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Tema 3aHAaTUA: MogenupoBaHne NMMHENHbIX 3BEHLEB

Llenu 3aHATUA:

]

OCBOUTb MOCTPOEHUE  OCHOBHBLIX XapaKTEPUCTUK
HenpepbIBHbIX U OUCKPETHbLIX NUHEWHbIX 3BEHLEB B
MATLAB;

Hay4nUTbCS NMPUMEHSATb MeToA BUNNHENHoro
npeobpasoBaHns;

Hay4YnUTbCA peanu3oBbIBaTb AOUCKPETHbIE JIMHEWHbIE
3BeHbA B MATLAB.



[TlpeoOpa3zoBaHMe CUrHaNoB

JTroGoe obGpabaTbiBalowee pagnocUrHan yCTpoumcTBO MOXET ObITb
NnpeAcTaBrieHO KaKk COBOKYNMHOCTb JIMHEWHbIX U HEJIMHEUHbIX 3BEHbEB

.r(lv)-—"Z.r,\.('t). S(t) —» 3seo —» ? y(t)=> ye(t)
k i

dopmanbHO oTnuune B anddepeHumarnbHbIX YPaBHEHUAX
(M.0. NUHEenHbIe / HeNMMMHEenHbIe):

o ‘ !

’(/) _216J 75 t

(1) . p_n_; ’
u(t)=i(t)re +Eji(t)dt =1, -(exp(%/}/)-1)

Ho BaxHO cneacrBue:
npu AeCTBUM CYMMbI CUrHaroB OTKIIMK 3BeHa eCTb cynepno3nuus
OTKJ/IMKOB Ha KaXXaoe BOo34eucTBue B OTAeNIbHOCTMU:

K(p)D a; S. =Y q; K(p)Si




KoadhdumumeHT nepeaaun

JlnHenHoe 3BeHO onuckiBaeTcsa audcpepeHUnanbHbIM ypaBHEHUEM:

M 1 N 1
aMy( ) (1)+..+q y( ) (1) +agy(t)= bNx( ) (1)+...+b x( ) (¢)+byx(t)
Ham gocTaTouHO HayuUTLCSA ero pelaTth AnA Bo3AeNCTBUS! ) = e/t
a NOTOM BOCNOMNb30BaTLCA Npeo6pa3oBaHnem Pypbe U NIMHEHNHOCTbLIO

PelueHne NexuT Ha y(t) =/

NOBEPXHOCTMU - M . _ .
(]0)) GM&JCM +...+ (ja))al l%]a)t + ao%Jwt =

= (]a))N bNejwt +---+(j60)b1 eja)t +boejm

oTKYA,
)bl + by

& (5&(]@ MbN+ A+ (J

(jo)" ay +...+(jo)a; +a



KoadhdumumeHT nepeaaun
HeTpyaHo 3aMeTUTb, YTO B 3TOM crniy4yae
y(1) =0 (1)

[a 370 XXe He TONbLKO KOMMNJIeKCHaA aMNJiuTyaa, Ho eLe U
ko3adpchuumeHT nepeaaym (transfer function)!

Coenaem 3ameHy: S=jo

L&(S bNS +...+ by s+ b
Ay s —|‘ +CllS+ClO

Bnaroaapsi NIMHEMHOCTM ANsi CUrHANOB C MPOU3BOSIbHLIM CEKTPOM MMEEM
yp(s)=H(s)xp(s), yp(s)={p()} xs(s)=f{x(0)}

o) \ o) + 20
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KoadhduumneHT nepeaaun

R

B MATLAB eCcTb

pyHKUMN
Ans padoTbl

rc':“e%?'é'fl";bc!’\(':';"close all;
3BEHbAMMU

RC = 1e-6;

a =[RC1];
b=1[1];

freqs(b, a);

Phase (degrees)

Magnitude

-100

dy(1)

x()=i({OR+y(1), i(t)=C——= =

dt
RCdyT(tt) + y(t)=x(t) =

a ZRC;CIOZI;[?OZI; —

1
H(s)=
RC-s+1
iy
5 6
10 10 10

Frequency (rad/s)

6
10 10 10
Frequency (rad/s)



IHI, dB

L, deg

KoadhdunumeHT nepeaauun

clear all; clc; close all;
RC = 1le-6;

a=[RC1]; b=1[1];
Fs = 100; Fmax = 4e5; f = 0:Fs:Fmax;
H = freqs(b, a, 2*pi*f);

figure(1); subplot(2,1,1);

plot(f/1e6, 20*log10(abs(H)));
subplot(2,1,2);

plot(f/1e6, rad2deg(unwrap(angle(H))));

