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@ UHTEepaKTMBHA NporpamHa cpega, MHTerepumpaHa c
MatlLab
©lpeaHasHayHMe

MoAeNInpaHe, CUMY/IMPAHE U aHA/IU3 HAa AMHAMUYHUN CUCTEMU
n3cnegBaHe Ha JIMHENHU N HEJIMHENHN CUCTEMMU

n3cneaBaHe Ha HEMNPEKbCHATU U ANCKPETHM NpoLuecu
Model-Based Design

“lMpunoxeHus
TeXHNn4eCKn CMctemum sBbB BCUYKUN UHKEHEPHN obnactu
n3cnenoBaTtesiCka na60paT0pMH

®WNepapxnyHn moaenm

top-down
bottom-up




KoMmnoHeHTU Ha cpeaara

©CpeactBa 3a mogennpaHe

rpadunyeH peaakTop 3a NOCTposiBaHe Ha B1OKOBMU
anarpamm

onbnnoTtekn ot 61okose

©CpeactBa 3a cMmynauyma
nocpeacTBOM MEHHO
OT KOMaHAHMA npo3opel, Ha MatlLab
HACTPOMKA Ha NapameTpu
what-if nscnensaHe

©CpeactBa 3a aHanus
KomaHau Ha MatLab
application toolboxes




lNpouec Ha moaenupaHe

O ETanwu

NedunHUpaHe Ha cMctemaTta U nogcuctemure

UpeHTnduumnpaHe Ha KOMNOHEHTUTE Ha cUCTemMmaTa
AHaNNTUYHO onNUCaHue ypes popmynu

MNoctposBaHe HA 610KOBU Anarpamm
MpoussexkpgaHe Ha cMmynaumsa

BanngupaHe Ha pe3yntaTture OT CUMYNaLUATA




KomnoHeHTU Ha moaennpaHaTta cMmctema

oTunose

MapameTpu

" MPU3HaLUU Ha cucTemarta, YUUTO CTOMHOCTU OCTaBaT NOCTOAHHM
BeJINYMHU, aKO He 6bAaT NnpomMmeHeHMU 3a LenuTe Ha
uscnepBaHeTo

CbcToAaHMA

“ NIpU3HaLM HA cUcCTEMaTa, YUUTO CTOMHOCTU CE NPOMEHAT BbB
BpemeTo

CurHanm

“BXOAHU N U3XOO4HU NapPpaMeTpPUn, HMNTO CTOMHOCTU Ce USMEHAT
ANHAMUNYHO NO Bpeéme Ha CMMyNauunaAaTa

©®MpepacrtaBaHe HA KOMNOHEHTUTE
O610K: napamMeTpn U CbCTOAHMUA
CBbP3BaALLU IMHUN: CUTHANN

/@

9



UpeHTndnumpaHe Ha KOMNOHEHTUTE

@B oTroBop Ha BbNpocuUTe:
Kou ca BxogHuTte curHanm?
Kou ca nsxogHurte curHanm?
Kou ca (npomeHnusute) cbctoaHMA Ha cucremara?
Kou ca (KOHCTaHTHUTE) NnapameTpu Ha cuctemara?
UMma nn mexXauHHu (BbTpewHn) cucHanun?




PaboTtHa cpepa Ha Simulink

E! Simulink Library Browscr
File Edit “iew Help
= - 1 Block
O = = | Enter part of a block or libram name - g = Search
Librarie= Library: Smulivi /4 ath Operation: | Caan 4| b
=N Sirnulrik: E =
b Commonly Used Blodks
Continuous Saueezs
Discontiukies
Dizcrete =
Logic and &it O pesation: o= } Subtract
& Lookup T ables
fﬂEl;CtEd 14 2th O peration:
ihrary I odel Yerilication @ Sum = g‘ﬂﬁtﬁd
I cdel-wide Utilties
Paitz & Subsysterns
Sional Attribules E P Sum of Elerments
Sional Roting
Sirkes
EI':'“":[?;_ SFunt sin p Trigonometric Function
El-Additional Math & Discrete | _ = —— =10l
- File Edit %iew Simulation Formak Tools Help
Block D escriplion . =
Eggr. tion Cum: &dd or subtract inputs. Speciy one of the following: O | = EH& | b B2 | & = 1t | S IEEI I Marmal
P a| =ling contaring + or - for each input port_ | for zpacer behween o
b| =calar, == 1, zpecifies the nuriber of input parlz b be summed.
WwWhen there iz orly one input port, add ar sublract elements over al
dimnension ﬁu . ]
Ready Sine Wiave
Scope
1
z
Integratar
Ready |100% | |ode45 4

http://www.mathworks.com/demos/getting_started_with_simulink_demo_video.html 9




MATLAB 7.5.0 (R2007b)

