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Model:
DC Motor
R = Resistance
Motor L = Inductance
— Servoamplifier J = Inertia
B = Friction

K = Back EMF Constant

Problem: Simulation results
do not match measured data
because model parameters are incorrect

Solution: Use Simulink Design Optimization
to automatically tune model parameters
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Back EMF Test Number of Pole Pairs (p)
Flux Linkage Constant (A)
Torque Constant (K,

Friction Test Viscous Damping Coefficient (b)
Coulomb Friction (J,)

Coast Down Test Rotor Inertia (J)

DC Voltage Step Test Resistance (R)
Inductance (L)

Calculation

Curve fitting

Curve fitting

Parameter estimation

&\ MathWorks

https://www.mathworks.com/company/newsletters/articles/creating-a-high-fidelity-model-of-an-electric-

motor-for-control-system-design-and-verification.html
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File Edit
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elec_im|

View Display Diagram Simulation Analysis Code Tools Help
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port_fem_maxwell

S B8] 18R R Ay

v |0.01 Normal

Y Y 451

& @elecﬁimportﬁfemfmaxwe\l »
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&

3

a + VA
R R
b + vB
Dynamometer v [vA;vB;vC]
flx)=0 p c
@ C +vC
4

FEM-Parameterized

PMSM -
vAB

Import IPMSM Flux Linkage Data from ANSYS Maxwell

1. Motor data: From ANSYS Maxwell, MATLAB script, Compare

3. Plot voltages in motor windings (see code)
4. Explore simulation results using sscexplore
5. Learn more about this example

TTScope
File Tools View Simulation Help
Q- BOP® - Q- FJ-

[vA:vB;vC]

A

MIHII*
! 1

0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009

Sample based [ T=0.010

Demo:

elec_import_fem_maxwell
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JESIGN OPTIMIZATION

Design Variables Set:

Uncertain Variables Set: Haone =

WARIABLES REQUIREMENTS PLOTS OPTIMIZATION CLOSE a

sdoF14
RESPONSE OPTIMIZATION

3

Optimize Close

e DesignVars = / Select E. Plot Current Response

@ Options
/ Einew = | [ lAddPiot =

Data Browser 0= (O]
Search workspace w2 7

» MATLAB Workspace

sdoF14/Alpha Resp.. *| sdoF14/Pilot G Resp... * | sdoF14/Pitch Rate L.. * | DesignVar:}

* SIMULINK Workspac...
Name Value

HHKa 06770

B kf -1.7460

HH ki -3.8640 ~
4 I 2

* Design Optimization...

Name Valu
© DesignVars <4x1

4 (1L} 4

* Variable Preview

DesignVars(1l,1) = i

Hame: "Ka'
Value: 0.8781
Minimum: 0
Maximum: Inf -

sdoFl4/Alpha Response O x || sdoFl4/Pilot G Response o x
Alpha Pilot G
Dar__w Update block [ == 100 R.esponse Update block
=
] . 9
Ddr---- 3 0
5 I
. (T
02-- = -100 L
: 7 !
: =
0- o OOk NN
| =
. = .
] N S o 180 i h
0 2 4 B 3 10 12 10'2 1DD 102
sdoF14/Pitch Rate Loop O x  DesignVars
Pitch Rate Design'ars
Loop e B :
& 100 . Update block
=8
i)
5 0
5 s
= 100 £
= U z
i) .
= :
o -S90 :
oy .
o N
T 180 i :
10* 1’ 10° Iteration
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HOST COMPUTER TARGET COMPUTER HARDWARE UNDER TEST

Design and model in Run your Simulink model in Interactively conirol plant,
Simulink. real-time with xPC Target. ECU, sensors, and actuators.

|| A

Host-Target link I/O Interfaces

i

1) Control System Overview

Manifold pressure
Throttle position
Coolant Temp
Wiring Etc...

-— < Sensors

Engine
Control
Unit

NG 4 A\ B 3
'*'”‘jy'*
— Actuators
Wiring Injectors
Ignition coils

Cooling fan
Etc...

Controller
Tuning
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Simulink Requirements

#31: Increment mode

gﬁ '_'% /MPLEMENTS

Summary: |Cancel Switch Detection opMode.Increment )
Description  Rationale

Gwl® z u W

.t »

If the Cancel switch is pressed, the value of —
regDrv should be set to reqMode. Cancel. EE E;R

Dashboard image

4\ MathWorks

R2017b

B

Issue: Destination Changed.