T T T T T T

0.1 015 02 025 0.3 035 04
f, MHz

-100

0.1 015 02 025 0.3 035 04
f, MHz

fregs
Frequency response of analog filters
Syntax

h = fregs({b,a,w)
[h,w] = fregsib,a,n)
freqgs

Description

freqgs returns the complex frequency response
Hjw)(Laplace transform) of an analog filter

B(s)  b(1)s" +b(2)s" "+ +b(n +1)

H(S) 7 1
Als)  g)s™ +a2)s™ !+ +alm+1)

given the numerator and denominator coefficients
in vectors b and a.

h = freqs(b,a,w) returns the complex frequency
response of the analog filter specified by
coefficient vectors b and a. freqs evaluates the
frequency response along the imaginary axis in the
complex plane at the angular frequencies in
radfsec specified in real vector w, where w is a
vector containing more than one frequency.

[h,w] = fregs(b,a,n) uses nfrequency points
to compute the frequency response h, where nis a
real, scalar value, The frequency vector w is
auto-generated and has length n. If you omit nas
an input, 200 frequency points are used, If you do
not need the generated frequency vector returned,
wyou can use the form h = fregsib,a,n) to return
only the frequency response h,
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unwrap

Correct phase angles to produce smoother phase
plots

Syntax
0 = unwrap(P)
0 = unwrap(P,tol)
Q = unwrap(P, [],din)
Q = unwrap(P,tol,din)

Description

0 = unwrap(P) corrects the radian phase angles
in a vector P by adding multiples of 221 when
absolute jumps between consecutive elements of
P are greater than or equal to the default jump
tolerance of mradians. If P is a matrix, unwrap
operates columnwise, If P is a multidimensional
array, unwrap operates on the first nonsingleton
dimension.

0 = unwrap(P,tol) uses a jump tolerance tol
instead of the default value, T,

Q = unwrap(P, [],dim) unwraps along dim
using the default tolerance,

Q = unwrap(P,tol,din) uses a jump tolerance
of tol.



MmnynbcHaa xapaktepucrtuka (UX)

YMHOXEeHUI0 B 4YaCTOTHOM 06y1lacT COOTBETCTBYET CBepTKa BO
Bpemeﬂﬂgﬁ

y(1)= I h(t)x(t—1)dr Ons Hawem RC-uenwu m M-
—o0 m"ynbu’d:" ......... " |:I]f>maundlerf(v.)g(i-t)l‘
1 7 . L . . %}?‘;)
R R
—00 -1.5 -1 -0.5 1] 0.5 & 1 1.5 2 25 3
1 O+ joo
A MOXHO U Yyepes npeobpa3oBaHue h(t)=— I H(s)e" ds
Nannaca: L

ATO UHTErpupoBaHue no JiIMHUN, napansiesiLHoM MHUMOM OCM.
BbiOoopom curMmsD  BCe OCOOEHHOCTU NoAbIHTerpanbHOMn

yHKLUMU
L, OCTaBNAIOT CfieBa OT KQHTYpa

OBBERHPOBH(7,) - [ h(t)e 7 dt > H(s)= [ h(t)e™ar
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MMnynbcHada xapakTepucTuka

Ons nocTpoeHUss UMNYNbCHOMN
XapaKTepUCTUKN MOXHO

BOCNoONib3oBaTbcA (pyHKUmusimm Control

Restemelgolbax(rc 17: b = [17;

sys = tf(b,a);

[y,t] = impulse(sys); % Be3 '[y, t] =

% cpa3y NOCTpouUT rpaduk

figure(1); plot(t, y);
xlabel('t, s'); ylabel("h(t)');
grid on

5
x10

impulse

Impulse response plot of dynamic system

Syntax

inpulse
inpulse(sys)
inpulse(sys,t)

Description

impulse calculates the unit impulse response of a
dynamic system. The impulse response is the response
to a Dirac input &) for continuous-time systems and
toa unit pulse at t = @ for discrete-time systems. Zero
initial state is assumed in the state-space case, When
invoked without left-hand arguments, this function
plots the impulse response on the screen,

tf

Conwvert unconstrained MPC controller to linear transfer
function

Syntax
sys=tf(MPCobj)

Description

The tf function computes the transfer function of the
linear controller ss{MPCobj) as an LTI system in tf
form corresponding to the MPC controller when the
constraints are not active, The purpose is to use the
linear equivalent control in Control System Toolbox
software for sensitivity and other linear analysis.,

10
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tf2zp

Convert transfer function filter parameters to
zero-pole-gain form

Syntax
[z,p,k]=tf2zp(b,a)

Description

tf2zp finds the zeros, poles, and gains of a
continuous-time transfer function.

