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- Eva makéto Aoylopkou yia povteAomoinon, mpooopoiwon,
Kat avaAuon duvapiKwy ouoTnUATwV.

. Ymootnpi(el ypapUIKa Kat pn — YPAPUIKA OUOTAHKATA,
LovteAomotnpéva yia ouvexn xpovo, sample time, i
ouvoLaopo Twv dvo.

- Ta ouotipata pmopei, akopa, va ivat moAv-puBpIka be
multirate (i.e. Alagopetika Turparta that are sampled or
updated at different rates)
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- [0 povtelomoinon, mapéxel éva ypa@iko mepiparov
xpriotn (GUI) yia tn dnuiovpyia povtéAwv we dlaypdppata
dopwv (amha pe emAoyn Kat PETAKIVAON e TO MOVTIKL)

. Anpiovpyei povtéha pe 1epapyikn dopr (pe xprion top-
down kat bottom-up mpooeyyioeic)

. Mmopéite va TpOOOOIWOETE, VA AVAAUOETE Ta £EAYOpEV
amoteAéopata, va e¢epeuvioete & va dlopBwoete ta
LOVTENQ 0aC Kal, PUOIKA, va To dtaoKedaoete!
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Exkivnon Simulink 4+

KAik oto sikovidto SIMULINK

2 | Current Directory: I COMATLABwWwork

Cormmand Windows

@ L | | B ostass [0 | |=>> simulin =
MName Size

[Anktpoloyrote simulink

oto Matlab command window

] >

Ready
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BiBAtoOnkn ouvaptnoswv oto Simulink o

A Simulbi-.« Library Browser

Wiews Help

i m
- B Continuous

- B2 Discrete T
y Functions 2 Tables }1.‘.- Discrete
o B Math o
- B3 Monlinear y=firup| Functions & Tables
- P Signals & Systems
- e Sinks R b ath
. B Sources =
- E Subsystems MHonlinear

----- B Control Svstem Toolbox

i B

1+ gl Fuzzy Lagic Toolbox .
= Nl Meural Mebwork Blockset Signals & Systems
=+ B Real-Time workshop A
e s .
- | S-Funckion demos =b¥1:= Sirks < ZET Ao"wv
=+ W] Simulink Extras 1=
[+ ¥gh| System ID Blocks 11:: % Sources
=+ Wl =PC Target =
L £
u Subspstemns
K C i’ =

BifA10BrA KN cuvaptrocwy
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Anpovpyia Neov Movtédov 4+

L= Simub-.« Library Browser

CREATE NEW MODEL — AHMIOYPTIA NEOY MONTEAQY

i =

=1 untitled

M File Edit View Simulation Formak Tools Help

ID|B—“E§|&EE.|9¢E|HE®|} -INDrmaI

= Nl Sirnulink
- B Continuous
- 2| Discrete

y Functions & Tables
o B Math

- B Monlinear
- P Signals & Systems
- B2 Sinks

- B Sources
- B Subsystemns

B Control Svstem Toolbox
- N Fuzzy Logic Toolbox
- Wil Meural Mebwork Blockset
- K| Real-Time workshop
- N S-Function dermnos

- N Simulink Extras

- Wgh| Swystem ID Blocks

- W =P Target

D erivative

Ihteqratar

kA ernary

State-Space

Transfer Focn

Tranzport Delay

Wariable Transport Drel

Zero-Fole

Workspace yia v
avamtuén Tou HovtéAou
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- Midypappa Aopwv tou Simulink— ameévion Tov duvapikol ovoTHpATOC

- KdBe dopn avamaptotd éva otolyelwdeg duvapiko cuatnpa mov mapdyet
Kdmolo amotéheopa €600 (gite ouvexric f dlakpitr £60doc)

- Orypappéc avamapiotov TIC OUVOETELS TV E1000WY OTIC HOpEC HE TIG

avtioTotyeg £¢600U¢
u > X y
(Input) (states) — (Output)
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Anpoupyia voc HOVTEAOU :

