
SimulationTutoriall.csproj MIYES &S &= MY WIS HH AHAIZLICH FMNNHo=Z A
HECtH, O HITY 222 30| BAZD, 0 SE21Yo o 220 A= D8 22 5
Ol EAIELICH.
St=5t AIS2dI0I& B2t2 OISAIAHA B o SH=2/8 =2 SHE 0lsSAAH sSLICH
CH=J|
Fl- 328 s2
F2 - gig REE gids
thlet Ol
e A-2AEOZ 0|l
e D - QEXO=Z 0Ol=s
e |- Ao=2 0l
e S - H=Zz 0ls
e (Q-Y == et 92 0ls
e £ -Y =2 e otz 0ls
0lA HEES
otietel 2ets 0IRAE Soll OIsSAZ = ASLICH
Xbox360 HLIHE HEE
2% AL &I HEES =oll JH2te AXE 0ISAZE &= JUSLIC. LEZE X &It
o HEEZ Sall Jtillete g2 0IsSAIZ = USLIC.
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™ Robotics Simulation Visualizer

45.56 Ips (800x600), Format X8RBG8BS Format.D24X8
Hardware (pure hw vp): NVIDIA Quadro FX 540
Camera(x.y,2): 2.232749,0.7742481,.1.12905

Press F1 [or help

bl

a8 2 - ME8diolEe Seld 528 otH
Al &St D|

Ol S&E2IZLES SamplestWSimulationTutorialsWTutorial?2 20 A DE
SimulationTutorial2.csproj M2 S ZE6l Z2HEE AdE £ JUS

e Z2HEZS Ads6H)| PHAME F5 1€ =2 Visual StudoOlA HiZ2 Adg =& UA2H,
Otch2b 20l MSRS AHEMA HENHE Soll &g =% USLICH

binWdsshost /port:50000 /manifest:"samplestconfigSimulationTutorial2.manifest.xml"
Step 1: &X FJ}

AM2cl0l@S AEMGH)| oAM= OteHet 22 dIl MYsS X0 F=Itof =00F &LICH
SimulatedBumper .Y2006.M05.Proxy

SimulatedDifferentialDrive.2006.M06.Proxy

°
°
® SimulatedLRF.Y2006.M05.Proxy

® SimulatedWNebcam.Y2006.MOS.Proxy

st G392 Using &2 Z2 19| AMCHY =IJtollOF &LICEH.

using drive = Microsoft.Robotics.Services.Simulation.Drive.Proxy;
using Irf = Microsoft.Robotics.Services.Simulation.Sensors.LaserRangeFinder .Proxy;
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using bumper = Microsoft.Robotics.Services.Simulation.Sensors.Bumper .Proxy;
using simwebcam = Microsoft.Robotics.Services.Simulation.Sensors.SimulatedWebcam.Proxy;

MHIA Al
FECE 10A 20 HEEHN & O =&t el AHEIS0l Al=dol&ol =ItE LT

private void SetupCamera()

{
// Set up initial view
CameraView view = new CameraView();
view.EyePosition = new Vector3(2.491269f, 0.598689f, 1.046625f);
view.LookAtPoint = new Vector3(1.873792f, 0.40983f, 0.2830455f);
SimulationEngine.Global InstancePort .Update(view);
I3
private void PopulateWor Id()
{
AddSky () ;
AddGround();
AddCameras();

AddTable(new Vector3(1, 0.5f, -2));

AddPioneer 3DXRobot (new Vector3(1, 0.1f, 0));

AddLegoNxtRobot (new Vector3(2, 0.1f, 0));

//Add|RobotCreateRobot (new Vector3(2, 0.1f, 0)): // uncomment this to add an iRobot
Create robot

}
Table YEE= Z2 080 2ol MAHE Ch= Shape MEEIKLLICH. 2l Pioneer3DX2H LegoNxt
= CIHg& =20l DBt 2RO =2 A 22 B0l melCet 2J0e Hi A M 22l & JHe

Me B MAS ZE5tD ASLICH

Step 2: C+E ShapeE S&t &Z AHEl F2

/' J
‘/ y //

2 3 - AI2H0I&0 A Table 24K Ha
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18 4 - Al=dlol&80AM2 Table2 =28 2&

S&st See SHE £EH d-ot)| flofl JI=XHQl ShapesS2l Hes AIEE = UASUICH
2 Al S

O Table MlOIAE el JH2 Box Shapes &

o
Qi
2]
O
—
10
2
m
m
HU
0=
0x
o
o
2
e
°
o

void AddTable(Vector3 position)

{
// create an instance of our custom entity
TableEntity entity = new TableEntity(position);
// Name the entity
entity.State.Name = "table:"+Guid.NewGuid().ToString();
// Insert entity in simulation.
SimulationEngine.Global InstancePort. Insert(entity);

}

TableEntity 2ciA = MultiShapeEntity 2HAZEH SEEJASH, el NS HAE HEHoh
HIOIE2 MAHELICH. AEEl H2 = SimulationTutorial2.cs 2l Otel 220 JI=ZH U
LIC}.

/// <summary>
/// An entity for approximating a table.
//] </summary>
[DataContract]
public class TableEntity : MultiShapeEntity
{

/// <summary>

/// Default constructor.

//] </summary>

public TableEntity() { }

/// <summary>

/// Custom constructor, programmatically builds physics primitive shapes to describe
/// a particular table.

/1] </summary>

/// <param name="position"></param>

public TableEntity(Vector3 position)

{
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}

State.Pose.Position = position;
State.Assets.Mesh = "table_01.obj";
float tableHeight = 0.65f;

float tableWidth = 1.05f;

float tableDepth = 0.7f;

float tableThinkness = 0.03f;

float legThickness = 0.03f;

float legOffset = 0.05f;

// add a shape for the table surface
BoxShape tableTop = new BoxShape(

new BoxShapeProperties(30,

new Pose(new Vector3(0, tableHeight, 0)),

new Vector3(tableWidth, tableThinkness, tableDepth))
)

// add a shape for the left leg
BoxShape tablelLeftlLeg = new BoxShape(
new BoxShapeProperties(10, // mass in kg
new Pose(
new Vector3(-tableWidth/2 + legOffset, tableHeight/2, 0)),
new Vector3(legThickness, tableHeight + tableThinkness, tableDepth))
)

BoxShape tableRightLeg = new BoxShape(
new BoxShapeProperties(10, // mass in kg
new Pose(
new Vector3(tableWidth / 2 — legOffset, tableHeight / 2, 0)),
new Vector3(legThickness, tableHeight + tableThinkness, tableDepth))
)

BoxShapes = new List<BoxShape>();
BoxShapes.Add(tableTop);
BoxShapes.Add(tablelLeftleg);
BoxShapes.Add(tableRightlLeg);

public override void Update(FrameUpdate update)

{

}
}

base.Update(update);

A2l HEHEIS desct=s O UM 2o B2 OteHet £SLICH

=c|d W2tHE 2 Shape2 JI=6H)| fId HAE MHAXE ASELICH. 22 A= 0]
A MEHE TXotLD AE IIYS 2S5 22, Jl2 MEXIF AsEH0 sgst
Alcldet0ol =& g2 OlEo MAE & JALLICH

S&st S0 22Xl 2LCH 0|01 =Mote HAEHEIE OISl MZ2 AEHEISE MHEL
Ck. MultiShapeEntity= Box2t Sphere2t &= Ct2st MO 2M=S0 CHet 2IAEE X
KSHLICE.
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Step 3: 2ZS3td ETRM AMSd0l& SHEANO MHIA A

R T
B e e R
o s b S WA G
Comermn g 1 NPMALS EVEN2, ASARIPN
Poa 11 e Ny

O 6 - Pioneer3DX 222 22/ =& stH

AZ0l8 BHEIZ2 Z JHe AINMN H2EH U= &8 2R I8 22 A#AIZLICH. O
st 2RE2 LHEE =202 E e dASS E&otl JUSLICH 0l AMZdold &

clgliAd=E 20 2RSS MEE WEOIMH, ® HMZ PioneerddX 220 st AIAEHAZE OF
ciet 20|l MAH3tH ASELICH. 0lgfs 222 JI2& 22 DifferentialDriveEntity & & &6t
o Mygst =52 AEEl YLICT.

void AddPioneer3DXRobot (Vector3 position)
{

Pioneer3DX robotBaseEntity = CreateMotorBase(ref position);

// Create Laser entity and start simulated laser service
LaserRangeFinderEntity laser = CreatelaserRangeFinder();
// insert laser as child to motor base

robotBaseEntity. InsertEntity(laser);

// Create bumper array entity and start simulated bumper service
BumperArrayEntity bumperArray = CreateBumperArray();

// insert as child of motor base

robotBaseEntity. InsertEntity(bumperArray);
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// create Camera Entity ans start SimulatedWebcam service
CameraEntity camera = CreateCamera();

// insert as child of motor base

robotBaseEntity. InsertEntity(camera);

// Finally insert the motor base and its two children
// to the simulation
SimulationEngine.Global InstancePort. Insert(robotBaseEntity);

2E3tE AlZ2d0IE 2R2 Otk 201 3 HHE HH d-8ELICH

S
XAl

1. CHeg 2012 Jigtel Jil=2 24
celolBE JIgdo2 S5 ZeA
Jb eisLICH

2. Jtal BFEI0I0I CHoH LaserRangeFinderEntity2t 20l M IHQIG AlE30l& MHIAS ol
AE—IAE /\H/\~|oFL|E|.

3. SOHSl HIHol CHSt BumperArrayEntity?t HI Al2dI0l& AMHIAQ
LICH.

4. Camerabntity2t 224 AHIAW St AlE2l0l&E AMBIAS] QIAEHA

FLICEH. Pioneer3DX2t LegoNXT2l ClIHE &
OF MAZIAOH, & 228 AOI0l= X0

un
0z 0z
I ox
nZ qon

AH A

o o

e

AEA

—_ =

1]
]

u
0z
0x
el

L

o

HEES Sofl clolM, B, JtilcE dde =0l= 28 DI AHEIN oY AEHEISS
HEIEIZ F=Otoll Z=010F &LICEH.

robotBaseEntity. InsertEntity(bumperArray):

CHEAE =210l dHE|
20 AEEI=E Pioneerd3dX 222 Scl A4S I8 [H2LE DH ZSHAZEH MASLICH
CreateEntityPartner HIAE= QAEEID}F SEFY AN HIQIEE ZERII /JUl= A2 AEIANA

2

=0 AMBlA MEHE d-AIZLILCH

private Pioneer3DX CreateMotorBase(ref Vector3 position)

{

// use supplied entity that creates a motor base
// with 2 active wheels and one caster
Pioneer3DX robotBaseEntity = new Pioneer3DX(position):

// specify mesh.

robotBaseEntity.State.Assets.Mesh = "Pioneer3dx.bos";

// specify color if no mesh is specified.
robotBaseEntity.ChassisShape.State.DiffuseColor = new Vector4(0.8f, 0.25f, 0.25f,

1.0f);

// the name below must match manifest
robotBaseEntity.State.Name = "P3DXMotorBase":
// Start simulated arcos motor service
drive.Contract.CreateService(ConstructorPort,
Microsoft.Robotics.Simulation.Partners.CreateEntityPartner (
"http://localhost/" + robotBaseEntity.State.Name)
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return robotBaseEntity;

Laser Range Finder QIE{EI

Oteiel REE= Ol AEHEIQ 2teE MBIAIE HEA AIZE = X0 CHol 2
AEHEIS OIS WMEH 050! WA IO 8tlh= imI%QdMJIWEUEh

o sUC

gy
H

private LaserRangeFinderEntity CreatelaserRangeFinder ()

{
// Create a Laser Range Finder Entity .
// Place it 30cm above base CenterofMass.
LaserRangeFinderEntity laser = new LaserRangeFinderEntity(
new Pose(new Vector3(0, 0.30f, 0)));
laser .State.Name = "P3DXLaserRangeFinder";
laser .LaserBox.State.DiffuseColor = new Vector4(0.25f, 0.25f, 0.8f, 1.0f);
// Create LaserRangeFinder simulation service and specify
// which entity it talks to
Irf.Contract.CreateService(
ConstructorPort,
Microsoft.Robotics.Simulation.Partners.CreateEnt ityPartner (
"http://localhost/" + laser.State.Name));
return laser;
}
AN QEEIN 26 St E0I22 22 AUEC |AXIt 2H 22X |0 &4a /XIcior &t
Cte JYLICH 2ESE 222 ZE2R2 HAY FIHEC StIEAHS2 22 HHEIS SHE JI=
SI{OF otH, Z&E SEI Ot SEHQ0 diiz Jl=d 2t USLITH

Bumper Array 2IHE

ol M MeE 2H 2H2 & FHol XISt & Il Shape= AFE6H0 Bumper ArrayE MASH
= 20l Ciol 2SS LULICH. Pioneer Ol THY %1WMH%EilM%&Ef%OE.ﬁ@T;.AN
OF, AIZ2dI0I&80AME X 2J02 HIHO AFZELICH. BIH Shpaell AHEQL (X0 SL2IGHAIDI

private BumperArrayEntity CreateBumperArray()
{
// Create a bumper array entity with two bumpers
BoxShape frontBumper = new BoxShape(
new BoxShapeProperties("front",
0.001f,
new Pose(new Vector3(0, 0.05f, -0.25f)),
new Vector3(0.40f, 0.03f, 0.03f)
)
)
frontBumper .State.DiffuseColor = new Vector4(0.1f, 0.1f, 0.1f, 1.0f);

BoxShape rearBumper = new BoxShape(
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new BoxShapeProperties("rear",
0.001f,
new Pose(new Vector3(0, 0.05f, 0.25f)),
new Vector3(0.40f, 0.03f, 0.03f)
)
)
rearBumper .State.DiffuseColor = new Vector4(0.1f, 0.1f, 0.1f, 1.0f);

// The physics engine will issue contact notifications only
// if we enable them per shape

frontBumper .State.EnableContactNotifications = true;
rearBumper .State.EnableContactNotifications = true;

// put some force filtering so we only get notified for significant bumps
//frontBumper .State.ContactFilter = new ContactNotificationFilter(1,1);
//rearBumper .State.ContactFilter = new ContactNotificationFilter(1, 1);

BumperArrayEntity

bumperArray = new BumperArrayEntity(frontBumper, rearBumper);
// entity name, must match manifest partner name
bumperArray.State.Name = "P3DXBumpers";

// start simulated bumper service

bumper .Contract.CreateService(
ConstructorPort,
Microsoft.Robotics.Simulation.Partners.CreateEnt ityPartner (
"http://localhost/" + bumperArray.State.Name)):

return bumperArray;

}

Bumper Array HEHEI= 22l SZ2ZHM CE SH2 S=2 2lJ| fdH ContractNotification &
Alg MZeLICH. "It S 2 Xot)| M eE Oteliet 22 £40] &80k &LICH.

