IIpakTHKYM U3 pavyyHapCKe
aHaJin3e TpogasHUxX KoJia
5. @peKBEHIH|CKH JTOMEH

Mmunka [Torpebuh MBanuin

Hwukomna bacra



MATLAB: Simscape
Foundation Library
Utilities

Simulink

OJAPEDBDUBAIHE
AMIVIMTYACKE & ®DA3HE
KAPAKTEPUCTHUKE
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Ouarap nponyCHUK HUCKUX Y4ECTAHOCTH

BpeHOCTH eleMeHaTa eleKTPUHOr KOJIa Ca CIIMKE Cy Mo3HaTe M nocToju Besa L = R* C.

(a) Oppenutu Tpanchep GyHKUM)y (YONIITEHY KOMIUIEKCHY NIPEHOCHY (YHKIHU]Y €IE€KTPUYHOT
Uls)

Uyls)

KOJIa, TPAHCMUTAHCY HanoHa) H(s) ==

(0) Haupratu aMImTyICKy KapaKTEpPUCTHKY.
(B) Onpenutu npomycuu oncer 3 dB.

;

% (

u, = \Eug cos(wt +6,)

_/
O
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Simulink, Simscape, Foundation Library, Utilities
Output

== — + - + -
R, =R, =1kQ AMAN—N Measurement
L=1mH R L
C =1yF C -
© — A
& Cut Ctrl+X @
gy Copy Ctrl+C J >
Paste Ctrl+V L
— Highlight Signal to Source 1
- Highlight Signal to Destination Electrical Refercr a1
. Remove Highlighting Ctrl+Shift+H -
tl On Arrange Automatically Ctrl+Shift+A

Add Conditional Breakpoint

Show Value Label of Selected Port R I g ht

Log Selected Signals

Viewers & Generators Manager... C I I C k

.JJ

u, =\Eug sin( o t

Open Viewer Linearization Manager...
e ) on f Create & Con.nect Viewer 4 ok Open—loop Input
230V [ Connect To Viewer
50 Hz _ _ 1% Open-loop Output
Disconnect Viewer ey Loop Transfer
Delete Viewer - Loop Break
Linear Analysis Points ’
Input Perturbation
Signal Hi h
'gna ‘lerarc y -1 Output Measurement
Properties
B4 Sensitivity
14 Complementary Sensitivity

Right click

Trim Output Constraint

(2) Help Me Select...
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Simulink: Apps -> Model Linearizer

9} RELC_LPF_v0 - Simulink student use

MODELING

— T
'
L

Maodel

SIMULATION

2

Linearization

Control System
Designer

: FRE
Steady State Frequency
Manager Response

Get
Add-Ons = Manager Linearizer
EMNVIROMMENT
RRLC_LPF_v0

® RRLC_LPF v0

Model Browser

I el

Model Linearizer:
Bode Plot —
aMIUIMTY/ICKa U (pa3Ha
KapaKTCPHUCTHUKA

4\ Model Linearizer -
LINEAR. AMALYSIS

7 Load Session
E Save Session

Operating Point:| Model Initial Condition ¥

RRLC_LPF_v0 - Bode Plot 1

O X

M Result Viewer
[ Linearization Advisor,

Analysis I/0s: Model I/Os ¥

=10l

| [

@ Preferences  Parameter Variations: None v @ More Options Bode Plot 1 Step
FILE SETUP OPTIOMNS LINEARIZE ry
Data Browser ™ : | BodePlot1 |
Search workspace variables 2 =
¥ MATLAB Workspace 0 From: Sine Wave To: PS-Simulink Converter
Name « Value linsys1
S
~— -50 .
= T
= ~
"é \“x.
. _ o -100 ~— |
¥ Linear Analysis Workspace © ~
E \'\\
Name « Value -
- 150 L L L L L
[Elmsyﬂ 1x1 ss 0 _—_‘_h“““x\ T T T
o 45 N .
s ™
¥ Variable Preview @ 90§ \‘H i
g ™~
o -135 | Iy .
H‘“‘“&
-180 & | | | | T—
10° 10° 10 0° 108 107 108
Frequency (rad/s)

The linearization result "linsys1" is created in the Linear Analysis Workspace.
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Onxcxounn oa3uB — Step Plot

4\ Model Linearizer - RRLC_LPF_vO - Step Plot 1

LINEAR ANALYSIS ESTIMATION PLOTS AND RESULTS STEP PLOT 1
1 Load Session Analysis 1/0s: Model 1/0s¥ I Result Viewer
E Save Session Operating Point: Model Initial Condition > I Linearization Advisor q ﬁ -
{@ pPreferences  Parameter Variations: Nope ¥ @ More Options Step Plot 1 | Bode Plot 1
FILE SETUP OPTIONS LINEARIZE a
Data Browser ® | BodePlot1 * | StepPlot1 = |
Search workspace variables 2 Step Response
¥ MATLAB Workspace o5 From: Sine Wave To: PS-Simulink Converter
. T T T I —— T T T
MName = Value o -
-
04 1
L Analysis Works|
inear Analysis Workspace % 03| |
MName = Value =
@ linsys1 1x1 ss E‘
,Ejlinsysz 1x1 ss < 0.2 r .
* Variable Preview 0.1 F ]
O 1 1 1 1 1 1 1 1

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Time (seconds) 1072

The linearization result "linsys2" is created in the Linear Analysis Workspace.
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Nmvnyacau og3us — Impulse Plot

4\ Model Linearizer - RRLC_LPF_vO - Impulse Plot 1

LINEAR AMALYSIS ESTIMATION PLOTS AMD RESU... IMPULSE PLOT 1 VIEW
1 Load Session Analysis I/Os: Model I/0s ¥ M Result Viewer
k&l save Session Operating Point: Model Initial Condition [ Linearization Advisor /\A’—g /l_;l -
{@ preferences  Parameter Variations: Nonew & More Options Impulse PL.J| Step Plot 1
FILE SETUP COPTIOMS LIMEARIZE ry
Data Browser ® : | BodePlot1 | StepPlot1 | Impulse Plot1 |
Search workspace variables 2 Impulse Response
¥ MATLAB Workspace {000 From: Sine Wave To: PS-Simulink Converter
MName = Value \ -
|
800 - \ 1
l".
!
-l ;
Linear Analysis Workspace o 600 - i
MName = Value =
’E} linsys1 1x1 ss g'
@Iinsysz 1x1 ss <C 400 .
’E} linsys3 1x1 ss
- - .
w Variable Preview 200 F \\ 4
‘H“mh
D L 1 EH_TH_—_—_—_T_———o— |
0 0.5 1 1.5 2 2.5 3 3.5
Time (seconds) 103

The linearization result "linsys3" is created in the Linear Analysis Workspace.
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IIonoBu u Hye TpaHchep QYHKIHU]E —
Pole Zero Plot

4\ Model Linearizer - RRLC_LPF_v0 - Pole-Zero Map 1 — O x>

LINEAR AMALYSIS ESTIMATION PLOTS AND RESU... POLE-ZERO MA...

