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INTO-CPS

Tutorial Schedule

e 09:00 —10:00: Introduction to INTO-CPS (PGL)

* 10:00 — 10:30: Coffee break

e 10:30 —11:30: Introduction to VDM (JF)

e 11:30 —12:30: Introduction to 20-sim (KP)

e 12:30—-13:30: Lunch

e 13:30 — 14:30: Industrial results using INTO-CPS (PGL)

 14:30 —15:30: Demonstration of INTO-CPS Capabilities
(KL+KP)

e 15:30 - 16:00: Coffee break (demo of 3D capabilities)
e 16:00—-17:00: Demonstration of Hands-on Practicals




INtegrated TOolchain for Cyber-Physical Systems

Overview

e System Modelling using SysML
* INTO-CPS Application basics

 FMU Generation
— 20-sim
— QOverture

e Simulation
— Simulator: COE
— Graphical Simulations Interface
— 3D Animation — using Unity

e Design Space Exploration
* Test Automation
* Model Checking

http://into-cps.au.dk/
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System Modelling using SysML

e Custom SysML FMI Profile
* Modelio
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SysML: Cascading Watertank @

INTO-CPS

[ wis : WaterTank System L&
[d ctrl: Controller 3 [| tank1 : CascadeWatertank1 [
valveContril
System.uppervalveActuator valveState [v] My waterOut f
(]
System.upperLevelSensor.upperlevel level waterQut.e
[

System. lowerValveActuator valve State
¥ ’ [] tank2 : CascadeWatertank2 [

[ {¥ p.p
D—""
valveCantrol
System.lowerLevelSensorlowerlevel p.phi
(] level [ﬂ{_________
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SysML: Cascading Watertank (:;-_-)

INTO-CPS
ﬁ source
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FMU Generation (_i;c?

INTO-CPS

@ C-Code Generation

i Ove rt u re Target List: Description

Thiz C-code generation template
— ) ) generates a standalone co-simulation
©2 20-zim subrodel for Arduino/&W R FrMU from a 20-sim subrnodel

i 2 O_ S I m e C-Code for 20-sim submodel

(== C++ class for 20-sim submodel
E Simulink: 5-Function

° Open Modehca B Stand-Alone C-Code

- FMU 1.0 export for 20-sim subrmodel

e 2zim Dynamic DI

FMU 2.0 export for 20-sim submodel
r UeEDUg AS > E
Profile As > M
Team >
Compare With P b cubmodel
Restore from Local History... - [Contraller B
n Dutput Directary:
Overture Developer Utils [c:MempF astAndS low'%SUBMODEL_NAME % = o
. ahce
'ﬁ' Code Generation Converted Output Directony M ame:
c:ermphFasténdSlowhController Help

f& Latex
PO Proof Obligations

M. UML Transformation
Build Path

TEEC] VRNl b IV I AT e e sl DR i

1= —

vvyvyvyyy
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The INTO-CPS Application (:;-_-)

INTO-CPS

File Edit View Window Help

INTO-CPS > welcome

Welcome to the INTO-CPS Application

Main View
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The Project Browser (_i;c?

INTO-CPS

DSES
+ % Ifr-2sensorPositions
+ %" Ifr-8controllerValues
FMUS
Q Body Block
|| LFRController
|| Sensor_Block
MODELS
+ LFRController
= RrR2G2P_Body_only
E R2G2P_Single_Sensor
MULTI-MODELS
+ % Ifr-3d
SYSML
+ [ LineFollowRobot MM

USERMETRICSCRIPTS

Horizon 2020 + [ studentMap 9
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FMUs in Multi-Models (_i;c?