E—

frontBumper .State.EnableContactNotifications = true;

Jtoiict AEE

Ol AENMM= AAIZES AISd0lIE S2tate das BMHA d&ots JtHetE HHEH =0t
o

AZlE X0l €282 UO. Jtilicts 28 =M 2HE0 JA20, 0l 2ol 2201 2L
M &0l SH0ESE =0 UsLICH

NE=1=lUR @B%(ﬁmm&ﬂw%‘@éa“[ﬂmmkiﬂ%-ﬂﬁﬁﬁg-ﬂ%&m, e et 20l
20tX19 22 A2 + UsUb

1. &Al2t 2E - Came raEntlty; 229 JHHZRH &M SS9 as AAL2Z ¢

18 & = USLIC. Qe B HANE DWaoP‘H "EotH ArsEELL &

AlZ2E Jthicte S&te aH[—| 2 S5822 dot)| 20 =2 die NEs L2

o
]
-

2. mNM_<EE-(MmmﬁHWE,M§ﬂOWiQMMiQ&'%éiF%EM&%H%
Ch. MetMd s X0l 22 ALDX 2SLICH
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private CameraEntity CreateCamera()

{
// low resolution, wide Field of View
CameraEntity cam = new CameraEntity(320, 240);
cam.State.Name = "robocam":
// just on top of the bot
cam.State.Pose.Position = new Vector3(0.0f, 0.5f, 0.0f);
// camera renders in an offline buffer at each frame
// required for service
cam. IsRealTimeCamera = true;
// Start simulated webcam service
simwebcam.Contract.CreateService(
ConstructorPort,
Microsoft.Robotics.Simulation.Partners.CreateEnt ityPartner (
"nttp://localhost/" + cam.State.Name)
)
return cam;
}

Step 4: AIZcl0l& AHIAQ GIEE MEUE
KHIAQL SIERAI AIEdI0IE AEHEI2AS HEHE

CreateService HIAS= BEYAIN HE AMHIA HES QAZAN IEYH 2RAE MIote 2
=] =& Contract Ol CHst AUl A SIAEAE MAHBIE =
SimulatedDifferentialDrive MBIASl REE AIZdI0I&E MBIAE HEH 1D AEHE LWEUHE
HEHA OolEdt= KXol ol A&z B0 SLICH. Olel 2 E= CreateMotorNase HIAS U A At
2= DELICH.

// Start simulated arcos motor service
drive.Contract.CreateService(ConstructorPort,
Microsoft.Robotics.Simulation.Partners.CreateEntityPartner (
"http://localhost/" + robotBaseEntity.State.Name)
)s

AZd0l& MHIA CIXe! THE

A=2c0ld MEIASZ2 AHE dHd BEA HISI SES =&otH ot flol SE& A& IHE

= [choF SLICH. AEEIDF AHIADE AIEE S0 AIZH0I&EN FI1E =% AJ| S0, MY
A= QE{E|l NotificationOl ==& M DXl OSSP LIHYIOIE Zz MAS GI&06HA EEE K2
oHOF &LICH. OteH TE== SimulatedDifferentialDrive MBIAGA AIE2E DE=Z M 0128t HHE

O A€ 2WF10 USLICH

protected override void Start()
{
// Find our simulation entity that represents the "hardware" or real-world service.
// To hook up with simulation entities we do the following steps
// 1) have a manifest or some other service create us, specifying a partner named

SimulationEntity
// 2) in the simulation service (us) issue a subscribe to the simulation engine
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looking for

/] an instance of that simulation entity. We use the Entity.State.Name for the
match so it must be

// exact |y the same. See SimulationTutorial2 for the creation process

// 3) Listen for a notification telling us the entity is available

// 4) cache reference to entity and communicate with it issuing low level commands.

simEngine = simengine.SimulationEngine.Global InstancePort;
notificationTarget = new simengine.SimulationEnginePort();

if (_state == null)
CreateDefaul tState();

// PartnerType.Service is the entity instance name.
_simEngine.Subscribe(Servicelnfo.PartnerList, _notificationTarget);

// dont start listening to DSSP operations, other than drop, until notification of
entity
Activate(new Interleave(
new TeardownReceiverGroup
(
Arbiter .Receive<simengine. InsertSimulationEntity>(false, _notificationTarget,
InsertEntityNotificationHandlerFirstTime),
Arbiter .Receive<DsspDefaul tDrop>(false, _mainPort, DefaultDropHandler)
),
new ExclusiveReceiverGroup(),
new ConcurrentReceiverGroup()

));

}
void CreateDefaul tState()
{
_state = new diffdrive.DriveDifferential TwoWheelState();
_state.lLeftWheel = new Microsoft.Robotics.Services.Motor .Proxy.WheeledMotorState();
_state.RightWheel = new Microsoft.Robotics.Services.Motor .Proxy.WheeledMotorState();
_state.LeftWheel .MotorState = new
Microsoft.Robotics.Services.Motor .Proxy.MotorState():
_state.RightWheel .MotorState = new
Microsoft.Robotics.Services.Motor .Proxy.MotorState();
I3

void InsertEntityNotificationHandlerFirstTime(simengine.InsertSimulationEntity ins)

{

InsertEntityNotificationHandler(ins);
base.Start();

// Listen on the main port for requests and call the appropriate handler.
MainPortInter leave.CombineWith(
new Inter leave(
new TeardownReceiverGroup(),
new ExclusiveReceiverGroup(
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Arbiter .Receive<simengine. InsertSimulationEntity>(true,
_notificationTarget, InsertEntityNotificationHandler),
Arbiter .Receive<simengine.DeleteSimulationEntity>(true,
_notificationTarget, DeleteEntityNotificationHandler)
),

new ConcurrentReceiverGroup()

)
}

void InsertEntityNotificationHandler(simengine.InsertSimulationEntity ins)
{
_entity = (simengine.DifferentialDriveEntity)ins.Body:
_entity.ServiceContract = Contract.ldentifier:

// create default state based on the physics entity
if(_entity.ChassisShape != null)
_state.DistanceBetweenWheels = _entity.ChassisShape.BoxState.Dimensions.X;

_state.LeftWheel .MotorState.PowerScal ingFactor = _entity.MotorTorqueScaling:
_state.RightWheel .MotorState.PowerScal ingFactor = _entity.MotorTorqueScaling;

—~

=

ZIlst ot=0 UM HAHQI DE AAZ2 OteHet &5LICH

—_

Drop @HdIOIE SE= Entity NotificationO CHoll 8t&H JICt2IEF 28t interleave
£ 243&LCH InsertEntityNotificationHandlerFirstTime 8=t & éH AMEE
20l RABHAIDI BEEFLICE.

2. Notification SlES2HJt stH AIEE 0 UAHKM, HEHEl UIAEHAR AHIA &AEHE 245t
Jl oM HAAEOI Notification 8=21E S&ELICH
3. HIolA ZefAQl Start DilﬁEDP SECMH AMHIAD HE QIHY0IE SEHE &35}
D AMHIA CI2E2|0l =IELICE.
4. AEHEISO0 SAl &H = FIDse SAMd MAEOZEH 2HYI0I8&S 25610 fldl,
AIE{El Notification® #=&lotsE S8t InterleaveE MIQ! X E |Interleavelll ZE AR
LICH.
Step 5: EECIY Al
DEE HIMY ot ASHAIIIH |2 H “Simple Dashboard” 0152 |ER =0 &L=
A2 SoIotal &= USLICH.
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SLICH. [MetM Simple Dashboard MHlAE EE=2 AS Jisst T2 0|0, 0l SEclZ0
M= AEY0IA 223 Moo fol MEIJASLICH. Simple Dashboard T2 1S Sl UIE
oz 220 EFE £ UACH, 220 = HHE2 S = USLICH. Drive J|Et = H
ol UollAde ZEEA SE2|Es ZXolAID| BFELICH. 02l Simple Dashboarddl A= 20l
N WIS g2 A0 M SFH EAH == JIst NJELICH

=20 &0t 2ol Simple Dashboard EOIAM OFcHel HE S +=3GHAIDJ| HIZLICH.

—_
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Drect Input Device ~ Remote Node
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Step 1: Al2dI0l&8 &4 HEHE WEZ MESHI

AT AE HUA NSRS Command B AHAISID Of2iel AIBHOIL SE2IY 1HS AHA
Jls YYOE 2L

dsshost.exe /port:50000 /tcpport:50001
/manifest: "samplestfconfighiSimulationTutorial1.manifest.xml"

YHPALTE AHE = 01O FAR HEE0 MUIAD BAXOZ A
Ct.

02
of
o
-
un
é
L
o
c

http://localhost:50000/simulationengine

HZ =0l= oteHel Z2uet €2 HOIKE = = UsLITH
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http://localhost:50000/simulationengine

Microsoft ROBOTICS STUDIO

3 htp
Bl (& Yew Fgvortes ook b

O -OQ - W@AB P fireem @3- 5 -1J0 30D

thost: 50000/ imulatio Intermet Explorer

agaress [@ S Be s »
</Lt¢1;1> 7 -
- <SenalzedEntles>
+ <SkyEntity xmins:xsi="http:, I/www wa.oq/?oollxm.sdnmo -lnstance”’ xminsd="http://veww w3 0rg/2001 /XMLSchema®
wreins="Itp:/ /sch /2006/04/simulationengine. htmi*>

+ aHeightFeidEntty xming xse="http:, //www w3.0rq/ 2001 /XMLSChemo-instance” xming ved="hitp:/ /vevew . wid.org /2001 / XMLSchema®
sminse*tp:/ /schemas . microsoft .com/robotics /2006 /04/ simulationengine btml*>

+ <TableEntity xmins wsin*http:/ /veww w3 org/ 2001/ XMLSchema-instance” »mins ssde*hittp:/ /www w3 org/2001/ XMLSchema®
amins="tpi/ /schemeos tempuri .org/ 2006 /06 /simulationtut oriel2 htmi*>

- MoneerIDX xmins: xe="hitp: /Iwww SRR nfglrlml/xmsdnmo -instance” xming xsd="http:/ /veveve w3 org /200 1/ XMLEchema®

sins e ttp:/ 2 seh 1t .com/robotics /2006/04/ lati ine. Mmi*>

- <S5tate xminse " hetp:// i sit.com/eobotl lmlno/mollonhtml‘>
cNm>IMnlm-<nhm)

- <ASSets>

<Meshyorchos_01.x</Moesh>
<Effect>simplavisualizer fx</Cffect>
</Assets>
- <Pose>
- <Position xmins="http://sch i I, com/ /2006 /07 /physicalmodel html*>
CH0.9937916 0
<Y-0.00199900484< />
<2>-0.0215602182</2>
</Position>
« <Onentaton xmins«"htp:/ /schemas. microsoft .com/robotics /2006 /07 /physicelmodel htmi*>
CH>-2,03002920E-06</ >
<¥>0,006268555</7>
<2>2.35231809E-07</2>
<W>0,99998033</ W5
</Onentation>
</Pose>
« <Volocity>
<X xmins="http:/ fsch com/robotics /2006 /07 /physicalmodel htmi*>0</7>
<Y xminsa"http:/ /sch il oft com/robotics /2006707 /physicalmodel html*>0<¢/7 >
<Z sxmins="hittp:/ /fsch i ft .com/rabotics/2006/07 /physicalmodel htmi*>0</2>
</Velocity>
- <MassDensity>
<Mass xmns="hitp:/ /sch icrosolt.com/ /2006/03/ ion/phy hemi™>9.001</Mass>
- cinertiaTensor mms-'Mlp //sch i com, s /2006/04 /5l lon/physics hto*>
<X wmins="http:/ /sch i ft.com/robotics/2006/07/physicalmodel hitmi*>0</%>

: .

<¥ wmins="http://sch com/rabotics /2006 /07 /physicalmodel html*>0</7 >
<Z wmins="http://sch ft.com/robotics/2006/07/physicalmodel html*>0</2>
</inertiaTensor>
<Density wmins="http://schi i ft.com/robotics /2006/04/simul fphysics htol">0</Density>
<linearDamping xmins="Mtp://sch com/robotics /2006/04/ physics Mml*>0</unearlumpng>
<angularDamping xminss*http://sch i oft.com /| /2006 /04 /simulation/physics html*>0</AngularDamping >
<MassDensity>
<Flags>Dynamic</Flags>
</Statex
<FlagesHasChildrenc Tlages
<lsEnabled>false</IsEnabled>
<MotorTorqueScalng>30</MotorTargueScaing >
~ cRightWhee!> .:l

B S Tl e L P IR PN C PN Sy SN

18 1 - Serialized XML EEHZ HEE AIEcl0l& 2fEH

Serialized XML SEH2 ESE AS2d0|& XS AH= AISHO0I&E SHN U= 2= HHEIS
jalizedEntities XML =EE &0olall 23X OfcH

of BN 42 FHEUL. A3B G2S T Ser
o 2L

2 hup:/fiocal 50000/simulationengine - Microsoft lnternet Explorer

Ge [t Vew Favorkes Took Heb o |

O - O - LJ@@)DM*MQ o m- 6 308 , |

WSW ffioc o > o Uinks »
4l

<Txml version="1.0" encoding="utf-8* 2>
~ <SimulationState xmins csi="httpe/ /www.wi.org/2001/XMLSchema-instance® wnins wsd="http:/ /vwww.wid . org /2001 /XMLSchema®
smins="http://sch | ft.com/robotics /2006/04/simulation.htmi*>
+ <Gravity>
<RenderPhysicsGeometry>false</RenderPhysicsGeometry>
<Pausesfalsec/Pause>
<Camera>
<lghts>
<SenakzedEntities>
+ <SkyEntity xmins: xsi="http:/ /www.w3.0rg/2001/XMLSchoma-instance® xmins ced="http:/ /www.w3.0rq/2001/XMLSchema®
wnins="http:/ /schemas.microsoft .com/robotics /2006 /04 /simulati ine.htmi*>
+ <SingleShapeEntity xmins xs="http:/ /www.w3.0rq/2001 /XMLSchema- -instance’
wins xsd="http:/ fwwwe.wd.org/2001/ XMLSchema”
smins="http:/ /schemas.microsoft.com/robotics /2006 /04 /simulat ine.htmi*>
+ <SngleShapeEntity wmins:xs="http:/ /www.w3d.org/2001/XMLSchema- -instance®
wmins: xsd="http: //www.wa.org/znuuxmdnm

+ -

wins="http:/ /schemas.microsoft .com/robotics /2006 /04 / lati ine. htmi*>
+ <HeghtFieldEntity xmins:xsi="http://www.w3 org/?nol/xmtsdlemrlnstana wminsixsd="http:/ /vavew .w3.0rg /2001 / XMLSchema*
smins=*http:/ /schemas.microsoft .com/robotics /2006 /04 / lati gine htmi*>
+ <PioneerdDX xmins: xsi="http://vww w3 o«;/zoon/xmsmemo Instanca xmlns wsd="http://www.w3.0rq/2001/XMLSchema*
wmins="http:/ /schemas. microsoft .com/robotics /2006 /04 /: 1] ine. htmi'>
</SerializedEntities> L
</SimulationStato> =
a 3 Local ntranat 4
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& 2 - SerializedeEntities =&
HEHMMZ 0l Jisst AEHEI= SingleShapeEntityOltd, Ol AEHEICl Al2lZet0l =S AEHZ2
HHM A28 S&E212 (SimulationTutoriall.cs)dl EEEH Us Ol 2E E20A

s s 2E0sUL.

void AddBox(Vector3 position)

{
Vector3 dimensions =
new Vector3(0.2f, 0.2f, 0.2f); // meters
// create simple movable entity, with a single shape
SingleShapeEntity box = new SingleShapeEntity(
new BoxShape(
new BoxShapeProper ties(
100, // mass in kilograms.
new Pose(), // relative pose
dimensions)), // dimensions
position);
box.State.MassDensity.Mass = 0;
box.State.MassDensity.Density = 0;
// Name the entity. All entities must have unique names
box.State.Name = "box":
// Insert entity in simulation.
SimulationEngine.Global InstancePort. Insert(box);
}
Al 0lA AX MHIAC & =A0 CHol HTTP GET HEHZ 22 240 29, ASg0l& AX A
HIA2l LHEO 2t01 SXC= MEZS &odl 2 2= USLICT.