Stored: Revision: 15
Actual: Revision: 18

Clear Issue
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M Requirements Editor

File Edit Display Analysis Report Help

G| Ol (S

View: Requirements ~ [Search
Index Summary

R

= X

To create a new requirement set to store requirements, click New
Requirement Set '%. Save the requirement set to assign a name.

To add a requirement to a requirement set, select the requirement set
and click Add Requirement L. In the Properties pane, enter details for
the requirement.

To add a child requirement, right-click a requirement and select Add
Child Requirement.

To link a requirement to a block in your model, select the block, then
right-click the requirement and select Link from "object name" (object
type). A link appears in the Links pane.

For information on linking using the Requirements Perspective, see
Getting Started in the documentation.

To view a list of links, select Links from the View dropdown list in the
toolstrip.

Change the source - destination relationship by selecting a link, and
choosing a Type from the dropdown list in the Properties pane.

4\ MathWorks
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Microsoft Word

=3 - - FUNCTIONAL-REQUIREMENTSY]

"3.1 - ENABLING-CRUISE-CONTROLY|
Cruise-control-is-enabled-when-the-following-conditions-are-met:1|

Vehicle-speed-is-within-the-target-speed-range-(40km/h—100km/h).1

* - Key-position-is-ON.q

* - Gear-position-is-Drive.

. - Cruise-button‘is-pushed-while-the-cruise‘contro\‘mode-is-disabled.ﬂ:[
Dashboard-image"

.
3.2 - DISABLING-CRUISE-CONTROLY|
Cruise-controlis-disabled-when-one-or-more-of the-following-are-met:q

* - Key-position-is:set-to-any-other-position-than-ON.9

* - Whenthe-wvehicleis-started.-Cruise-button-is-pushed-while-the-cruise-control-

enabled-or-activated.
* - Gear-position-is-not-Drived

Dashboard-image

Simulink Requirements Editor

4\ MathWorks

Req[F

~

(&4 Requirements Editor
File Edit Display

O E ("]

Help

View: Requirements -

Index D
M crs_req
via1 crs_req
211 1 Overview
v21.2 2 System overview

v21.2.1 2.1 System inputs
21.2.1.1 2.1.1 Cruise control buttons
21.2.1.2 2.1.2 Other inputs
11.2.2 2.2 Cruise control mode indi...
21.2.3 2.3 Cruise control modes
v21.3 3 Functional Requirements
@131 3.1 Enabling cruise control
21.3.2 3.2 Disabling cruise control
2133 3.3 Activating cruise control
11.34 3.4 Deactivating cruise control
2135 3.5 Target Speed Increment
21.3.6 3.6 Target speed decrement
11.3.7 3.7 Successive Target Speed..
21.3.8 3.8 Successive Target Speed..
21.3.9 3.9 Adjusting Target Speed ...
21.3.10  3.10 Resuming cruise control
21.3.11  3.11 Throttle value calculation
21.3.12  3.12 Cruise Control SET Indi...
21.4 4 Interface specification

Search

Summary

References to crs_req.docx

Overview This document describes a re¢
System overview

System inputs

Cruise control buttons Five buttons are
Other inputs Current vehicle speed Thi
Cruise control mode indicator Two indi
Cruise control modes There are three 1
Functional Requirements

Enabling cruise control Cruise control i

Disabling cruise control Cruise control |.

Activating cruise control Cruise control
Deactivating cruise control Cruise cont
Target Speed Increment While the cru
Target speed decrement While the cru
Successive Target Speed Increment W
Successive Target Speed Decrement W
Adjusting Target Speed with Accelerats
Resuming cruise control Cruise control
Throttle value calculation The cruise cc
Cruise Control SET Indicator Light Crui
Interface specification

~Properties
Index: 1.3.1
Custom ID: 3.1 Enabling cruise control

Summary: Enabling cruise control Cruise control is enabled when the following conditi...

Description Rationale

3.1 Enabling cruise control

Cruise control is enabled when the following conditions are met:

. Vehicle speed is within the target speed range (40km/h — 100km/h).
. Key position is ON.

. Gear position is Drive.

. Cruisl button is pushed while the cruise control mode is disabled.