INTO-CPS

bodyFMU Body_Block fmu

FMU instances

FMU Instances
{sensor1FMU}
{sensor2FMU}

{bodyFMU}

Connections
Output instance Output variable Input instance Input variable
{bodyFMU}.body If_1_sensor_position_x {bodyFMU}_body < FLeftval

{sensor1FMU}.sensor1 If 1 sensor position_y {sensor1FMU}.sensor1 fRightVal
{sensor2FMU}.sensor2 I 1_sensor_reading {sensor2FMU}.sensor2 total_energy_used
{controllerFMU}.controller {controllerFMU}._controller

Horizon 2020
Programme
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Co-simulation Engine
INTO-CPS

/
i « O A
e FMI 2.0 Compliant o
. 0 Ian
_1.0 vailable +| Available +| Available +| Available - 'Environment for Product Design
FMI Available (36) 5] Available (220) 7| Available (36) ]| Available (199) + J4 tar P D
CATIA and_Innoyation.lingludizljg systems
engineering tools based on
FMI_2.0 Available (22) ]| Available (116) +] Available (27) 7| Available (147) ¢ Mc%elica, gy Dassault Systemes’
'A free standalone FMI co-
INTO-CPS Co-gimulation i simulation master implemented in
Orchestration Engine FMI_2.0 Available (323) Java with a JSON AP Itis
(COE) B DarwinG4 (19) dewveloped as part of the INTO-CPS
. Linux32 (21) _DFDJEGI.
FMI_1.0 Available (18) 4] Available (21) [ Available (32) JELECSECRY ‘Environment for IEC §1131-3
ControlBuild - Win32 (130) control applications from Dassault
FMI_2.0 Planned " Available | Available (14) Win64 {122) Systémes’
Coral FMI_1.0 Tl 'Free and open-source software for
EMI 2.0 distributed co-simulation.'

* Distribution Support across:

— Platforms: Darwin, Linux and Windows
— Architectures: x86 and x64

e Performance:
— Execute FMUs in parallel
— Multicore utilization

Horizon 2020
Programme
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COE: Master Algorithm @

INTO-CPS

Basic Configuration

* Fixed Step

e Variable Step

— Constraints on step size
* Zero Crossing
* Bounded Difference —

{control}.c.maxlevel

* Sample Time o o
* Get Max Step Size == -

* Has recovery for Discard
— getRealStatus(LastSuccessfulTime) and rollback

e Simple Stability Algorithm

— successive substitution

13
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ESRRR I Horizon 2020
* Programme

COE: Stabilization

http://into-cps.au.dk/

Graph 1: Live Graph

— {m1}.il1.x1
— {m1}.il.vl
— {m2}.i2.x2
— {m2}.i2.v2

10
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COE: Performance

» Parallel Execution of e.g. FMI setX/getX/doStep
— Appx. Speed up by 65 %

* One shot mode for cluster deployment
* Distribution across computer architectures
* Hierarchical Simulation

15
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COE: Distribution (:;-_-)

INTO-CPS

 Enable simulation of mixed:
— Platforms: Win / Linux
— Architectures: x32 / x

16
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INTO-CPS

COE: Hierarchical Simulation

* Enable encapsulation of sub system as an FMU

* Improve performance with multi rate simulations
— One part of the system requires a smaller step size then the
rest of the system

17
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COE: Hierarchical Simulation

18
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COE: Configurations ==

Simulation v

Co-Simulation Engine, version 0.2.18, online at http://localhost:8082/version.

P Simulate

100%

Connec Graph 1: Live Graph

Output in

2

{control

1.5

0.5
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COE: 3D Animation — using Unity l:’:_-)

INTO-CPS

Unity Model

Library Model Description

Communication ‘ (includes selected
with Unity inputs)

20
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COE: 3D Animation — using Unity @

INTO-CPS

21
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Design Space Exploration =

10“;; Project: - C:\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower_robot-dse_tutorial 2_editAndLaun... — [ pt
File Edit View Window Help

s

DSES
& dse-DSE Example-t3 INTO-CPS > welcome
o e Welcome to the INTO-CPS Application version 3.1.0
" Ifr-216controllervalue:
% Ifr-2187ControllerAnd:
+ 7 Ifr-2sensorPositions
" Ifr-8controllerValues
FMUS
|| 3DanimationFMU
|;l Body_ Block
|;l LFRController-Source(
Q LFRController-Standal
|;l LFRController
|;l LineFollower_Example
Q LineFollower_Example

|;l Sensor_Block_01

El Sensor_Block_02

|3 Senanr Rlnark

Horizon 2020 22
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Design Space Exploration =