E

2R M0l 20l= WHE2 MSRS X 20 20l Wstore =G 20l SimulationEngineState.xml
Ii fol =&LIC

|.ﬂ_| [[-IO
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3 Mip:/locathost: 50000/simulationengine - Microsoft nternet Explorer
B (% Yew Fyertes ook b >
A 1 -
Q-0 X @B Jswwer Jrrem @ (3- 5 4- 8 3OERS
Agdress | @] hrpflocabost 50000 sewdstonengre I B® ks *
</Mights> :]
- <SenaizedEntules>
+ <SkyEntity xmins:xsi="http: //www wi.org/2001/XMLEchema-instance® vmlr m:'hup://www.wa.org/?lwlIXMLsdmme'
aeins="Mtp: /Ist Mt.com/robotics /2006 /04 /simulati *>
+ eHuightFeidEntty xming xse hllp //www el om/m(Il/lesumna Insumco smins vad="hitp:/ fvevewe . wid o /2001 / XMLSchema®
smins=hntp:/ /sch soft.com/robotics /2006/04/simulati gine tmi*>
+ <TableEntity xmins A-'hllp //www v3.0rq/2001 /XMLESchema-instance” wmins csde*hittp:/ /www . wd org/2001 /XMLSchema®
sirie=Tntp:/ fschemos tempurni .org/ 2006 /06 /simulationtutoriel2 .hmi*>
- MoneerdDX xmins: x ..‘hup'//www wi.org/2001/XMLSchema-instance” xning wed="http:/ /vevew . wi.org /2001 /XMLSchema®
aeinsetp:/ 7 i 1t .com/robotics/ 2006/04 / sirmulati Ml
- €State xminse*http: //sdnumu microsoft com/robotics /2006 /04 /simulation el
<Hames /MotorBase < Names
- <Assets>
<Mosh>archos_01.x</Mosh>
<Effect>simplavisualizer fx</Cffect>
</Assets>
- <Pose>
- <Position xmins="http://sch i It,com/rob: /2006 /07 /physicalmaodel mtml*>
<H20,9937916</ 5
<¥5-0,00199900484</7>
<Z2>-0.0215602182</2>
</Position>
- <Onentaton xmins«"Mtp://schemas.microsoft .com/robotics /2006/07/physicelmodel htmi*>
CH>-2.03062920E 06>
«¥>0,006268555</V>
<252.35231809E-07</2>
<W>0,99998033</W>
</Onentation>
</Pose>
« <Veiocity>
<X xmins="http:/ /schemas . microsoft .com/robotics /2006/07/physicalmodel . htmi*>0</x>
<Y xmi ittp:/ /schamas microsoft com/robotics /2006 /07 /physicalmodel html*>0¢/v >
<Z xmirs="http:/ fschemas microsoft com/robotics /2006 /07 /physicalmodel htmi*>0</2>
</Velocity>
<MassDensity>
<Mass smns="hitp:/ /schemaos microsolt .com/robotics /2006 /04 /simulation/physics htmi*>9,001</Mass>
- <inertiaTensor xmi '-nn'hup://‘dwmu microsolt.com/robotics /2006 /04/simulation/physics htod*>
ttp://schemas . mi ft.com/robotics/2006/07 /physicalmodel htmi*>0</x>
ttp://schemas. mh:man com/mbotlcs/2006/o7/phvﬂcalmodol htnl*>0</7>
<Z wmlns="http:/ /sch i ft.com/rabotics /2006 /07 /physicalmodel htmi*>0</2>
</inertiaTensors
<Density wmins="htp://schemas . microsoft.com/robotics /2006 /04 /simulation/physics htod*>0</Density >
<lnearDamping xmins="http://schemas.microsoft com/robotics /2006 /04 / simulation/physics M mi*>0</LnearDampng>
<angularDamping wminse*hittp:/ /schomas microsoft.com/robotics /2006 /04 /simulation/physics htol*>0</AngularDamping >
<MassDensity>
<Flags>Dynamic</Flags>
c/States
<FlagesHasChildrenc 7 lags>
<lsEnabled>false</isEnabled>
<MotorTorqueScalng>30</MotorTargueScaing >
NJ Local rtranet

@

8 3 - XML ez MEEN U= AlZc0lE 2fEf st

KIAIZIL Ofehel HEHE AHAIZLICH

O

Old= AEXII0A Ctri+CE =i &9 Ads

1. Samples OtcHOl MEZ2 EHE MAEHLICTH.
cd Samples
md MySimulationTutorial3
cd MySimulationTutorial3

2. FI0IAM Store 20 ot MEoH =2 WE=
e.xm

HEOl =2 =20 20l = Ato =& LICH.
copy ..W..WstoreWSimulationEngineStat S

| MySim3.SimulationState.xml

Step 2: AIEdI0l& AE LS 2&0HI

OlMl S8l Al2clold FEclIZ HMNME AL, ?12 Step! HE Y SotH BEURNZ

S ASHMEIE XML IIYL 2 &l
SHM AI2d018 SE2IZ2 OleHet 20 A A2 LICH.
dsshost.exe /p:50000 /t:50001 /manifest:"samplesttconfigSimulationTutorial?2.manifest.xml"

AW Ml AECHRME SoiM Otehel =42 FHGHH =l LICH

=2 o
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http://localhost :50000/simulationengine

OlMl &8 MEHE SXotl ECR2M2 WSS M IHYZ MEELICH IS f0A 2tE E
ol MAdstH, e 0lE2 MySim3. SlmulatlonState XML I 2 MAEELICH

“BIIn /2904 AL -ine ce” xalne iw
3 »ins " REin s L/ 2chenaR MRS K008 S, SRR/ 0RO SIS/ 2000/ 04/ s Anud atisn, hisal T
<Naned> Mototlased Haae>
CAzzets>
Masloarchos_01.x<Meato
ecalnplevisealizer. D /EffecD

crosoft, co 3 g 3/ a0t ">9¢/Mas
de xnlns«"hitoi//scheaas.nicrosoft. con/Labo 2006 /04/s1mulaticn/ohveice, heal™>

O8 4 - XML EB82 MNEE M2 WE & PioneerddX B2

ﬂ”m
O
on

OlH L0l M&ES XML I Step 1HAM HEE XML I 2 Visual Studio i
LICH. D2l usod  HMEE I =S0M  Pioneer3dXet 010 H2&E AU
LaserRangeFinderEntity, BumperArrayEntity, CameraEntity 28 XML SES2 SASIH, HHM
XML IF Ol SimulationEngineState.XML2| <SerializedEntities> =& OtHl S Ao =&LICH
Pioneer3DX= OFeH2t 20| ARSI, LaserRangeFinderEntityet LIHA &S=T SAtAl =
2= HEELICH

<Pioneer3DX xmlns:xsi="http://www.w3.org/2001/XMLSchema—instance"
xmlns:xsd="http://www.w3.0org/2001/XMLSchema"
xmlns="http://schemas.microsoft.com/robotics/2006/04/simulationengine.html">

Step 3: M&E XML IILZE MHIA A}

=l

OlHMl SimulationTutorial3.manifest.xml LS MSEH MHESIH, A2 SHHOHA MAHSH XML I

2= 08BN MHEIAE RSELICH

MSRS & Xl = 20l SamplesiiConfig 20 = SimulationTutorial3.manifest.xml 0|2 LIt 0|
MEZ 0|0 MY JUAH, oY WS LE2 Oteiet 2&LICH

<?xml version="1.0" ?>
<Manifest
xmlns="http://schemas.microsoft.com/xw/2004/10/manifest.html"
xmlns:dssp="http://schemas.microsoft.com/xw/2004/10/dssp.html"
xmlIns:simcommon="http://schemas.microsoft.com/robot ics/2006/04/simulation.htm!"
>
<!-=Simulation Tutorial 3 manifest. Uses simulation engine state file as configuration
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for simulation engine —>
<CreateServicelList>

<|-=Start simulation engine service—>
<ServiceRecordType>

<dssp:Contract>http://schemas.microsoft.com/robotics/2006/04/simulationengine.html</dssp:C
ontract>
<dssp:PartnerList>
<dssp:Partner>
<dssp:Service>SimulationTutorial3.SimulationEngineState.xml</dssp:Service>
<dssp:Name>dssp:StateService</dssp:Name>
</dssp:Partner>
</dssp:PartnerList>
</ServiceRecordType>

<I|-- Start simulated motor service—>
<ServiceRecordType>

<dssp:Contract>http://schemas.microsoft.com/robotics/simulation/services/2006/05/simulated
differentialdrive.html</dssp:Contract>
<dssp:PartnerList>
<dssp:Par tner>
<!——The partner name must match the entity name——>
<dssp:Service>http://localhost/P3DXMotorBase</dssp:Service>
<dssp:Name>simcommon:Ent i ty</dssp:Name>
</dssp:Partner>
</dssp:PartnerList>
</ServiceRecordType>

<!— Start simulated laser range finder service—>
<ServiceRecordType>

<dssp:Contract>http://schemas.microsoft.com/robotics/simulation/services/2006/05/simulated
Irf.html</dssp:Contract>
<dssp:PartnerList>
<dssp:Partner>
<!I-——The partner name must match the entity name—>
<dssp:Service>http://localhost/P3DXLaserRangeFinder</dssp:Service>
<dssp:Name>simcommon:Ent i ty</dssp:Name>
</dssp:Partner>
</dssp:PartnerList>
</ServiceRecordType>

<I-—— Start simulated bumber service—>
<ServiceRecordType>

<dssp:Contract>http://schemas.microsoft.com/robotics/simulation/services/2006/05/simulated
bumper .html|</dssp:Contract>
<dssp:PartnerList>
<dssp:Partner>
<!-—The partner name must match the entity name——>
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<dssp:Service>http://localhost/P3DXBumpers</dssp:Service>
<dssp :Name>simcommon:Ent i ty</dssp:Name>
</dssp:Partner>
</dssp:PartnerList>
</ServiceRecordType>
</CreateServicelList>

</Manifest>

2o HMUAME s28t EHH =Mol= SimulationEngineState.xml Y2 FXSIEE & U
SLICH

Step 4: AI&G}D|

OlMl OfchHel HEOE MSRS Al OIA AHAIZLICEH

Dsshost .exe /por t :50000 /tcppor t :50001
/manifest:” samplestfconfigWSimulationTutorial3.manifest.xml”

02

SimpleDashboard MHIAE Otellet 20| AsHAI2I = SimpleDashboardOl A GHE Pioneer3DX
30

t
Ol B4RC=Z HOUHE=XE EOISLICH.

AL ot

3
==

dsshost.exe /p:51000 /t:51001 /m: "samplestconfighSimpleDashboard.manifest.xml"

40



Microsoft ROBOTICS STUDIO

AlEeold SECIZ 4 (C#) - ZUES CH&E Arm 28

Ol SEC2iAM= AISd0olE HMUHAM BAREZE JHXs
(Articulated Arms)2 F8dt= GMZE AJHEHLICH

- 2 - &

31.11 Ips (800x600), Format 8G8 C m
Hardware (pure hw vp): NVIDIA QUSrc Fx540
Camera(x,y,z): -0.4396218,0.3565229,-0. ?,;E,?B K
Exposure stops: 0 ey
Press F1 for help | - -

T

T
—
R .

XOIE(Joint)2t CHZE  Arm

a8 1 - G2E Arms ASdIoTE0A & et Ol Kl
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R

138.67 ps (800x600), Format.X8R8G8B8 Format.D24X8
Hardware (pure hw vp): NVIDIA Quadro FX 540
Camera(x,y,z): -0.4396218,0.3565229,-0.3976781
Exposure stops: 0

Press F1 for help

08 2 - Ch2E Arme 22/ i ol
Al &Sl D]

or AlZdlord SEclE2 ol & = 2Dt 010l E

samplesSimulationTutorialsiWTutoriald =2HE & X&LICI. Simulationtutorial4.csproj It
HEH ASLCRE 0|2alM 2EEHLICEH.

HO4
=

o
o
=2

D2ME AX
Olfl AIZa0Id ZTRIBWOI AL AMAE S ASOIL ZR2MEQ FIIHOZ Ofe
9 20l 3942l Proxy dIl MUS HZ0| Z=IboH0F BLICH

® RoboticsCommon.Proxy - Ct2t& Armdt 22 MUIAON CHSt MHIA CIEBIOIA HO

® SimulatedLBR3Arm.2006.MO7.Proxy - Al=2l0/& LBR3 Arm MHIAON CHSE ZEAl 20|18
el

® SimulationCommon.Proxy - =& ASd0l& EFLH CH
A2d0l4& Armol LD fAcH AFZELICE.

ol

FOSAl clolEdel. Zugts

"
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.E SimulationTutorial4

=d| Properties
- |_ References
«2 Cer.Core
<2 DssBase
+2 DssRuntime
+(J Microsoft.DirectX
~2 mscotlib
+(2 RobaticsCommon,Proxy
+( SimulatedLBR3Arm.¥2006.M07,Proxy
+(3J SimulationCommon
+J SimulationCommon.Proxy
<3 SimulationEngine
+(3J SimulationEngine. Proxy
<2 System
+ System.Runtime. Serialization
+ System,Xml
)] AssemblyInfo.cs
) SimulationTutorial4.cs
2 SimulationTutorial4, manifest.xml
g 3 - SEClg4e EFX 24

OtcHel using=Z0l WY AU =ItE 00k SLICH.
using arm = Microsoft.Robotics.Services.ArticulatedArm.Proxy:

using Microsoft.Robotics.PhysicalModel ;
using physicalmodelproxy = Microsoft.Robotics.PhysicalModel .Proxy:

PhysicalMode! UIZAHOIAS EIQ M

Microsoft.Robotics.PhysicalMode!l UWIZAHOIANANE 2R =2 S42 Jl&dt= O
Bt S0l HoELICH. Olgfet EtYE2 AMEHOIENAM AMEHEI} AMEOIE MHIASS
Jl ol AFZED a0, Microsoft.Robotics.Simulation.Physi039| Ul A TH Ol A 2
PhysicalMode! UIZEAHOIAZ SHAF ZUASLICH. SHXISH, Vector32t Quaterniondt 2
Et2L =0l H2&l= DirectX0l e HEILUAL 2A=HE2 LLIODI FotH, ME=2 DIE
MZ2 ULAHOIAN 018 Ol822 HAZASLICH

00 M e

m

r|6
un ok WA W FO
S o2 oo

1

Oledst }\HE% DY EHYS A=
O.H OIO.I/\_| |.X-IO§ g I-6|_}'
CA &3 A—II:IIAOH CHet =2 A
ot= MBlAL AIEHIOI’S AUl A
ot 22 =& 0% F&LICEH.

ol AIEd0lE AMHIA = AH MBIAN HEE= /dljl
A0 AKX =E LSLCH HXA LEHOZ HAINE &
S3IE )= +==LLICH. Quaternion0] Z&&= HAS
S0l UXHA = Oleist HHE0l 2 SN D XEeE 22,

o
o202 o nin

TEANHNE 38 [EIZ2 90N B0l &&J] 20, Vector2t Quaternion HAHM CHAHA &
& Helper BII2&~ZDF physicalmodelproxy WAAHOIANME O 0l& SSotKIOF 25LICH. Ol
2 L XI RoboticsCommon.dl | Bt RoboticsCommonProxy.dll It = CHE & X0 Z&oH0F sttt
= 212 90I8LICH. 0IEE0| 22 T=EA HIO'ATHIOIAOH CHol M 0182 &s2 1okd| fotH
Using 282 Jl=& Mf, €2 (Alias)2 AMEol0 2= HEE AIEots 212 2B

0l24 &t Ol A&E C=2 £2 Ol M= SimulatedLBR3Arm AHIA0IH
SamplesWSimulationWArticulatedArmsWLBR3 = Otol AA BEIF USLICEH.