Dashboard image

Keywords:
» Revision information:

» Links

4

Show in document

Show in document
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’i crs_controller - Simulink
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File Edit View Display Diagram Simulation Analysis Code Tools Help
B-=-8 <« BEo-B-@d®P = Y- [oo | [ma @~ -
crs_controller
® crsfoonimller 3 -
E3
=t
@—b enbl
([ enbl
@—P cncl
cncl
@—D set
set reqDrv @
@—P resume reqDrv
resume
@—b inc
inc
®—P dec
dec »{ reqDrv
DriverSwRequest
@ " (- status rgﬁ
brakeP
vehSp mode
@ ke
mode » mode
key targetSp 4@
@ P gear targetSp
gear vehSp
CruiseControlMode ’—’
throtcC —»(5 )
Qo > et throlCC
throtDrv
TargetSpeedThrottle
(i
-]
» ||
Ready

h 4«
Fixedste [rete
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REQ 3.1 ENABLING CRUISE CONTROL
Cruise control is enabled

........

4\ MathWorks
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REQ 3.1 ENABLING CRUISE CONTROL
Cruise control is enabled

Derives

ENABLE SWITCH DETECTION
If the Enable switch is
pressed ......

4\ MathWorks
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REQ 3.1 ENABLING CRUISE CONTROL
Cruise control is enabled

........

Derives
ENABLE SWITCH DETECTION
If the Enable switch is
pressed ......
Implemented
By

reqMode.Cruise =

4\ MathWorks
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E*‘-'"“* Derives
REQ 3.1 ENABLING CRUISE CONTROL ENABLE SWITCH DETECTION
Cruise control is enabled If the Enable switch is <
pressed ......
e Im plemented Verified

reqMode.Cruise = — -

» [=] MNoise redud
» [=] MNoise redud
~ [ Green pixel de

» [=] Green pixce

Untested T

Test Case :

: ck 3 = >
Ep——— Mew Open Save Delet R Stop
- - - [ Paste = -
ILE | ED | RUN
Test Brow
Zy Fall T
= (=
&n’ . :
bl N
en ~ (=1 BallDetectionTed
~ [ Moise reducti-;;
g} Poss Fo00000000 4
1
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Requirements - crs_controller F X
View: |Requirements ¥ | | %zl i = 3 & m c Search
S
W |h| crs_req_func_spec* i —
I'E'I 1 #1 Driver Switch Reguest Handling
wilE 2 #19 Cruise Control Mode
= 241 #20 Disable Cruise Control system
= 2.2 #29 Operation mode determination

Fea dI ‘ " diaﬁnnstics

Implementation Status

- Implemented
Justified

Missing

Verification Status

B Passed
B Failed

No Result
Missing

4\ MathWorks
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Implements ™

Original Requirement

_-El

4\ MathWorks

A .
If the switch is pressed and the counter reaches 50 —» bo‘éntert(lé'gt8)
then it shall be recognized as a long press of the  tch. ount.

counter
Updated Requirement
If the switch is pressed and the counter reaches 75 = 4_| |mp|EmentEd hy
then it shall be recognized as a long press of the switch.
L} counter

Issue: Destination Changed. |
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Requirements

Review and
static analysis
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PAGEEEN
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=
=

RE#?

Simulink Models

Executable
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Model used for
production code

generation

o 020y R SSe

Generated code
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@ Model Advisor - sldemo_fuelsys

File Edit Run Settings Highlighting Help
%P @S ® And e

> [®] g Model Referencing
» [ G Modeling Physical Systems
> [W) G§ Modeling Signals and Parameters using Buses
» [J i Modeling Single-Precision Systems
» [[] & Modeling Standards for DO-178C/D0-331
» [m] g Modeling Standards for EN 50128
v [W] g Modeling Standards for IEC 61508
[]2) ~Display configuration management data
G Display model metrics and complexity report
[] @ Check for unconnected objects
v [m] G High-Integrity Systems
~ (W] E& Simulink
@ Check usage of lookup table blocks
[] & Check for inconsistent vector indexing methods
[] &y Check for blocks not recommended for C/C++ production code deployment
@ Check for variant blocks with 'Generate preprocessor conditionals’ active
[ €@ Check for root Inports with missing properties
2] ~Check usage of Math Operations blocks
[[]12) ~Check usage of Signal Routing blocks
1] ~Check usage of Logic and Bit Operations blocks
12 ~Check usage of Ports and Subsystems blocks
[[]2] ~Check for root Inports with missing range definitions
1) ~Check for root Outports with missing range definitions
(8] C§ Stateflow
[ Cal MATLAB
[~] E& configuration
] & Naming
[ E& Requirements
[ C& Code

Model Advisor Analysis

= B L5

Check for blocks not
Analysis
Identify blocks not supported by code generation or not recommended for C/C++ production code
deployment.