1%;; Project: - C:\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower_robot-dse_tutorial 2_editAndLaun... — [ pt

File Edit View Window Help

FY Y

DSES

- INTO-CPS > dse-DSE_Example-43

%" Ifr-16sensorPositionsC

7 Ifr-216controllerValue: DSE Configuration v
%" Ifr-2187ControllerAnd:
4 % Ifr-2sensorPositions Experiment Multi-model
% Ifr-8controllerValues Co-simulation experiment
FMUS undefined | undefined
=] 3DanimationFMU @ Set multi-model
B Body_Block
Q LFRController-Source(
Q LFRController-Standal
D LrrController DSE Co-simulation

B LineFollower_Example
Co-Simulation Engine offline. No connection at localhost:8082. & Launch

Q LineFollower_Example

B Sensor_Block_01

P Simulate
Q Sensor_Block_02

|:\l Sansnar Rlnark

Horizon 2020 23
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Design Space Exploration =

’%gf Project: - C\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower_robot-dse_tutorial 2_editAndLaun... — O pt
File Edit View Window Help

Fs

DSES

- INTO-CPS > dse-DSE_Example-43

%" Ifr-16sensorPositionsC

DSE Configuration v
% Ifr-216controllervalue:
% Ifr-2187ControllerAnd:
+ %2 Ifr-2sensorPositions Experiment Multi-model
% Ifr-8controllerValues Co-simulation experiment
FMUS ‘ v P save multi-model choice
| 3DanimationFMU Experiment-3D | Ifr-3d
Experiment-3D | Ifr-3d-distance
[2] Body Block Experiment-3D | Ifr-3d-OM
Experiment-3D | Ifr-3d-rep
=) LFRController-Source Experiment-3D | Ifr-3d-rep-OM
Experiment | Ifr-non3d
O Lrrcontrolier-standal | TSR LRI R
& entrefier-=tanda Experiment | Ifr-non3d-OM
[Z) LFrcontroller Experiment_1 | Ifr-non3d-rep

Co-Simulation Engine ottline. No connection at localhost:8082. & Launch
];l LineFollower_Example
Q LineFollower_Example

P Simulate
Q Sensor_Block_01

];l Sensor_Block_02

|3 Sansnr Rlark

Horizon 2020 24
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Design Space Exploration =

’?5*;,’ Project: - C\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower_robot-dse_tutorial 2_editAndLaun... — O pt
File Edit View Window Help

Fs -

DSES

- INTO-CPS > dse-DSE_Example-43

%" Ifr-16sensorPositionsC

DSE Configuration v
7 Ifr-216controllervalue:
% Ifr-2187ControllerAnd:
+ % Ifr-2sensorPositions Experiment MU|ti_m0de|
% Ifr-8controllerValues Co-simulation experiment
FMUS Ifr-non3d | Multi-models
=] 3DanimationFMU & Set multi-model
B Body_Block
Q LFRController-Source(
Q LFRController-Standal & Edit

B LFRController
B LineFollower_Example DSE Configuration Setup

| LineFollower_Example DSE Search Algorithms

| Sensor_Block_01 Search Algorithm Exhaustive

Q Sensor_Block_02

|:\l Sansnr Rlark —
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Design Space Exploration =

’5{;’ Project: - C\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower_robot-dse_tutorial 2_editAndLaun... — O pt
File Edit View Window Help

DSES - ‘
V" dse-DSE_Example-43 Experiment parameters
% Ifr-16sensorPositionsC Instance

% Ifr-216controllervalue:

{bodyFMU}.body
% Ifr-2187ControllerAnd:

+ % |fr-2sensorPositions {sensor1FMU}.sensor1

% Ifr-8controllervalues {sensor2FMU}.sensor2

FMUS
{controllerFMU}.controller

[L) 3DanimationFMU

B Body_Block
Parameters
];l LFRController-Source(
;0 If position x
B LFRController-Standal - -P -
B LFRController 0.01,0.03
];l LineFollower_Example If_position_y
B LineFollower_Example 0.07,0.13
Q Sensor_Block_01
) sensor_Block_02 Parameter Constraints

|:\L Sansnr Rlark

Horizon 2020 26
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Design Space Exploration =