Step 1: MHIAE dddt] AIEGHI
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MBIA AIE
Ol SEcig2 FHM SECIZ2 e FAE 2422 AHEM, PopulateWorld HIAESE =
£0t0 2 OHel AEHEIE FOtELICH

protected override void Start()

{
base.Start();
// Orient sim camera view point
SetupCameral();
// Add objects (entities) in our simulated world
PopulateWor 1d();
}
private void SetupCamera()
{
// Set up initial view
CameraView view = new CameraView();
view.EyePosition = new Vector3(1.8f, 0.598689f, —1.28f);
view.LookAtPoint = new Vector3(0, 0, 0.2830455f);
SimulationEngine.Global InstancePort .Update(view);
I3
private void PopulateWor Id()
{
AddSky () ;
AddGround()
AddDomino(new Vector3(0.3f, 0, 0.3f), 10);
Spawn|terator (AddArticulatedArm);
3

AZd01&8 Arm AMBlALH HIEE]

i
0

t2E 22 Arm0il CHEH AIZdI0IE HEIEIS) AHEISS
SLICH ofE OIAED OE2 BIS)] dats =82 Z =
HENASLILH

AddArticulatedArm HIAE= ALY
MIOiGH)| f8t 23 MHIASS M
SHoliOF ot =0l Iterater A

2 0x

|Enumerator<|Task> AddArticulatedArm()
{

Vector3 position = new Vector3(0, 0, 0);

// Create an instance of our custom arm entity.

// Source code for this entity can be found under

// Samples#SimulationWEntitiesWEntities.cs
KukalBR3Entity entity = new KukalBR3Entity(position);

// Name the entity
entity.State.Name = "LBR3Arm";

// Insert entity in simulation.
SimulationEngine.Global InstancePort. Insert(entity):
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// create simulated arm service
DsspResponsePor t<CreateResponse> resultPort = CreateService(
Microsoft.Robotics.Services.Simulation.LBR3Arm.Proxy.Contract. |dentifier,
Microsoft.Robotics.Simulation.Partners.CreateEntityPartner ("http://localhost/" +
entity.State.Name));

// asynchronously handle service creation result.
yield return Arbiter.Choice(resultPort,
delegate(CreateResponse rsp)

{
_armServicePort = ServiceForwarder<arm.ArticulatedArmOperations>(rsp.Service);
|3
delegate(Fault fault)
{
LogError (fault):
}:

if (_armServicePort == null)
yield break;

// we re-issue the get until we get a response with a fully initialized state
do

{

yield return Arbiter.Receive(false, TimeoutPort(1000), delegate(DateTime signal)

{ s

yield return Arbiter.Choice(
_armServicePort.Get (new GetRequestType()),
delegate(arm.ArticulatedArmState state)

{
_cachedArmState = state;
},
delegate(Fault f)
{
LogError (f);
1)

// exit on error
if (_cachedArmState == null)
yield break;
} while (_cachedArmState.Joints == null);

// Start a timer that will move the arm in a loop
// Comment out the line below if you want to control
// the arm through SimpleDashboard
//Spawn<DateTime>(DateTime.Now, MoveArm);

}

SR SEcIZ0 A2 AddModularRobotlt S AGHA HEHEIDE AL AIZ0l4E HME D AHIEH
EIOI CHEr MHIAO0 ColMA =JtELICH. el ofehel HH S0l FIR2Z HEFLUIC.
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1. CreateService HIAZ0 St 2t HISIIELZ MW, &M+ MHAAL S4&2S
fIol ZEJI MY =LIC.

2. GET DSSP HAMOl oY AMEHE X3|EHLICH. Ch2
Z2ol=s XQIES2 Jl=ol= XQE QAEHAQ

3. MoveArm HIAEJt SAEHAN SEELICH

MoveArm HIAE= AIZdI0I& Arm MUIAO Arms @ﬁaE-H“BFEQE%lWMMDIﬂé (=4
A HIOIElE MHELICH. AMIZdIolE MUlA= Ch&t HIAQ F=ASE CIEHHOIAE A2

(@S]
StJl =0, Oledst HMaE= Oteiet &2 MHlA 22 SHELICH

FH io

void MoveArm(DateTime signal)

{

_anglelnRadians += 0.005f;

float angle = (float)Math.Sin(_anglelnRadians);

// Create set pose operation. Notice we have specified

// null for the response port to eliminate a roundtrip

arm.SetJointTargetPose setPose = new arm.SetJointTargetPose(
new arm.SetJointTargetPoseRequest (),
null);

// specify by name, which joint to orient

setPose.Body.JointName = _cachedArmState.Joints[0].State.Name;

setPose.Body.TargetOr ientation = new physicalmode|proxy.AxisAngle(
new physicalmodelproxy.Vector3(1, 0, 0), angle):

// issue request to arm service for jointO move.

_armServicePor t .Post (setPose) ;

// now move other joints.

setPose.Body.JointName = _cachedArmState.Joints[1].State.Name:

_armServicePort.Post (setPose);

setPose.Body.JointName = _cachedArmState.Joints[2].State.Name;

_armServicePor t .Post (setPose) ;

setPose.Body.JointName = _cachedArmState.Joints[3].State.Name;

_armServicePort.Post (setPose);

setPose.Body.JointName = _cachedArmState.Joints[4].State.Name;

_armServicePort.Post (setPose);

// re- issue timer request so we wake up again

Activate(Arbiter .Receive(false, TimeoutPort(15), MoveArm)):

I3

HAE= SetdointTargetPose CIOIEHE 15 2e2lx S22 MHGIDH, E&F
= F2 0ISAIZLUICH. ASd0l& LBR3 22 Armdl oM 2E X0l
IHRNEE 4F3&LIC.

Chs Sz X&atdl &oll, EQEEI 2| A&l A M%Nm@ AICZ HHEH JlsZ=Xol
ol &' &2 &L P6ﬂ TcoF 22 ﬂﬁmolmgﬂ = AGEIA PhysXx2l Jls 2AME &1
ot Hietd, =QIE =49 H|O|E1 Efgl 2 SamplesWCommonWPhysicaIModeI.cs ool 82% 0
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USLICH.

/// <summary>

/// Joint properties

//] </summary>

[DataContract ]

public class JointProperties

{
//] <summary>
/// Joint name. Must be unique for all joints between an entity pair
/// </summary>
[DataMember |
[Description("The descriptive identifier for the joint.")]
public string Name;

/// <summary>

/// Pair of entities joined through this joint

//] </summary>

[DataMember ]

[Description("The pair of entities connected through this joint.")]
public EntityJointConnector[] Connectors = new EntityJointConnector[2];

//] <summary>

/// Maximum force supported by the joint

//] </summary>

[DataMember ]

[Description("The maximum force supported by the joint.")]
public float MaximumForce;

/// <summary>

/// Maximum torque supported by the joint

/1] </summary>

[DataMember ]

[Description("The maximum torque supported by the joint.")]
public float MaximumTorque;

/// <summary>

/// Enables collision modelling between entities coupled by the joint

//] </summary>

[DataMember ]

[Description("Enables collision between entities couples by the joint.")]
public bool EnableCollisions;

/// <summary>

/// Under lying physics mechanism to compensate joint simulation errors

/1] </summary>

[DataMember ]

[Description("Under lying physics mechanism to compensate joint simulation errors.")]
public JointProjectionProperties Projection;

/// <summary>
/// |f set, defines a joint with translation/linear position drives



/// </summary>

[DataMember ]

[Description("ldentifies if the joint supports translation/linear position drives.")]
public JointLinearProperties Linear;

/// <summary>

/// |f set, defines a joint with angular drives.

//] </summary>

[DataMember ]

[Description("ldentifies if the joint supports angular drives.")]
public JointAngularProperties Angular;

// ... Constructors omitted for clarity
}
AE2YI0lE ANEA2 & SHILAI Bl XOIEQZS EAIIIN, 0/24ot XUE= 6ARE XQIE
2 2 USLICH. ZQEE= 2049 S| HHEIE HBAIDIH, AW AHEIN st sS=HS A
StAIZ = USLICH. XQEQ JI2 4= Oleiet 2&LIC.

® XST&= Unlock, Lock == Limited AEHE JFEILICE.

e VJHEISE2 2& HQEE J|Ezo=z2 AHAELIL.

e 22to| OEEIN CHall J21= =0 HoELICH.

® XQIE HA (normal)2 oY XQED} &ole U&s BEWHELICH

® Unlock AISZ0l Ul SAAMESZ S2t01E2 AZE HAHLISE H2E 4 USLICH

78 XEE JPAGH oA es A8 NS DAEAIID (£= JointProperties.Linear &g
DEE M Jlsothl €8) 28 IS X (Angular degree of freedom) S=2S oM AIZLICH

void MoveArm(DateTime signal)

—

_anglelnRadians += 0.005f;
float angle = (float)Math.Sin(_anglelnRadians);

// Create set pose operation. Notice we have specified
// null for the response port to eliminate a roundtrip
arm.SetJointTargetPose setPose = new arm.SetJointTargetPose(
new arm.SetJointTargetPoseRequest (),
null);

// specify by name, which joint to orient

setPose.Body.JointName = _cachedArmState.Joints[0].State.Name;

setPose.Body.TargetOr ientation = new physicalmodelproxy.AxisAngle(
new physicalmodelproxy.Vector3(1, 0, 0), angle):

// issue request to arm service for jointO move.
_armServicePort.Post(setPose);

// now move other joints.
setPose.Body.JointName = _cachedArmState.Joints[1].State.Name;
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_armServicePort.Post (setPose);

setPose.Body.JointName = _cachedArmState.Joints[2].State.Name;
_armServicePort.Post (setPose);
setPose.Body.JointName = _cachedArmState.Joints[3].State.Name;
_armServicePort.Post (setPose);
setPose.Body.JointName = _cachedArmState.Joints[4].State.Name;
_armServicePort.Post (setPose);

// re— issue timer request so we wake up again
Activate(Arbiter.Receive(false, TimeoutPort(15), MoveArm));

}

JointAngularProperties angular = new JointAngularProperties();
angular.TwistMode = JointDoFMode.Free;
angular.SwingiMode = JointDoFMode.Free;
angular.Swing2Mode = JointDoFMode.Free;

angular . TwistDrive = new JointDriveProperties(JointDriveMode.Position,
new SpringProperties(500, 10, 0), 1000);

angular.SwingDrive = new JointDriveProperties(JointDriveMode.Position,

new SpringProperties(500, 10, 0), 1000);

JointProperties sphericalJoint = new JointProperties(angular, null, null);

o TEUHAN=s 2 MRE 220 HMIUSH, Twist MHSEZ0 CHHAHSH E201E HIHLIS
H HSCASLICH. OIH ZIE= MoveArmUIA 20 Xl= SetJointtargetPoseES SollAl MO E L
Ct. SetJdointTargetVelocityE Ol £QIE E2I0IEE MO foiMeE TS 201 =210l
8 28 &Ao0oF &LICH

angular.TwistDrive = new JointDriveProperties(JointDriveMode.Velocity,
new SpringProperties(500, 10, 0), 1000);

Step 3: AIEHEl &0 CHSt OloHet =QIE 3

I

MSRSOIIA  XI& &= 2= dAdHEINW Odid=s OHH2 ez 2A IEIL MSELICH
samplesWsimulationttentitiestWentities.cs Ol WEEH U= AEHEIL] 2 AHdIb HSE O
AqoM, T =0 SimulationEngine.dll QY ZST JUSLICH. O EE2IZ2
KukalBR3EntityOll =& 2 UF10 U220, 72 Arm A% 60 XUEZ YN USLICH.
Otchel BEE= EAl DEZO 2LE0IH, RQE CIAES ArticulatedArmEntity QIAEBEA &=28
Z X5 HEZLICH

/// <summary>
/// Models KUKA LBR3 robotic arm
//] </summary>
[DataContract]
[CLSCompliant(true)]
public class KukalBR3Entity : VisualEntity
{
const float ARM_MASS = 1f;
const float ARM_THICKNESS = 0.03f;
const float ARM_LENGTH = 0.075f;
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const float DELTA = 0.000f;

// approximation of the Lbr3 arms for arms 1->5

// base is considered arm/link 0, and the end effectors are 6 and 7
float ARM_LENGTH2 = ARM_LENGTH + ARM_THICKNESS * 2;

float MIDPOINT_Y = ARM_LENGTH / 2f + ARM_THICKNESS;

const int _jointCount = 7;

/// <summary>
/// Number of joints
/// </summary>
[DataMember ]
public int JointCount
{
get { return _jointCount; }

}

List<Joint> _joints = new List<Joint>();
//] <summary>
/// Joints
/// </summary>
[DataMember ]
public List<Joint> Joints
{
get { return _joints; }
set { _joints = value: }

}
List<ArmLinkEntity> _links = new List<ArmLinkEntity>();

/// <summary>

/// Default constructor
//] </summary>

public KukalBR3Entity()
{

}

/// <summary>

/// Initialization constructor

/1] </summary>

/// <param name="position"></param>
public KukalLBR3Entity(Vector3 position)