Ta mapakdtw Prypata Ba oag odnynoouvv ot dnuiovpyia evog
OVOTHNATOC/HOVTEAO:

SHMAT: Anuovpyia Aopwv
BHMA 2: Anuovpyia 2uvdéocwy
SHMA 3: Optopoc Napapétpwv

SHMA 4: Extéheon Mpooopoiwong
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Anpovpyia evo¢ povtélov oot

- BAua 1: Anuiovpyia Aopwv

AnoBnkevon povtélou

— — [ —] M
=] Simulink Library Browser |__| |£| t ”_':' ”_><_|
File Edit Wiew Help =1 untitled * < [B])E]

D @ o | (Flo Edt Jlag  SimoWOR Format Tools  Help
Sine Wawve: Output a zine wave where the sine type determines 0 | =\ H )= | b 2 | L | H * @' | P = |Mar

the computational technique uzed. The parameters in the bwo types
are related through:

Samples per period = 27pi # [Frequency ™ S ample timnme]

= | Simulink =1 =" -~

H dopry Sine Wave

..... #| Continuous

..... Biosee i Pop +—— Bpioketat otn BipAI0BIKN
..... unckions ables Sine Wave

_____ 23] Math | Pulze Generator Sources

----- 2 Monlinear

..... #| Signals & Systems / Rarmp

..... 2

R andom Mumber

/%-1 R epeating Sequence

s} Signal Generatar,

Sine Wave

PATRAS

Murnber

Ready 100%: oded45 i

! [atdw kat o¢pvw T dopr Sine Wave oto mapdBupo epyactwv
Sources library L — P

s a1 ENT

ical

«BifAoBnKkn» Mnywv Y |
B il sl L\ Engineering
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Anpovpyia evo¢ povtélov oot

. Brjpa 1: Anuiovpyia Aopwv

=1 Simulink Library Browser
Fil= Edit Wiews Help

[ &= —= Find ||

Mux: kultiplex zcalar, wector, aor matri= signalz into a bus.

= e example * |Z| |§| |Z|
File Edit Wiew Simulation Formatk Tools Help

D|E—“H§|éﬂé|9@|ﬁ&®lb-mm

/\

simoutl

=1 El Sirmulinlk, 07 =7 ) 1 aut1 To Wiokspace
E Discreke Sine Mrave
- B3| Functions & Tables I ' . seeps
- 25 Math H dopr| Gain :
g ronlinear I > simout
B Signals 8 Systems Elval 0Tr| utz Ta Viohspa
33 Sinks QA :
2] Sources — BiBA0OriKkn Math
. # Subsystems

g

Data Store Head
.. W] Control System Toolbox

i+ N Fuzzv Logic Toolbosx
- | Meural Mebwork Blockset A Data Store Mfite
- Nl ReaI-Tir.ne Workshop . BpiGKOVTGl GTn
i S dor bt H oy Mux etva ot BB oBiiKn Sinks
i+ W] Swystem ID Blocks I Dermus )\ e ’ n n
=+ W =PC Target BIB 10 nKn
From Signals &Systems
= il |'#|| M= Funrction-Cal — — oot
Ready

[ \"W | Engineering
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Anpovpyia evo¢ povtélov oot

. BAua 2: Anuiovpyia 2uvdéoewv

[0 Tn dnpovpyia piag ovvdeong: Aptotepd KAik pe matnpévo to control (0to mMinkTpoAoylo) Kat 6<pvw amé Ty -

| oy 0ToV «TTpo0plopo

D|@E%|é’éﬁ|fﬁfz|ﬁ&®|b-mn

To Workspace: “WWrite input to specified array or structure in
FATLAR's main workzpace. D ata iz not available until the zsimulation iz
zhopped or paused.

= simoutl

outl To Wodspace

ﬁu =I [
Sine Mawe I:
Scope

Fain

El Sirnulink.

