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Introduction: Challenges and Motivation

B Development of consumer appliances is increasing challenging due to:
— Their growing complexity
— Strong competition and high customer expectations
— Requirements for low-costs and tight schedules
— Challenges related to the mass production

B As the features provided by modern customer appliances heavily rely on embedded
systems and software logic,
ensuring high-quality embedded software is of paramount importance

helbling

3 SWISSED 2019 O



Introduction: Development of Consumer Appliances
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3. Selection - Experience
— Prototyping & testing
— Modeling & simulating
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Introduction: Modelling for Development of Consumer
Appliances

— E ® Modeling & simulating can often represent
= e reality well enough to aid development
considerably. In conjunction with prototyping &
testing it can be a formidable tool...

— Risk analysis at an early stage (system

validate ;
behavioral/performance architecture at early stages are less costly).
architecture. — Pinpoints weak and strong points of system
100 e
j S early on.
- _/ ?Ei /d — Optimization of system/components.

— Qualitative selection of critical tests to be
performed on eventual prototype

— Deep understanding of behavior of the
w system & reduced likelihood of unexpected
« 773 M behavior/failure.
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Introduction: Embedded SW for Consumer Appliances

B Embedded SW development is an iterative d

process

B Verifying and Validating the SW on a
physical device after each iteration is:
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— Time-consuming and

— Sometimes impossible

B SiL: Integration of physical models with
software results in a powerful tool to
decrease the software validation time and
thus to significantly improve the overall
efficiency.

3. Verification & Validation
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Introduction

B We have developed a Modelling and Validation Framework to
allow:

SWISSED 2019

Deep understanding of the system behavior and better risk
management

Verification of critical sub-systems through parametric
modeling.

Verification of the embedded software controlling the
aforementioned subsystems.
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Methodology: Overview

= Modeling of a physical system and its components
= SW development and verification using the model
= Automated SW testing after each SW change

Physical System Embedded SW
Model Development Development

System Modeling Model Validation Validation

Model of a
Physical
subsystem
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Methodology: Component Modeling

Scope &

requirements

Component of model:

* Model of a
Physical Component
» Controller

Definition of Tests Literature

Experiments with a
Real System

Model-verification Test

Expected results

Model Refinement &
Parametrization Test Result
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Methodology: Physical System Modeling

Verified Model of a System

Physical Requirements
Component

Model of a Subsystem

Test Subsystem Requirements

Control Algorithm

Model-verification Test

Control Refinement &
Model Parametrization

Test Result
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Methodology: SW Development and Verification

Verified Model of a System
Physical Requirements

Component

Subsystem
Test Verified Model of a Requirements
Control Algorithm Subsystem

Embedded
Software

( SiL) SWh-verification Test

SW Control Algorithm
Refinement

Test Result
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Methodology: Tool Chalin

MODELICA
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Case Study: DC Motor Controller
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Case Study: DC Motor Controller
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SW Controllers and Tests

System integration script
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Case Study: DC Motor Controller

sins Systestodelsimulate [l et Hotorcharacteristicturve™];
speed = sin[["mechanicalPouerSensor. 1310
efficiency = sim[{"efficiency.y"}][
torque = sial{“ranp.y "} 0

current = sim[{ “dCMotor_WTL.resistor.p.1” 10103

15peedsensar.

data = sim["RauData”, {"ramp.y", "mechanicalPou

nsor. relSpeedSensar._rel”, “dCHotor_HT1.resistor.

) "efficiency.y"}][ALL, ALL, 205

workingPoint = (Mean /@ (Select [data”, Round

w0
1, 0:0001) ==0.11 8)")) {1000, el 100}

50
stall = (Mean /@ (Select [data’, Round[[2], 1] == 088 =[1] » Evaluate® (workingPoint [1] / 1860) &]")) {xm, ey ma}.

noload = (Nean /@ (datafAll, N 1) {1000, ?, 1, 100

Evaluate® {workingPoint, stall, noload)'

({110, 453.024, 0}, (8032, 0, 10670}, {5.564, 22.313, 0.225), (60.28, 6, 8]}

{TestID = “sotor sodel”, SameTest = (Norm

Success o

#[1]] < 30 &8 Norm [+

2] - #2[2]) <250 88 Norm[#1[3] - 42[3]) < .5 8& Norm[#1[4] - =2[4]] <0.05 &)}

Detais =
A AdaMessages | A - O Rerun
1alPI04.Utilities. ExternalFunctions™] [~SourceFile
s5im2 = Systesmodelsimulate ([l Tests.notorControllerExternala™];
errorTarget = sis2[Rawbata”, {"errorHithTarget.y™)])
Table [Max[Select [errorTarget [1], > tmin 8] [ALL, 2]], {tmin, 0.1, 2}]
(100, 30}
P et b e+ 01 8 <1 8 [est Automation
Success Details =
A AddMessages || A AddOptions |+ O Rerun
d f_ - Jenkins Integrated_Modelling Mathematica_Demo #1068 Test Results Test Report: [ NI+ -t
[ests definition # Seckio P
Test Result : wit
|, Status
o 0 failures (£0)
= Changes
7 tests (x0)
B console Output Took 2 min 3 sec.
aun [#add description
= Edit Build Information
lo History All Tests
il Teg this buid Test name Duration  Status
EJ Test Result DLESystemModeling Library loaded 16 sec Passed
4 Previous Build Il Lorary loaced 029sec  Passed
Load SystemModeler 5.1 37 sec Passed
Modelica Library loaded oms Passed
compiler 15 ms Passed
‘embedded code coniroller, ramp up overshoot 26 sec Passed
molor model 41 sec Passed
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Conclusions

© Nestlé Nespresso S.A.

B Development of consumer appliances requires systematic application of MBSE through all
the stages of the product development, and is aided considerably with system modeling.

B Using our semi-automatized approach to embedded SW development and validation, we
can significantly improve our overall efficiency and thus meet the challenge of balancing the
time, quality and cost

B Successful application of this approach to a wide range of products has resulted in high-
guality consumer appliances and customer satisfaction

Nestlé Nespresso S.A.
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Thank you for your attention!
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