{
State.Pose.Position = position;
}
AleHEl =Dt
CIE 2E AHEIZ RAGHA, KukalBR3 YEEI= =JI1g8 FE OtHAM GIOIE #*ZXE O HHY F
SELUC. O2l 1O 32z oied ZA0l st 22l AAEAE MH8= Initalized HIAEE
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SE Y3 AHEIDN MEZID LA ZIES0| MATI OO
S22 MEED| oA IAHE

1. ZZ2080 st M4 - I MHAKNE Sol AHEID EEACH, HAE=E B
KAl 213 JIHEIEES NSO 2 MAGtD 2= XQE HICIHEHE AASLICH
2. Deserialization - @teF QIE{E|ID} Descerialization D UCIH, 2E OtliEH=E &3
SR, =J|g A2 HYs 22| HUME MHGH)| ol S =S H0ok &Lt
Initialized HIAEE Ofeh 2t 2&LICH
/// <summary>
/// Initialization
/// </summary>
/// <param name="device"></param>
//] <param name="physicsEngine"></param>
public override void Initialize(xnagrfx.GraphicsDevice device, PhysicsEngine
physicsEngine)
{
try
{

InitError = string.Empty;

// all joints will be essentially of the same type:
// A single DoF free, around the Joint Axis. A drive will be associated with
// that DoF. Each joint will have a different joint axis and joint normal
for (int i =0; i < _jointCount; i++)
{
Physicsdoint jointlnstance = null;
if (_joints.Count < i + 1)
{
JointAngularProperties commonAngular = new JointAngularProperties();
commonAngular .TwistMode = JointDoFMode.Free;

commonAngular . TwistDrive = new JointDr iveProperties(
JointDriveMode.Position,
new Spr ingProper ties(500000, 100000, 0),
1000000) ;

jointInstance = PhysicsJoint.Create(new JointProperties(commonAngular,
null, null));
// joints must be names
jointInstance.State.Name = "Joint" + i.ToString():
Joints.Add(joint Instance):
}
else
{
jointInstance = PhysicsJoint.Create(_joints[i].State):
_joints[i] = jointInstance;
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}

if (_baseLink == null)

{
// programmatically build articulated arm
CreateBase(_joints[0]);
CreateArmi(_joints[0])
CreateArm2(_joints[1])
CreateArm3(_joints[2])
CreateArm4(_joints[3]);
CreateArm5(_joints[4])
CreateArm6(_joints[5])
CreateArm7(_joints[6])

}

// if we were deserialized, _links will be null
// Rebuilt it from the individual named fields

if (_links == null || _links.Count == 0)

{
_links = new List<ArmLinkEntity>():
_links.Add(_baseLink);
_links.Add(_armiLink);
_links.Add(_arm2Link);
_links.Add(_arm3Link);
_links.Add(_arm4Link);
_links.Add(_arm5Link);
_links.Add(_arméLink);
_links.Add(_arm7Link);

I3

// set the physics shape on each child entity
for (int i =1; i < (_links.Count = 1); i++)
{

// Links 1 to 6 use the same capsule shape to approximate the detailed
// geometry of the LBR3 arm links. Notice that in the local pose for the
// shape, we translate it up by half its total height since, by default
// physics engine sets the center of the shape to be its center of mass

if (_links[i].CapsuleShape == null)

{
_links[i].CapsuleShape = new CapsuleShape(
new CapsuleShapeProper t ies(ARM_MASS,
new Pose(new Vector3(0, MIDPOINT_Y, 0)),
ARM_TH I CKNESS,
ARM_LENGTH) ) ;
}



them

// initialize will load the graphics mesh
base.Initialize(device, physicsEngine);

// initialize children
foreach (VisualEntity ¢ in _links)

{

}

c.Parent = this;
c.Initialize(device, physicsEngine);

// fix the base link so its immovable. Remove this if you plan to have the arm
// attached through yet a different joint, to some other entity

baselLink.PhysicsEntity.|sKinematic = true;

// for each child arm, set the lower and upper joint

for (int i =0; i < _links.Count; i++)
{
ArmLinkEntity link = _links[i] as ArmLinkEntity;
if (i <_jointCount)
{
link.UpperJoint = _joints[il;
}
// assume children.Count == _joints.Count + 1
if (i >0)
{
link.LowerJoint = _joints[i — 1];
}

}

// set the entity name in upper connector
if (link.UpperdJoint != null)

link.UpperJoint.State.Connectors[0].Entity = link;
if (link.LowerJoint != null)
link.LowerJoint.State.Connectors[1].Entity = link;

// second pass inserts joints into the simulation, which initializes and activates

// We have to do this after the joint connectors are all attached to entities

for (int i =0; i < _jointCount; i++)

{

}

physicsEngine. InsertJoint((Physicsdoint)_joints[il]);

catch (Exception ex)

HasBeenlnitialized = false:

InitError = ex.ToString();
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OIEE=2 PhysicsJoint.Create =& 2 Soff Sc|UXUHMN FEo| =J|t SHMHOF &LICH

AZEQl BEE 98 3D £ UoIHS &8

2E Arm EEi= JIEF Arm2 HIQotle SLE dE 222 JIELICH. AIZSHE 2ol 3JH2l O
2 OO0l AFEEASLICEH.

® [br3_j0.obj - JIEF Arm2 ol AIE2& = 04 I

® Lbr3_j1.obj - link1 28 1inkdtXI2 Arme ol AFE2E = O oY

® [br3_j5.0bj - IinkbE <ol AIESZE= HiHIHY
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void CreateBase(Joint joint)

{
PhysicsJoint commonJoint = (PhysicsJoint)joint;
float mass = 1.
float radius = 0.03f;

CapsuleShape baseShape = new CapsuleShape(new CapsuleShapeProperties(mass,
new Pose(new Vector3(0, radius + 0.015f / 2, 0)),
radius, 0.015f));
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// create connect point for base. Top and center of its shape.
commonJoint.State.Connectors[0] = new EntityJointConnector (null,
new Vector3(0, 0, 1),
new Vector3(0, 1, 0), // joint rotates around the Y(vertical axis)
new Vector3(0, baseShape.CapsuleState.Radius * 2 +
baseShape.CapsuleState.Dimensions.Y, 0));

ArmLinkEntity link = new ArmLinkEntity("base",
"Ibr3_j0.obj",
new Pose(new Vector3(0, -radius — 0.005f, 0),
TypeConversion.FromXNA(xna.Quaternion.CreateFromAxisAngle(new xna.Vector3(0, 1, 0),

0))));

link.State.Pose.Position = State.Pose.Position;
| ink.Upperdoint = commonJoint;
_baselLink = link;
_basel ink.CapsuleShape = baseShape;
_links.Add(link);

I3

ArmLinkEntity _armilLink:

//] <summary>

//] Link 1

//] </summary>

[DataMember ]

public ArmLinkEntity ArmiLink

{
get { return _armilink; }
set { _armiLink = value; }

}
void CreateArmi(Joint joint)
{
PhysicsJoint commonJoint = (PhysicsJoint)joint;
commonJoint .State.Connectors[1] = new EntityJointConnector (null,
new Vector3(0, 0, 1),
new Vector3(0, 1, 0),
new Vector3(0, 0, 0));
ArmLinkEntity |ink = new ArmLinkEntity("armi",
"Ibr3_j1.0bj",
new Pose(new Vector3(0, —MIDPOINT_Y, 0),
TypeConversion.FromXNA(xna.Quaternion.CreateFromAxisAngle(new xna.Vector3(0, 1, 0),
0))));
link.State.Pose.Position = State.Pose.Position;
_armiLink = link;
_links.Add(!ink);
3
Otef D2 DIt 2210 HEHW Arme HZ AEIE 2Sc2l&E 2HNAMNM ESS JH2ALICH. = CF
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void CreateArm2(Joint joint)

{
PhysicsJoint commonJoint = (PhysicsJoint)joint:
commonJoint.State.Connectors[0] = new EntityJointConnector (
nul l,
new Vector3(0, 1, 0),
new Vector3(0, 0, -1),
new Vector3(0, ARM_LENGTH2, 0));
commonJoint.State.Connectors[1] = new EntityJointConnector (
null,
new Vector3(0, 1, 0),
new Vector3(0, 0, -1),
new Vector3(0, 0, 0));
ArmLinkEntity link = new ArmLinkEntity(
"arm2",
"lbr3_j1.0obj",
new Pose(new Vector3(0, MIDPOINT_Y, 0),
Quaternion.RotationAxis(new Vector3(1, 0, 0),
(float)Math.Pl1)));
link.State.Pose.Position = State.Pose.Position;
_arm2link = link;
_links.Add(link);
}
o DEWM S new EntityJointConnector S &2 HAMXOlI AEE HES ol IR &L
ot 22LICH. oY 2H LHUA ST ABM DI2IHEE AIZ2E 2tE2 XoES9 was
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Step 4: EE2|Y A3

Microsoft ROBOTICS STUDIO

SE2E WA= ot 20| AsE £ USLICH. MSRS ASHEO|A OFcHel HEWHE A SGHAID]
HE 2 LICFH.

bintfdsshost /por t :50000 /tcppor t 50001
/manifest: "samplestfconfighSimulationTutorial4.manifest.xml"

Tt EULRNE AMGIY 0feHe HE FAE Soff A AEHE 0l 4 USLIC

http://localhost:50000/directory

A Instance Directory Service - georgioc-dev9300:50001

File Edit ‘iew Favorites Tools Help

- Microsoft Internet Explorer

Qs - © - (8] B ()] Poewer Frroone @3- 5% - LK 3 QBB

Address @ http:flocalhost:50000/directory

~| B0 lLinks »

Instance Directory Service - georgioc-dev9300:50001 =
Service Instance Partners
Jconsolefoutput
/constructor/9al 3c2d3-101a-4631-8e27-89e6d187 3111
Jcortractdirectory
fcontrolpanel
Jdefaulttarget
JoystickiceObf964-1ee1-4490-hed0-2450452ch3a2 CreatorService ConstructorService PartnerListService SubMgr
Mmanifestioader fdef54ec0-0a5f-4284-857 2-9h53hfthedh3
Jmanifestloaderclient InttialManifest CreatorService ContractDirectoryService
Jmountpoint TargetService
fresources
{fsimpledashboard/idaadactd-028d-4a51-habf-01hb0587bSh7E ConstructorService PartnerListService Joystick
fsimulatedibr3armi44e3092c-2260-413d-bdes5-252063c08e9 Entity CreatorService ConstructorService PartnerListService
Jsimulatedibr 3arm/44e3092c-e260-413d-h4e5-2252063c08e articulatedarm Entity CreatorService ConstructorService PartnerListService
Jsimulationengine CreatorService ConstructorService PartnerListService SubscriptionManager StateService
JSsimulationtutoriald ConstructorService PartnerListService Engine
fa Ii |7 |7 |7 7 [g Local intranet 4
J8 6 - O=&Eel MHlA
o =< H = = = = o o =
?12 MEIA SES0AM /simulatedlbr3 =S 2&otH, USH 22 MHE ZUESS AEigt
= = St A e~
S =g & UsLICH
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http://localhost:50000/directory
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lhost:50000/simulatedibr3arm/bOb6a87e-1c17-4494-a90d-dc050e1c3119/articulatedarm - Microsoft Internet Expl..
File Edit View Favorites Tools Help ’ ﬂ,'
( ; % ™ P 11 pa
Qo - © - M) [ | Psown oo @3- L - I 3O BB
Address IQ http:{{localhost:50000/simulatedlbr3arm/b0b6ag7e-1c17-4494-390d-dc050e1c3119/articulatedarm LI Go ’Links %
- <ns10:Joints> e ' RS _:J

- <ns10:Joint>
- <State xmins="http:/ /schemas.microsoft.com/robotics /2006 /04 fsimulation/physics.html">
<Name=Joint0</Name >
- <Connectors>
+ <EntitylointConnector>
- <EntitylointConnector=>
<EntityName =arm1</EntityName >
- <JointNormal=>
«Zx1</Z>
<Y=0</Y> L
<X=0</X>
</JointNormal =
- <JointAxis>
<Z>0</Z>
<Y=1</Y>
<X =0</ K>
</lointAxis>
- <JointConnectPoint>
<Z2>0</Z>
<Y=0</Y>
<X>0</X>
</lointConnectPoint>
</EntityJointConnector>
</Connectors>
<MaximumForce =0</MaximumForce >
<MaximumTorgue >0</MaximumTorque >
<EnableCollisions >false</EnableCollisions =
- <Angular>
<SwinglMode>Locked</SwinglMode >
<SwingZMode >Locked</Swing2Mode >
<TwistMode >Free</TwistMode >
- <TwistDrive >
<Mode>Position</Mode >
- <Spring>
<SpringCoefficient=5000000</SpringCoefficient>
<DamperCoefficient>10000</DamperCoefficient>
<EqualibriumPosition>0</EqualibriumPosition>
</Spring=>
<Forcelimit>1000000</ForceLimit=
</TwistDrive>
- <DriveTargetOrientation>
< W =1 /W
<Z>0</Z>
<Y=0</Y>
<X =0</X>
</DriveTargetOrientation >
- <DriveTargetVelocity >

<Z2>0</Z>
<Y=0</Y>
<X =0</ %>
</DriveTargetVelocity > -
4 | »

E . [
2l 7 - AI2A0I& Arml AR

A Oy SEHz HEELIC. Oetd ¢ H8 AdE
L
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22.22 fps (800x600), Format X8R8GSBBS Fo
Hardware (pure hw vp): NVIDIA Quadro FX
Camera(x.y,z): -1.191078,0.7354047,.0.41
Exposure stop! .
Press F1 for

—

18 8 - AlEditlEgez =59
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Yol localhostE &5

Microsoft ROBOTICS STUDIO
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Microsoft ROBOTICS STUDIO

f® Dashboard

— Direct Input Device ~—Remote Node

Device: I L' Machine: Igeorgioc-dev9300
% 0 pott  |50001
Y- 0 S )
2. 0 Service Directory:

Buttons: O | georgioc-dev3300:50001
Drive Stop || | [simulatedbidam/1240ced26d

— Differential Drive

Motor: Off
Lag: 0
~ Logging

[ Log Messages

| Iz

— Laser Range Finder

Start I

Connect

Digcannect

0
— Articulated Arm
Connect I Active Joint;
MNone
Apply | ; |—
Changes Angle:
& 9 - SimpleDashboardS Algist 3tH

Ju o

e

0l

OtEtOI Al Articulated Arm S0l A= Connect HE

HAIEUCH
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f® Dashboard .

~—Remote Node

— Direct Input Device

Device: I Ll
® 0
Y: 0
Z 0
Buttons: ©
Drive Stop

—Differential Drive

Motor:  Off
Lag: 0
~ Logging

[ Log Messages

| =

Microsoft ROBOTICS STUDIO

Ol x

Machine: lgeorgioc-dev9300

50001

Service Directory:
| georgioc-dev3300:50001

fsimulatedlbr3arm/1240ced2-6d

Port:

~ Laser Range Finder

Start |

Connect

0
~Articulated Arm
Active Joint; Joint0 -
Jointd Joint1
Joint2
Apply | ; |— :
Changes Angle: jg:::i lj

2 10 - SimpleDashboardl Al XQIE SES JIM=2 21
ZATE Joint 2SS HEs & Angle 220 2= 3F (90 ~ 90)2 L EEHLICH
& S Apply Changes HES 22 & LILCIH.