Note You should use tf2zp when working with
positive powers (52 + 5+ 1) suchas in
continuous-time transfer functions, A similar
function, tf2zpk, is more useful when working
with transfer functions expressed in inverse
powers (1 + oalel 2‘2), which is how transfer
functions are usually expressed in DSP.

[z,p,k] = tf2zp(b,a) finds the matrix of zeros z, the
vector of poles p, and the associated vector of gains k
from the transfer function parameters b and a:

= The numerator polynomials are represented as
columns of the matrix b,

= The denominator polynomial is represented in the
vector a.

[z,p,k] = tf2zp(b,a) 11



pzmap();

Hynu n nontocobl

KomaHab! MATLAB

[encreue
1. Iloctpoiite Ha rpaduke pacnonoxenue Hynei u
MNOJIKOCOB CHCTCMBI.
Pole-Zero Map
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x
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05r
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pzmap ( £ )

pzmap
Pole-zero plot of dynamic system collapse all in page

Syntax

pzmap(sys)
pzmap(sysl,sys2,..
[p,z] = pzmap(sys)

.»5ysN)

Description

pzmap (sys) creates a pole-zero plot of the continuous- or discrete-time dynamic
system model sys. For SISO systems, pzmap plots the transfer function poles
and zeros. For MIMO systems, it plots the system poles and transmission
zeros. The poles are plotted as x's and the zeros are plotted as o's.

pzmap(sysl,sys2,...,sysN) creates the pole-zero plot of multiple models on a
single figure. The models can have different numbers of inputs and outputs and
can be a mix of continuous and discrete systems.

[p,z] = pzmap(sys) returns the system poles and (transmission) zeros in the
column vectors p and z. No plot is drawn on the screen.

You can use the functions sgrid or zgrid to plot lines of constant damping ratio
and natural frequency in the s- or z-plane.

12



LindbpoBble UnNbTPLI

Bcé 310 300p0OBO, HarNsAAHO U YAOOHO ONUCbLIBaeT aHaroroBblieé CUCTEMbI,
HO HaM Xe HY)XHO YMeTb UX MOA4ennpoBaThb — NONy4YaTb OTKIIMK HA CUrHan

1 T ox oy

05

A WHHH HMW

1 ] ] ] ] 1 1 RO 4 A !
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 03 1
t.s

v

o
HO
_o
_OS
—
—
———
—
)

U BXoOHble, U BbIXOAHbIE CUrHanbl B MalUMHE Mbl npeacrtaBnsaemMm B suge
ANCKPEeTHbIX nocriefoBaTefnibHOCTEMN:

Hy>xHa mofenb, Ans KOTOPOU 3TO NPUONNXKEHHOe paBEeHCTBO
BbIMOJIHAETCH KaK MOXHO TOYHee

[a 3To Xe 3agaya cuHTe3a uudpoBoro punsrpa no aHanoroBomy
npororuny!
13



MMnynbcHada xapakTepucTuka

T.K. cuctema nMHeﬁHa, TO MOXeT OMNMUCbLIBATbLCA TOJNIbKO ypaBHeHUeM Buaa:
Ve T Vg1 T Vg2 T T Ay Vi M =
= boxk + b] xk_1 + bzxk_z + ...+ bka—N

HenpepbiBHbIE NIMHENHDbIE CUCTEMbI XapPaKTEPU3YHTCH
MMNYNbCHOW XapaKTePUCTUKOMN — OTKITMKOM Ha AenbTa-(pyHKUMIO.
Onsa AMCKpeTHOW CUCTEMbI MOXKEM HAaUTU OTKNUK HA €AUHNYHBIW UMNYIbLC:

Vi =Yg +0.3 (xk - yk—l) =0.7- Y1 +0.3-x -

clear all; close all; clc ®HY
Xx=[100000000000000]; 0.4
km = 1l:length(x); : :
for k = km O 3 et gy ................. .................
if k > 1 § g
y(k) — O7*Y(k‘1) + O3*X(k), % 0zt SR a0 s, ................. ................ 4
else
y(k) = 03*X(k), T 1| N N O - TEITPTP PRI R
end T T §
end " TT?QQOQQQ{)
figure(1), . . i 12

stem(km, y) 14



[NepepatoyHan yHKUMA punsTpa UMeeT BuAa:

impz(...)