’5{;’ Project: - C\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower_robot-dse_tutorial 2_editAndLaun... — O pt
File Edit View Window Help

Fs -

DSES . )
& Set multi-model

-"? dse-DSE_Example-43
%" Ifr-16sensorPositionsC

% Ifr-216controllervalue:

| GEdit |
% Ifr-2187ControllerAnd: B
+ % Ifr-2sensorPositions DSE Configuration SetUp
% Ifr-8controllerValues DSE Search Algorithms

s Search Algorithm Exhaustive

[L) 3DanimationFMU

B Body_Block

Experiment parameters
];l LFRController-Source(

B LFRController-Standal Instance

[=] LFrcontroller {bodyFMU}.body
];l LineFollower_Example
{sensor1FMU}.sensor1
B LineFollower_Example
{sensor2FMU}.sensor2

Q Sensor_Block_01

|] sensor_Block_02 {controllerFMU}.controller

|:\L Sansnr Rlark
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Design Space Exploration =

’5{;’ Project: - C\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower_robot-dse_tutorial 2_editAndLaun... — O pt
File Edit View Window Help

Fs -

DSES . )
& Set multi-model

-"? dse-DSE_Example-43
%" Ifr-16sensorPositionsC

% Ifr-216controllervalue:

P save
% Ifr-2187ControllerAnd:
+ % Ifr-2sensorPositions DSE Configuration Setup
% Ifr-8controllervalues DSE Search Algorithms
s Search Algorithm ‘ v
B 3DanimationFMU Exhaustive
B Body_Block Genetic

Experiment parameters
];l LFRController-Source(

B LFRController-Standal Instance

[=] LFrcontroller {bodyFMU}.body
];l LineFollower_Example
{sensor1FMU}.sensor1
B LineFollower_Example
{sensor2FMU}.sensor2

Q Sensor_Block_01

|] sensor_Block_02 {controllerFMU}.controller

|:\L Sansnr Rlark
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Design Space Exploration =

’%gf Project: - C\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower_robot-dse_tutorial 2_editAndLaun... — O pt
File Edit View Window Help

Fs -

DSES

K. save
-"? dse-DSE_Example-43 i

% Ifr-16sensorPositionsC DSE Configuration Setup

% Ifr-216controllervalue:

DSE Search Algorithms
% Ifr-2187ControllerAnd:
Search Algorithm ‘ v
+ % |fr-2sensorPositions e
% |fr-8controllerValues Initial population 0
FMUS
) 3DanimationFMU Initial Population Distribution random v
B Body Block . .
Mutation Probability 0
Q LFRController-Source(
| LFRController-Standal Parent Selection Strategy random v
B LFRController
D _ Max Generations Without 0
| LineFollower_Example Improvement

Q LineFollower_Example

[=) Sensor_Block_01 Experiment parameters

Q Sensor_Block_02
Instance

|:\l Sansnr Rlark
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Design Space Exploration

INTO-CPS

File Edit View Window Help

+ LFRController

+ | OM_Sensor
_J textures

MULTI-MODELS

+ 8 Ifr-3d

el "." |fr-3d-distance

+ %/ Ifr-3d-OM

+ V Ifr-3d-rep

el 'Y' Ifr-3d-rep-OM

+ V Ifr-non3d

+ V Ifr-non3d-0OM

+ %" Ifr-non3d-rep

RESOURCES

SYSML

- I LineFollowRobot_DSE_cor
- [ configs

@ DSE_Example

4 Azba

’?5*;,’ Project: - C\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower_robot-dse_tutorial 2_editAndLaun...