Joint 10l CHoll 50 &S &
JoinyQOll CHall —-90%= 2tsS

s =S
= 2
olad =

= F

Apply Changes Hi
Apply Changes
OtcHet &0l ArmOl Ols & 50| Xtdlz XAl

(=

r

rr ==
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0l |ECZUAE 2tetet Jlotsrd AEEl 440 et MM Oledst BE= 0lSotH =&
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3.72 ps (800x600), Format.X8R8G8B8 Format.D24X8
Hardware (pure hw vp): NVIDIA GeForce 7600 GT
Camera(x,y,z): -6.170099,3.286507,5.587553
Exposure stops: 0

Controls (F1 fohide):
Toggle physics scene: F2
Toggle camera as rigid body: F3 Hide help:F1
Toggle gravity: G
Expose up: Z Expose down: X
Pause simulation {only pauses rendering and physics, not service runtime): P
Camera control: Right mouse hutton for view and A,W,S,D movement

g 2 - digEISSe S2lH 3tH HA

Al =S|
OltH EE&Ec2Id=2 samplesWSimulationTutorialsWTutorials ZH0H A4 REIJF =MoHH,
SimulationTutorial5.csproj IS Visual StudioOlAl 2 =6t AEE £ UASLICH

Step 1: AHIA Mdlt AIE

0l EECZ2 0|89 SE2IZ0AMe 20| PopulateWor IdE S&6t] Ol e AEHEIS Al
EdI0/& S2HA0 FIOicte galocz MHELICH. O/ EE2|He =M JIoES dHEIS
MAHoles WHES 4ol A0 20, HWE22 g2 Ml xJ|5 ol HEHUHAN S
LIC}.
private void PopulateWor Id()
{

// skydome and sun

AddSky () ;

// basic ground
AddGround();

// add simple 3D models with basic physics
AddSimpleModels();

// single shapes from physics (with color or texture)
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AddColoredShapes( ) :
AddTexturedShapes();

// multi-part entities (with or without 3D model)
AddFurniture();

// geometric Pioneer robot
AddModu | arRobot (new Vector3(0.0f, 0.5f, 1.0f));

// convex shape from 3D model
AddConvexMesh("table_02.obj", new Vector3(-0.5f, 1f, —2.5f));
AddConvexMesh("street_cone.obj", new Vector3(0.7f, 1f, -2.5f));

// triangle shape from 3D model

AddTriangleMesh("table_02.0bj", new Vector3(-0.5f, 0f, —-1f));
AddTr iangleMesh("street_cone.obj", new Vector3(0.7f, 0.37f, —-1f));

AEE

ol

AM2C0IHE EUF2=Z AIE6H)| floiMe O
ot= 210l SREYLITH 0l FECIZUNE O
LICH

FOIEHEISOl HEH &4
b OIEEISOl OfchHel He

= X0 CHoll OfoH

2 od

roh

e 2= HHElI: AISd0ol&0 Tt 22l A 2o AHEE= 22 BHe JI2 =6, 2
CHM=E Ageia Z2c2IAXN 2o Ao0lHZY Y ez LIEFHK &LUCH (Sphere,
Capsule, Box, HeightField, ConvexMesh, TriangleMesh)

e dHE JdEHEl: HIFE LIEYHZ <ol AMEX= 3D &2 2E. 2REUMs=E
VisualEntityMesh 2 A2 QIAEHAQLICEH,

o Al=Zd0l& AHEHElI: AMEIOIHUHAS JI2 AdEHEl. & AM2H0lE dEHE= =2 ¢
HEIE JtAX 2HL £= 6 e 2l AHEIE JtE = A1, £&F e ANEHE

oy

S JHEXA §2HU E£= W JHel g AH2E JHE == UASLIC. ZElAME
VisualEntity SchA (£= 0 SHAZRH IDHMEE SefA)ol LorEol oIAHALIC

Step 2: Sky, Light ¥ Lighting ¢EE
Sky

SkyEntitye AlSdI0lE S2AA0NA ots A4S ESdl= AI2d0l& AHEIKLLICH. 0 AEE
= JIE28eZ dHEOE fAtIA AIZ2ED CHats JIXIK ZSLICH
SkyEntity= Sunlt Sky Domell £& 22 RAELICH. Sune EEEQ 20| HgHEsE 20| E0HL
= 92 UEtWLD, 2o 2L Mol =22 s MA0l NHELICH. Sky Dome2 & IHQ
Cubemap OIO0IXl WS AMEoIH dHIE HMAHC B2t2 IZScle 82 FE ZEHELILH
AddSkey() HIAESO0 A= OteHet 201 RS ELICEH.

:

_,_

=
MO
==
o
o
JA
10
o
0l0
0
He

// Add a sky using a static texture. We will use the sky texture

// to do per pixel lighting on each simulation visual entity
SkyDomeEntity sky = new SkyDomeEntity("skydome.dds", "sky_diff.dds");
SimulationEngine.Global InstancePort. Insert(sky):

// Add a directional light to simulate the sun.
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LightSourceEntity sun = new LightSourceEntity();
sun.State.Name = "Sun";

sun.Type = LightSourceEntityType.Directional;
sun.Color = new Vector4(1.0f, 1.0f, 1.0f, 1f);
sun.Direction = new Vector3(1.0f, -0.6f, 0.1f);
SimulationEngine.Global InstancePort. Insert(sun);

Cubemap2 6JHC| OI0IXIZ2 RAE SAHALICH. REQ 2t HE 2ol StLECl 0l0I K2 Al &L
Ct. Ol2ist ol SH2 SHHS SMD JUs ASo s AIZEQ ZSS LEIWH, tiES
T35 Aol AF2ELICH, L8 0 HES b S&& lighting2l HAES KA T ArSELICH
Oldst ©WOl= CrEet SEHS ZO0| USLICH: spherical, double

parallel. Cubemap2 HICIL JIE0 2ol SIENN HOR XKEe= o=

DirectX texture I (.dds)ofl & M&EE £ USLICH

% o

ellipsoid, meridian-
St HOI0I0Y, Microsoft
SkyEntity= S JH2l CubeMap2 AtEELICH. H B A2 ot=2 AIAE 2=z ZAGH)| ol A
S0 OFF MEZE0l12 Sky DomesS Al2tst 8t 24LICH & ¢ ZdI0Ief HEHEISZ
OIOIXlI JIBt lighting &2 S 485} He g (normal)

L2 2} 0l
22 SSLICH. 0ledt EF2 lighting =&

f

Bkl RUAe Skyll I HEC= E2C22H =

2 EA SUE LENYHLICH. 88 M2 26t5 o sHS ESELC. &, & AdEES AWECl
PX= olsZ2H L2 HEotE O JHA SRotX LSLICH 2 SOl HO0| SY& &
a2 JHA0HE, OS2 AUE AXN 2HGI0 Ss L2 2 AL, O ¥2 o=
gol 8 =2 &2A=XDt OlsotHetE BoHA ot A2 = = A 20 288 Hele HE=2
ME2otes UMM £E2 oL

Cubemap= CH2D| P/ &t £=2 AT EIoN: HAOIE
(http://www.ati.com/developer/cubemapgen/index.html)OlA &S ASLICH. 0] E=2 L& &

A A
MElE Lol HAN JUNA oSH212 cubemap= 2HENH W fdH AF2E = USLICH. Sky domel
2 AMNEJts8t Cubemape CIEYIONA & A g £ USLICH. (Codemonsters & AIOIE
http://www.codemonsters.de/html/textures_cubemaps.html). Prof. Paul Debevec® &M O0lX
(http://www.debevec.org/)Hl A= CubemapZt HDR sky probe(Ct2 %S| Cubemap)E=S & £
USLICH.

Light
Light= Ofeiet 201 H2&ELICt.

® fEntitysS Ast=E dHLES 0I€ (String)
o 2o #PE HMOlol= EFR (enum LightEntityType). Directionaldt Omni EIS X2 E

MAF (Vector4)

e 2o AL =EE LIEtUW=
BtstS A O|5l= Pose (Pose)

e 2O X%t

Directional Lightsw &ta&l S2&t gtats JIXLD 22 HiF= 242 UEHUDH BIZS £2 A
2 = & USLICH.

Omni lighte oY XA e L2 L= Fele AS LIE-LUO. 8372 X0 E2
ot & &= UASLICH.
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directional light

0 QO C)

% 3 - Directional Light

omni light

0 QO ()

% 4 - Omn/ Light

LightE AIZdI0I&0 F=It6t)|l oAM= LightentityE &s S0 AlZd0lE XU =Itol
OF &UICH. Light 42 =Z L AHE = JA2H, 01822 pe t

2
x
>
i
1
4
i
i
O

// adding a new omni |ight

LightSourceEntity mylight = new LightSourceEntity();
mylight.State.Name = "RedLight":

mylight.Color = new Vector4(1f, 0.5f, 0.5f, 1f);
mylight.State.Pose.Position = new Vector3(10, 6, —-10);
mylight.Type = LightSourceEntityType.Omni;
SimulationEngine.Global InstancePort. Insert(mylight);

SkyEntity= lightE ZE&otd UM, 0I218 light= SkyJt AIE2c0l&@ MO =ItEl X+ OFA
Active lightES2 clAEN FOtel Ch= A0l |R2GHAIDI BIELICH

Lighting i

PCO} ESicte MA2 AZH0] CIXIGlE HYEOl Hlol OHS: HISHEl O
2 red-green-blue gftE2 X&OZ HAIELICH. Vector4dt Mats

32
o 0>
on &
O 8
40 5
=)

= A
= 2 3o BYEHZS 0.0 1.0 AFOI2 g2 Z red, green, bluegt=2 EEotD| ol A& D
32HIE AxEO2 TAIELICH Black2 [0,0,0,1]12 EAIZ D, whites [1,1,1,1]12 EAELC
OIX S &=22 EHTE AEG= alpha channel 22 LIEIYHLICH. oY 22 12 8&F5H E5

oAl Xcelg UL,

L0l S2H0ll FOtE ), Mas Sofl €2 2= s=ot ZEHH, AHMS Maz2 g A =
GOl Matmt e 2HHMIb light2F2H 2= L SoHHA EELICH
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Step 3: Y ZFE 3D Mesh Y ALE3EHD|

3 2 OO0l Jtsotthd, ol I
Sdlold EelE ddot= 2401 D
LICH. OtcHel B<0UA= O+

te 0|52 X&E6I 30 222 e AEEIZ AFSoHH Al
Fs&UCH 8 XC= ZW2 Wavefront Obj (.obj) =Sl
= g BWSLICH

m9
MO
E:
010
9'3

private void AddSimpleModels()

{
SingleShapeEntity table_a = new SingleShapeEntity(
new BoxShape (
new BoxShapeProperties(
20.0f, // mass in kilograms.
new Pose(new Vector3(0.0f, 0.345f, 0.0f)), // relative pose
new Vector3(1.2f, 0.7f, 1.2f))), // dimensions
new Vector3(-0.5f,1f,-4.0f));
table_a.State.Assets.Mesh = "table_02.0bj";
table_a.State.Name = "table_angle":
// Insert entity in simulation.
SimulationEngine.Global InstancePort. Insert(table_a);
SingleShapeEntity cone = new SingleShapeEntity(
new BoxShape(
new BoxShapeProper ties(
0.5f, // mass in kilograms.
new Pose(), // relative pose
new Vector3(0.45f, 0.7f, 0.45f))), // dimensions
new Vector3(0.7f,2f,-4.0f));
cone.State.Assets.Mesh = "street_cone.obj";
cone.State.Name = "StreetCone";
// Insert entity in simulation.
SimulationEngine.Global InstancePort. Insert(cone);
}

Elo ?IXIE UEHHI| 201, 30 2201 =cl® =0l CHol

AUsLIb

AZdI0IE0 A= PhysicsIt CME
t

ol £
S40l YXGES RAAE TR

-

[...]
new BoxShape(
new BoxShapeProper ties(
20.0f, // mass in kilograms.
new Pose(new Vector3(0.0f, 0.345f, 0.0f)), // relative pose

,_,
—

ez LR HAE JIBte2 o UAAM, o
X ool 2EE M, Al8diold

NTWHOE@_E%%.MSW% JHXl= dioltel EE2 HEtel ol MEELICH

Step 4: 22| UNEHEIZ2E Geometric Mesh AFEZ3alD]
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Microsoft ROBOTICS STUDIO

AddColoredShapes® AddTexturedShapes HIAE+= HE AHHEISO0 oY Sc2ld UHAMNSZEH

20tLt 29l E0E &= Use NE 20F= WLICH

Simple Shape=

264.47 fps (800x600), Format.X8R8G8B8 Format.D24X8
Hardware (pure hw vp): NVIDIA GeForce 7600 GT
Camera(x,y,z): 1.314865,3.640085,1.440375

Exposure stops: -0.5

8 5 - gHHEE QEHE]
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314.35 fps (800x600), Format.X8R8G8B8 Format.D24X8
Hardware (pure hw vp): NVIDIA GeForce 7600 GT
Camera(x,y,z): 1.314865,3.640085,1.440375

Exposure stops: -0.5

Controls (F1 to hide):
Toggle physics scene: F2
Toggle camera as rigid body: F3 Hide help: F1
Toggle gravity: G
Expose up: Z Expose down: X -
Pause simulation {only pauses rendering and physics, not service runtime): p°
Camera control: Right mouse button for view and A,W,S,D movement

g 6 - Sl 582

A E|

OteHe Ol MUl A= SingleShapeEntityJt physical sphere shapes So MAELICH. 30 I 0]
MG X OHASCH, AISHOIEI M4 SHEHS XN=o=2 MASLICH. Olelst AL diffuse AHA
S 2o XNFE == U2, ot 2oz MAZ X HGHA 22H, AIZ2H0IHI s XE

SphereShapeProper ties cSphereShape = nul | ;
SingleShapeEntity cSphereEntity = null;

cSphereShape = new SphereShapeProperties(10f, new Pose(), 0.8f);

cSphereShape .Material = new MaterialProperties("bphere", 0.5f, 0.4f, 0.5f);
cSphereShape.Di ffuseColor = new Vector4(0.4f, 0.3f, 0.7f, 1.0f);

cSphereEntity = new SingleShapeEntity(new SphereShape(cSphereShape), new Vector3(-2.0f,
1.0f, -3.0f));

cSphereEntity.State.Name = "bluesphere"”;
SimulationEngine.Global InstancePort. Insert(cSphereEntity);

SAIEH gtaloz HIAHYME MNES £ AOM, Oteiel M= A HmesS AEHEN E22E o
IL|CH.
//—— wooden sphere ———

SphereShapeProperties tSphereShape = nul | ;
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SingleShapeEntity tSphereEntity = null;

tSphereShape = new SphereShapeProperties(10f, new Pose(), 0.8f);

tSphereShape .Material = new MaterialProperties("tphere", 0.5f, 0.4f, 0.5f);

tSphereEntity = new SingleShapeEntity(new SphereShape(tSphereShape), new Vector3(—4.0f,
1.0f, -3.0f));

tSphereEntity.State.Assets.Defaul tTexture = "Wood_cherry.jpg";

tSphereEntity.State.Name = "texsphere";

SimulationEngine.Global InstancePort. Insert(tSphereEntity);

212 O MU M= tSphereEntity.State.Assets.DefaultTextureE AI26I0{ SIA X O] AHEHEl &
Mol 2™ HEEJAUSLICH. £ SE S Shapelll S3t0 tSphereShape.TexturefFileNameS ALE ot
= AT JIsELICH dHE WHAMeE 22 =22l Shapelt UAJ|l 20, 2= HACRX LSLU
ALt JH Olatol 22l ShapesS EsiolD U= ASHOIE AHEISH UHalAdEsE HED X

=
_I_
o USLICH.