File Edit Debug Desktop Window Help

D B | * ‘ @ L) L] |ﬁ ﬁ @ | @_.' | Current Directory: | C\Users\[O

‘J mysim *

HEIEE

Source File:

C:\U zersDorahDocumentsitAT LAB rysim. i

Last Saved: FriNov 07 10:07:06 2003
Created On:  FriMov 07 09:23:38 20028
Is Modified: ypes
Model Version: 1.3
1] ] [ Cancel ] [ Help

G 13 A

B-%-- 13/11/08 22:35

----- etlistisl

------ demo | 'simulink',
..... _'L

..... I

----- showdemo =lec ic

@ New to MATLAB? Watch this

WO TITITo I O OC LU UIC WO

Tou can disable this diagnost

the configuration paramsters

Warning: Using a default wvald

Tou can disable this diagnost
the configuration paramsters
Warning: Using a default waly
Tou can disable this diagnost

the configquration parameters

FF .

'_:'? Editor - C:\Users\Dora\Documnents\MATLABymysim.mdl

Videa, {

-
Shortcuts [#] How to Add [l What's Mew File Edit View Simulation Format Tools Help
dtory | Workspace * O 2 X || Help D& s8R == 4= r =00 [Noma =l TS
= o = v| B... Y| * | Help Navigator
L [ —
Name « i o —— -
!J Model Properties AJ o
] i
= M ain | Callbacks | Histary | Description | A - QDi[t} i T q
= R I | s Y L oerery, WS P R B (R = SN | bt ‘A
Model Information for: mysim ‘ LR aain = o LJ

e, to run the Signal

major examples included

+ 0 2 x

| than this

| than this

File Edit Text Go Cell Tools Debug Desktop Window Help u|?| X
NAE$BR20|L  Aenr | B-BRBRENB|[sse -] [0~

1 Model { =1

2 Nams "mysim' =

3 Version 7.0

4 MdlSukbVersion 0

5 GraphicalInterface {

B NumPootInports a

7 NumFootOutports a

=] ParameterArgumentNam=s """

=] ComputedMode IVersion ".3n

10 NurModelReferences u]

11 NumTestFointedSignals 3

12 TestPointedSignal {

13 Zignallame "Di(t)"

14 FullElockPath "mysim/Gain"

15 Log3ignal 1

1& MaxFPoints 5000

17 Decimation 2

18 }

19 TestPointedSional | -

plain text file Ln 5 Caol 23 |OVR 2

IO CHTo VO s

agnostics page of
valus.
agnostics page of
value.

agnostics page of

OVE




CtaHaapTHU 6ubnnorteKkn ot 6aoKose

Bubnnoteka CbabpxkaHue

Commonly Used Blocks 3Bagka OT Han-4ecTo n3non3BaHnUTe DNOKoBE —
BXO[, U3X0[4, KOHCTaHTa, gucnnen n gp. Teaun
GnokoBe ce HamupaT 1 B Apyrn onbnuoTeku

Continuous brnokose 3a mogenupaHe Ha NMIMHEUHU (PYHKLUN
— andpepeHumaTop, MHTerpaTop un ap.

Discontinuities brnokoBe, YMNTO N3XOOU Ca HENPEKbCHATH
dyHKUMKM Ha BxogdoBeTe cu- Saturation block

Discrete briokoBe, npencraBALLM OUCKTEPETHMN PYHKLNM
Ha BpemeTo - Unit Delay block

Logic and Bit Operations  Jlornyecku n nobutosu onepaunm - Logica

LookUp Tables BnokoBe, KouTo nanona3sart Tadbnuum 3a
onpenendaHe Ha naxoaa ot Bxoga — Cosine,Sine
blocks

Math Operations [lpeacraBaHe HA MaTeMaTUYECKU U JTOTNMYECKN

d)yHKLI,MM — CyMa, npoun3seneHune n ap.