.1 Load Session Analysis 1/0s; Model I/0s ¥ [ Result Viewer
E Save Session Operating Point: Model Initial Condition ™ Linearization Advisor /\/\/—g -
{© Preferences  Parameter Variations: Nope v @ More Options Pole-Zero .J Impulse PL..
FILE SETUP CPTIONS LINEARIZE ry
Data Browser ® : | BodePlot1 * | StepPlot1 * | ImpulsePlot1 | Pole-Zero Map 1 |
Search workspace variables R =
¥ MATLAB Workspace Pole-Zero Map
1 T T T T T
Name = Value .
Flm 0l5 - -,
°
5
* Linear Analysis Workspace 3
I
Name = Value b )
Bl 0 r D] x
& linsys1 %1 58 A :E
& linsys2 %1 55 =
& linsys3 1x1 ss Z
Llingucd 1wl cc ¥ ‘o
_ : @-05 | .
w \ariable Preview E
_.1 1 1 1 1 1
8 5 4 3 B g 0
Real Axis (seconds™") x10™

The linearization result "linsys4” is created in the Linear Analysis Workspace.
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4\ Model Linearizer - RRLC_LPF_v0 - Pole-Zero Map 1

PLOTS AND RESULTS POLE-ZERO MAP 1

I LINEAR AMNALYSIS ESTIMATION

E 1] Left/Right % f=] Tabs Position ¥

single = Top/Bottom Float T Shrink Tabs to Fit V I eW > ‘ : u Sto m > 2X2
| | |B§ Custom v‘| [ Alphabetize

DOCUMENT TABS
® | Bode Plot1 = | StepPlot1 = | Impulse Plot 1 .?f‘| Pole-Zero M

v MATL
4\ Model Linearizer - RRLC_LPF_v0 - Pole-Zero Map 1
Name
Cancel LINEAR ANALYSIS ESTIMATION PLOTS AND RESULTS POLE-ZERO MAP 1
D [T Left/Right % HE] Tabs Position ¥
Frofe 5 Top/Bottom Float [ Shrink Tabs to Fit
Ba Custom v M Alphabetize
TILES DOCUMENT TABS ry
Data Browser ® | BodePlot1 | | StepPlot1 (
Search workspace variables P '| Bode Diagram Step Response
~ MATLAB Waorkspace | —~ From: Sine Wave To: PS-Simulink Converter i From: Sine Wave To: PS-Simulink Converter
m .
Name = Value 2
g 50 ] 0.4
=
'€ -100 ©
= 303
= -150 =
-~ 0
 Linear Analysis Works| = E0.2
Inear Analysis VWorkspace g _45 L q:
Name = Value :1—,' -90 + 0.1
< L
@] linsys1 1x1 ss A 8 -135 |
& linsys2 1x1 55 0 _180 - - 0
& [insys3 1x1 55 10° 10* 108 108 0 1 2 =) 4
& lincusa 1yl v . - ¥ =
R —— | _’| Impulse Plot 1 | _I Pole-ZeroMap 1 1
Impulse Response Pole-Z M
From: Sine Wave To: PS-Simulink Converter LIl
1000 —
2
°
800 r ] c
g 0.5
[ ]
T 600 £
= w L e D) e e e e e e e
E. .é:? 0 Q 3
400
< Faal
o
-0.5
=
200 =)
o
=
0 = -1
25 3 3.5 -6 -5 -4 -3 -2 -1 0

The linearization result "linsys4” is created in the Linear Analysis Workspace.
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Qdredivanje uopstene kompleksne funkei

clear variables
syms w C L R
assume(@ < R& B < C &0 <L)

zamena = L == C*R"2

zamena = L =C R?

vrednosti = [C == 1, R == 1]

vrednosti = (C=1 R=1)

SYms s

Z1 = R + s*L

71 = R+ L+~

72 = 1/(s*C + 1/R)

72 =

|

Ca‘+i
R

AMIVIMTYOCKA M
DASHA
KAPAKTEPMICTHIKA

G@PEKBEAIMMAJCKHA OI3MIB
Amplitudska i fazna karakteristika
syms Hjw{w)
Hjw(w) = simplify(subs(H(s), s, 11*w))
0.5
Hjw(w) =
_CRIW 4+ 2CRwi=2 045T
C'R'w' +4 0al
syms Aw(w) 035
Aw(w) = simplify(abs(Hjw(w))) s
2
Aw(w) = 025}
C’R*w+2CRwi-2 0.2
[C*R* wh + 4
0.15
syms phi(w) o
phi(w) = expand(angle(Hjw(w)))
0
phi(w) =
atan? [ — 2CRw _ 2 _ CYR*w?
C*RwW+4 C*R*wW'+4 C'Rw +4

$(w) [rad]

)

syms H(s)

H(s) = subs(Z2/(Z1 + Z2), lhs(zamena), rhs(zamena))

figure
yyaxis left

fplot(w, subs(Aw(w), lhs(wvrednosti), rhs(vrednosti)), [@,4])

fplot(w, subs(phi(w), lhs(vrednosti), rhs(vrednosti)), [@,4])

H(s) =
1
— — ylabel('A(w)")
((" 'H_E) (R+C,;I+L+C R 'g) yyaxis right
R
ylabel('\phi(w) [rad]")
simplify(H(s)) TPAHCO®EP @Y HIKIHJA
ans =

1
C’R*s"+2CRs+2

xlabel('w")
grid on

MATLAB: Symbolic Toolbar
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Odredivanje propusnog opsega
Aret = Aw(0)

Aref =
1

5

assume(8<w)
w3dB = solve(Aw(w) == Aref/sqgrt(2), w)

w3dB =

V2

CR

BandPass3dB = [8, w3dB]

BandPass3dB =
b )
CR

wgl = subs(w3dB(1), lhs(vrednosti), rhs(vrednosti))
wgl = V2
Oznaéavanje propusnog opsega u grafiku

figure

0.5

045

04}

0.35
03
2025

<
02
0.15
0.1

0.05

0.5

1.5

fplot(w, subs(Aw(w), lhs(vrednosti), rhs(vrednosti)), [@,4])

hold on

rectangle('Position’,[®, @, double(wgl), double(Aref/sqrt(2))],...

"EdgeColor’, 'r', ...
'FaceColor',[1 9.9 ©.9],...
"LinewWidth',1)

hold off

ylabel ("A(w) ")

xlabel('w")

grid on

MATLAB: Symbolic Toolbax
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POuiarap NponyCHMK BUCOKHUX Y4€CTAHOCTH

BpenHOCTH elleMeHaTa eleKTPHYHOr KOJIa ca CIIMKE Cy Io3Harte M noctoju Besa L = R* C.

(a) Onpenuru Tpanchep QyHKUHU]Y (YONIUTEHY KOMIUIEKCHY MPEHOCHY (YHKIH]Y €IeKTPHYHOT
Ui
Uy®'

(6) Hanprati aMIuIuTy/ICKY KapaKTEpUCTHUKY.

KOJIa, TPAHCMHUTAHCY HanoHa) H(s) =

(B8) Onpenutu npornycHu orcer 3 dB.

