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Traditional Development Process

o .
o e Manual steps introduce errors and slow down the development
= e RESEARCH REQUIREMENTS process
k,_ﬁidru _'—’P: b = ~ -

5!) & (¢ — |

“* i ening SPECIFICATIONS Requirement Documents

lo «—“—“—‘Fﬁ F*,LE 2. * Difficult to analyze
T - T * Difficult to manage as they change
‘ Paper Specifications

Easy to misinterpret

DESIGN » Difficult to integrate with design

Algorithm MCAD/ )
Design MCAE Physical Prototypes _
* Incomplete and expensive
Embeddable Mechanical * Prevents rapid iteration
A|g0rlthms Components . NO System_level testlng

Manual Coding

* Time consuming
IMPLEMENTATION

«Communs st SRS,
- ADS
- W /XA D00
- Roio O PoMg

Fur el bs Electrical
Components

* Introduces defects and variance
* Difficult to reuse

C/C++

Traditional Testing

* Design and integration issues found late

* Difficult to feed insights back into design
process

* Traceability

Embedded
Software

INTEGRATION AND TEST




Traditional vs. Model-Based Approach

Paris, 19 July 1996

ARIANE 5

Flight 501 Failure

Report by the Inquiry Board

Overflow error
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What is Model-Based Design?

Systematic use of models throughout the development process

4 . ) ( . )
Modeling Automation
Simulation +
g , \ ,
Try out new ideas Eliminate manual steps
Fast repeatable tests and human error
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Why Model-Based Design?

v

o

o

(- R A n L A £ N £ Ry (c )
System System .
System ¥ : Subsystem Subsystem y s Operations and
Requirements FUICERIS iy S Design Implementation FRSHmion Sustainment
Architecture and Test
Use cases Behavior models Physics-based Automatic codegen Model-based V&V Predictive
+ C/IC++ maintenance
Requirement docs Architecture models Data-driven R Code-based V&V
VHDL/Verilog Digital Twins
and models * GPU code Certification
Hand-code support WO
— & ‘\ Co+ tm_l nu e Automated Software Generation ° )
-“Z= JO —rE— S N\ = O . ]
Creay [ —ENl | [ eoass g | (OB 5 e
m Req i ssuinac B9 = = °.J L.g '

1 __ 1 1 J

Digital Thread
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Model-Based Desigh with MathWorks Tools

b

Stakeholder ;
NEEDS Mg&";g‘,ﬂN&CE Simulink Real- Speedgoat NVIDIA
T[E““T_‘!!E‘J:Ej S g o
Simulink System = e e ne e | i_';._ . i
- Simulink System —_ Aniasl } Raspberrv Pi
Requirements REQUIREMENTS VERIFICATION | = HDL Verifier” STM32 P y

= - u \
; Sompassy - :ARCﬁf'I?ItE?':'URE Components uéﬁﬁ:ﬁgﬁgn -Simulink Test TR ARDUINO A
EEEEEEEEED -
—_— C2000 o
= Sltchow Component C t 4 = - - ]
i omponen - =y, ) [ - -
DESIGN VERIFICATION o & X]JLINX ZYNQ. >
—'_l Component Embedded —ian® ™
. IMPLEMENTATION der,
IGENF +100 Toolboxes and Blocksets included in
Academics Campus-Wide License
Simscape
4 https:// th k /hard t/h html EI E—:
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Data-Driven Versus Physics-Based Modeling

Data-driven Physics-based
Data sources Mathematical paradigms
— Experimental data — ODEs & DAEs
— External tool (complexity- — State charts
reduction exercise) — Physical networks
Complex behaviour with many - Behaviour is adequately
unknowns approximated by limited set of
Examples equations
— Combustion engine « Examples
— Aerodynamics — Algorithms/control
l — Gears & clutches

* Machine Learning Algorithms .

e System Identification
* Reduced Order Model (ROM)
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MathWorks Products Overview - Simulink

"s  SIMULINK

Pﬁﬂimulink Library Browser EI@

File Edit VYiew Help

* Block-diagram environment(.slx) Bl T3 » Entersearchterm - M S

° Model’ SimUIate, and analyze mU|ti'd0main SyStemS Liil:lfn=_-.5,5imu"rIk - Library: Simulink/Commonly Used Blocks | Search Results: (no ;
- . o WU d Block 1 n rator b 1\ Logical

* Design, implement, and test: Contmons L= e {*°F operater

m

- Dizcontinuities

e Cont ro' systems Discrete :} ML Ot

- Logic and Bit Operations

* Signal processing systems Lookp Tables Tl rosa {=] e
. . - Wa peratuons Erator
i Communlcat|ons SyStemS - Model Verification
. - ModelWide Utilties b f b Saturaticn » (I Scope
¢ Other dynamic systems -~ Ports & Subsystems =

- Signal Attributes

- e 2 ; Subsystem Sum
* Platform for Model-Based Design e o \" 5

- SOUTCes

* Open architecture with links to third-party tools and ~UserDefined Functions || Fa ] O = e I
. . +|- Additinnal Math & Discrete
development boards, and instrumentation Showing: Simuink/Commonly Used Blocks
¢ R /2]
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Simulink

PLOTS

J\}

—

Import Clean

1[G Find Files

Open =] compare
-

Uz, Variable v

g Save Warkspace

L& Analyze Code

I_.;f?

5N -
Favorites & Run and Time

Script Live Script ¥ Data Data

FILE

77 Clear Workspace ¥
WARIABLE

SIMULINK

Creating a New Simulink Model

Examples

Recent =
» My Tempiaes

®
Rrojects v Simulin
& From Sourca Confral

Learn

*a

L]
Blank Model

=

Blank Subisystsm

to Prajac:

Code Generation

5]
B]5]
Eank Library
S—8

MOCEING FoRMEAT
L Stop Time:
(=]
E
Back =
(cy
=]
O
]
"
»
Ready 100 “ariabiestepaure

/

Library Bioweas urkted
Ry» E ® [Fajuntitied
Ubray | Search Resuls )
@
* Simudink ~ &
» Commeonly Usad Biocks -+

& Simulink Library Browser

Block

Enter sea

Simulink/Math Operations

—"| Using the Simulink Library Browser

search

~ Simulink
Commonly Used Blocks
Continuous
> Dashboard
Discontinuities
Discrete
Logic and Bit Operations
- Laokup Tables
LI brary Math Operations
Matrix Operations
Messages & Events
Model Verification
Model-Wide Utilities
Ports & Subsystems

SIylidl AWTUULES

Block

c
T
e
o

Bias

J—RE b
Meim

Complex to
Real-lmag

]
g

Dot Product

>

ol
)

Complex to
Magnitude-Angle

X
- b

Divide

find

Find Nonzero
Elements

|UH_
P

Signal Routing . )
. Gain Magnitude-Angle
Sinks
to Complex
Sources
String o 45 UL
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Define Simulink Block Parameters

. . . ° .
Deflmng Sine Wave Parameters Def"“ng Block Parameters
N\
/| theta theta Gain
theta (rad) 3 Element-wise gain (y = K.*u) or matrix gain (y = K*u or y = u*K).
— /e Main Signal Attributes Parameter Attributes
Sine type: Time based Gain:
Time (t): Use simulation time 180/pi 57.296 :
Af"":”t”dez /4 Multiplication: Element-wise(K.*u)
pi
Bias:
FTiZuency (rad/sec): 1-D T(u)
pif5 > C]
Pohase (rad: /\/ theta deg volts
Sample time: . " theta deg Scope
0
w=2219 s s Labeling Blocks and Signals o
Numeric value: Expression: Variable:
Left-click to edit Double-click signal line to Gain: Gain cain:
existing name. add or edit signal name. 57.296 180/pi e
1-D T(u)
kl » A Aad »
/\/ et 'l ! deg volts, C]
theta % rad2deg Scope
deg2volts
Block names
must be unique.
1
) E5E
- ® - . . -
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Modeling in Simulink

2 W Rithed j
:§ @ |[Fa] untities - %
?|w i
4] u
u'-.l.
10 : P 1 1
orque 1 - L s I
theta_dot_dot s theta_dot E theta
Kd||~‘-
]
[

¢ o
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Scope & Data Inspector

Plotting Multiple Signals

B c‘;.—"\.l @.I EI Stop Time % > l”/ A

Library Log Add Signal v ||[[Normal  ~ ] Step - Step Data
Branch ||ne Port Creatlon [ T——— rowser Signale Viewer Table H@ Fast Restart Back = - Forward Inspector
@ BRARY .y PREPARE SIMULATE
---------------- > "

1D T(u)

T~

deg2volts

IReady Sample basad T=10.000 /\/ » >—]

Q @

Inspect Compare B Complex Square Wave

g

1-D T(u)

\ L
theta deg volts

theta rad2deg

= Run 1: complexSignal[Current] [ ]

+ Outports

Compoxsauapae | |
~ Signals
Complex Sine Wave —

Q4 PH[EDR+

Archive
deqg?volis
— Properties
Customizing Scope Appearance compex s e ||
9 pPe ApPpP
o —_—
Stored Units =
Properties Simulation Highlight Zoom/  Measurements Display Units £ d 2 £ 2 2 J il C 0 2
COhtrO|S block autoscale Display Scaling 1 m Complex Sine Wave
Display Offset 0 3
Data Type double
File ToOk View Simllation Help » |Complex Format
@-|la@p@|-|a-C-|FA- Sample Time Magnitude '
b Magnitude-Phase
Phase
. BlaciEns) Real.Imaginary °
1 Block Path complexSignalol
*.__\ Port 1 .
PlOt Dimensions [
markers Channel =
Run Run 1: complexSignal
‘Override Global Tolerance no 2
Absolute Tolerance 0 % i 3 3 H i 4 ™ i & %
Reacy Sampie based T=10.000




Defining Lookup Table Parameters

1-D T(u)
deg2volts

Table and Breakpoints  Algorithm Data Types 2
) H
Number of table dimensions: | 1 vl >
Data specification: Table and breakpoints ~ {
Breakpoints specification: Explicit values v !i.
Source Value ?
Table data: Dialog ~ }[0.5 4.5] 3
—_}

Breakpoints 1: Dialog ~ |} [090]
' 3
Edit table and breakpoints... Ig

Extrapolation

Interpolation
A

Extrapolation

4.5

Voltage
(volts)

0.5

=

oOF---

Angle
(degrees)

90

b4

LY.