Model Verification brnokose 3a aBTO-BanugupaHe Ha mogena -
Check Input, Resolution block J‘




CtaHaapTHU 6ubnnorteKkn ot 6aoKose

Bubnmnoteka CbabpxaHue

Model-Wide Utilities MeTagaHHu 3a mogena - Model Info block

Ports & Subsystems 3a cb3gaBaHe Ha nogcuctemu - Inl, Outl,
Subsystem

Signal Attributes 3a moandmumpaHe Ha aTpMbyTuTe Ha CUrHanu -
Data Type Conversion

Signal Routing 3a pyTMpaHe Ha curHanm ot efiHa TouYKa Ha
avarpamata go gpyra —Mux, Switch

Sinks 3a HabntogaBaHe Ha naxoga - Outl, Scope

Sources 3a reHepupaHe nnm UMnopTupaHe Ha BXo[ -
Constant, In1, Sine Wave

User-Defined Functions 3a geduHnpaHe Ha NoTpPedbUTeNcKkn PyHKUUn -
Embedded MATLAB™
Function

Additional Math & Discrete [1Be gonbnHuUTenHn 6ubnuoTtekn 3a 6nokose 3a
MaTeMaTUYECKN U OUCKPETHU OYHKLNN

http://mwww.mathworks.com/products/demos/simulink/Simulink_Key Features/videos/Library.html '
>




BubanoTeku oT AeMOHCTPALMOHHU NpUMmepm

Help Mavigatar X || qm up O | Y | 4

Search for: | v| \E/ Title:| Simscape Demos ~

Example: "plot tools” OR plot* tools

| Contents | Indexl Search Results| Demos SImSCG pe Demos
=W Simulink e
#-(1] General Applications

[ Automative Applications =
[ Aerospace Applications

Simscape extends Simulink with tools for modeling and simulating multidomain physical
systems, such as those with mechanical, hydraulic, and electrical components. Simscape can
be used for a variety of automotive, aerospace, defense, and industrial-equipment applications.

(1 Modeling Features Together with SimMechanics, SimDriveline, SimHydraulics, and SimPowerSystems (all available L
W SimDriveline separately), Simscape lets you model complex interactions in multidomain physical systems.
® SimEvents

Product page at mathworks.com
W SimHydraulics £

¥ SimMechanics

W SimPowerSystems

- W Simscape

#-[ Mechanical Systems
= Electrical Systems S
..... Shunt Matar i-°.-.. — Simple Mechanical System = Model
----- Permanent Magnet DC Motar S
----- Nanlinear Bipolar Transistar | pr—
----- Small-Signal Bipalar Transistar
----- Differentiator

----- Band-Limited Op-Amp T
----- Finite-Gain Op-Amp o
""" Inverting Op-Amp Circuit I “ Mechanical System with Translational Hard Stop = Model

----- Naninverting Op-Amp Circuit o= |

----- Salenoid i

----- Full-wave Bridge Rectifier - il it

m

Mechanical Systems

! ' Mechanical System with Translational Friction %] Model




Bubanoreku ot AONBAHUTENIHU UHCTPYMEHTHU

®Toolbox

cneunanmsmpanu konekumm ot m-files (MATLAB language
programs)

Cb34a4eHN 3a pellaBaHe Ha onpegesieHd Ks1ac 3a4a4u

CbABbPNKAT aNTOPUTMU, GYHKLUMUU, TPAPUKU K
notpebutenckm nutepdemncu

3ad U3cnegBaHe, NpoerTnpaHe, aHaan3npaHe n
CUMyInpaHe Ha Pa3/IM4YHU NMPUNOHKHU TEXHNYECKU
cncremu