- B Continuous

- 33| Discrete

E Funckions & Tables
. - Makh

o 2] Morlinear

. | Sigrals & Systemns
- B Sinks

. | Sources

-~ B subsysterns

----- El Control System Toolbox
- | Fuzzy Logic Toolbox

- Ngh| Meural Mebwork, Blockset

]El Real-Time Workshop

- Nl S-Function dermos untitied.mat [ To File
Hl

Hl

Hl

Dizplay

Floating Scope

= =imout

Outd

outZ To Wodspace

Scope

Stop Simulation

Eva ouvbedepévo poviého

T erminator

meueum

- Nl Simulink Extras

- W] Swystern ID Blocks simout To workspace
- W] =PC Target

W

= Graph

Ready |[100%: |odes e
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Anpovpyia evo¢ HOVTEAOU

* Brua3: Opopoc NMapapétpwy

ATTAQC 0 00 3 0 TOV 0PLOUO 000 00 00 0

File Edit Wiew Simulation Format Toffls elp

—T orkspace
| | = H &= | B2 | #Q n L @ | = IND /%:/input to specified array or structure in MATLAE's main workspace.

ata iz not available until the sinnulation iz stopped or paused.

/ — Parameters————— —]

Pl simoutt Wariable name: OVO d ® TNV Ta d €100
2 autl! To Watspace Igut‘” — IJ c rl p IJ p

¥ I | Limit data points to last: EEC’)GOU (DC HOUﬂ "
Sine WMiave A e Il;nf | -
b ecimation:
w l ] =simout I'I

Yy

outz To WMakspace Sample time [-1 for inherited]:
RBlork Paramebers: lain Izl I_-I
 Gain 5 awve format: I Struchure —I'

Element-wize gain [v = K_"ul or matriz gain [y = K*u ar » = u*kK].

— Parameters | Ok I Cancel I Help I Apply I

|65—4= Tipn Evioxuong=">5

kA ulbiplication: I Element-wizselF._ *u)] ;I

Iv Saturate on integer overflow

Ok I Cancel I Help I Apply I

Ready |100%% | | |ode4s

Z
ST Engmeering
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Anpovpyia evo¢ povtélov oot

* Brua4:Exktéheon lNpooopoiwong

File Edit “Wiew Forrmmak Toaols Help

] | E é Skark ZErl+T 5_ @( >

Skop

Simulation paramekters. .. Ckr

w Mormal Solver
External

Wu:-rkspau:el.-"[ll Diagnnsticsl .ﬁ.dvancedl Heal-TimeWDrksthl

ﬂ Sirmulation tirme
Start time: I 0o

autdTe Matspace Stop time: | 10.0

[ -
[~ 4—’ L1 Solver options r
Sine Wiawe _li - -
4>I>; Scope Type: I"v"arlable-step LI Iu:n:le45 [Du:url’anu:l Pririce]

=
Zain »- auts ]
I | Max step zize: I auto Felafve tolerance: I
outz2 To Wrodspace
Min ztep size: I auto Abzglute tolerance: I auto

Initial step zize: I auto

Output options

Matéw “simulation parameters” yia va 8éow Tig |Fefine outpu =] Refine factor |1
apapéTpoug mov BéAw oK

Cancel | Help | Lpply

2710 “stop time” pmopw va aAhdéw to Xpovo
Teppatiopov Kat matdw OK

Showe Ehe sirnalation paramekers dialog

Of Chem@cal
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Anpoupyia voc HOVTEAOU

e Ameikovion tn¢ €€0dov péow ¢ dopr¢ Scope

Fil= Edit Wiew Simulation Formak Tools Help

Dl@n%léﬁgli—jf_“lnﬁ—@lb -INDrmaI

2nueiwon : H dopn Scope givat mapopota e to oscilloscope!
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J Scope

BT Amoté\eopia / eIKOVa TOU scope  m—

Kitpwvo: Eicodog— Hpitovoedég kopa
Mwp : E€odo¢ (Hurtovoe1déc Kupa pe evioyuon 5)

