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Project in Automatic Control

Advanced level course 7.5 ECTS units
Course runs for seven weeks

Team effort

» Collaborative problem solving

Get practical experience
 Work in the lab

Apply course knowledge
* Modeling and identification 15
+ Control design and implementation 5 -t




Project in Automatic Control
2009

e 25 students

* Mostly from Lund but some exchange
students

« Several disciplines
* Engineering physics
* Applied mathematics
« Computer sciences
» Chemical englneerlng




Lego with Modelica/Dymola

Build the NXTway two-wheel robot
Physical modeling with Modelica

— Multi-body dynamics
Model calibration

— Experiments
— Dymola Calibration module

Control design
— Derive simple model
— Develop control scheme




Lego with Modelica/Dymola

« Automatic generation of fixed point
controller code

— No C programming
— Software in the loop evaluation &=
» User interaction
* Deployment on NXTway 4
* Animation in Dymola |
* Real-time animation

* Get in touch with industry

— Tutorials held by Dynasim personnel @<
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Course plan

* w1. Form groups and planning
« Tuesday March 17 — group announcement
 Friday March 20" — project plan dead line

* W2.-W3.

* Tutorial
* Weekly meetings with project supervisors

e Ww4.-w/

* Weekly meetings with project supervisarss;

* Presentation and demo in w/. o$




Lego Dymola Tutorials

1. Introduction to Modelica (AC)

2. Multi-body modeling (Dynasim)
 \Wheel models (by Martin Otter)

3. Code generation with Dymola (DynaS|m)
 Modelica_ Embedded |
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Modelica/Dymola Modeling

Hilding EImqvist
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ﬁ Modelica

+ ¥ U zers Guide
+ Blocks

+ [= ]| Constarits
+ (]| Eleectricaal
+ (5] lcons

+ [ ] Math

= | Mechanics

5| P MultiBody
+ €W User's Guide

[T word

+ [ ] Examples
+ ﬁFnrces

+ ﬁFrames

+ ﬁlnterfaces
+ |jJ|:uint$

+ ﬁF‘arts

+ ﬁSensnrs
+ ﬁT}Ipes

: [ ]| Visualizers
+ =] Rotational

: (S]] Translationsal
+ [T Sluriks

+ | Statelraph

+ (] Thermal

4 [ Utiies




Example — Double pendulum
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Wheel Model

e The MultiBody library does not contain any wheel
models.

e A separate library IldealWheels contains a wheel set
where each wheel can be driven separately.

‘l‘ln!SlOl’mS I'O!OIS

= ﬁ Idealwheels

= [ JExamples
-~Rallingthesl

- PullingRolingwheelSet
~DrivingRolingheelSet

= ﬁ]uints
2 anllingWheel
- @Rnllingwheelﬁet

+ |j Inkernal
= ﬁF‘arts

- QIRD||iI'II;|WhEE|
- @Rnllingwheelﬁet

= ﬁ'-.-'isualizers




0={0.1,0} r={0,0,0.2}
sine sine1
torque1 torque2
—
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freqHz=0.1




Resulting animations
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Linearization

world
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Linear model

Packages
=l [JModelica_LinearSystems

PUsers Guide
l_f_l %SteteSpace
[+ ﬁ Examples

- II'I] conskruckor

- @Franerns.ﬁ.ndPnles

- @FrDmMndel
""meﬁh
- II'I] fromA.eal

- @FranransFerFunctiDn

[=] Modelica_Linea rSystems.StateSpace. froml

FramFile

Descripkion

Generate a Stakespace data record by reading linear

Inputs-

FileMarne |

showEigentalues |

Commands

Modelica LinearSystems. Statelpace!
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L
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10.416323347 52606,
(=0.9455813861240588) ,
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"wheelfet . thetal",
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. 34Z261535440113, 3.