L = [E] [GFindFies 3 I o=
Rl TR > & &' [ 2] Run Section
| Compare ¥ | _ 5
New Open Save = k EDIT. NAVIGATE | Breakpoints Run  Runand Runand | Advance
- - v =Pt v | v v | v - Time  Advance ‘
FILE | | BREAKPOINTS | RUN i
[Interpolation.m* x|
R clc; 2
2i= clear; interpolation| X
Fe Categories -
Lockup Tables (&3 Interpolation
60 70 80 90 100 11{p e
200 212]; J* interp (signal) Interpolation — increase samplin...
1-D Tiu) : 2-DTu) Mut MOTW | a5 62.41 62.37 62 e e ; =
4 .71 61.55 61.38 610 1-D data interpolation (table look.,
b b Huz .12 59.83];
) u2 ) ud 29 2.735 2.359 2.0! J* interp3 Interpolation for | data..,'—
168 1.069 0.981 0.! J* interpn Interpolation fo an..
1-D Lockup 2-D Lookup n-0 Lookup 678 0.637 0.593]; |J* intfilt (sighgh)
Table Table Table 664 1.410 1.217 1 interplq
558 0.514 0.476 0.. .~ interpft lation using FFT meth...
J* dsp.Interpolator (dsp) Linear or FIR interpolation 5
K I P n-0 T-:k.' ) n-D T[k] Allinstalled products
& —|—> 1 >
———
¥ § ) k2 )
Az
Prelookup Interpolation D;[E;l Loolgup
Using Prelookup able (n-0)
X
xdat W } )u sin{2*piu) } )u cos{2*pi*u)
ydat
Lookup Sine Cosine
Table | script Ln 16 Col 7
Drynamic —
[ <@\ MathWorks
Introduction Brake Pedal Position

Max

Min

Torque

Max

'I

FIGES ‘
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Modeling Programming Constructs

Modeling Comparisons
» Relational operators e -
(<, >, ==, elc)) i : y=((a>0) & (b>0)) | (c>0)
Compare To
Constant
 Logical operators R EC]
(AND, OR, NOT, etC-) 1 z out? M_ a >0 o AND >
- PulseGeneratorA g » iR y
Relational Operator
» Decision statements [l ~0
u =ﬂ_ out3 PulseGeneratorB
(l f = e.l' s e? Interval Test
switch-case, etc.) e Mk o -0
PulseGeneratarC
p af={0
¢ Fices ‘J\MathWOI’kS“‘ Bizi TAKiP EDIN! Bl e
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Modeling Decision Statements

if input >= 0
output = 3; . S
else —
output = -3; 7
= d /\\\f" input > }:D\ output
SineWave 3 :.:itch
SWlt C h l n p Criteria:u2 >= Threshold
ca Se 1 Threshaold: 0
y = a,
case 2
y = b ; Scenario_N.onnal ————
case 3 B e T
y - C ; F \"‘J a T q D
- ineWave. 2
otherwise Bl V] N
y =6 Fri(iqnue:: :: iBzo :/\\f" c o
en d SineWaveC Multiport
Frequency = 100 Switch
4 OF=0]
¢ Fices ‘ J\MathWOI’kS““ Bizi TAKIP EDIN! Bl e
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Continuous & Discrete Systems in Simulink

Continuos Systems « Ts = 0 - Continuous block execution Discrete Systems
1 *« Ts > 0 — Discrete block execution
X (t) b — aj(t) *Ts = -1 — Sample time is inherited The Unit Delay block is the [
A) generic building block of x(k) ‘ x(k-1)
difference equations. Unit Delay
Integrator
| Time  x(k)  x(k-1) ‘ Initial
-.1 @ o 0.48 _ 0.00 condition
. _ Sar:;gjl: | 0.5 0.84  0.48 0.0
i(t) = ult) —y(t) — u(t) 1 o5 | 10 100 0.8
bt > 5 [yoer ’ ' 1.5  0.91  1.00
Two Integrator blocks: yDotDot S| ybet | |
i(t) = (1) —— 2)
j(t) — y(t “yooi 7|5 ' _ \
yt) = y(t) P Y o(k) = 2k — 1) — 2(k — 2) + u(k) e L
Parameters Parameters . UnitDelay1
@ External reset: nc External reset: nc TWO Unlt Delay blOCks
SEDETE  [Eeypee o (k) — a(k—1) e T e
0 0 z(k—-1) = z(k-2) UnitDelay2
yDotDot - "
. (3)
= yDotDot : yoet Input processing: |Elements as chann
. : V+ rm p Sample time (-1 for inherited):

I( FiceES ‘ 4\ MathWorks
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Sample Time

e Ts 0

eTs > 0

e Ts = -1

AN

Continuous block execution
Discrete block execution

Sample time is inherited

| cont

SineWaveContinuous

AT r—Dlscrete

Ts=0 /
- i \ y
L disc g .
SineWaveDiscrete Scope COﬂtInUOUS /
Ts=0.5 4

'rsignal -

SIMULATION DEBUG MODELING

APPS

7 E X1, Trace Signal B | Pause Time
k.(fﬁ : = - . .
Performance | Diagnostics | Information Compeniots 0 (A L
- - Overlays ~ || Port Values g - B Breakpoints List
PERFORMANCE DIAGN( ‘ Search O\‘ = |gg|
5 untitled o
% SAMPLE TIME
2 ® [ajuntitied
3 33 Colors ‘:ﬂ—#lmmg Legend
E @ 1) To create a «
— DI, Text 1208 Automatic Rate ffransitions
£
LIBRARY LINKS
=)
=] & Show All Links u% User-Definefl Links
B ‘(;) Disabled Links | 2 Hide All Lifiks
BLOCKS
05| Execution Order | Lﬁﬂ Ref. Mpdel Version
Conflectors
v1| Variant Conditions abt) Ngme in Tooltip
Timing Legend " x /
Ay
[
\ o/
Select all D1 “ | cont
¥ Continuous SineWaveContinuous
Ts=0
» | ] cont M Continuous
i D
¥ Discrete Time Freq o
- £y N
Base rate 0.5 Multiplier ,_,| disc
r | [v] D1 M os o SineYaveDiscrete Scope
Ts=05

¢ Fices

4\ MathWorks

Authorized Reseller
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Continuous & Discrete Systems in Simulink

Discrete to Continuous

Discrete Input

Continuous Plant
D1 1.':|:I FiM
. o o1 / Lm_m .\- FiM
» - » +hb I= Rate Transition ==
F

Cont
o1 Cont Cont 1 x -—"‘ﬂ 1 i-
. Bi - T Cont
Unit Dealay (X = L ‘J-'\-' » Lﬂl__L—l 52 gx
0

. " First Order Hold 1/Mass
\ariant Sink Variant Sourca .

Diamping Cont 4
k

Stiffness
By Ctrl d
o1 o1 o1 Cont MassSpringDamperS3C Cont
ﬂ-ﬂ- — eror Femd J"r\’ - F X # 1)
+hh A
Pulza First Order Hold
Generator Discrete Contraller Continuous Plant
(Referenced Model) o1 IGII‘:I (subsystam)
[ [D
Rate Transition Coant ] 5
D1 D1 .—l—> - - 9> .
.1 PID(z) f——®»_ 1
- *| PIDiz) F Simulink-PS c }"
Converter
a—"—CEQH"
o
fix) =10 CW'rq = _ Cont
°
X

Authorized Reseller
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Multirate Systems

v Continuous

* [ Fim @ Fixed in Minor Step

* Discrete Time Freg
Base rate 0.005 Multiplier
v M o1 Il 0005
v D2 [ oo x2

* Multirate

P oM I Mutirate

{ Rate Transition block

D1 e~
r + | D1 num(z) | D1 200 7] p2 ~._ D2
" rNi_ > — F:t p M _ * Py >+ D2 |:]
Step errorMoisy 1 errorFiltere m | ® ¥p »l+ v -
Sample time = Ts/2 LowPassFilterDSP MicrocontrollerSampling proportionalGain
Sample time = -1 Sample time = Ts )
D1 ~_ D2 |T~_ D2 ,—~ D2 ~| bz | | D2
Ts = > Ki >+, ) e b -
/ -,1./ — yi z yiPrey
RandomNumber — ;
- sampleTime integralGain Max: 1 yio=0

Mean=10 Min: -1 Sgﬂplc time = Ts

Variance = 0.01

S e = 1012 Faster rate Slower rate

¢ rices | 4\ MathWorks BiZi TAKIP EDIN!
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Modeling with MATLAB Function Blocks

Understanding the MATLAB Function
duty aut :D BIOCk
, Py Lity >
— ! u2dd direction |—
direction SCI'iptS
MATLABFun' S function [duty, direction] = u2dd(u)
graphics
% Set direction bit and set duty = abs(u)
if u>=0
uty - w MATLAB
irection = 1;
else
duty = -u; Python™
direction = -1;
end try/catch
% Saturate duty cycle to 1
if duty > 1 .
duty = 17 » Subset of supported functions and language features
d : :
- » Unsupported functions call MATLAB interpreter
¢ oo Bl
¢ Fices ‘J\MathW()rkSN BiZi TAKIP EDIN! =BT
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P t h C d B I k Block Parameters: Python Code
y O n O e O C Output* Initialize*  Terminate

from firstOrderLowPassFilter import FirstOrderLowPassFilter

3| filterObject = FirstOrderLowPassFilter(cutoff_frequency=cutoffF

e Easily integrate external Python code into 2025

Simulink ,
¥ Ports and Parameters
Add Delete X
 Call external Python libraries, functions or i | L

H H filterOutput Output filterOutput Bus:filterOut... 1 1

m et h Od S fro m SI m u | I n k cutoffFrequency ~ Parameter cutoffFrequency double 1 1

[ filterSampleTime  Parameter filterSampleTime double 1 2

filterObject Persistent - IPythonObject l

* Write native Python code in the block dialog to
support the interface between Simulink and NnoisySignal [ filterOutput
Python [*a] Block Parameters: Python Code X

Output*  Initialize* Terminate

Sample time: 0.001

hd

* No need for “py.” prefix

filteredSignal = filterObject.computeFilterOutput(noisySignal)

filterOutput = {

1
2
e Supports all simulation modes e| “Filteredsignal: filteredsignal,
5
6

Python Code "NoisySignal': noisySignal

* normal, accelerator, rapid accelerator, model }
reference accelerator ,
¥ Ports and Parameters
Add Delete [

° Python COde Block VS Python Importer filte;Ou}put OllJtput filter—Othput Bus:filterOut... 1 1 |

cutoffFrequency  Parameter cutoffFrequency double 1 1

hili HH filterSampleTime  Parameter filterSampleTime double 1 2

¢ FleXIblllty Vs Reusablllty fiIterObjeF::t Persistent - " IWI -

Sample time: 0.001

oK Cancel Help Apply

( |
¢ Fices ‘J\MathWOI‘kS” BiZIi TAKIP EDIN!  mEuigiy
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Zero Crossing Detection

Abs
y = |ul
Main  Signal Attributes

& Enable zero-crossing detection |

Blocks with discontinuous behavior can cause the solver to
take additional time steps before and after a discontinuity.