A6 KNiK 0T dopr scope yia Ty EPQAvion T ameikoviong tne e¢6dou




Anpovpyia Evo¢ HOVTEAOU

2 Figure No. 1

Ameikovion ££050u (output) oTo workspace [ = v v

lDsda& xAA/ PO

L~] example * al Output: Sine wave with gain of 5

File Edit Wiew Simulation Formak Tools Help

DS EHES| el < | @S & > = [Nom o

= outid

1F
aut1 To Wit desp ace
Sine Wawe M 1 _Input: Sine Wave (gain
G ain - I
Ut To Wilrotdesp ace
2 MATLAB

File Edit Wiew ‘Web ‘Window Help
Do | & Bz o | 8| 2?2 |cy
= B
= = | =7 | Gy ostase [Co0 | == pjot(topt.out1.signals.values.'b-"tout,out2.signals._values.'r-") =

e —

I O A TLABR by
d

—— time(s)

Mmopeite va kdvete ypa@iki mapaotacn tne 6600v pe
xpHon tne evion plot

B U
\ Py
]

A
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€CLOWOEIC
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o [lapadeypa Avvapikov 2votriparog : Mada-Ehathplo-AmooPeotrpag

f (t) To poBnuatiko poviélo meptypdeTal amo tn oxéon:
1 X :i(—BX— Kx+ f (t))

M
Omov M=2kg; B=2 Ns/m; K=2 N/m
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- Xprion tov Simulink yia tnv mpocopoiwon tn¢ fnpatikng
AmoOKLONG TOU CUOTHATOC :

5<'=%(-2>'<—2x+ f(t))

f(t),!y Eioodo¢ Movadiaio Brjpa

1

BHMA 1: Anptovpyia Aopwv ,

0 Time, s
Emhoyn oet Aopwv 0<on otn BPALoONKN Tov Simulink
Step Sources
Sum Math Operation
Gain Math Operation
Integrator Continuous
Scope & To Workspace Sinks Department

Engineering
MNavvnc Anpakoémovhog & 2tavpog Mavhou- Tpfpa Xnpikav Mnyxavikwv — Mavemotrpio Mdtpag GhemEng .




BHMA 2: Anuiovpyia Zuvdéocwv

Sum

X

L0 ]

BN Dxl
_b.:

o 1M Integratar
Step
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1 X
> - -
z
Integratord Scope
| zimout
To WMiatepace
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000
0000
o000
o000
o0
o
BHMA 3: Optopoc Mapapetpwy
0plopdg xpovou Bripato¢=0
l Sum l
s ,,>X.. RN X [
.,_ - = =
Sf’lg:::lp |_> _ 1itd Integratar Integrator Scope
@ — x
B ‘ To Wokspace
2nNueiwan: Yroeon yia apxikEg ouvonkeg =0 | et
R Engineering
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BHMA 4: EktéAeon mpogopoiwong

J Simulation Parameters: diffeq

Solver

Wn:nrkspac:elx'l:ll Diagnnsticsl .-'-‘-.dvanc:edl Heal-TimeWnrkshnpl
Simulation tirme

Start tirne: I 0.a Stap time: I a0 ime”= 30

Solver optiohz
Type: I‘»-"arial:ule-step LI I oded5 [Dormand-Prince] ;I

Max step size: I auto Felative tolerance; | 1e-3
Min step size: I auto fibzolute tolerance: I auto
Initial ztep size: I auto

Output optiohs

Refine output ;I Refine factor: I 1

oK | Eancell Helpl ~pply Department
Of Chemical
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Bruatikry Amokpion tov ovothpatog palac — ehatnpiov — amoofeotripa

| Figure No. 1 |z||i|fg|
File Edit View Insert Tools ‘Window Help

Ded&E "AA2Arsr 220

S B LKL f4iEE E -

06+

Step Response of the Mass-Spring-Pamper System Example

=
m
T

=
=

=
w

displacermnent, x

=
i
T

218 [ pagIKn Tapaataon g anokpiong

1 1 1 1 1
. . - 0 5 10 15 20 25 0
Time offset; [ fima(s)
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[lapaoetypa pe
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LUETAPOPAC
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Xpion tou idtov ovotipatog palac-eatnpiov- amooPeotripa Kal
MPOCOLOiIWaN TNC AMOKPLONC LIE XP1ON OUVAPTHOEWY PETAPOPAC

x':%(—2>'<—2x+ f(t))