, 0,0, 0,0, 0.05, 0.05, O, 0;

0, 0, 0, O, 0, 0, 0, O;

0, 0, 0,0, (-0.2), 0.2, 0, 0;

o, o, o, 0o, 1, 0, 0, 0;

0o, 0, 0, 0, 0, 1, 0, 0;

o, 0, 0, 0, 0,0, {-201.99303L925152),
o, 0, 0, 0, 0,0, {-201.99303L925152),
o, o, o, 0, o, 0, 0, 1;

o, 0, o, 0, 0, 0, {-211.830417830859),
. 0:

o;

o;

oz

oz

(=0.245E5813
10.4 Z347EEEOG;
o;
51338440117],

-

"taul", "tauz"}, {}., {"wheellet_x",
"wheellet thetaz",

revolute.phi”, "rewvolute_ w"}

0;
0;

o],

Inputs

"wheelfet  y",
"wheelZet.der thetal",

Outputs

States

"wheellet phi",

"wheelfet_der thetaz",




e DAT2DXF converter available:

e http://www.ldraw.org/Downloads-req-viewdownload-cid-6.html

e LEGO parts are available at:

e http://www.ldraw.org/Downloads-reqg-viewdownload-cid-1.html

e Electric Mindstorms NXT shape:
e http://www.ldraw.org/cgi-bin/ptdetail.cgi?f=parts/53788.dat



Ldraw to DXF Converter

e Download parts directories from:
e http://www.ldraw.org/Downloads-req-viewdownload-cid-1.html

e Mindstorms parts are among the unofficial parts
e See dat2dxf\readme.txt for instructions on how to

Ldraw to DXF Converter - Yersion 1.0 -

Input File
| EAELMAGYISTADATZ2DEFAL DRAWYS3788. dat | Select

Dutput file:
|ts and Settings\heviMy Ducuments\.Dymula‘\EB?BE.DKF| Celect

Library Directory

[E-AELMQVISTADAT2DXFALDRAWY N select
Units [ Eliminate "Bowtiez" Method 1
" Ldraw [ Eliminate “Bowties™ Method 2
i+ Milimeters | Line Mumber as Layer )
i Inches [ Step az Layer Batch Conversion

[ Convert Lines
[ Face Edges Invizible Convert Ok




LEGO blocks resource

22 File Detail Part 53788 - Microsoft Internet Explorer

File Edit Miew Favaorites  Tools  Help i

@Back - \Jj @ @ \{;j pSearch "E"I-I'\T;’Favarites @ Dggv .,:;: % A l_J g_?_f ﬁ ﬁ

: Address |@ http: Shansa,Idraw, orgfegi-bin/ptdetail caitf=parts/53755 . dat Vl Go i Llinks ¥
GDL'JS[E| 3 V| Search + G0 - G- & - €% Bookmarks= [ Find - TP check - ¥ 9L - i SignIn -

'LDraw.org

Centralized LDraw Resources
Parts Tracker :: Parts List i Activity i1 Submit i: PT Tools i PT Reference i LDraw Specifications L-:n:ukupl El:nl

Unofficial File parts/53788.dat
Mext File | Prev File | Download | Rewview | Edit | C& Header Edit | Events

File Header:

0 Electric Mindstorms MAT (Complete Shortcut)

Name: L3738.dat

Author: Eewin Clague [kclague]

LDRAW ORG: Tnofficial Part

ILICENSE Bedistributable under CCAL wersion Z.0 : see CAreadme. txt

o o oo

0 BFC CERTIFY CCuI

0 IHISTORY Z00&-03-30 [kclagas] Initial design
0 IHISTORY 2007-12Z-30 [Philo] Complete redesign, use stone colors

0 ff Battery Lid - Dark Stone

Status:
7 subfiles aren't certified, (CES55335H)
Size: 1153 bytes

W

@  Internct




Dymola animation of NXT (shape 53788)

world
revolute fixedTransl...