Bubanotekn ot AONBAHUTENHN UHCTPYMEHTHU

Help Mavigator

Search for: |e|ec_|ib

| &

Example: "plot tools" OR plot* tools

| Contents | Indexl Search Results| Demaos

Sl
w4\ Aerospace

< Biginfarmatics

4k Communications

<k Contral System

< Curve Fitting

< Data Acquisition

ok Database

o\ Filter Design

<\ Filter Design HOL Coder
< Fixed-Paint

4\ Genetic Algarithm and Direct Search
7k Image Acquisition

<. Image Pracessing

-k Instrument Cantrol

< Mapping

&<k Model Predictive Cantral
o Neural Netwark

ok OPC

< Optimization

.4\ Partial Differential Equation
i Robust Contral

ok Signal Processing
s

s

Xl Clo| M

Title:| Toolbox Demos -

Toolbox Demos

Toolboxes are specialized collections of M-files (MATLAB language programs) built for solving
particular classes of problems.

Our toolboxes represent the efforts of some of the world's top researchers in fields such as
confrols, signal processing, system identification, and others.

Your particular installation might not include all toolboxes. To see which toolboxes your
installation includes, expand the Toolboxes entry in the left pane. From there, select a toolbox
to view its demos, and then select individual demos you want to view and run. You can also find
examples in Help. In the Contents pane, select a product and choose Examples to view, run,
or copy sample code from the documentation.

To see a list of products that have demos visit www.mathworks com/products/demos.

To get more information for any of these products, visit www_mathworks.com/products, or
contact Sales.




Simelectronics

lMo,u,enMpaHe Ha e/1IEKTPOHHUN U eNeKTPOMEXaHNYHN
cncrtemu

©PaswunpeHune Ha Simscape

®bubnmnortekn ot ba1oKoBe 33
CEeH30pU
nonynposoagHMKOBU eeMeHTH
eNeKTpoaBUraTe/ln
JIOTMYeCKn cxemu
UHTEerpaHn cXxemu

KOMMOHEHTU, cbBmectumm cbce SPICE

n ap.




ELlhrarr:herrncundu-:tc-r Devices

FTIihr:u'y:lntr'qmrnd Circuits
Format

Gle Edit

WiEww

Help

D EHS s B e 4|2

.

Flle Edt WYiew Format Help
D& 2B 5 1| 2R
e _@: '@, Fle Edt ew Fomat telp
u Read
Diode Ded&| @@ 258
N-Channel JFET  M-Channel MOSFE .
I:l . . ? Generic Battery
u—ﬁ—n E Eﬂ v
Optacoupler  P-Channel JFET  P-Channel MOSFE QLL Solar Cell
T
@' EE Ez Ready

N-Channel IGBT MPH Bipolar

Transistor

PMNP Bipolar
Transistor

[100% \Unlocked

Ready

&

4
= Negative Supply Rail

W+ Positive Supply Rail

100%

\Uniocked 5

Band-Limited Op-Amp

Finite Sain Op-&mp

[100%

Unlocked

P

SimElectronics™ libraries of
semiconductors (left], sources
[center), and infegrated
circuits (right) for modeling
electronic systems.




[T1Library:Actuators_and_Drivers M =] E3

Fie Edt View Format Help

DEEE| =R et |2 nEE|

|

o[ refEpime “‘@"'“ “‘Q‘*“"‘
o|-reFHEFp | !
Controlled P'WM “'e_@_ﬂ'" "'@_R" "e_@_ﬂ'"

Woltage

DC Motor Universal Motar Solenoid

_|6 u—%H ﬂW@TmD
. EI '“"f:d "' qu@'sb

]
N, T :
-n
Servomotar

" Induction Motor
)

o

o

Stepper Motor Driver  Stepper Motor

Shunt Motor

Ready [100% Unlocked y

SimElectronics™ library of actuators and drivers for testing
different actuation solutions.

