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| Problematic Development Process

V&V
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/% Gain: '<S1&:/rumber_of_pole_pairs® */
electrical angle = ctrlParams.FolePairs * Switch -r;

/* Trigonometry: "«<S14»/sine_cosine' */

sin_coelficiznt - {realld2 T)sir(electrical_angle);
cos_coefficiant = (real32_T)cos(electrical_angle);
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Automotive Example of Model-Based Design

Newslefters e

Accelerating Sensor Development with Rapid Prototyping and Model-Based Design

By Martin Hein, Hella Fahrzeugkomponenten GmbH
C & HDL Code Generation

For designs that target a microprocessor, we use Embedded Coder™ to generate code
\frnm our Simulink model and deploy it to the TI C2000 processor on the HFK RCP unit. If

all or part of the design requires an FPGA, we use HDL Coder™ to generate VHDL code
loyment on the Xilinx FPGA.

Model-Based Design

"\"ﬁ"frnm the model for dep
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HFK Rapid Control sor element

Prototyping Unit
Hardware
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Early V&YV (SIL, PIL)

Series sensor We use software-in-the-loop (SIL) testing to verify the implementation of our algorithms in

C and processor-in-the-loop (PIL) testing to verify the algorithm on real-time hardware. In
this way we ensure that the model, which we have already verified, is implemented without

introducing errors.

www.mathworks.com/company/newsletters/articles/accelerating-sensor-development-with-rapid-prototyping-and-model-based-design.html




|Aerospace Example of Model-Based Design

=),
7 S

elex ES

plpalead]

mica Campany

Golden Reference

Model
(Matlab scripts/ functions)
|
v
Simulink Model

verification

(FIL)
5 {PIL)
N
+
Full sc
I validati
" I
& HIL
6 Hardﬂe-nLoop
N testing
b

http://www.mathworks.com/tagteam/75977 Concepts to Chips SELEX ES.pdf

@\ MathWorks:

Controls
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Captured data
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Captured Data

Data Captured from Xilinx FPGA based hardware

Application: Range Doppler Processing

Simulated Data

Data Captured from Simulink Simulation




Model-Based Design — Certification

— DO-178 (Level A)
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Honeywell Aerospace USA
Flight Control Systems

Alstom France
Propulsion Control Systems
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Alstom Grid UK
HDVC Power Systems

Weinmann Medical Germany
Transport ventilator
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Examples
ISO 26262

GM Global
Hybrid Powertrain

2727777

Academia and Schools
Project Based Learning
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' Automotive Standard (1SO 26262)

| 1, Vocabulary |

2. Management of functional safety

2-6 Safety manage ment duning the concept phase 2-T Safely management afier the lem's release

2-5 Overall safety management and the product development fior production

3. Concept phasa

3-5 ltem defintion

3-8 |ratiation of the aafety Hlecyde (maintenance and repair), and
O E30ning
3-T Hazand snalysiE and mak
EEEEEEE
3-8 Functiona safety
connept
\iciation s e random he
falures
5-1i Har dware ineg rafion and’
testfing
611 Verification of aoftware aafety
requirements
B. Supporting processas
B-5 Inferace s within distribuled deveopments B-10 Docume niatan
8-6 Speciication and management of aafety regurementa 8-11 Confidance in 1he use of sofware 1oos
8- 7 Configuration management 8-12 G fication of sofware componenda
8- 8 Change management 8-13 Sua fieaton of hardware components
-9 Ve rdication B-14 Proven in use angument

9. ASiL-oriented and safety-oriented analyses
-5 wirements decompaston wilh respect 10 ASH taloning -7 Anatyais of dependent falures
9-6 Crieria for coestigtence of elemants 9-8 Sefety anaysss

10. Guideline on IS0 26262




4\ MathWorks

Model-Based Design is deeply rooted in 1SO 26262

1.74 model-based development

development that uses models to describe the functional behavior of the elements which are to be developed

NOTE Depending on the level of abstraction used for such a model it can be used for simulation or eode gene-atian

or both.