B(Z) - bO +b12 1+b23‘2+...+sz—N

= . . HZ — —
Yk 0.7 Yik-1T 0.3 Xk = (2) A(2) l1+4aizl+asz2+---+ayz™
N _1 a = 0 7 b . 0 3 rae nopagok unetpa — bonbwee N unu M.
0 =L @ =-U.7, by =0. ,
impz
clear aII; close aII; clc Impulse response of digital filter
Syntax
a=[1-0.7]; b=[0.3]; [h,t] = impz(b,a)
—_ . [h,t] o 'impZ(b,a,n)
h =impz(b, a, 15); [h,t] = inpz(b,a,n,fs)
impz(b,a)
impz(Hd)

figure(1); stem(h);
xlabel('k"); ylabel('h_k'); grid on Description

[h,t] = impz(b,a) computes the impulse

0:a5 : response of the filter with numerator coefficients
I ISR S S | b and denominator coefficients a. inpz chooses
: : : the number of samples and returns the response
ol A S T in the column vector hand sample times in the
' : : column vector € (where t = [0O:n-1]", and
I O s s e n = Tength(t) is computed automatically)
= : : [h,t] = impz(b,a,n) computes n samples of
015- B ERT IAERIEER . ..................... - thelmpu|Se I’eSponseWhennIS an Integel’
: (t=[0:n-1]") If nis a vector of integers, impz
110 B SRk CEEE] EEER Be ...................... ..................... . computes theimpulse response at thoseinteger
locations, starting the response computation
005_ T PO (T T - ..................... - ffomO(andt=nOrt= [0 n]). If, II"IStead Ofl"l,
T T T 9 ? Ty you include the empty vector [] fqr the second
UU = 5 : 1’5 argument, the number of samples is computed

) automatically by default. 15



Transfer function

BcnomuHaem PLC, z-npeoGpasoBaHMe uero

CBOWCTBA:
yk_Zthn thkn
n=—00 Nn=—0o0
< Y(z) = H(Z)X(z), H(z) = Z hkz_k
Unuwus
g}l)ca-l—Bgle)I;lkMZ& +...+ ClMykZ_M =b0xk +b1 )CkZ_l + ...+bkaZ_N
-1 -N
H(Z)z by +b z +...+bNZ_M

1+a12_1 +...+CZMZ

CBA3b € NnpeodOpa3zoBaHUEM
Pypbe:

ot = 2 e ()=

H(jo)=H(z) -
k=0 1-0.7z

16



Transfer function

clear all; close all; clc
= [-0.7]; b = [0.3];
a =[-0.7];, b = [0.3]; H(]CO)ZH(Z)
xp=[1000000000000007; k=0
km = 1:length(x);
for k = km yk=0.7-yk_1+0.3-xk—>
if k > 1
h(k) = -a(1)*h(k-1) + b(1)*xh(k);
else H(Z):l 075"
h(k) = b(1)*xh(k); — Y.z
end
end

0.3

T =0.001; f = 0:(1/T/100):(1/T); 0813
z = exp(1i*2*pi*f*T);
0.6~
H2 = 0;
for k = km 0.4
H2 = H2 + h(k) * z.~-k;
end

H]

0.2

H1=03./(1-0.7%*z"-1); : : : :
figure(1); plot(f, abs(H1), f, abs(H2), "*') 200 400 600 500 1000
xlabel('f, Hz"); ylabel('|H|"); grid('on"); f. Hz

17



freqz(...)

clear all; close all; clc

a=1[1-0.7]; b =1[0.3];

H = freqz(b, a);

T = 0.001;
f

= ( (1:length(H)) - 1)/ length(H)*1/T/2 ;

figure(1); plot(f, abs(H));
ylabel('|H|"); grid on; xlabel('f, Hz");

IH|

|

0.8

0.6

04

0.2

200 300 400 200

freqz

Frequency response of digital filter

Syntax

[h,w]=freqz(b,a,n)
h=freqzi{b,a,w)
[h,w]=freqz(b,a,n, 'whole')
[h,f]=freqgz(b,a,n,fs)
h=freqzibh,a,f,fs)
[h,f]=freqz(b,a,n, 'whole',fs)
freqz(b,a,...)

freqgz(Hd)

Description

[h,w] = fregz(b,a,n) returns the frequency
response vector h and the corresponding angular
frequency vector w for the digital filter whose
transfer function is determined by the (real or
complex) numerator and denominator
polynomials represented in the vectors b and 3,
respectively. The vectors h and w are both of
length n. n must be a positive integer greater
than or equal to two. The angular frequency
vector w has values ranging from 0 to 1T radians
per sample. If you do not specify the integer n, or
you specify it as the empty vector [], the
frequency response is calculated using the
default value of 512 samples.