(D) LE u SR

U, = \Eug cos(wt +0,)

12
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Simulink, Simscape, Foundation Library, Utilities

Scope

R =R, =1kO
L=1mH

e
4 ' R1 c
{\\/ : <::j) L R2
o
L f(x)= 0 = =
AC Voltage Source

u, =\/§Ug sin( @ t+6,)
—— on f -
230V L

C=1uF

13
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4\ Model Linearizer - RRLC_HPF_v1LIVE - Pole-Zero Map 1 — O e

LINEAR AMALYSIS ESTIMATION PLOTS AND RESULTS POLE-ZERO MAP 1

E [T] Left/Right % Bz Tabs Position ™
E Top/Bottom Float [ Shrink Tabs to Fit

Single
Ed custom~ M Alphabetize
TILES DOCUMENT TABS a
Data Browser ® '|' Bode Plot 1 ‘|\ ’|' Step Plot 1 ‘|‘
Search workspace variables 2 ~ Bode Diagram Step Response
¥ MATLAB Workspace - From: Sine Wave To: PS-Simulink Converter 0.5 From: Sine Wave To: PS-Simulink Converter
m ' j B —— : j j j ' !
Name ~ Value 2 \
_ o -50 — l 0.4 |
) Aref 11 sym ~ = _— :
2 Aw 1x1 symf.. E 100 | /./-"" ®
5| Aw_num %1 symf.. = 7 203
& BandPass3dB__ 1x1 sym hd = -150 - %_
w Linear Analysis Workspace § 180 —H“‘““*»\K E, 0.2
135 | ~
Name = Value =2 90 | Te— i .
. & T 0.1 .
Ilrnysl 1x1 55 a 45t “\.R_“ J .
T 0 , , T 0 , T
102 10 10° 0 02 04 06 08 1 1.2
~ Variable Preview | Impulse Plot 1 | j Pole-Zero Map 1 1
Linearization at model initial Impulse Response Pole-Zero Map
condition: _ «10From: Sine Wave To: PS-Simulink Converter %10
State-space model with 1 1] v : E——— 3 T T T T o
Model 05 22 |
8 1
. , . b I
Linearizer: 3 2
= .15 = (]
Bode Plot — g E:
< 2} -1
aMIUIUTYACKA U g
25 =l -
¢dazna , | E, | | | .
KapaKTQpI/IQTHKa 0 0.2 U.i ‘0.6 . F}.B 1 1.2 -5 -4 -3 -2 —1‘ 0 1

The linearization result "linsys1” is created in the Linear Analysis Workspace.

14
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Odredivanje uopstene kompleksne funkcije

clear variables
syms w C L R

assume(@ < R& @ <C &8 <L)
zamena = L == C*R~2

zamena = L = (C R?

vrednosti = [C == 1, R == 1]
vrednosti = (C=1 R=1)
Syms s

Z1 = R + 1/(s*C)

71 =

|
R+ _——
Cs

72 = 1/(1/(s*L) + 1/R)

Amplitudska i fazna karakteristika

syms Hjw(w)
Hjw(w) = subs(simplify(H(s)), s, 1i*w)

Hjw(w) =
C? RIw?

MATLAB: Symbolic Toolbox

—2C*R*w +2CRwi+]1
syms Aw(w)
Aw(w) = simplify(abs(Hjw(w)))
Aw(w) =

CE Rl |w 2
2C*R*W+2CRwi+1

syms phi(w)
phi(w) = expand(angle(Hjw(w)))

phi(w) =

angle( — S -
2C*RRw+2CRwi+1

M~

2

—
1]

syms H(s)
H(s) =

1
4+
Ls

==

H(s) =

subs(Z2/(Z1 + Z2), lhs(zamena), rhs(zamena))

11.5

10.5

¢(w) [rad]

I I 1
L p— R+ -+
(R C R’ .\‘) Cs

simplify(H(s))

ans =
CIRs2
2CPR’S+2CRs+ 1

] figure
yyaxis left

ylabel ("A(w)")
yyaxis right

xlabel('w")
grid on

Crtanje amplitudske i fazne karakteristike

fplot(w, subs(aw(w), lhs(vrednosti), rhs(vrednosti)), [e,4])

fplot(w, subs(phi(w), lhs(vrednosti), rhs(vrednosti)), [@,4])
ylabel("\phi(w) [rad]')

=
ol
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QOdredivanje propusnog opsega
Aref = limit(Aw(w), w, Inf)
0.5
Aref =
I 045
2
04F
assume (@<w)
w3dB = solve(Aw(w) == Aref/sqrt(2), w) 035}
w3dB = 03
V2 ~
2CR ; 025}
BandPass3dB = [ w3dB, Inf] 02F
BandPass3dB = 0.15 F
V2 ao)
(ZCR 01}
0.05F
wgl = subs(w3dB(1), lhs(vrednosti), rhs(vrednosti))
0 1
wgl = 0 05 1 15
V2 Oznacavanje propusnog opsega u grafiku
2
figure
fplot(w, subs(Aw(w), lhs(vrednosti), rhs(vrednosti)), [@,4])
hold on

rectangle( 'Position’,[double(wgl), ©, 4, double(Aref/sqrt(2)) ],
'EdgeColor’,'r’,...
'FaceColor’,[1 8.9 ©0.9],...
‘LineWidth’,1)

hold off

ylabel('A(w)")

xlabel("w")

grid on

MATLAB: Symbolic Toolbax
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@uarap NponycHHUK orcera y4eCTaHoCTH

BpeHOCTH ejleMeHaTa eIeKTPHYHOTr KOJIa ca CIIMKE Cy Ho3HaTe U noctoju Besa L = R* C.

(a) Oppenutu Tpanchep PyHKUH]y (YONIITEHY KOMIUIEKCHY NPEHOCHY (YHKIU]Y €IEKTPUYHOT
Uls)
Ug®

(0) Haupratu aMIMTyICKy KapaKTEPHUCTHKY.

KOJIa, TPAHCMUTAHCY HanoHa) H(s) =

(B) Onpenutu nponycuu oncer 3 dB.

R L C

u(|) R S u

U, = ﬁug cos(mt +6,)

17
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Simulink Simscape
Foundation Library
Utilities

R1 L .

o w=0p |

18
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4\ Model Linearizer - RRLC_BPF_v1LIVE - Pole-Zero Map 1

LINEAR AMALYSIS ESTIMATION PLOTS AND RESULTS POLE-ZERO MAP 1

D [T] Left/Right % iz Tabs Position

single E Top/Bottom Float [ Shrink Tabs to Fit
B2 custom~ M Alphabetize
TILES DOCUMENT TABS -

Data Browser ® || BodePlot1 3 | | StepPlot1 |
Search workspace variables 2 Bode Diagram Step Response
¥ MATLAB Workspace | 0 From: Sine Wave To: PS-Simulink Converter 0.4 From: Sine Wave To: PS-Simulink Converter
o Aref Txlsym A < - Iy /
o) Aw 1%1 symf... 220 P - ~. 0.3 /
& Aw_num 11 symf... = ,/ ™S 3 |
& BandPass3dR  Ixlsym ¥ g " - S = /
* Linear Analysis Workspace _90 S _E-O'z (