{controllerFMU}.controller

Parameters

Parameter Constraints ' 4Add Constraint

External Script Objectives | 4Add External Script Objective

Objective Name

File Name

Arguments
lapTime X Remove External Script

lapTime.py

1

simulation value v

time v

HXRemove Argument

2

30
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Design Space Exploration

INTO-CPS

File Edit View Window Help
+ LFRController
+ | OM_Sensor
_J textures
MULTI-MODELS
+ 8 Ifr-3d
el "." |fr-3d-distance
+ %/ Ifr-3d-OM
+ V Ifr-3d-rep
el 'Y' Ifr-3d-rep-OM
+ V Ifr-non3d
+ V Ifr-non3d-0OM
+ %" Ifr-non3d-rep
RESOURCES
SYSML
_| LineFollowRobot_DSE_cor
- [ configs

@ DSE_Example

4 Azba

’?5*;,’ Project: - C\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower_robot-dse_tutorial 2_editAndLaun...

{controllerFMU}.controller

Parameters

Parameter Constraints ' 4Add Constraint

{sensor1FMU}.sensor1.If po

¥ Remove Constraint

{sensor1FMU}.sensor1.If po

¥ Remove Constraint

External Script Objectives | +Add External Script Objective

Objective Name
File Name

Arguments
lapTime X Remove External Script
lapTime.py

1

Horizon 2020
Programme
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Design Space Exploration

INTO-CPS

’f“*;,’ Project: - C\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower_robot-dse_tutorial 2_editAndLaun...

File Edit View Window Help

+ LFRController

+ [ OM_Sensor . . .
Internal Function Objectives 4Add Internal Function Objective

| textures
Objective Name

MULTI-MODELS
Output ID

+ 4 Ifr-3d

el "." |fr-3d-distance

Objective Type

+ % Ifr-3d-OM Objective Constraints | 4Add Constraint

+ % Ifr-3d-rep
+ " Ifr-3d-rep-oM Ranking

+ -
V Ifr-non3d Ranking Method

+ % Ifr-non3d-oM Dimensions

+ " Ifr-non3d-rep Pareto <Add Dimension

RESOURCES

SYSML - v X Remove Dimension

- I LineFollowRobot_DSE_cor v
- - configs - v %Remove Dimension

@ DSE_Example

4 Azba

|

32
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Design Space Exploration

INTO-CPS

File Edit View Window Help

+ LFRController

+ | OM_Sensor
_J textures

MULTI-MODELS

+ 8 Ifr-3d

el "." |fr-3d-distance

+ %/ Ifr-3d-OM

+ V Ifr-3d-rep

el 'Y' Ifr-3d-rep-OM

+ V Ifr-non3d

+ V Ifr-non3d-0OM

+ %" Ifr-non3d-rep

RESOURCES

SYSML

- I LineFollowRobot_DSE_cor
- [ configs

e‘ DSE_Example

4 Azba

’%gf Project: - C\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower_robot-dse_tutorial 2_editAndLaun...

Internal Function Objectives 4Add Internal Function Objective

Objective Name
Output ID
Objective Type

myObjective X Remove Internal Function Objective

v

{bodyFMU}.body.robot x
{bodyFMU}.body.robot vy
{bodyFMU}.body.robot z
{bodyFMU}.body.robot_theta
{bodyFMU}.body.total _energy used
{sensor1FMU}.sensor1.If_1_sensor_reading
{sensor2FMU}.sensor2.If 1 _sensor_reading
{controllerFMU}.controller.servoRight\al
{controllerFMU}.controller.servoleftVal

Ranking Method
Dimensions

Pareto <=Add Dimension

- v || XRemove Dimension

| X

Horizon 2020
Programme
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Design Space Exploration

INTO-CPS

File Edit View Window Help

+ LFRController

+ | OM_Sensor
_J textures

MULTI-MODELS

+ 8 Ifr-3d

el "." |fr-3d-distance

+ %/ Ifr-3d-OM

+ V Ifr-3d-rep

el 'Y' Ifr-3d-rep-OM

+ V Ifr-non3d

+ V Ifr-non3d-0OM

+ %" Ifr-non3d-rep

RESOURCES

SYSML

- I LineFollowRobot_DSE_cor
- [ configs

@ DSE_Example

4 Azba

’?5*;,’ Project: - C\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower_robot-dse_tutorial 2_editAndLaun...