EX HH—=

n={0,0,1}

bodyShape




Tutorial
Modelica and Dymola for System Design
Model Building and Calibration

H. EImqgvist
Dynasim AB, Lund



Calibrate engine map parameter and friction

Engine
' ) i gearBox=357 finalDriveGear=2.51
' engineTorgue . . 1 [] . )
0 enginelnertia—; = cardaninertia =
‘ / ! 1L | ._. _ 1L - l_. _
! | == | —
' — ' ] — ]
: 4 J=01 : J=0.01
carBody
wheelinertias @
1
—
=1 wheel=140.34



Modelica_ EmbeddedSystems and
Code generation for Lego Mindstorms NXT

UIf Nordstrom
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Overview

Modelica_ EmbeddedSystems
Fixed point Code Generation
Lego Mindstorms
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Modelica_EmbeddedSystems

Key Components
= [JModelica_EmbeddedSystems

i i Users Guide
Communication =0
# [T] Examples
Configuration = inte
= CommunicateReal
® Target = CommunicateBoolean
=== Communicatelnteger
¢ TaSk # [ JBaseReal
[ ] SUbtﬂSk i [T]BaseBoolean
# [T] Baselnteger
refeference feedback controller / plant & ﬁ Communication
l/ =[] Configuration

feedback

S

= & (] Builtin

.Har
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Modelica_ EmbeddedSystems

Key Components

Communication

B communicateReal in Unnamed

General: |Addmodiﬁers ‘

Input and output reside in the same base-rate task
decoupleReal specifies boundary between subtasks

uDirect

+—> |

Component

MName |c0mmunicateRea\

Comment |

Madel
Path
Comment Interface between tasks to communicate Real signals

Modelica_EmbeddedSystems.Interfaces.CommunicateReal

Communication between input and output

communicationType |_ DmImun

frominputToOutput

toPort |ubtask.sampleF’miodFactor} ifuseToPort

fromPort |utask.SampIeF'eriodFactor] ifuseFromPaort

Type of communication
Communication block (simulated or subtask communication)
Communication port to which the input signal is transmitted

Communication port from which the output signal is received

Sampling and other configurations of subtask to which input and/or cutput belongs (if de-activated. the information is defined somewhere else)-

definelnSubtask | frue |> =true. if sampling/configuration for input is defined
defineQutSubtask | false |> =true, if sampling/configuration for output is defined
inSubtask |-1Ddelica_EmbedcIedSystems.Canﬂguration.SubtaskU |- » Samplingfconfiguration for input

outSubtask |-10delica_EmbedcIedSystems.Conﬁguration.Subtaskl:l |- > Sampling/configuration for output

s

ok |[ o ][ cancel

uDecouple

b

—1

toPort fromPort

Communication using ports

Inter-task communication or using external 'O

DASSALULT
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Modelica_EmbeddedSystems

Key Components

Configuration

Target

Task

- | Subtask

= target

Name

Maodel
Path

Component Icon

|target | Target
Comment | | ‘

Comment Definition of target machine

Parameters -

in Modelica_ EmbeddedSystems.Examples.SimpleControlledDrive.Configu... |§”Zl

| Add modifiers |

Modelica_EmbeddedSystems.Configuration. Target

ique identification of the target machine

ointUnit true |wl* If f§lse, fixed point arithmetic code needs to be generated
32 e number of bits in the registers used for integer arithmetic

ok |[ mo ][ cancel




Modelica_EmbeddedSystems

Key Components

Configuration

| Add modifiers |

= defaultTask in Modelica_ EmbeddedSystems. Examples.SimpleControlledDrive.Configurations.Ideal2

Target

Path Modelica_EmbeddedSystems.Configuration. Task
Comment Definition of (asynchronuous) task running on a target

Task

Compaonent- lcon
Name |defaultTask | Task
Comment | | E

Maodel :

Parameters -
onTarget 4 target|ES) »
| §
identifier N "defaultTask" |»
NG
\

sampleBasePeriod

Subtask

|
|
priarity |
|
|

—a

onProcessor

\l arget on which the task is running
nique identification of the task on the target