R B BN < |
Name Value & 45 ~. |
E}Iinsy:ﬂ 1x1 s5 ) T 0 \\\\ 0.1 ?
) linsys2 1x1 ss E 45 N N
] linsys3 1x1 55 o \_\_‘ ~__
& lincued 1wl ce v -90 — 0

10! 102 0 0.002 0.004 0.006 0.008 0.01 0.012

¥ Variable Preview |

103 10* 10°

T ienm :n P e Lo b

| Impulse Plot 1

Impulse Response

From: Sine Wave To: PS-Simulink Converter

Model b
Linearizer: 00
Bode Plot — g
aMIuMTyacKam | g | |
< 200 \
¢da3zna .
KapaKTEePUCTHUKA 0
-200

0.004 0.006 0.008 0.01

Tlemm fmmmememela )

j Pole-ZeroMap 1 = 1

Pole-Zero Map
1
5=
IU’J
k=
S 05
L&)
@
&
1‘;% O F e (e
<
P
o
E.05
o
]
E
-1
-12 -10 -8 6 -4 -2 0

1 o

The linearization result "linsys4” is created in the Linear Analysis Workspace.lg
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Odredivanje uopstene kompleksne funkcije

clear variables
syms w C L R
assume(@ < R& @ < C &0 <L)

MATLAB: Symbolic Toolbox

zamena = L == C*R~2

zamena = L = C R?

vrednosti = [C == 1, R == 1]

vrednosti = (C =1

syms s H(s)
H(s) = simplify(subs(R/(R + s*L + 1/(s*C) + R), lhs(zamena), rhs(zamena)))
H(s) =

CRs
(CRs+1)?

Crtanje amplitudske i fazne karakteristike

Amplitudska i fazna karakteristika

syms Hjw(w)

Hjw(w) = simplify(subs(H(s), s, 1i*w))

Hjw(w) =
CRwi
(1+CRwi)?

syms Aw(w)
assume(@ < w)

Aw(w) = simplify(abs(Hjw(w)))

Aw(w) =
CRw
| +C Rwil?

syms phi(w)
phi(w) = angle(Hjw(w))

phi(w) =

angle T————Ej———rq)
(1+C Rwi)°

figure

yyaxis left

fplot(w, subs(Aw(w), lhs(vrednosti), rhs(vrednosti)), [©,4])
ylabel("A(w)")

yyaxis right

fplot(w, subs(phi(w), lhs(vrednosti), rhs(vrednosti)), [0,4])
ylabel( '\phi(w) [rad]')

xlabel('w")

grid on

420

/) [rad]

b(w
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Odredivanje propusnog opsega

05
syms Aw_num(w) 045}
assume(® < w)
Aw_num(w) = subs(Aw, lhs(vrednosti), rhs(vrednosti)) 04r
Aw num(w) = 035}
= 03}
w41 R
i : : 2025}
wg = solve(diff(Aw_num,w) == sym(@), w, 'Real’, true) Z
02
wg =1
015
Aref = subs(Aw_num(wg))
0.1F
Aref =
l 0.05H
2
0 L ) L
w3dB = simplify(solve(Aw(w) == Aref/sqrt(2))) 1 1.5 2 25 3 35 4
w3dB =
V2 — 1 Oznacéavanje propusnog opsega u grafiku
i A figure
V2l fplot(w, subs{Aw(w), lhs(vrednosti), rhs(vrednosti)), [©,4])
CR hold on

rectangle( 'Position’,[double(wgl), ©, double(wg2-wgl), double(Aref/sqrt(2))],...
'EdgeColor’,'r',...
'FaceColor',[1 0.9 8.9],...
‘LinewWidth',1)

BandPass3dB = w3dB."'

ngﬂ?3553d?_= hold off
(vz 1 V2+ |) ylabel('A(w)")
CR CR xlabel('w")

grid on

wgl = subs(w3dB(1), lhs(vrednosti), rhs(vrednosti))
wgl = V2 -1

wg2 = subs(w3dB(2), lhs(vrednosti), rhs(vrednosti))
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@uiTap HEMPONYCHHUK OICEra y4eCTaHOCTH

BpeHOCTH elleMeHaTa eeKTPHYHOT KoJIa ca CIIMKE Cy MOo3HaTe U nmocToju Be3a L = R? C.

(a) Onpenutu Tpancdep GyHKIHM]Y (YONIITEHY KOMIUIEKCHY NMPEHOCHY (DYHKIM]Y €JIEKTPUUYHOT
Uls)

Uy(s)

(6) Haupratu aMIIMTyACKy KapaKTEpUCTHKY.

(8) Onpenutu npomnychHu orcer 3 dB.

KOJ1a, TPAHCMHUTAHCY HaIoHa) H(s) =

U, = \Eug cos(wt +0,)

22
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Simulink Simscape
Foundation Library
Utilities

R2

23
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4\ Model Linearizer - RRLC_HPF_v1LIVE - Bode Plot 1

LINEAR ANALYSIS ESTIMATION PLOTS AND RESULTS
Linear Analysis Workspace: o [\ /’_ :'4\_ /’_ :'A\_ N\ . (3
IE Tt Result 9 LV 10 . ... L \ ....... L, \ b v Result  View
. Thinning Pole-Zero ... Impulse Pl..  Step Plot 1 Bode Plot 1 Step Eode Impulse MNyquist Viewer Advisor
SELECTED SYSTEM PROCESSING PLOTS RESULTS a
Data Browser @ | [ BodePlot1 | | stepPiot1 |
Search workspace variables 2 = Bode Diagram Step Response
¥ MATLAB Workspace ‘ ~ From: Sine Wave To: PS-Simulink Converter 5 From: Sine Wave To: PS-Simulink Converter
m N :
MName = Value =
- ©
@] Aref Tl sym A g -50
) Aw 1x1 symf... = a8
’E Aw num 11 svmf... % -100 -g
< > = =
: : = 90 g
¥ Linear Analysis Workspace o .
- 45 S <
Name ~ Value 2 ob—eP? I —
w0
Iimys1 1%1 55 8 -45 _—_ﬁx\‘
o 90 :
102 10° 104 0 0.005 0.01 0.015 0.02 0.025
v Variable Preview ‘ _'| Impulse Plot 1 | _’| Pole-ZeroMap 1 |
Linearization at model ImPUIse Response Pole_ze ro Map
initial condition: From: Sine Wave To: PS-Simulink Converter
State-space model with 1 == 1000 A 9
outputs, 1 inputs, and 2 100 ‘v
states. \ 'g
Model \ g 500
— o
. . . kM 0 oo N TS s T et ] @
Linearizer: < / \ / — 8
= _ o
Bode Plot — = / = 0
-100
aMILUIUTYJICKA U < | >
¢azna | £
-200 g
KapaKTCPHUCTHUKA = _1000 ¥ &
0 0.005 0.01 0.015 0.02 0.025 -300 -250 -200 -150 -100 -50 0

The linearization result “linsys1” is created in the Linear Analysis Workspaé_éé].
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Odredivanje uopstene kompleksne funkcije

