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Why do /1% of Embedded Projects Fail?

Poor Requirements Management

Sources: Christopher Lindquist, Fixing the Requirements Mess, CIO Magazine, Nov 2005
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Create Test Harnesses
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Create Test Harnesses on Subsystems

Test Cases

Inputs

N
| xls

MAT / Excel
file (input)

DischargeCurrentLimit = min(-(MinCellVolt - 2.800)/0.01,0);
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v function customCriteria
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Model Based Design Verification

Workflow

Managing Requirements

Isolate and test components
Perform simulation

Manage and organize tests
Measure model coverage

Generate tests for missing coverage

Component and system

testing

Textual »
Requirements

MATLAB EXPO 2019

Specification

~ ~
\\ \\
‘ 1
Model used for
Executable

Hil » production code

generation

4\ MathWorks

What?
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Test Ad-hoc with Dashboards
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Model Based Design Verification Workflow

Managing Requirements
Isolate and test components
Perform simulation

Manage and organize tests

Measure model coverage

Generate tests for missing coverage

Component and system

testng ~ / ___
——"—__
il oy,
PAS s
’ N

\

v \

1

Textual » Executable
Requirements Specification

MATLAB EXPO 2019

Model used for
production code
generation

4\ MathWorks

What?
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Test Harness Import in a Centralized

Environment
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Traceablility: Requirements - Tests

p

External Requirements
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'=_\ Requirements Managements Tools
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Requirements Verification Status

Requirements - crs_controller F X

View: |Reguirements ¥ | | % 1 d H = o ﬁl S
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Requirements Verification with Simulin

External Requirements

DN s
Requirements Managements Tools

vH crs_req
vE& Importl References to crs_req.docx
&1 Overview
vE 2 System overview
»E' 2.1 System inputs
& 2.2  Cruise control mode indicator
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Integrate with requirements tools and author requirements

( External ) : : :
Requirements Simulink Requirements * Import from:
: « Word / Excel
-\ [ moort External Requirements - IBM® Rational® DOORS®
m— P v crs_req * ReqlF™ standard
— vE& Importl References to crs_req.docx
— &1 Overview . '
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Respond to Change — Impact Analysis

Original Requirement

3.2.4  BMS Current Limit Calculation: Charge Current Limit

Calculate the charge current limit following:
ChargeCurrentLimit = min((4.500 - MaxCellVolt)/0.01,0);

Updated Requirement

3.2.4 BMS Current Limit Calculation: Charge Current Limit

Calculate the charge current limit following:
ChargeCurrentLimit = max((4.500 - MaxCellVolt)/0.01,0);

MATLAB EXPO 2019

&\ MathWorks

57
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Respond to Change — Impact Analysis

Original Requirement
3.2.4

BMS Current Limit Calculation: Charge Current Limit

Calculate the charge current limit following:
ChargeCurrentLimit = min((4.500 - MaxCellVolt)/0.01,0);

Updated Requirement
3.2.4

Implemented by
BMS Current Limit Calculation: Charge Current Limit

E

I 1 MaxCellVolt ChargeCurrentLimit

Calculate the charge current limit following:
ChargeCurrentLimit = max((4.500 - MaxCellVolt)/0.01,0);

ChargeCurrentLimit_Calculation

|| Fault_Temp1
Verified by

|| Fault_Temp2

[=] Charge Current Limit

Issue: Destination Changed.
MATLAB EXPO 2019
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Model Based Design Verification Workflow

Managing Requirements
Isolate and test components
Perform simulation

Manage and organize tests
Measure model coverage

Generate tests for missing coverage

Component and system

testng ~ / ___
——"___
" _— oy
’f §~
~

\

v \

\

Textual » Executable
Requirements Specification

MATLAB EXPO 2019

Model used for
production code
generation

4\ MathWorks
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Why we didn’t achieve full model coverage?

A Missing tests

|

B. Missing requirements
c. Design errors

MATLAB EXPO 2019

4\ MathWorks

60



Model Based Design Verification Workflow

Managing Requirements
Isolate and test components
Perform simulation

Manage and organize tests
Measure model coverage

Generate tests for missing coverage

Component and system

testng ~ / ___
——"___
" _— oy
’f §~
~

\

v \

\

Textual » Executable
Requirements Specification

MATLAB EXPO 2019

Model used for
production code
generation
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Addressing Missing Coverage

Partial Coverage
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Addressing Missing Coverage

Time (s.ec]

uuuuuuuuu

Test Cases

MATLAB EXPO 2019

Simulink Design Verifier

Partial Coverage
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Addressing Missing Coverage

New Test Cases

Partial Coverage
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Addressing Missing Coverage

Full Coverage

New Test Cases
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Test Cases
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Why we didn’t achieve full model coverage?

A.  Missing tests
B. Missing requirements

'c. Design errors

|

MATLAB EXPO 2019

4\ MathWorks
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Detecting Hidden Run-Time Design Errors

EI—»X
raw debounced
(1}

debounce

Design Model

MATLAB EXPO 2019

Statically, without simulations
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Eﬂx
Design error detection in L out ]

raw III debounced
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Integer overflow Highlighted Model
Division by zero

Array out-of-bounds

Range violations

Dead Logic
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Model Based Design Verification Workflow

MATLAB EXPO 2019

Model used for
production code

Generated
C/C++ code

generation

Code
Generation

4\ MathWorks
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Model Based Design Verification Workflow

Perform SIL Testing
Measure code coverage

MATLAB EXPO 2019

Equivalence
checking

ol RN

¥ \

Model used for
production code
generation

Generated
C/C++ code

4\ MathWorks
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Software In the Loop (SIL) Testing

Model

Embedded
Coder

W Test
Vectors

4\ MathWorks

Desktop Simulation
(on PC)
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m Results

4 Obiject File

Object Code

{ Execution (on PC)
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4 Generated @~ Compiler
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Test Case Templates

Simulation Test

Input Chufput
e [rg o

Asgessment
Criteria

4\ MathWorks
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Test Case Templates
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Input

D File

Simulation Test

i

Chuput “ Assessment
- " Criteria

Baseline Test

i

Cutput
Em—

Expected
Outputs

f Assessment
Critana

—

4\ MathWorks

73



MIL vs SIL

MATLAB EXPO 2019

MIL

SIL

Test Case Templates
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Model Based Design Verification Workflow

Perform SIL Testing
Measure code coverage

MATLAB EXPO 2019

Equivalence
checking

ol RN

¥ \

Model used for
production code
generation

Generated
C/C++ code
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Static Code Analysis

MATLAB EXPO 2019

Verify code with Polyspace

/ Static Code Analysis

At

'3 Other code
Generated
C/C++ code

4\ MathWorks
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Polyspace Tools

MATLAB EXPO 2019




Battery Management System (BMS)
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Battery Management System (BMS)
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SW Module Design
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BMS Integration Testing
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Model Based Design Verification Workflow

(

‘ Model Advisor (Simulink Check)

-y Design Error Detection (Simulink Design Verifier

Traceability report (Embedded Coder)
‘ Traceability matrix generation (IEC Certification Kit)

Model verification (Simulink Test)
‘ Model coverage (Simulink Coverage)
—aa— Requirements Management Interface (Simulink Requirements)

MATLAB EXPO 2019
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Battery Management System (BMS)
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Real-time Simulation and Testing
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HIL Testing — Speedgoat Solution

MATLAB EXPO 2019
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