Fixed priority value oftask (may be overridden depending on
scheduling policy)

Sample base period for periodic subtasks

Processor ofthe target on which the task is running

ok |[ mlo ][ cancel
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Modelica_EmbeddedSystems

Key Components

Configuration

= reference in Modelica_EmbeddedSystems.Examples.SimpleControlledDrive.Configurations.ldeal2

|"Add modifiers

Ta rg et e

Name |reference

Comment |

Model
Path Modelica_EmbeddedSystems.Configuration.Subtask

TaS k Comment ldentifies a set of equations inside a task that are executed in the same way (e.g. same sample period. same integrators)

Parameters -

inTask | e defaultTask|EZ] »

y 4
identifier | ( "reference"!>

\
samplingType | \Iypes.SampIingType.Periodic v|>

S —

/D S u btas k samplePeriodFactor | I ——
sampleOffsetFactor | 1 !>
- integrationMethod | Types.IntegrationMathod FixedStep Trapezoid v!>
fixedStepSize | samplePeriodFactorinTask sampleBasePeriod |3

Task inwhich subtask is running (syncronization between subtasks is

automatic due to equation sorting)

IMentifier of subtask (unique within the task)

Type of subtask (Continuous, Periodic, Triggered, Disabled)

If periodic subtask: Sample period =
samplePeriodFactortask.sampleBasePeriod

If periodic subtask: Offset =
sampleOffsetFactortask sampleBasePeriod

Integration method

Step size for fixed step integration method

lcon
Subtask

:—e/

| [ cancel
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Modelica_ EmbeddedSystems

Key Components

Use pull-down menue to select target/task/subtask”

5 controllerSend in FixedPointPIController

Component- lcon
Name |contro||erSend |
Comment | | ’_@.‘,
Model- =
Path Modelica_EmbeddedSystems.Interfaces.CommunicateReal
Comment Interface between tasks to communicate Real signals
Parameters -
u I'nax=iDD] annotation (mapping(resolution=D.DD’Di]]| » Signal transmitted out of the task connected to the inputu
Communication between input and output =
communicationType |s.C0mmunicationType.SubtaskCommunicatjon v|> Type of communication
frominputToOutput [ ] Ideal communication (y = u) v| » Communication block (simulated or subtask communication)
toPort |3L|btaSk.sampleF’eri-’JdFactor] ifuseToPort |. » Communication portto which the input signal is transmitted
fromPort |btaSk.sampleF’eri-’JdFactor} ifuseFromPort |. > Communication port from which the output signal is received
Sampling and aother configurations of subtask to which input andfor output belongs (if de-activated, the information is defined somewhere else)
definelnSubtask | true vI» =true, if sampling/configuration for input is defined
defineQutSubtask | true v|> =true, if sampling/configuration for output is defined
inSubtask FPConfig.controllertSubTask v| » Samplingf/configuration for input
outSubtask <Remove modifier> = Sampling/configuration for output
FPConfig.plantSubTask
- FPConfig.controllenSubTask

Samplingfconfiguration for output ] ’
Samplingfconfiguration for input
Samplingfconfiguration for output

DASSALULT
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Modelica_EmbeddedSystems

Scenarios

e Model In the Loop
e Quantization
e Communication delay

e Software In the Loop
e Task decomposition
e Effects of fixed point arithmetics

¢ Embedded

P8
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Modelica_EmbeddedSystems

Scenarios

I | Add modifiers
Component- - ~lcon
. M Od e I I n th e LOO p Name |redec|a|‘e frominputToOutput | Simulated...
Comment | |