18



filtgr(...)

x(m)
b(n) b(3) b(2) b(1)
clear all; close all; clc o » 3 o O—— y(m)
Zny(m) Zp(m) Zy(m)
a=1[1-0.7]; b=1[0.3]; —afn) -a3) -a(2)
x=[000001111111111000];
y = filter(b, a, x); Elhar

figure(1)

stem(1:length(y), y); hold on
stem(1:length(x), x, 'r'); hold off
grid on; legend('y’, 'x'); xlabel('k")

? ' I ¢§¢ 9 !
L= yl|...e b d o) S (O O O T O d
o)

—9 X & P
o
............................. | ) S G s i B S |
PN = N &
0 2 4 6 8 10 12 14 16 18

1-D digital filter

Syntax

y = filter(b,a,X)

[v,zf] = filter(b,a,X)
[v,zf] = filter(b,a,X,zi)

y = filter(b,a,X,zi,din)
[...] = filterib,a,X,[].dimn)

Description

The filter function filters a data sequence using a
digital filter which works for both real and complex
inputs. The filter is a direct form Il transposed

implementation of the standard difference equation

(see "Algorithm").

y = filter(h,a,X) filters the data in vector X
with the filter described by numerator coefficient
vector b and denominator coefficient vector a, If
a(l)is notequal to 1, filter normalizes the filter
coefficients by a({1). If a(l) equals 0, filter
returns an error,

19



Hynu n nontocobl

KoadcbuumeHTbl M — cTpOKY, H(z)=k (1 7 2—1)(1 _ z2z—1>.,._ . (1 —ZNZ—I)
Hynu/noniocskl - cTono6uUbI (1—p1 Z—l)(l_pzz—l).m.(l_pMZ_l)

clear all; close all; clc

a=[1-0.7]; b=[0.3]; zplane
[Z, p’ k] — tfzzp(b’ a)' TFZZP ()’ Zaero-pole plot for filter
Syntax
o . zplane(Hg)
% Zplane(bl a), zplane(Hg, 'pTotoption')
. zplane(Hg, 'plotoption', 'plotoption2')
Zplane(z' p)' [zg,pg,kg]l = zplane(Hg)

1k d [zq,pg,kg,zr,pr,kr] = zplane(Hg)

Description

This function displays the poles and zeros of
quantized filters, as well as the poles and zeros of
the associated unquantized reference filter,

05F g :

zplane(Hg) plots the zeros and poles of a
quantized filter Hg in the current figure window. The
poles and zeros of the quantized and unquantized
filters are plotted by default. The symbol o
represents a zero of the unquantized reference
filter, and the symbol x represents a pole of that
filter. The symbols oand + are used to plot the
zeros and poles of the quantized filter Hg, The plot
includes the unit circle for reference.,

Imaginary Part
o
X
!

_05 - 2 .

pil<le YCTONYMBOCTb

Real Part
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wici104 oviivinevinol

A naBanTe aHanorOBHRlHTerpa p3a HMM Ln pOBbIM'

(fk—l + fi )T
UHTerpupoBaTtb Oyaem metoaom g =g+
Tpaneuun: 2
f = Jie1
o = Ek-1 =]
\— v v 2
> + —>» % —>» + >
H. (z) = (I-I-Z_l) : T/ : ! R l
] 2 lesg™ S
UToro, B KauecTBe s AOMMKHbI
MCNONb30BaTh:
2(1-z71
§=— 1 JTO NnpeodpasoBaHMe U
F\1+:z Ha3bliBaeTcs

OUNMUHEUNHbIM
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vietoa OUNIMHEeNHOoro
Mpumep. Cmonenupﬂlnel.g'ﬁ, QMQBBHMSLH%.

1

1 | l+z
H(s)= ey P H () == . -
RC.Z2"% 1 1+RC-=+|1-RC-= |z
1 T T
o _ T'l+z

clear all; clc; close all;

RC = 1e'6, z z z 2RC z _2RC
T = RC/3, bo—l,bl —1, a0—1+—T ,» A1 =1 _T

as = [RC 1]; bs =[1]; :
[Hs, w] = freqgs(bs, as);

0.8

az = [1+2*RC/T, 1-2*RC/T]; bz = [1, 1];

Hz = freqz(bz, az); 0.6
figure(1) 04t
plot(w/2/pi/1000, abs(Hs), ...
((1:length(Hz)) - 1)/ length(Hz) * 0.2
1/T/2/1000, abs(Hz)) : S ey
xlabel('f, kHz"); ylabel('|H|") 0 i : e
0 a00 1000 1500

legend('|H(s)|", "[H(z)]"); grid on

f. kHz
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bunuHenHoe npeobpasoBaHue - pyHKUMA bilinear();

bilinear
Bilinear transformation method for analog-to-digital filter collapse allin page
conversion
Syntax
[zd,pd,kd] = bilinear(z,p,k,fs)

[zd,pd,kd] = bilinear(z,p,k,fs,fp)
[numd,dend] = bilinear(num,den,fs)
[numd,dend] = bilinear(num,den,fs,fp)
[Ad,Bd,Cd,Dd] = bilinear(A,B,C,D,fs)
[Ad,Bd,Cd,Dd] = bilinear(A,B,C,D,fs,fp)

Description

The bilinear transformation is a mathematical mapping of variables. In digital
filtering, it is a standard method of mapping the s or analog plane into the z or
digital plane. It transforms analog filters, designed using classical filter design
techniques, into their discrete equivalents.