Blocks with Extra time steps taken
zero-crossing detection around a zero crossing - \
Variable-step solver P ————_—
¥ N\ o= g Zerocrossing
A | = ‘ . B e N
Ramp i . , - \ @ | ! - ! 1
» lul li—ﬂj y g ZC : % . o =
Abs ‘E;atl.Jra‘ciond i th rEShOId ‘ ----- * : '. ' ; :
0 < duty < 1 N -] | _‘l_l_l_ 1
— = o m— L I Extra time steps !
L L 31T R S ———
F d \
orwari N -~ . )
1 arscton Fixed-step solver , ,
. Missed zero crossing
Reverse e Switch

Criteria: u2 >= Threshold
Threshold: 0

ZC
threshold

Time
A

p
¢ Fices ‘ 4\ MathWorks Bizi TAKiP EDIN!
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Parameterizing in Simulink

Name Value
Ki 2
+ Make model more readable K
F Kp 0.3
-
« Edit parameters from workspace — 0.0t — . .
Mame Value Size Class Min Max
Ha [1:2:3] 3x1 double 1 3
b 5 1x1 uint32 5 5
[t} C 5x5 cell 555 cell
_r e [wer] str "abc" 1=1 string
Step \ > [€] s 0=0 struct 0=0 struct
Sample timel= Ts Pﬁ/ v P: y‘P‘D ﬁ_ 322 table 32 table

proportionalGain

. s o
Hb—>>—>@—> S e Base Workspace
sampleTime integralGain Max: 1 yi0 =0
Min: -1 Sample timef= Ts
( . . . . EI E
¢° Fices ‘ 4\ MathWorks Bizi TAKIP EDIN! =By
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Model Workspace

MODELING

Model Data Model Model
wironment ¥ Editor Explorer Settings «
MANAGE DESIG SETUP
ntitled
\ 4
& Model Explorer N ° x
Model Hiararchy El File Edit View Tools Add Help
_— 1O ERR wl rE ~[d - m
""Q?.ﬁ'ru.l"rF\J.l i3] 4 BRX HEE - M
|_| - ; Model Hierarchy |si2] Simulink Parameter ntents of: Model Workspace® (only) Filter Contents Simulink.Parameter: b
lase Work pace —_— - A A -
--- Customize class lists --- o
v L Y *ﬁ Simulink koot wormn View:  Data Objects ~ Show Details 2object(s) Design Code Generation
. i HH Base workspace Value: 5
[ IRataT PO A e .
v untitled1*
LIEl = Loef a 1 auto 1 real o a Data type: auto o .
Klods] Workspece \ {@ configurations
L=l & 5 Bl HALY ieal [l { Dimensions: [1 1] i complexity: real v
v ol Fufernal Data Model Workspace*
- > 8 external Data Minimum: [1 i Maximum: [ ]
o ;3 Global Detel hT a
P3| controller Unit:
[i=sign Daka
> |Py| plant () Argument
Configurations
Description:
e nors R A e A=l Q| " B & iz |
B E O e @ Y BNewvastie Pl L& Analyze Code f | [F Ofuewmca gy | (3) & communty
New New New Open [|compae mpoit Swe 2 OPenVarable™ gy, (7 Runand Time simulink | Layout =2 SetPath iy o0 | yglp (3 Request Support
Saipt LveScipt v v Data  Workspace %) Clear Workspace ¥ i Clear Commands ¥ v il poraliel » v v L Leam MATLAB
e ARIAB MULINK NVRONMEN RESOURCES z =
@ HaIE o work T I
Curent Fokdr ® Workspsce ° Model Properties: etc_Pl
Name "

>> hws = get_param(bdroot, 'modelworkspace') g

foo | “hws X1 M.. Main Callbacks 1Info Description External Dat:

Model callbacks Model pre-load function:

PreLoadFcn* 1Kp = ©.3;
PostLoadFcn | i
3|Ts = 6.61;

InitFen
StartFcn

, Fi GES ‘ 4\ MathWOI‘kS“‘ PauseFcn
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Creating Mask

Masked
subsystem

Custom mask

dialog box

Parameters
Kp = 0.3 p Proportional gain (Kp) 0.3
Ki=2 5 -
> Ts = 0.01 Integral gain (Ki) 2
p Sample time (Ts) 0.01 )
Controller
duty 4}(«'””) )
duty
P error ctriOutput |- ] ctriOutput
p <error> <ctriOutput>
deecton <direction>
direction
PlController ActuationLogic

MODELING

:I %) Comment Out 2 Add Image
e | BB
tent Auto | Create
ew Name ~ § Mask
ORMA A

s |

Controller (mask)

This system implements the dynamics of a discrate P1
controller with a rate limiter on the integrator.

You must specify the proportional gain (Kp), integral
gain (Ki), and sample time (Ts) for the system.

The system converts the control eutput into duty cycle
and diredion signals.

Parameters

Proportional gain (kp) 0.3

Integral gain (Ki) 2

Sample time (Ts) 0.01
m =
] s
Delete = PV | Documentation | Preview Dialog
SAVE ACTION DOCUMENTATION SREVEW - oK Cancel Help Apply
Controls Parameters & Dizlog Sate Constraints
J— Q\I = [z3| [Type Prompt
PARAMETER -
123 I  — A 1
2 v [ - Parameters
Edit Check Box  Popup Propartional gain (Ke)
_ Integral gain (K >
fe Sample time (Ts) Kp=0.3
List Box — ) Ki=2
Ts =0.01
[oF P
Dis Spinner
Controller

Text: disp("y = mx + b")

b y=mx+b

Subsystem

Subsystem

Images: image("ecu.jpg")

Subsystem

Graphics: plot (peaks) x/




Simulink’s options for data

storage

|#8 Mod

& Model Explorer

Data Dictionary

Eile Edit Wiew Tools Add Help Bl > - ~-@@ m

Authorized Reseller

Dew g EL' Model Ctrl+N Model Hierarchy @ &= = contentsof: ...M\(
_| Open... cul+C 3 Data Dictionary... i . . .

Close  Cul+w M3 Embedded Coder Dictionary.. v Pl sk oot Cokumn View: | Dictiona v Dedicated, persistent file

- T [ Base Workspace .
‘ HH Base workspace v @ BMs_Software_DD @ Hiconts SLDD 1lor mU|t|p|e models
9 Design Data A _‘4
et s bt P B ey pm B B Architectural Data gZD‘GC’Cg Designed for Simulink.Scalability and
_ N @ configirations partitioning: can reference and be
referenced by other SLDDs. Can only be
Mask Workspace Private to 1 model diffed and merged in MATLAB.
Data local to the . * . |
H masked component Stored in .slx Large Projects!
I 0 =) \
— Model Workspace MAT-file .M script
Data local to gy
the model
\ B B = y A “It’s always there”
Base Workspace Visible to all models
—_—
E Data globally E Can also be stored as Not saved by default
available :
- a .mat or .m file
B 0 0 |
o EeE
FIGES ‘ 4\ MathWorks Where to store data for Simulink models? BiZi TAKIP EDIN!
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Simulink’s options for data storage

B (TS 0® 0 o

Mask Workspace =
E Data local to the .
masked component _
|E 2 M | \ - |
N WP Error Control i Control Input  Measured Output
Model Workspace —
Data |0Ca| -to Controller Plant
the mOdE| measured output
| H H H .
Base Workspace 2.
Data globally
E available E
[ K ] |
( . . . . EI
¢ Fices ‘ “\Mahth\/y()ﬂﬁs“ Where to store data for Simulink models? BiZi TAKiP EDIN! =
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Types of Subsystems

| oo |
9 [QFna[-] = © 3 2 2 (a) %
SUbsyStems Mﬁl TH ColjpareTo MoEcIde_I Data EMeI Sél';\%dule v Mode . tlj:%‘t SADIC s\;%]ﬂ S;Jr;sLyjtem Re;\i::jcled 2%31
Virtual Atomic
(visual hierarchy) (nonvirtual — treated as single unit)
Not conditionally executed Conditionally executed
(executes based on subsystem (executes based on control signal)
sample time) I
Enabled Triggered
y [=] i [
¢ Fices ‘J\MathWOI’kS“‘ Bizi TAKiP EDIN! Bl e
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Maodel Name
Inl Outl <file name=>

J

Subsystem Atomic Subsystem Model
Subsystem Reference
l -
| I
| 4
Benefits Virtual Atomic
subsystem subsystem
Ease of use I:‘J:’:I EIL]:I
. Readability
Virtual Nonvirtual (Atomic) _— w w
raceability ':Il]j
e Atomic (nonvirtual) subsystems functionally encapsulate blocks. Reusability . -
* No outside block will be executed in-between the first and last block of the atomic subsystem. Concurrent
development - =
* Virtual subsystems group blocks visually. ‘ Unit testing . _
* The virtual boundary is ignored at compile time. - | = = - Performance -
* Virtual subsystems are useful for: i N bropagated
. .. . - Sensor ", ignal label
* Visually organizing and decluttering models. _ ., CEREEE
*  Workflows involving physical connections (Simscape). DTw g
» Workflows involving HDL code. O s - / e [P
— rad2d —
N deg2volts
¢ o B
¢ Fices ‘ 4\ MathWorks BiZi TAKIP EDIN!  Enidd
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Benefits Virtual