Maodel

e Quantization
e Communication delay

Modelica_EmbeddedSystems.Communication Simulated SimulatedRealCommunication

Sampling and noise

sampled Ll »
baseSampleRate

=true, if output is sampled
Base sample rate oftask (just for the moment)
sampleFactor Sample factor relative to base sample rate (just for the moment)

computationalDelay Computational delay given as fraction of one sample period (min=0.max=1)

noisy false w[#
noise se noise | E

Limiting and quantization-

=true, if output should be superimposed with noise

= controllerToPlant in Modelica_EmbeddedSystems.Examples.SimpleControlledD:

i |
General | Add modifiers | limited "] » =true, if outputis limited
Component- quantized | false |> =true, if output quantization effects included
Name |conrollerToPlant max | 1 |> Upper limit of output (if limited = true)
Comment | ; I min | -1 |> Lower limit of output (if limited = true)
Model- bits | 8 |> MNumber of bits of quantization (if quantized = true)
Path Modelica_EmbeddedSystems Interfaces CommunicateReal

Comment Interface between tasks to communicate Real signals Communication delay-

communicationDelayTime | ! |> 5 Time delay due to communication

Communication between input and output-

communicationType ||es.CommunicaﬁonType.DirectCommunica'

Type of communicat] [

ok |[ mo ][ cancel

fromlnputToQutput Communication bloc
toPort Communication port to which the input signal is transmitted
fromPaort Communication port from which the output signal is received

Sampling and other configurafions BT output belongs (if de-activated, the information is defined somewhere else)

definelnSubtask | true |» =true, if sampling/configuration for input is defined
defineOutSubtask | false |b =true, if sampling/configuration for output is defined
inSubtask | idealConfig fastSampler |- » Sampling/configuration for input

outSubtask |-10delica_Embed:IedSystemS.Conﬂguration.Subtask\j |. »

Sampling/configuration for output 7

ok |[ mo ][ cancel

DASSALULT
SYSTEMES



Modelica_EmbeddedSystems

Scenarios

e Software In the Loop
e Effects of fixed point arithmetics

Variables - Values
@FixedPoiniPIController 1
=FixedPointPIController 2
load
#Hspeed
®ramp
=PI
[Htorque
wFPConfig
controllerSend
controllerReceive

[ useFixedPoint

reference-

U

-

(= FixedPointPIController - LEGO_Mindstorms.Examples.FixedPointPIController
Fie Edit Simulation Plot Animation Commands Window Help

QS R ¢S [[Heron
[ Plot [17]

Real signal

G- F=ER ELE &0 I @AM Time/

Fixed point signal

ji Speed:| 1 v

LEX

0.6

0.2+

0.0+

04 \




Modelica_EmbeddedSystems

Scenarios

e Embedded

e Change target identifier to "lego”
e Will be discussed in the Lego Mindstorms section

P8
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Modelica_EmbeddedSystems

Scenarios

e Use "extend from” to create new
configurations/scenarios from the same base model
e Use modifiers to change attributes

Bﬁ]LEGO_Mindstorms
=[] Examples
(] SimpleCoptrolleet

Right click

P TesiStil Open Class in This Window
P estStat
0 Open Class in New Window

[ TestTrar ¢
(i EdIt .
- [JlegoTarls, | Remove

Fﬂﬁ]li:-cample.s_é ek Rename...
:l;._;lBEISE!CQ i Duplicate Class

I | cendrom.
[]FPLeg  Info New Class in Package »

i l;';lSingle" Parameters Order »




Modelica_EmbeddedSystems

Example — Software In the Loop

Set Hidden.DecomposelnTasks = true

Task decomposition
e Reference subtask
e Feedback subtask
e Plant subtask

refeference feedback controller plant

feedback
- \ P
2/ 4

E
[

pe 8
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Modelica_EmbeddedSystems

Example — Software In the Loop

Task decomposition
e Reference subtask
e Feedback subtask

efauItTarget

e Plant subtask

refeference feedbac)( control

reference
ramp

%

duration=2

e

S

reference
in defaultTask

defauliTask

==

defaultTask
on target

feedback

-

feedback
in defaultTask

plant

-

plant
in defaultTask

B

N

idealConfig

P8
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Modelica_ EmbeddedSystems