Run This Check

for C/C++ production code

Result: A\ Warning

Identify blocks not supported by code generation or not recommended for C/C++ ~

production code deployment.

The following blocks are not supported or not recommended for C/C++ production code
deployment:

Block Code Recommendation for C/C++
generation production code deployment
support

_/Intake Manifold/p0  Integrator YesL. No
=0.589 bar

sldemo_fuclsys/Throttle Repeating  Yes® No
LCommand table

Recommended Action

Although Embedded Coder supports these blocks, they are not recommended for C/C++
production code deployment. Review the support notes for these blocks and follow the
given advice,

* Help Apply

4\ MathWorks

Check for:

Simulink Models

Requirements '»

Executable
Specification

I-u»

generation

Model used for
production code

Readability and Semantics
Performance and Efficiency
Clones

And more......

" Timesty
Hrn Springgf'-"‘;’«s’%hz er sy

2 402d %naan
Shbst aQ"
I ghbst‘;—(&t{‘_ B 17? )

substr(sy, g %

Generated code
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@ Model Advisor - sidemo_fuelsys

File Edit Run Settings Highlighting Help @ Web Browser - Model Advisor Report for ‘sidemo_fuelsys’

= =] X
TP S ® A B M Ao Rt for s ey~ % [ soag -
S ® S A Location: files//C/D i X t 385 html v
Check for blocks not for C/C++ production code a
> E“ﬁ Model Referencing o Arclysis Filter checks Model Advisor Report - sidemo_fuelsys.six
> [W] (@ Modeling Physical Systems . 5
> [m] &g Modeling Signals and Parameters using Buses Identify blocks not supported by code generation or not recommended for C/C++ production code v @ Passed Slmulln.k verslon 9.1 _ Model verslon..1.7.49
> [] & Modeling Single-Precision Systems deployment. @ ©Faiod System: sldemo_fuelsys Current run: 11-Mar-2018 13:31:16
» [J &2 Modeling Standards for DO-178C/D0O-331 Treat as Referenced Model: off
> [® (@ Modeling Standards for EN 50128 Run This Check ¥ A Waming
v [W] (g Modeling Standards for IEC 61508 § ¥ [INotRun Run Summary
[J 2] ~Display configuration management data Result: A\ Waming

e Display model metrics and complexity report

Identify blocks not supported by code generation or not recommended for C/C++ & PaosZos Fa°"0 w;';:’;g Not fg‘;" ;:’:‘"'
7] @ Check for unconnected objects production code deployment. [Kaywords d
v [m] G High-Integrity Systems
~ (W] E& Simulink Warning Navigation =
@ Check usage of lookup table blocks The following blocks are not supported or not recommended for C/C++ production code = By Task
i\ Check for inconsistent vector indexing methoeds deployment: By Task A
4\ Check for blocks not recommended for C/C++ production code deployment 1 Code Generation ;00 &
Check for variant blocks with 'Generate preprocessor conditionals’ active H T 5 1 Efficiency = 1 Code Generation Efficiency 3 @0 &3 L3
@ Check for root Inports with missing properties i Block Recommendation for C/C| |} Y

[]5) ~Check usage of Math Operations blocks
[[]12) ~Check usage of Signal Routing blocks

production code deploymd ||| N Data Transfer Efficiency

Frequency. esponse A\ Check optimization settings

[ 21 ACheck usage of Logic and Bit Operations blocks ./Intake Manifold/p0  Integrator  YesL, 2 No Estimation

12 ~Check usage of Ports and Subsystems blocks: =10.589 bar 4 Managing Data Store Check for optimizations that can lead to non-optimal code generation and simulation.