Amplitudska i fazna karakteristika

clear variables

syms w C L R syms Hjw(w)

. s . .
assume(® < R& @ < C & 0 < L ) - Hjw(w) simplify(subs(H(s), s, 1i*w))

MATLAB: Symbolic Toolbox Hiw(u) =

zamena = L == C*R"2 C2R2w?—1

(2 R2 .2 N
zamena = [ = C R? 2CCRFw+CRwi+?2

syms Aw(w)

vrednosti = [C == 1, R == 1] assume(@ < w)

Aw(w) = simplify(abs(Hjw(w)))
vrednosti = (C=1 R=1)
Aw(w) =

C’R*w — 1]
syms s H(s) |-2C?°R*w?*+ CRwi+2
H(s) = simplify(subs(R/(R + 1/(1/(s*L) + s*C) + R), lhs(zamena), rhs(zamen

syms phi(w)

H(s) - phi(w) = angle(Hjw(w))
CIR>s>+ 1 _
2C°R* S +CRs+2 phi(w) =
angle [ — _ C: R: w—1 -
- - - — —2C°R°w+CRwi+2
Crtanje amplitudske i fazne karakteristike |
05 15
figure 04T
04Ff 11
yyaxis left 035r \\\\ 5
fplot(w, subs(Aw(w), lhs(vrednosti), rhs(vrednosti)), [@,4]) 03} T -
ylabel( A(w)") &%0.25 1o %
=
02F <
yyaxis right s 0.
fplot(w, subs(phi(w), lhs(vrednosti), rhs(vrednosti)), [0,4])
ylabel('\phi(w) [rad]") > 1
xlabel('w") 0051
3 1-15
grid on 0 15 2 25 3 35 a4 2B
w
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]

Qdredivanje propusnog opsega
Oznacavanje propusnog opsega u grafiku
syms Aw_num(w)

Aref = Aw(®@) figure
fplot(w, subs(Aw(w), lhs(vrednosti), rhs(vrednosti)), [0,4])
Aref = hold on

1 rectangle( 'Position’',[®, @, double(wgl), double(Aref/sqrt(2))],...
2 "EdgecColor’,'r',...
‘FaceColor',[1 0.9 8.9], ...

assume (w>0) L } .
Linewidth',1)

w3dB = expand(solve(Aw(w) == Aref/sqrt(2), w))

rectangle( 'Position’,[double(wg2), @, double(4-wg2), double(Aref/sqrt(2))],...

w3dB = "EdgeColor’,'r',...
5 v 'FaceColor’,[1 6.9 ©.9],...
\5_\? "Linewidth',1)
Y hold off
2CR ylabel("A(w)")
V17,9 xlabel("w’) MATLAB: Symbolic Toolbox
V2 '3 grid on
2CR
05 T T T T T
Aw_num(w) = subs{Aw, lhs(vrednosti), rhs(vrednosti)) 045} .
Aw_num(w) = 04F i
|H’2— 1]
Vw4 (2w =2)° 0.35
0.3
wgl = subs(w3dB(1), lhs(vrednosti), rhs(vrednosti)) %{(}25
<
wel = 0.2
(9 _ V17
Va 3 0.15
2
. . 0.1
wg2 = subs(w3dB(2), lhs(vrednosti), rhs(vrednosti))
Wg2 = 005
/Y17 .9 0
V72 73 0 0.5 1 15 2 25 3 35 4
7 W 26
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YcTa/beH CJI0KEHONEePHOAUYaH 0/13MB

EJ'IE‘..K'I'I}H'-]H-D KOI0 Ca CIIHKC HMA MO3HATE BPEAHOCTH €lIEMEHATA!

L]=L, Lg =2L._,

C,=C, Cy=2C

;]

]

E
[Nobyna (excuraumja) je i (t) =1, +1 cos( t)+1_ Sin(il_t)

1
2J/CL JeL
On3HB je ycTa/beH.
(a) OapeauT HANoOH OTNOPHUKA R, .
(6) OapeauT HANOH CTPYJHOr W3BOPA (CTPYJHOI re’eparopa).
(6) Kor pena je oso kono?

27
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L1 =L, L2 =2L,L=0.5mH
C1 :C1C2 :2C,C :5]4':

Ry

iy (1) =1, + 1, cos(opt) + I, sin(wt) | _ 1

1
A = = =10" rad/s

=2-10%rad/s

1 1
®2=JLc, Jic

28
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Simulink Simscape > Foundation Library, Utilities

29
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clear variables
close all

syms C C1 C2 I mL L1 L2 R R1 R2

assume(@ < L1 & @ < L2 &8 B < CL &P <C2& 0O <RLEOGCR2E&EO<KLEBGLCCROD<RE&ED <Im

Frekvencije, pobude, zamene

Zamene =

zamene = (Li=L C,=C L,=2L C,=2C

: : R

syms wo Wl w2 I g8 I g1 I g2

pobuda = [I g8 == I m, I gl == I m/sqrt(2),

pobuda =

( 1'.__.[] =1, 12_:[ \22 Ir.'.' f:-.g _ \,-22‘,”'.1.)
frekvencije = [w@ == @, wl == 1/(2*sqrt(L*C)), w2 == 1/sqrt(L*C)]
frekvencije =

2VC VL VO VL

[L1 ==L, €1 ==C, L2 == 2 * L, €2 == 2*C, Rl == R, R2 == R]

=R R,=R)

I g2 ==1 m/sqrt(2) * exp(-11*pi/sym(2))]

Qdredivanje kompleksne funkcije UR2

syms UR2(s) I g

UR2(s) = (R1*I_g*R2)/(R1 + 1/(s*C1 + 1/(s*L1)) + 1/(s*C2 + 1/(s*L2)) + R2)
UR2(s) =

‘,.'J.R|R2
Ri+Ry+_ 1 4 1

C :-"i'L Cos+ l
.'r,|.\; .’,;.‘u’

syms UR2_ jw(w)
UR2 jw(w) = simplify(subs(subs(UR2(s), lhs(zamene), rhs(zamene)), s, 1i*w))

UR2_jw(w) =
[LR* (4C*L*w*=5CLw*+1)
BRCLIw'—6C L2wW i—10RCLW 4+3Lwi+2R 31
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XapMoHU1, BpeMeHcku 1oMeH

UR2 @ = simplify(subs(subs(subs(UR2_jw(w), [w I _g], [we I g@]), lhs(frekvencije), rhs(frekvencije)), lhs(pobuda), rhs(pobuda)))
UR2 B =

UR2_wgl = simplify(subs(subs(subs(UR2 jw(w), [w I g], [wl I g1]), lhs(frekvencije), rhs(frekvencije)), lhs(pobuda), rhs(pobuda)))
UR2 wgl = 0

UR2_wg2 = simplify(subs(subs(subs(UR2 jw(w), [w I _g], [w2 I g2]), lhs(frekvencije), rhs(frekvencije)), lhs(pobuda), rhs(pobuda)))
UR2 wg2 =0
Vremenski domen za uR2

syms U® Uwgl Uwg2
syms uR2(t)

uR2(t) =

subs(UR2_0 + sqrt(2)*abs(UR2_wgl)*cos(wl*t + angle(UR2 wgl)) + sqrt(2)*abs(UR2 wg2)*cos(w2*t + angle(UR2 wg2)), lhs(frekvencije), rhs(frekvencije))