&9_‘_'_

o -

L”-

&8t Shape 14

Ot JE0A H Bl HMe FE2E 2B0HAM ASEEs AEHEIR SO0ILICH. O TableEntity
£ MultiShapeEntity2 R H MMAEU2OH, Kdd W2 =Scl HEHEISE H2ATASLICH

138.35 fps (800x600), Format.X8R8G8B8 Format.D24X8
Hardware (pure hw vp): NVIDIA GeForce 7600 GT
Camera(x,y,z): 4.561904,1.703854,0.06618331
Exposure stops: -0.5
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319.06 fps (800x600), Format.X8R8G8B8 Format.D24X8
Hardware (pure hw vp): NVIDIA GeForce 7600 GT
Camera(x,y,z): 4.561904,1.703854,0.06618331
Exposure stops: -0.5

Controls (F1 to hide):
Toggle physics scene: F2
Toggle camera as rigid body: F3 Hide help: F1
Toggle gravity: G
Expose up: Z Expose down: X
Pause simulation {only pauses rendering and physics, not service runtime): P
Camera control: Right mouse button for view and A,W,S,D movement

2 8 - Scl® HE 2 AHE

groF 30 O MOl FAEUY, AAE=2 Y =cld dEfol tHSots Sl Jlotetd oig
EIS M&ELICH, Ocl H=ot 2AZX (=03, AMAREE2 2219 22lA shape E2 JIoHs!
A UHEIE 8L, 2hes fA0A 22 S HOISM NMEM HOIEZ BESHELICH

L5t TableEntityOl CHoll 1AM Y S HOSCEM = AEE MO CHol A
g = AsUl. & 8l HOISHA 20HX= X M8, ZE Shape2 SL8 HAME JHEU

// create an instance of the table custom entity

// using physics—derived rendering entity and a single texture
TableEntity physEntityT = new TableEntity(new Vector3(2.5f, 1.0f, —2.0f));
physEntityT.State.Name = "table_phys_t";
physEntityT.State.Assets.DefaultTexture = "cellwall.jpg";
SimulationEngine.Global InstancePort. Insert(physEntityT);

B2, HEEl WHE0UH 2 Shape=2 SAHSIAIZ 2RI UA=0l, 0ldst X2 Defaul tTexture &
2 Ml HIOIZ2W AFE2S = 2 ShapeOfl CHoll ElAHLE MAS X EHGI2Z2M JIsELICH. Al
HIH HIOI=S2 2 ShapeOl HHEHGHIA L2 &S JIAHA AMAQ| BHolII= 1S Holg = US

LICt.

// add a shape for the table surface
BoxShape tableTop = new BoxShape(
new BoxShapeProperties(10,
new Pose(new Vector3(0, tableHeight, 0)),
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new Vector3(tableWidth, tableThinkness, tableDepth))
)s

tableTop.State.TextureFileName = "Wood_cherry.jpg":

// add a shape for the left leg body
BoxShape tablelLeftlLeg = new BoxShape(
new BoxShapeProperties(2, // mass in kg
new Pose(
new Vector3(-tableWidth / 2 + legOffset, tableHeight / 2, 0)),
new Vector3(legThickness, tableHeight, tableDepth / 4))
B

tableleftleg.State.DiffuseColor = new Vector4(0.8f, 0.8f, 0.8f,1.0f);
BoxShapes = new List<BoxShape>():
BoxShapes.Add(tableTop);
BoxShapes.Add(tableleftleg);
o2t A &8 =<

04 JHel H2tHE D SA 2203, 98 S50 2ME 4 UASLICH (color, per—shape
texture, per—entity texture). Ol248t 2 OteHel S0l MEELICH

e MAN EIAY MIHEE AMEHEID FIIHX Hol &8E = UASLICH

e 3D O=JF MSECHH, MAaN SAHES H4alHAM 2% 0248 gt=0l ArEE LI

e 22ro| JAIEEIY EAMI HOETH, 229 Shapes MAt BIA XY= R AIELICH

® 2 Shape 1A X = 2+ Shape MAHYH & ELICEH

e Diok AMAIILF EEAYII HOGA LUACHH, M= grey (RGB [0.5f,0.5f,0.5f,1.0f])
A0 EAIELICH

2
=

H

MAD BIAMA S Dde 2 Mo oM E =S BPHI HMZELICH. 30 Ol meol o
T 22 240l Jisotd, JIE2&el =2l HHME Loz 140l JtsELICH
AddModularRobot E+= FE2IY 2HHA A2HEAH PloneerS RS MHYGHAICH, 04 WOl
I W20 JN=Hel ‘ZEI Shape=Z 8 2AH0l ELICH. 2 Shapell Uit MAZS XHESOZMK
=2 221 It 2 P = UASLICH

=

ﬂJIO

[...]
Pioneer3DX robotBaseEntity = new Pioneer3DX(position);
// specify color.

robotBaseEntity.ChassisShape.State.DiffuseColor = new Vector4(0.7f, 0.3f,
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// Create a Laser Range Finder Entity.

IIIHHH%HHIHHHHHHHHHHHHHH!I
// Place it 30cm above base CenterofMass.

LaserRangeFinderEntity laser = new LaserRangeFinderEntity(
new Pose(new Vector3(0, 0.30f, 0)));
laser.State.Name = "LaserRangeFinder";

laser .LaserBox.State.DiffuseColor = new Vector4(0.3f,0.3f, 0.7f, 1f);
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Ol IHUNE RS S5l HAS2O DHBAXY, HOISHE 2l 2 AHEIS
Mt HES O 4 UAT= 012f MOl ShapeSE PAO0l SASLICH 08 WAIO
HUY0| AT RES 2HEHE ShapeSOIo] PHOR N oS & UASLICH

Step 5: Terrain YMEEl AIE

oA AZHOIEN UNHKN, 2tHE HIHHoZ2= S206IA Z2 = USLICH. TerrainEntitys
2+2t0] =0l XN&Est UOIH AAZ A HIEYS MESIH 20 o SE& b2 Mg = QU
SLICH. Terraing G210 6] |8t 2 oIH AR JASLICHE, LS AIZd0olE
S <ol0, Robotics StudioOiAdE= Ageia GIOIE RZX2 KAIEE REE AIZSLICH. Ageia
HeightFieldShape2 X & 3tE HRZ2 2t S= 22l JIs2 HSote MES2 2IEE M2
ot heightfield® ESSLICI. Terrain® W ol 2l Primitive?t =#Ls HHZM

HeightFieldShape=2 AtEot 2AEIMH, oHY BIAMIE Terrain2 o (0 OHE & LICEH.

private void AddGround()
{
TerrainEntity ground = new TerrainEntity(
"terrain.bmp",
"terrain_tex.jpg",
new MaterialProperties("ground",
0.2f, // restitution
0.5f, // dynamic friction
0.5f) // static friction
)

SimulationEngine.Global InstancePort. Insert(ground);
| g2 M HA S AFECIH height fieldE FAELICEH. It
B 255 A0l ==& 0|J] 20, 42t =53t EHE B0l HEA
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JLICH. Ol2ist Ol=2 Qlol, A g2 ZA (1282 =0l 02 LIEIE)S JtAIN, scaleS
A (1022 Lz 20l 10cme o= S Jtd) AIEELIC. 82S 2t2 Helse 10182 It
LICH. @&l &SotH ot ?I6tA, Terrain HIE®EZ 32 bi==0ll 12 H& ANRA2=2Z 2
b (Ol 129%129, 65%257).

=13
=

L

H\'“ uo o
> o

0x od 1

s |

T —

8 11 - i E Terrain HEE]
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3.73 fps (800x600), Format.X8R8G8B8 Format.D24X8
Hardware (pure hw vp): NVIDIA GeForce 7600 GT
Camera(x,y,z): -144.7791,10.32932,-52.09579
Exposure stops: 0

Controls{F1 tu hide):
Toggle p
furmle C

2 12 - 22|X oz TalE Terrain AEHE

24 & height field= Chunk@ 2= &0, 2t ChunkOll CHol 2c2l& HeightField2t & &= O+
oF MAELICH. FieldE Chunk& 5‘—%&01 22olol 37129 Terraing 2t&= 20| DP%@.LIEP.
&2 HeightFieldShape= AJI1JF MISHE O UXIS 222l =Xt2 HeightFieldShape=S2 AIEE
= AsUCH £ O FE2 dHE AM2US E &= UA2H, 012 Sl Frustum CullingE =&
2= Q1 M View 20l SMotKl 2= 2 ChunkES ol S YUXE £ USLICH
FIIEOZ2, Chunk RXE= Level-0f-Detail (LOD) E2HH W 22 20} O S By MssS
ASSHI| /A =F3E =& UASLICH.

T JtsdctH 0 AIZdiolE dEHEl= O
el-0f-Detail &HIZE =S AIELICIH. =2
O A2 0, 0 Level2 2 =

Terrainentity CH&ION, TerraineEntityLODE /\P ote A
AXlsE A28ol £5 ZAAIIID] KA HEEQl Lev
Chunk= 2t0leretel Helol 2/=0t= Detail Level 2l &l
Sz HAELICH

HE XS 2 Terrain HIOIH *E 2 JH%’XF O QTN LEH =FE
2 UENHX S e AHEISOH Het AATED} entities.csOl ZEZO USOM, O I
samplestSimulationWEntitiest =G0l O'ALIEP

TerrainOl CHet BIEYS & dot)| o, Windowsel g8 T2 1&#0ILE £= AHSUWMA 7+ &
= A= BIOL HSE2 TS Terrain EEIIE AIEE == USLICH 0128 EHIIS HE=
2 heightfieldE OIDIX EEHZ FEE == JUSLICH. HIEWO L OE Utz M, dHEE
GridFloat LY =2FH ZEote A= NSFELICH 0 L2 GIS ZUCe=ZAM XS HOIHE =
sotJ| ?lol AFEELICE. O %2 o &0l &=ctH OOIH ZJI2t S0 et FL2E ol &
22 EZEotD ol M (.hdr) J2lE &0 EFEE0 U=s height BES2 CIAESE ZFGH
D Aes OoIe mE(.fIt)2 FHELICH 0lHE EUS 0ISECE, AN JgteNez SHE

~
~



HIOIEIE SEAIY %= USLICH. 0 LS 0l=2 United States Geological Survey (USGS) &
AMOIEZ2H OI0IHE 22t 22 Ml A« Jiss Zo =9 s IJIXl LICH USGSe
"Seamless" HOIXIOA USGS CIOIEHIOIA SUHA o XHS M8 &t &, ZToE HEHGH]
ol galoz HOIHE NeENH U2EE ¢2 = USLILH

Step 6: JIGtstd QAHEIZ FH =cl AHE 2|

HESt BRUM= 268l JE AF2 Jits8t JIoHsA Jis=2 HI%&E 2401 O #Helg = U
OM, Ageia AtSl 22| AN 0l2st 22 oA WEE Jis J=&LICH =, Jloted o
HOUEHSEH AIXGIH, Scldde 228 ESl=Z2A Mﬁngé ZAtet EEHQl Convex Hul IS
Mo & = USLICH
private void AddConvexMesh(string name, Vector3 pos)
{
Shape cshape = null;
SimplifiedConvexMeshEnvironmentEntity centity = new
SimplifiedConvexMeshEnvironmentEntity(
pos,
name,
cshape) ;
centity.State.MassDensity.Mass = 30;
centity.State.Name = "Convex mesh:" + name + ":" + Guid.NewGuid().ToString();
SimulationEngine.Global InstancePort. Insert(centity);
}

3 M 2=5H0 HEHEIE &EHE oI ?lol MEELICH. dd& =2l HEEI= Ageia A0
oo Ats=ELICH

scld gH=zAM 22 JloterH gt = A=, olefg =2H dUHE = |E1E|%
HICE e e s dAE=SS ASot FdEaLU . Olgiet gAs Sk B=S0Xs 21

3D Z2& dlolgonel St mAet dE=2 2H=0 2 = AsUU. dHEIS2 MEs &=
A = AL & . 80l =+6tl, olelg =20l
oS Ol 2t OIS0 =i

2= Mo rir
0 0

HF

2= =cl HHMS=2 dHEISW SSE [ Z=otH 2SS oi0F otAI2H, BHeF mass S 022
2dolH, dig EeE=S=2 sA0IK HAl SLICH.

private void AddTriangleMesh(string name, Vector3 pos)

{
Shape tshape = null;
TriangleMeshEnvironmentEntity tentity = new TriangleMeshEnvironmentEntity(
pos,
name,
tshape);
tentity.State.MassDensity.Mass = Of;
tentity.State.Name = "Triangle mesh:" + name + ":" + Guid.NewGuid().ToString();
SimulationEngine.Global InstancePort. Insert(tentity);
I3
e WHUHAMsE & el 30 22 OI0IE It AddSimpleModels HIAEUH A AIEEIASLICH. OtcHel
SIHE SoiAMT &olg = JS0l, =& 30 2 CIOIE Nl CHoll =2l ga=01 22 O =
F=O| ZAXIE JHE £ UASS EHOIE 4 JASLICH. (ofeh DHUMA=E e Z&st EEjo A



A, Convex Hul
=

|
S OHME = = U

241.45 fps (800x600), Format. X8R8GEBS8 Format.D24X8
Hardware {pure hw vp): NVIDIA GeForce 7600 GT
Cameraix,y,z): 2.062108,1.905209,0.3057435

Exposure stops: 0

e
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gd, dodd =cd = AHEIE F&ot)l fol AlsE Jlotsd g4
A
=

13 - diiEE AHEIS
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198.79 fps (800x600), Format.X8R8GSBS Format.D24X8
Hardware (pure hw vp): NVIDIA GeForce 7600 GT
Camera(x,y,2): 2.062108,1.905209,0.3057435

Controls (F1 to hide):
Toggle physics scene: F2
Toggle camera as rigid body: F3 Hide help: F1
Toggle gravity: G
Expose up: Z Expose down: X
Pause simulation (only pauses rendering and physics, not service runtime): P
Camera control: Right mouse button for view and A,W.S,D movement

8 14 - Scl® g2 H8 & dYE S

Z=O| ALt

0lE S JIX EEio atsS2 AYG| 2X6tD 24 E D] RoH ATES AZ2H0l ARE & AsU
CH (S S0 2XE = UAS o ¥ x HT). ofXeH H Bl As Sols 2001 40l
cl Il SEiZ | M IHY d=22 S8 HZoHH HN&EZI HEd, & HM A#FH=E
B2 H MsHE LICH. (.convex.physics.bin £= .triangle.physics.bin @ 20| oiE M Sl
25LI0H

Oldst Al JUNK, 8 JIX SHEES 0l4s HAM=2 & HolE M4 Ihol g m It
sottls 22LICH. Flipped &2tS, Topological 228, L= self-intersecting & =21t
22 2HME ZSo6ts HAE0W UolAde=E Convex SEf MAO0| otE £ & USLICH. 0l248H B
o QA= AEEISOl ASHOIEHN o LEIY &= USLICH &2 2A° MH2 01H4E |
o 2HE Bl & O & &&= HOIU JIE 982 30 220 tHolAM= &5l Alsi0l X
ot2 = USLICEH.