Virtual Subsystem subsystem

Ease of use
Readability l{}]
Traceability .
.- ) ‘ M Int outl [»
 Scalability - Add hierarchy to reduce the number of Reusability -
blocks at a given level i
. ] Concurrent S b tem
- Readability — Group functionally related blocks development = ubsys
B Unit testing =
SUbsyStem ‘ ‘ Performance DELING MULTIPLE
A\ ; l > theta . J * Simulink Test is needed for unit testing e e | <el‘§ s e
| theta <volts> DESIGH SETU
theta
Sensor
1-DT(w) = ‘ ‘
/\‘\/ ltheta deg / | e 3| theta voits |
theta rad2deg Scope ‘ |
1-DT(v) deg2valts Sensor
ﬁ <theta> .Hmfpi deg / volts ﬂ

Inport { radZdeg J Outport

deg2volts
1-D T(u) ‘ ‘
J

N\
[ i P
\/ ’—Hawm / bk 1

theta rad2deg Scope ‘ |

deg2valts
Sensor

¢
¢ FiceEs ‘ 4\ MathWorks Bizi TAKIP EDIN!  “Eda
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Atomic (Nonvirtual) Subsystems

SIMULATIOMN MODELING 5 SUBSYSTEM BLOCK
@ El I:‘ ﬁ Comment Qut L E} f_;_-:.,dd Image - )Iﬂ] Cutl p-
Convert Make Expand Content Auto Create
- Atomic Praview Mame = Mask .
COMPONENT DEBUG FORMAT MASK At OIMicC
Subsystem
Creating Functional Hierarchy
'ﬁ =
New level of L_—_l
hierarchy E* | DD
{1, 5} 2 N
VirtualSubsystem1 VirtualSubsystem2
1 1 1 1 y1 = 0.1 * X].;
X1 =5 * uyl;
u x2 ¥
5 1 1 2 AtomicSubsystem1 AtomicSubsystem2
1 : i LD int2 = x2;
X2 =5 * u2;
Visual hierarchy Functional hierarchy y2 = 0.1 * int2;
Does not affect behavior Can affect behavior
¢ o EeE
¢ Figes ‘J\MathWorksr Bizi TAKIP EDIN!  “Eda
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Vector & Bus Signals

Use the Bus Creator block to group signals into a bus signal.

Multiple output signals: Single bus output signal:

Vectors
must have = >
same data
type 2.5 y Concatenate

Forward

Forward
direction

>
—t -1 —t
Reverse Reverse

Reverse Criteria: u2 >= Threshold Reverse Criteria: u2 >= Threshold
Threshold: 0 Threshold: 0

direction

direction

Vector

~ ™
n %) w
h J

Bus Creator

Vector signal

Selector

) Use the Bus Selector block to extract signals from a bus.
Bus signal

Buses o =

/ P u _ |motorinputs » motortnputs | volts »
h 8 4’. {2} I—P — Ju - <motorinputs> <volts>
Ca n ave value p-— <value>
4>i dataBus {2} - Ny
different .. AetuationLogic ThrotieBody
true »
d ata ty pes flag Creator Selector
d
<duty> uty o _
4 : theta Ptheta— =~ volts 4@
<motorinputs=> o <theta> <volts>
motorinputs <direction direction volts

Throttle Sensor

p Bus Selector
¢ Figes ‘ 4\ MathWorks Bizi TAKiP EDIN!
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Simplifying Interfaces with Buses

FaultDetection_scalar N
MaxCellVolt
<MinCellVolt> X
inCellVolt
4 FaultDetection N
MinCellTeme>  fy tinCellTemp i
CriticalFault > . »{ MinMaxCell
<Min_Max_Cells>

<MaxCellTemp, CriticalFaultp

\/ MaxCellTemp
<ContactorState>
WP ChrgCntctState > Contacto!'State

[InvtrCntctState P InvtrCntctState

Sensorinputs

<Pack_Voltage> b SenSOFS_
Pack_Voltage
<Cell_Voltages> FaUItSD
g LSl <CurrentLimits> o
»1 CurrentLimits
<Pack_Current> N . Faults P
ack_Curren \ A /
<ChargeCurrentLimit> L
P{ ChargeCurrentLimit
<DischargeCurrentLimit> i L
P DischargeCurrentLimit
([ Z
O g 4\ MathWorks - o o
FiGES atnvvorks Group Signals or Messages into Virtual Buses BiZi TAKIP EDIN!
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Reference Component Simulink

Authorized Reseller

Benefits Virtual Atomic Subsystem Model reference
subsystem subsystem reference
Ease of use f—
Model reference Subsystem reference o w
Readability EL:] E:.F‘ Ell_rj EAuj
- Traceability E[P '{F‘ '{F'
_ Reusability = - '3'.? dL_F
PI Actuation [—» ™ Throttle »  Sensor >
Controller Logic - ’ Concurrent — — dL dL
development
] = etc_throttleBody.slx
etc_control.slx ) ‘T. @ - y Unit testing _ _ o
Performance = - EEj f—
- < * Depends whether subsystem reference instance is virtual or atomic
Pedal Controller _ Bod angle i Madel Name
input > oay Volts Hint Outl Hin1 outl =il name=
Subsystem Atomic Subsystem Model
. Subsystem Reference
‘l. @ etc_system.slx @
FIGES MathWorks BiZi TAKiP EDIN!




Subsystem References

SUBSYSTEM MODELING
= JL [ Open ~ [} 24 Gotoinstance v
[ | Lo 5] &= e
Project | New & save ~ Library Signal v || B Create System Mask
—— ™ v & Print ~ Browser Table K, Add Test Hamess
3 PROJECT FILE LIBRARY PREPARE SUBSYSTEM TEST HARNESS SIMULATE UNIT TEST
Ay < Controller — _ =B
DriveCycle1 - “duty> : :
P o - CY| |
"’ oo g o A =] . L ™ g -
R rection= . s ~
3 .
PiController Actuationl.ogic i Throttie 9 @ e t C t h FO't t 1 e B Od y . S -L X
3 . —_
B p
: : D)
: 3 theta
e H —
3 9 (U y—————way
4 . auty =duty>
P i -
i oo . theta &~ tneta — ° . s » 2 )
Errrresraraasetertae ettt ettt st en et erear ey volls
New subsystem €D e
=direction=
direction
refe re n Ce Throttle Sensor
. J
1 etc_throttleBody.slx
D)
theta
OOy
duty e
. theta |— thea s ————»{( 2 )
(€D} N B direction vl
direction ©
Throttle Sensor
elc_throttleBody
«duty <duty> B duty theta <theta>
DriveCycled ~ S I
== pedalolis *_ eror |- . chrlOutput ciriOutput
= pedalVolis ermor <ctrQutput>
direction direction volts
=direction= <volig>
SIMULATION MODELIMNG SUBSYSTEM BLOCK
— _ —— e ormment Out LJ O adga mage < PIController ActuationLogic ThrottleBody
= Bl | oo ) B S
3 Comment Throu
Convert Make Expand | Content |/~ d Auto Create
v Atomic Preview Name = | Mask
CONVERT TO DEBUG FORMAT MASK
Variant Subsystem S u bsy Ste I I I
Convert subsystem to variant glibsystem
.
Referenced Subsystem reference instance
= Convert subsystem to referenced subsystem
> odel Bloc .
Convert subsystem to referenced model ) . o N d t b t H b t I
- eed Nnot pe an atomic supsystem:
=)

Subsystem




Model Reference

SIMULATION

DEBU

MODELING FORMAT

APPS

SUBSYSTEM BLOCK

Gontroer

ThicessSoay

| r . . %| Comment Out L L} AddImage ~
= | | B
omment Throu
Convert Make Expand | Content g Auto Create
v Atomic Preview Name = | Mask
CONVERT TO DEBUG FORMAT MASK
E‘ Variant Subsystem
Convert subsystem to variant subsystem
Referenced Subsystem
Convert subsystem to referenced subsystem
m Model Block
= Convert subsystem to referenced model b L 9
N
L]
Subsystem
& conkmi .
Ly aic_heomeBody
duty B iy #ata -
“duby>= Pela>
Dy Cycle 1 —,
:‘J pedalolts S b-'\]) p— # ance
dineciion | direciion ol
e <wnls >

Model reference

instance

pedalValts

New
model

mooo

.- .
* -
- *
: : etc_throttleBody
dut dut theta
: we <duty> : Y i <lheta>
» - W error o <) L rOutput ¥ ciriOulput J
emor o <criCutput= J
¥ direction *— | direction volts
3 <diraction> * <volts>
* *
. .
3 PICentroller ActuationLogic g ThrottieBody
. L]

R R R R R T L R LR IR A

[D_aj etc_control.slx

(D)

. : <ty
: duty
ermor ¥ criOutput Output |
error <etAOulputs - «
error —
direction 2
<diraction™ ’(_)
direstion
PlController ActuationLogic
\. J
~ &

~ Check subsystem content
Analysis

Verify that the subsystem content meets the model referencing requirements.

Run This Task Continue

resul: (9 Failed

Check failed
Converting subsysrem 'y
being converted to a refe:
Note:

ubsy

ed model mutm-emer—

nl' to a referenced model Click her

1o a referenced model iz not supported because it i

ViFmeai=Swboystem

It has to be an atomic subsystem!

Action

Help




Variant Model

SIMULATION MODELING SUBSYSTEM BLOCK
b . | %] Ccomment Out L L} Add Image ~
B | o | | D
omment Throu
Convert Make Expand | Content d Auto Create
- Atomic Preview Name « | Mask
SRR y  DEBUG FORMAT MASK
Variant Subsystem
Convert subsystem to variant subsystem

7| Referenced Subsystem
S

Convert subsystem to referenced subsystem

FeJ Model Block

~ Convert subsystem te referenced model

| =

Need not be an atomic subsystem!

analogFilter == 1

File Edit Display

wariant_ss

B WE®

[

 S—]

Input Display6

¥y @ E

1008

VariableStenfuto

s Auadiig

AnalogFilter (order 4)

input output analog digital —————
; pedal_integer

pedal_volts

ADC1

.