The bilinear transformation maps the s-plane into the z-plane by

H(z) = Hrs‘llpefsﬂ.
z+1

This transformation maps the jQ axis (from Q = —= to +=) repeatedly around the

unit circle (¢", from w = — to 1) by

w =2 tan'l(z%g).

bilinear can accept an optional parameter Fp that specifies prewarping. fp, in
hertz, indicates a "match” frequency, that is, a frequency for which the
frequency responses before and after mapping match exactly. In prewarped
mode, the bilinear transformation maps the s-plane into the z-plane with

H(z) = H(s)| 20f o7
= 2 Zod

e \Z+1
"

5/
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[MpakTn4yeckast ctopoHa gena

3agayas.1

[NlocTaHOBKa 3apgauum:

B pamMKax f1abopaTopHOU paboThl Nel npoBoannoch
MoOenupoBaHMe y4acTka 3N1eKTpu4eCcKkoun Lenm.

[Mpn MmogenmpoBaHUU LeNb 3aMeHsieTcsl bnvmxkanwen rMHENnHOWN,
ecrnin ncxogHas uenb CoaepXUT HENMMHENHbIE NIEMEHTHI.

TpebyeTcs:
1. HAUTU XapaKTepUCTUKU aHaANoroBoro 3BeHa:
- KOA(PPULMNEHTBY s b doyHKUMM Nepegayn (3anncas guddpepeHumansHoe
ypaBHeHWe uenu unmn nepenaTtoyHyro yHKLUUI);
A‘—IX|H Gw) M CD‘—Iqu(H () - yHKUMK fregs(), unwrap();
- UMNYNbCHYH XapaKTepPUCTUKY (I/I),()(f - PYHKUMA impulse();
- KapTy Hynem . M NOMocos. C*)yHKLI,l/IVI tf2zp(), pzmap();
- HANTWN KOSCbeVILI,VIeHTbI b d)yHKu,MM nepenayn AUCKPEeTHOro aHanora
paccMaTpyBaeMoro 3BeHa c NoMoLLbio GUNMHERHOro Npeobpa3oBaHus -

doyHKUMSA bilinear();
26



[lpakTnUyeckasa ctopoHa aena

3agavas.1
NocTaHOBKa 3agayu (npoaomxkeHue):

TpebyeTcs:

2. HAUTU XapaKTepPUCTUKN AUCKPETHOro ¢punbTpa, NONy4eHHOro MeToAom
OMNUHEeNnHOro npeobpa3soBaHuUA:
-AYN. (jw)| M OYKg(H. (jw) - DYHKUMS freqz(), unwrap();
- UMMYNbCHYO xapaKTepMCTMKy: e - PYHKUMEA impz(),
- KapTy Hynew  unomoces - PyHKumKM tf2zp(), zplane();
- NONYYUTb OTKITMK HA rApMOHUYECKOE BO3AENCTBUE N BO3OENCTBME B BUOE
6enoro rayccoBCKOro wyma ans AUCKPETHOro aHarnora, Nofy4YeHHoro
MeToa0M BunuHenHoro npeobpasoBaHus - pyHKUMS filter();

3. CpaBHUTb NOJTy4YE€HHbIE€ XapaKTePUCTUKN U NpoLeCChbl C pe3ynkraTtamMmm
nadopartopHou padoTbl Nel.
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[lpakTnUyeckasa ctopoHa aena

NMporpamma «PR5.m»
clear all; clc; close all;

tstart = tic(); % Ha4yarno oTcyeTa paboTbl NporpamMmmbl

RC = 1e-6;

wmax = 1/RC * 2*pi * 10;
dw = wmax / 100;

w = 0:dw:wmax;

a=[RC1]; % [ala0] H (s)=—
b=[1]; % [bO] RC-s+1

% Haxogmm nepenatoyHyto oyHkumio (MNP), ctporm AHX/POYUX
figure(1)

fregs(b, a, w) % BbiBectnn A4X / OYX, npnHSAB No 0Cn 4aCcToT w
H = fregs(b, a, w); % lNocuuTtaTb [P, HO rpadpuk He BbIBOAUTL
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[lpakTnyeckasa ctopoHa aena
[MpopnonxeHue nporpaMmmbl «PR5.m»

figure(2)

subplot(2, 1, 1)
semilogy(w/2/pi/1e6, abs(H));
xlabel('f, MHZ'); ylabel('|H|")
subplot(2, 1, 2);

plot(w/2/pi/1e6, unwrap(angle(H)));
xlabel('f, MHZz'); ylabel('arg H')