Step 7: EECIY A

T2MEEZE Y5t =, Robotics Studio command Z0IA Ofeliet 201 ASAIZ = USLICEH.
binttdsshost /por t :50000 /tcppor t :50001
/manifest: "samplestconfighSimulationTutorial5.manifest.xml"

80



Microsoft ROBOTICS STUDIO

AlE2d0l8 FEcI2 6 (C#) - AIEdIOIE EED

Hm
o
g
0
ol
X
=
m
m
uin
o
0z
0x
ol

Ol FEclZ0lM= Visual AlSdliOlE &3 AL =8ot=

SHS0 CHoll AIHELICH
Al &St J]

ol S&Eclgs 2g C

3
kU
In
rr
£
10
=

, AZ2dI0Ie &3 = 20| AISE LI

Step 1 : AI2d0IEl & &

AZ IS0 MSRS OBlwS &eHs =, Visual Simulation Environment oSF20 QU= Basic
Simulation Environment M= &EHGH0] ASHELICH

Microsoft Visual Simulation Environment

File View Render Camera Physics Mode Help

& 1 - Microsoft Visual Al2dI0l& &H

AMZc01E0l AE D U ORASE SHWAM Jthictel gets S8 = UAsUb. &, O0tR

AE SA0ls A2 Jtolctel et HFAIZ &, St IAe /AXNE HBAIIXN= RELILCH

Jtolietel RAXIE HEAIZII| fIHd=E W IIE EH 222 0ISAIIHUL, S IIE =d FIZ 0=

%*LID A2t D JlE 22 BN QLEXLZ 0ISAJI= JlsS +=&d6tH, Q% E = 2= 4
OFEHE OlsA2IE JlIssS =dELILH

o Ol 5 Ol A Open 0l=E &Est =

81



Microsoft Visual Simulation Environment

File  Yiew Render Camera Physics Mode Help

B

—

E

Open Manifest

& EHE OID0I X

JHole 220

Settings HI=UHA=
confighSimulationEditor.config.xml Ol HEEXH UAHA, CIS H

Microsoft ROBOTICS STUDIO

=]

TN gl

18 2 - LEGO NXT Tribot OINIE 28 21t

Hses oHE OHLIHAE IYsS ASAIZID, Capture Image Olw= & He A
ez HEELCH JIEF 2229 B et tiedel 49e
IS0 Ues = AISY0l& &H s HOXE &1 "hLICH

gHd et &Met s&800 HMEELUL Oldst €3
AYAINE O0z2 HEEU

250

Al2dIolE ArE Xt

X

SH
=
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Graphics Settings

Exposure
[o]
Antialiasing
None v

Rotation Movement Scale

1

Translation Movement Scale

[ 1]

Quality Level

Medium, PS 2.0 (Recommended) vJ

0K [ Cancel ]

& 3 - Graphics Settings CtOlZ2 &1

Exposure= EW X = 3HHO BIJIE XZAELICH. 20 &2 g2 HsSH ot 2 22 A ot
SLIC.

el JtEDF anti-aliasing2 X3 ZES, Antialiasing a2 &8 & == USLICH. O0ls 2
co Hge i M2l ds= 22 MolAlZ2 = JA2U, ot DA 20 2 Fis
2 HO| Pl B0 HIE EAME 20X 210 & H W26t "El2 ZAIgLLIC

12 4 - Antialiasingdt KNIREX L= L
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Microsoft ROBOTICS STUDIO

1 5 - Antialiasingdt KARE= HL

Rotation Movement Scalell Translation Movement Scale® AISAOIEHUWAM OIRAS IIEB=2| Bt
2 =8 NESUL. =2 &*%—’.‘—% S2s s TAH0 UM SH 2| CIEHES ZMAIA

O &2l o™ Hatol 01F0 NS & LIC.

Quality Level2 AIZ2E0IAS 2o XMl AMEIE HFHELICH S48 B0 O HuWokA
Helfu, =2 dats 237622, [recommended] 2 EAIE O 2 20 =¢ 40, GlE
20| HEUX %2 = USULT. 0 222 FEH = II=0A X&6t= Pixel Shader H
MO A0l U2, HEO 2 B X0l X ES £ USLIC.

ﬂJl

Physics Ol=0IAME Physics AES 43t HUL C= HIEAS AlZ &= A2M, F32100 2oH Al
l: /\—|I-|O| jF_OI'L|E|'

Settings... OI=0A= OQ JtHCE otL2 AlE22 EE0te st S22 880t Jls=2
KN2SLICEH. BteF JtictE Z2XME &Zote 22z MIAsCH, Ml Itbcie atuel 2d=
& Z0t0{, ItH2E OISAIHAM THE AM2d SSotH ot CHE AI22 22010 & = AsU
Ct.

Physics Settings

[] Enable rigid body for default camera

3.8 | Gravity [m/sec/sec)
[ 0K ][ Cancel
13 6 - Physics Settings CtOIZ2 21

Lot S=Egts B0 DY, Ogst saE 2t = JUSULLD. HE S FUHAMLY &2 2
=2 MHE =0 & BR0U e 82 022 4F0tH T, Bt 22 0 20 2 giez 4
dotH, /1522 SH0| #Z200H, MM2S0l 25 ®I2 20t Hele 42 #olg = AsL
Ct
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Microsoft Visual Simulation Environment

File  Yiew Render Camera Physics Mode Help

8 7 - GravityE 022 Z34ots 32 £ &H

Mode Bl m= AlZ2clOlE2 dal 2Lt BE ZESE E=22 HE6tH, F5 IIE ST == Jt
SELICH

Edit 222 AdZ = Ottt ZsUICH

Microsoft Visual Simulation Environment

bluesphere File  Entity View Render
goldencapsule ——
areybox

ground
LegoNXTMoatorBase
MainCamera

Sky

StreetCone

Sun

texbox
texcapsule
texsphere

Camera Physics Mode Help

&

([ [ o o S o

SingleShapeEntity greybox
A

EntityState greybox
ServiceContract
InitE rror
Flags None
ParentJoint
E Pose
Position -2.0.75, -1
Rotation 0.0.01.0
Rendering
B Shape
BoxShape Box:greybox
CapsuleShape
SphereShape

Misc

J8 8 - Edit 2%
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2% o2 dHE 2= FH0IH, 2% o2 54 FELUU. HER2E0AE 222 AHE
S0l ol = A, 22Ul E= &0 €I S92 Jlse =48 = UsUb

cC
4

re

o0 &840 Us &t
VisualTexture =50 8% U BIAY WS
Q 20| ot=0| HAEE 2 2

dl, Sky YEEIE Heist £, 54 HOAM
irections.dds gf2 SHEHGId B1AGHH OfeH

(W)

Microsoft Visual Simulation Environment

File View Render Camera Physics Mode Help

st 2t AEEIS Rotation &= Position &2 SHEISH =, Ctrl IIE S22 OIRAE S&HN
AN ole AEEIE AEY Jole EEHZ JTAIINU 8H =2 4+ UASLICH. 2l Ctrl+C IS
EcM 2 AEHEIE SAS = CrtIHVE = 20E)| ol =2 = USUICH gt 30| 2Px ¢
J0| Jtsstdl, Mg &0 = H SE2d M52 258 =, 54 0 A BoxShape2l Height
UE 10lA 22 HASIIES SR, Ofelie 20| AJ(JF HALE AS &2 4 ASLICE.
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! Microsoft Visual Simulation Environment
[]  MainCamera
O sky
[]  simple ground
box
[[]  detailed sphere
E Misc
EntityState box
Flags None
ServiceContract
InitError
E Pose
Rotation 0.0.0
[ Position 1.01.1
B Shape
CapsuleShape
SphereShape
Box:box
BoxShape

Microsoft ROBOTICS STUDIO

File  Entity Yiew Render Camera Physics Mode Help

& 10 - Shapel =4 H3l

Sundt 22 XY 2HE AdHEIC BR0H= L2 MOSH| {8 e MEEQ S8s5S0|
ZMELICH. Sune LightSourceEntity® MAHE 28X0I0, LightProperites 20l AMI®&Ql =4
S22 JHELICH

i

OSZ A Typell JUesll, Type 2fS2 Omni, Directional, 12l Spot &=0| &
Omnie SHUe X&E=E XEA RE 2802 28 HZEz= SHE0
SBEHA RE AI20H 22 HFE= SALYLICH. Spot2 22 Umbra &= off

S Cone Y0NS 22 HIF= SELLICH. Unbra 2t01 HXIH Conel2l 0l SH&ELICH. Spot
2 L& positiont rotation 4= Soi L& FXNE XNEE %= USLICH. SpotUmbra gisS
20 = !

=
A0l MoKl HE =2 = US AYLICH

o Xles

£ otLe St 5492 CastsShadowsIt USLICH. O] gfS TrueZ E&otH, 2E AFS0 2O
X SHEN NeE AS 2 £ USLICH. 01HE sS40 82 st AISdH0lE HFUsE s
Jl= GHLE AFEOI 0121 HAteteE &0 Z0| D s MHotE S8E & USLICH
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. Microsoft ¥isual Simulation Environment

bluesphere
goldencapsule
areybox
ground
MainCamera
Sky
StreetCone
Sun

texbox
texcapsule
texsphere

File  Entity Yiew Render Physics  Mode Help

Camera

O0OROO00000

LightSourceEntity Sun
o= 4l

E Light Properties ~

CastsShadows True v

SpotUmbra 60
Direction 0.75. -0.31, -0.58
Type Spot
Color [] 1.00.1.00.1.0_
FalloffEnd 30
FalloffStart 0
B Misc
EntityState Sun
ServiceContract
InitE rror

3

CastsShadows
Specifies whether the light creates shadows

18 11 - SpotlightWl M2l Shadows Cast

AlZ2d01& A2 AZS0 OloHA Crast Ma & £ NSO 8&F0| Jis&LICH oY ¢H
EIO CHoll Mesh &=2 HNRH2=Z =& MEiGH LIJtH, Ambient , Diffuse, Specular, 12l
Power =4 2tsE=S 2 £ USLICH. Ambient g4 1, 0, 1, 12 EHoIH A& =2 I8 T3
MoZ JFE|ID} HEHE HE 2 5+ USLICH

2t dIEHEIS 28 TEE gAlS &) =Hols &
= AdAIZ %= U= material editorg 0l
diffuse, specular, power (shininess) &2

Jz

rr

2 RenderingMaterial Ol ZAIEN U= HES
Z2ole #-#HALICH. 0 BHEDIINA= ambient,

o
=g =&ot= JlssS M3ELU.
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MaterialEditor

}Ebaj Diffuse | Specular| ;
O Render  Camera
BN - F (e s
orve [N v = =
I - S

Shiningss [148 Green _ I

Physics  Mode Help

Ambient

Specular

ALE]
B Meshes(0] Microsoft.Robotics.Simulati 4 |
B RenderingMateria Material nt
B RenderingMaterials[ Microsoft. Robotics.Simulati
AmbientColor  0.05, 0.15, 0.00, 1.00

Power 64
@ DiffuseColor 0.36. 0.17. 0.56. 1.00
@ SpeculaColor  0.69, 0.70, 0.00, 1.00
@ EmissiveColor  0.00, 0.00, 0.00. 0.00 ‘

||E] Shape

BoxShape Box:box |
CapsuleShape ‘
SphereShape

I:'l enaelingialelm

AEH0ld HE DENAM=s L6t MER
New EntityE &EGIH Olei2t &2 G0l
AEEIE FIIAMZ = USLICH.

Assembly

HU 12
]
0l
o
H
2
=
2
1A
w1
o
&
10
x
U
njo
O
%
=
HU
Ho

I <Executing assembly> v ]

Type
I PioneeraDx vJ

Name
IMyHOboﬂ ’

Parent

|<None> v[

| ok || cancel

2 13 - New Entity CHOIZ€ &1

TypeOlAl Pioneer3DXE &8st 0]
Pioneer3DX2l MIE&Qol &2 X&al
£ 0, 0, 0292 XI&&LICt.

£ "MyRobot'Z XIEE = 0K HHES Z2=ot¥H,
£ CHE EOI ZAIELICH. 0 HOIA Posit

% 1A



Microsoft ROBOTICS STUDIO

OlE10ll= New Entity OIwE CHAl AEMSI0 LaserRangeFinderEntityE &H€otD lE 0SS Irf
2 XHSLICH. E8t PositonS (0, 0.3, 0)22 XAHELICH. Lrf QEEIES Hd&8s =,
InitError £4S Eolol 23, ale AMHEIDL 22 ChildOIOOF 8tli= 27/ HAIXIE &olE
= US JALICH. metMd, Lrf HEHEIE Hd88 = Ctri+X8 =2 E2tWol Ut 2l ¢
AN MASH Pioneer3DX 22S AMEs = 20ED| otH, AN=SO2 LrfJl oHE 220 Child2A

=IOtELICH

Microsoft Visual Simulation Environment

MainCamera File Entity Wiew Render Camera Physics Mode Help

Sky

simple ground

box

detailed sphere
O o

KOOO0O4d

m

B Misc Al
EntityState MyRobot
Leftwheel Microsoft. Robotics.!

CaslerWheeIShape Sphele MyRobot/C:
ServiceContract

WheelMesh

InitError

Flags None

MotorTorqueScaling 20

IsEnabled False

ChassisShape Box:MyRobot/Chas:

Rightwheel Microsoft. Robotics.!
E Pose

Position 0.0.0

Rotation 0.0.0 ~

EntityState

& 14 - Pioneer30X0ll =DJt& Laser Range Finder
JIEF 2 SASH HSHAME Z208 Y ANA NEEs A SU6HH 22 XI5,
1 =

= erviceContract 52 =4
E2 SimulatedDi tialDrive gtz XNHE2ZM, SimpleDashboard S22 SotHH 222 &

CH n;
ESES| E’_EE st A sLst HP=EE2 sHE = ASULC. =, Se

ifferen de ar
X—I X.”O.Ior A OIE% 5r A %ﬁl,ll:l'
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