Filter Variants

All other values

r

| I
| 1
| I
| 1
| |
.

analogFilter == 2

- e e -

¥ input output [» N input output [»

—— e

16th-order filter No variant (error)
or

default variant

VARIANT MANAGER _

4th-order filter

Simulink VariantConfigurationData % €' & import fom e b £ & R
ControllerVariants | Apply 7 Export to file Generate Activate Search
d Configurations | Configuration
| acvatE | RESULTS VIEW | APPS
Configurations  Constraints System  Blocks  Stateflow

Configurations %) | Model Herarchy activated for: Base workspace

Base workspace

af| =l (s v

HighOrder

HighOrder_cC v

LowOrder £l

LowOrder_CC ” &

<
L

¥ Control Variables

HighOrder_cC . .
FerE RO EEE |®) Variant objects
|

>> CC_on = Simulink.Variant;
>> CC_on.Condition = 'CC_enabled == true';




Conditionally Executed Subsystems

Analogy: Automatic Pilot Analogy: Airbag System
Control
signal
A4 port AV R

Enabled Triggered =
Subsystem Subsystem e
J =
. 53
Enabled Subsystems Triggered Subsystems
“ 1 | 7 V
0 - 0 Time .
: Time M
i : ! se ' X1 1P
i ® : [> : ® : [> 1 i Block e[g:utes at ST':E%ZZ?"
| Disabled | Enabled |Disabled | Enabled Suboratom trigger event
¢ = ‘\M hW k ® https://www.mathworks.com/help/simulink/ug/triggered-and-enabled-subsystems.html P ; ; EI E'-l
¢ Fices |- athWorks : : : : BiZi TAKIP EDIN!  =E
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Protected Model

|—i‘7i"1 Refresh = BatchData

= % Log Signal
C‘pEﬂ as o :lg |gnas

Top Model |U Protect

2 YO -
MASK ACTIONS Controts @ |58 é o
Project New s

- v = Print ~
‘*e r | PROJECT FILE

Count SIMULATION

ControllerMdl Y
entroller duty_analog ] clu '
ctrl_input d2a_input d2a_input h
put direction_analog P di

Contrallar Digital2Analog -

(Software) (Software [ hardware interface) (GE ControllerMdl. SIXP
Model view l....l| I ‘
Simulation Enter passwomtha, \

S

Code generation |l:nter password \

OK Car‘c}

I Protected model reac-onby v r——

€ o @ Find: 4 % Match Case
% Controllerdl ControllerMd || View Al
- [Bl Input_Scaling “| [l ControllerMd] »

| System Requirements |
+ [f3) Output_Scaling =

& PI_Cantrollerdl
FLEEE & (P @9% a2d_output azd | scaled  controller_output
+ [ PWM_Conversion (PWM_ etr_input

Input_Scaling PI_Controller

https://www.mathworks.com/help/simulink/slref/protected-models-for-model-reference.html
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Multiple Simulations

*& skyhogg - Simulink
SIMULATION

1 Cpen = ]| Stop Time |75 qg —
5] = & I %
Mew &l s ~ Library Signal ¥ [ Marmal h Step P Step 4 Data Logic Bird's-Eye Sirulation | T
~ & Print - Browwser [t N g Fast Restart Back ¥~  Faorward REPREHD (Rl =i Enzasy 3 unitled - Sl
FILE LIBRARY PREPARE SIMUILATE REWIEWY RESULTS Tl — e — —
skyhogg Open = x =
o o [ JEE
® P8l skyhogg Y e @2 T . scuaLmoNTORNG 7
v = Print v Browser — - a .
Q FLE LIBRAR = ﬂJ © & U
5 untitled Signal Viewers Configure  Normal Mode i
El E ® [Pauntted Table Manager Logging Visibility
e T INPUTS & PARAMETER TUNING 2 v [
= _ 3 2
plant Env L ke @ =
» P "
T il Y9 a
a Connect Signal Tune Multiple
& Environment - Inputs Editor Parameters | Simulations |
B CONFIGURATION & SIMULATION Pl Simuizons
B (5 &
Property Update
A ermd - Inspector Mode!
- <alphadot=>
ilot

\fehicle System Model

Sky Hogg Example,

‘Vehicle Geometry from
Cannon, M, Gabbard, M, Meyer, T, Morrison,
5, Skocik, M, Woods, D. "Swineworks D-200
Sky Hogg Design Proposal.” Al&A/General
Dynamics Corporation Team Aircraft Design
Competition, 1991-1992

= E
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Simulink Projects

4\ MATLAB R2024a

HOME PLOTS APPS Try the New Desktop l b Sy Ty TestFolder @ @ ISea ch Documentation »

— m — - = i > = o
! = e ™~ |:,_k| find Files Jv’L N B Variable > | L 0f T3 3 Fina Files i Ligy Variable ¥ Lk LJ_\, Analyze Code E 0 @ Preferences k&\)) & 25 Community
l—H}‘ L+ (8] 5] t J L S =N
Ug Save Workspace New New New Open Import Clean U Save Workspace Favorites - Run and Time Simulink = Layout L SetPath Add-Ons Help — RegliestSuppal:
New New MNew | Open | C Import Clean |i] Compare § Y
Script Live Script | - |1 Compare Data Data [5 Clear Workspace Script Live Script ¥ v Data Data (2 Clear Workspace ¥ v |42 Clear Commands ¥ v |l Parallel v v v Bl Learn MATLAB
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES
VARIABLE =
Script Ctri+N L5 Hal » C: » Working *» dc-motor-with-pid » v 0
est » 13 Current Folder ¥ Command Window ®  Workspace ®
Live Script mmand Window Name fre >> fise Vaiiis Class
>> E " Analysis A
Function "
&
Live Function 2
&
Class & Utilities
%/ ReadMe.md

Test Class E\}

System Object >

| LF @ @ @ 6 (& 6L

Project > J Blank Project
Figure L-«_II From Folder
=S| App @-{ From Git

Stateflow Chart | (4 From SVN

Simulink Model @ From Simulink Template
| Utilities (Folder) v

S

No details available

y [=]
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Simulink Projects

PROJECT

Try the New Desktop I L%, Sy Ty TestFolder O @® ISéa'cn Documentation »

=] Details
of O o, = N 4 M-
- .
New Open Share Dependency Class Model Testing References (' Project Path Use Source
v v v Analyzer Diagram Dashboard L=} Startup Shutdown Control
FILE ] TOOLS ENVIRONMENT SOURCE CONTROL
<% Eal | » C: » Working » dc-motor-with-pid » M-
Current Folder ®  Project - dc-motor-with-pid ® x Workspace ‘i
Name Views All | Project (198) Py Layout: | Tree “ Q- Name Value Class
# T Analysis App Name Status Classification E:‘%_' @ @} ? e @ R % Submeodul
Cache 5, Dependency Analyzer # " Analysis App v = < push R ubmoduies
' CodeGen @ 53 Data v Git  Refresh Commit * BF Branches @ Stashes
l?ata @ Documentation Details @ Pull
H Documentation ) Images
] mages o - SOURCE CONTROL
: Images # " Models vy
ot 0555 % " Utlities viE
i H OIS %] ReadMe.md o
+ Utilities
|~ | Demotorwithpid.prj k
%/ ReadMe.md
Labels v
5 \L‘U Classification .
Dcmotorwithpid.prj (Project) v Details s g
PID control of a DC Motor Command Window ®
Jx >>

¢¢ rices | 4\ MathWorks
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MathWorks Products Overview

s SIMULINK g LN

Electrical Battery Fluids | Multibody | Driveline
Wi §? 2 2 .

Simscape

.

\PPS EDITOR PUBLISH L R2
e Yo 3 - =| Section Brea R 1 R1
|z Compare ¥ E/“ § 'iﬁ . ﬂ_ = - Profiler [};il E
= = Coll o ¥ Refactor & ®E [ ) Run Run and Adv
&= Print L& Analyze
3 u Bookmark ¥ &~ 7 Section Eg;, Run to End 1 1 C 02

i

NAVIGATE CODE ANALYZE SECTION 1 N ‘_’@_’ R 1 C’1 —— 1 ——
+ C: ¥ Users » aylinedgu » OneDrive - figes.comtr » Masatstd » _" - R'C.s ‘ R'Cs
® M Editor - C\Users\aylin.edgu\OneDrive - figes.com.tr\Masatsti\rc_circuitm RiC S+1
rc_circuitm + * Q]‘ J .
1 % RC Circuit Parameters |
2 R = 1e3; % Resistance in ohms (1 kOhm) Transfer Fcn | 4
3 C e-6; % Capacitance in farads (1 pF) §
4 Vin = 5; % Input woltage (V)
5 tspan = [@ ©.01]; % Time span for the simulation (10 ms)
6 prem—
7 % Differential Equation for the RC Circuit
8 T % Vc' + (1/RC) * Vc = (1/RC) * Vin
9 % Define the ODE function
10 odefun = @(t, Ve) (Vin - Vo) / (R * C);
11
12 % Initial Condition (Vc(@) = @)
13 Ve = 9;
14
15 % Solve the ODE R
16 [t, Vc] = oded5(odefun, tspan, Vco); 1 2
17
18 % Plot the results C C V,
19 figure;
20 plot(t, Ve, 'LineWidth', 2); ’*T T
21 xlabel('Time (s)*); : _:I
22 ylabel('Capacitor Voltage V. C (V)'); *]
23 title('RC Circuit: Capacitor Voltage Over Time');
24 grid on;
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Modeling Differences Between Simulink and Simscape

Simscape models are easy to
build, simple to scale, and
straightforward to understand

Simulink: Inputs = Outputs

* Model data flow from inputs to outputs
* Model behavior via equations

Simscape: Physical Networks

* Assemble schematics that directly
represent the physical system

* Underlying equations are automatically
derived

* Model bidirectional flow of energy

4" Fices | 4\ MathWorks

Authorized Reseller

Systems To Be Modeled

>

R*C.s+1

Transfer Fcn

L.
O
—

&+
1
=]
| DC Motor
Settings Description

DC Motor

Auto Apply @

Modeling option
.| Selected part
- Electrical Torque
Field type
Model parameterization
Armature resis| tance
Armature inductance
Define back-emf or torque constant
Back-emf constant
Rotor damping parameterization
~ Mechanical
Rofor inertia
Rotor damping
Initial rotor speed
~ Faults