Annex B
(informative)

Model-based development

B.1 Qbjectives

This Annex describes thelco iased development af invehicle software and outlines its

implizations on the product development at the software level.




' Aerospace Standard (ARP4754A)
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Model-Based Design is

Help uncover missing requirements
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Frototypes are models e desired system that may be hardware and/or software based, and may or may not be
development versions e system. Prototypes permit users of a system to interact with a proposed model of the
system to_uncover missing requirements, behaviors of the system that should be prohibited, and potential problems with
user interaction.

How well the prototype represents the actual system may drive the likelihood of identifying missing requirements. The
tools used to create prototypes should minimize development time.

The model should be developed in a structured manner. For example, subsets of model elements which may be used
more than once may be handled and represented either as a unit or as the full contents.

Maodel use for requirements validation typically uses a model of the environment of a system being developed, which is
interfaced to a prototype of a design solution for those requirements. An environment model that is representative of the
environment of the system being developed, provides a high degree of functional coverage In exercising either a

simulated or real system. /

provide a high degree of function coverage
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Model-Based Design has a dedicated
supplement* in DO-178C
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THE GCRD STAMDARD FOF AVMETTON SINCE 25

*D0O-331: Model-Based Supplement to DO-178C and DO-278A
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Table MB.1-1 Model Usage Examples
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First Task: Figure out what model represents

RTCA

Process that
generates the
life-cycle data

MB Example 1

MB Example 2

MB Example 3

MB Example 4
(See Note 1)

MB Example 5
(See Note 1)

Process

System Requirements
Requirement Requirements Requirements Requirements Requirements trom which the
and System allocated to from which the from which the from which the Model 13
Design software Model 1s Model 15 Model 1s developed
Processes developed developed developed
Design Model
Software Requirements
Requirement from which the Specification Specification Design Model
and Software Model is Model Model
Design developed (See Note 2)
Processes Design Model Design Model Textual
description
(See Note 3)
Software Source Code Source Code Source Code Source Code Source Code
Coding
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#, SystemModel - Simulink
File Edit View Display Diagram Simulation Analysis Code Tools Help
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Switch_fr - rotor_position;

J* Gain: <14y /number_of_pnle_pairs® %/
electrical_sngle = ctrlParams.PolePalrs * Switch_fr;

/¥ Trigonometry: "<514:/sine_cosine” */
sin_coefficient = (real32 T)sin(electrical_angle);
cos_coefficient = (real32 T)cos(electrical_angle);
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Systems simulation
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Software and hardware generation
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Early verification and validation
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Integral and backbone process
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AUTOSAR Target Workflow (Top-Down)

AUTOSAR Authoring Tool

E ar_pimmer:ar_..

SwRoEresesd

Export Merge
SWC Description SWC Description

Import Export SWC Description/
SWC Description Generate SWC C code

function() function()
DoorRight Open mﬂ%ﬂ M 0 d el Base d DoorRight Open R“'%El
(4 r—» irvl tunction() DeS|gn Car—» irvl fune tion()
DoorLeft_ Open - DoorLeft_Open >
Runnablel_subsystem Runnablel_subsystem 1
s Dim_Light 5 Dim_Light
SwitchPressed SwitchPressed
Runnable2_subsystem Runnablez_subsystem
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AUTOSAR Target Workflow (Bottom-Up)

AUTOSAR Authoring Tool
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AUTOSAR Target Workflow (Round-Trip)

AUTOSAR Authoring Tool
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Thank You!

= Questions?
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Model-Based Design

System Truth
- rapid iterations/prototypes

Detailed
Design

Continu
Test a
Verifica

Hardware & Software
- convert float- to fixed point

Test Reuse
- detect errors earlier

Models

Production code
-Eliminate hand code errors
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|ModeI-Based Design

Executable Specs, Automatic Code Generation, and Early V&V
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