(L] ~Check for root Inperts with missing range definitions sldemo_fuelsys/Throttle Repeating  Yes? No Memory Blocks Warning *
. @ E ;a:;gzick for root Outports with missing range definitions Command table 5 Managing Library Links
> FliaMAnA e, 2 [Parameter __________|CurrentValue |Recommended Values
) B Crngurtion Recommended Action ‘ - Use bitsets for storing state configuration (StateBitsets) off on
> [ €@ Requirements Althuug_h Embedded Coder supports these blocks, they are not recommended for C/C++ Use bitsets for storing Boolean data (DataBitsets. off on
> €@ code production code deployment. Review the support notes for these blocks and follow the

== given advice.

Model Advisor Analysis N L

Model Advisor Reports  fremsenpsnas

Simulink Models

Model used for S
production code C/C R,

H ubstr($t &2
generation el T

: Executable
Requirements

Specification

Generated code
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Code Recommendation for C/C++
generation production code deployment 0.41328
support

..../Intake Manifold/p0  Integrator Yesl.2 RT/Nm
— 0.589 bar p0 = 0.589 bar
sldemo_fuelsvs/Throttle Repeating Yes3 No (rad/s)
Command table @
N (rad/sec)

Simulink Models

Model used for
Requirements Executable il » roduction code
. Specification P :
generation

tim
o spr1nt$t"‘;/‘°g1z% S8

CHvig™ty,

Generated code

‘ MathWorks:
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Recommended Action

e B E N B EEL

Although Embedded Coder supports these blocks, they are not recommended for C/C+
production code deployment. Review the support notes for these blocks and follow the

given advice.

Simulink Models

Requirements '»

Specification

Model used for

Executable I- 11 » production code

generation

ona %024 "“le\“

Generated code
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"""” SDr ntgf’“ %Sl) \ o — s -
C/C:+=Eb“ Y S
STtrisy, 3 s
substr(st, g, E 3
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DO-178/D0O-331

MISRA C:2012

* 1SO 26262 .
« |IEC 61508 .
 IEC 62304 .
« EN 50128
Simulink Models
Executable Model used for

Requirements

Specification

production code

generation

4\ MathWorks

CERT C, CWE, ISO/IEC TS 17961
MAAB (MathWorks Automotive Advisory Board)

JMAAB (Japan MATLAB Automotive Advisory Board)

Generated code
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41 Simulink Design Verifier Rest(d). Simulink Design Verifier Results

S

Back to summary - Close
antipatternla/Sum
Overflow VALID

Derived Ranges:
Outport  [-128..127]

>N

Back to summary - Close results
antipatternla/Abs

Overflow ERROR - View test case

Derived Ranges:
Outport 1/[-128..127]

Requirements

AW
\ I
I L — J
In1

o intd ful intd
Abs

| ouble Relationa
threshold Operator

Constant

«= | boolean ) @

« Find run-time design errors:

* Integer overflow

« Dead Logic
 Division by zero
 Array out-of-bounds
« Range violations

4\ MathWorks

= Generate counter example to reproduce

error

Executable
Specification

Simulink Models

Model used for
production code
generation

OO 02 TS
n "‘Q tamp_m

gﬂOZd g2
02
C/C+ Str éd‘ %‘?61\

\YQ

SUBSTr(sy, v 7;})

Generated code
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ﬂEEH 'H'/rE':ﬁE;k

S - Prove design properties using formal
speed | requirement models
gear
throttle -
shift_logie = Model functional and safety requirements
T P|gear = (Generates counter example for analysis and
Ppoed * debuggin
Safety Properties gg g
Simulink Models
Executable Model used for e
Requirements Secticaiion production code C/Cil(-%“ ("*‘sl
generation 8

Generated code
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Rework

[ Static

Analysis

|

L)

Requirements

Simulink Models

Executable

Specification

Model used for
production code

generation

v

W*a\mzd.;‘,‘; Plodec

n mestamp_mys 12 Sy
L2 ‘"tf("%o%d.%zg‘%&..

C/CH+a#ny

Str(st_ a', )

substr(sy, g A\

Generated code
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Requirements

I & F HRGIE

 Highlight violations as you edit

 Fix issues earlier

|

Edit-Timﬂ  Avoid rework

Checking

\ & |

Simulink Models

Executable
Specification

Model used for
production code

generation

~ =
PORA-%020- 'X&\‘:(‘Q?-\ m\\“-
o )

$is g202(!! xozd‘

C/C+=E‘G ke ‘z X

Generated code
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| RN | A /_\ . E
ISP E S o)
- B- e gOP » FHrl ] om 5@ | -
L impeller torque
Ti
Ne P Ne R =
g =3 §ig? ol
[ ] P gear
Engine " "
engine RPM| | — output torque
—» transmission
Brake
gear transmission speed
“hrottie - >
) shifflogic e
speed
’ O

vehicle mph
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METRICS DASHBOARD

HevMmReference...