Example — Software In the Loop

refeference

ramp

=l Messages - Dymola

| Syntax Error ) H ‘-Dialog Errar -'§I-Simulaﬂon ”-Version Management )

Wariable plantToController.u belongs to subtask defaultT ask plant
Aftributes: Period 0.002 Offset 0.0 Priority 1 Factor 1
Variable controllerToPIantu belongs to subtask defaultTaskfeedback

Attribuse ] Ryjority 1 Factor 1
WVaridple referenceToControIIer u bejongs to subtfsk defaultTask reference
Attributess fi #Friority 1 Factor 5

Phe initial conditions are not fully specified.
4 has selected default initial conditions.
Log[fefaultinitialConditions = true; gives mare in ation.

SATISTICS

Translation of Modelica EmbeddedSystems Examples SimpleControlledDrive ldealSampling2:

Z yd

%

duration=2

idealConfig

k4

e/

/
/ feedback controller plant
Pl
feedback torque load
|
> ) }/\‘o—c
i tau ’/\ —
T=0.2 /jz s
=
o
\_ -




FixedPoint Code Generation

e Setup/Configuration
e Mapping annotation

® Restrictions

P8
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FixedPoint Code Generation
Setup/Configuration — mapping annotation

FixedPoint variables must be annotated
@ Mmin
@ Mmax
e resolution

Modelica.Block=s.3ource=s.Eamp ramp(

height {

min=0,

max=100) = 100 annotation (mapping(resclution=0.001)),
duration|

min=0,

max=50) = 10 annotation (mapping(resolution=0.001})}),
vimin=0, max=100) annotation (mapping(resnlatinn=ﬂ.Dl]]4

P8
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FixedPoint Code Generation
Setup/Configuration — mapping annotation

Declaration

/* output Modelica.Blocks.Interfaces.RealOutput ramp.yi(min = 0.0, max = 100.0)

annotation (mapping(resolution = 0.01));*/

int ramp yFP; /* QL7, 01 */

/* parameter Modelica.SIunits.Time ramp.duration(min = 0.0, max = 50.0) = 10
annotation (mapping(resolution = 0.001));%*/

int ramp durationFP = 320; /* Q[é, 3] */

/* parameter Real ramp.height(min = 0.0, max = 100.0) = 100
annotation (mapping(resolution = 0.001));%*/

int ramp heightFP = 1600; froQrl, 41 */

Q[nQ, nQ] = [integer bits, fractional bits]

Generated code

/% ramp.y = ramp.offset+(if time < ramp.startTime then 0 else (if time <
ramp.startTime+ramp.duration then (time-ramp.startTime) *ramp.height/
ramp.duration else ramp.height)); */

ramp yFP = (((ramp offsetFP << 9) + (((timeFP0 0 « (ramp startTimeFP << 5)) 2 (0

<< 9) : (((timeFP0 0 < ((ramp startTimeFP + ramp durationFP) << 5)) 2 (((
timeFP0 0 - (ramp startTimeFP << 5)) * ramp heightFP) / ramp durationFP) : (
ramp heightFP << 5))))))) >> 9;



FixedPoint Code Generation
Setup/Configuration — mapping annotation

Use parameter dialog to input annotations as modifiers

ramp in LEGO_Mindstorms. Examples.FixedPointPIController

] |Gene | Add modfiers :

Add new modffiers here, e.g. philstart=1), wistart=2)

|',r{min=1}. max=10) annotation {mappinglresolution=0.001))

ok || mo || Cancel

DASSALULT
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FixedPoint Code Generation
Setup/Configuration — enable FixedPoint