MATLAB: Symbolic Toolbox;
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Odredivanje kompleksne funkcije UR1

syms Z(s)
Z(s) = simplify(1/(s * C1 + 1/(s*L1)) + 1/(s*C2 + 1/(s*L2)) + R2)
Z(s) =

L] & Ll.!n'
R, + = + -
TG Ly +1 Cilast+1

syms UR1(s)
UR1(s) = expand(subs( I g*R1*Z(s)/(R1 + Z(s)), lhs(zamene), rhs(zamene) ) )

URL(s) =
1, R? n I,LRs N 21,LRs
: N 23 73 : ; 73 73

2R+LS16, 2R+LS46,42CLRP+ELS L2CLs oRpiLsig48CLRP+4CL s (8CLTs

g o] 4] 03 o O] a3
where
o =CLs+1
ﬂzzzia

73
o3=4CLs+1

syms URL jw(w)
UR1 jw(w) = simplify(subs(UR1(s), s, 1i*w))
URL jw(w) =

a BLw—6CL*wW)ai—B8RCL’w —10RC Lw*+2R) s
64C*LAR* W — 160 C° L  RPwO +36 CPL*wo + 132 CP L RPw* =36 C L*w* —40C L R*w* + 9 L’ w* + 4 R?

where

6 =41, C?L*Rw* —6il,C L*Rw* = 5[,C LR*w*+3il,LRw+1,R*

MATLAB: Symbolic Toolbox3
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XapMoHuUI, BpeMmeHcku 1oMeH

URL @ =
m R

2
&

UR1 ® = simplify(subs(subs(subs(UR1 jw(w), [w I g], [w® I g@]), lhs{frekvencije), rhs(frekvencije)), lhs(pobuda), rhs(pobuda)))

Py

UR1 wgl = simplify(subs(subs(subs(UR1 jw(w), [w I g], [wl I g1]), lhs(pobuda), rhs(pobuda)), lhs(frekvencije), rhs{frekvencije)))
UR1 wgl =

P

Y
|

vV R

m

o]

URL wg2 =

V2 1, Ri
2

UR1 wg2 = simplify(subs(subs(subs(URL jw(w), [w I g], [w2 I g2]), lhs(pobuda), rhs(pobuda)), lhs(frekvencije), rhs{frekvencije)))

Vremenski domen za uR1

syms UR1(t)

uR1(t) = subs{UR1_® + sqrt(sym(2)) * abs(UR1_wgl) * cos(wl * t + angle(UR1l_wgl)) + sqrt(sym(2)) * abs(UR1_wg2) * cos(w2 * t + angle(UR1_wg2)), lhs(frekvencije), rhs(frekvencije))
UR1(t) =
I, R

~—+1,Rcos L)\ +I,Rcos(Z—__L )
2 2VC VL 2 W )

simplify(ur1l(t))

ans =

f,,;R(ZL‘(!H( L )Jr'.lsin( ! )+|
2VC VL, vC VL

2

MATLAB: Symbolic Toolbox

34
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KHN active filter

Kerwin-Huelsman-Newcomb, state-variable biquad, UAF42

KHN R,
GP-HQ

35
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Kerwin-Huelsman-Newcomb, state-variable biquad, UAF42

KHN active filter

R1:R3:R5:R7:R9:R:1KQ
KHN R, C,=C,=C=1pF

LowPass, LP
HighPass, HP

He=212
V(s _ U, (&)
E(§)=E—f—@ g R, =R/2
U, R, = 2R y BandPass, BP

36
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VJIA3 — U3JIA3 KQJIA (CUCTEMA)
@uiTap NponyCHUK HUCKHUX Y4€CTAaHOCTH

Input Perturbation Output Measurement

flx) =0 AN

Solver R3
Configuration

I—-—<r
('\f _'"é__.. cpgtb— - :[> Voltage Eani@ GHD4
—_~ @ I A — C#

Sine Wave  Simulink-PS @J’ (1 =
Comverter | Controlled Voltage Ri RT I W——1=P5 5 |—-#
Source p-Amp L L
RO FS-Simulink Scope
= GHND = GND2 Conveartar
BAM - == GND3

37
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4 cut
By copy

Paste

Delete

Highlight Signal to Source

Highlight Signal to Destination

Rermove Highlighting

Format

Add Conditicnal Breakpoint
Show Value Label of Selected Port

s Log Selected Signals

Signal & Scope Manager...

Open Viewer

Create & Connect Viewer

Connect To Viewer

Disconnect Viewsr

Delete Viewer

Ctrl+X
Ctri+C
Ctrl+V
Del

Ctrl+Shift+H

k

3

AN

'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII. R3

. Linear Analysis Points

Signal Hierarchy

3

= xt Open-loop Input
1. Open-loop Output
Lt  Loop Transfer

: Properties
T O

Sine Wave Simulink-FS

——W—

Caonverter Controlled Vaoltage

Source
— GMD

R1

[ - loop Break

Op-Arf 13_ .

Input Perturbation
L e R BB ERERERERRERNRERNRRNRNH.]
1 oOutput Measurement
#1  Sensitivity

14 Complementary Sensitivity
T Trim Qutput Constraint

@ Help Me Select..

—i

ca

‘Voltage Sensor

—— GMD4

&
Op-Amp2

-3
RO
GND2
—— GND3

=Ps 5 ?:‘:l:I
—

PS-Simulink Scope
Converter
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Simulation | Analysis Code Tools Help
[d @ - [ Madel Advisor » i' - | R
= B Mormal @
Refactor Maodel »
Model Dependencies r
Compare Simulink XML Files...
Simscape »
Performance Tools »
uirements Traceability s
:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.
n Control Design ’ Linear Analysis.. ]
-IIIIIIIIIIII_III_IIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII
Parameter Estimation... Frequency Response Estimation...
Response Optimization Control System Designer...
Sensitivity Analysis... Control System Tuner...
Design Verifier » Model Discretizer...
Coverage v Linearize Block...
Data Type Design » Specify Selected Block Linearization
Linear Analysis Points »
fx) =0 AAN-
Solver R3
Configuration
(\j s > s PS B
= 0]
Sine Wawve Simulink-FS |
Converter

Controlled Vaoltage R
Source
— GMD

Voltage Sensor
ca

— GND4
Op-Amp2

M-

S RN
-3
PS-Simulink Scope
RZ o
GND2 onverter
— GND3
R2
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4 Linear Analysis Tool - khn_LP - Bode Plot 1

— g pod

LINEAR ANALYSIS ESTIMATION PLOTS AND RESULTS VIEW = e
|1 Load Session Analysis UDs: ModelIOs « M Result Viewer 3 : : :
Emm Operating Point:  Model Initial Condition [ Diagnostic Viewer | ; j /rb, r ; j M &, -