% Haxogmm nmnynbCHy0 Xxapaktepuctuky (LX)
sys = tf(b,a);
[y,t] = impulse(sys);

figure(3)
plot(t, y); xlabel('t, sec'); ylabel('h(t)")

figure (4);
pzmap(sys);
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[lpakTnUyeckasa ctopoHa aena

NpopnonxeHune nporpaMmmbl «PR5.m»
% Haxogum undposomn aHanor

Fs =2 * wmax / 2/pi;

[bz, az] = bilinear(b, a, Fs);

[Hz, wz] = freqz(bz, az);

figure (5);
plot(Fs*wz/2/pi/1e6, abs(Hz));
xlabel('f, MHz'); ylabel('|H|[")

figure (6);
plot(w/2/pi/1e6, abs(H), Fs*wz/2/pi/1e6, abs(Hz));
xlabel('f, MHZz'); ylabel('|H|[")

figure (7);
[z,p,k] = tf2zp(bz,az);
zplane(z, p);

Td=1/Fs;
Tmod = 100000*Td;

t=0:Td:Tmod: 30



[lpakTnUyeckasa ctopoHa aena
NpopnonxeHue nporpaMmmbl «PR5.m»

f=1e3; % Hz

A=1;

E = A*sin(2*pi*f*t); % rapmoHMn4ecKkoe Bo3gencTemne
y1 = filter(bz, az, E);

figure (8);
plot(t, [E; y1]); % plot(t, E, t, y1)
xlabel('t, sec');

% LLym

stdn =13;
n = stdn * randn(1, length(t));
y = filter(bz, az, n);

figure (9);
plot(t, [n; y]); % plot(t, n, t, y)
xlabel('t, sec');
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MpoaonxeHue nporpaMmmbl «PR5.m»

nf = fft(n);

yf = fft(y);

mn = sgrt(mean(abs(nf).A2)) * 2.5;
nf=nf/ mn;

yf =yf/ mn;

f=0:1/Tmod:(1/Td);

Figure (10);

plot(f/1e6, [abs(nf); abs(yf)], ...
...W/2/pi/1e6, abs(H), ...
...'LineWidth', 3);

xlim([0 Fs/1e6/2])

xlabel('f, MHz')

dt = toc(tstart);

% BbIBOJ, BPEMEHU PabOoThl
% nporpamMmmbl B [MC]
fprintf('dt = %f ms\n', dt * 1e3);

BuiBo

o aalad o Y-V VEVEEER

Magnitude

Phase (degrees)

-100

'pacdmkm AYX n PYX aHanoroBoro 3BeHa

(fregs)
10% ==y

1 0-1 3 m_“m_h\_“ |

10-2 RS | T H : 3 H
108 107

Frequency (rad/s)

-20
40 F
60 |

-80 1 Bt

10° 107
Frequency (rad/s)

dt = 5491.096880 ms
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BbiBOA nporpamMmmbil:

Npacdomkm AYUX n PYX aHanoroBoro 3BeHa

(unwrap)

10°

T 10}

1072
0 1
0
0.5
I
o -1
(0]
15}
25
0 1

10
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BbiBOA nporpamMmmbil:

Npachuk UX aHanorosoro aBeHa

(impulse)
x10°
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BbiBoa

REFTEP p&tMdriokeHna Hynelr (obosHavaloTca Kpy)KKamu) M MOJSHOCOB
(KpECTUKMN) CUCTEMBbI Ha KOMMIEKCHOM MJIOCKOCTM [ANfid aHaroroBoro
UnbTpa

punerpa | I/RC

H S)= =
( ) RC-s+1 S—(—I/RC) 1 | P'ole-Zero Maf)

0.8

0.6

04 r

0.2

0.2 1

0.4

Imaginary Axis (seconds™)

-0.6

-0.8 1

-10 -8 -6 4 2

2 . -

1 6( —1 Real Axis (seconds ') <10
=-10 (c );

Re(pl- ) <0< YCTOMYMBOCT
Hynn z b



BbiBOA nporpamMmmbil:

N'pacpuk AYX onsa undpposoro
3BeHa

1.2

1t

08

HI

0.4r

021

06|

10

emMencTBo u3 aByx rpacdumkoB AYX onsa

aHanoroBoro 3BeHa (CMHUU) U

inchpoBoro 3BeHa (KpacHbIN) (bilinear)