Armature winding fault

Mo thermal port

<click to select>

Permanent magnet v
By equivalent circuit parameters A4
3.9 Chm e
12e-6 H 7
Specify back-emf constant ~
0.072e-3 Virpm L7
By damping value A4
0.01 cmr2rg v
0 N*m*s/rad ~
0 rpm e
Add fault
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Simscape

=] I ; -
|1 Simulink Library Browser - ] X S l m sca e
& & [Farsahen Jh |G o+ = @ CAD | P |
~ Simscape - ~ W e I B & o I '\; : = E-_’l — -B .l‘A~ ——
< Foundation Library % echanics Explorer-youBot_Arm S PIC E
v Electrical Arm A4 |
Electrical Elements Diode "
Electrical Sensors uati
Electrical Sources L Base
Gas - ’
Hydraulic Electrical Reference Bicep
Magnetic Y Environme REFPROP
Mechanical :DCIi Fi /
Physical Signals : ' inger_A
Thermal Gyrator Finger_B
C A A AN e [ ) Thermal Liquid Py
( LW ,@ Two-Phase Fluid } f Forearm M I I
W+ =} Utilities — Gripper axwe
+ x Inertia Driveline Ideal Transformer Pivot
Rotational Lo Electronics ) . v
Electromechanical ()---[" icti s i i
"] == Friction Multibody >
Converter 2 Power Systems v Inductor
' Q < > v
Simscape Fluid Component Models

<o | <3
‘”‘ ° 12 &=
av v
. — Lossy umps alves ctuators ipes, Tanks ea Xchangers
1_(C0 +va)_+_ Ultracapacitor e " et ripes, Tanks HeatBxehang

o By 4t g pa. 8 = oo . O S b ATV
foF e Pl B0 = L. i Ao — . " - " .
Hydraulic ~Fixed-Displacement 122l prossure | A8, agmanisd Py W81 B 2,
Motor Pump 4Way  Relief Counlerbala Single-Acting  gingie. acting EFooarse d 'Shell nc ok
o . Dioclonel  valve Voo ACUAOT  otany Actualor e N, 4 s
t i s = o sy me ox Vaie N . e A [ Aren Change” |
= 2 oA e R, >
e a on agnt Acgh A = i ‘ )
o D N il ; AT A & 81 B2, B
. Juk:.mm Centrifugal Pump ook = = — 4 i esEstons ot B
— bt ressure - | AL | || Ccrw ow
41 i == (CO0 + Cv*ve)*ve.der + ve/Rd; , Ve Gas VA A Dotk cing pA Tt | omehor
r e y Rotary Actuator W T At .
3 P T = . A LRI R “Tank” L}
" K: "o y I K . ank i ke2q
4 2 v == vC + i *R - oy e "H“A =gt L ‘} .\-L~ u g H = r Hi,  Partially Filled 81 B B
Variable ressur L, 1% y bo. <% Pipe £ . . Mzq
r Displacement .| reasune Pressure Pilot-Operated Cartridge Al Mimcls i - o Simpie Heat  Heat Exchanger (TL)
— ot Gompensated R Check Val , Actualor (G) . wo M Excharger (G-TL)
Maior Pump nducing  Check Valve  \ahve Cylinder Cushion 2 e anger (G-
43 end : : B2 eens P T
- HEC . N B meA . , ~ Wi, C e I Tank(G-TL) H, L
Na " Hdg o e g 0¥ 2l O 3-Zone Pipe (2P)
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Simscape Electrical Component Models

& W 5 50

Semi- Motors, Op-Amps,

Passive
: nsor
conductors Actuators Logic Gates Sensors

¥ Lbrary: Simscape Eiectrcal - Simulink - o x ¥4 Library: Simscape. Electrial - Simulink - o x ¥ Library: Simscape Eiectrcal - Simulink o x ¥ Library: Simscape Erectrical - Simulink - o x

s - e , e . . e s
[+ [+ = - al - - - o E - s o
G € € me fse L D=L s e AT WL
- ’ i i <V é “ Band-Limited = Comparator Finite Light-E Potentiometer ~ Transmission
! ! Op-Amp Op- Accelerometer Pressure Dic
N-Channel N-Channel JFET NPNE ! ! c
MOSFET Trane = Ra W€ Re C s < Transducer s R | ——
s“ d“ o /2 - DX>—{ + A W. Capacitor ) Variabl
[ s B o = s e [P ariable F
o e n—@ DC Motor Shunt Motor  Inducti ) . tR oT s J‘[: Capacitor use
Fully Differential ~ Operational * o
- s p -a a + - + - + -
P A+ Op-Amp  Transconductance Pust . Photo Hr, n%—: .._IDI_‘
P-Channel  P-Channel JFET PNPE I " e A Amplifier Ou Gyro PTG Thermistor Inductor  Nonlinear Crystal
e Inductor
MOSFET Trans i e . e
. ks oC R, .C R, 9 - - 1 k14 , 2 B
» nB;’ Bp >E A Sita BT 1 YT
. 1l = ) CMOSAND  CMOS XOR CMOSN b - - o), s :
. ot Solenoid Piezo Stack S € —R.ELF“ Strain Gauge Th S .Jz_1 o :
1 s '
SPICE ‘ @ e s e Incremental Shaft 9 ° 2 el , Los2, Y
N-Channel Optocoupler + At Encoder "%n C_'/'—f
IGBT i % < n{[}]u.uu E ) . ] SPDT S
. - aly CMOS NOT  CMOS Buffer Schmitt Ti bz + DPDT Switch DPST Switch
T (R PR S S IS N ot T ey /L
» ”: 2T - - L = X . 2.
. = Mind N \ £ : nBO S " ) =R : e . Proximity Sensor ‘ - : A
inAa i = * Ce 3[*_1




Simscape Electrical Component Models

Lines, Electric

Generators, Motors

Transformers

FACTS

Drives

¥4 Library: Simscape. Electrical - Sim - o x - o X ¥4 Library: Simscape_Electrical - Simulink - o x o X - o X
- 4R pup> 4~ Re - s ~28 ~28 . ~2| = . i . Motor p 3 SP Mi
a Ll a a a
o s T o3 I I PG - 1 ) -1 25 - o 4 4= 4 = yTm @ Comep YTm @ o
& d £ 8 & H dng-4 | H gt 1 194 e a —
c ~28 " ¢ Ln3k n4 L sk Ln3s
f g A+ Ctrlp oA+
Asynchrqnous Machine  Brushless DC Motor Zigzag-Deltal Wye-Deltal Deltai1-Delta11 Transmission Line RLC Wye-Cc Average-Value Rectifier Averag aley bc2
Squirrel Cage Wye “Wye Wye n ! Inverter Re« oA Wmp dA- v
did+
™ Re pup ™ Time G P ode o kb 2-Quadrant Single-Phase 4-Quadrant Single-P
e ~h T -2 el ~2F e Based | o ‘ Rectifier DC Drive Rectifier DC Driv
R Fault -7t == T
d Ch Jsp Motor p ) SP Mi
" aC ne Delta-Delta Wye-Delta11 o~ j Loe b
Permanent Magnet ~ Synchronous Machins Delta-Connected Load d¥Tm @ Conv.p JTm @ Ce
Synchronous Motor Salient Pole q4A L a2p da ygg b dA 2k s q Three-Level Converter Averag
Y vgc‘? ] Converier Rec g Vce Ctrlp dVce
¥Tm mp aB b2 as g 3 dB[ 1T |bp o—C—— @ Ng Mg +h g DC5 DC6
a3p +p
gA ap - dC cp p————— gA oA BL g Gnd Wmp gGnd v
qB b €79 Yep q¢ %Qg i Three-Phase Distributed Th B B NP A ‘l’: - ’ -
- istribute re o q
i <k 3-Phase Transformer  3-Phase Transforme Pl Section Line Parameters Line de Pl b (B: Crganeéarlggrg:itve CJ;VO'S“SS"S::V
. ] Inductance Matrix Type Inductance Matrix Ty _ q 3- Pp! pp
Asynchronous Machine Synchronous Machin (Two Windings) (Three Windings) et FTrip Byr Universal Bridge Three-Level Bridge NPC C SP Motor p 4| SP M
Sl Units pu Standard qA qA Al
SvC mp STATCOMm »3 Tm Tm
Tm TL _ 9B 98 B1 9 +p Conv. I
= A1 = . H9€ qC c = A A
5 A 1 \mb A2/ ° Y _ Static Var Static SynchronousStatic b } ctrl




Simscape Electrical

Manufacturer Specific Electric Motors

. 4\ Block Parameterization Manager: PM5M — O >
e Database with parameter values
to match vendor-specific motors
Select manuiaciurer | ABBE BALDOR v
Select part bl AL
PMSM Alied_Motion
. Attribute Anaheim_Automation
B R= This block represents a permanent magnet synchr -
Manufacturer B_R_Automation
Right-click on the block and select Simscape block Fart number Electrocraft
N Ce Fart series _
] ) _ S Farker_Motors
PMSM Select a predefined parameterization Web link SEM_Molors
FPart type _
Parameterization daie Sle-mens _
Parameterization note 23 23 I
Part data file location Teknic_Motors
[
y [=]335 =]
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RLC Circuit Modeling

R L C )
4/\/\/\/_{‘\/‘\(‘\(‘\ 11 Total empedans: Z(s) = R + sL + —
11
I N Ve, Kirchoff voltage law : v;,(t) = vg(t) + v, (t) + v (t)

iy = I, sin(et) o = Ri(t
- @ R (t)
v _ di®)
T
1.
Transfer functions form: Ve = EJ i(t)dt
I(s) Vn(®)
S = . S
R+l + % " State-space form: x; = i(t) x5 = v(t)
. 1 .
1(s) sC 177 (Vin(t) — Rxy — x3) y(t)=i(t)
H = = _ X
&) =y s TICsZ T RCs + 1 % =2
4 [=] ;¥ =
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RLC Circuit Modeling

Model Browser

B G

v @ §

rlc_demo

il

vin L+C-s*+R+C-s+1 i

i_simulink

yYYyYYyY

x= Ax+ Bu

)

i_simscape

vin " y=Cx+Du |55

e —

+ -
W
Resistor Imductor /
+

C'\.I Controlled Voltage
- | Source

iy
E—

Capaciter =

Current Sensar |
L)
| et

= Elecirical Reference r

~ Initial Targets
Current
() voltage
Capacttor voltage
~ Nominal Values
Current
O volage