Created by: The MathWorks, Inc Revision: 1.395
Collected on: 7/28/2017,10:52:33 AM 1 Warnings
m

MODELING GUIDELINE COMPLIANCE

47.2% ‘ 70.5% 1

High Integrity MAAB
3168
1165
High Integrity MAAB

Model Advisor Check Issues

0 0

Code Analyzer Diagnostic
Warnings Warnings

il

2 1K 16 Models
Blocks 16 Files
E |
ARCHITECTURE

Library Reuse

Model Complexity .
Blocks ..Ql
Stateflow LOC .

MATLAB LOC

‘‘‘‘‘
::::

0 MATLAB LOC

18 stateflow LOC

0

— 227 [—»

System Interface

4\ MathWorks

Consolidated view of
metrics

 Size

« Compliance

« Complexity

Identify where problem
areas may be
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FEFRP AR AT AR 4K R2018a

= Visualize Standards
Model Advisor standards check compliance for MAAB C h e C k C O m p I | an Ce

Metric that counts the percentage of checks that passed for the MAAB Model Advisor standards check grouping.

( Open results in Model Advisor |

Checks — Find Issues

SESESESESESEEEEEENEEEEEEEEEEEEEEESEEESESESESESESESEESESEEEEEEE — Identify patterns
T T e T e e T P e e L P P TP 1]
SESSEESEISEESEISEESEENEESEENEENEEE

— See hot spots

Legend:

B Red: Fail

|| Orange: Warning
~ Green: Pass
. Gray: Notrun

Components
1ttt JJ7J7J7J7J7J7J J7 71707 J 1 J 7 7 J 1 J]]]
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" 2 \ Simulink Models
Model used for R e
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A ieThaein

/

Test Case | _
'i Test Harness: basic_inport_outport - Simulink . - - e b‘m
I n p u tS File Edit View Display Diagram Simulation Analysis Code Tools Help AS S eS S m en tS
X | BEe-E-rwg® o iy ow Normal *) @ vlEm v
X | basic_inport_outport |
— E [*al basic_inport_outport ¥ -
@ i
— = (mmsssmEmEnnnn ——
MAT file (input) : MAT file (baseline)
Group 1 - I g %T’H—’Cg;:a? v function customCriteria
T Signal 1 throttle S E ‘ » Perform custom criteria
| C i LA 1 test.verifyThat(test. 51|
Signal Builder ! MATLAB Unit Test
i » || Test Harness
1 1
2 v. Inpat l
3 &)
Test Sequence e — Test Assessment
and more! : ‘ Y and more!
e <
~JR2017b | | . R2017b |
- Bk transmissior eed o
—1 =
1 A~
—— o T e 4l
. : Main Mode ———
Excel file (input) f : 9 Excel file (baseline)
o v o

- /

62



B M ANIAEE R

4\ Test Manager

':D:' ™ g 4 cut @ D a
By Copy

Delte  Run  Siop

[Fraste =

FILE ‘ EDIT ‘ RUN

QTR g Results and Artifacts

New Opsn Save

= KA Al

AL import
Report Visualize Highlight i Export Help
~  inbodel — -
RESULTS |RE50URCES

[l StartPage x| [5] Slow Accel  x

4
| 4 [5] ComponentTesting
» [7] General Performance Test
4 [ Functional and Regression tests
a [ Signal Builder Baseline examples
[ Stow Accel
[5) FastAccel
[5) Decel
» [T] ExcelDrivenExamples

» [ Software-in-the-loop Testing

Slow Accel

ComponentTesting > Functional and Regression tests > Signal Builder Baseline examples > Slow A

Baseline Test

» DESCRIPTION

» REQUIREMENTS

» SYSTEM UNDER TEST

PARAMETER OVERRIDES

» CALLBACKS

4\ MathWorks

4\ Test Manager
VISUALIZE FORMAT
@ Q | L B
Clearpiot | G, EB[TF) Datacursors Highight  Send to Figure
= = n Model
EDIT |ZOD|‘& PAN| MEASURE & TRACE | SHARE