FixedPoint will be enabled when the subtask belongs
to a target with “floatingpointUnit = false”

target_fp
" ") -

15 FPConfig.target_fp in LEGO_Mindstorms.Examples. FixedPointPIController m@

Component

Name FPConfig target_fp Target

=
R Comment
dymosim
Mode 5

Path Modelica_EmbeddedSystems Configuration. Targst
Comment Dedirition of target machine

controllerTask

Parameters
identifier » que Ngntification of the target machine
—_—- floating Point Unit se v alse, fixel poirt arthmetic code needs to be generated
refeference feed bac & registerLength » 3 ber of bits in the registers used for nteger anthmetic
ramp ControlerTask

o lirgat [ ok J[ wo ][ cance

f -
controlleriSubTask plantSubTask
duration=2
ControllerSubTask PlaniSubTask
in controllerTask in planfTask

DASSALULT
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Lego Mindstorms

e Framework
e dsmodel and dymosim
e dymola_ wrapper in nxtOSEK

e Setup/Configuration
e Limitations
e Example

P8
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Lego Mindstorms

Framework

declarations.c COde

equations.c Wation

dymg

buil
d

==

la_wrapper.c

&
.9l
Rk

Code

suiawiicusn
ST —
= T T - 2 L
P e =gy | _
el 5 o
=== » .__A‘ N
—
MIE L] = (K '_ﬂ
| 1

Fimres bu e e s T nom

Send internal variables over bluetooth

X,

dymaosim

generation / dsmodel.c

~
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Lego Mindstorms
Framework — dymola_wrapper.c

#include "kernel.h"
¥include "kernel id.h"
#include "ecrobot interface.h"
¥include "target port.h”

;¥ OSEE declarations */
DeclareCounter (SvsTimerCnt) ;
DeclareTazk(Ta=skl) ;
S—Tnclude fixedpoint vaTrsble declarations */
#include "declarations.c"

/* Taskl executed every SOmsec
TASKE (Taskl)

Generated by
Dymola

S map system time to fixedpoint time */
timeFP0 0 = (int]lDE&”systick_get_ms(]Il

. include fixedprT quation
$#include "equations.c"

TerminateTask() !

-3
y7A
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Lego Mindstorms
Setup/Configuration

Configuration for Lego target and bluetooth
communication

refeference
ramp SendMotorA ReadMotorA
/, - S
duration=10
p1 SendMotorB ReadMotorB
/., -G aEa
duration=10
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Lego Mindstorms
Setup/Configuration

Translate and compile Dymola model
e CD to "..\nxtOSEK\samples\dymola”
e Press translate button in Dymola

Compile dymola_wrapper using Cygwin
e CD to "..\nxtOSEK\samples\dymola”
e Compile with "make all”

e Start Lego and download executable with
".Iramboot.sh”
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Lego Mindstorms
Setup/Configuration

Starting Lego and dymosim for Bluetooth
communication and program execution
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Lego Mindstorms
Setup/Configuration

e Results are automatically stored in Dymola

(=) LEGO_Mindstorms - LEGO_Mindstorms

File Edit Simulation Plot Animation Commands Window Help

EE &-50 1 M« 4D Tme0 3 speed| 1 ]
Varables
= LegoTarget Set SpeadAndRead Sensors 1 ramp.y
= ramp 120
[ height
[ duration 100
[ offset
O startTime sl
¥
[ derbe)
ramp1l 40+
= sendMotorA
[[] communication Type 20
[HtoPort
[[] define InSubtask 0
[ defineOut Subtask
nSibag: -2 S S S S S S S S S S S
E‘L“ bl 0 : 10 15 20 2
u
sendMotorB
S readMotorA . readMotorA.y
[ communication Type
iran'nrt
] defineInSubtaskc 2.0E4 4
[ defineOutSubtask
inSubtask JsE4
out Subtask
Oy
[ read Touch Sensor 1.0E4 -
read SonarSensor
[# read Sound Sensor .
readMotorB e
[ useFixedPaint
0.0E0
z ' 2 soes —
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Thank you for you attention
and
Good Luck with your projects