Capacitor voltage

=

~ @
|_simacape

[

B autoapply @

dj:) n é[z’(t)dt

(s) sC

H — - ————_—_—_—_
(8) = 3(s) ~ LCs*+ ROs + 1

Durum degiskenleri
1 = t(f), Iro = 'U(_'__'(t)

State-space modeli

1
= E (Uf'ﬂ(t_] — RII - '1'2)

T

C
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RLC Circuit Modeling

3 RLCCircuit - Simulink = a X
5 RLCCircuit =| 9
8 S
H B
o RLCCircuit
5] 3
5 P
g Control %
ontrois g
(o] R (ohms) L(H) Instructions g
1. Run the model.
2. For each set of parameters listed below, set the dials to the values and flip
the switch a few times to view the transient responses.
1.R =10 Ohm L=1e-6H C= 1e5F
2.R =10 Ohm L=1e-4H C= 1e5F
10 0.000001 0.000001 A L=le3H oLt
4.R =10 Ohm L=1e-2H C= 1e5F
5.R =50 Ohm L=1e-2H C= 1e5F
2 VW of T + ” —~ 6.R = 100 Ohm L=1e-2H C= 1e5F
} 7.R =10 Ohm L=1e2H 1e-d F
N
O w 8.R =10 Ohm L=1e2H C= 1e3F
12V
3. What trends do you notice when increasing the resistance, inductance, or
capacitance?
fix)=0
e Voltage measurement
5 227
20
10 SO l;
v (V) —=
0
-10
time (s)
Compiling : Notifying Stateflow post compilation: Completed 98% < Cancel VariableStepAuto
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Can you Find the Mistakes?

ase 8 ¥LostBall

function Logic = fcn(GoodComms, GCSCmds, IsBall, AngularState, ... case 5 ¥Takeoff
TranslationalState, IMUStatus, BATT SENS) if CrashCheck(GoodComms, GCSCmds, AngularState) if CrashCheck(GoodComms, GCSCmds, AngularState)
persistent LogicOut count; LogicOut.Mode = uint&(18); LogicOut.Mode = uint8(1@);
count = @; count = 8;
if isempty(LogicOut) elzeif ~GoodComms elseif count »= (3/ts_comms - 1) || ~GoodComms
LogicOut.CalibrateSensors = false; LogicOut.Mode = uint&(9); LogicOut.Mode = uint8(9);
;Zﬁﬂt =_9:1ode = CATEAE)E elzeif ?c.nt = uin‘tBF(TORampTime+2):’t5_comms) &% I=Ball oS TeEail
- : LogicOut.Mode = uint8(7); LogicOut.Mode = uint8(7);

elseif GCSCmds.GCS_TestCmd

elseif GCSCmds.GCS_TestCmd
LogicOut.Mode = uintd(6); n

TORampTime = 2; A LogicOut.Mode = uint8(6);
count = @; =
ts_comms = @.2; S count = @;

elseif BATT_VOL <= 2

TM_SettleTime = 2; =nd
LogicOut.Mode = uint8(4);
e count = count + 1;
case 1 ¥WaitForComms count = count + 1; case 9 %land
if GoodComms && IMUStatus.GoodIMUData && BATT SENS > 3.3 case 6 ¥TestManeuvers if abs(AngularState.Angles(1)}) < ©.88727 &%
LogicOut.Mode = uint8(2); if CrashCheck(GoodComms, GCSCmds, AngularState) abs({Angularstate.Angles(2)) < 0.88727 &&
end LogicOut.Mode = uint&(18); TranslationalState.Acc_scaled(3) < -15
case 2 ¥Init count = @; LogicOut.Mode = uint8(1);
if GCSCr!lds.GCS_Calibr‘?teCmd elzeif count »= uint8(TM_SettleTime/ts_comms - 1) count = @;
t:ff:ﬁ:?:i:b:aizgzgl; - trues if IsBall ] elseif CrashCheck(GoodComms, GC5Cmds, AngularState)
P ’ Loerciipodep Juints(@i: LogicOut.Mode = uint8(1@);
sna . else count = @-
case 3 ¥Calibration LogicOut.Mode = uints(8); count 3
if IMUStatus.CalibrationDone = ! end
LogicOut.Mode = uintd(4); count = @; case 10 %EmergencyOff
elseif GCSCmds.GCS_EMERGENCY OFF || ~GoodComms ; end count = count + 1;
LogicOut.Mode = uint3(10); Xt . -
:3:,1—_ = a; (19); count = count + 1; end ¥End Switch
end case 7 ¥Track3D A .
LogicOut.CalibrateSensors = false; if GCSCmds.GCS_MissionMode == 2 || ~GoodComms || ... Logic = LogicOut;
case 4 ¥Standby BATT_SENS <= 2 end ¥End Function
if CrashCheck(GoodComms, GCSCmds, AngularState) LogicOut.Made = uint&(9);
LogicOut.Mode = uint8(1@); elseif CrashCheck(GoodComms, GCSCmds, AngularState)
i = @5 LogicOut.Mode = uint&(18);
elseif GICSCmds.GCS_I"1iss:'Lon|‘-‘|ode ==1 count = @;

function crash = CrashCheck{GoodComms, GCSCmds, AngularsState)
crash = false;
if GCSCmds.GCS_EMERGEMCY_OFF || ~GoodComms ||
AngularState.Angles(1) > ©.5235 || ...

ut.Mode = uint8(6);

count = @;
elseif GCSCmds.GCS_CalibrateCmd
ut.Mode = uint8(3);
LogicOut.CalibrateSensors = true;

elseif ~IsBall
LogicOut.Mode = uint8(8);
count = @;

elseif GCSCmds.GCS_TestCmd

elseif BATT VOL > 2 8& GCSCmds.GCS TAKEOFF LogicOut.Mede = vint8(6); . Angularstate.Angles(2) > €.5235
LogicOut.Mode = uint3(6); count = @; EFEEl & T3
end end end

case 5 ¥Takeoff case § ¥lLostBall end

& FiGES ‘ 4\ MathWorks BiZi TAKiP EDIN!
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When should | switch from Simulink to Stateflow?

= A graphical state machine design environment that sits on top of Simulink
- What is a state machine?

NN == 01 [Failsafe N >=5
entry: OUT =0; |,

% User

0
% Turned off % Too hot i Not enough

% failures

Off
entry: OUT=0

=1On ‘
entry: OUT =1, [»

f

N=0

[
¢ Fices ‘ 4\ MathWorks Bizi TAKIP EDIN!  “Eda
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MathWorks Products Overview - Stateflow

* Easily design and maintain complex logic

* Animations help visually debug systems

=
Enable Increments Delay (sec) TicksCount
)
L= 1 7 T
Reset P\
A £ 8 12
05 1.5 /
=4 / 16
o 20/
® Cipoah g A,
{x=0}
J
ﬂiﬁnning
T [app.EnableButton.Value == true]
v On
( b t+4 X = x+app.Increments.Value; 2 R
5 6 = — -, \
2 BPR Mok COURGaIgn ke = ' after(app.DelayKnob.Value sec)
=) '/‘
T !
Off
:
l.\-/i ©
L

¢¢ Fices | 4\ MathWorks
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[switchPos==1]

lightState = 0; [switchPos == 0]

after(3,sec)

en(ry:_

lightState = 2;

[battLevel < 10]

[BATT_VOL > 2]

F\ +O) [BATT VOL <= 2]
|

2 [failFlag]

if (untitled DW.is_active c3_untitled == au) {
/* Entry: Chart */
untitled_DW.is_active_c3_untitled = 1U;

/* Entry Internal: Chart */
/¥ Transition: '<51>:5' %/
untitled_DW.is_c3_untitled = untitled_IN_ReadyForTO;

/* Entry 'ReadyForT0Q': '<S13:3' */
} else {

switch (untitled DW.is_c3_untitled) {
case untitled_ IN_FAIL:
/* During 'FAIL': '<S51»:1' */
/¥ Transition: '<51>:2" */
untitled_DW.is_c3_untitled = untitled_IN_ReadyForTO;
/% Entry 'ReadyForTO': '<S1>:3'" */

break;

case untitled_IN_ReadyForTO:
/* During 'ReadyForTO': '<S13:3' */
/* Transition: '<51>:4' */

break;

default:
/* During 'Takeoff': '<S1>:8' */
break;
}
}
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Modeling Flow Charts

ol dT ON MODELING PPS STATE CHART
ol .

I \Scope: Parameter

@ 4 3
Too hot \ RO TEMPLATE i
= Riocet 3
[temp > (tempPesired+dT)] 5 subsystem
3 !
dT [temp < (tempDesired-dT)]
tempDesired s== O O
dT 2
{heatFlow = 0;} {heatFlow = 1;} {heatFlow =-1;}
3 J L2
Too cold @), &, ), *
Ready 125% VariableStepAuto

¢ Figes ‘ 4\ MathWorks BiZi TAKiP EDIN!
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Pattern Wizard

* There are standard patterns that exist for modeling common programming constructs (such as if-elseif and for loops).