Myquist
FILE SETUP OPTIONS LINEARIZE
Data Browser ®|: | BodePlot1 | ; a
Search workspace variables 2 d . .
Bode Diagram
w MATLAE Workspace
From: 3ine Wave To: P3-3imulink Converter
Mame Value 0 ' ' '
ans 1x1 mupad

N
=

W Linear Analysis Workspace

Magnitude {dB)
N
=

Mame = Value

linsys1 Tul =5

L
&n

w Variable Preview

Fhase {deq)
©
=

-135

-180 ' '
10 10° 10°
Frequency (rad/s)

10% 10°

The linearization result "linsys2" is created in the Linear Analysis Workspacm
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DuiTap NPONyCHUK OICEra y4yeCTaHOCTH

flx) =0 AN~
Solver R3
Configuration
R4
Ca , 1] .
i il
/\/ - e SPS—P >
- @ AN + > cs
Sine Wave  Simulink-PS Op-Amp RS >
Converter | Controlled Voltage Ri Op-Amp1 R7
Op-Amp2
Source
R9
e GND —— GND1 == GND2Z
AAN 2 —— GND3
R2 Voltage Sensor —— GND4
2O I e LN [
— -

PS-Simulink Scope
Converter
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4\ Linear Analysis Tool - khn_BP - Bode Plot 1

- | Py
LIMEAR ANALYSIS ESTIMATION PLOTS AND RESULTS BODE PLOT 1 WIEWW
D Load Session Analysis 10z  WModel l0s - [T Result Viewer _’J\._._ - _’J\._._ [
|Gl Save Session Operating Point: Model Intial Condition = || Diagnostic Viewer 1 ™ [ /E LN [ (\f\-’—ﬁ @ -
FILE SETUP OPTIONS LIMEARIZE
Data Browser ® §_| BodePlot1 L

Search workspace variables 2 (PI’IJITap HpOHYCHgIDI&O}Icera y“IECTaHOCTu

Diagram
w MATLAE Workspace

From: Sine Wawve To: PS-Simulink Converter
Mame = Value 20 T T

ans 1x1 mupad

=

Magnitude (dB)
R
=

w* Linear Analysis Workspace

Mame = Yalue

linsys1 1x1 55

w Variable Preview

Phase (deq)
2

HD 1 1
101 102 10° 104 10°
Frequency (rad/s)

The linearization result "linsys1" is created in the Linear Analysis Workspacg.D:
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dujrap NPONyCHUK BUCOKUX YYECTAHOCTH

fix)=0 * AN~
Solver R3
Configuration
—VWW— I—-—
R4
C6 I_'_‘
ay b lspsf >
s @ A — > . ©8
Sine Wave  Simulink-PS Op-Amp RS ' >
Converter | Controlled Voltage R1 Op-Amp1 R7 oo Ao
Source p-Amp
R9
= GND —— GND1 —L- GND2
ltage Sensor — GND4
—— GND3
2O 7 N F N
—
PS-Simulink Scope
Converter
A~
R2
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4\ Linear Analysis Tool - khn_HP - Bode Plot 1

LINEAR ANALY SIS ESTIMATION

PLOTS AND RESULTS

BODE PLOT 1

VIEW

7] Load Session Analysis I0s:  Model I0s « M Reszult Viewer | == — | [
(&l save Session Operating Point: Model Intial Condition = || Diagnostic Viewer 1 ™ [ /—_D [N [ (\gf\-z—ﬁ @ -
FILE SETUP OPTIONS LINEARIZE

Data Browser ® | : | BodePlot1 |

Search workspace variables F o @‘J‘T‘p nmﬂyc% B‘g‘r}]ﬂ'x y‘lmaanu
w MATLAE Workspace ag

From: Sine Wave To: PS-Simulink Converter

Mame = Yalue o ' ! '
ans 1x1 mupad

w* Linear Analysis Workspace

Mame = Yalue

linsys1

1x1 =5

w Variable Preview

Magnitude (dB)

-100

Phase (deq)

180

135

1)
=
T

B
tn
T

- B2
=
—

102

The linearization result "linsys1" is created in the Linear Analysis Workspac4 4

10°

104

Frequency (rad/s)

10°




ap Muaka [lorpeonh UBanuu, pen. npod., np Hukosa Bacra, nouent, 19E072IIPTK, YuuBep3uter y Beorpany —

KHN active filter

Enexrporexnuyu

KM (pakyurer,

W
)

_ V.08

5 . V()

H S) = = H §)==2==7
_LowPass(_) \il (§) _BandPass(_) \il (§) _nghPass( )

2024,
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ap Muaka [lorpeouh UBanuui, pen. npod., np Hukousia Bacra, nouent, 19E072IIPTK, YuuBep3uter y bBeorpany — Enexktporexunuku ¢axyJiarer, 2024,

- EE’;JIQ R,
L —>
KHN active n Wy
- ®r—W\N— Cs
filter R | R =
o R ®:D«@w_\¢@ S
+ —> ‘ OpAmpl _|._‘X_+ ©) ’_/V_\&I @JA
(7 —
g OpAmp2 R
VJ = M\ =
1 R,

1)J+ (\11 _\is)/Rl =0

(2)Jd, + (\iz _\LG)/ Rs — (!5 _\12)/ R,=0

3)J, "‘(\13 —V, )/ R, "‘(\13 -V, )/ R; —sCs (\16 _\13) =0
(4)d, _(\15 -V, )/ R, +\i4/R9 ~ SC8(\LY _\14): 0

(B) (Vs —V, /Ry +(Vs V4 )/Ry =0

(6)- (\12 _\16)/ Rs +5Cq (\16 _\is) =0

(7)- (\13 -V, )/ R; +Cq (\17 _!4): 0

(8)- (\il -V, )/ R, - (\13 —V, )/ R, =0

\15 :\18
V=0 v, :L—Jg
!7 —
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clear variables

ap Muaka [orpeouh UBanuu, pen. npod., np Hukousia Bacra, nouent, 19E072IIPTK, YuuBep3uter y Beorpany — Enextporexunuku ¢axyiarer, 2024,
close all

syms C C6 C8 R R1 R2 R3 R4 R5 R7 Ug s w
assume(@<R1 & 0<R2 & B<R3 & B<R4 & O<R5 & 0<C6 & O<R7 & 0<C8 & B<R &

0<C & @<Ug & s~= 0 & B<w)
Zamene

zamena_lLowPass = [R1 == R, R2 ==

R/2, R3 == R, R4 == R/2, R5 == R, (6 == C, R7 == R, (8
zamena_LowPass =

(R1=R R3=§ Ri=R R, =R

== (]

zamena_BandPass

[R1 == R, R2 == 2 * R, R3 == R, R4 == R, R5 == R, (6 == C, R7 == R, C8 == (]
zamena_BandPass (Ri=R R;=2R R3y=R Ry=R Rs=R C;¢=C R;=R Cy=0C)
zamena HighPass = [R1 == R, R2 == R/2, R3 == R, R4 == 2 * R, R5 == R, (6 == C,
zamena_HighPass =

(R|:R Rgzg Ri=R R,=2R Rs=R C;=C R, =R CH:C)