[if\ startPage  x  [5] SlowAccel x| [ Comparison
|| 4 & systemTesting » INPUTS | )
—
L » [ ExampleBaselineTesting » QUTPUTS = HRINE CRIEE 1T
fourth
» CONFIGURATION SETTINGS OVERRIDES
4 Results : 2015-Jan-12 17:35:31
I ~ BASELINE CRITERIA
L 4 [T Signal Builder Baseline examples
third
» | SlowAcelbaselineCheckpaintl.mat 0 » 2 Slow Accl L
l 4 [5| Fast Accel a
. A s=cond
| Baseline Criteria Result L] l
i | (@) gear o i
! ALUE () thrattle —— -] It
Name Slow Accel z
B (") wehicle speed -_— 0
Type Baseline Test
Location CaUsersimoneilDeskto. 4 Sim Output (sf_car : normal) Nene
Enabled I v [Z Decel (] ] z 4 [ ] 10 12 14 16 18 20 22 24 28 28 20
Hierarchy ComponentTesting = Fu... X
Model i === Tglerance = Difference
Simulation Mode [Model Settings] 1.0
Harness Name SigBdriven I
0.8 1 1
=
Name 013 I I
Status
0.4 1 1
Absolute Tolerance 0
Relative Tolerance 0.00 %
Block Path SigBdriven/shift_logic Bz | |
al
(] 2 4 - ] 10 12 14 16 18 20 22 24 26 28 30
== —
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Simulink

 ldentify testing gaps

* Missing requirements

enagine 0000 i L immnallae
________________________________________ ~
up Stateflow
—1— | B ] L] L]
— F— . Functionali
o 4 I
DOWN DOWN @ Wb | -
o G€NeErated Code | goan
L L % 2 " Location: :/slcov_output/shvnvdemo_counter/slvnvdemo_counter_slvny
et : Y A P .
T e p— * Design Errors
43 GElower = (rth_input >= slvnvdemo_counter U.lower)
—21 1 |Transition "UP" from "third = © et i oo
J 3
UP was never true. s
Decisions analyzed: Summarv
i S s 5 25 ) T TS Coverage Reports
[speed < up_th] false 51/51 Model Hierarchy/Complexity Testl
, Relational Saturation on
true 0/51 Decision Condition MCDC Execution = 3 integer
Boundary
N overflow
1. sldemo_fuelsys 80 34% wm 34% wm 7% = 90% w—— 10% w 50% w—
Conditions analyzed:
2....Engine Gas Dynamics 13 71% wessmes NA NA 100% v 50%: w— 30%  m—
Description: True | False Hocaran Mixing & Combustion 3 67% NA NA 100% we—— N2 50% m—
slvnvdemo_counter_U.upper >= rtb_input | 5l 0 [ EGO Sensor 2 100% w——— NA NA NA NA NA
#4b fuputcPiowas 51 0 . S SvstemLag NA NA NA 100% we————— NA NA
0 Throttle & Manifold 10 73% wes—m— NA NA 100% wee—— 50°%: — 50%  m—
oo Intake Manifold 2 100% wee—— N NA 100% = NA 50%  w—
MC/DC analysis (combinations in parentheses did not occur) ) TR
""""""" s 2 100% m— NA NA NA NA NA
decision outcomes: True. Saine Funcuon
AAAAAAAAAA — NA 100% m—— 50%
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Test Objective NN _
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2
{0,1} 2 " True . - N NI LY \
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raw debounced === | — R
debounce 1 _ ) /ﬁ E*H /:E/_.K1£|:
Masked Objective
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REQUIREMENTS

RESEARCH
MATLAB Algorithms (Word, DOORS, etc)

p 24 v
DESIGN
S T Am.—-ﬂﬂ S =
o e s A
I - +
1
1 =
) (=
A8
4 \ /
IMPLEMENTATION
C, C++ VHDL, Verilog
MCU DSP FPGA ASIC

Model
Verification

Code
Verification

4\ MathWorks
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PMSM Motor
Simulink Host
Computer
Power
Electronics

Real-Time Target Computer
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Model
Verification

Code
Verification

System
Verification
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Hand

Embedded Software Project Pseudo-Code

main()

{
adclinit();

encoderlnit();
pwminit();

controllerinit();

while(1) {
}

interruptServiceRountine()

{

readAdcCountFromDriver();
readEncoderCountFromDriver();

controller();

writePwmCountToDriver();

70
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