* You can automatically generate these patterns using the Stateflow Pattern Wizard

"
% Climate Control Logic
s - a x
. [temp = (tempDesired + dT)|
_ Description: T ()
(@) b [ (%) & S."m me s X, Climate Control Logic .
mcion  Taion  Favion S « = .
- If condition;
] od |i-bise od 1F.Qseif . temp > (tempDesired + dT) J temp < (tempDesired - dT)
3 [5-Elzaif-E o |§-Elcaif-Elgaif-Eloa o3 Mested H (L A
W -Ele-Elee i F-eeraten-tie L —_— If action: |I x {heatFlow = -1;}
ADD LOOP PATTERN s 3 heatFlow = -1, T
" For Loop %" While Loop %" DoWhile Loop heatFlow 0 {
Elseif condition: heatFlow = 1;}
AD TCH PATTERN
:.“ Two Casas :‘“' Thres Cases :" Four Cases temp < I:tEITII]DE'SII'Eﬂ‘ ) IiT,'
D PATTERN —~ Elseif action: - -
'-6:5 Sslect Pattern heatFlow =1,
Sawe As Pattern T
= 52 SEUCHICN 35 CUSTOM Dathem, SEMCHoN Must inciude transition Else action:
heatFlow = 0;
cace

¢
¢’ Fices ‘ 4\ MathWorks BiZi TAKiP EDIN!
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Modeling State Machines

A state transition diagram contains: < N

* The possible states within the state machine ’ : ()R

* The logic required to transition from one state to another '

(Li_act)] - _ AL " Ro_act)
* The actions taken by the system for each particular state | [ ]

ao off ; : Isend(E,LI): i [OFF } ['u.low_press[0]]
Too hot \_ | J

lie=g — ‘ ISOLATED \

‘ E.g. Fault Management

dT
templDesired E=s
dT .
[temp > (tempDesired+dT)] [temp < (tempDesired-dT)]
CoolerOn o[ Off 1 HeaterOn
entry: entry: entry:
heatFlow=-1; heatFlow=0; heatFlow=1;
Too cold [ternp < (terquDeSi{‘ed+dT)] [telﬂp > (telTWpDeSil-ed-dT)J
q R - .
¢ Fices ‘ 4\ MathWorks BiZi TAKiP EDIN! :
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Automatically Generated Code Behaves The Same As The System

\Yi[eYe [=)

Integrate generated code "
E3
- Fuel Rate Control Subsystem
e
Reduce development time . :
D T a s m:»:L:z‘ ’j\;l(;_l_:)
w = s J T fuel_rate
t(j sld {
| iue\ modj P f
Eliminate hand-coding errors . 5
» ‘&
Ready S viewdiagnoses  150%  autofode3)
¢ o B
¢ Fices ‘ 4\ MathWorks Bizi TAKIP EDIN! il
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Physical Modeling of Offroad Vehicles

1ISO 6015:2006

Earth-moving machinery —
Hydraulic excavators and
backhoe loaders — Methods
of determining tool forces

Path Planner

mP »(1D)
PumplL.Cmd i
PressureSensors
PumpLCmd
st »(&)
- PumpRCmd PosSensors
PumpRCmd
StickCal
VaNeLME
ValveLCmds
BucketCyl
~#| ValveRCma:
SwingSpeed
ValveRCmds BoomCyl e
\
Shaft PumpShaft
C}— Hydraulics Machine
PumpShaftSpeed
PumpShaftSpeed
Engine

5 ,

Simulafion 30 Scene Configuration

50 o> =3 L \
H - p stateDot P Ny stateDot [, /dt stateDot P lw stateDot [
R [=]e Flel
D_II_ _I Fn Ackermann Kinematic Model Bicycle Kinematic Model Differential Drive Kinematic Model  Unicycle Kinematic Model
- +
'

e, Yowssospe £ |
7 o= . statep v tate P N0/ tate P {dp/dt = state b T THEH EFEH i
" n:.{ - l_', state \ TC. state L(‘) | ,_E —/Wn‘ | B [ ]
AN Te=

Simulation 30 Physics Dump Truck

7
]

) ap o q
Rover Chassis Contact Force Battery DC Motor e \T Tre P b

s Harerv bw

refvel E:;) o add Y aRefbbot @ qdd

Task Space Motion Model Joint Space Motion Model

" rices |\ MathWorks BiZi TAKIP EDIN! =
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Simscape Applications

SIMULATION DEBUG APPS i
|{,':| | F)pen - gg : | = Stop Time | scenario.§ () (=) D g
& New - Libra Signal N i T s Pause i Stoy Data Logic Bird's-Eye
‘ ™ - - & Print Bmwg, Table Fast Restart Backpv = i P Inspector  Analyzer Scope
I I I I SC G pe e l C e e | I I p O e S FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS ry
FIE . HighwayLaneFollowingTestBench EE | 3
. c |
< — ~ - E ® |[Pa]HighwayLaneFollowingTestBench ¥ | E
E @ Metrics Assessment Eﬂ,
g
3 [ Highway Lane Following Test Bench ) .miza b m
= 7 42 }
=] imiz) 59/}
B ) e
{rad) g0 Vielochty (m/s) In Lane Time Gap
] —»
EJMM ) Vision Detector ey —
. sty Vehicle
= 3D . e Lane Following w3 Dynamics -
Scenario = e Controller e el
i erite Dyraemies
it Ll
1 = g
=» Sensor Fusion Metrics
T T T Lane Fallowing Decision Logic and Contraller M essest
Simulation 30 Scenanio
] . i
Customizable vehicle models e ——
» Copyright 2019-2020 The MathWorks, Inc.

uniting multibody, multidomain,
and control systems in Simulink®

Model Data Editor

https://www.mathworks.com/matlabcentral/fileexchange/79484-simscape-vehicle-templates
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https://www.mathworks.com/matlabcentral/fileexchange/79484-simscape-vehicle-templates
https://www.mathworks.com/matlabcentral/fileexchange/79484-simscape-vehicle-templates
https://www.mathworks.com/matlabcentral/fileexchange/79484-simscape-vehicle-templates
https://www.mathworks.com/matlabcentral/fileexchange/79484-simscape-vehicle-templates
https://www.mathworks.com/matlabcentral/fileexchange/79484-simscape-vehicle-templates
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https://www.mathworks.com/matlabcentral/fileexchange/79484-simscape-vehicle-templates

Aerospace Applications

Fly the De Havilland Beaver with Unreal Engine® Rotorcraft

Visualization Unreal Engine Visualization Requires Simulink® 3D Animation™
Cesium lon®
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Simscape Multibody Applications

Results

Motion Inputs
fx)=0

w G Satz2w

Satellite1 Satellite2
Worid Q
Sat2W

Cable Driven Space Manipulator
1. Explore simulation results using sscexplore
2. Learn more about this example
3. Learn more about the Belt-Cable Domain blocks
4. Learn more about multibody modeling Manipulator2

e

Copyright 2023 The MathWorks Inc.

+ Belgeles MATLAB » Examples » R2024b » sm » SpaceManipulatorExample »

Explorers - Mechanics Exp SpaceManipulator

Mechanics Explorer-SpaceManipulator

2,; SpaceManipulator
Manipulator1
Manipulator2
Satellitel
Satellite2

Sat2Plates1
Sat2Plates2
Sat2Solid

# W Satellite2_Solid

® x —_— | Time 447649

nExample ('sm/S
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Space Applications
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Hohman Transfer Model
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Apollo Lunar Module Digital Autopilot
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Ecosystem with 100+ Third-Party Tools and Languages
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There are three key pieces to Model-Based Design

Code Generation Test & Verification

604 /* End of Saturate: '<S210>/Saturation’ */ Conditions analyzed
605 Description True | False
606 /* RelationalOperator: '<S$196>/NotEqual' */ N 4 185
607 NotEqual n = (0.9F != Switch_f); Condition 1, "alt=10000" ULI || ULL
608 - 0 4
609 /* Signum: '<S$196>/SignPreSat’' */ Condition 2, "anomaly" = UlL.l

<\ Simulation Dat Inspector - obet_outmidatx - o x 610 if (Switch_f < 0.0F) {

Wbl & 611 Switch_f = -1.0F; MC/DC analysis (combinations in parentheses did not occur)
® —= /" = 612 } else { Decision/Condition True Out | False Out
613 if (Switch_f > 0.0F) { - : .
m . / N pre T gy Transition trigger expression
/ e o J
a P fs o 615 } Condition 1, "alt>10000" IE I
y A QOORE@) x | rme s 616 — —

SIMULINK

Simulation and Model-Based Design
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Si m Sca p e 4 Simscape Onramp

Simscape Onramp Simscape Onramp

E Simscape Onramp
» Self-paced, interactive tutorial for _
etting started with Simscape S 2T
g g p 0% complete
*ﬁ SimscapeOnramp - Simulink - O X
SIMULATION MODELING SIMSCAPE BLOCK » 1. Course Overview 0%
5 ining - ) i =| v _ : I
g | Temna-Tese SimecapeOnramp 3 ¥ 2. Building Simscape Models 0%
£ 22RC Circuit: (1/2) Free response & 2 ] ]
2 5 () Simscape Basics
= Task 1 ®) g
=} - -
In this course, you will be using blocks from the Simscape Foundation Library to ] ’i RC Circuit {Free TGSDDHSE:I
model physical systems. This library contains blocks that allow you to model — EAAAAAE -, : . . .
systems from many physical domains: electrical, mechanical, fluid, thermal, and Resistor ’i RC Circuit {DFIVGI"I FESDDT"ISE]
more. Here, you will use elements from the Electrical domain to build an RC circuit. . )
= *2 Rotational Mass Damper
R=1000Q » 3. Exploring Results 0%
C=1F & » 4 Understanding Physical Signals 0%
Fraiing - Assessment » 5. Initial Values in Simscape 0%
L _
= Requirements " » 6. Multidomain Modeling 0%
7 Was the following block added?
Resistor ; : : Py,
- o _ » 7. Simscape and Simulink 0%
TASK ? Does the following block have
O-pen the _Simulink Lib_rary Browser and. navigate to .Simscape > Fo_undation thelgarrset':t parameter settings? > 2 Project - Electronic Valve 0%
Library. Find the Resistor in the Electrical > Electrical Elements library and esistor
add it to the model. o » O Conclusion 0%
Ready 100% VariableStepAuto
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Resources and Training

Learn MATLAB for Free

Hands-on practice sessions and demonstrations

o

MATLAB Onramp

Get started quickly with the basics of
MATLAB
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Leam the basics of practical mage

processing techniques in MATLAB

Simulink Onramp

Get started quickly vath the basics of
Simulink

Details and taunch

processing methods for spectral
analysis

Machine Learning Onramp

Leam the basics of practical
machine learming methods for
classification problems

Learn the bas

fating

physical systems in Simscape

Deep Learning Onramp

Get started quickly using deep
learning methods to perform image
recognition

oo JE

o
N=

Stateflow Onramp

Learn the basics of creating, editing
and simulating state machines in
Stateflow

Details and lunch

Reinforcement Learning
Onramp
Master the basics of creating

intelligent controllers that learn from
experience

Get started quickly with the basics of
feedback control design in Simulink

Details and faunch
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