L] Library:Sensors =] B
Fle Edt VYiew Format Help
DSEHS BB | E=> 1|22

Photodiode Light-Emitting Diode

Incremental Shaft

Encoder
> 2
> R{}“{-—-H $|7;_c|_,_, D‘mn ‘

Proximity Sensor

Thermistor Thermaocouple
o
- oG
> S, :
o
Strain Sauge FE Sensor
Ready [100% Unlocked 4

SimElectronics™ library of sensors for capturing non-ideal

behavior of sensor hardware.
=<




Mpumep 1

@ PewaBaHe Ha ypaBHeHUeETO
X = 3sin(2t)
Ha4a/1IHN YC/Z10BUA:
X(0) = -1.
BxoA:  3sin(2t)
m3xom:  X(t)

3sin2t) —

(input)

| > [&—

X
(1)
(output)

w

integrator




N360p Ha 6a10KOBE

@ Bxoa: vif

@ N3xoAa:

©@0nepaTop:

#CBbp3BaHe Ha bOKoBETE CbC CUTHANU:

oT Sources

oT Sinks

oT Continuous

1

.._

Sine Wave

5

Integrator

r'|
= Ll

Scope




HacTpoWKa Ha napameTpu

W Function Block Parameters: Integrator i E

- [ S

3 sin (2t)
X(0) =-1

Intearator

Continuous-time inteqration of the input zsignal.

Farameters

External reget; |n0ne

Initial condition source:; |interna|

Initial condition:

|1

Lirviit output

dpper zaturation limit;

[imt

Lowser saturatian lirit:

[qmf

Show saturation pork

Shaw state port
Abzolute tolerance:

|aut0

lgnore limit and reset when linearizing
Enable zero crossing detection

State Mame; [e.q., ‘position’]

I Ok I [ Cancel ] [

Help

|

EJ Source Block Para@s: Sine Wave “

Sine Wave

Output a sine wave:

0[t) = Amp*Sin[Freqt+Phaze] + Biaz

Sine type determines the computational technique used. The parameters in the bwa

twpes are related thraugh:

Samples per penod = 2%pi / [Frequency * Sample time)

Murnber of offzet samples = Phaze * Samples per period / [2%pi]

Uz the zample-bazed sine tppe if numerical problems due to running for large times

[e.q. overflow in abzolute time) occur.

Parameters

Sine type: |Time based

Tirne [t]: |Llse simulation time

=]
=]

Arnplitude:

Frequency [rad/zec):

2

Phaze [rad):

0

Sample tirne:

0

|nterpret vector parameters az 1-D

Cancel ] [

Help




File Edit View Simulation Format Tools Help
D& B[ ¢+ [2» m o [Noma ~|
I N
I Tl s
Wave ntegrator Scope

Mo | x | [lpoBepKa: aHa/IUTUYHO
SB L)Ly ARRB DA H
o peweHne

X(t) =1 —3cos(2t)

matches the plot (the
simulation result) exactly.

/@




PelwasaHe Ha IMHENHOTO . SSIZZEIn
Jils GG > RN
H(f]=i(I)R+L I(] ~r===-zx="
dt
u(t)—Rift) =-L‘ﬁ—(r) 0
dt g
HaYya/IHU yC/10BUA: ult) = i(t)R + ay(7)

uft)=0
NbpBa NPOM3BOAHa:

L — KOHCTaHTa

R - KOHCTaAHTA

@



MocTposaBaHe Ha 610KOBa guarpama

B mysim = L - - - &[G ]
File Edit WView Simulation Format Tools Help
D EEE| FBRE | <= 4 [S2 » =00 [Nomal =1
uith

Step

= t [k (]
’\”L o g B
[w{t}-{t}R] s 4

Gain Integrator Scope

R _~7 |<

Gaini

Ready 1100% | | \oded5 y
nHTerpaTop — ot Continuous BXOA4EH CUTHAN — CUMYIMPA NPOMAHA B
ymHoxuten Gain — ot Math HanpeXeHneTo — oT Sources
ocumaockon — ot Sinks CTbMKa: amnautyga = 1

KoHcTaHTU: R=0.01; L=0.01 <=
s



PeweHue
cope N =lm) & |

EEPLL ABE BAES




[1py*KUHa
X
2F =ma " 7
F(t) - Kx(t) - Bu(t) = ma(t) _=, Mf’
Kbdemo i %
ONRNN K\KKKKKKXR&K;
F — 8bHWHaG cuna, ] 7
npusaoxceHa svpxy macama (m);
K — KoHcmaHma Ha
npyxuHama, ]
a — yCKopeHue Ha
macama; BTOpW 3aKOH Ha
U - cKopocmma Ha HoTOH:
macama; B
X — Pa3CTOAHMETO Ha 2 F=ma
npemecTBaHe;