Vrednosti

vrednosti = [R == 1, C == 1]

vrednosti = (R=1 C=1)

wd = 1/(R*C)

wl =
1

CR

MATLAB: Symbolic Toolbox
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ap Muaka [orpeouh UBanuu, pen. npod., np Hukousia Bacra, nouent, 19E072IIPTK, YuuBep3uter y Beorpany — Enextporexunuku ¢axyiarer, 2024,

Jednacine

syms 1 J1 J2 33 R9 V1 V2 V3 V4 V5 V6 V7 V8 v4

jednacine = [J + (V1 - V8)/R1 == 0,...
J1 + (V2 - V6)/R5 - (V5 - V2)/R4 == 0,...
32 + (V3 - V8)/R2 + (V3 - V7)/R7 - s*C6*(V6 - V3) ==
J3 - (V5 - VA)/R3 + v4/R9 - s * C8 * (V7 - V4) == 0,...
(V5 - V2)/R4 + (V5 - V4)/R3 == #0,...
-((V2 - V6)/R5) + s * C6 * (V6 - V3) == 0,...
-((V3 - V7)/R7) + s * C8 * (V7 - V4) == 0,...
-((v1 - V8)/R1) - (V3 - V8)/R2 == 0,...
V5 == V8, V6 == 0, V7 == @, V1 == Ug]
jednacine =
V] - VH V’\ - Vﬁ V‘} - 'if;ﬁ V{ - 1"‘;&& LI"; - ?
J+ =0 Ji+ -+ — =0 J+—= -+ — +0,=0
( R 'R, R; TR, R, %
where

o= C‘g Y [V_1_ - V',.'}

o7 = Cgs (V3 — Vi)
Promenljive

promenljive =

promenljive =

(Vi V2

Vi Vi Vs Ve Vo Vg

[vi, V2, V3, v4, V5, V6, V7, V8, 1, J1, J2, J13]

VA R N

odziv =

solve(jednacine, promenljive)

MATLAB: Symbolic Toolboxs



Low Pass odziv

ap Muaka [orpeouh UBanuu, pen. npod., np Hukousia Bacra, nouent, 19E072IIPTK, YuuBep3uter y Beorpany — Enextporexunuku ¢axyiarer, 2024,

syms V4 1(s) H LowPass(s) Hjw_LowPass(w)
V4 1(s) = subs(odziv.V4, lhs(zamena_LowPass), rhs{zamena_LowPass))
va_i(s) = Band Pass odziv
3RUg
22 pd 2 3 2
4 (3c R's  3CR .s+3R>
2 2 4

syms V3 1(s) H_BandPass(s) Hjw_BandPass(w)

V3 1(s) = subs(odziv.V3, lhs(zamena BandPass), rhs(zamena BandPass))
H_LowPass(s) = simplify(v4_1(s)/Ug) V3 1(s) =
H LowPass(s) = 4C R'Ugs
1
2C?R*S"+2CRs+ 1

3CIR* S +2C Rs+3 R
Hjw_LowPass(w)

H BandPass(s) = simplify(V3 1(s)/Ug)
= subs(H_LowPass(s), s, li*w)
H BandPass(s) =
Hjw_LowPass(w) = 4CRs
1
—2C*R*W +2CRwi+1

3CPR*s*+2CRs+3
Aw_LowPass(w)

simplify(abs(Hjw_LowPass(w)))
Aw_LowPass(w)

1

Hjw_BandPass(w)

subs(H BandPass(s), s, 1li*w)
Hjw_BandPass(w) =
—2CTR*W +2C Rwi+1| _ _ 4CRwi
=3C"Rw+2CRwi+3
phi LowPass(w) = simplify(angle(Hjw_LowPass(w)))

phi LowPass(w) =

Aw_BandPass(w)
angle — 1 -
—2C°RPw +2CRwi+1

simplify(abs(Hjw BandPass(w)))

Aw_BandPass(w)
4CR|w

—-3C*R*w*+2C Rwi+3]|

phi_ BandPass(w) simplify(angle(Hjw_BandPass(w)))

phi_BandPass(w)
MATLAB: Symbolic Toolbox

angle [ — — q""‘i
-3C°RPw +2CRwi+3
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ap Muaka [orpeouh UBanuu, pen. npod., np Hukousia Bacra, nouent, 19E072IIPTK, YuuBep3uter y Beorpany — Enextporexunuku ¢axyiarer, 2024,

High Pass odziv

syms V2 _1(s) H HighPass(s)
V2 1(s) =

subs(odziv.V2, lhs(zamena_ HighPass), rhs(zamena HighPass))
V2 1(s)

3C2R'Ug 5

2 (_3 C R4 3CRs+3 R3>

H HighPass(s)

simplify(Vv2_1(s)/Ug)

H HighPass(s)
CE RE &.2
C'R°s*+2CRs+2

Hjw HighPass(w) = subs(H_HighPass(s), s, 1i*w)
Hjw HighPass(w) =

C2R>w?
—-C*R*w+2CRwi+2

Aw_HighPass(w) = simplify(abs(Hjw_HighPass(w)))

Aw_HighPass(w)
. _C*’R2 w2
|—-C*R*w*+2CRwi+2

phi HighPass(w) =

simplify(angle(Hjw HighPass(w)))
phi HighPass(w)

7
angle[ ————— W :
—C°R°w+2CRwi+2

MATLAB: Symbolic Toolboxg



ap Muaka [orpeouh UBanuu, pen. npod., np Hukousia Bacra, nouent, 19E072IIPTK, YuuBep3uter y Beorpany — Enextporexunuku ¢axyiarer, 2024,

Crtanje grafika frekvencijskih karakteristika

figure
yyaxis left

fplot(subs(Aw LowPass(w), lhs(vrednosti), rhs(vrednosti)), [@, 5])
ylabel('Low Pass, Alw) ")

yyaxis right
fplot(w, subs(phi LowPass(w), lhs(vrednosti), rhs(vrednosti)), [@, 5])
ylabel('\phi(w) [rad]")

1 0
xlabel('w") 0ol
grid on
-0.5
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figure
yyaxis left

yyaxis right
ylabel('\phi(w) [rad]")

xlabel('w")
grid on

fplot(subs(Aw BandPass(w), lhs(vrednosti), rhs(vrednosti)),
ylabel('Low Pass, Alw)")

[0, 5])

fplot(w, subs(phi BandPass(w), lhs(vrednosti), rhs(vrednosti)), [@, 5])

MATLAB: Symbolic Toolbox
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figure
yyaxis left

fplot(subs(Aw HighPass(w), lhs(vrednosti), rhs(vrednosti)), [@, 5])
ylabel('Low Pass, A(w)")

yyaxis right
fplot(w, subs(phi HighPass(w), lhs(vrednosti), rhs(vrednosti)), [@,5])
ylabel("\phi(w) [rad]")

1 T L] T T
xlabel('w") 13
grid on 09}
08} 125
0.7}
5 {2
S 06} —
; ®
# 05} =
o 1155
=04} &
o
1
03} 1
02}
{05
0.1}
O L L 'l L 0
0 1 2 3 4 5
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