X6 1

F(s) 25%+25+2
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BHMA 1: Anuiovpyia Aopwv

Emoyn ot Aopwv 0&on otn BPALoONKN Tov Simulink
Step Sources
Transfer Function Continuous
Scope & To Workspace Sinks
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BHMA 2: Anuioupyia Zuvdéocwy

1 X
- —
=1
fit) Transfer Fcn Sunpe
Stap
—B  zimout
¥ To Wokspace
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BHMA 3: Opiopoc Mapapetpwy

1
Optopog xpovou — - [ -
Br’lparog =0 D5l 4254
i) Transfer Fcn Scope
Step
simout
Tranzfer Fon

b atrix exprezsion far numerataor, vectar exprezsion for deniminatar.

Output width equals the number of rows in the numeratorn) Coefficients are
for dezcending powers of =

Farameters
Murmerator:

[]

| Denominatar:

222

Abzolute talerance:

|aut|:|

] Cancel Help

MNavvnc Anpakoémovhog & 2tavpog Mavhou- Tpfpa Xnpikav Mnyxavikwv — Mavemotrpio Mdtpag
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BHMA 4: EktéAeon lpooopoinong

J Simulation Parameters: diffeq

Solver Wn:nrkspac:elx'l:ll Diagnnsticsl .-'-‘-.dvanc:edl Heal-TimeWnrkshnpl

Simnulation tirne | l RU N
Stattne [00 Swntine: [ 30— O¢70) “Stop time”= 30 Simulation

Solver optiohz
Type: I‘»-"arial:ule-step LI I oded5 [Dormand-Prince] ;I

Max step size: I auto Felative tolerance; | 1e-3
Min step size: I auto fibzolute tolerance: I auto
Initial ztep size: I auto

Output optiohs

Refine output ;I Refine factor: I 1

oK | Eancell Helpl ~pply Department
Of Chemical
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1010 £¢0doc / amotéheapa pe mptv (Slide 21)

| Figure No. 1 |z||i|fg|
File Edit View Insert Tools ‘Window Help

Ded&E "AA2Arsr 220

S B LKL f4iEE E -

06+

Step Response of the Mass-Spring-Pamper System Example

=
m
T

=
=

=
w

displacermnent, x

=
i
T

0.1+

[ pagIkn mapaotaon tn¢ amokpLong

. . - 0 5 10 15 20 25 0
Time offset; [ fima(s)

E€obo¢ / Amotéleopa doprig Scope
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Department
Of Chemical




Anpioupyia
UTTOOUOTNUATWVY
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- Ymoovatnpa — mapopola e pa “Ymopoutiva”
- [I\eovektripata Ymoovotnpdtwy:

Méeiwon tov aptBpol Twv dopwv mov epgavi{ovrai oo
Baowko mapadupo (amhomoinon Tou povtéhov)

Opadomoinon cuoyeti{opevav dopwv (mmo opyavwpéva)
Avvarotnta dnuiovpyiac tEpapyikov draypappatog
dopwv (Onuiovpyia vmoovOTNUATWY HEOA O€ UTTOOVOTNA)
Mo 0KoAn evpeon AaBwv Kat duvatdtnta e¢epevhvnong
MEPIOOOTEPWV MAPARETPWV
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Anpovpyia umoouoTHHATOC e XPrion Tou poviéAov Tou mapadeiyuatog 1
BHMA 1: Anpovpyia dopwv (Baowko Mapadupo)

m untitled *

Fil= Edit Miew Simulakion Format  Tools  Help

D|ﬁﬂ%|%ﬂ.|ﬂﬁ|ﬁb@|h IINDrmaI -

= Ini Ot p

i) _ Scope
Step Subsystemn

H dopr} autn Subsystem €ivat amé To o hspace
™ BipAodrikn Subsystems library [ode45 i pariment

Chemical

engineering
MNavvnc Anpakoémovhog & 2tavpog Mavhou- Tpfpa Xnpikav Mnyxavikwv — Mavemotrpio Mdtpag .