B — ¢pakmop Ha i i
mpueHemo. FEI]—}Lf_E:m ;E] _
s




<
MapameTpu: . i
B Fy-x 20 _g_pd X0 -
m=0.25 dt dt
K=0.5 dx(f) I[FI 2 2D B]
B=1 e
BxoA:

OndepeHumpaHe Ha

f(t) ctbnka c CTBIKM

MarHunTyaa = 3

/@
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CTbnKm

© /[1Ba UHTerpatopa — No eaunH 3a BCAKa cTeneH

Tileyialu |

Tilz yid

Stap

1 1
T o o]
[ | £ [ £ x
Integrator Intagrata i Soope
v 1 1 ]
=/ DO7x ™ B O ™ £ x ™
Intagratari Irta gratan Soope
p ol ]
Cre = K =
Int=grator Integiatar Seaps
(5]
Fain
- o 1 ol 1
5 x
Intagratorl Irtagratar Sonpa

O




W untitled * o e ™ &= "=

File Edit Wiew Simulation Format Tools Help

DEE& BRS¢ 202 =500 [Nomal =1

I|
' j Gain1
Step +

—{- 1 » 1 w1
| ) = = i
Integrator Integratori Scope
Gain
B scope |_ﬂ_[_|:| B % |
SsBEPLL ABRB EAT -
Ready 100%

Time offzet: 0




e

Ur(t)+ Uy (8)+ Ue(t) = u(t)
Ug(t) = Ri, (t)
di, (t)

dt

t
uet) = Jii (o)

dug(t) i (t)
dt C

U, (t)=L

rc e I iy u(t)

dt dt

i) =i.(t)
Yo (t) = uc(t)

_~dys(t)
}"1(f)—C—dt

Rys(t)+ L+ () = e

dy,(t)_1,
dt L
dy,(t)_ 1

=—Vy,(t
pr C."ﬁ()

y (t=0)=0

R 1
{t)—rﬂ{f)—zl"z(t)

yo(t)=0




©B momeHTa t=0 KntoubT ce 3aTBapAa 1 RLC BepuraTa

ceé CBbp3Ba KbM U3ITOYHUK HA HaAllpeXeHNe.

©/[la ce 3uncam HanpexeHMeTo BbPXY KOHAEH3aTopa,

ako R=10Q), L=10mH, C=100uF v e npunoxeH
NOCTOAHEH U3TOYHUK Ha HanpexeHne U=50V.

o Wose=0 g L . c .
o 1 I'| 2 VYT | |

K ¥ [
I 10 10mH  100u
S
ol f
—“‘T’_n




function dy=RLC(t,y,options,u,R,L,C)
dy=zeros(2,1);

a=1/L;b=R/L;c=1/C; 0
dy(1)=a*u-b*y(1)-a*y(2);
dy(2)=c*y(1);

% RLC Bepwura o
U=50;R=10;L=10e-3;C=100e-6; .
t0=0; % HavanHo Bpeme
tfinal=30e-3; % kpanHo Bpeme
iL0=0; % Ha4yanHo ycnosue iL(t=0)=0 0r
uC0=0; % Ha4yanHo ycnosume uC(t=0)=0

[t,x]=0de45('RLC',[tO tfinal],[iLO
uC0],[],U,R,L,C); % uncnero peweHune N o o w mE

plot(t,x(:,1),'b"t,x(:,2),'r') .
axis([0 30e-3 -10 60]),xlabel('t[s]")
text(0.015, 2, "iL(t)'),text(0.015, 52, 'uC(t)')

'
"

" f/ W

/I

|

|

|
b

/@
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Opyrm npunoxenua Ha MatLab n Simulink

®TpadunuyeH notpebutenckm nutepdenc (smaeo)
= MatLab Creating ...

© emoHCTpaymnu

= (Simulink general applications
= MatLab other demos)

TeMnepaTypeH MoAe N Ha Kblla
TbProBCKU NbTHUK

0bMKONKa OKOJ10 CBETA
minesweeper