12

08 r

T06f

04 r

027
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BuiBoAa

RappaPpatNbriokeHns Hyneir (obosHavaloTcA KpyKKamu) M MOJSHOCOB
(KPECTUKM) CUCTEMbI Ha KOMMIEKCHOW MIOCKOCTU [Ans AUCKPETHOro

el
LS+ o =—
RC-;(l z 1J+1 T{1+z7!
l+z
= 1 RN 0.8} 5
2RC-(1-z )+T(1+z ) 0_6_
(1—(—2_1 ) 0.4t
=T ] 1 S 02
2RC+T-2RC-z " +T-z =
I Uit MR
2RC+T-z"'(2RC-T) Gy
-1 -0.6 1
— r . (1 (-2 )) _ 0.8
2RC+T |_2RC-T il
2RC + T -1 -01.5 (; OTS ‘;
Real Part
2RC-T
z1=—1;, p = SRC T =0,9512; pil<le YCTONYMBOCTb
_|_




BbiBOA nporpamMmmbil:

OTKNUK Ha rapMOHUNYECKOe BO3aeUCTBUE U
BO3aencTeme B Buae 6enoro raycCCoBCKoOro
LyMa A1 AUCKPETHOro aHanora, nosly4eHHoro
MeToAOM OUNTMHEMHOro npeodpa3oBaHUSA -

1 AT - T T /.r T R T T /\

081

06

04

0.2

0 05 1 15 2 25 3 35 4 45 5
t, sec x 107



BbiBOA nporpamMmmbil:

OTKNUK Ha BO3aencTBMe B Buge 6enoro
rayCCoOBCKOIo LymMma Asif AUCKPEeTHOro aHarnora,
Noryly4eHHOro MeToaomM OUSIMHEMHOro
Tmod = 100000*Td: npeobpa3oBaHua - pyHKUUA filter();

80

60

40

20

-20

-40

-60 ' : : : ' ' ' : '
0 05 1 15 2 25 3 35 4 45 5
t, sec x 107

CuvHui rpadomk: bl
Peiknun rpadumk: bI'LL nocne
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BbiBOA nporpamMmmbil:

OTKNnuK Ha BO3aeucTBUe B BUge benoro
rayCCoOBCKOIO LWyma Ansi AUCKPEeTHOro aHanora,

nosrly4eHHOro MeToaom OUNMHEeNHOro
npeobpa3oBaHua - pyHKuuUA filter();

Tmod = 1000*Td;

40

-40 |

i

I

!I l’

if

_50 1 1 1 1 1
0 0.5 1 1.5 2 2.5

CuHui rpadpuk: B hsee

Poikuin rpadouk: bW nocrne

3 3.5

4.5

x 107
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BbiBOA nporpamMmmbil:

CnekTpanbHble NSIOTHOCTU UCXOAHOIO LWWyMa U
¢dounbTpOBaHHOIO

Tmod = 100000*Td; 14

1.2

0.8
0.6
0.4

0.2

CuHum rpadoumk: Mogynb cnekTparnbHou nnotHocTm bl LU
Pbixnn rpadouk: Mmoaysb cnekTpansHon nnotHoctu bIrL
nocne dounsrpauunm

OpanxeBbin rpacduk: A4X anga aHanoroBoro 3BeHa
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BbiBOA nporpamMmmbil:

CnekTpanbHble NSIOTHOCTU UCXOAHOrO LWyMa U
dounbTpoOBaHHOIO

Tmod = 1000*Td; »

12t

f, MHz

CuHum rpadoumk: Mogynb cnekTparnbHou nnotHocTm bl LU
Pbixnn rpadouk: Mmoaysb cnekTpansHon nnotHoctu bIrL
nocne dounsrpauunm

OpanxeBbin rpacduk: A4X anga aHanoroBoro 3BeHa
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I1/3: cpaBHUTb NOJIyYE€HHble XapaKTePUCTUKN U Mnpouecchbl C
pe3ynbraTamMmu nadbopatopHou padoTbl Nel, caoenaTb BbIBOAbI.

CpOK 8bInoJsIHeHUs1 pac4emHo20 3a0daHusi - 15 Hedesist:

- noanucaHne TexHU4YecKoro 3agaHuns —

3 Hepens;

- Matepuanbl 1, 2 rnaBbl OT4YeTa (3agaHMe M MaTemMaTu4veckas
Moaernb) — 6 Hegens;

- MaTepuanbl 3 rfaBbl OTYETa (KOMMNbIOTEPHAA MoAenb U eé
oTnagka) — 10 Hepgens;

- Marepuansbl 4 rmaBbl OTYETa (MOOENMPOBaHME MO NporpamMmme) —
14 Hepens;

- 3awuTa —

15 Hepens;

e-mail: ZakharovaYV@mpei.ru
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