Internal Function Objectives 4Add Internal Function Objective

Objective Name
Output ID
Objective Type

myObjective X Remove Internal Function Objective
{bodyFMU}.body.total _energy used v
‘ v
min
mean

Constraints | 4=Add Constraint

Ranking
Ranking Method

Dimensions

Pareto <=Add Dimension

- v || XRemove Dimension

| X

Horizon 2020
Programme

34



INtegrated TOolchain for Cyber-Physical Systems

http://into-cps.au.dk/

Design Space Exploration

INTO-CPS

File Edit View Window Help

- Dimensions
+ LFRController
Pareto <=Add Dimension

+ | OM_Sensor

_| textures
- v || %®Remove Dimension

MULTI-MODELS

+ 8 Ifr-3d
+ % [fr-3d-distance - ¥ | XRemove Dimension
+ 4 Ifr-3d-OoM
+ " Ifr-3d-rep Scenario +
+ " Ifr-3d-rep-oM %
+ V Ifr-non3d
+ % Ifr-non3d-0M
¥ Save
+ " Ifr-non3d-rep
RESOURCES
SYSML DSE Co-simulation
- I LineFollowRobot_DSE_cor

- [ configs

@ DSE_Example
< P Simulate

4 Azba

’f“*;,’ Project: - C\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower_robot-dse_tutorial 2_editAndLaun...

Co-Simulation Engine offline. No connection at localhost:8082.

& Launch

Horizon 2020
Programme
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Design Space Exploration

INTO-CPS

File Edit View Window Help

- Dimensions
+ LFRController
Pareto <=Add Dimension

+ | OM_Sensor
_| textures

- v || %®Remove Dimension
MULTI-MODELS

+ 4 Ifr-3d

- ¥ XRemove Dimension
el "." |fr-3d-distance

+ %/ Ifr-3d-OM

+ " Ifr-3d-rep Scenario +
+ % Ifr-3d-rep-oM studentMap]| x
+ V Ifr-non3d
+ V Ifr-non3d-0OM .
K2 save
+ " Ifr-non3d-rep
RESOURCES
SYSML DSE Co-simulation

- I LineFollowRobot_DSE_cor
- [ configs

@ DSE_Example
< P Simulate

4 Azba

’f“*;,’ Project: - C\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower_robot-dse_tutorial 2_editAndLaun...

Co-Simulation Engine offline. No connection at localhost:8082.

& Launch

Horizon 2020
Programme
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Design S

pace Exploration
INTO-CPS

’?5*;,’ Project: - C:\Users\ncjg5\Documents\projects\into-cps\dseTutorials\line_follower robot-dse tutorial 2_editAndLaun... — [l pt
File Edit View Window Help
- lapTime -

+ LFRController
+ [/ OM_Sensor B

=] textures meanCrossTrackError
MULTI-MODELS -
+ 4 Ifr-3d
+ .‘." |fr-3d-distance Scenarlo
+ %/ Ifr-3d-OM

studentMap
+ V Ifr-3d-rep
+ " Ifr-3d-rep-oM
7, i
+ %" Ifr-non3d G Edit
+ V Ifr-non3d-0OM
+ % [fr-non3d-rep DSE Co-simulation
RESOURCES
Co-Simulation Engine, version 0.2.6, online at localhost:8082.

SYSML

_| LineFollowRobot_DSE_cor

_ P Simulate
- [ configs
@ DSE_Example
L Aaba M -
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| .

Recycle Bin org.crescendo.fmi.ShmServer -p {abb4bff1-d423-4€02-90d9- : ) A
011f519869ffjcontroller’ in folder il G Ve Ol REp ]
'C:/Users/ncjg5/AppData/Local/Temp/LFRController260635960611055; TEEE lapTime
Process launched continuing main thread.
INFO [NanoHttpd Request Processor (#3)]
(Coelnitialize.scala:384) - Instantiating FMU. ModelName: /" Ifr-16sensorPositionsC meanCrossTrackError
'Sensor_Block_01', GUID: {c45cc7d5-6c05-4445-9694-
28dc9e290¢9}, Vendor tool: ", Generated by: '20-sim’, at: 4 Ifr-216controllerValue:

+ %/ dse-DSE_Example-43

" Ifr-2187ControllerAnd

tem.hwi.rightUal.value® value: '135.00000000000003" size: '1' valueref: '6'
(Copaany [Thread-1] (StateCache.java:122) - Collecting inputs from cache name: 'Sys]
‘17 valueref: 7]

+ % Ifr-2sensorPositions Scenario
% Ifr-8controllerValues
studentMap
BE0Step UDM time: 2.874E10 orials\lineg FMUS
DoStep UDM time: 2.8T4E10 - completed le-43\dse-DS

INFRY [Thread-1] (StateCache.java:149) - Sync output to fmi struct name: “System ‘7| 3DanimationFMU

.hui.seruo_leFt_out.ualue' value: '0.1° valueref: ‘0"
DEBUG [Thread-1] (StateCache.java:149) - Sync output to fmi struct name: ‘System = 7 Edi
.hui.seruo_right_out.value’ .5' valueref: "2° =] Body_Block @ Edit
DoStep waiting for next DoStep at: 28.75 .
TRACE [Thread-1] (CrescendoFmu.java:466) - Setting real[5] = 254.66060000000006 |) LFRController-Sourcet

Sla TRACE [Thread-1] (CrescendoFmu.java:466) - Setting real[6] 152.00000000000003
TRACE [Thread-1] (CrescendoFmu.java:466) - Setting real[7] H15. 7747787315752 o H H
DEBUG [Thread-1] (StateCache.jau 22) - Collecting input rom cache nam ' Sys| Ll EARC e DSE CO_SImL”atlon
tem.hwi.leftUal.value' wvalu '254.00000000000008° size: valueref: °5° ‘*l LFRController
DEBUG [Thread-1] (StateCache.java:122) - Collecting inputs from cache name: 'Sys| —

‘tem.hui.rightUal.ualue' value: '152.00000000000003° size: '1' valueref: '6' —
DEBUG [Thread-1] (StateCache.java:122) - Collecting inputs from cache name: 'Sys| || LineFollower_Example
tem.hwi.total_energy_used.value' value: "415.7747787315752° size: '1° walueref: o
R || LineFollower_Example
DoStep called: 28.750000000001695
DoStep UDM time: 2.87SE1Q

Co-Simulation Engine, version 0.2.6, online at localhost:8082.

|2} sensor_Block_01 > Simulate

\:I Sensor_Block_02

|_| Cancar Riack
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DSE Results Page
[k} 9

X

0 @il

- O X

C O ‘@ file:///C:/Users/ncjg5/Documents/projects/into-cps/dseTutorials/line_follower_robot-dse_tutorial_2_editAndLaunch-Copy/DSEs/dse-DSE_Example-44/ ¢ o :

2t Apps Y Bookmarks é CBeebies Shows - CE

M Purple Mash school

E The 23 Best Vintage

2048 £ Insider Threat Tools |

. More useful website »

Other bookmarks

a

pareto
45 T T T T ™ T ™ -
40 R
351 1
o
£ e
)E. 30 i
]
251 ° i
20 1
55000 0.005 0010 0.015 0.020 0025 0030 0.035 0.040
meanCrossTrackError
Rank maxCrossTrackError meanCrossTrackError lapTime meanSpeed controller.backwardRotate controller.forwardRotate sensor2.lf_position_y sd
1 0.11212158579 0.00447219808921 27.87 0.0535071697675 | 0.1 0.5 0.01 -0
1 0.11212158579 0.0135839416528 23.66 0.0535217189374 | 0.1 0.5 0.07 -0
1 0.11212158579 0.014968210732 2341 0.0530707894726 | 0.1 0.5 0.07 -0
1 0.11212158579 0.0338998655889 19.94 0.0531259947624 | 0.1 0.5 0.13 -0
1 0.11212158579 0.0351908945857 19.13 0.0535092206699 | 0.1 0.5 0.13 -0
1 0.11212158579 0.0379808995422 19.05 0.0533079203504 | 0.1 0.5 0.13 -0
2 0.11212158579 0.0157151565333 24.85 0.0536948478554 | 0.1 0.5 0.07 -0
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