BHMA 2: AimA6 kAik otn dopn} Subsystem kat dnuiovpyia povtéhou
LEO 0€ aUTH

= diffeq_subsys/Subsystem

File Edit Wiew Simulation Format Tools  Help

D SES| 2@ = REL &) > = [N

= =

1/ Integrataor Integratord

Outport
(three outports)

s Department
= | Of Chemical
Engineering

up
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BHMA 3: Anpiovpyia 2uvdéoswv (Baoikd Napdbupo)

W diffeq_subsys

File Edit Miew Simulation Format Tools  Help

O = EHE ) G |N|:|rmal j

=
I
—» N

To Woatkspace
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BHMA 4: Optopo¢ mapapétpwv (Baotkd Mapddupo)
BHMA 5: Extéheon lpooopoiwong
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2uvaptnon Ram
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File Edit Wiew Simulation Formak Tools Help
D|§H§|%E|5Q|HE—®|F IINDrmaI ;I 3
Block Parameters: Ramp =] 2
— Ramp [mazk] [link]
F Output a ramp zignal ztarting at the specihied bime. 1
Famep — Parameters R S— o 1 5 3
Slope:
4— 4 1
I O¢ote TV KAion 0 0
Start time: Py
- B (x) :=max(x,0)
Io Q0T TOV YPOVO EKKIVNONC !
Ititial output:
4— 4 T 4
[o O¢ote apyi TN
v Interpret sweckor parameters as -0
| Ok I Cancel I Help I Apply
Ready |100%% [ [ |odeas o

Department
Of Chemical

MNavvng Anpakdmoulog & Ztavpog Mavhov- TuRua Xnuikwv Mnyavikev — Mavemotipio Mdtpag



00
0000
0006
X N X
’ y ’ y | 0000
MaAptkn Luvaptnon N Movadiaia Bnpatikn| 2o
[ X J
Input(t)
A
5
Block Parameters: u(t) [x]
— Step | | >
1 | Output a step. - 0 5 t(S)
— Parameters Soo pe
Step time:
||:| — EKKivnorl 0¢ Xp()vo O S Block Parameters: u{t-tD) [%]
Iitial walue; rStep
ID Output a step.
Final walue: — Parameters
] |5 — Step time:
Sample time: 501 «—— EKKivnon o€ xpovo 5.01s
||:| Initial walue;
v Interpret vector parameters as 1-0 II:I
Final walue:
oK Cancel Help Apply |5 —
) T S ample time:
fo
¥ Irterpret vectar parameters as 1-0 LEE
(0] Cancel Help | Apply |
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[0 va Tpé€ouv Ta mpoypdupata, TPEMEL va Eival 0T TpEXoUOa
d1evBuvon (directory) 1y otn devBuvon mou opidel To path (goto
File 2 Set path...~> )

[10 TV avtypagn tou povtélou tov Simulink amd Ty emeaveiag
epyaoiag Tou Simulink kau mpoabrikn otnv avagopd (Edit = Copy
model to clipboard)

[a BorBeia pe to SIMULINK ( Simulink Library Browser -
Click Help) v o

Department

Of Chemical

Engineering
MNavvnc Anpakoémovhog & 2tavpog Mavhou- Tpfpa Xnpikav Mnyxavikwv — Mavemotrpio Mdtpag GhemEng .




B
L2 O1aME€NC

Department
Of Chemical

MNdvvng Anpakémoudog & Ztavpog Navdou- Tprpa Xnpikwv Mnxavikwy — Mavemotrpo Mdtpag GhemEng



